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Abstract 
 
Investigating Genetic Components of the Symbiosis-associated Glycocalyx in Medicago 

truncatula 
 

by 
 

William McKnight Moore 
 

Doctor of Philosophy in Plant Biology 
 

University of California, Berkeley 
 

Professor Henrik V. Scheller, Chair 
 
 
Plants form a variety of endosymbiotic relationships with bacteria and fungi that promote 
plant growth and fitness through reciprocal nutrient exchange. Central to the 
development and function of endosymbiotic relationships is the synthesis of a 
specialized host-derived membrane, which compartmentalizes the endosymbiont inside 
plant cells, and creates a dynamic interface for the exchange of nutrients and 
information. The development of these interfaces is dependent upon bidirectional 
signaling between the plant and microorganism, and is highly coordinated with the 
morphological differentiation of the endosymbiont within plant cells. Previous studies 
using glycan-directed monoclonal antibodies indicated that glycoproteins, glycolipids, 
and pectic polysaccharides localize to periarbuscular and symbiosome membranes. 
Among these epitopes were arabinogalactan proteins (AGPs) and glycosyl 
inositolphophorylceramides (GIPCs), which have potent signaling properties in plants. 
These epitopes appeared to be developmentally regulated, which led to the hypothesis 
that a membrane-associated glycocalyx of glycoproteins and glycolipids might be 
important for mediating interactions through these membrane interfaces. However, 
AGPs have not been well documented outside of Arabidosis thaliana and are 
intrinsically disordered, which make them difficult to identify and study in plants species 
capable of forming endosymbiosis. Here, we have developed a new bioinformatic 
search tool that identifies AGP-encoding genes based on the noncontiguous 
hydroxyproline motifs that direct AGP glycosylation. We used this tool to identify all 
putative AGP-encoding genes in the Medicago truncatula genome, which were cross-
referenced to transcriptomic studies of roots engaged in symbiosis with Sinohizobium 
meliloti and the arbuscular mycorrhizal (AM) fungus Rhizohagus irregularis. Using this 
approach we identified a small three-member family of tandemly duplicated 
SYMBIOSIS-ASSOCIATED ARABINOGALACTAN PEPTIDES (SAPs) that were 
differentially expressed in root nodules and AM colonized roots. SAPs localized to 
symbiotic membranes and knockdown of SAP expression using RNAi-mediated gene 
silencing impaired the growth and differentiation of Sinorhizobium meliloti and 
Rhizphagus irregularis within these compartments. In parallel we also identified a 
glycosyltransferase gene highly expressed in root nodules and AM colonized roots as 
GIPC GLUCOSAMINE TRANSFERASE 1 (GINT1), and showed that the corresponding GINT1 
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enzyme functions in the synthesis of HexN(Ac) decorated GIPCs in planta. Silencing of GINT1 
using RNAi impaired the development of symbiotic membranes, which resulted in the 
senescence of symbiosomes and arbuscules. Taken together these results provide genetic 
evidence to support that reprogramming of the membrane-associated glycocalyx with specific 
AGPs and GIPCs is necessary for endosymbiosis.  
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New Bioinformatic Tools Identify Novel Arabinogalactan Proteins in 
Arabidopsis thaliana and Medicago truncatula 
 
William M. Moore1,2,3, Paul Hussey1,2,3, Oge Nnadi1,2, Nathan Hillson1,2, and Henrik V. 
Scheller1,2,3 
1Joint BioEnergy Institute, Emeryville, California 94608 
2Physical Biosciences Division, Lawrence Berkeley National Laboratory, Berkeley, 
California 94720 
3Department of Plant and Microbial Biology, University of California, Berkeley, California 
94720 
 
Introduction 

Arabinogalactan proteins (AGPs) belong to a large class of structurally complex 
cell surface proteoglycans characterized by extensive glycosylation with hydroxyproline 
O-linked arabinogalactan (AG) (1–3). The carbohydrate moieties of AGPs consist of a 
core β(1,3) galactan polysaccharide with branching β(1,6) galactan side chains that are 
highly decorated in with arabinose and contain other sugars such as rhamnose, 
glucuronic acid, and fucose (4, 5). AGPs are ubiquitously found throughout the green 
plant lineage and are believed to be secreted from all plant cells (6–8). Though 
individual AGPs often have cell-type specific expression patterns (9–11), and can be 
either GPI-anchored to the outer leaflet of the plasma membrane (12, 13), cross-linked 
into the extracellular matrix (14), or released in plant exudates (15, 16). Collectively, 
AGPs are involved in many aspects of plant growth and development, ranging from cell 
division, expansion (17), adhesion (18), proliferation (19), and differentiation (20–23), to 
reproduction (24–26), stress response (27–29), plant-microbe interactions (30), 
hormone signaling (28, 31), and influencing mechanical cell wall properties (14, 32, 33) 
– however, the mode in which they act still remains poorly understood. 

While AGPs remain important regulators of plant growth and development, there 
are many research challenges that face our study of these enigmatic glycoproteins, 
which have been previously elaborated upon by Tan et al. (2012) (34). One of the key 
challenges is simply identifying AGP encoding proteins in plant genomes.  

From a proteomics-based approach, AGPs are difficult to identify due to their 
high carbohydrate content, which can constitute up to of 90% of the total molecular 
weight of an individual AGP. Extensive glycosylation of the protein backbone makes 
these proteins resistant to trypsin digest and therefore they often go unseen in 
proteomic analyses. Indeed, shotgun proteomic studies of the plant cell wall have 
generally failed to identify any AGPs (35, 36). Extraction with the Yariv phenol β-
glucoside reagent, which specifically binds to the core β(1,3) galactan backbone of AG 
glycomodules (37), followed by chemical deglycosylation has had some success (38). 
However, the number of unique proteins identified using this approach is much lower 
than the total number of predicted AGP-encoding genes in the genome. This is likely 
because individual AGPs can occur in low abundance, be specifically expressed within 
a small cell niche, or require developmental and environment cues to induce 
expression. Furthermore, it has been suggested that Yariv reagent may need at least 7 
unbranched β(1,3) galactose residues to form an insoluble aggregate and therefore may 
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only react with a subset of AGPs based branch substitution of the core β(1,3) galactan 
backbone (34, 37).  

From a computational perspective, AGP-encoding genes are difficult to identify 
due to the low level of shared sequence similarity among individual proteins and 
inherent variability within the amino acid motifs that direct protein glycosylation. Even 
very closely related AGPs will typically have less than 30% shared sequence identity 
between them at the amino acid level. Therefore, unsurprisingly, alignment-based 
search methods generally fail to identify other AGPs. In total, AGPs comprise a large 
and diverse class of hydroxyproline-rich glycoproteins. From this perspective it is helpful 
to think of AGP glycosylation as a post-translational modification that occurs on a large 
diversity of proteins, as opposed to a characteristic representing a single group. For this 
reason, more tailored bionformatic tools are needed to identify proteins containing AG 
glycomodules. 

The first major breakthrough came with the work of Schultz et al. (2002) who 
developed a computational program to identify AGPs based on biased amino acid 
composition by searching for proteins with high proline, alanine, serine, and threonine 
content (39). AGPs are rich in Pro, Ala, Ser, and Thr, which form the characteristic 
‘PAST’ motifs found in AGPs. This approach identified a total of 52 AGP-encoding 
genes in the Arabidopsis thaliana genome, primarily from classical, AG peptide, lysine-
rich, and chimeric fasciclin-like (FLA) subclasses. Improving upon this method, work 
done by Showalter et al. (2010) added a sliding window function to identify a total of 85 
AGP-encoding genes in A. thaliana, including additional classical AGPs and AG 
peptides (2). However, this method still failed to recover the lipid transfer-like AGPs 
(LTP AGP), plastocyanin-like AGPs (PAGs) and other chimeric GPI-anchored proteins 
believed to contain AG glycomodules, such as COBRA, SKU5, (1-3)-glucanases, 
receptor-like peptides (RLPs) and aspartyl proteases described by Borner et al. (2003) 
(40, 41).  

Here we have developed a new AGP prediction program (AGPredictor) guided 
by the non-contiguous hydroxyproline hypothesis (described below) that is able to 
rapidly identify AGPs in any plant genome. Using this program, we were able to identify 
all previously described AGPs in A. thaliana including the more cryptic chimeric AGPs. 
We also identified an additional 346 previously unreported chimeric AGPs, such as actin 
nucleating formin proteins, receptor-like kinases, GDSL lipases/acylhydrolases, 
carbohydrate binding proteins, pectin lyases, proteases, and many others that are 
believed to inhabit or interact with the plant extracellular matrix. We further show that 
the glycosylation motifs present in these lesser-known chimeric AGPs are also 
represented in Medicago truncatula.  The AG glycosylation of some of the new identified 
AGPs was supported biochemically based on altered protein mobility when separated 
on reducing SDS-PAGE. 
 
Materials and Methods 
 
Developing the AGPredictor Program 

AGPredictor was written as a Python script with two interfaces: a command line 
interface and an easy-to-use Web application (Fig. 1a) incorporating the Flask 
microframework (http://flask.pocoo.org/). In order to reduce false positives both 
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interfaces automatically integrate SignalP (v4.1) as an initial filter to select for proteins 
entering the secretory pathway. This is necessary for protein glycosylation as the 
proline hydroxylases and glycosyltransferases involved in AGP biosynthesis are located 
in the endoplasmic reticulum and the Golgi apparatus (3, 42, 43). The AGPredictor 
source code is freely available for download online and published under the open 
source 2-clause BSD license. The core of the program is written as a regular 
expression: 

[ASTV]?(?:P[ASTV])+(?:P(?!P))? 
The underlying principle for how the AGPredictor program works is based on the 

non-contiguous hydroxyproline hypothesis as the primary search criterion. AGPS are 
rich in XP and PX proline dipeptide repeats (where X = Ala, Ser, Thr, or Val) that often 
occur in interspersed clusters known as the ‘PAST’ rich motifs that direct AGP-type 
hydroxyproline glycosylation. This hypothesis states that non-contiguous hydroxyproline 
residues (i.e. XPXPX) become glycosylated with arabinogalactan, while contiguous 
hydroxyproline residues (i.e. XPPP) become glycosylated with short arabinan 
oligosaccharides. This has been experimentally validated through carbohydrate profiling 
of both synthetic and native peptide sequences expressed in plant tissue that contained 
either contiguous or non-contiguous hydroxyproline motifs (44–49).  

The AGPredictor program works by finding repetitive and interspersed non-
contiguous XP and PX dipeptides while excluding contiguous hydroxyproline residues. 
Each protein is scored based on the length of the longest repetitive motif found (ie 
XPXPXPX). There is an extra option, runwindow, which, if set to a number, N, greater 
than its default of 0, will score the proteins based on the total length of motifs found that 
are within N amino acids of the longest motif. For instance, by default, the sequence 
“APAP☐☐☐APAP” has a score of 4. However, when the run window is increased to 3, 
the score of the sequence becomes 8. This is because there are two AGP motifs 
separated by 3 (or fewer) non-motif amino acids. Proline residues need to be within 15 
amino acid residues of each other in order to be eligible for glycosylation. Proteins are 
then parsed based on arbitrary user-defined cut-offs to generate output files enriched in 
AGP sequences. Output files contain FASTA formatted protein sequences with 
predicted non-contiguous hydroxyproline motifs highlighted in bold to assist manual 
sequence curation (Fig. 1b). The program also generates a csv table summarizing the 
data for all protein analyzed (Fig. 1c). 
 
Source Files 

All predicted protein sequences encoded by the A. thaliana and M. truncatula 
(v4.0) genomes were downloaded as single FASTA files from Phytozome 
(www.phytozome.org). Known A. thaliana AGP sequences Showalter et al. 2010 (2) and 
Borner et al. 2003 (40) were used as a test set to assess AGPredictor program function 
and are listed in Appendix I. 
 
Testing the AGPredictor Program with Known AGPs 

The AGPredictor program was assessed using a test set of 123 known or 
previously predicted AGPs (Appendix I). The list was comprised of 85 AGPs identified 
by including classical AGPs, AG peptides, and chimeric AGPs including fasciclin (FLA), 
plastocyanin (PLA), and lipid transfer protein (LTP) AGPs (2). An additional 38 chimeric 
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proteins speculated to be AGP from Borner et al. (2003) were also added to the list, 
which include proteins like COBRA and pectin lyase (40). AGPredictor was able to 
recover all known AGPs from the test set and 65% of AGPs parsed together into a 
single file using the parameters: motif score ≥13, window =6. This demonstrates that the 
program successfully enriches for AGPs based on their non-contiguous hydroxyproline 
motifs (Fig. 2). 
 
AGP Prediction of A. thaliana and M. truncatula genomes 

The AGPredictor program was used for parsing of the A. thaliana and M. 
truncatula genomes using a motif score cutoff ranges (0-3, 4-5, 6-12, 13-∞) and window 
length 6. Output files were then manually curated to develop a comprehensive list of 
predicted AGPs. These lists were then cross-referenced to proteins recovered by other 
programs for comparison (2, 50). All predicted AGPs are listed in Tables I and II and 
sequences with highlighted glycosylation motifs are listed in Appendices II and III.  

 
SDS-PAGE and Western blot 
The extracellular domains of AtALE2 (AT2g20300), AtFH3 (AT4g15200), and MtFH3 
(Medtr4g081410) were cloned from cDNA into plant expression vector pGWB17 to 
generate a C-terminal fusion protein with a 4xMYC tag (51). AtAGP9 was used as a 
control and expressed in pEARLEYGATE101 with a C-terminal YFP-HA tag 
(52).Proteins were transiently expressed in Nicotiana benthamiana by leaf infiltration 
using Agrobacterium tumifaciens GV3101 suspension cultures (OD 0.6) (53). Leaf 
tissue was collected at 4 dpi, ground in liquid nitrogen, and total protein was extracted 
by boiling in 2X reducing SDS-PAGE sample buffer. Proteins were run on 16-8% mini-
PROTEAN TGX precast protein gels (Bio-Rad) and transferred to PVDF membranes. 
Membranes were blocked in 3% BSA TBST, probed with a mixture of  mouse anti-HA 
(Invitrogen; cat# 26183) and anti-MYC (Invitrogen; cat# 13-2500) mouse primary 
antibodies (1:5,000), followed by (1:10,000) rabbit anti-mouse IgG HRP secondary 
antibody (Invitrogen; cat#61-6520), with subsequent washes in between. SuperSignal 
West Dura™ (Thermo) was used as chemical substrate and imaged on Amersham 
Imager 600 (General Electric). Primers used are listed in Table III. 
 
Results 
 
Re-evaluating AGPs in the A. thaliana Genome 

We tested the AGPredictor program using all predicted protein sequences 
encoded by the A. thaliana genome as a larger dataset. All known AGPs were 
successfully recovered and enriched in output files separate from the majority of non-
AGP proteins (Fig 3 A, B). Surprisingly, the program also recovered a large number of 
proteins that have not previously been reported to be AGP but contained convincing 
non-contiguous hydroxyproline motifs. All protein sequences were manually curated and 
we developed a comprehensive list of approximately 431 proteins that we predict to be 
glycosylated with AG (Table I). This is at least four times larger than previous estimates 
and suggests that AGP post-translational modification is more prevalent than previously 
thought. Proteins with a motif score ≥ 13s (window length =6) were considered high 
confidence canidates. Fifty percent of the proteins in this file were previously known 
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AGPs and an additional 40% contained convincing noncontiguous proline motifs (Fig. 3 
B). Convincing motifs were judged based on both the spacing of the proline residues 
and the context in which they occur. Proteins with single XP or PX dipeptides that 
occurred interspersed at regular intervals near window length (max) or as part of a 
broader repetitive peptide sequence were manually excluded. This is included some 
extensins that have single noncontiguous prolines that interlink longer runs of 
contiguous prolines (i.e., SPPPSPSPPP), which are known not to contain AG (46). We 
also excluded proteins that contained transmembrane domains where the putative 
glycosylation motifs (SPSPSPSP) occurred on the cytosolic domain of the protein, as 
these sequences are not exposed to the prolyl-4 hydxoxylases and glycosyltransferases 
in the endomembrane lumen necessary for protein glycosylation. Approximately 10% of 
proteins in the high confidence file were not expected to be AGPs based on these 
criteria (Fig. 3 B).  

Many of the proteins we identified with convincing non-contiguous proline motifs 
contain additional functional domains by which they can be classified. Among this group 
we identified 9 new plastocyanin-like AGPs (PAG) and 40 new lipid transfer protein 
(LTP) AGPs, which belong to previously established AGP subclasses. However, many 
of the proteins we identified contain functional domains that have not been previously 
reported to occur in conjunction with AGP. These proteins are highly diverse; however, 
most can be classified based on their putative annotation as being involved with cellular 
processes related to cell wall modification, lipid modification, and signal transduction 
(Fig. 4 A, B). 

AGPs related to cell wall metabolism include pectin methyl esterase inhibitors 
(PMEI), pectin lyases, glycosyl hydrolase (GH) family 17 proteins, and carbohydrate-
binding X8 domain proteins. Other proteins including COBRA-like proteins, a 
transglycosylase, and some peroxidases were also identified. Roughly 23% of AGPs 
identified have functional annotations related to lipid metabolism. Within this group we 
identified new LTP AGPs, indicating that this family was previously underestimated. We 
also identified several lipid binding and lipid recognition proteins, as well as 17 GDSL 
lipase/esterase/acylhydrolase proteins. GDSL enzymes have flexible catalytic site with 
broad substrate specificity known to act on lipids, carbohydrates, and proteins (54). 
 Diverse proteins related to defense response and signal transduction were also 
represented in this list. Defense-related proteins include thionins, defensins, and 
leucine-rich repeat (LRR) proteins. Signaling-related proteins included hormone 
regulated GASA/SNAKIN proteins, GPI-anchored receptor-like peptides (RLP), and a 
relatively large number of receptor like kinase (RLKs).  Identifying RLKs within the 
AGPrediction set was surprising because transmembrane proteins have not previously 
been established as being glycosylated with AG. However, the RLKs we identified have 
convincing non-contiguous hydroxyproline motifs that preferentially occur in the 
extracellular domain of the receptor (Figure 8 C), which make them eligible for AG O-
glycosylation. N-glycosylation was previously shown to be important for the function of 
immune receptors AtFLS2 and AtEFR (55), which opens up the possibility that other 
types of glycosylation of PTM may occur on RLKs. Receptors containing AG 
glycosylation sites include LRR, lysine motif (LysM), malectin/lectin domain, cysteine-
rich and STRUBBELIG family receptors, as well as others. Most notably this list 
includes ABNORMAL LEAF SHAPE 2 (ALE2; AT2G20300.1), SOMATIC-EMBRYO 
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RECEPTOR-LIKE KINASE 5 (SERK5; AT2G13800.1), SUPPRESSOR OF BIR1 1 
(SOBIR1; AT2G31880.1), and LysM RECEPTOR-LIKE KINASE 3 (LYK3; 
AT1G51940.1). 
 Lastly, we identified several plant-specific type-I formin proteins involved in 
cytoskeleton organization. Type-I formins are single pass integral plasma membrane 
proteins that have a cytosolic FH domain well described in nucleating actin and an 
extracellular proline-rich domain (56). Based on our analysis we found that half of A. 
thaliana type-I formins (FH3, FH4, FH5, FH6, FH8) contain AGP glycosylation sites with 
some occurring as chimeric AGP-extensin motifs. The remaining formins proteins in this 
family either have extensin or polyproline motifs. Formins have previously been shown 
to associate with the plant cell wall and plant-specific mechanisms for cytoskeletal and 
membrane anchoring have been proposed (57, 58). 
 
Genome-wide Identification of AGPs in M. truncatula 

AGPs have not been annotated in plant genomes outside of A. thaliana, 
therefore the fidelity, evolution, and phylogenic relationship of AGP-encoding genes is 
not well understood. As a test case, we used the AGPredictor program to identify AGP-
encoding genes in the M. truncatula (barrel medic) genome. We identified 44 classical 
AGPs, 35 small AG peptides, 4 lysine-rich AGPs, 33 FLAs, 44 PLAs, and 62 LTPs, with 
an additional 141 chimeric AGPs (Table II). Chimeric AGP distribution in M. truncatula 
based on functional annotation and AGP subclass is similar to that of A. thaliana (Fig. 
5). Most of the same chimeric AGPs identified in A. thaliana were also represented in M. 
truncatula, suggesting that AGP glycosylation may be more broadly conserved between 
these protein families.  
 
Analysis of AGP Fusion Proteins by SDS-PAGE and Western blot 

We chose one known AGP (AtAGP9) and three new putative AGPs for 
biochemical characterization. Transmembrane proteins were chosen for analysis 
because they have not previously been reported to contain AG glycosylation and may 
function in transmitting information from the cell wall to inside the plant cell. We 
transiently expressed the extracellular domains of AtALE2 (AT2g20300), AtFH3 
(AT4g15200), and MtFH3 (Medtr4g081410) as C-terminal fusion proteins with a 3xMYC 
tag in Nicotiana benthamiana and analyzed the proteins by SDS-PAGE and 
Westernblot (Fig. 6). AtAGP9-YFP-HA was expressed and analyze as a control for 
relative comparison. The AtAGP9-YFP-HA fusion protein is predicted to be 
approximately 45 kDa based on amino acid composition but produce two high molecular 
weight (MW) bands approximately near 250 kDa and 90 kDa. A lower MW band was 
also present at 35 kDa, which is the predicted size of the YFP-HA tag and therefore 
likely a degradation product. AtFH3ecd-4xMYC was predicted to be ~24 kDa but 
produced a high MW band at 250 kDa followed by two additional bands between 35-45 
kDa. MtFH3ecd-4xMYC was predicted to be ~ 33 kDa and produced a high MW band 
around 120 kDa and a secondary band near 50 kDa.  AtALE2ecd-4xMYC was predicted 
to be ~34 kDa and produced a smearing band between 90-70 kDa. All proteins tested 
produced bands much larger than their predicted weight. Protein extracts were boiled in 
SDS reducing buffer, therefore the changes in predicted weight are not likely due to the 
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formation of protein dimers or complexes. The changes in protein mobility were not 
subtle and suggest that these fusion proteins contain post translation modifications.  
 
Discussion 
 Collectively, AGPs are a diverse group of cell surface glycoproteins that play 
critical roles in plant growth and development. However, research in this area has been 
stymied by the inability to identify AGP encoding proteins in plant genomes due to the 
broad diversity of these proteins and the intrinsically disordered nature of their amino 
acid sequences. Here we have developed AGPredictor as a new easy-to-use 
bioinformatic tool capable of rapidly identifying and enriching for AGP sequences in any 
plant genome. We used the A. thaliana genome as a benchmark to test program 
efficacy and show that known AGPs are successfully enriched in output files. We also 
identified many previously unreported proteins with convincing noncontiguous proline 
motifs, which suggest that AGP-type glycosylation may be more common than 
previously thought (Fig. 3).  
 The AGPredictor program functions better than previous search tools developed 
by Schultz (39) and Showalter (2) based on the different underlying methodologies on 
which these programs operate. The search methods used by both Schultz (2002) and 
Showalter (2010) rely on amino acid composition bias, where the total number of 
proline, alanine, serine, and threonine residues are calculated as a percentage relative 
to total protein length. While this approach has been successful in identifying some 
AGPs, it has two major problems. The first problem is that it doesn’t take into account 
the sequence position and spacing of proline residues, which are necessary to direct 
AG glycosylation – as defined by the noncontiguous hydroxyproline hypothesis. 
Secondly, this approach is inherently constrained by protein size since the search 
criteria is a function of sequence length. This excludes many chimeric proteins that may 
contain AGP glycosylation subdomains. These previous methods had predicted 85 
AGPs encoded in the A. thaliana genome, however it had been widely hypothesized 
that many more AGPs were likely to exist. Therefore, perhaps it is unsurprising that 
more refined search methods were able to uncover more AGP-encoding proteins. What 
was surprising was the diversity and total number of proteins recovered. Detailed 
characterization of the A. thaliana genome uncovered many novel chimeric AGP 
subclasses and suggested that the number of proteins potentially modified with AG is at 
least four times larger than previously estimated. Characterization of the M. truncatula 
genome revealed a very similar distribution of chimeric AGPs indicating that the 
glycosylation motifs on these proteins are not exclusive to A. thaliana and could be 
more broadly conserved throughout plants.  

Recently, while in the midst of this dissertation a competing group developed a 
prediction program similar to ours and found many of the same chimeric AGPs as our 
program, including the formins and RLKs (50). Additionally, they were able to show that 
these proteins are conserved in 47 plant genomes. Identifying similar proteins in these 
analyses validates our approach and strengthens our hypothesis that AGP glycosylation 
motifs are more broadly distributed on a diversity of proteins. However, in detailed 
comparison we recovered an additional 280 and 126 proteins in the A. thaliana and M. 
truncatula genomes, respectively, that were not identified by Ma et al. 2017 (Fig. 7, 8, 9; 
Table I, II). Based on this comparison we believe the study by Ma et al.  2017 greatly 
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underestimates the total size and diversity of AGP-encoding genes and have found a 
number of inconsistencies with their analysis. Examples of this can clearly be found in 
the A. thaliana genome with the X8 carbohydrate binding domain proteins and GDSL 
lipase proteins (Fig. 8). We identified at least five AtX8 and 17 AtGDSL proteins in the 
A. thaliana genome (Fig 8 A, B; Table I; Appendix I), while Ma et al. 2017 did not find 
any – yet inexplicably found at least one or two X8 and GDSL proteins in 32 of the 47 
plant genomes analyzed. Another example is the RLK ALE2, which we identified in A. 
thaliana (AT2G20300) (Fig. 8 C) and M. truncatula (Medtr1g069340, Medtr2g039290, 
Medtr4g126270, Medtr8g016330), but was not reported by Ma et al. (2017). 
Furthermore we provide evidence that suggests the AtALE2 ectodomain contains post-
translational modifications. These proteins clearly have noncontiguous AGP motifs and 
should have been identified in their analysis (Fig. 8, 9).  Many other examples exist and 
are detailed in Table I and Appendix II. Due to these discrepancies we argue that our 
program operates with greater depth. Moreover, we have developed an easy-to-use 
graphical user interface similar to BLAST to facilitate adoption by the scientific plant 
biology community (Fig. 1). This enables users to search genomes or personal datasets 
and draw their own conclusions by accessing the primary data. This is important 
because Ma et al. (2017) has not released their program to the public and we have 
provided several examples where their program fails to find homologous AGPs leading 
to underestimation and inaccurate reporting AGP encoding gene families. This is critical 
when investigating AGP function where phenotypes can be masked by functional 
redundancy. We provide an illustrated example of in Chapter 2. 
 

False Positives an Scope of Use 
A key issue that we have not yet addressed in depth is the false discovery rate. 

AGPredictor is a simple customizable parsing-program that operates using arbitrary 
user-defined cut-offs. Therefore, the false discovery rate is a function of the parameters 
used. For instance, using the parameters: motif ≥ 1, window = 0, will return all proteins 
with at least one proline anywhere in the amino acid sequence. In this scenario AGPs 
will not parse from random protein sequences. Conversely, if the parameters: motif ≥ 
20, window = 0 are used, very few proteins will be recovered, however all of them will 
be bonafied AGPs. While testing the AGPredictor program we found that the 
parameters: motif ≥ 13, window = 6, were sufficient for enriching for AGPs in A. thaliana. 
This takes an input list of 27,416 proteins and rapidly produces an output file of 138 
proteins. Approximately 50% of these proteins are known AGPs, while an additional 
40% have convincing motifs that we expect to be glycosylated. Each protein returned 
was manually curated and individually scrutinized. While some false positives can be 
identified based on the known properties of AGPs and the context in which motifs occur, 
ultimate determination between AGP and not-AGP is subjective and dependent on the 
user. We estimated a false discovery rate of at least 10% in this file by removing 
extensins, proteins with regularly interspersed prolines, and Ser/Thr RLKs that have 
(SPSPSPS) motifs near the cytoplasmic kinase domain that would not be exposed to 
glycosylation machinery in the endomembrane lumen. An example of a false positive 
with a high predictive score identified in both our analysis and that done by Ma et al. 
2017 is the M. truncatula photosystem I protein (Medtr1g069235.1). PSI protein has an 
N-terminal chloroplast-targeting signal that is falsely flagged as a secretion signal by 
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SignalP, which is used as an initial filter. PSI protein has a strong non-contiguous 
proline motif (APAAPAAPAAPAADAAPTP) and without prior background knowledge 
regarding this protein, would make for a convincing AGP. This draws into question 
whether other false positives exist within the hypothetical and predicted proteins we 
identified that have no supporting information or publication history. False positives are 
expected in any predictive program, as we have just demonstrated for SignalP, and they 
are difficult to either prove or disprove without experimental evidence. We provided data 
to suggest that some of these proteins do contain post-translation modifications based 
on their altered mobility in SDS-PAGE reducing gels, which garner some support for our 
hypotheses. The majority of predicted AGPs that we identified have functions related 
cell wall modification, lipid transport and modification, and cell signaling, which does not 
seem to be coincidental as these functions are consistent with the roles and cellular 
location ascribed to AGPs. In our experience the best approach is to cast a wide net to 
examine all possibilities in order to make informed decisions. We demonstrate the utility 
of this in Chapter 2 by using he AGPredictor program to breakthrough functional 
redundancy in a previously unreported three-member AGP peptide family. Below, we 
discuss the group of type-I formin proteins as an example, where in identifying these 
proteins as putative AGPs, we provide new insights that explain previous observations 
made in the literature.  

Formins as new chimeric AGPs  
The majority of chimeric AGPs reported in our analysis can be functionally 

classified as related to cell wall related processes, lipid related processes, signal 
transduction, or other. Among these proteins we identified formins as one of the most 
interesting new classes of AGP. Formins are well known for their role in nucleating actin 
(58–61) and have a lesser-known role in microtubule organization (62–64). Type-I 
formins, which have a transmembrane domain and proline-rich extracellular domain, 
appear to be unique to plants and may be an evolutionary consequence of the plant cell 
wall (56, 65). Indeed, A. thaliana Formin 1 (AtFH1) interacts with the cell wall through its 
proline-rich domain which is necessary for AtFH1 dependent remodeling of the actin 
cytoskeleton (66). While the mechanism of this interaction is not known, we hypothesize 
that it is mediated through post-translation glycosylation of these proteins and there is 
evidence in the literature to support links between AGPs and the cytoskeleton.  

Chemical disruption of AGPs with Yariv reagent, a synthetic dye that specifically 
binds to the β(1-3) galactan backbone of AGP glycans, disorganizes F-actin and cortical 
microtubule networks in tobacco BY2 cells and A. thaliana roots (67, 68). Similarly, 
monoclonal antibodies that specifically bind AGPs (JIM13, JIM14) disrupt microtubules 
while antibodies that recognize homogalacturonan (LM5) and xyloglucan (CCRM-1) do 
not, indicating that AGP glycans specifically influence cytoskeleton organization (67). 
Interestingly, chemical disruption of actin and microtubules with cytochalasin-D and 
amiprophosmethyl can also influence AGP localization at the cell surface, which had 
suggested that the cytoskeleton and AGPs might be intrinsically linked (68, 69). 
Identification of formins as transmembrane AGPs capable of cytoskeleton remodeling 
provides an explanation for these observations and has major implications for cell wall 
deposition, cellulose synthase guidance, polar secretion, and retrograde signaling 
between cell wall and cytoskeleton. Formins have been shown to have asymmetrical, 
polarized, or otherwise discrete distribution patterns in the plasma membrane 
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specifically localizing to cell-cell junctions (70), pollen tube tips (71), and developing cell 
plates (72). Closer examination of the formin protein family in A. thaliana indicates that 
formins can also have extension-type glycosylation, hybrid AGP-extensin-like, and 
proline rich-repeats. Based on these observations, we hypothesize that the differential 
glycan patterning of these proteins may allow them to probe different architectural cell 
wall subdomains. 
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Figure 1. AGPredictor web application graphical user interface and output function. 
(A) AGPredictor GUI; Up load FASTA protein input file upload. Run window creates 
an additive score by joining interspersed motifs separated ≤ n amino acids. Bins 
sets cut off values for parsing output sequence files based on AGP motif score. (B) 
Data output summary csv file. (C) Parsed output files with highlighted AGP motifs. 
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Figure 2. Parsed file distribution of known A. thaliana AGPs using 
AGPredictor. A list containing 123 AGPs from Showalter et al. 2010, 
Borner et al 2003, and LTP et al was used as a training set to 
develop the AGPredictor program. Using a run window length n=5 
allows significant enrichment of AGPs with motif score ≥ 6. Two 
Fasciclin proteins from the training set were not enriched. We 
determined that these proteins are not AGP based on their absence 
of proline motifs and conclude that they were erroneously 
missclassified in previous studies based on their homology to true 
FLA-AGPs through their shared fasciclin domain. 
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Figure 3. Parsed distribution of AGPs from the A. thaliana genome. (A) 
Total proteins in parsed files. (B) Data represented as % distribution. Files 
containing proteins parsed at AGP motif score ≥ 13 are almost exclusively 
AGP.  
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the fusion protein based on primary amino acid sequence. 
AtAGP9-YFP-HA, ~45 kDa; AtFH3-4xMYC, ~24 kDa; 
AtALE2-4xMYC, ~34 kDa; MtFH3, ~33 kDa. PageRuler Plus 
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Figure 7. Comparison of AGPs reported by different prediction methods in 
A. thaliana (A) and M. truncatula (B). Proteins identified by Ma et al. in M. 
truncatula that we do not predict to be AGP are listed in appendix IV. 
Figures are drawn to scale. 
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>AT1G20130.1 | Symbols: | GDSL-like Lipase/Acylhydrolase superfamily 
protein 
MKRSSLVDSCSYSRIFRSIFCLLSFCIFFLTTTNAQVMHRRLWPWPLWPRPYPQPWPMNPPTPDPSPK
PVAPPGPSSKPVAPPGPSPCPSPPPKPQPKPPPAPSPSPCPSPPPKPQPKPVPPPACPPTPPKPQPKP
APPPEPKPAPPPAPKPVPCPSPPKPPAPTPKPVPPHGPPPKPAPAPTPAPSPKPAPSPPKPENKTIPA
VFFFGDSVFDTGNNNNLETKIKSNYRPYGMDFKFRVATGRFSNGMVASDYLAKYMGVKEIVPAYLDPK
IQPNDLLTGVSFASGGAGYNPTTSEAANAIPMLDQLTYFQDYIEKVNRLVRQEKSQYKLAGLEKTNQL
ISKGVAIVVGGSNDLIITYFGSGAQRLKNDIDSYTTIIADSAASFVLQLYGYGARRIGVIGTPPLGCV
PSQRLKKKKICNEELNYASQLFNSKLLLILGQLSKTLPNSTFVYMDIYTIISQMLETPAAYGFEETKK
PCCKTGLLSAGALCKKSTSKICPNTSSYLFWDGVHPTQRAYKTINKVLIKEYLHVLSK 

>AT1G09460.1 | Symbols: | Carbohydrate-binding X8 domain superfamily 
protein 
MAKQSYFFVFTFLFLSLLSYCSSTTTHHDVLNPPTVFPTNPTTTPTATFPPVTITPTNPATTVPIVPP
VTTIPPPTLTPPPVITIPPPTLTPPVTNPVTNPVTQYPPTQPSGTVPVPVPVVAPPVVSNSPSVSGQS
WCVAKPGASQVSLQQALDYACGIADCSQLQQGGNCYSPISLQSHASFAFNSYYQKNPSPQSCDFGGAA
SLVNTNPSTGSCIYQTGSSTSTPMTAGTTTPTPSTQTVNQPPVTSTPIIPTGGGIIGVGTPPAIFNPA
NPTSNTLNNPSSGGLAGGYGFDGSPNENNPTSSDSTHLKIHFGHAMVATLILHAVLFH 

>AT2G20300.1 | Symbols: ALE2 | Protein kinase superfamily protein 
MRNFAMLLLLILLLHSLASFPICFARLFPMSLPFTRSKAHQMHFFHPYLNPSVAPTPSPAFSPNPSRI
PPLRHKGHHRHRRWHLRRNATAVSPSSHDCQQTCVEPLTSTPFGSPCGCVFPMKVQLLLSVAPFSIFP
VTNELEIEVAAGTYLEQSQVKIMGASADSENQGKTVVDINLVPLGEKFDNTTATLIYQRFRHKKVPLN
ETVFGDYEVTHISYPGIPSSSPNGDVTGDAPGGLPIPINATTFANKSQGIGFRTIAIIALSGFVLILV
LVGAISIIVKWKKIGKSSNAVGPALAPSINKRPGAGSMFSSSARSSGSDSLMSSMATCALSVKTFTLS
ELEKATDRFSAKRVLGEGGFGRVYQGSMEDGTEVAVKLLTRDNQNRDREFIAEVEMLSRLHHRNLVKL
IGICIEGRTRCLIYELVHNGSVESHLHEGTLDWDARLKIALGAARGLAYLHEDSNPRVIHRDFKASNV
LLEDDFTPKVSDFGLAREATEGSQHISTRVMGTFGYVAPEYAMTGHLLVKSDVYSYGVVLLELLTGRR
PVDMSQPSGEENLVTWARPLLANREGLEQLVDPALAGTYNFDDMAKVAAIASMCVHQEVSHRPFMGEV
VQALKLIYNDADETCGDYCSQKDSSVPDSADFKGDLAPSDSSWWNLTPRLRYGQASSFITMDYSSGPL
EDMENRPHSASSIPRVGGLILPNRSGPLRPMRSRRNFFRLRGSMSEHGGPSSSRHLWSGNGDWL 

Fig 8. Examples of proteins identified in this study but not reported by Ma et 
al. 2017. Bold red characters indicate noncontiguous proline motifs eligible 
for AGP glycosylation. Underlined sequences indicate contiguous proline 
motifs eligible for extensin-type glycosylation. Bold blue characters indicate 
transmembrane domains. 

A 

B 

C 



	
   21	
  

 

 
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

>AT2G42840.1 | Symbols: PDF1 | protodermal factor 1 | chr2:17826327-
17827426 REVERSE LENGTH=306 
MRGMVSFAVWALFAALLSQQLFASVASVRFEDAKTYYLSPPSGSHGTPPSHTPPSSNCGSPPYDPSPST
PSHPSPPSHTPTPSTPSHTPTPHTPSHTPTPHTPPCNCGSPPSHPSTPSHPSTPSHPTPSHPPSGGYYS
SPPPRTPVVVTPPSPIVDPGTPIIGGSPPTPIIDPGTPGTPFIPAPFPPITGTCDYWRNHPTLIWGLLG
WWGTVGGAFGTVSIPSSIPGFDPHMNLLQALSNTRSDPIGALYREGTASWLNSMVNHKFPFTTPQVRDH
FVAGLSSNKAATKQAHTFKLANEGRLKPRV 
>AT5G14920.1 | Symbols: | Gibberellin-regulated family protein | 
chr5:4826598-4827761 FORWARD LENGTH=275 
MALSLLSVFIFFHVFTNVVFAASNEESNALVSLPTPTLPSPSPATKPPSPALKPPTPSYKPPTLPTTPIK
PPTTKPPVKPPTIPVTPVKPPVSTPPIKLPPVQPPTYKPPTPTVKPPSVQPPTYKPPTPTVKPPTTSPVK
PPTTPPVQSPPVQPPTYKPPTSPVKPPTTTPPVKPPTTTPPVQPPTYNPPTTPVKPPTAPPVKPPTPPPV
RTRIDCVPLCGTRCGQHSRKNVCMRACVTCCYRCKCVPPGTYGNKEKCGSCYANMKTRGGKSKCP 

>AT4G20420.1 | Symbols: | Tapetum specific protein TAP35/TAP44 | 
chr4:11017041-11017469 FORWARD LENGTH=142 
MSISRVYLCLIFLTFVSSPLVLCSRSPKLAAASAAIGKKHGKEHVHSPAMLFSEFPKVDSSSSMTHIDEP
ATKSAIAGFFRYRLPFQGWPFHKYAPFPMGTPTNPSVPVTSTPSSGAAAAEEEETEKVPSAPSKGNRDGG
NA 

A 

B 

C 

Fig 9. Additional examples of proteins identified in this study but not reported by 
Ma et al. 2017. Bold red characters indicate noncontiguous proline motifs eligible 
for AGP glycosylation. Underlined sequences indicate contiguous proline motifs 
eligible for extensin-type glycosylation.  
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Table	
  I.	
  AGPs	
  identified	
  in	
  the	
  A.	
  thaliana	
  genome.	
  
AGI	
   Showalter	
  

2010	
  
Ma	
  
2017	
  

Moore	
  
2018	
  

AA	
  
length	
  

PAST
%	
   AGP	
  class	
   Gene	
  name	
   Annotation	
  

AT1G24520
.1	
   Y	
   Y	
   Y	
   119	
   47	
   Classical	
   AGP50C	
   Arabinogalactan	
  protein	
  

AT3G27416
.1	
   -­‐	
   Y	
   Y	
   171	
   68	
   Classical	
   	
   	
  

AT1G31250
.1	
  

Y	
   Y	
   Y	
   165	
   55	
   Classical	
   AGP51C	
   Arabinogalactan	
  protein	
  

AT1G35230
.1	
   Y	
   Y	
   Y	
   133	
   64	
   Classical	
   AGP5C	
   Arabinogalactan	
  protein	
  

AT2G14890
.1	
   Y	
   Y	
   Y	
   191	
   72	
   Classical	
   AGP9C	
   Arabinogalactan	
  protein	
  

AT2G22470
.1	
  

Y	
   Y	
   Y	
   131	
   64	
   Classical	
   AGP2C	
   Arabinogalactan	
  protein	
  

AT2G28440
.1	
   Y	
   Y	
   Y	
   268	
   50	
   Classical	
   AGP54C	
   Arabinogalactan	
  protein	
  

AT2G47930
.1	
  

Y	
   Y	
   Y	
   136	
   54	
   Classical	
   AGP26C	
   Arabinogalactan	
  protein	
  

AT3G01700
.1	
   Y	
   Y	
   Y	
   136	
   62	
   Classical	
   AGP11C	
   Arabinogalactan	
  protein	
  

AT3G06360
.1	
   Y	
   Y	
   Y	
   125	
   54	
   Classical	
   AGP27C	
   Arabinogalactan	
  protein	
  

AT3G45230
.1	
  

Y	
   Y	
   Y	
   175	
   43	
   Classical	
   AGP57C	
   Arabinogalactan	
  protein	
  

AT4G09030
.1	
   Y	
   Y	
   Y	
   127	
   66	
   Classical	
   AGP10C	
   Arabinogalactan	
  protein	
  

AT4G16980
.1	
   Y	
   Y	
   Y	
   164	
   55	
   Classical	
   AGP58C	
   Arabinogalactan	
  protein	
  

AT4G40090
.1	
  

Y	
   Y	
   Y	
   139	
   62	
   Classical	
   AGP3C	
   Arabinogalactan	
  protein	
  

AT5G10430
.1	
   Y	
   Y	
   Y	
   135	
   73	
   Classical	
   AGP4C	
   Arabinogalactan	
  protein	
  

AT5G18690
.1	
  

Y	
   Y	
   Y	
   116	
   50	
   Classical	
   AGP25C	
   Arabinogalactan	
  protein	
  

AT5G64310
.1	
   Y	
   Y	
   Y	
   131	
   60	
   Classical	
   AGP1C	
   Arabinogalactan	
  protein	
  

AT5G65390
.1	
   Y	
   Y	
   Y	
   130	
   67	
   Classical	
   AGP7C	
   Arabinogalactan	
  protein	
  

AT5G14380
.1	
  

Y	
   Y	
   Y	
   150	
   65	
   Classical	
   AGP6C	
   Arabinogalactan	
  protein	
  

AT1G76955
.1	
   -­‐	
   -­‐	
   Y	
   78	
   35	
   AG	
  peptide	
   	
   NA	
  

AT1G12665
.1	
   -­‐	
   -­‐	
   Y	
   89	
   43	
   AG	
  peptide	
   	
  

Encodes	
  a	
  Plant	
  thionin	
  
family	
  protein	
  	
  

AT2G28405
.1	
   -­‐	
   -­‐	
   Y	
   83	
   19	
   AG	
  peptide	
   LCR32	
   	
  Cysteine-­‐rich	
  32	
  

AT1G51913
.1	
  

-­‐	
   -­‐	
   Y	
   77	
   32	
   AG	
  peptide	
  
	
  

NA	
  

AT5G10946
.1	
   -­‐	
   -­‐	
   Y	
   55	
   30	
   AG	
  peptide	
   	
   NA	
  

AT3G47295
.1	
  

-­‐	
   -­‐	
   Y	
   71	
   41	
   AG	
  peptide	
  
	
  

NA	
  

AT5G04030
.1	
   -­‐	
   -­‐	
   Y	
   76	
   29	
   AG	
  peptide	
   	
   NA	
  

AT1G51915
.1	
   Y	
   Y	
   Y	
   67	
   36	
   AG	
  peptide	
   AGP24P	
   cryptdin	
  protein-­‐related	
  	
  

AT5G10946
.1	
  

-­‐	
   -­‐	
   Y	
   55	
   30	
   AG	
  peptide	
  
	
  

NA	
  

AT3G13275
.1	
   -­‐	
   -­‐	
   Y	
   69	
   12	
   AG	
  peptide	
   	
   NA	
  

AT1G77093
.1	
   -­‐	
   -­‐	
   Y	
   78	
   27	
   AG	
  peptide	
   	
  

Defensin-­‐like	
  (DEFL)	
  
family	
  protein	
  	
  



	
   23	
  

AT1G51920
.1	
  

-­‐	
   -­‐	
   Y	
   78	
   38	
   AG	
  peptide	
  
	
  

NA	
  

AT1G51915
.1	
   Y	
   Y	
   Y	
   67	
   36	
   AG	
  peptide	
   AGP42P	
   AGP	
  peptide	
  

AT2G41905
.1	
   Y	
   Y	
   Y	
   61	
   45	
   AG	
  peptide	
   AGP43P	
   AGP	
  peptide	
  

AT2G46330
.1	
  

Y	
   Y	
   Y	
   73	
   42	
   AG	
  peptide	
   AGP16P	
   AGP	
  peptide	
  

AT3G01730
.1	
   Y	
   Y	
   Y	
   87	
   46	
   AG	
  peptide	
   AGP44P	
   AGP	
  peptide	
  

AT3G13520
.1	
  

Y	
   Y	
   Y	
   60	
   44	
   AG	
  peptide	
   AGP12P	
   AGP	
  peptide	
  

AT3G20865
.1	
   Y	
   Y	
   Y	
   62	
   49	
   AG	
  peptide	
   AGP40P	
   AGP	
  peptide	
  

AT3G57690
.1	
   Y	
   Y	
   Y	
   61	
   46	
   AG	
  peptide	
   AGP23P	
   AGP	
  peptide	
  

AT3G61640
.1	
  

Y	
   Y	
   Y	
   74	
   44	
   AG	
  peptide	
   AGP20P	
   AGP	
  peptide	
  

AT4G26320
.1	
   Y	
   Y	
   Y	
   59	
   48	
   AG	
  peptide	
   AGP13P	
   AGP	
  peptide	
  

AT5G11740
.1	
   Y	
   Y	
   Y	
   61	
   51	
   AG	
  peptide	
   AGP15P	
   AGP	
  peptide	
  

AT5G12880
.1	
   Y	
   Y	
   Y	
   73	
   44	
   AG	
  peptide	
   AGP45P	
   AGP	
  peptide	
  

AT5G24105
.1	
   Y	
   Y	
   Y	
   63	
   39	
   AG	
  peptide	
   AGP41P	
   AGP	
  peptide	
  

AT5G53250
.1	
  

Y	
   Y	
   Y	
   63	
   39	
   AG	
  peptide	
   AGP22P	
   AGP	
  peptide	
  

AT5G56540
.1	
   Y	
   Y	
   Y	
   60	
   42	
   AG	
  peptide	
   AGP14P	
   AGP	
  peptide	
  

AT1G55330
.1	
   Y	
   Y	
   Y	
   58	
   47	
   AG	
  peptide	
   AGP21P	
   AGP	
  peptide	
  

AT5G40730
.1	
  

Y	
   Y	
   Y	
   69	
   41	
   AG	
  peptide/His-­‐
rich	
  

AGP24P	
   AGP	
  peptide	
  

AT1G68725
.1	
   Y	
   Y	
   Y	
   248	
   69	
   Lys	
  rich	
   AGP19K	
   Lysine-­‐rich	
  AGP	
  

AT2G23130
.1	
  

Y	
   Y	
   Y	
   185	
   57	
   Lys	
  rich	
   AGP17K	
   Lysine-­‐rich	
  AGP	
  

AT4G37450
.1	
   Y	
   Y	
   Y	
   209	
   62	
   Lys	
  rich	
   AGP18K	
   Lysine-­‐rich	
  AGP	
  

AT1G03870
.1	
   Y	
   Y	
   Y	
   247	
   32	
   FLA	
   FLA9	
   Fasciclin-­‐like	
  AGP	
  

AT1G15190
.1	
  

Y	
   Y	
   Y	
   248	
   34	
   FLA	
   FLA19	
   Fasciclin-­‐like	
  AGP	
  

AT2G04780
.1	
   Y	
   Y	
   Y	
   254	
   40	
   FLA	
   FLA7	
   Fasciclin-­‐like	
  AGP	
  

AT2G20520
.1	
   Y	
   Y	
   Y	
   247	
   35	
   FLA	
   FLA6	
   Fasciclin-­‐like	
  AGP	
  

AT2G24450
.1	
  

Y	
   Y	
   Y	
   280	
   39	
   FLA	
   FLA3	
   Fasciclin-­‐like	
  AGP	
  

AT2G35860
.1	
   Y	
   Y	
   Y	
   445	
   29	
   FLA	
   FLA16	
   Fasciclin-­‐like	
  AGP	
  

AT2G45470
.1	
  

Y	
   Y	
   Y	
   420	
   44	
   FLA	
   FLA8	
   Fasciclin-­‐like	
  AGP	
  

AT3G11700
.1	
   Y	
   Y	
   Y	
   462	
   26	
   FLA	
   FLA18	
   Fasciclin-­‐like	
  AGP	
  

AT3G12660
.1	
   Y	
   Y	
   Y	
   255	
   36	
   FLA	
   FLA14	
   Fasciclin-­‐like	
  AGP	
  

AT3G46550
.1	
  

Y	
   Y	
   Y	
   420	
   38	
   FLA	
   FLA4	
   Fasciclin-­‐like	
  AGP	
  

AT3G52370
.1	
   Y	
   Y	
   Y	
   436	
   29	
   FLA	
   FLA15	
   Fasciclin-­‐like	
  AGP	
  

AT3G60900
.1	
   Y	
   Y	
   Y	
   422	
   42	
   FLA	
   FLA10	
   Fasciclin-­‐like	
  AGP	
  

AT4G12730
.1	
   Y	
   Y	
   Y	
   403	
   32	
   FLA	
   FLA2	
   Fasciclin-­‐like	
  AGP	
  



	
   24	
  

AT4G31370
.1	
  

Y	
   Y	
   Y	
   278	
   38	
   FLA	
   FLA5	
   Fasciclin-­‐like	
  AGP	
  

AT5G06390
.1	
   Y	
   Y	
   Y	
   458	
   27	
   FLA	
   FLA17	
   Fasciclin-­‐like	
  AGP	
  

AT5G06920
.1	
   Y	
   -­‐	
   Y	
   353	
   33	
   FLA	
   FLA21	
   Fasciclin-­‐like	
  AGP	
  

AT5G44130
.1	
  

Y	
   Y	
   Y	
   247	
   31	
   FLA	
   FLA13	
   Fasciclin-­‐like	
  AGP	
  

AT5G55730
.1	
   Y	
   Y	
   Y	
   424	
   34	
   FLA	
   FLA1	
   Fasciclin-­‐like	
  AGP	
  

AT5G60490
.1	
  

Y	
   Y	
   Y	
   249	
   36	
   FLA	
   FLA12	
   Fasciclin-­‐like	
  AGP	
  

AT5G03170
.1	
   Y	
   Y	
   Y	
   246	
   37	
   FLA	
   FLA11	
   Fasciclin-­‐like	
  AGP	
  

AT5G16920
.1	
   -­‐	
   Y	
   Y	
   256	
   33	
   FLA	
   	
   Fasclin-­‐like	
  protein	
  

AT3G55820
.1	
  

-­‐	
   -­‐	
   Y	
   204	
   23	
   FLA	
  
	
  

Fasclin-­‐like	
  protein	
  

AT4G12950
.1	
   -­‐	
   -­‐	
   Y	
   176	
   30	
   FLA	
   	
   Fasclin-­‐like	
  protein	
  

AT4G29980
.1	
   -­‐	
   -­‐	
   Y	
   169	
   34	
   FLA	
   	
   Fasclin-­‐like	
  protein	
  

AT1G30800
.1	
   -­‐	
   -­‐	
   Y	
   239	
   40	
   FLA	
   	
   Fasclin-­‐like	
  protein	
  

AT1G45063
.1	
   -­‐	
   Y	
   Y	
   369	
   24	
   PAG	
   	
  

Copper	
  ion	
  
binding;electron	
  carriers	
  

AT1G08500
.1	
   -­‐	
   Y	
   Y	
   228	
   33	
   PAG	
   ENODL18	
   Early	
  nodulin-­‐like	
  protein	
  

18	
  
AT5G57920

.1	
  
-­‐	
   -­‐	
   Y	
   182	
   23	
   PAG	
   ENODL10	
   Early	
  nodulin-­‐like	
  protein	
  

10	
  

AT1G22480
.1	
  

-­‐	
   Y	
   Y	
   174	
   42	
   PAG	
  
	
  

Cupredoxin	
  superfamily	
  
protein	
  

AT5G07475
.1	
  

-­‐	
   Y	
   Y	
   192	
   29	
   PAG	
  
	
  

Cupredoxin	
  superfamily	
  
protein	
  

AT5G20230
.1	
   -­‐	
   Y	
   Y	
   196	
   40	
   PAG	
   SAG14	
  

Blue-­‐copper-­‐binding	
  
protein	
  

AT1G79800
.1	
   -­‐	
   Y	
   Y	
   192	
   32	
   PAG	
   ENODL7	
   Early	
  nodulin-­‐like	
  protein	
  

7	
  
AT1G64640

.1	
  
-­‐	
   Y	
   Y	
   191	
   36	
   PAG	
   ENODL8	
   Early	
  nodulin-­‐like	
  protein	
  

8	
  
AT2G23990

.2	
   Y	
   Y	
   Y	
   226	
   37	
   PAG	
   PAG1	
  
Early	
  nodulin-­‐like	
  protein	
  
11	
  

AT2G25060
.1	
  

Y	
   Y	
   Y	
   182	
   32	
   PAG	
   PAG2	
   Early	
  nodulin-­‐like	
  protein	
  
14	
  

AT2G26720
.1	
  

Y	
   Y	
   Y	
   206	
   31	
   PAG	
   PAG3	
   Cupredoxin	
  superfamily	
  
protein	
  

AT2G31050
.1	
  

Y	
   Y	
   Y	
   200	
   32	
   PAG	
   PAG4	
   Cupredoxin	
  superfamily	
  
protein	
  

AT2G32300
.1	
   Y	
   Y	
   Y	
   261	
   47	
   PAG	
   PAG5	
   UCC1	
  uclacyanin	
  1	
  

AT2G44790
.1	
   Y	
   Y	
   Y	
   202	
   43	
   PAG	
   PAG6	
   UCC2	
  uclacyanin	
  2	
  

AT3G20570
.1	
  

Y	
   Y	
   Y	
   203	
   39	
   PAG	
   PAG7	
   Early	
  nodulin-­‐like	
  protein	
  
9	
  

AT3G60270
.1	
   Y	
   Y	
   Y	
   187	
   39	
   PAG	
   PAG8	
  

Cupredoxin	
  superfamily	
  
protein	
  

AT3G60280
.1	
   Y	
   Y	
   Y	
   222	
   51	
   PAG	
   PAG9	
   UCC3	
  uclacyanin	
  3	
  

AT4G27520 Y	
   Y	
   Y	
   349	
   53	
   PAG	
   PAG10/ENODL Early	
  nodulin-­‐like	
  protein	
  



	
   25	
  

.1	
   2	
   2	
  	
  

AT4G28365
.1	
   Y	
   Y	
   Y	
   199	
   32	
   PAG	
   PAG11/ENDOL

3	
  
Early	
  nodulin-­‐like	
  protein	
  
3	
  

AT4G30590
.1	
  

Y	
   Y	
   Y	
   190	
   32	
   PAG	
   PAG12/ENODL
12	
  

Early	
  nodulin-­‐like	
  protein	
  
12	
  

AT4G32490
.1	
   Y	
   Y	
   Y	
   221	
   34	
   PAG	
  

PAG14/ENODL
4	
  

Early	
  nodulin-­‐like	
  protein	
  
4	
  

AT5G26330
.1	
   Y	
   Y	
   Y	
   187	
   41	
   PAG	
   PAG16	
  

Cupredoxin	
  superfamily	
  
protein	
  

AT5G53870
.1	
   Y	
   Y	
   Y	
   370	
   55	
   PAG	
   PAG17/ENODL

1	
  
Early	
  nodulin-­‐like	
  protein	
  
1	
  

AT1G21090
.1	
  

-­‐	
   Y	
   Y	
   242	
   39	
   PAG	
  
	
  

Cupredoxin	
  superfamily	
  
protein	
  

AT4G31840
.1	
  

Y	
   Y	
   Y	
   177	
   32	
   PAG	
   PAG13/ENODL
15	
  

Early	
  nodulin-­‐like	
  protein	
  
15	
  

AT5G25090
.1	
   Y	
   Y	
   Y	
   186	
   33	
   PAG	
  

PAG15/ENODL
13	
  

Early	
  nodulin-­‐like	
  protein	
  
13	
  

AT4G12500
.1	
  

-­‐	
   -­‐	
   Y	
   177	
   43	
   LTP	
  
	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT1G18280
.1	
  

-­‐	
   Y	
   Y	
   180	
   47	
   LTP	
  
	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT2G48140
.1	
  

-­‐	
   Y	
   Y	
   200	
   43	
   LTP	
   EDA4	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT4G12490
.1	
  

-­‐	
   -­‐	
   Y	
   182	
   42	
   LTP	
  
	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT1G03103
.1	
  

-­‐	
   Y	
   Y	
   171	
   43	
   LTP	
  
	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT1G05450
.2	
  

-­‐	
   Y	
   Y	
   205	
   48	
   LTP	
  
	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT2G45180
.1	
  

-­‐	
   -­‐	
   Y	
   134	
   36	
   LTP	
  
	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  



	
   26	
  

AT1G27950
.1	
  

-­‐	
   Y	
   Y	
   193	
   37	
   LTP	
   LTPG1	
  
Glycosylphosphatidylinos
itol-­‐anchored	
  lipid	
  
protein	
  transfer	
  1	
  

AT4G12480
.1	
  

-­‐	
   -­‐	
   Y	
   168	
   40	
   LTP	
   pEARLI	
  1	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  	
  

AT4G22460
.1	
  

-­‐	
   -­‐	
   Y	
   133	
   34	
   LTP	
  
	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  	
  

AT3G57310
.1	
  

-­‐	
   -­‐	
   Y	
   103	
   29	
   LTP	
  
	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT3G18280
.1	
  

-­‐	
   -­‐	
   Y	
   96	
   41	
   LTP	
  
	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT1G32280
.1	
  

-­‐	
   -­‐	
   Y	
   112	
   24	
   LTP	
  
	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT4G14805
.1	
  

-­‐	
   Y	
   Y	
   219	
   44	
   LTP	
  
	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT4G12360
.1	
  

-­‐	
   Y	
   Y	
   161	
   43	
   LTP	
  
	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT1G62510
.1	
  

-­‐	
   -­‐	
   Y	
   149	
   36	
   LTP	
  
	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT3G22620
.1	
  

-­‐	
   Y	
   Y	
   203	
   47	
   LTP	
  
	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT5G56480
.1	
  

-­‐	
   -­‐	
   Y	
   113	
   22	
   LTP	
  
	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  



	
   27	
  

AT3G52130
.1	
   -­‐	
   -­‐	
   Y	
   125	
   35	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT1G43665
.1	
   -­‐	
   -­‐	
   Y	
   123	
   31	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT1G73560
.1	
   -­‐	
   Y	
   Y	
   147	
   36	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT2G37870
.1	
   -­‐	
   -­‐	
   Y	
   115	
   32	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT5G46890
.1	
   -­‐	
   -­‐	
   Y	
   127	
   32	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT5G46900
.1	
   -­‐	
   -­‐	
   Y	
   127	
   33	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT1G73780
.1	
   -­‐	
   -­‐	
   Y	
   98	
   28	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT4G12470
.1	
  

-­‐	
   -­‐	
   Y	
   161	
   38	
   LTP	
   AZI1	
   Azelaic	
  acid	
  induced	
  1	
  	
  

AT1G73890
.1	
   -­‐	
   Y	
   Y	
   193	
   45	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT5G48490
.1	
   -­‐	
   -­‐	
   Y	
   101	
   32	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT1G62790
.1	
   -­‐	
   Y	
   Y	
   150	
   38	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  



	
   28	
  

AT1G48750
.1	
   -­‐	
   -­‐	
   Y	
   94	
   41	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT5G48485
.1	
   -­‐	
   -­‐	
   Y	
   102	
   35	
   LTP	
   DIR1	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT3G59455
.1	
   -­‐	
   -­‐	
   Y	
   96	
   23	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT5G38160
.1	
   -­‐	
   -­‐	
   Y	
   103	
   35	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  	
  

AT4G22490
.1	
   -­‐	
   -­‐	
   Y	
   120	
   31	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT1G12100
.1	
   -­‐	
   -­‐	
   Y	
   132	
   31	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT5G38197
.1	
   -­‐	
   -­‐	
   Y	
   96	
   28	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT5G38195
.1	
   -­‐	
   -­‐	
   Y	
   95	
   29	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT5G55450
.1	
   -­‐	
   -­‐	
   Y	
   104	
   34	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT4G22666
.1	
   -­‐	
   -­‐	
   Y	
   160	
   36	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  



	
   29	
  

AT3G51590
.1	
   -­‐	
   -­‐	
   Y	
   119	
   37	
   LTP	
   LTP12	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT5G38170
.1	
   -­‐	
   -­‐	
   Y	
   103	
   34	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  
protein	
  

AT1G36150
.1	
   Y	
   Y	
   Y	
   256	
   55	
   LTP	
   AGP29I	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  	
  

AT2G13820
.1	
   -­‐	
   Y	
   Y	
   169	
   45	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  	
  

AT2G27130
.1	
   -­‐	
   Y	
   Y	
   176	
   36	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  	
  

AT2G44290
.1	
   -­‐	
   -­‐	
   Y	
   205	
   34	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  	
  

AT2G44300
.1	
   -­‐	
   Y	
   Y	
   204	
   31	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  	
  

AT2G48130
.1	
   -­‐	
   Y	
   Y	
   183	
   45	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  	
  

AT3G22600
.1	
   -­‐	
   Y	
   Y	
   170	
   36	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  	
  

AT3G43720
.1	
   -­‐	
   Y	
   Y	
   193	
   37	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  	
  



	
   30	
  

AT4G08670
.1	
   -­‐	
   Y	
   Y	
   208	
   49	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  	
  

AT4G14815
.1	
   -­‐	
   -­‐	
   Y	
   156	
   33	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  	
  

AT5G09370
.1	
   -­‐	
   Y	
   Y	
   158	
   43	
   LTP	
   	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  	
  

AT5G64080
.1	
   -­‐	
   Y	
   Y	
   182	
   48	
   LTP	
   XYP1	
  

Bifunctional	
  
inhibitor/lipid-­‐transfer	
  
protein/seed	
  storage	
  2S	
  
albumin	
  superfamily	
  	
  

AT5G23820
.1	
  

-­‐	
   -­‐	
   Y	
   164	
   28	
   Lipid-­‐related	
  
	
  

MD-­‐2-­‐related	
  lipid	
  
recognition	
  domain-­‐
containing	
  protein	
  	
  

AT5G23840
.1	
   -­‐	
   -­‐	
   Y	
   167	
   30	
   Lipid-­‐related	
   	
  

MD-­‐2-­‐related	
  lipid	
  
recognition	
  domain-­‐
containing	
  protein	
  	
  

AT5G48605
.1	
  

-­‐	
   -­‐	
   Y	
   91	
   25	
   Lipid-­‐related	
  
	
  

Putative	
  membrane	
  
lipoprotein	
  	
  

AT3G44100
.1	
  

-­‐	
   -­‐	
   Y	
   152	
   34	
   Lipid-­‐related	
  
	
  

MD-­‐2-­‐related	
  lipid	
  
recognition	
  domain-­‐
containing	
  protein	
  	
  

AT5G17340
.1	
   -­‐	
   -­‐	
   Y	
   160	
   35	
   Lipid-­‐related	
   	
  

Putative	
  membrane	
  
lipoprotein	
  	
  

AT2G26370
.1	
   -­‐	
   -­‐	
   Y	
   173	
   30	
   Lipid-­‐related	
   	
  

MD-­‐2-­‐related	
  lipid	
  
recognition	
  domain-­‐
containing	
  protein	
  	
  

AT2G39560
.1	
  

-­‐	
   -­‐	
   Y	
   233	
   35	
   Lipid-­‐related	
  
	
  

Putative	
  membrane	
  
lipoprotein	
  	
  

AT1G20130
.1	
  

-­‐	
   -­‐	
   Y	
   534	
   40	
   GDSL	
  
	
  

GDSL-­‐like	
  
Lipase/Acylhydrolase	
  
superfamily	
  protein	
  

AT1G20120
.1	
   -­‐	
   -­‐	
   Y	
   402	
   29	
   GDSL	
   	
  

GDSL-­‐like	
  
Lipase/Acylhydrolase	
  
superfamily	
  protein	
  

AT1G74460
.1	
  

-­‐	
   -­‐	
   Y	
   366	
   23	
   GDSL	
  
	
  

GDSL-­‐like	
  
Lipase/Acylhydrolase	
  
superfamily	
  protein	
  



	
   31	
  

AT2G42990
.1	
  

-­‐	
   -­‐	
   Y	
   350	
   26	
   GDSL	
  
	
  

GDSL-­‐like	
  
Lipase/Acylhydrolase	
  
superfamily	
  protein	
  

AT1G20132
.1	
   -­‐	
   -­‐	
   Y	
   383	
   26	
   GDSL	
   	
  

GDSL-­‐like	
  
Lipase/Acylhydrolase	
  
superfamily	
  protein	
  

AT1G71120
.1	
  

-­‐	
   -­‐	
   Y	
   362	
   26	
   GDSL	
   GLIP6	
   GDSL-­‐motif	
  
lipase/hydrolase	
  6	
  	
  

AT3G48610
.1	
  

-­‐	
   -­‐	
   Y	
   520	
   30	
   GDSL	
  
	
  

GDSL-­‐like	
  
Lipase/Acylhydrolase	
  
superfamily	
  protein	
  

AT4G16230
.1	
   -­‐	
   -­‐	
   Y	
   251	
   27	
   GDSL	
   	
  

GDSL-­‐like	
  
Lipase/Acylhydrolase	
  
superfamily	
  protein	
  

AT5G63170
.1	
  

-­‐	
   -­‐	
   Y	
   338	
   29	
   GDSL	
  
	
  

GDSL-­‐like	
  
Lipase/Acylhydrolase	
  
superfamily	
  protein	
  

AT3G26430
.1	
   -­‐	
   -­‐	
   Y	
   380	
   27	
   GDSL	
   	
  

GDSL-­‐like	
  
Lipase/Acylhydrolase	
  
superfamily	
  protein	
  

AT2G26870
.1	
  

-­‐	
   -­‐	
   Y	
   514	
   28	
   GDSL	
   NPC2	
   Non-­‐specific	
  
phospholipase	
  C2	
  	
  

AT1G54790
.2	
  

-­‐	
   -­‐	
   Y	
   408	
   25	
   GDSL	
  
	
  

GDSL-­‐like	
  
Lipase/Acylhydrolase	
  
superfamily	
  protein	
  

AT3G26820
.1	
   -­‐	
   -­‐	
   Y	
   634	
   23	
   GDSL	
   	
  

Esterase/lipase/thioester
ase	
  family	
  protein	
  

AT1G07230
.1	
   -­‐	
   -­‐	
   Y	
   533	
   26	
   PLC	
   NPC1	
  

Non-­‐specific	
  
phospholipase	
  C1	
  

AT1G54010
.1	
   -­‐	
   -­‐	
   Y	
   386	
   27	
   GDSL	
   	
  

GDSL-­‐like	
  
Lipase/Acylhydrolase	
  
superfamily	
  protein	
  

AT1G75890
.1	
  

-­‐	
   -­‐	
   Y	
   379	
   25	
   GDSL	
  
	
  

GDSL-­‐like	
  
Lipase/Acylhydrolase	
  
superfamily	
  protein	
  

AT1G23500
.1	
   -­‐	
   -­‐	
   Y	
   345	
   26	
   GDSL	
   	
  

GDSL-­‐like	
  
Lipase/Acylhydrolase	
  
superfamily	
  protein	
  

AT3G26610
.1	
  

-­‐	
  
	
  

Y	
   470	
   25	
   Pectin	
  lyase	
  
	
  

Pectin	
  lyase-­‐like	
  
superfamily	
  protein	
  

AT1G02460
.1	
  

-­‐	
   Y	
   Y	
   491	
   29	
   Pectin	
  lyase	
  
	
  

Pectin	
  lyase-­‐like	
  
superfamily	
  protein	
  



	
   32	
  

AT4G20040
.1	
  

-­‐	
   -­‐	
   Y	
   483	
   25	
   Pectin	
  lyase	
  
	
  

Pectin	
  lyase-­‐like	
  
superfamily	
  protein	
  

AT1G56710
.1	
  

-­‐	
   -­‐	
   Y	
   434	
   29	
   Pectin	
  lyase	
  
	
  

Pectin	
  lyase-­‐like	
  
superfamily	
  protein	
  

AT4G01890
.1	
  

-­‐	
   -­‐	
   Y	
   468	
   29	
   Pectin	
  lyase	
  
	
  

Pectin	
  lyase-­‐like	
  
superfamily	
  protein	
  

AT3G54920
.1	
  

-­‐	
   -­‐	
   Y	
   501	
   29	
   Pectin	
  lyase	
   PMR6	
   Pectin	
  lyase-­‐like	
  
superfamily	
  protein	
  

AT5G48140
.1	
  

-­‐	
   -­‐	
   Y	
   395	
   25	
   Pectin	
  lyase	
  
	
  

Pectin	
  lyase-­‐like	
  
superfamily	
  protein	
  

AT3G07830
.1	
  

-­‐	
   -­‐	
   Y	
   397	
   25	
   Pectin	
  lyase	
  
	
  

Pectin	
  lyase-­‐like	
  
superfamily	
  protein	
  

AT4G32380
.1	
  

-­‐	
   -­‐	
   Y	
   354	
   31	
   Pectin	
  lyase	
  
	
  

Pectin	
  lyase-­‐like	
  
superfamily	
  protein	
  	
  

AT5G04310
.1	
  

-­‐	
   -­‐	
   Y	
   518	
   27	
   Pectin	
  lyase	
  
	
  

Pectin	
  lyase-­‐like	
  
superfamily	
  protein	
  

AT3G16850
.1	
  

-­‐	
   -­‐	
   Y	
   455	
   29	
   Pectin	
  lyase	
  
	
  

Pectin	
  lyase-­‐like	
  
superfamily	
  protein	
  

AT2G36700
.1	
  

-­‐	
   -­‐	
   Y	
   333	
   25	
   Pectin	
  lyase	
  
	
  

Pectin	
  lyase-­‐like	
  
superfamily	
  protein	
  

AT5G47500
.1	
  

-­‐	
   -­‐	
   Y	
   362	
   28	
   Pectin	
  lyase	
  
	
  

Pectin	
  lyase-­‐like	
  
superfamily	
  protein	
  

AT1G69940
.1	
  

-­‐	
   -­‐	
   Y	
   361	
   28	
   Pectin	
  lyase	
   PPME1	
  	
   	
  Pectin	
  lyase-­‐like	
  
superfamily	
  protein	
  

AT5G07410
.1	
  

-­‐	
   -­‐	
   Y	
   361	
   28	
   Pectin	
  lyase	
  
	
  

Pectin	
  lyase-­‐like	
  
superfamily	
  protein	
  

AT3G36659
.1	
  

-­‐	
   Y	
   Y	
   264	
   45	
   PMEI	
  
	
  

Plant	
  invertase/pectin	
  
methylesterase	
  inhibitor	
  
superfamily	
  protein	
  	
  

AT3G47400
.1	
   -­‐	
   Y	
   Y	
   594	
   31	
   PMEI	
   	
  

Plant	
  invertase/pectin	
  
methylesterase	
  inhibitor	
  
superfamily	
  

AT1G02550
.1	
  

-­‐	
   Y	
   Y	
   242	
   34	
   PMEI	
  
	
  

Plant	
  invertase/pectin	
  
methylesterase	
  inhibitor	
  
superfamily	
  protein	
  

AT5G46940
.1	
   -­‐	
   -­‐	
   Y	
   176	
   32	
   PMEI	
   	
  

Plant	
  invertase/pectin	
  
methylesterase	
  inhibitor	
  
superfamily	
  protein	
  

AT1G09460
.1	
  

-­‐	
   -­‐	
   Y	
   330	
   48	
   X8	
  
	
  

Carbohydrate-­‐binding	
  X8	
  
domain	
  superfamily	
  
protein	
  

AT1G13830
.1	
  

-­‐	
   -­‐	
   Y	
   197	
   43	
   X8	
  
	
  

Carbohydrate-­‐binding	
  X8	
  
domain	
  superfamily	
  
protein	
  



	
   33	
  

AT2G03505
.1	
  

-­‐	
   -­‐	
   Y	
   168	
   37	
   X8	
  
	
  

Carbohydrate-­‐binding	
  X8	
  
domain	
  superfamily	
  
protein	
  

AT2G30933
.1	
  

-­‐	
   -­‐	
   Y	
   227	
   41	
   X8	
  
	
  

Carbohydrate-­‐binding	
  X8	
  
domain	
  superfamily	
  
protein	
  

AT1G79480
.1	
  

-­‐	
   -­‐	
   Y	
   397	
   49	
   X8	
  
	
  

Carbohydrate-­‐binding	
  X8	
  
domain	
  superfamily	
  
protein	
  

AT1G26450
.1	
  

-­‐	
   -­‐	
   Y	
   197	
   46	
   X8	
  
	
  

Carbohydrate-­‐binding	
  X8	
  
domain	
  superfamily	
  
protein	
  

AT1G29380
.1	
  

-­‐	
   -­‐	
   Y	
   315	
   41	
   X8	
  
	
  

Carbohydrate-­‐binding	
  X8	
  
domain	
  superfamily	
  
protein	
  

AT3G55260
.1	
  

-­‐	
   -­‐	
   Y	
   541	
   27	
   GH	
   HEXO1	
   beta-­‐hexosaminidase	
  1	
  

AT1G02360
.1	
   -­‐	
   -­‐	
   Y	
   272	
   30	
   GH	
   	
   Chitinase	
  family	
  protein	
  

AT4G19820
.1	
  

-­‐	
   -­‐	
   Y	
   366	
   32	
   GH	
  
	
  

	
  Glycosyl	
  hydrolase	
  
family	
  protein	
  with	
  
chitinase	
  insertion	
  
domain	
  

AT5G01930
.1	
  

-­‐	
   -­‐	
   Y	
   448	
   26	
   GH	
   MAN6	
   Glycosyl	
  hydrolase	
  
superfamily	
  protein	
  

AT1G66250
.1	
  

-­‐	
   -­‐	
   Y	
   505	
   33	
   GH17	
  
	
  

O-­‐Glycosyl	
  hydrolases	
  
family	
  17	
  protein	
  

AT4G29360
.1	
  

-­‐	
   Y	
   Y	
   534	
   34	
   GH17	
  
	
  

O-­‐Glycosyl	
  hydrolases	
  
family	
  17	
  protein	
  

AT2G16230
.1	
  

-­‐	
   -­‐	
   Y	
   503	
   31	
   GH17	
  
	
  

O-­‐Glycosyl	
  hydrolases	
  
family	
  17	
  protein	
  	
  

AT5G67460
.1	
  

-­‐	
   -­‐	
   Y	
   380	
   35	
   GH17	
  
	
  

O-­‐Glycosyl	
  hydrolases	
  
family	
  17	
  protein	
  

AT3G55430
.1	
  

-­‐	
   -­‐	
   Y	
   449	
   30	
   GH17	
  
	
  

O-­‐Glycosyl	
  hydrolases	
  
family	
  17	
  protein	
  

AT3G23770
.1	
  

-­‐	
   -­‐	
   Y	
   476	
   31	
   GH17	
  
	
  

O-­‐Glycosyl	
  hydrolases	
  
family	
  17	
  protein	
  	
  

AT2G19440
.1	
  

-­‐	
   -­‐	
   Y	
   478	
   25	
   GH17	
  
	
  

O-­‐Glycosyl	
  hydrolases	
  
family	
  17	
  protein	
  	
  

AT4G14080
.1	
  

-­‐	
   -­‐	
   Y	
   478	
   30	
   GH17	
  
	
  

O-­‐Glycosyl	
  hydrolases	
  
family	
  17	
  protein	
  	
  

AT4G26830
.1	
  

-­‐	
   -­‐	
   Y	
   455	
   31	
   GH17	
  
	
  

O-­‐Glycosyl	
  hydrolases	
  
family	
  17	
  protein	
  	
  

AT1G11820
.2	
  

-­‐	
   -­‐	
   Y	
   511	
   33	
   GH17	
  
	
  

O-­‐Glycosyl	
  hydrolases	
  
family	
  17	
  protein	
  	
  

AT2G01630
.1	
  

-­‐	
   -­‐	
   Y	
   501	
   34	
   GH17	
  
	
  

O-­‐Glycosyl	
  hydrolases	
  
family	
  17	
  protein	
  	
  

AT2G39640
.1	
  

-­‐	
   -­‐	
   Y	
   549	
   30	
   GH17	
  
	
  

glycosyl	
  hydrolase	
  family	
  
17	
  protein	
  |	
  



	
   34	
  

AT4G17180
.1	
  

-­‐	
   -­‐	
   Y	
   475	
   25	
   GH17	
  
	
  

O-­‐Glycosyl	
  hydrolases	
  
family	
  17	
  protein	
  

AT3G13560
.1	
  

-­‐	
   -­‐	
   Y	
   505	
   34	
   GH17	
  
	
  

O-­‐Glycosyl	
  hydrolases	
  
family	
  17	
  protein	
  

AT3G07320
.1	
  

-­‐	
   -­‐	
   Y	
   460	
   29	
   GH17	
  
	
  

O-­‐Glycosyl	
  hydrolases	
  
family	
  17	
  protein	
  	
  

AT4G11050
.1	
  

-­‐	
   Y	
   Y	
   626	
   29	
   GH17	
   GH9C3	
   glycosyl	
  hydrolase	
  9C3	
  	
  

AT5G42720
.1	
   -­‐	
   -­‐	
   Y	
   438	
   35	
   GH17	
   	
  

O-­‐Glycosyl	
  hydrolases	
  
family	
  17	
  protein	
  

AT1G09790
.1	
   -­‐	
   -­‐	
   Y	
   454	
   26	
   COBL	
   COBL6	
  

COBRA-­‐like	
  protein	
  6	
  
precursor	
  

AT5G60920
.1	
   -­‐	
   -­‐	
   Y	
   456	
   31	
   COBL	
   	
  

COBRA-­‐like	
  extracellular	
  
glycosyl-­‐phosphatidyl	
  
inositol-­‐anchored	
  protein	
  
family	
  	
  

AT5G60950
.1	
   -­‐	
   -­‐	
   Y	
   204	
   31	
   COBL	
   COBL5	
  

COBRA-­‐like	
  protein	
  5	
  
precursor	
  

AT3G29810
.1	
   -­‐	
   -­‐	
   Y	
   441	
   29	
   COBL	
   COBL2	
  

COBRA-­‐like	
  protein	
  2	
  
precursor	
  

AT3G16860
.1	
   -­‐	
   -­‐	
   Y	
   653	
   31	
   COBL	
   COBL8	
  

COBRA-­‐like	
  protein	
  8	
  
precursor	
  

AT4G16120
.1	
   -­‐	
   -­‐	
   Y	
   661	
   31	
   COBL	
   COBL7	
  

COBRA-­‐like	
  protein7	
  
precursor	
  

AT5G49270
.1	
   -­‐	
   Y	
   Y	
   663	
   29	
   COBL	
   	
  

COBRA-­‐like	
  protein	
  
precursor	
  

AT2G41400
.1	
   -­‐	
   -­‐	
   Y	
   150	
   33	
   Ole	
  E	
   	
  

Pollen	
  Ole	
  e	
  1	
  allergen	
  
and	
  extensin	
  family	
  
protein	
  	
  

AT2G47530
.1	
   -­‐	
   -­‐	
   Y	
   184	
   36	
   Ole	
  E	
   	
  

Pollen	
  Ole	
  e	
  1	
  allergen	
  
and	
  extensin	
  family	
  
protein	
  

AT2G34700
.1	
   -­‐	
   -­‐	
   Y	
   175	
   37	
   Ole	
  E	
   	
  

Pollen	
  Ole	
  e	
  1	
  allergen	
  
and	
  extensin	
  family	
  
protein	
  	
  

AT3G16670
.1	
   -­‐	
   -­‐	
   Y	
   154	
   31	
   Ole	
  E	
   	
  

Pollen	
  Ole	
  e	
  1	
  allergen	
  
and	
  extensin	
  family	
  
protein	
  	
  

AT5G15780
.1	
   -­‐	
   -­‐	
   Y	
   401	
   43	
   Ole	
  E	
   	
  

Pollen	
  Ole	
  e	
  1	
  allergen	
  
and	
  extensin	
  family	
  
protein	
  	
  

AT2G16630
.1	
   -­‐	
   -­‐	
   Y	
   359	
   35	
   Ole	
  E	
   	
  

Pollen	
  Ole	
  e	
  1	
  allergen	
  
and	
  extensin	
  family	
  
protein	
  	
  

AT3G16660
.1	
   -­‐	
   -­‐	
   Y	
   180	
   27	
   Ole	
  E	
   	
  

Pollen	
  Ole	
  e	
  1	
  allergen	
  
and	
  extensin	
  family	
  
protein	
  	
  

AT5G13140
.1	
   -­‐	
   -­‐	
   Y	
   267	
   32	
   Ole	
  E	
   	
  

Pollen	
  Ole	
  e	
  1	
  allergen	
  
and	
  extensin	
  family	
  
protein	
  	
  



	
   35	
  

AT2G33790
.1	
  

Y	
   Y	
   Y	
   239	
   35	
   Ole	
  E	
   AGP30I	
  
Pollen	
  Ole	
  e	
  1	
  allergen	
  
and	
  extensin	
  family	
  
protein	
  	
  

AT1G28290
.1	
  

Y	
   Y	
   Y	
   359	
   44	
   Ole	
  E	
   AGP31I	
  
Pollen	
  Ole	
  e	
  1	
  allergen	
  
and	
  extensin	
  family	
  
protein	
  	
  

AT4G15200
.1	
  

-­‐	
   Y	
   Y	
   764	
   34	
   Formin	
   FH3	
  
Actin-­‐binding	
  FH2	
  
(formin	
  homology	
  2)	
  
family	
  protein	
  

AT1G24150
.1	
  

-­‐	
   -­‐	
   Y	
   725	
   31	
   Formin	
   FH4	
  
Actin-­‐binding	
  FH2	
  
(formin	
  homology	
  2)	
  
family	
  protein	
  

AT3G05470
.1	
  

-­‐	
   Y	
   Y	
   884	
   27	
   Formin	
  
	
  

Actin-­‐binding	
  FH2	
  
(formin	
  homology	
  2)	
  
family	
  protein	
  

AT5G54650
.1	
  

-­‐	
   -­‐	
   Y	
   900	
   31	
   Formin	
   FH5	
  
Actin-­‐binding	
  FH2	
  
(formin	
  homology	
  2)	
  
family	
  protein	
  

AT5G48360
.1	
  

-­‐	
   Y	
   Y	
   782	
   33	
   Formin	
  
	
  

Actin-­‐binding	
  FH2	
  
(formin	
  homology	
  2)	
  
family	
  protein	
  

AT1G70140
.1	
  

-­‐	
   -­‐	
   Y	
   760	
   31	
   Formin	
   FH8	
  
Actin-­‐binding	
  FH2	
  
(formin	
  homology	
  2)	
  
family	
  protein	
  

AT5G67470
.1	
  

-­‐	
   -­‐	
   Y	
   899	
   36	
   Formin	
   FH6	
  
Actin-­‐binding	
  FH2	
  
(formin	
  homology	
  2)	
  
family	
  protein	
  

AT3G07540
.1	
  

-­‐	
   Y	
   Y	
   841	
   36	
   Formin	
  
	
  

Actin-­‐binding	
  FH2	
  
(formin	
  homology	
  2)	
  
family	
  protein	
  

AT2G43800
.1	
  

-­‐	
   -­‐	
   Y	
   894	
   35	
   Formin	
  
	
  

Actin-­‐binding	
  FH2	
  
(formin	
  homology	
  2)	
  
family	
  protein	
  

AT2G20300
.1	
  

-­‐	
   -­‐	
   Y	
   744	
   30	
   RLK	
   ALE2	
   Protein	
  kinase	
  
superfamily	
  protein	
  

AT2G23300
.1	
  

-­‐	
   -­‐	
   Y	
   773	
   29	
   RLK	
  
	
  

Leucine-­‐rich	
  repeat	
  
protein	
  kinase	
  family	
  
protein	
  

AT5G56890
.1	
  

-­‐	
   -­‐	
   Y	
   1113	
   40	
   RLK	
  
	
  

Protein	
  kinase	
  
superfamily	
  protein	
  

AT1G10850
.1	
  

-­‐	
   -­‐	
   Y	
   663	
   30	
   RLK	
  
	
  

Leucine-­‐rich	
  repeat	
  
protein	
  kinase	
  family	
  
protein	
  

AT4G36180
.1	
  

-­‐	
   -­‐	
   Y	
   1136	
   27	
   RLK	
  
	
  

Leucine-­‐rich	
  receptor-­‐like	
  
protein	
  kinase	
  family	
  
protein	
  	
  

AT3G19300
.1	
  

-­‐	
   Y	
   Y	
   663	
   29	
   RLK	
  
	
  

Protein	
  kinase	
  
superfamily	
  protein	
  	
  

AT5G03140
.1	
  

-­‐	
   -­‐	
   Y	
   711	
   32	
   RLK	
  
	
  

Concanavalin	
  A-­‐like	
  lectin	
  
protein	
  kinase	
  family	
  
protein	
  

AT5G58540
.1	
  

-­‐	
   Y	
   Y	
   484	
   31	
   RLK	
  
	
  

Protein	
  kinase	
  
superfamily	
  protein	
  	
  

AT5G11020
.1	
  

-­‐	
   -­‐	
   Y	
   433	
   27	
   RLK	
  
	
  

Protein	
  kinase	
  
superfamily	
  protein	
  

AT5G67280
.1	
  

-­‐	
   -­‐	
   Y	
   751	
   29	
   RLK	
  
	
  

	
  Receptor-­‐like	
  kinase	
  



	
   36	
  

AT2G20850
.1	
  

-­‐	
   Y	
   Y	
   775	
   28	
   RLK	
   SRF1	
   STRUBBELIG-­‐receptor	
  
family	
  1	
  

AT4G03390
.1	
  

-­‐	
   -­‐	
   Y	
   776	
   29	
   RLK	
   SRF3	
   STRUBBELIG-­‐receptor	
  
family	
  3	
  	
  

AT2G13800
.1	
  

-­‐	
   -­‐	
   Y	
   601	
   25	
   RLK	
   SERK5/BAK8	
   Somatic	
  embryogenesis	
  
receptor-­‐like	
  kinase	
  5	
  

AT1G63570
.1	
  

-­‐	
   Y	
   Y	
   284	
   39	
   RLK	
  
	
  

Receptor-­‐like	
  protein	
  
kinase-­‐related	
  family	
  
protein	
  

AT4G18640
.1	
  

-­‐	
   Y	
   Y	
   678	
   27	
   RLK	
   MRH1	
  
Leucine-­‐rich	
  repeat	
  
protein	
  kinase	
  family	
  
protein	
  

AT4G39110
.1	
  

-­‐	
   -­‐	
   Y	
   878	
   28	
   RLK	
  
	
  

Malectin/receptor-­‐like	
  
protein	
  kinase	
  family	
  
protein	
  

AT3G56100
.1	
  

-­‐	
   -­‐	
   Y	
   719	
   30	
   RLK	
   MRLK/IMK3	
   Meristematic	
  receptor-­‐
like	
  kinase	
  

AT5G39020
.1	
  

-­‐	
   -­‐	
   Y	
   813	
   24	
   RLK	
  
	
  

Malectin/receptor-­‐like	
  
protein	
  kinase	
  family	
  
protein	
  	
  

AT5G28680
.1	
  

-­‐	
   -­‐	
   Y	
   858	
   27	
   RLK	
   ANX2	
  
Malectin/receptor-­‐like	
  
protein	
  kinase	
  family	
  
protein	
  

AT5G01550
.1	
  

-­‐	
   -­‐	
   Y	
   688	
   28	
   RLK	
  
	
  

Lectin	
  receptor	
  kinase	
  

AT5G38990
.1	
   -­‐	
   -­‐	
   Y	
   880	
   26	
   RLK	
   	
  

Malectin/receptor-­‐like	
  
protein	
  kinase	
  family	
  
protein	
  

AT2G21480
.1	
   -­‐	
   -­‐	
   Y	
   871	
   28	
   RLK	
   	
  

Malectin/receptor-­‐like	
  
protein	
  kinase	
  family	
  
protein	
  

AT4G38830
.1	
   -­‐	
   -­‐	
   Y	
   665	
   25	
   RLK	
   CRK26	
  	
  

Cysteine-­‐rich	
  RLK	
  
(RECEPTOR-­‐like	
  protein	
  
kinase)	
  26	
  

AT2G40270
.1	
   -­‐	
   -­‐	
   Y	
   489	
   31	
   RLK	
   	
  

Protein	
  kinase	
  family	
  
protein	
  	
  

AT1G70690
.1	
   -­‐	
   -­‐	
   Y	
   299	
   28	
   RLK	
   	
  HWI1/PDLP5	
  	
  

	
  Receptor-­‐like	
  protein	
  
kinase-­‐related	
  family	
  
protein	
  	
  

AT2G31880
.1	
   -­‐	
   -­‐	
   Y	
   641	
   25	
   RLK	
   SOBIR1/EVR	
  

Leucine-­‐rich	
  repeat	
  
protein	
  kinase	
  family	
  
protein	
  

AT5G54380
.1	
   -­‐	
   -­‐	
   Y	
   855	
   30	
   RLK	
   THE1	
   protein	
  kinase	
  family	
  

protein	
  

AT3G08680	
   -­‐	
   Y	
   Y	
   641	
   30	
   RLK	
  
	
  

Leucine-­‐rich	
  repeat	
  
protein	
  kinase	
  family	
  
protein	
  	
  

AT1G34300
.1	
  

-­‐	
   -­‐	
   Y	
   829	
   29	
   RLK	
  
	
  

	
  Lectin	
  protein	
  kinase	
  
family	
  protein	
  

AT1G51940
.1	
   -­‐	
   -­‐	
   Y	
   651	
   27	
   RLK-­‐LysM	
   	
  

Protein	
  kinase	
  family	
  
protein	
  /	
  peptidoglycan-­‐
binding	
  LysM	
  domain-­‐
containing	
  protein	
  	
  

AT2G25440
.1	
  

-­‐	
   -­‐	
   Y	
   671	
   25	
   RLP	
   RLP20	
   Receptor	
  like	
  protein	
  20	
  



	
   37	
  

AT3G22030
.1	
  

-­‐	
   -­‐	
   Y	
   253	
   25	
   RLP	
  
	
  

Receptor	
  protein	
  kinase-­‐
related	
  

AT1G28340
.1	
  

-­‐	
   -­‐	
   Y	
   626	
   28	
   RLP	
   RLP4	
   Receptor	
  like	
  protein	
  4	
  

AT1G34290
.1	
   -­‐	
   -­‐	
   Y	
   266	
   22	
   RLP	
   RLP5	
   Receptor	
  like	
  protein	
  5	
  

AT2G42800
.1	
   -­‐	
   -­‐	
   Y	
   462	
   30	
   RLP	
   RLP29	
   Receptor	
  like	
  protein	
  29	
  	
  

AT1G63550
.1	
  

-­‐	
   -­‐	
   Y	
   324	
   37	
   RLP	
  
	
  

Receptor-­‐like	
  protein	
  
kinase-­‐related	
  family	
  
protein	
  

AT5G41280
.1	
  

-­‐	
   -­‐	
   Y	
   286	
   31	
   RLP	
  
	
  

Receptor-­‐like	
  protein	
  
kinase-­‐related	
  family	
  
protein	
  

AT4G18760
.1	
  

-­‐	
   Y	
   Y	
   431	
   36	
   RLP-­‐LRR	
   RLP51	
   Receptor	
  like	
  protein	
  51	
  	
  

AT4G28380
.1	
   -­‐	
   -­‐	
   Y	
   391	
   30	
   RLP-­‐LRR	
   	
  

Leucine-­‐rich	
  repeat	
  (LRR)	
  
family	
  protein	
  

AT5G25550
.1	
   	
   Y	
   Y	
   433	
   28	
   RLP-­‐LRR	
   	
  

Leucine-­‐rich	
  repeat	
  (LRR)	
  
family	
  protein	
  

AT3G24480
.1	
   -­‐	
   -­‐	
   Y	
   494	
   31	
   RLP-­‐LRR	
   	
  

Leucine-­‐rich	
  repeat	
  (LRR)	
  
family	
  protein	
  	
  

AT3G19320
.1	
   -­‐	
   -­‐	
   Y	
   493	
   30	
   RLP-­‐LRR	
   	
  

Leucine-­‐rich	
  repeat	
  (LRR)	
  
family	
  protein	
  

AT1G21880
.2	
   -­‐	
   -­‐	
   Y	
   416	
   37	
   RLP-­‐LysM	
   	
   LysM	
  domain	
  protein	
  

AT1G77630
.1	
  

-­‐	
   Y	
   Y	
   423	
   38	
   RLP-­‐LysM	
  
	
  

LysM	
  domain	
  protein	
  

AT1G71980
.1	
   -­‐	
   Y	
   Y	
   448	
   39	
   Protease	
   	
  

Protease-­‐associated	
  (PA)	
  
RING/U-­‐box	
  zinc	
  finger	
  
family	
  protein	
  

AT4G34980
.1	
   -­‐	
   -­‐	
   Y	
   764	
   33	
   Protease	
   SLP2	
   Subtilisin-­‐like	
  serine	
  

protease	
  2	
  

AT1G35630
.1	
  

-­‐	
   -­‐	
   Y	
   318	
   27	
   Protease	
  
	
  

Protease-­‐associated	
  (PA)	
  
RING/U-­‐box	
  zinc	
  finger	
  
family	
  protein	
  

AT4G38220
.2	
  

-­‐	
   -­‐	
   Y	
   433	
   28	
   Protease	
  
	
  

Peptidase	
  
M20/M25/M40	
  family	
  
protein	
  	
  

AT1G09750
.1	
  

-­‐	
   -­‐	
   Y	
   449	
   37	
   Protease	
  
	
  

Eukaryotic	
  aspartyl	
  
protease	
  family	
  protein	
  

AT5G07030
.1	
  

-­‐	
   -­‐	
   Y	
   455	
   36	
   Protease	
  
	
  

Eukaryotic	
  aspartyl	
  
protease	
  family	
  protein	
  

AT5G43100
.1	
  

-­‐	
   Y	
   Y	
   631	
   27	
   Protease	
  
	
  

Eukaryotic	
  aspartyl	
  
protease	
  family	
  protein	
  

AT4G21326
.1	
   -­‐	
   -­‐	
   Y	
   754	
   31	
   Protease	
   SBT3.12	
   Subtilase	
  3.12	
  	
  

AT3G51330
.1	
   -­‐	
   Y	
   Y	
   529	
   30	
   Protease	
   	
  

	
  Eukaryotic	
  aspartyl	
  
protease	
  family	
  protein	
  

AT3G51350
.1	
   -­‐	
   Y	
   Y	
   528	
   30	
   Protease	
   	
  

	
  Eukaryotic	
  aspartyl	
  
protease	
  family	
  protein	
  



	
   38	
  

AT4G20990
.1	
  

-­‐	
   -­‐	
   Y	
   267	
   24	
   Carbonic	
  
anhydrase	
   	
  

Alpha	
  carbonic	
  
anhydrase	
  4	
  	
  

AT5G04180
.1	
   -­‐	
   Y	
   Y	
   277	
   25	
  

Carbonic	
  
anhydrase	
   ACA3	
  

Alpha	
  carbonic	
  
anhydrase	
  3	
  

AT5G56330
.1	
   Y	
   Y	
   Y	
   350	
   40	
   Carbonic	
  

anhydrase	
   AGP33I	
   Alpha	
  carbonic	
  
anhydrase	
  2	
  

AT5G21105
.1	
  

-­‐	
  
	
  

Y	
   588	
   27	
   Chimeric	
  
	
  

Plant	
  L-­‐ascorbate	
  oxidase	
  

AT4G19410
.1	
   -­‐	
   -­‐	
   Y	
   391	
   29	
   Chimeric	
   	
  

Pectinacetylesterase	
  
family	
  protein	
  

AT5G23870
.3	
   -­‐	
   -­‐	
   Y	
   451	
   28	
   Chimeric	
   	
  

Pectinacetylesterase	
  
family	
  protein	
  

AT3G17070
.1	
   -­‐	
   -­‐	
   Y	
   339	
   32	
   Chimeric	
   	
   Peroxidase	
  family	
  protein	
  

AT2G18980
.1	
   -­‐	
   -­‐	
   Y	
   323	
   29	
   Chimeric	
   	
  

Peroxidase	
  superfamily	
  
protein	
  

AT2G43290
.1	
   -­‐	
   -­‐	
   Y	
   215	
   21	
   Chimeric	
   	
  

Calcium-­‐binding	
  EF-­‐hand	
  
family	
  protein	
  	
  

AT2G42840
.1	
  

-­‐	
   -­‐	
   Y	
   306	
   50	
   Chimeric	
   PDF1	
   protodermal	
  factor	
  1	
  

AT5G14920
.1	
  

-­‐	
   -­‐	
   Y	
   275	
   54	
   Chimeric	
  
	
  

Gibberellin-­‐regulated	
  
family	
  protein	
  

AT1G12090
.1	
   -­‐	
   -­‐	
   Y	
   137	
   36	
   Chimeric	
   ELP	
   extensin-­‐like	
  protein	
  

AT3G28790
.1	
   -­‐	
   -­‐	
   Y	
   608	
   47	
   Chimeric	
   	
  

Protein	
  of	
  unknown	
  
function	
  (DUF1216)	
  

AT3G52480
.1	
   -­‐	
   -­‐	
   Y	
   209	
   36	
   Chimeric	
   	
   NA	
  

AT5G27710
.1	
  

-­‐	
   -­‐	
   Y	
   335	
   28	
   Chimeric	
  
	
  

NA	
  

AT3G29300
.1	
   -­‐	
   -­‐	
   Y	
   213	
   43	
   Chimeric	
   	
   NA	
  

AT2G30700
.1	
   -­‐	
   -­‐	
   Y	
   480	
   32	
   Chimeric	
   	
   NA	
  

AT3G11640
.1	
   -­‐	
   -­‐	
   Y	
   186	
   26	
   Chimeric	
   	
   NA	
  

AT1G65720
.1	
   -­‐	
   -­‐	
   Y	
   180	
   33	
   Chimeric	
   	
   NA	
  

AT1G78460
.1	
   -­‐	
   -­‐	
   Y	
   219	
   32	
   Chimeric	
   	
  

SOUL	
  heme-­‐binding	
  
family	
  protein	
  

AT5G64720
.1	
   -­‐	
   -­‐	
   Y	
   155	
   31	
   Chimeric	
   	
  

	
  Protein	
  of	
  unknown	
  
function	
  (DUF1278)	
  

AT4G39340
.1	
   -­‐	
   -­‐	
   Y	
   127	
   34	
   Chimeric	
   	
  

Protein	
  of	
  unknown	
  
function	
  (DUF1278)	
  

AT5G62630
.1	
  

-­‐	
   -­‐	
   Y	
   696	
   31	
   Chimeric	
   HIPL2	
   hipl2	
  protein	
  precursor	
  	
  

AT4G38080
.1	
  

-­‐	
   -­‐	
   Y	
   128	
   50	
   Chimeric	
  
	
  

hydroxyproline-­‐rich	
  
glycoprotein	
  family	
  
protein	
  

AT5G60650
.1	
   -­‐	
   -­‐	
   Y	
   147	
   38	
   Chimeric	
   	
   NA	
  

AT2G28410
.1	
   -­‐	
   -­‐	
   Y	
   115	
   38	
   Chimeric	
   	
   NA	
  

AT2G22510
.1	
  

-­‐	
   -­‐	
   Y	
   124	
   55	
   Chimeric	
  
	
  

hydroxyproline-­‐rich	
  
glycoprotein	
  family	
  
protein	
  



	
   39	
  

AT5G20630
.1	
  

-­‐	
   -­‐	
   Y	
   211	
   32	
   Chimeric	
   GLP3	
   germin	
  3	
  

AT5G62630
.1	
   -­‐	
   -­‐	
   Y	
   696	
   31	
   Chimeric	
   HIPL2	
   hipl2	
  protein	
  precursor	
  	
  

AT3G45245
.1	
   -­‐	
   -­‐	
   Y	
   116	
   25	
   Chimeric	
   	
  

ECA1	
  gametogenesis	
  
related	
  family	
  protein	
  	
  

AT2G34870
.1	
   -­‐	
   -­‐	
   Y	
   116	
   48	
   Chimeric	
   MEE26	
  

hydroxyproline-­‐rich	
  
glycoprotein	
  family	
  
protein	
  

AT5G42560
.1	
  

-­‐	
   -­‐	
   Y	
   296	
   33	
   Chimeric	
   HVA22	
  
Abscisic	
  acid-­‐responsive	
  
(TB2/DP1,	
  HVA22)	
  family	
  
protein	
  	
  

AT5G66816
.1	
   -­‐	
   -­‐	
   Y	
   101	
   25	
   Chimeric	
   	
   NA	
  

AT5G26070
.1	
   -­‐	
   -­‐	
   Y	
   102	
   46	
   Chimeric	
   	
  

hydroxyproline-­‐rich	
  
glycoprotein	
  family	
  
protein	
  

AT3G18050
.1	
   -­‐	
   -­‐	
   Y	
   335	
   32	
   Chimeric	
   	
   NA	
  

AT2G36695
.1	
  

-­‐	
   -­‐	
   Y	
   117	
   33	
   Chimeric	
  
	
  

NA	
  

AT1G24267
.2	
   -­‐	
   -­‐	
   Y	
   344	
   31	
   Chimeric	
   	
  

Protein	
  of	
  unknown	
  
function	
  (DUF1664)	
  	
  

AT5G48210
.1	
   -­‐	
   -­‐	
   Y	
   103	
   29	
   Chimeric	
   	
  

Protein	
  of	
  unknown	
  
function	
  (DUF1278)	
  

AT1G61688
.1	
   -­‐	
   -­‐	
   Y	
   105	
   33	
   Chimeric	
   	
  

Defensin-­‐like	
  (DEFL)	
  
family	
  protein	
  

AT3G44430
.1	
   -­‐	
   -­‐	
   Y	
   206	
   33	
   Chimeric	
   	
   NA	
  

AT5G56369
.1	
   -­‐	
   -­‐	
   Y	
   93	
   32	
   Chimeric	
   	
  

Defensin-­‐like	
  (DEFL)	
  
family	
  protein	
  

AT5G42785
.1	
   -­‐	
   -­‐	
   Y	
   115	
   26	
   Chimeric	
   	
   NA	
  

AT4G20420
.1	
  

-­‐	
   -­‐	
   Y	
   142	
   42	
   Chimeric	
  
	
  

Tapetum	
  specific	
  protein	
  
TAP35/TAP44	
  

AT3G26110
.1	
  

-­‐	
   -­‐	
   Y	
   128	
   43	
   Chimeric	
  
	
  

Anther-­‐specific	
  protein	
  
agp1-­‐like	
  

AT3G22053
.1	
   -­‐	
   -­‐	
   Y	
   149	
   29	
   Chimeric	
   	
   NA	
  

AT3G54040
.1	
   -­‐	
   -­‐	
   Y	
   183	
   35	
   Chimeric	
   	
   	
  PAR1	
  protein	
  	
  

AT4G28160
.1	
   -­‐	
   -­‐	
   Y	
   111	
   43	
   Chimeric	
   	
  

hydroxyproline-­‐rich	
  
glycoprotein	
  family	
  
protein	
  	
  

AT4G22010
.1	
  

-­‐	
   -­‐	
   Y	
   541	
   27	
   Chimeric	
   SKS4	
   SKU5	
  similar	
  4	
  	
  

AT5G09480
.1	
  

-­‐	
   -­‐	
   Y	
   144	
   37	
   Chimeric	
  
	
  

hydroxyproline-­‐rich	
  
glycoprotein	
  family	
  
protein	
  	
  

AT1G12845
.1	
   -­‐	
   -­‐	
   Y	
   119	
   37	
   Chimeric	
   	
   NA	
  

AT2G17230
.1	
   -­‐	
   -­‐	
   Y	
   363	
   31	
   Chimeric	
   EXL5	
   EXORDIUM	
  like	
  5	
  	
  

AT5G51105
.1	
  

-­‐	
   -­‐	
   Y	
   123	
   37	
   Chimeric	
  
	
  

Protein	
  of	
  unknown	
  
function	
  (DUF1278)	
  



	
   40	
  

AT1G41830
.1	
  

-­‐	
   -­‐	
   Y	
   542	
   26	
   Chimeric	
   SKS6	
   SKU5-­‐similar	
  6	
  

AT5G67400
.1	
   -­‐	
   -­‐	
   Y	
   329	
   28	
   Chimeric	
   RHS19	
   root	
  hair	
  specific	
  19	
  	
  

AT5G52390
.1	
   -­‐	
   -­‐	
   Y	
   195	
   29	
   Chimeric	
   	
   PAR1	
  protein	
  

AT3G47300
.1	
  

-­‐	
   -­‐	
   Y	
   209	
   29	
   Chimeric	
  
	
  

SELT-­‐like	
  protein	
  
precursor	
  	
  

AT2G14900
.1	
   -­‐	
   -­‐	
   Y	
   108	
   29	
   Chimeric	
   	
  

Gibberellin-­‐regulated	
  
family	
  protein	
  

AT4G10457
.1	
   -­‐	
   -­‐	
   Y	
   92	
   21	
   Chimeric	
   SCRL1	
   SCR-­‐like	
  1	
  

AT4G13263
.1	
   -­‐	
   -­‐	
   Y	
   149	
   25	
   Chimeric	
   	
  

Protein	
  of	
  unknown	
  
function	
  (DUF784)	
  

AT2G21110
.1	
  

-­‐	
   -­‐	
   Y	
   186	
   29	
   Chimeric	
  
	
  

Disease	
  resistance-­‐
responsive	
  (dirigent-­‐like	
  
protein)	
  family	
  protein	
  

AT1G76160
.1	
   -­‐	
   -­‐	
   Y	
   541	
   27	
   Chimeric	
   SKS5	
   SKU5	
  similar	
  5	
  

AT2G40530
.1	
   -­‐	
   -­‐	
   Y	
   105	
   34	
   Chimeric	
   	
   NA	
  

AT1G21850
.1	
   -­‐	
   -­‐	
   Y	
   551	
   28	
   Chimeric	
   SKS8	
   SKU5	
  similar	
  8	
  

AT2G28790
.1	
   -­‐	
   -­‐	
   Y	
   249	
   31	
   Chimeric	
   	
  

Pathogenesis-­‐related	
  
thaumatin	
  superfamily	
  
protein	
  	
  

AT4G22900
.1	
  

-­‐	
   -­‐	
   Y	
   343	
   25	
   Chimeric	
  
	
  

Protein	
  of	
  unknown	
  
function	
  (DUF1191)	
  

AT1G21680
.1	
  

-­‐	
   -­‐	
   Y	
   706	
   31	
   Chimeric	
  
	
  

DPP6	
  N-­‐terminal	
  domain-­‐
like	
  protein	
  	
  

AT3G18715
.1	
  

-­‐	
   -­‐	
   Y	
   93	
   28	
   Chimeric	
   IDL4	
   inflorescence	
  deficient	
  in	
  
abscission	
  (IDA)-­‐like	
  4	
  	
  

AT3G45252
.1	
  

-­‐	
   -­‐	
   Y	
   96	
   28	
   Chimeric	
  
	
  

ECA1	
  gametogenesis	
  
related	
  family	
  protein	
  

AT3G27410
.1	
  

-­‐	
   -­‐	
   Y	
   132	
   41	
   Chimeric	
  
	
  

NA	
  

AT4G26880
.1	
   -­‐	
   -­‐	
   Y	
   152	
   28	
   Chimeric	
   	
  

Stigma-­‐specific	
  Stig1	
  
family	
  protein	
  

AT5G66920
.1	
   -­‐	
   -­‐	
   Y	
   546	
   28	
   Chimeric	
   SKS17	
   	
  SKU5	
  similar	
  17	
  

AT1G21670
.1	
   -­‐	
   -­‐	
   Y	
   703	
   33	
   Chimeric	
   	
   NA	
  

AT4G24350
.1	
  

-­‐	
   -­‐	
   Y	
   336	
   25	
   Chimeric	
  
	
  

Phosphorylase	
  
superfamily	
  protein	
  	
  

AT3G47070
.1	
   -­‐	
   -­‐	
   Y	
   100	
   29	
   Chimeric	
   	
   NA	
  

AT2G04031
.1	
   -­‐	
   -­‐	
   Y	
   151	
   27	
   Chimeric	
   	
  

Protein	
  of	
  unknown	
  
function	
  (DUF784)	
  

AT2G21740
.1	
   -­‐	
   -­‐	
   Y	
   125	
   32	
   Chimeric	
   	
  

Protein	
  of	
  unknown	
  
function	
  (DUF1278)	
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AT5G34581
.1	
  

-­‐	
   -­‐	
   Y	
   161	
   27	
   Chimeric	
  
	
  

hydroxyproline-­‐rich	
  
glycoprotein	
  family	
  
protein	
  

AT3G14860
.2	
  

-­‐	
   -­‐	
   Y	
   493	
   31	
   Chimeric	
  
	
  

NHL	
  domain-­‐containing	
  
protein	
  	
  

AT5G44570
.2	
  

-­‐	
   -­‐	
   Y	
   140	
   43	
   Chimeric	
  
	
  

NA	
  

AT1G16950
.1	
   -­‐	
   -­‐	
   Y	
   93	
   33	
   Chimeric	
   	
   NA	
  

AT3G01960
.1	
   -­‐	
   -­‐	
   Y	
   138	
   30	
   Chimeric	
   	
   NA	
  

AT5G35405
.1	
  

-­‐	
   -­‐	
   Y	
   149	
   22	
   Chimeric	
  
	
  

Protein	
  of	
  unknown	
  
function	
  (DUF784)	
  

AT5G60630
.1	
  

-­‐	
   -­‐	
   Y	
   139	
   32	
   Chimeric	
  
	
  

NA	
  

AT2G20870
.1	
   -­‐	
   -­‐	
   Y	
   140	
   36	
   Chimeric	
   	
  

cell	
  wall	
  protein	
  
precursor,	
  putative	
  

AT5G44580
.1	
   -­‐	
   -­‐	
   Y	
   98	
   31	
   Chimeric	
   	
   NA	
  

AT1G34800
.1	
  

-­‐	
   -­‐	
   Y	
   92	
   27	
   Chimeric	
  
	
  

Plant	
  thionin	
  family	
  
protein	
  

AT1G34805
.1	
   -­‐	
   -­‐	
   Y	
   92	
   27	
   Chimeric	
   	
  

Plant	
  thionin	
  family	
  
protein	
  

AT1G34815
.1	
   -­‐	
   -­‐	
   Y	
   92	
   27	
   Chimeric	
   	
  

Plant	
  thionin	
  family	
  
protein	
  

AT1G34930
.1	
  

-­‐	
   -­‐	
   Y	
   92	
   25	
   Chimeric	
  
	
  

Plant	
  thionin	
  family	
  
protein	
  

AT1G34860
.1	
   -­‐	
   -­‐	
   Y	
   92	
   27	
   Chimeric	
   	
  

Plant	
  thionin	
  family	
  
protein	
  

AT1G34795
.1	
   -­‐	
   -­‐	
   Y	
   92	
   27	
   Chimeric	
   	
  

Plant	
  thionin	
  family	
  
protein	
  

AT1G34820
.1	
   -­‐	
   -­‐	
   Y	
   92	
   27	
   Chimeric	
   	
  

Plant	
  thionin	
  family	
  
protein	
  

AT1G35035
.1	
   -­‐	
   -­‐	
   Y	
   92	
   28	
   Chimeric	
   	
  

Plant	
  thionin	
  family	
  
protein	
  

AT2G28671
.1	
  

-­‐	
   Y	
   Y	
   299	
   53	
   Chimeric	
  
	
  

NA	
  

AT1G03820
.1	
   Y	
   Y	
   Y	
   222	
   25	
   Chimeric	
   AGP28I	
   	
  

AT1G61900
.1	
   -­‐	
   -­‐	
   Y	
   433	
   31	
   Chimeric	
   	
   NA	
  

AT3G07390
.1	
  

-­‐	
   -­‐	
   Y	
   273	
   38	
   Chimeric	
  
	
  

auxin-­‐responsive	
  family	
  
protein	
  	
  

AT3G20520
.1	
  

-­‐	
   -­‐	
   Y	
   729	
   29	
   Chimeric	
   SVL3	
  
	
  

AT4G25240
.1	
   -­‐	
   -­‐	
   Y	
   589	
   26	
   Chimeric	
   SKU5L1	
   	
  

AT4G26690
.1	
  

-­‐	
   -­‐	
   Y	
   759	
   33	
   Chimeric	
   SHV3	
  PLC-­‐like	
  
	
  

AT4G28100
.1	
   -­‐	
   -­‐	
   Y	
   304	
   32	
   Chimeric	
   Chimeric	
   NA	
  

AT5G55480
.1	
   -­‐	
   -­‐	
   Y	
   766	
   32	
   Chimeric	
   SVL1	
   	
  

AT1G69295
.1	
   -­‐	
   -­‐	
   Y	
   222	
   47	
   Chimeric	
   PDCB4	
   plasmodesmata	
  callose-­‐

binding	
  protein	
  4	
  	
  

AT1G18650
.1	
   -­‐	
   -­‐	
   Y	
   184	
   40	
   Chimeric	
   PDCB3	
   plasmodesmata	
  callose-­‐

binding	
  protein	
  3	
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AT5G61130
.1	
  

-­‐	
   -­‐	
   Y	
   201	
   42	
   Chimeric	
   PDCB1	
   plasmodesmata	
  callose-­‐
binding	
  protein	
  

AT1G78820
.1	
   -­‐	
   -­‐	
   Y	
   455	
   26	
   Chimeric	
   	
  

D-­‐mannose	
  binding	
  lectin	
  
protein	
  with	
  Apple-­‐like	
  
carbohydrate-­‐binding	
  
domain	
  

AT3G06260
.1	
  

-­‐	
   -­‐	
   Y	
   351	
   24	
   Chimeric	
   GATL4	
   galacturonosyltransferas
e-­‐like	
  4	
  	
  

AT5G01050
.1	
  

-­‐	
   -­‐	
   Y	
   586	
   29	
   Chimeric	
  
	
  

Laccase/Diphenol	
  
oxidase	
  family	
  protein	
  	
  

AT3G44990
.1	
  

-­‐	
   -­‐	
   Y	
   293	
   29	
   Chimeric	
   XTR8	
  
Xyloglucan	
  endo-­‐
transglycosylase-­‐related	
  
8	
  

AT5G07520
.1	
  

-­‐	
   -­‐	
   Y	
   228	
   44	
   	
  Gly-­‐rich	
   GRP18	
   Glycine-­‐rich	
  protein	
  
family	
  

AT1G30795
.1	
   -­‐	
   -­‐	
   Y	
   109	
   46	
   	
  Gly-­‐rich	
   	
  

Glycine-­‐rich	
  protein	
  
family	
  

AT2G15340
.1	
   -­‐	
   -­‐	
   Y	
   119	
   37	
   	
  Gly-­‐rich	
   	
  

Glycine-­‐rich	
  protein	
  
family	
  

AT3G29033
.1	
  

-­‐	
   -­‐	
   Y	
   167	
   24	
   	
  Gly-­‐rich	
  
	
  

Glycine-­‐rich	
  protein	
  
family	
  

AT1G63057
.1	
   -­‐	
   -­‐	
   Y	
   116	
   28	
   His-­‐rich	
   	
   Hist-­‐rich	
  

AT1G63055
.1	
  

-­‐	
   -­‐	
   Y	
   109	
   27	
   His-­‐rich	
  
	
  

Hist-­‐rich	
  

AT3G19020
.1	
  

-­‐	
   -­‐	
   Y	
   956	
   46	
   LRR-­‐EXT	
  
	
  

Leucine-­‐rich	
  repeat	
  (LRR)	
  
family	
  protein	
  

AT1G12040
.1	
  

-­‐	
   -­‐	
   Y	
   744	
   46	
   LRR-­‐EXT	
   LRX1	
   leucine-­‐rich	
  
repeat/extensin	
  1	
  

AT4G13340
.1	
  

-­‐	
   -­‐	
   Y	
   760	
   47	
   LRR-­‐EXT	
  
	
  

Leucine-­‐rich	
  repeat	
  (LRR)	
  
family	
  protein	
  

AT1G49490
.1	
  

-­‐	
   -­‐	
   Y	
   847	
   44	
   LRR-­‐EXT	
  
	
  

Leucine-­‐rich	
  repeat	
  (LRR)	
  
family	
  protein	
  

AT4G22470
.1	
   Y	
   Y	
   Y	
   375	
   51	
   EXT	
   HAE4	
  

protease	
  inhibitor/seed	
  
storage/lipid	
  transfer	
  
protein	
  (LTP)	
  family	
  
protein	
  

AT1G54970
.1	
   -­‐	
   -­‐	
   Y	
   335	
   46	
   EXT-­‐AGP	
   	
   	
  

AT3G62680
.1	
   -­‐	
   -­‐	
   Y	
   313	
   46	
   EXT-­‐AGP	
   	
   	
  

AT1G44191
.1	
   -­‐	
   -­‐	
   Y	
   359	
   57	
   EXT-­‐AGP	
   	
   	
  

AT3G50580
.1	
  

Y	
   Y	
   Y	
   250	
   46	
   EXT-­‐AGP	
   HAE2	
   NA	
  

AT5G11990
.1	
   -­‐	
   -­‐	
   Y	
   181	
   52	
   EXT-­‐AGP	
   	
   NA	
  

AT3G22120
.1	
   -­‐	
   -­‐	
   Y	
   334	
   56	
   EXT-­‐AGP	
   CWLP	
  

cell	
  wall-­‐plasma	
  
membrane	
  linker	
  protein	
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Table II. AGPs identified in the M. truncatula genome. 
 

       

       
AGI 

Ma 
2017 

Moore 
2018 

AA 
length 

PAST
% AGP class Annotation 

Medtr2g094170.1  Y Y 125 47 Classical Transmembrane protein, putative  

Medtr4g459420.1  Y Y 144 56 Classical Transmembrane protein, putative  

Medtr4g059520.1  Y Y 144 56 Classical Transmembrane protein, putative  

Medtr4g093780.1 Y Y 181 71 Classical Transmembrane protein, putative  

Medtr4g127180.1 Y Y 146 66 Classical Transmembrane protein, putative  

Medtr8g069283.1  Y Y 100 66 Classical Transmembrane protein, putative  

Medtr8g069315.1  Y Y 101 68 Classical Transmembrane protein, putative  

Medtr7g032620.1  Y Y 127 60 Classical Transmembrane protein, putative  

Medtr3g049390.1 Y Y 116 50 Classical Transmembrane protein, putative  

Medtr3g099520.1  Y Y 128 75 Classical Transmembrane protein, putative  

Medtr4g032750.1   - Y 230 54 Classical Transmembrane protein, putative  

Medtr4g093810.1  Y Y 98 72 Classical Transmembrane protein, putative  

Medtr4g093790.1  Y Y 100 68 Classical Transmembrane protein, putative  

Medtr4g093825.1   Y Y 103 68 Classical Transmembrane protein, putative  

Medtr4g093835.1   Y Y 101 70 Classical Transmembrane protein, putative  

Medtr5g013285.1  Y Y 100 62 Classical Transmembrane protein, putative  

Medtr6g021940.1   Y Y 124 70 Classical Transmembrane protein, putative  

Medtr6g039360.1   Y Y 168 72 Classical Transmembrane protein, putative  

Medtr6g039690.1   Y Y 171 74 Classical Transmembrane protein, putative  
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Medtr0902s0010.1 Y Y 185 74 Classical Transmembrane protein, putative  

Medtr3g007900.1   Y Y 136 53 Classical 

GASAGASTSnakin  HC  
chr312363561234999  20130731 ; 
MatureChain: 19-154 

Medtr5g077360.1 Y Y 122 50 Classical 

Leguminosin group485 secreted peptide  
HC  chr53302810033027104  20130731 ; 
MatureChain: 26-147 

Medtr5g077715.1 Y Y 175 46 Classical 

Leguminosin group485 secreted peptide  
HC  chr53316768233166106  20130731 ; 
MatureChain: 26-200 

Medtr5g095990.1  Y Y 131 54 Classical 

GASAGASTSnakin  HC  
chr54196929641967991  20130731 ; 
MatureChain: 19-149 

Medtr8g022490.1   Y Y 152 50 Classical 

Leguminosin group485 secreted peptide  
HC  chr879670357967849  20130731 ; 
MatureChain: 26-177 

Medtr8g022550.1   Y Y 149 52 Classical 

Leguminosin group485 secreted peptide  
HC  chr879857837986582  20130731 ; 
MatureChain: 26-174 

Medtr2g009150.1  - Y 94 37 Classical Transmembrane protein, putative  

Medtr2g009275.1  Y Y 74 65 Classical Transmembrane protein, putative  

Medtr2g009290.1 Y Y 71 62 Classical Transmembrane protein, putative  

Medtr7g083830.1 Y Y 83 56 Classical Transmembrane protein, putative  

Medtr2g450250.1 - Y 57 51 Classical Transmembrane protein, putative  

Medtr8g089615.1 - Y 82 42 Classical Transmembrane protein, putative  
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Medtr6g045633.1   - Y 75 42 Classical 

Leguminosin prolinerich group669 
secreted peptide  HC  
chr61653075116529919  20130731 ; 
MatureChain: 21-95 

Medtr3g111910.1 Y Y 201 49 Classical Transmembrane protein, putative  

Medtr5g004980.1 Y Y 200 71 Classical 

Transmembrane protein, putative  HC  
chr5230877229070  20130731 ; 
MatureChain: 24-223 

Medtr5g032670.1  Y Y 123 82 Classical 

Hypothetical protein  HC  
chr51407464514075917  20130731 ; 
MatureChain: 23-145 

Medtr1g022340.1 - Y 147 49 Classical 
Transmembrane protein, putative  LC  
chr1:7067015-7065822  20130731 

Medtr1g112220.1  - Y 81 56 Classical 
Transmembrane protein, putative  HC  
chr1:50753076-50753390  20130731 

Medtr2g020370.1 - Y 123 53 Classical 
Transmembrane protein, putative  HC  
chr2:6775699-6774908  20130731 

Medtr2g026875.1 - Y 155 70 Classical 
Transmembrane protein, putative  LC  
chr2:9781196-9781735  20130731 

Medtr3g460760.1 - Y 191 72 Classical 
Hypothetical protein  HC  chr3:23867366-
23868679  20130731 

Medtr7g032400.1  - Y 76 60 Classical 
Transmembrane protein, putative  HC  
chr7:11381022-11380648  20130731 

Medtr7g032430.1 - Y 50 64 Classical 
Transmembrane protein, putative  HC  
chr7:11396461-11396026  20130731 

Medtr7g032470.1 - Y 76 60 Classical 
Transmembrane protein, putative  HC  
chr7:11404486-11404117  20130731 
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Medtr1g016850.1  Y Y 37 63 AG peptide 

Transmembrane protein, putative  HC  
chr145280724527427  20130731 ; 
MatureChain: 25-61 

Medtr1g052120.1  Y Y 39 54 AG peptide 

Transmembrane protein, putative  HC  
chr12100717521006594  20130731 ; 
MatureChain: 23-61 

Medtr3g028270.1  Y Y 42 50 AG peptide 

Transmembrane protein, putative  HC  
chr389651328965667  20130731 ; 
MatureChain: 26-67 

Medtr5g008670.1 Y Y 46 37 AG peptide 

Transmembrane protein, putative  LC  
chr518657151865512  20130731 ; 
MatureChain: 22-67 

Medtr5g035610.1 

Y Y 43 33 AG peptide 
Transmembrane protein, putative  HC  
chr5:15501113-15501772  20130731 

Medtr5g035640.1   Y Y 53 38 AG peptide 

Transmembrane protein, putative  HC  
chr51550847615508987  20130731 ; 
MatureChain: 24-76 

Medtr6g029260.1 Y Y 33 52 AG peptide 

Transmembrane protein, putative  HC  
chr61006924610068704  20130731 ; 
MatureChain: 27-59 

Medtr6g029330.1   Y Y 33 52 AG peptide 

Transmembrane protein, putative  HC  
chr61010693610106129  20130731 ; 
MatureChain: 27-59 

Medtr7g085780.1 Y Y 33 58 AG peptide 

Transmembrane protein, putative  HC  
chr73325275233253550  20130731 ; 
MatureChain: 27-59 
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Medtr3g104110.1 Y Y 38 61 AG peptide 

Transmembrane protein, putative  LC  
chr34797057247970739  20130731 ; 
MatureChain: 18-55 

Medtr1g028610.1   Y Y 43 47 AG peptide 

arabinogalactan peptide like protein  HC  
chr197046419703281  20130731 ; 
MatureChain: 20-62 

Medtr3g090830.1  Y Y 36 39 AG peptide 

arabinogalactan peptide like protein  HC  
chr34123493141234172  20130731 ; 
MatureChain: 28-63 

Medtr6g086350.1  - Y 38 29 AG peptide 

arabinogalactan protein  LC  
chr63244022432440033  20130731 ; 
MatureChain: 26-63 

Medtr6g086365.1   - Y 63 24 AG peptide 

arabinogalactan protein  LC  
chr63246133432459573  20130731 ; 
MatureChain: 26-88 

Medtr6g086390.1 Y Y 38 32 AG peptide 

arabinogalactan peptide like protein  HC  
chr63246422932463703  20130731 ; 
MatureChain: 27-64 

Medtr6g090535.1  Y Y 44 39 AG peptide 

arabinogalactan protein  HC  
chr63441166534410320  20130731 ; 
MatureChain: 20-63 

Medtr8g099245.1   Y Y 44 44 AG peptide 

arabinogalactan peptide like protein  HC  
chr84176556641763694  20130731 ; 
MatureChain: 32-75 

Medtr8g083480.1   Y Y 44 48 AG peptide 

arabinogalactan protein  HC  
chr84360039243600914  20130731 ; 
MatureChain: 26-69 
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Medtr3g464630.1 - Y 48 36 AG peptide 

Transmembrane protein, putative  LC  
chr32599262725993229  20130731 ; 
Matu 

Medtr3g037730.1   - Y 56 29 AG peptide 

Clavata3ESR (CLE) gene family member 
MtCLE11  HC  chr31387447713873747  
20130731 ; MatureChain: 28-83 

Medtr3g027772.1  Y Y 43 45 AG peptide 
Transmembrane protein, putative  HC  
chr3:8755526-8755723  20130731 

Medtr3g028260.1 Y Y 43 42 AG peptide 
Transmembrane protein, putative  HC  
chr3:8962413-8963001  20130731 

Medtr3g028340.1 Y Y 43 47 AG peptide 
Transmembrane protein, putative  HC  
chr3:8988222-8988674  20130731 

Medtr3g028450.1 Y Y 43 40 AG peptide 
Transmembrane protein, putative  LC  
chr3:9015269-9015961  20130731 

Medtr3g028460.1 Y Y 43 45 AG peptide 
Transmembrane protein, putative  HC  
chr3:9019158-9019743  20130731 

Medtr3g028465.1  Y Y 43 45 AG peptide 
Transmembrane protein, putative  HC  
chr3:9023312-9023905  20130731 

Medtr3g028480.1 Y Y 43 42 AG peptide 
Transmembrane protein, putative  HC  
chr3:9026022-9026583  20130731 

Medtr3g028495.1 Y Y 43 45 AG peptide 
Transmembrane protein, putative  HC  
chr3:9034496-9034963  20130731 

Medtr3g028540.1 Y Y 43 45 AG peptide 
Transmembrane protein, putative  HC  
chr3:9101047-9101784  20130731 

Medtr3g028550.1 Y Y 43 45 AG peptide 
Transmembrane protein, putative  HC  
chr3:9108686-9108956  20130731 

Medtr5g008650.1  Y Y 50 32 AG peptide 
Transmembrane protein, putative  HC  
chr5:1861708-1861505  20130731 
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Medtr7g092350.1  Y Y 51 55 AG peptide 
Transmembrane protein, putative  HC  
chr7:36592637-36592855  20130731 

Medtr8g036500.1  Y Y 52 41 AG peptide 
Transmembrane protein, putative  LC  
chr8:13503881-13503663  20130731 

Medtr5g035650.1 - Y 45 40 AG peptide Transmembrane protein, putative 

Medtr4g095280.1   Y Y 186 71 Lys Rich Hypothetical protein 

Medtr5g016250.1  Y Y 203 68 Lys Rich Hypothetical protein 

Medtr8g069925.1  Y Y 599 63 Lys Rich Hypothetical protein 

Medtr0002s0900.1   Y Y 232 63 Lys Rich Hypothetical protein 

Medtr2g093980.1 Y Y 261 39 FLA 
Fasciclin domain protein  HC  
chr2:40048746-40047457  20130731 

Medtr2g018340.1 Y Y 199 33 FLA 
Fasciclin domain protein  HC  
chr2:5778670-5779378  20130731 

Medtr2g437700.1 Y Y 408 39 FLA 

Fasciclin-like arabinogalactan protein  
HC  chr2:14853943-14855880  
20130731 

Medtr4g053380.1 Y Y 274 38 FLA 

Fasciclin-like arabinogalactan protein  
HC  chr4:19402736-19404065  
20130731 

Medtr4g059790.1 Y Y 271 38 FLA 

Fasciclin-like arabinogalactan protein  
HC  chr4:22059038-22060252  
20130731 

Medtr4g059840.1 Y Y 266 37 FLA 

Fasciclin-like arabinogalactan protein  
HC  chr4:22076175-22074615  
20130731 

Medtr4g084160.1 Y Y 225 28 FLA 
Fasciclin domain protein  HC  
chr4:32804307-32803564  20130731 

Medtr5g098420.1 Y Y 396 30 FLA 

Fasciclin-like arabinogalactan protein  
HC  chr5:43093083-43091217  
20130731 

Medtr1g009910.1  Y Y 264 38 FLA 

Fasciclin-like arabinogalactan protein  LC  
chr116131591612264  20130731 ; 
MatureChain: 24-287 
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Medtr1g009920.1  Y Y 204 38 FLA 

Fasciclin domain protein  HC  
chr116225951620447  20130731 ; 
MatureChain: 24-227 

Medtr1g009940.1 Y Y 264 38 FLA 

Fasciclin domain protein  HC  
chr116225951620447  20130731 ; 
MatureChain: 24-227 

Medtr1g009950.1 Y Y 245 42 FLA 

Fasciclin domain protein  HC  
chr116377891636871  20130731 ; 
MatureChain: 24-268 

Medtr2g007870.1  Y Y 331 36 FLA 

Fasciclin domain protein  HC  
chr211802911179140  20130731 ; 
MatureChain: 24-354 

Medtr2g017970.1 Y Y 257 40 FLA 

Fasciclin domain protein  HC  
chr252657325267208  20130731 ; 
MatureChain: 24-280 

Medtr2g017960.1   Y Y 254 39 FLA 

Fasciclin domain protein  HC  
chr252687625270188  20130731 ; 
MatureChain: 24-277 

Medtr2g017950.1 Y Y 267 37 FLA 

Fasciclin domain protein  HC  
chr252731195274452  20130731 ; 
MatureChain: 29-295 

Medtr2g087810.1 Y Y 423 27 FLA 

Fasciclin-like arabinogalactan protein 16 
precursor  HC  chr23695627336953488  
20130731 ; MatureChain: 24-446 

Medtr2g090765.1 Y Y 223 35 FLA 

Fasciclin-like arabinogalactan protein  
HC  chr23891996238918307  20130731 ; 
MatureChain: 27-249 

Medtr2g093970.1   Y Y 268 37 FLA 

Fasciclin domain protein  HC  
chr24004583240044669  20130731 ; 
MatureChain: 26-293 
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Medtr2g093990.1  Y Y 224 35 FLA 

Fasciclin-like arabinogalactan protein  
HC  chr24005111540049995  20130731 ; 
MatureChain: 27-250 

Medtr3g460780.1  Y Y 392 34 FLA 

Fasciclin-like arabinogalactan protein  
HC  chr32387913923880737  20130731 ; 
MatureChain: 30-421 

Medtr4g050170.1 Y Y 436 28 FLA 

Fasciclin-like arabinogalactan protein 16 
precursor  HC  chr41774750217752074  
20130731 ; MatureChain: 31-466 

Medtr4g059720.1  Y Y 224 34 FLA 

Fasciclin-like arabinogalactan protein  
HC  chr42203457022035620  20130731 ; 
MatureChain: 27-250 

Medtr4g099150.1  Y Y 227 31 FLA 

Fasciclin domain protein  LC  
chr44106286741062127  20130731 ; 
MatureChain: 20-246 

Medtr5g098060.1 Y Y 241 42 FLA 

Fasciclin-like arabinogalactan protein  
HC  chr54293328142935396  20130731 ; 
MatureChain: 22-262 

Medtr7g075453.1  Y Y 397 44 FLA 

Fasciclin-like arabinogalactan protein  
HC  chr72825181728250054  20130731 ; 
MatureChain: 22-418 

Medtr7g101080.1 Y Y 229 37 FLA 

Fasciclin-like arabinogalactan protein  
HC  chr74078363740782599  20130731 ; 
MatureChain: 28-256 



	
   52	
  

Medtr7g106760.3   
 

Y 425 29 FLA 

Fasciclin-like arabinogalactan protein 16 
precursor  HC  chr74348176543477708  
20130731 ; MatureChain: 24-448 

Medtr7g106760.1  Y Y 425 29 FLA 

Fasciclin-like arabinogalactan protein 16 
precursor  HC  chr74348151543477779  
20130731 ; MatureChain: 24-448 

Medtr7g106760.2  
 

Y 425 29 FLA 

Fasciclin-like arabinogalactan protein 16 
precursor  HC  chr74348176543478342  
20130731 ; MatureChain: 24-448 

Medtr8g087450.1 Y Y 270 39 FLA 

Fasciclin domain protein  HC  
chr83614781636149210  20130731 ; 
MatureChain: 23-292 

Medtr8g087460.1  Y Y 288 41 FLA 

Fasciclin domain protein  HC  
chr83615068136151957  20130731 ; 
MatureChain: 29-316 

Medtr8g087470.1 Y Y 288 42 FLA 

Fasciclin domain protein  HC  
chr83615407036155160  20130731 ; 
MatureChain: 29-316 

Medtr8g086360.1 Y Y 171 24 PAG 
Plastocyanin-like domain protein  LC  
chr8:35820481-35819459  20130731 

Medtr4g081100.1 Y Y 194 38 PAG 
Plastocyanin-like domain protein  HC  
chr4:31394809-31394041  20130731 

Medtr5g006040.1  Y Y 160 35 PAG 
Plastocyanin-like domain protein  HC  
chr5:739373-738212  20130731 

Medtr4g066110.1 Y Y 148 30 PAG 
Plastocyanin-like domain protein  LC  
chr4:24910220-24910812  20130731 

Medtr4g067200.1  Y Y 148 30 PAG 
Plastocyanin-like domain protein  LC  
chr4:25360406-25359814  20130731 
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Medtr1g077790.1 Y Y 167 35 PAG 
Plastocyanin-like domain protein  HC  
chr1:34753995-34753085  20130731 

Medtr2g088990.1  Y Y 207 42 PAG 
Plastocyanin-like domain protein  HC  
chr2:37537716-37538597  20130731 

Medtr2g101300.1 Y Y 261 39 PAG 
Plastocyanin-like domain protein  HC  
chr2:43547176-43547831  20130731 

Medtr3g099570.1  Y Y 162 43 PAG 
Blue copper-like protein  HC  
chr3:45643508-45642850  20130731 

Medtr1g014120.1 Y Y 163 30 PAG 

Plastocyaninlike domain protein  HC  
chr131153353114127  20130731 ; 
MatureChain: 22-184 

Medtr1g105130.1  - Y 133 25 PAG 

Plastocyaninlike domain protein  HC  
chr12498462124985495  20130731 ; 
MatureChain: 23-155 

Medtr1g105120.1 - Y 133 25 PAG 

Plastocyaninlike domain protein  HC  
chr12499049624991335  20130731 ; 
MatureChain: 23-155 

Medtr1g090420.1   Y Y 195 34 PAG 

Plastocyaninlike domain protein  LC  
chr14050754140508971  20130731 ; 
MatureChain: 26-220 

Medtr1g104800.1 Y Y 163 38 PAG 

Plastocyaninlike domain protein  HC  
chr14721856647220241  20130731 ; 
MatureChain: 23-185 

Medtr2g083250.1 Y Y 238 43 PAG 

Plastocyaninlike domain protein  HC  
chr23495210234954240  20130731 ; 
MatureChain: 24-261 
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Medtr3g099580.1   Y Y 163 47 PAG 

Plastocyaninlike domain protein  HC  
chr34565094245649884  20130731 ; 
MatureChain: 24-186 

Medtr3g099680.1 Y Y 197 49 PAG 

Plastocyaninlike domain protein  HC  
chr34570279145703579  20130731 ; 
MatureChain: 24-220 

Medtr3g099980.1 Y Y 195 49 PAG 

Plastocyaninlike domain protein  HC  
chr34588663445887385  20130731 ; 
MatureChain: 24-218 

Medtr4g078410.1  Y Y 165 27 PAG 

Plastocyaninlike domain protein  HC  
chr43031536530314687  20130731 ; 
MatureChain: 23-187 

Medtr4g081100.1   - Y 193 38 PAG 

Plastocyaninlike domain protein  HC  
chr43139480931394041  20130731 ; 
MatureChain: 30-222 

Medtr4g114870.1 Y Y 345 51 PAG 

Plastocyaninlike domain protein  HC  
chr44733265247334953  20130731 ; 
MatureChain: 26-370 

Medtr4g124280.1 Y Y 216 33 PAG 

Plastocyaninlike domain protein  LC  
chr45131906551320408  20130731 ; 
MatureChain: 23-238 

Medtr4g130800.1   Y Y 244 47 PAG 

Plastocyaninlike domain protein  HC  
chr45450413654505468  20130731 ; 
MatureChain: 27-270 
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Medtr5g088990.1  Y Y 210 26 PAG 

Plastocyaninlike domain protein  HC  
chr53864315238645471  20130731 ; 
MatureChain: 31-240 

Medtr6g013170.1  Y Y 149 22 PAG 

Plastocyaninlike domain protein  HC  
chr641454894142683  20130731 ; 
MatureChain: 27-175 

Medtr6g083240.1  Y Y 152 38 PAG 

Plastocyaninlike domain protein  HC  
chr63115840431157789  20130731 ; 
MatureChain: 25-176 

Medtr7g086090.1  Y Y 220 43 PAG 

Plastocyaninlike domain protein  LC  
chr73339715433395401  20130731 ; 
MatureChain: 24-243 

Medtr7g086100.1  Y Y 208 46 PAG 

Plastocyaninlike domain protein  LC  
chr73340020733399140  20130731 ; 
MatureChain: 24-231 

Medtr7g086140.1 Y Y 138 28 PAG 

Plastocyaninlike domain protein  HC  
chr73341104033410034  20130731 ; 
MatureChain: 24-161 

Medtr7g086160.1   Y Y 139 29 PAG 

Plastocyaninlike domain protein  HC  
chr73341690233415916  20130731 ; 
MatureChain: 24-162 

Medtr7g086190.1  Y Y 138 28 PAG 

Plastocyaninlike domain protein  HC  
chr73342496133423956  20130731 ; 
MatureChain: 24-161 
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Medtr7g086220.1 Y Y 138 27 PAG 

Plastocyaninlike domain protein  HC  
chr73343699733436074  20130731 ; 
MatureChain: 23-160 

Medtr7g086230.1   Y Y 153 32 PAG 

Plastocyaninlike domain protein  LC  
chr73344242233441805  20130731 ; 
MatureChain: 24-176 

Medtr7g086280.1  Y Y 153 32 PAG 

Plastocyaninlike domain protein  LC  
chr73345267233452025  20130731 ; 
MatureChain: 24-176 

Medtr8g007020.1 Y Y 166 40 PAG 

Plastocyaninlike domain protein  HC  
chr811801011181060  20130731 ; 
MatureChain: 22-187 

Medtr8g007035.1 Y Y 178 43 PAG 

Plastocyaninlike domain protein  HC  
chr811869001188335  20130731 ; 
MatureChain: 22-199 

Medtr8g463180.1   Y Y 282 50 PAG 

Plastocyaninlike domain protein  HC  
chr82221446722212599  20130731 ; 
MatureChain: 22-303 

Medtr8g094990.1 Y Y 255 42 PAG 

Plastocyaninlike domain protein  LC  
chr83969178239690137  20130731 ; 
MatureChain: 23-277 

Medtr8g095013.1 Y Y 277 47 PAG 

Plastocyaninlike domain protein  LC  
chr83970373939705150  20130731 ; 
MatureChain: 23-299 
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Medtr8g095020.1   Y Y 295 46 PAG 

Plastocyaninlike domain protein  LC  
chr83971034339711774  20130731 ; 
MatureChain: 21-315 

Medtr0334s0010.1  Y Y 175 48 PAG 

Plastocyaninlike domain protein  HC  
scaffold033434686498  20130731 ; 
MatureChain: 26-200 

Medtr1g098580.1 Y Y 216 40 PAG 

Cupredoxin superfamily protein, putative  
HC  chr14439406944391772  20130731 ; 
MatureChain: 22-237 

Medtr1g098580.2  - Y 190 39 PAG 

Cupredoxin superfamily protein, putative  
HC  chr14439390144392417  20130731 ; 
MatureChain: 22-211 

Medtr1g098580.3 - Y 212 42 PAG 

Cupredoxin superfamily protein, putative  
HC  chr14439402344391916  20130731 ; 
MatureChain: 22-233 

Medtr2g090575.1 Y Y 338 50 ENOD 

Early nodulin-like protein  LC  
chr23871224338710650  20130731 ; 
MatureChain: 23-360 

Medtr2g090580.1 Y Y 176 35 ENOD 

Early nodulin-like protein  HC  
chr23872088638719533  20130731 ; 
MatureChain: 25-200 

Medtr3g092170.1 Y Y 257 37 ENOD 

Early nodulin-like protein  LC  
chr34209547142094282  20130731 ; 
MatureChain: 21-277 

Medtr3g105930.1 Y Y 156 27 ENOD 

Early nodulin-like protein  HC  
chr34885456148853915  20130731 ; 
MatureChain: 25-180 
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Medtr4g130780.1  Y Y 158 25 ENOD 
ENOD16 HC  chr45449608254497288  
20130731 ; MatureChain: 25-182 

Medtr7g090170.1 
 

Y 124 27 ENOD 

Early nodulin-like protein  HC  
chr73539578535395287  20130731 ; 
MatureChain: 25-148 

Medtr1g071720.1  Y Y 164 42 LTP 

Lipid transfer protein  HC  
chr13185669131855319  20130731 ; 
MatureChain: 27-190 

Medtr1g071720.2  - Y 163 42 LTP 

Lipid transfer protein  HC  
chr13185669131855319  20130731 ; 
MatureChain: 27-189 

Medtr1g103420.1  Y Y 191 52 LTP 

Lipid transfer protein  HC  
chr14681764546816110  20130731 ; 
MatureChain: 27-217 

Medtr1g103450.1  Y Y 130 36 LTP 

Lipid transfer protein  HC  
chr14682442246825180  20130731 ; 
MatureChain: 25-154 

Medtr2g008580.1 Y Y 183 46 LTP 

Lipid transfer protein  HC  
chr215402851539002  20130731 ; 
MatureChain: 25-207 

Medtr3g079210.1 Y Y 187 42 LTP 

Lipid transfer protein  HC  
chr33563024835627567  20130731 ; 
MatureChain: 20-206 

Medtr3g085210.1  Y Y 168 41 LTP 

Lipid transfer protein  HC  
chr33851674438512453  20130731 ; 
MatureChain: 25-192 

Medtr3g106740.1   Y Y 106 36 LTP 

Lipid transfer protein  HC  
chr34932881649329721  20130731 ; 
MatureChain: 25-130 
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Medtr4g101780.2 Y Y 125 43 LTP 

Lipid transfer protein  HC  
chr44210071642109572  20130731 ; 
MatureChain: 24-148 

Medtr4g101780.1   - Y 118 39 LTP 

Lipid transfer protein  HC  
chr44210071642102691  20130731 ; 
MatureChain: 24-141 

Medtr4g109250.1 Y Y 157 37 LTP 

Lipid transfer protein  HC  
chr44534662845345071  20130731 ; 
MatureChain: 21-177 

Medtr4g115360.1  - Y 207 42 LTP 

Lipid transfer protein  HC  
chr44764781047644558  20130731 ; 
MatureChain: 28-234 

Medtr4g115360.2 - Y 207 42 LTP 

Lipid transfer protein  HC  
chr44764772747644963  20130731 ; 
MatureChain: 28-234 

Medtr5g070360.1 Y Y 168 49 LTP 

Lipid transfer protein  HC  
chr52980437029802224  20130731 ; 
MatureChain: 23-190 

Medtr7g073100.1   Y Y 122 28 LTP 

Lipid transfer protein  HC  
chr72729616927296615  20130731 ; 
MatureChain: 27-148 

Medtr8g446830.1  Y Y 170 31 LTP 

Lipid transfer protein  HC  
chr81832348118325978  20130731 ; 
MatureChain: 26-195 

Medtr1g012710.1 Y Y 127 45 LTP 

Protease inhibitorseed storageLTP family 
protein  HC  chr126088332607695  
20130731 ; MatureChain: 25-151 

Medtr1g097720.1  - Y 87 28 LTP 
Lipid transfer protein  HC  
chr1:44059772-44059512  20130731 

Medtr1g101320.1 - Y 125 29 LTP 
Lipid transfer protein  HC  
chr1:45765339-45765713  20130731 
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Medtr1g101360.1 - Y 98 34 LTP 

Lipid transfer protein (LIM1/2/3/MEN-8)  
HC  chr1:45783929-45783546  
20130731 

Medtr1g103490.1  - Y 157 36 LTP 
Lipid transfer protein  HC  
chr1:46837798-46839766  20130731 

Medtr2g008560.1 Y Y 173 44 LTP 
Lipid transfer protein  HC  chr2:1536456-
1535394  20130731 

Medtr3g046350.1  - Y 118 32 LTP 
Lipid transfer protein  HC  
chr3:15314030-15314383  20130731 

Medtr3g046443.1 - Y 128 29 LTP 
Lipid transfer protein  HC  
chr3:15334099-15334482  20130731 

Medtr3g046515.1  - Y 121 31 LTP 
Lipid transfer protein  HC  
chr3:15378643-15379005  20130731 

Medtr3g046530.1  - Y 123 31 LTP 
Lipid transfer protein  HC  
chr3:15389565-15390140  20130731 

Medtr3g046540.1  - Y 123 31 LTP 
Lipid transfer protein  HC  
chr3:15393902-15394477  20130731 

Medtr3g046580.1 - Y 401 31 LTP 
Lipid transfer protein  HC  
chr3:15406938-15410926  20130731 

Medtr3g046590.1 - Y 123 30 LTP 
Lipid transfer protein  HC  
chr3:15414469-15415045  20130731 

Medtr3g056640.1 - Y 123 30 LTP 
Lipid transfer protein  HC  
chr3:22662869-22662286  20130731 

Medtr3g464110.1 Y Y 174 30 LTP 
Lipid transfer protein  HC  
chr3:25757731-25758252  20130731 

Medtr3g083760.1 - Y 204 30 LTP 
Lipid transfer protein  HC  
chr3:37789330-37787885  20130731 

Medtr3g106750.1  Y Y 130 34 LTP 
Lipid transfer protein  HC  
chr3:49331065-49331877  20130731 
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Medtr4g027800.1 - Y 117 39 LTP 
Lipid transfer protein  HC  chr4:9812808-
9811604  20130731 

Medtr4g027840.1 - Y 140 38 LTP 
Lipid transfer protein  HC  chr4:9831935-
9832433  20130731 

Medtr4g069210.1 - Y 210 24 LTP 
Lipid transfer protein  HC  
chr4:26015723-26017178  20130731 

Medtr4g077180.1  - Y 115 34 LTP 
Lipid transfer protein  HC  
chr4:29568981-29569791  20130731 

Medtr4g101280.1  - Y 144 37 LTP 
Lipid transfer protein  HC  
chr4:41833903-41833046  20130731 

Medtr4g101310.1  - Y 135 33 LTP 

protease inhibitor/seed storage/LTP 
family protein  HC  chr4:41841657-
41842329  20130731 

Medtr4g101330.1 Y Y 170 37 LTP 
Lipid transfer protein  HC  
chr4:41847596-41846675  20130731 

Medtr4g113405.1  Y Y 155 31 LTP 
Lipid transfer protein  HC  
chr4:46617359-46618354  20130731 

Medtr5g006940.1  Y Y 213 50 LTP 
Lipid transfer protein  HC  chr5:1143135-
1141543  20130731 

Medtr5g006950.1 Y Y 169 45 LTP 
Lipid transfer protein  HC  chr5:1146399-
1147714  20130731 

Medtr5g011980.2 Y Y 157 27 LTP 
Lipid transfer protein  HC  chr5:3537211-
3534586  20130731 

Medtr7g072810.1 - Y 126 29 LTP 
Lipid transfer protein  HC  
chr7:27158009-27158386  20130731 

Medtr7g072900.1 - Y 118 36 LTP 
Lipid transfer protein  HC  
chr7:27220239-27220592  20130731 

Medtr7g072930.1 - Y 150 31 LTP 
Lipid transfer protein  HC  
chr7:27227863-27228312  20130731 
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Medtr7g072960.1 Y Y 134 30 LTP 

Non-specificLipid-transfer protein, 
putative  LC  chr7:27235957-27236400  
20130731 

Medtr7g072993.1 - Y 138 33 LTP 
Lipid transfer protein  HC  
chr7:27249081-27249494  20130731 

Medtr7g073130.1  - Y 128 33 LTP 
Lipid transfer protein  HC  
chr7:27304401-27304784  20130731 

Medtr7g073150.1 Y Y 134 35 LTP 
Lipid transfer protein  HC  
chr7:27312621-27313022  20130731 

Medtr7g073170.1  - Y 120 28 LTP 
Lipid transfer protein  HC  
chr7:27322859-27323614  20130731 

Medtr7g082590.1 - Y 96 28 LTP 
Lipid transfer protein  HC  
chr7:31659374-31658860  20130731 

Medtr7g094650.1 - Y 172 23 LTP 
Lipid transfer protein related  HC  
chr7:37733712-37734227  20130731 

Medtr7g095230.1 Y Y 185 42 LTP 
Lipid transfer protein  HC  
chr7:38109826-38108564  20130731 

Medtr0071s0070.1  - Y 123 29 LTP 
Lipid transfer protein  HC  
scaffold0071:47776-47200  20130731 

Medtr1g012630.1 - Y 189 60 LTP 
Lipid transfer protein  HC  chr1:2578840-
2578208  20130731 

Medtr1g012690.1 - Y 131 48 LTP 
Lipid transfer protein  HC  chr1:2592421-
2591957  20130731 

Medtr1g012700.1  - Y 141 49 LTP 
Lipid transfer protein  HC  chr1:2600229-
2599711  20130731 

Medtr2g026775.1 - Y 735 67 LTP 
Lipid transfer protein  HC  chr2:9742223-
9744709  20130731 

Medtr5g011960.1 - Y 133 31 LTP 
Lipid transfer protein  HC  chr5:3531965-
3531118  20130731 
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Medtr7g083580.1 - Y 204 49 LTP 
Lipid transfer protein  HC  
chr7:32163030-32163979  20130731 

Medtr3g040680.1 - Y 499 27 PLC 

Nonspecific phospholipase C4  HC  
chr31434311514337780  20130731 ; 
MatureChain: 32-530 

Medtr3g435540.1 
 

Y 344 25 GDSL 

GDSL-like lipaseacylhydrolase  HC  
chr31166912111665026  20130731 ; 
MatureChain: 21-364 

Medtr4g108690.1 Y Y 344 26 GDSL 

GDSL-like lipaseacylhydrolase  HC  
chr44501274445015362  20130731 ; 
MatureChain: 25-368 

Medtr5g009100.1   - Y 356 25 GDSL 

GDSL-like lipaseacylhydrolase  HC  
chr520936292091194  20130731 ; 
MatureChain: 27-382 

Medtr5g078210.1 - Y 332 26 GDSL 

GDSL-like lipaseacylhydrolase  HC  
chr53342332333421258  20130731 ; 
MatureChain: 22-353 

Medtr8g087870.1 - Y 328 25 GDSL 

GDSL-like lipaseacylhydrolase  HC  
chr83635812436355685  20130731 ; 
MatureChain: 24-351 

Medtr2g058670.1 Y Y 400 32 Pectin lyase 
Polygalacturonase 11c, putative  HC  
chr2:24244330-24242502  20130731 

Medtr2g058840.1 Y Y 398 32 Pectin lyase 
Polygalacturonase 11c, putative  HC  
chr2:24297949-24299598  20130731 

Medtr1g086390.1  Y Y 453 30 Pectin lyase 

Polygalacturonaseglycoside hydrolase 
family protein  HC  
chr13865976538662894  20130731 ; 
MatureChain: 25-477 

Medtr2g032710.1 - Y 440 28 Pectin lyase 

Polygalacturonase plantlike protein  HC  
chr21232230012315408  20130731 ; 
MatureChain: 24-463 
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Medtr2g032710.2 - Y 440 28 Pectin lyase 

Polygalacturonase plantlike protein  HC  
chr21231930112315408  20130731 ; 
MatureChain: 24-463 

Medtr2g035760.1 - Y 473 28 Pectin lyase 

Polygalacturonase QRT3like protein  HC  
chr21515891615161418  20130731 ; 
MatureChain: 25-497 

Medtr2g035790.1  Y Y 465 24 Pectin lyase 

Polygalacturonase QRT3like protein  HC  
chr21517861015181077  20130731 ; 
MatureChain: 24-488 

Medtr2g095080.1 - Y 201 30 Pectin lyase 

Ripening related protein family  HC  
chr24061779540616664  20130731 ; 
MatureChain: 22-222 

Medtr2g095130.1  - Y 193 29 Pectin lyase 

Ripening related protein family  HC  
chr24062835540627563  20130731 ; 
MatureChain: 28-220 

Medtr1g086880.1 - Y 230 30 PMEI 

Plant invertasepectin methylesterase 
inhibitor  HC  chr13889779338898557  
20130731 ; MatureChain: 25-254 

Medtr1g086890.1  - Y 223 31 PMEI 

Plant invertasepectin methylesterase 
inhibitor  HC  chr13889995538900695  
20130731 ; MatureChain: 24-246 

Medtr5g081840.1  - Y 154 26 PMEI 

Pectinesterase inhibitor domain protein  
LC  chr53507993735079313  20130731 ; 
MatureChain: 22-175 
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Medtr8g042910.1  Y Y 590 31 PMEI 

Pectinesterase inhibitor  HC  
chr81661053016607577  20130731 ; 
MatureChain: 27-616 

Medtr8g093460.1 - Y 543 31 PMEI 

Pectinesterasepectinesterase inhibitor  
HC  chr83904513539042219  20130731 ; 
MatureChain: 19-561 

Medtr1g084820.2 - Y 550 43 X8 

Carbohydrate-binding X8 domain protein  
HC  chr13775444737757434  20130731 ; 
MatureChain: 22-571 

Medtr1g084820.1 Y Y 612 43 X8 

Carbohydrate-binding X8 domain protein  
HC  chr13775439137757434  20130731 ; 
MatureChain: 22-633 

Medtr1g116870.1  Y Y 335 50 X8 

Carbohydrate-binding X8 domain protein  
HC  chr15278632252784446  20130731 ; 
MatureChain: 28-362 

Medtr2g049670.1 - Y 257 55 X8 

Carbohydrate-binding X8 domain protein  
HC  chr2:22307554-22304641  
20130731 

Medtr7g111600.1 - Y 282 48 X8 

Carbohydrate-binding X8 domain protein  
HC  chr7:45815016-45812250  
20130731 

Medtr8g085390.1 - Y 165 44 X8 Carbohydrate-binding X8 

Medtr3g082080.1 - Y 217 42 X8 Carbohydrate-binding X8 

Medtr5g044530.1 - Y 238 45 X8 Carbohydrate-binding X8 

Medtr3g048280.1 - Y 188 42 X8 Carbohydrate-binding X8 

Medtr1g022160.5  - Y 397 34 GH 

Glucan endo1,3betaglucosidaselike 
protein  HC  chr168969886892247  
20130731 ; MatureChain: 21-417 
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Medtr1g022160.1 Y Y 461 34 GH 

Glucan endo1,3betaglucosidaselike 
protein  HC  chr168969576893217  
20130731 ; MatureChain: 21-481 

Medtr1g022160.4 - Y 466 34 GH 

Glucan endo1,3betaglucosidaselike 
protein  HC  chr168969886892247  
20130731 ; MatureChain: 21-486 

Medtr1g022160.2 - Y 397 34 GH 

Glucan endo1,3betaglucosidaselike 
protein  HC  chr168969886892247  
20130731 ; MatureChain: 21-417 

Medtr1g022160.3 - Y 459 34 GH 

Glucan endo1,3betaglucosidaselike 
protein  HC  chr168969886892247  
20130731 ; MatureChain: 21-479 

Medtr3g065460.1   - Y 473 31 GH 

Glucan endo1,3betaglucosidaselike 
protein  HC  chr32959016729594105  
20130731 ; MatureChain: 19-491 

Medtr4g116990.1 - Y 364 34 GH 

Glycoside hydrolase family 18 protein  
HC  chr44845622948454178  20130731 ; 
MatureChain: 22-385 

Medtr6g079630.1 - Y 282 26 GH 
Chitinase  HC  chr62905852029059610  
20130731 ; MatureChain: 25-306 
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Medtr6g083270.1 Y Y 435 29 GH 

Chitinase  Hevein  PR4  Wheatwin2  HC  
chr63117533831171217  20130731 ; 
MatureChain: 23-457 

Medtr8g074335.1  - Y 287 28 GH 

Chitinase (Class Ib)  Hevein  HC  
chr83143287031435038  20130731 ; 
MatureChain: 23-309 

Medtr8g074350.1  - Y 297 31 GH 

Chitinase (Class Ib)  Hevein  HC  
chr83144272231445255  20130731 ; 
MatureChain: 24-320 

Medtr1g055415.1   Y Y 322 40 Ole E 

Pollen Ole e I family allergens  HC  
chr12454144824539849  20130731 ; 
MatureChain: 22-343 

Medtr4g017240.1 Y Y 326 43 Ole E 

Pollen Ole e I family allergens  HC  
chr453417595343041  20130731 ; 
MatureChain: 22-347 

Medtr3g012020.1  Y Y 372 42 Ole E 

Pollen Ole e I family allergens  HC  
chr331762503174857  20130731 ; 
MatureChain: 22-393 

Medtr4g066680.1 Y Y 317 42 Ole E 

Pollen Ole e I family allergens  HC  
chr42522232025223534  20130731 ; 
MatureChain: 22-338 

Medtr4g088735.1  Y Y 255 42 Ole E 

Pollen Ole e I family allergens  HC  
chr43532759835325086  20130731 ; 
MatureChain: 22-276 

Medtr4g088740.1  Y Y 381 40 Ole E 

Pollen Ole e I family allergens  HC  
chr43533594335334462  20130731 ; 
MatureChain: 22-402 

Medtr4g124400.1  Y Y 189 47 Ole E 

Pollen Ole e I family allergens  HC  
chr45145743051458050  20130731 ; 
MatureChain: 18-206 



	
   68	
  

Medtr5g047890.1  Y Y 323 39 Ole E 

Pollen Ole e I family allergens  HC  
chr52096382020965177  20130731 ; 
MatureChain: 20-342 

Medtr6g042490.1   Y Y 233 37 Ole E 

Pollen Ole e I family allergens  HC  
chr61467528214674127  20130731 ; 
MatureChain: 23-255 

Medtr7g016950.1  - Y 445 41 Ole E 

Pollen protein Ole E Ilike protein  HC  
chr753588465361469  20130731 ; 
MatureChain: 21-465 

Medtr8g092230.1  Y Y 275 37 Ole E 

Pollen protein Ole E Ilike protein  LC  
chr83854271538541582  20130731 ; 
MatureChain: 22-296 

Medtr3g089570.1 - Y 242 49 Ole E 

Pollen Ole e I family allergens  HC  
chr31629957216301945  20130731 ; 
MatureChain: 31-272 

Medtr4g046767.1 - Y 257 35 Ole E 
Pollen Ole e I family allergens  HC  
chr4:16591718-16592799  20130731 

Medtr4g087890.1  - Y 870 33 Formin 
Formin -like 2 domain protein  HC  
chr4:34465056-34468637  20130731 

Medtr4g095780.1 - Y 838 34 Formin 
Formin -like 2 domain protein  HC  
chr4:39940525-39944800  20130731 

Medtr1g083260.1  Y Y 884 29 Formin 

Formin-like 2 domain protein  HC  
chr13705554137051517  20130731 ; 
MatureChain: 26-909 

Medtr4g081410.2 - Y 965 35 Formin 

Formin-like 2 domain protein  HC  
chr43156074231567076  20130731 ; 
MatureChain: 26-990 

Medtr4g081410.1 Y Y 965 35 Formin 

Formin-like 2 domain protein  HC  
chr43156145031566634  20130731 ; 
MatureChain: 20-984 



	
   69	
  

Medtr8g027995.1  - Y 1049 38 Formin 

Formin-like 2 domain protein  HC  
chr81032825710323250  20130731 ; 
MatureChain: 23-1071 

Medtr1g021630.1 Y Y 656 24 RLK 

Cysteine-rich receptor kinase-like protein  
LC  chr165073336502386  20130731 ; 
MatureChain: 21-676 

Medtr1g021635.1  - Y 653 24 RLK 

Cysteine-rich receptor kinase-like protein  
LC  chr165176436514070  20130731 ; 
MatureChain: 22-674 

Medtr1g069340.1   - Y 732 29 RLK 

Receptor-like SerineThreoninekinase 
ALE2  HC  chr12995341529947213  
20130731 ; MatureChain: 25-756 

Medtr1g105615.1 - Y 479 27 RLK 

Cysteine-rich receptor kinase-like protein  
HC  chr14760424747607685  20130731 ; 
MatureChain: 28-506 

Medtr1g105615.2  - Y 479 27 RLK 

Cysteine-rich receptor kinase-like protein  
HC  chr14760424247607699  20130731 ; 
MatureChain: 28-506 

Medtr1g105650.1 Y Y 632 29 RLK 

Cysteine-rich receptor kinase-like protein  
HC  chr14763442647637645  20130731 ; 
MatureChain: 30-661 

Medtr2g016620.1  Y Y 413 34 RLK 

LRR Receptor-like kinase  HC  
chr251246475122806  20130731 ; 
MatureChain: 25-437 -- SKETCHY 

Medtr2g039290.3  - Y 1206 40 RLK 

Receptor-like SerineThreoninekinase 
ALE2  HC  chr21722321317211976  
20130731 ; MatureChain: 20-1225 
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Medtr2g039290.1 - Y 1428 43 RLK 

Receptor-like SerineThreoninekinase 
ALE2  HC  chr21722321317211980  
20130731 ; MatureChain: 20-1447 

Medtr2g039290.2  - Y 1440 43 RLK 

Receptor-like SerineThreoninekinase 
ALE2  HC  chr21722321317211976  
20130731 ; MatureChain: 20-1459 

Medtr3g075440.1   Y Y 603 24 RLK 

LRR Receptor-like kinase family protein  
HC  chr33434281834340379  20130731 ; 
MatureChain: 26-628 

Medtr3g093710.1  Y Y 609 28 RLK 

Receptor-like kinase  HC  
chr34281500242818320  20130731 ; 
MatureChain: 27-635 

Medtr3g093930.1   - Y 955 26 RLK 

Leucine-rich Receptor-like kinase family 
protein  HC  chr34291616742919917  
20130731 ; MatureChain: 35-989 

Medtr4g074080.1  - Y 647 25 RLK 

Receptor-like kinase  HC  
chr42815490728162503  20130731 ; 
MatureChain: 28-674 

Medtr4g085480.1  - Y 432 26 RLK 

SerineThreonine kinase, planttype 
protein, putative  HC  
chr43334491033346941  20130731 ; 
MatureChain: 29-460 

Medtr4g113100.1   - Y 630 30 RLK 

LRR Receptor-like kinase  HC  
chr44647588646479891  20130731 ; 
MatureChain: 26-655 

Medtr4g126270.1  - Y 957 35 RLK 

Receptor-like SerineThreoninekinase 
ALE2like protein, putative  HC  
chr45251125652521195  20130731 ; 
MatureChain: 24-980 
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Medtr5g042440.1   - Y 602 22 RLK 

LysM-domain Receptor-like kinase  HC  
chr51865454718659757  20130731 ; 
MatureChain: 31-632 

Medtr5g068210.1  Y Y 579 26 RLK 

LRR Receptor-like kinase  HC  
chr52883982328842750  20130731 ; 
MatureChain: 26-604 

Medtr7g082310.1  - Y 416 28 RLK 

LRR Receptor-like kinase  LC  
chr73155048131552209  20130731 ; 
MatureChain: 24-439 

Medtr7g115740.2 - Y 567 24 RLK 

Lectin receptor kinase  HC  
chr74787018447872190  20130731 ; 
MatureChain: 26-592 

Medtr7g115740.1 - Y 643 24 RLK 

Lectin receptor kinase  HC  
chr74787018447872190  20130731 ; 
MatureChain: 26-668 

Medtr8g016330.1  - Y 839 30 RLK 

Receptorlike SerineThreoninekinase 
ALE2  HC  chr855110115505857  
20130731 ; MatureChain: 18-856 

Medtr8g072590.1 - Y 638 23 RLK 

SerineThreonine kinase domain protein  
LC  chr83068323930686420  20130731 ; 
MatureChain: 22-659 

Medtr0341s0020.1 Y Y 643 25 RLK 

Cysteinerich receptor kinase-like protein  
LC  scaffold034190124034  20130731 ; 
MatureChain: 21-663 

Medtr2g012670.1 - Y 686 29 RLK 
Strubbelig receptor family 3 protein  HC  
chr2:3236861-3230480  20130731 

Medtr3g071480.1 - Y 623 28 RLK 
LRR receptor-like kinase  HC  
chr3:32070026-32066014  20130731 
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Medtr4g046113.1 - Y 815 31 RLK 
strubbelig receptor family protein  HC  
chr4:16201157-16193578  20130731 

Medtr3g072410.1 - Y 391 37 RLP 

LysM domain GPIanchored protein  HC  
chr33255362932557165  20130731 ; 
MatureChain: 22-412 

Medtr7g104360.1  - Y 401 28 PPA 

Purple acid phosphatase superfamily 
protein  HC  chr74229032342293494  
20130731 ; MatureChain: 27-427 

Medtr1g039270.1   - Y 450 27 Protease 

Aspartic protease in GUARD CELLlike 
protein  HC  chr11451668814514095  
20130731 ; MatureChain: 20-469 

Medtr2g016180.1 Y Y 464 26 Protease 

Papain family cysteine protease  HC  
chr248997504901997  20130731 ; 
MatureChain: 27-490 

Medtr2g016270.1  - Y 449 26 Protease 

Papain family cysteine protease  HC  
chr249471444949388  20130731 ; 
MatureChain: 27-475 

Medtr4g084020.2 - Y 428 25 Protease 

Trypsin family protein  HC  
chr43270788232704601  20130731 ; 
MatureChain: 29-456 

Medtr8g075010.1 - Y 504 30 Protease 

Eukaryotic aspartyl protease family 
protein  HC  chr83170414231707373  
20130731 ; MatureChain: 24-527 

Medtr7g113740.1 - Y 136 23 Protease 

Signal peptidase complex subunit 3Blike 
protein  HC  chr74687855146875326  
20130731 ; MatureChain: 32-167 
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Medtr4g036590.1  Y Y 234 47 Hist-rich 

Transmembrane protein, putative  LC  
chr41324280013243567  20130731 ; 
MatureChain: 22-255 

Medtr3g012570.1 Y Y 276 50 Hist-rich 

Hypothetical protein  LC  
chr335494983548605  20130731 ; 
MatureChain: 22-297 

Medtr4g019600.1  - Y 131 37 Hist-rich 

Transmembrane protein, putative  LC  
chr461712696171930  20130731 ; 
MatureChain: 22-152 

Medtr6g016930.1  - Y 138 25 Leguminosin 

Leguminosin group486 secreted peptide  
HC  chr666130336613533  20130731 ; 
MatureChain: 29-166 

Medtr6g016970.1  - Y 116 25 Leguminosin 

Leguminosin group486 secreted peptide  
HC  chr666317136632147  20130731 ; 
MatureChain: 29-144 

Medtr6g089320.1 - Y 138 24 Leguminosin 

Leguminosin group486 secreted peptide  
HC  chr62282355522823055  20130731 ; 
MatureChain: 29-166 

Medtr1g007880.2 - Y 322 32 Chimeric 

ABIL1like protein  HC  
chr1609028606935  20130731 ; 
MatureChain: 21-342 

Medtr1g021638.1 Y Y 292 28 Chimeric 

salt stress responseantifungal domain 
protein  LC  chr165212756522643  
20130731 ; MatureChain: 22-313 

Medtr2g042145.1 - Y 92 28 Chimeric 

Thionin related (TAP1)  HC  
chr21839638118396835  20130731 ; 
MatureChain: 22-113 
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Medtr2g042163.1 - Y 92 29 Chimeric 

Thionin related (TAP1)  HC  
chr21840230018402754  20130731 ; 
MatureChain: 22-113 

Medtr0341s0010.1  Y Y 287 29 Chimeric 

salt stress responseantifungal domain 
protein  LC  scaffold03411358435  
20130731 ; MatureChain: 21-307 

Medtr0721s0020.1 - Y 129 30 Chimeric 

Transmembrane protein, putative  LC  
scaffold072163305643  20130731 ; 
MatureChain: 28-156 

Medtr5g024983.1 - Y 99 29 Chimeric 

Transmembrane protein, putative  HC  
chr51010507610108942  20130731 ; 
MatureChain: 24-122 

Medtr3g028560.1 - Y 165 30 Chimeric 

Transmembrane protein, putative  LC  
chr391091959112249  20130731 ; 
MatureChain: 21-185 

Medtr3g064040.1   - Y 164 38 Chimeric 

Transmembrane protein, putative  HC  
chr32879461928795716  20130731 ; 
MatureChain: 28-191 

Medtr2g090660.1 Y Y 219 24 Chimeric 

Hypothetical protein  HC  
chr23881868938817390  20130731 ; 
MatureChain: 25-243 

Medtr1g041410.1   - Y 192 29 Chimeric 

neurogenic locus notchlike protein  HC  
chr11549015515486147  20130731 ; 
MatureChain: 23-214 

Medtr2g005930.1  - Y 443 30 Chimeric 

DUF1682 family protein  HC  
chr2384861381814  20130731 ; 
MatureChain: 26-468 
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Medtr3g095330.1  - Y 114 31 Chimeric 

ECA1 gametogenesis related family  HC  
chr34355892943559330  20130731 ; 
MatureChain: 20-133 

Medtr3g108760.1   Y Y 240 45 Chimeric 

surface protein, putative  HC  
chr35023456550235467  20130731 ; 
MatureChain: 21-260 

Medtr4g134220.1 - Y 314 31 Chimeric 

nicotiana tabacum ORF protein  HC  
chr45619120856189400  20130731 ; 
MatureChain: 20-333 

Medtr0002s0150.1 Y Y 574 29 Chimeric 

NAD(P)Hquinone oxidoreductase subunit 
H  HC  scaffold0002165003167020  
20130731 ; MatureChain: 23-596 

Medtr3g028560.1 - Y 165 30 Chimeric 

Transmembrane protein, putative  LC  
chr391091959112249  20130731 ; 
MatureChain: 21-185 

Medtr3g064040.1 - Y 164 38 Chimeric 

Transmembrane protein, putative  HC  
chr32879461928795716  20130731 ; 
MatureChain: 28-191 

Medtr5g081820.1   - Y 203 25 Chimeric 

Transmembrane protein, putative  LC  
chr53507489035073090  20130731 ; 
MatureChain: 22-224 

Medtr3g106510.1 - Y 553 30 Chimeric 

Transmembrane protein, putative  HC  
chr34922409749228278  20130731 ; 
MatureChain: 23-575 

Medtr3g030640.1  - Y 245 30 Chimeric 

ribonuclease T2 family protein  HC  
chr397132629712341  20130731 ; 
MatureChain: 24-268 
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Medtr4g107400.1   - Y 672 31 Chimeric 

hipl2 protein precursor  HC  
chr44441514444409998  20130731 ; 
MatureChain: 26-697 

Medtr5g022810.1  - Y 208 21 Chimeric 

ribonuclease T2 family protein  LC  
chr590374259038278  20130731 ; 
MatureChain: 22-229 

Medtr2g030825.1  Y Y 574 48 Chimeric 

Late embryogenesis abundant (LEA)like 
protein  LC  chr21165398211656243  
20130731 ; MatureChain: 22-595 

Medtr2g030845.1 Y Y 575 48 Chimeric 

Late embryogenesis abundant (LEA)like 
protein  LC  chr21166775111669978  
20130731 ; MatureChain: 22-596 

Medtr2g079030.1  - Y 522 36 Chimeric 

MATE subfamily protein  LC  
chr23309434233097785  20130731 ; 
MatureChain: 23-544 

Medtr3g062840.1  - Y 286 26 Chimeric 

plantF17O147 protein  HC  
chr32840098128399252  20130731 ; 
MatureChain: 26-311 

Medtr1g006460.1 - Y 204 55 Chimeric 

Hypothetical protein  LC  
chr12147148221472159  20130731 ; 
MatureChain: 22-225 

Medtr5g043870.1  - Y 207 59 Chimeric 

Hypothetical protein  LC  
chr51926285919262173  20130731 ; 
MatureChain: 22-228 

Medtr6g007913.1 - Y 119 32 Chimeric 
GASA/GAST/Snakin  HC  chr6:2139621-
2140861  20130731 

Medtr1g088970.1  - Y 140 45 Chimeric 
Transmembrane protein, putative  HC  
chr1:39956709-39955720  20130731 

Medtr7g073280.1 - Y 343 29 Chimeric 
Transmembrane protein, putative  HC  
chr7:27366686-27373900  20130731 
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Medtr1g069235.1  - Y 128 43 Chimeric 

photosystem I reaction center subunit IV 
A  HC  chr1:29816886-29819066  
20130731 

Medtr3g064510.1  - Y 267 30 Chimeric 
expansin A1  HC  chr3:29068579-
29070728  20130731 

Medtr7g014880.1  - Y 166 33 Chimeric 
RALF  HC  chr7:4453529-4456208  
20130731 

Medtr4g084950.1  - Y 136 42 Chimeric Transmembrane protein, putative  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  

Table III. Primers used in this study. 
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Introduction 

Arabinogalactan proteins (AGPs) are a diverse group of cell surface 
glycoproteins conserved in plants that are involved in a myriad of cellular and 
physiological processes including cell expansion (1, 2), proliferation (3), differentiation 
(4), and programmed cell death (5). Collectively they are characterized by extensive 
protein glycosylation with hydroxyproline O-linked arabinogalactan (AG) 
polysaccharides, which have a high degree of structural complexity and diversity with 
respect to branching and sugar composition. AGPs can be cross-linked into the plant 
cell wall by their carbohydrate moieties (6), tethered to the plasma membrane by a 
glycosylphosphatidylinositol (GPI) lipid anchor (7–9), or released as diffusible factors 
abundant in plant cell exudates (10–12). Many AGPs contain GPI anchors, which may 
allow them to mediate signaling between the plasma membrane and cell wall, organize 
into membrane microdomains, act as co-receptors, or as cleavable signals susceptible 
to phospholipase C (13).  

Individual AGP-encoding genes often have developmentally regulated, cell-
specific, or inducible expression patterns in plants (14–16). While AGP function is not 
well understood, however mounting evidence points to roles in positional cell signaling 
for many of these glycoproteins. Indeed, a number of AGPs purified from cell culture 
media have morphogenic properties linked to cell identity and fate determination. A 
prime example of this is xylogen, a chimeric AGP that promotes xylem cell 
differentiation in vitro (17). Xylogen proteins localize to the polar cell-cell junctions of 
differentiating vessel elements and Arabidopsis thaliana xylogen mutants have 
discontinuous and incomplete xylem (4). Therefore, xylogen is believed to mediate cell-
cell induction of vessel member identity during vascular development. Similar positional 
signaling roles have been reported for AGPs during somatic embryogenesis. Somatic 
embryos develop through an initial asymmetric cell division that gives rise to a mother 
cell and an embryogenic daughter cell. Monoclonal antibody JIM8 recognizes an AGP 
epitope secreted by the mother cell that is required as a factor for the embryogenic 
differentiation of the daughter cell in vitro (18), which provides additional evidence to 
support the role of AGPs in autonomous and non-autonomous cell-cell signaling 
pathways. Lastly, free oligosaccharides released from ovule-specific AGPs have been 
shown to act as diffusible signals necessary for pollen tube attraction and targeting (19, 
20). Activity of the purified AG oligosaccharide was dependent on the terminal 
rhamnose and glucuronic acid residues (21), indicating that AG sugar composition and 
structure has intrinsic signaling properties in plants.  
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While AGPs integrate a variety of developmental cues, they also mediate 
response to environmental factors (22) and have been implicated in a variety of plant-
microbe interactions (23). The A. thaliana agp17 mutant is resistant to Agrobacterium 
tumifaciens transformation, which have poor adherence to the plant cell surface (24). 
AGPs from Pisum sativa induce a novel type of polarized attachment by Sinorhizobium 
meliloti in vitro, while pectin and xylan do not (25). AGPs have similar effects in 
promoting Bacillus subtilis biofilm formation in polarized arrays (26). This indicates that 
bacteria specifically interact with AGP epitopes present in plant cell surfaces. AGPs are 
enriched in the secretory border-like cells of the root cap and are abundant in root 
exudates (27). AGPs secreted in root exudates have previously been shown to act as 
chemotactic attractants for Aphanomyces zoospores that prevent spore germination 
and promote cyst formation (28). This suggests that secreted AGPs may play a role in 
attracting, repelling, or modulating microbial communities in the rhizosphere.  

AGPs have also been linked to variety of plant-microbial endosymbiosis 
encompassing a wide range of microorganisms and plant hosts. Monoclonal antibodies 
recognizing AGP carbohydrate epitopes indicate that AGPs accumulate in the plant-
derived symbiotic membranes that encapsulate the endosymbiont. This has been 
demonstrated in Rhizobium symbiosis on Pisum sativum (29), Frankia symbiosis on 
Alnus spp (30), Nostoc symbiosis on Gunnera manicata and Blasia pusilla (31), and the 
arbuscular mycorrhizal (AM) symbiosis with a variety of plant hosts (32, 33). These 
membranes have a distinct identity based on their protein composition and create 
dynamic interfaces between the plant and microorganism that function in the 
bidirectional exchange of nutrients and information (34–37). Moreover, these 
compartments control the growth and development of the endosymbiont and are 
essential for their persistence inside plant cells(38, 39). 

The accumulation of AGPs in symbiotic plant-microbial interfaces across a wide 
range of endosymbiosis has suggested that these glycoproteins may be important for 
mediating interactions between plant cells and endosymbionts. However, the identity of 
these AGPs and their corresponding specificity for symbiosis has remained unknown, 
largely due to the research challenges that accompany these enigmatic glycoproteins 
(40). Here have used the bioinformatic tool, AGPredictor, to identify AGP-encoding 
genes in the Medicago truncatula genome, which has been used a model plant species 
for the molecular study of Rhizobium-legume symbiosis and AM symbiosis. Cross-
referencing predicted AGPs to the M. truncatula Genome Expression Atlas identified a 
small family of SYMBIOSIS-ASSOCIATED ARABINOGALACTAN PEPTIDES (SAPs) 
differentially expressed in S. meliloti infected root nodules and roots colonized by the 
AM fungus Rhizphagus irregularis. Here we show that SAPs localize to symbiotic 
membranes and are necessary for the differentiation of S. meliloti and R. irregularis 
within these compartments, indicating that SAPs are essential components of these 
interfaces.   

 
Materials and Methods 
 
Plant Material and Hairy Root Transformation 

M. truncatula Gaertn. cv Jemalong A17 (Noble Foundation) was used for all 
experiments. Hairy root transformation was conducted according Floss et al. (41) using 
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Rhizobium rhizogenes (formerly Agrobacterium rhizogenes) strain Arqua-1. Transgenic 
roots were selected on Faehrus medium containing kanamycin (25 mg/ml) for two 
weeks and adventitious roots emanating above the wound site were removed prior to 
transplanting into sterile sand. Transformants were allowed to recover for one week 
prior to inoculation with either S. meliloti or R. irregularis. All plants were grown under 
16 h photo period at 22°C and fertilized twice a week according to the microbial 
inoculant used.  
 
Nodulation Experiments 

For nodulation experiments roots were flood inoculated with 5 ml (OD 0.1) 
resuspension cultures of wild-type S. meliloti strain 1021 (ATCC 51124). For live cell 
imaging the S. meliloti 1021 strain expressing mCherry from Haney and Long (42) was 
used. Plants were fertilized twice a week with half strength Murashige and Skoog (MS) 
media without nitrogen (PhytoTechnology Laboratories). Nodules were assayed at 3 
wpi. 
 
Mycorrhizal Experiments 

Axenic R. irregularis spores (DAOM 181602) were purchased from Premier Tech 
(Rivière-du-Loup, Québec, Canada) and used for all experiments. Approximately 1200 
spores were pre-germinated overnight in dilute root exudate at room temperature with 
gentle rocking and applied directly to roots during transplanting. Plants were grown in 
sterile sand and fertilized twice a week with half-strength Hoaglands Basal Salt media 
modified with 20 µM phosphate (43). Root mycorrhization with R. irregularis was 
examined at 4 wpi by confocal microscopy.   
 
Cloning 

Single RNAi constructs targeted a 400 bp region from each of the three SAPs, 
which encompassed the entire coding sequence including part of the 5’ and 3’ UTR. 
SAPs share little sequence similarity and target sequences were determined to be 
specific based on BLAST search. Targets were amplified by PCR from cDNA prepared 
from AMF colonized M. truncatula roots and cloned into Gateway (GW) entry vector 
pENTR1A using XbaI and XhoI restriction sites. Resulting entry clones were 
recombined by LR reaction into GW RNAi destination vector pHELLSGATE12 (44). The 
SAP1+2+3 triple RNAi target sequence was generated by DNA synthesis and was 600 
bp in length, consisting of three 200 bp sequences from each SAP concatenated 
together. The SAP1+2-RNAi construct was 400 bp and amplified from the SAP1+2+3 
template sequence. Both sequences were subcloned into pENTR1A and recombined 
into pHELLSGATE12 as previously described. 

For SAP-promoter GUS-reporter constructs a 2 kb genomic sequence including 
the 5’UTR from each peptide was cloned into GW TOPO-entry vector pCR8 
(Invitrogen). Resulting entry clones were recombined by LR reaction into GUS 
expression vector pGWB3 (45) to generate pSAP:GUS expression constructs. SAP 
localization constructs using GFP and mCherry were assembled by In-Fusion cloning 
into the pCR8 vector backbone using sequences amplified from genomic DNA. All 
localization constructs used the native SAP promoter and terminator sequences 
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corresponding to each peptide. Resulting entry clones were recombined into the plant 
transformation vector pGWB1 by LR reaction.  

For western blot AtAGP9 was subcloned without stop codon into GW entry vector 
pENTR1A and recombined by LR reaction into pEARLYGATE101 to generate 
35S:AtAGP9-YFP-HA expression constructs. The full SP-mCherry-SAP2 coding 
sequenc was subcloned from the native localization construct into pGWB17 to generate 
35S:SP-mCherry-SAP2 expression constructs. All constructs in this study were 
confirmed by sequencing and primers are listed in Table II.  

 
RNA Extraction and qPCR 

Total RNA was extracted from root using Trizol (Thermo Fisher), treated with 
Turbo DNAseI (Thermo Fisher), and further purified using an RNEAsy column (Qiagen). 
Resulting cDNA was prepared using iScript cDNA synthesis kit (BioRad) using 500 ng 
of total RNA. SAP qRT-PCR primers were determined to be gene-specific by BLAST 
search. SAPS do not have introns, so it was not possible to place primers at exon-exon 
junctions. Gene expression was quantified using the ΔΔCT method relative to the 
housekeeping gene EF-1α.  
 
Western blot 

Plant tissues were ground in liquid nitrogen and total protein was extracted by 
boiling in 2X SDS-PAGE buffer for 10 minutes. Proteins were run on a precast TGX-
mini protein gel with 16-8% gradient in SDS-PAGE buffer. Proteins were transferred to 
PVDF membranes, blocked overnight in 3% BSA TBST, probed for one hour with either 
anti-HA or anti-mCherry mouse primary antibody (1:5,000), followed by anti-mouse 
horse radish peroxidase-conjugated secondary antibody (1:10,000), with subsequent 
washes with 3% BSA TBST in between. Signal was detected by chemiluminescence on 
an Amersham imager using SuperSignal™ luminol HRP substrate (Thermo Fisher). 
AtAGP9-YFP-HA and mCherry-SAP2 fusion proteins were transiently expressed in 
Nicotiana benthamiana by leaf infiltration and collected 4 dpi. The mCherry-SAP2 fusion 
protein was also expressed under its native promoter in M. truncatula hairy roots 
colonized R. irregularis and collected 4 wpi. 
 
Acetylene Reduction Assay 

Nitrogen fixation was assayed in silenced roots 4 weeks post inoculation with S. 
meliloti. Chimeric plants were gently uprooted from sand and placed on a strip of 
Whatman filter paper (pre-wet with 1/2x MS without nitrogen) inside a 25 ml culture tube 
topped with a rubber septum. Acetylene (1 ml) was injected into the culture tube, which 
was placed in a growth chamber for 6 h prior to sampling. Gas samples were measured 
using gas chromatography flame ionization detection on a Shimadzu GC-2014.  
 
Histochemistry 

Nodules were fixed and embedded in Technovit 7100 plastic resin according to 
the manufacturer’s directions. A Reichardt microtome and glass knife was used to cut 
longitudinal nodule sections approximately 6 µm thick, which were subsequently stained 
with toluidine blue-O and imaged under bright field with a Leica DM6B fluorescence 
microscope. Routine observations of nodules were made using fresh hand sections 



	
   82	
  

stained with Syto13 for nucleic acids (Life Technologies) and imaged by confocal 
microscopy. AM colonized roots were stained with wheat germ agglutinin AlexaFluor 
488 (Thermo Fisher) as previously described. GUS staining of SAP-reporter was done 
as previously described (46). 
 
Confocal and Light Microscopy 
 
Electron Microscopy 

Nodules were directly harvested into 0.1 M cacodylate buffer (pH 7.2) containing 
2% (v/v) EM-grade glutaraldehyde and fixed overnight at 4°C. The tissue was rinsed 3× 
with 0.1 M cacodylate buffer (pH 7.2), stained for 1 h with 1% (w/v) osmium tetraoxide, 
rinsed 3× with buffer, and followed by an additional 3 rinses with distilled water. Nodules 
were dehydrated in an acetone gradient (35/50/70/80/95/100% v/v) and bisected to aid 
infiltration. Nodules were infiltrated with acetone:Epon resin at 2:1, 1:1, and 1:2 dilution 
ratios for 1 h each followed by pure Epon. The resin was freshly changed after 1 h and 
allowed to infiltrate overnight with gentle rocking. Samples were then infiltrated with 
pure resin plus accelerator for two hours and embedded in Pelco molds, which were left 
in a 65°C oven to polymerize for two days. Ultra-thin 70 nm ultrathin sections were 
collected on grids using a diamond knife and Reichert microtome. Grids were stained 
with 2% (v/v) aqueous uranyl acetate for 5 min, rinsed with distilled water 5×, stained 
with lead citrate for 5 min, and rinsed another 5× with distilled water using a Pelco Grid 
Staining System. Grids were imaged using a Technai 1200 electron microscope. At 
least three nodules were imaged per construct. 

 
Results 
 
Identifying M. truncatula AGPs Expressed in AM Symbiosis and Nodulation 

Previous publications have shown that AGPs aggregate at symbiotic plant-
microbial interfaces through the use of carbohydrate-directed monoclonal antibodies 
(30–33, 47, 48). However, the identity of these proteins and their specificity for these 
symbioses is not known. To investigate this we developed a new bioinformatic search 
tool to identify AGP-encoding genes in the M. truncatula genome (Chapter 1), which is a 
model plant for the molecular study of both arbuscular mycorrhizal and rhizobia-legume 
symbioses. All predicted AGP encoding genes were cross-referenced to the Medicago 
truncatula Gene Expression Atlas (MtGEA) (49, 50), which returned 191 Affymetrix 
probe set IDs that were used for global expression profiling in M. truncatula roots. 
Microarray data from roots treated with either beneficial microorganisms (S. meliloti and 
R. irregularis) or pathogenic organisms (Ralstonia solanacearum, Macrophomina 
phaseolina, Phymatotrichopsis omnivora) was used to generate a heatmap of AGP 
expression plotted as log 2 fold-change relative to uninoculated experimental controls 
(Fig. 1). Using this method we found two clusters of AGPs exclusively expressed in 
either AM roots or root nodules (Fig. 1, Table I). AM-inducible AGPs include five 
plastocyanin-like AGPs including Blue Copper-binding Protein 1 (BCP1) and BCP2, 
which have historically been used as markers for AM colonization, but have not 
previously been reported as AGP. We also identified one chitinase-like AGP, one lipid 
transfer protein AGP and two small AGP peptides. One of these peptides 
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(Medtr5g035640) was previously described as ARBUSCULAR MYCORRHIZAL AGP 1 
(AMA1), which was identified in a cDNA library prepared from AM colonized roots. 
Nodule-inducible AGPs included three plastocyanin-like AGPs (including ENOD16 and 
ENOD20), one chitinase-like AGP, one lipid transfer protein AGP, and one AG peptide – 
similar to the AGP encoding genes expressed in AM symbiosis. We also identified two 
pectin lyase-like AGP, one LRR AGP, and two classical AGPs expressed in root 
nodules. 
 
The Symbiosis-association AG Peptide (SAP) Gene Family 

Interestingly, the 3 small AGP peptides we identified form a small family of 
tandemly duplicated genes on chromosome 5 (Fig. 2 A) but are differentially expressed 
during AM symbiosis and nodulation (Fig. 1; Fig. 2 C). AMA1 is the founding member of 
this family, however, we collectively refer to this group as Symbiosis-associated AGP 
Peptides (SAP1, Medtr5g035640; SAP2, Medtr5g035650; SAP3, Medtr5g35610) to 
better reflect their expression pattern. All three SAP peptides have a conserved N-
terminal secretion signal, a C-terminal GPI-anchor signal, and are predicted to be 
between 15-29 amino acids in length after signal peptide cleavage (Fig. 2 B). Even 
though SAPs occur as linear tandem gene duplications they share very little sequence 
homology with less than 30% identity conserved at the amino acid level and less than 
18% at the nucleotide level. In total only 5 amino acids are conserved between the 
mature peptide sequences. These include two non-contiguous proline residues 
predicted to be glycosylated with AG, a serine residue that serves as the GPI anchor 
addition site, and two interspersed glycine residues near the N-terminus (Fig. 2 B). 
 
SAP Expression Patterning in M. truncatula roots 

SAP peptides were identified based on their symbiosis-induced expression 
patterns using publicly available transcriptomic data. To validate this we first used qPCR 
to measure SAP gene expression in M. truncatula roots 4 weeks post inoculation (4 wpi) 
with R. irregularis or S. meliloti (Fig 2 C). Results show that SAP1 and SAP2 were only 
expressed in roots after inoculation with R. irregularis and are specific for AM symbiosis. 
However, SAP2 was expressed at a lower level. SAP3 was strongly upregulated during 
nodulation with S. meliloti but was also expressed in uninoculated roots and was not 
transcriptionally responsive to either R. irregularis inoculation or nutrient deficiency.  

We further investigated the spatial expression pattern of these peptides by 
expressing SAP-promoter GUS-reporter constructs in transgenic hairy roots. Roots 
expressing SAP1 reporter constructs inoculated with R. irregularis had dark GUS 
staining specific to cortical root cells containing arbuscules (Fig. 3 B). SAP2 reporter 
constructs also showed AM-dependent expression in the inner root cortex, however, 
due to the weak staining it was unable to determine if it was arbuscule-specific based 
on staining alone (Fig. 3 D). Staining was not observed in mock-inoculated roots (Fig. 3 
A, C). Roots expressing SAP3 reporter constructs had strong GUS staining in root 
nodules (Fig. 4 B). Nodule cross-sections showed that staining predominantly occurred 
in the transition zone and early nitrogen fixation zone associated with bacterial growth 
and differentiation (Fig. 4 E). Furthermore, staining was specific to cells infected with S. 
meliloti and did not occur in the uninfected cells (Fig. 4 E). Roots expressing SAP3 
reporter constructs also showed GUS staining in AM colonized tissue but was not 
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restricted to arbuscule-containing cells of the inner root cortex (Fig. 4 D). GUS staining 
was also present in mock-inoculated control roots, however the spatial distribution was 
unexpectedly different in response to nitrogen or phosphate starvation (Fig. 4 A, C), 
which had not previously been resolved by qPCR measurements of whole root systems 
(Fig 2 C). 
 
SAP3 is Required for Nodule Development and Function 

The expression pattern of SAP3 in root nodules suggested that this peptide might 
function in nodule development. To investigate this, we took a reverse-genetics 
approaching using RNAi-mediated gene silencing to knockdown SAP3 expression in 
transgenic roots. Composite plants expressing either SAP3-RNAi or GUS-RNAi control 
constructs were grown without nitrogen and assayed 3 wpi with S. meliloti. Plants 
expressing GUS-RNAi constructs had green shoots and developed bright pink root 
nodules indicative of active symbiotic nitrogen fixation (Fig. 5 A, C, E). In contrast the 
nodules formed on SAP3-RNAi roots remained small, white, and did not accumulate the 
pink leghemoglobin seen in control nodules (Fig. 5 D). At 4 wpi, the shoots of SAP3-
RNAi composite plants became highly chlorotic, a characteristic sign of nitrogen 
starvation, which suggested nitrogen fixation was impaired (Fig. 5 A). We measured 
nitrogen fixation efficiency by acetylene reduction assay and confirmed that symbiotic 
nitrogen fixation is strongly reduced in SAP3-RNAi nodules (Fig. 5 I). SAP3 expression 
was measured by qPCR and confirmed that the transcript is efficiently silenced by the 
SAP3-RNAi construct in nodulated roots (Fig. 5 G). Functional nodules rarely ever 
formed on SAP3-RNAi root systems, however, the total number of nodules formed was 
unaffected (Fig. 5 H). This indicates that SAP3 is required for nodule development and 
function, but not for early signaling events necessary for nodule initiation. 

We further investigated the developmental defects in SAP3-RNAi nodules using 
a combination of light microscopy, confocal microscopy, and transmission electron 
microscopy. Plastic embedded longitudinal sections stained with Toluidine Blue-O show 
that SAP3-RNAi nodules have fewer infected cells relative to control nodules and the 
symbiosomes within these cells appear poorly developed with abnormal spaces 
occurring between the bacteria (Fig 6). SAP3-RNAi nodules also accumulated 
compound starch in the adjacent uninfected cells (Fig. 6). This suggested that S. meliloti 
might be impaired in growth and differentiation within the symbiosome compartment. 
We investigated this further using live cell imaging of S. meliloti expressing mCherry in 
fresh hand-sectioned nodules. Control nodules were tightly packed with fluorescent 
elongated bacteroids (Fig. 7). In SAP3-RNAi nodules S. meliloti rapidly lost 
fluorescence upon cell elongation and bacteroid differentiation. Starch accumulation 
was more apparent in fresh hand sections, which completely filled the adjacent 
uninfected cells (Fig. 8). Transmission electron microscopy revealed large spaces 
between the symbiosome membrane and S. meliloti, suggesting that the bacteria are 
not able to interact with these interfaces (Fig. 9).  
 
SAP3 Localization in Root Nodules 

SAP3 was localized in root nodules by expressing a GFP-SAP3 fusion protein 
under control of the native SAP3 promoter and terminator sequence. The GFP coding 
sequence was inserted between the SAP3 secretion signal and the mature peptide 
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sequence to ensure proper targeting and propeptide processing. Roots expressing 
pSAP3:SP-GFP-SAP3-GPI constructs were inoculated with S. meliloti and nodules 
were examined by confocal laser scanning microscopy at 3 wpi (Fig. 10). The GFP-
SAP3 fusion protein localized to symbiosome membranes in the transition and early 
nitrogen fixation zones of the nodule (Fig. 10 A, B) but appears to be less present in 
mature bacteroids (Fig. 10 C). Therefore, SAP3 labeling appeared to be transient and 
associated with the growth and differentiation of bacteria in young symbiosomes. 
Unexpectedly a large amount of GFP signal was also detected in the uninfected cells of 
the nodule (Fig 10 A, C). This was surprising because previous experiments with GUS 
staining had indicated that SAP3 is only expressed in cells containing bacteria. The 
GFP signal accumulated in uninfected cells appeared to be cytoplasmic and the shadow 
of plant nuclei can be can be seen in these cells (Fig. 10 A). We also examined SAP3 
localization in older nodules at 6wpi and found that the GFP signal continued to 
accumulate in the cytoplasm of cells as symbiosomes undergo programmed 
senescence (Fig 10 D, E).   
 
SAP3 is Mobilized from the Symbiosome Compartment 
 Based on the discrepancies between SAP3 promoter activity and protein 
localization we hypothesized that SAP3 might be released as a cell mobile signal. To 
investigate this further we expressed a variety of GFP fusion constructs under control of 
the SAP3 promoter to test the localization of SAP3 in root nodules (Fig. 11). First we 
tested whether GFP placement influenced the localization pattern of SAP3 by moving 
the GFP sequence between the mature peptide and the GPI-anchor signal. GFP 
placement did not have any affect on SAP3 localization, which transiently labeled 
symbiosome membranes and continued to accumulate in uninfected cells. Small starch 
granules were occasionally observed in the uninfected cells containing cytoplasmic GFP 
signal (Fig. 10 C, Fig. 11). Next we tested whether this localization pattern was specific 
to the SAP3 peptide by expressing a GFP fusion construct with the SAP3 N-terminal 
secretion signal and C-terminal GPI-anchor signal, but without mature SAP3 peptide 
sequence. Surprisingly, The GFP signal in these nodules strongly accumulated in 
mature symbiosome membranes and was not detected in uninfected cells (Fig. 11). 
This suggests that the mature SAP3 peptide sequence is required for the movement of 
GFP out of the symbiosome compartment. Since SAP3 is a GPI-anchored peripheral 
membrane protein, we tested whether membrane disassociation was also required for 
SAP3 mobility by replacing the GPI anchor sequence with a single pass transmembrane 
domain. SP-GFP-SAP3-TM constructs remained in the symbiosome membrane and 
were not detected in the uninfected cells (Fig. 12). Interestingly, this also triggered 
heavy starch accumulation similar to SAP3-RNAi nodules. This indicates that the 
release of SAP3 from the symbiosome membrane is necessary for signal mobility and 
implies that retention of SAP3 negatively impacts nodulation. 
 
Localization of SAP1, SAP2, and SAP3 in AM Colonized Roots 
 We used a similar cloning strategy to localize SAP peptides in AM colonized 
roots. The mCherry coding sequence was inserted between the N-terminal secretion 
signal and mature peptide sequence for SAP1 and SAP2 to generate SP-mCherry-SAP-
GPI fusion proteins. Roots expressing mCherry-SAP constructs were baited with R. 
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irregularis and imaged 4 wpi. Results show that SAP1 and SAP2 specifically localized to 
periarbuscular membranes (Fig. 13). Signal was detected at very early stages of 
arbuscule branching, which suggest that SAP1 and SAP2 play an early role in 
arbuscule development (Fig. 13 C). It was difficult to localize SAP3 relative to regions of 
AM colonization so we made co-transformed roots using SAP2-mCherry as a marker for 
arbuscule development. SAP3-GFP was expressed in cells developing arbuscules in 
the inner root cortex and localized to the plasma membrane (Fig. 14 A, B). Weak GFP 
signal also emanated from the periarbuscular membrane and co-localized with SAP2 
(Fig. 14 B). The periarbuscular compartment is highly acidified by H+-ATPases which 
make it difficult to localize GFP labeled proteins to this space. 
 
SAPs 1, 2, and 3 are Required for AM symbiosis 

Co-localization of SAPs to periarbuscular membranes suggested that these 
peptides might act redundantly in AM symbiosis. We investigated this using a 
combinatorial RNAi approach to knockdown multiple transcripts in hairy roots and 
screen for AM-related morphological phenotypes. Preliminary data from these 
experiments indicated that single SAP-RNAi (data not shown) and double SAP1+2-
RNAi constructs had no effect on AM morphology (Fig. 15 A, B). However, triple 
SAP1+2+3-RNAi constructs resulted in stunted arbuscule formation and reduced root 
colonization intensity (Fig. 15 C-F). This data suggests that the SAPs likely have 
redundant functions, which appear to be important for arbuscule development. 
However, more in-depth investigation is necessary.  
 
Analysis of SAP2 by Western Blot 

SAP peptides contain non-contiguous hydroxyproline motifs that are predicted to 
be glycosylated with arabinogalactan. We investigated possible post-translational 
modification of SAP2 by analyzing mCherry fusion proteins by SDS-PAGE and western 
blot. SAP2 was expressed under either its native promoter in M. truncatula roots 
colonized with AMF or under the constitutive 35S promoter in N. benthamiana leaves. A 
known AGP from A. thaliana (AGP9-YFP-HA) was expressed in N. benthamiana and 
used as a relative control for comparison. The AtAGP9-HA-YFP and SAP2-mCherry 
fusion proteins have a predicted molecular weight (MW) of 45 and 28 kDa, respectively, 
based on their primary amino acid sequences. 35s:AtAGP9-HA-YFP expressed in 
tobacco produced two high molecular weight bands, which is characteristic of AGPs, at 
approximately 90 and 55 kDa, far above the predicted MW (Fig. 16). Expression of 
35S:SP-mCherry-SAP2-GPI in N. benthamiana produced only a single band 
corresponding to predicted MW of the fusion protein, indicating that post-translation 
modification did not occur. However, when the same fusion protein is expressed under 
its native promoter in M. truncatula roots colonized by AMF, two high molecular weight 
bands are produced above 55 and 70 kDa similar to the AtAGP9-YFP-HA construct 
(Fig. 16). This suggests that post-translation modification of SAP2 could either be 
specific to M. truncatula or require a symbiotic tissue-dependent context. 
 
Discussion 

Previous studies had shown that AGP carbohydrate epitopes localize to 
symbiotic membranes in a variety of different plant-microbial endosymbioses. This 
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suggests that AGPs may have an important and shared function in these interfaces, yet 
their identity and corresponding specificity for endosymbiosis has remained unknown 
due to the research challenges that accompany these enigmatic glycoproteins. We 
addressed this question using the bioinformatic search tool, AGPredictor, to identify 
AGP-encoding genes in the M. truncatula genome (Chapter 1) and cross-referenced 
this list to community expression data. Through this approach we identified two groups 
of AGPs discretely expressed in either AM symbiosis or nodulation. Both groups 
contained similar types of AGPs, including a large number of plastocyanin-like AGPs 
and a small family of AG peptides that we have named SYMBIOSIS-ASSOCIATED 
ARABINOGALACTAN PEPTIDES (SAPs). SAPs were chosen for further study due to 
their small size, which may allow them to act as diffusible signals. 

The SAP family is composed of three tandemly duplicated genes on 
chromosome 5 that are differentially expressed in AM symbiosis and root nodules. This 
reflects a pattern of gene duplication and neofunctionalization consistent with the 
evolutionary narrative of the rhizobium-legume symbiosis arising through expansion of 
AM symbiosis-specific gene families (51). SAPs share little sequence homology but 
have conserved post-translational modification sites for AG glycosylation and GPI-
anchoring, indicating these are the relevant features of these peptides. Analysis of 
SAP2 fusion proteins by SDS-PAGE and western blot suggests that post-translational 
modification does occur but is either species or tissue specific. 

RNAi-mediated knockdown of SAP3 strongly impaired nodule development and 
nitrogen fixation, resulting in a Nod+/Fix- phenotype. Symbiosomes in SAP3-RNAi 
nodules were poorly differentiated with large spaces between the bacteria and the 
symbiosome membrane, which could suggest that S. meliloti fail to interact with these 
membrane interfaces. This was correlated with a massive accumulation of starch in 
uninfected cells. However, it is unclear whether this was the cause or consequence of 
the impaired bacterial development. 

 The SAP3 promoter was only active in cells containing S. meliloti and SAP3-
GFP fusion proteins localized to differentiating symbiosome membranes, but also 
occurred in the cytoplasm of uninfected cells. Insertion of the GFP coding sequence 
between either the N-terminal secretion signal or C-terminal GPI signal did not affect the 
localization pattern of the SAP3-GFP fusion protein. However, GFP expressed with the 
SAP3 secretion and GPI signal sequences, but without the SAP3 peptide, remained 
within the symbiosome and did not move to the uninfected cells. This indicates that the 
mature 14-amino acid SAP3 peptide is necessary for the mobility of GFP out of the 
symbiosome compartment.  

We tested whether release from the symbiosome membrane was necessary for 
GFP mobility by replacing the GPI signal sequence with a transmembrane domain. This 
caused the SAP3-GFP fusion protein to be retained in the symbiosome membrane 
indicating that membrane-release is also required for SAP3 mobility. Surprisingly, 
retention of SAP3 on the symbiosome membrane triggered starch accumulation, 
suggesting that removal of SAP3 from the membrane is necessary for normal 
development. GPI-anchors can be enzymatically cleaved by phosphatidylinositol-
specific phospholipase C (PI-PLC) activity, which allows for the targeted release of 
proteins from the membrane surface. Interestingly, the M. truncatula mutant deficient 
nodule formation 2 (dnf2) encodes a nonfunctional nodule-specific PI-PLC that has a 
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strikingly similar nodule phenotype to the SAP3-RNAi nodules, which are characterized 
by poorly differentiated symbiosomes with large spaces between the bacteria and the 
symbiosome membrane (52). Very little is known about endogenous plant PI-PLC 
specificity, however, mammalian PI-PLCs have been demonstrated to possess 
preferential selectivity for individual GPI-anchored proteins (53). Therefore, based on 
the distinct phenotype shared between dnf2 and SAP3-RNAi nodules, we hypothesize 
that DNF2 and SAP3 act in a genetic pathway where DNF2-mediated release of SAP3 
from the symbiosome membrane is required for bacterial growth and differentiation. 
This is partially supported by the observation that retention of SAP3 in the symbiosome 
using a transmembrane domain also triggers heavy start accumulation.  

The role SAPs play in AM symbiosis is less clear. SAP1 and SAP2 specifically 
localize to the periarbuscular membrane and are present at early developmental stages 
prior to arbuscule branching. SAP3 is also induced by AM symbiosis and appeared to 
have an overlapping localization pattern with SAP1 and SAP2 but was also present in 
the plasma membrane of surrounding uncolonized cells. Initial attempts at screening 
single and double SAP1+2-RNAi constructs did not have a visible effect on root 
colonization or morphology of the symbiosis. However, SAP1+2+3-RNAi constructs 
resulted in impaired arbuscule formation and sparse root colonization, which suggest 
that SAPs function redundantly in AM symbiosis. Arbuscules in SAP1+2+3-RNAi roots 
were stunted and failed to develop the highly branched haustoria characteristic of a 
functional AM symbiosis. This is analogous to the SAP3-RNAi nodulation phenotype, 
where in both cases the endosymbiont fails to grow and differentiate within symbiotic 
membrane compartment. While we were able to observe morphological phenotypes 
associated with the SAP1+2+3-RNAi construct, this data is still considered preliminary 
because we have yet to quantify these results. The phenotype was reproducible, but the 
severity was variable. We attribute this not only to the proposed redundancy of these 
peptides but also the poor performance of 35S promoter-driven RNAi constructs in AM 
roots. It was recently shown that the 35S promoter is silenced in M. truncatula roots 
during AM colonization and is not expressed in the inner root cortex (54). This has been 
shown to mask the RNAi phenotype of the arbuscule-specific gene MIG1, which has a 
strong arbuscule-related RNAi phenotype when silenced under the A. thaliana ubiquitin 
3 promoter that is not seen using 35s-driven RNAi constructs (55). We have developed 
pAtUBQ3:SAP-RNAi constructs that will be used in future experiments.  

SAP functional redundancy in AM symbiosis is a perfect example that highlights 
the utility of the AGPredictor software over other programs. Schultz et al (2008) 
identified SAP1 as an AM-specific transcript using amino acid composition bias 
(%PAST) but failed to identify SAP2 and SAP3 (56). SAP peptides have low sequence 
homology and are not BLAST searchable, which is likely why subsequent papers were 
never published in this area.  Recently, Ma et al. (2017) identified SAP1 and SAP3 
using the noncontiguous hydroxyproline hypothesis, but still failed to identify SAP2 (57). 
We find this somewhat counter-intuitive because SAP2 and SAP3 have the same 
number of proline residues capable of becoming glycosylated. Furthermore, we provide 
some evidence to support that SAP2 contains post-translational modifications 
consistent with a known AGP based on the altered migration pattern of these proteins 
on SDS-PAGE reducing gels. This supports our assessment that deeper-reaching 
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predictive tools like AGPredictor are necessary to identify and functionally characterize 
AGPs in plants.  

In summary, we have identified a novel family of AGP peptides that localize to 
symbiotic membranes and are required for the growth and differentiation of S. meliloti 
and R. irregularis within these compartments. However, the mechanism underlying SAP 
function remains elusive and we can only speculate based the literature and the 
phenotypic data at hand. Many possibilities exist, however we hypothesize that SAPs 
may possibly function in stimulating nutrient release, suppressing defense response, or 
promoting the differentiation of plant cells engaged in symbiosis.  

As previously discussed, some AGPs have been characterized as secreted 
signals that promote plant cell identity and differentiation. In this regard perhaps SAPs 
promote the acquisition of “symbiotic-identity” in the plant host cell necessary for the 
cellular reprogramming that controls the development of the symbiosis. Mobility of SAP3 
from infected to uninfected cells in root nodules could suggest a role in tissue patterning 
between these two distinct cell types. The appearance of SAP3-GFP in the cytoplasm of 
uninfected cells was not expected, however in the literature there is precedent for the 
uptake of extracellular AGPs into the plant cytoplasm during pollen self-incompatibility 
(58–60). In AM symbiosis we did not observe anything to suggest that SAPs are 
mobilized between cells, but we speculate that similar roles in tissue patterning could be 
achieved by the partially overlapping localization pattern between SAPs 1 and 2 vs 
SAP3 in arbuscule-containing cells and adjacent uninfected cells.  

The SAP3-RNAi nodulation phenotype, which is characterized by heavy starch 
accumulation in uninfected cells and large spaces between symbiosome membranes, is 
correlated with the localization pattern of the SAP3-GFP protein and could suggest that 
SAP3 may play a role in stimulating starch release from these cells. Carbon metabolism 
predominately occurs in the uninfected cells where accumulated sugars are converted 
to carboxylic acids by glycolytic enzymes and released to the growing bacteria in the 
adjacent infected cells (61). Only uninfected cells, as opposed to infected cells, are able 
to actively take up sucrose and glucose from the apoplast (62). Uninfected cells also 
have higher levels of sucrose synthase and alkaline invertase activity involved in 
sucrose cleavage (63–66). Furthermore, low oxygen tension in infected cells prevents 
mitochondrial respiration from efficiently providing the bacteria with carbon (67). Sugars 
released in uninfected cells can either be converted to malate for bacterial nutrition or 
stored as starch based on the growing demand and nitrogen-fixing status of the 
bacteria. It is possible that the release of SAP3 from the symbiosome membrane and 
accumulation in uninfected cells may act as a signal approximating the relative infection 
level and developmental status of the infected cell, thereby influencing starch release. 
Conceptually this is similar to the function of the arabinosylated CLE44 peptide, which is 
secreted by the nodule meristem but detected in leaves as a long distance signal used 
to approximate the number of nodules in the root system (68). Interestingly, AGPs have 
previously been reported to play a role in gibberellic acid (GA)-induced starch release 
during barley seed germination (69). GA is synthesized by embryo epithelial cells and 
transcriptionally activates α-amylase secretion from aleurone cells into the starchy seed 
endosperm (70). At least one aleurone-specific AGP was identified and disruption of 
membrane bound AGPs in aleurone cell protoplasts with β-glucosyl Yariv reagent 
inhibited GA-induced transcription of the α-amylase promoter (69). This provides an 
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example where an AGP may participate in non-autonomous cell signaling that regulates 
the release of starch in neighboring cells. Based on the available evidence we 
hypothesize that SAP3 could stimulate the release of carbon necessary for the growth 
of the bacteria within in the symbiosome compartment. However, due to the reciprocal 
nature of nutrient exchange it is not possible to definitively tell, because inhibiting 
nitrogen fixation also prevents starch release. If starch accumulation were the cause of 
the SAP3-RNAi phenotype, as opposed to the consequence, then we would expect the 
phenotype to be suppressed by over expression of hexokinase or phosphoglucomutase. 
Future work will be necessary investigate this in greater detail. 
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Figure 1. Heat map of AGP expression in M. truncatula roots in response to 
inoculation with either symbiotic or pathogenic microorganisms. Data were taken 
from the Medicago Gene Expression Atlas and plotted as log 2-fold change in 
expression relative to the uninoculated control for each experiment. Primary data as 
follows: laser capture microdissection of different cell types colonized by the AM 
fungus Rhizophagus irregularis (formerly Glomus intraradices) (Hodgekamp et al. 
2013); App, cortical cells underneath appresoria; Arb, cortical cells containing 
arbuscules; Hyp, cortical cells containing hyphae; Mat, cortical cells containing 
mature structures i.e. vesicles/arbuscules. RNA-seq of whole root nodules (Nod) 
infected with Sinorhizobium meliloti  vs roots (Roux et al. 2014). Roots infected with 
Ralstonia solanacearum at 12 h and 72 h time points (Balzergue et al. 2008, 
unpublished). Roots infected with Macrophomina phaseolina  at 24, 36, and 72 h 
time points (Mah et al. 2012). Roots infected with Phymatotrichopsis omnivora  at 
72 h and 96 h time points (Uppalapati et al. 2009). 
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Table I. Predicted M. truncatula AGPs identified as 
being upregulated in during AM symbiosis or root 
nodulation. 
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Fig 2. SAPs arise from tandem gene duplications but are differentially 
expressed in roots. (A) Jbrowse screen shot of M. truncatula  chromosome 5 
showing the genomic location of SAPs. Dark and light green colors indicate the 
coding sequence and untranslated regions of SAP transcripts. (B) MUSCLE 
multiple protein alignment of SAPs. (C) SAP expression measure by qPCR 
relative to EF1-α in M. truncatula roots during nodulation, AM symbiosis, and 
nutrient stress. All roots were sampled at 4 wpi (n = 5).  
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Fig 3. GUS staining of M. truncatula roots expressing either 
SAP1 or SAP2 reporter constructs. Roots were stained 4 wpi 
with R. irregularis. 
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Figure 4. GUS staining of M. truncatula roots expressing SAP3 reporter 
constructs. Roots were inoculated with either S. meliloti or R. irregularis and 
stained at either 3 wpi or 4 wpi, respectively. Results indicate SAP3 has a different 
spatiotemporal expression pattern in symbiotic tissues and mock treated roots in 
response to nutrient stress. 
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Fig 5. SAP3 silencing impairs nodule development and function. (A, B) Shoots and 
(C-F) nodules of RNAi plants 3 wpi (A-D) and 4 wpi (E-F) with S. meliloti grown 
under nitrogen deprivation. (G) SAP3 expression measured by qPCR relative EF1-α 
in nodulated RNAi roots (n = 4). (H) Average number of nodules produced per root 
system quantified based on the visible appearance of leghemoglobin (pink) (n = 5).  
(I) Nitrogen fixation efficiency measured by acetylene reduction assay (n = 4). 
Significant differences are indicated based on Student’s T-test (* > 0.05, ** >0.01, ** 
>0.001). Each data is from an independent, representative, and reproducible 
experiment. 
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Fig. 6 Semi-thin sections of SAP3-RNAi and GUS-RNAi root nodules 3 wpi 
stained with Toludine Blue O. Scale bars = 50 µm (A, B), 25 µm (C, D),  10 µm 
(E, F). 
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Fig	
  7.	
  Confocal	
  live	
  cell	
  imaging	
  of	
  S.	
  meliloti	
  expressing	
  mCherry	
  (red)	
  in	
  SAP3-­‐
RNAi	
  root	
  nodules	
  stained	
  with	
  Calcofluor	
  white	
  (blue)	
  3wpi.	
  (A)	
  Image	
  shows	
  S.	
  
meliloti	
  being	
  released	
  from	
  infection	
  threads	
  (IT)	
  into	
  plant	
  cells	
  and	
  
differentiating	
  into	
  elongated	
  bacteroids.	
  (B)	
  In	
  SAP3-­‐RNAi	
  nodules	
  S.	
  meliloti	
  
release	
  from	
  ITs	
  but	
  lose	
  fluorescence	
  as	
  the	
  bacteria	
  begin	
  to	
  differentiate.	
  Scale	
  
bar	
  =	
  10	
  μm. 
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Fig 8. SAP3-RNAi nodules strongly accumulate starch in uninfected cells. Image 
show fresh nodule hand sections stained with Syto 13 for nucleic acids to label 
colonized plant cells. S, indicates heavy starch accumulation in SAP3-RNAi nodules. 
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Fig 9. TEM images of SAP3-RNAi nodules 3 wpi with S. meliloti. Images 
show large spaces form betweenS. meliloti and the symbiosome membrane 
in SAP3-RNAi (B, D) nodules leading to poor bacterial growth and 
development. 
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S 

Fig 10. Localization of pSAP3:SP-GFP-SAP3 (cyan) in root nodules infected with S. 
meliloti expressing mCherry (magenta). (A) Nodule 3 wpi. Arrow head indicates the 
shadow of a nucleus in an uninfected cell. Plant cell walls were stained with 
Calcofluor white. (B) Young differentiating symbiosomes contain strong GFP-SAP3 
signal (mCherry signal not imaged). Light plasmolysis with 0.8 M sucrose show that 
SAP3 signal is also present on the plasma membrane. (C) GFP-SAP3 signal is 
absent from mature symbiosomes and strongly accumulates inunifected cells, 
occasionally observed with starch, S. (D) SAP3-GFP expressing nodule 3 wpi. (E) 
SAP3-GFP expression nodule 6 wpi. Scale bars = 50 µm (A), 20 µm (B, C), and 100 
µm (D, E). 
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Fig 12. Localization of pSAP3:SP-GFP-SAP3-TM constructs in 
nodules 3 wpi with S. meliloti. GFP signal is retained in the 
symbiosome membrane and large amounts of starch accumulate in 
uninfected cells. Scale bar = 20 µm. 

pSAP3:SP-GFP-SAP3-TM DIC Merged 

	
  GFP 	
  SP 	
  GPI 	
  SAP3 

	
  

	
  

AG 

AG 

	
  GFP 	
  SP 	
  GPI 	
  SAP3 

	
  

	
  

AG 

AG 

	
  GFP 	
  SP 	
  GPI 

	
  pSAP3 

	
  pSAP3 

	
  pSAP3 

Fig 11. Localization of iterative SAP3 localization constructs in nodules 
infected with S. meliloti  expressing mCherry. Merged images acquired by 
confocal microscopy are shown. Green/Red fluorescence represented as 
cyan/magenta. Scale bars = 100 µm and 20 µm. 
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Fig 13. Localization of SAP1 and SAP2 in M. truncatula roots 4 wpi with R. 
irregularis. (A, B) SP-mCherry-SAP1-GPI localizes to the periarbuscular membrane. 
(C, D) SP-mCherry-SAP2-GPI also localizes to the periarbuscular membrane and 
can be observed in young arbuscules prior to branching (C). Scale bars = 100 µm (A) 
and 20 µm (B-D).  
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Fig 14. Co-localization of SAP3 and SAP2 in M. truncatula  roots 4 wpi 
with R. irregularis. (A) Spatial localization pattern of SAP3 is correlated 
with arbuscule development. (B) Overlapping localization patterns of SP-
GFP-SAP3-GPI and SP-mCherry-SAP2-GPI constructs. Scale bar = 
20µm. 
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Fig 15. Preliminary phenotypes of R. irregularis  colonized roots expressing 
SAP-RNAi constructs. (A, B) No mycorrhizal phenotype was observed 
associated with expression of the SAP1+2-RNAi construct relative GUS-RNAi 
control roots. (C, D) Expression of the SAP1+2+3-RNAi  construct resulted in 
sparse root colonization and stunted arbuscule formation relative to GUS-RNAi 
control roots. Stunted arbuscules (arrows) and septate hyphae (asterisks)  in 
SAP1+2+3-RNAi roots are indicated.  
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Fig 16. Western blot of AtAGP9-YFP-HA and SP-mCherry-SAP2-GPI 
proteins separated by reducing SDS-PAGE. PVDF membranes were 
probed with anti-HA and anti-mCherry primary antibodies (1:2,500) 
produced in mouse (Invitrogen) followed by (1:10,000) anti-mouse 
IgG HRP secondary antibody (Invitrogen).The mCherry-SAP2 fusion 
protein is predicted to be aprroximately 28 kDa, while AtAGP9-YFP-
HA is predicted to be ~ 45 kDa.  P19 was used as a negative control. 
PageRule Plus Prestained Protein Ladder (Invitrogen) was used as 
MW standard.  
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Table I. Primers used in this study 
 Primer 

number Primer name Primer sequence Constru
ct 

WM001 SAP1-RNAi-F CCATCTAGACAATAAAATGGCTTCACCAATG 

RNAi 
primers 

WM002 SAP2-RNAi-F CCATCTAGACAACAATGGCTTTATCACTCAAG 

WM003 SAP3-RNAi-F CCATCTAGACTACACCTTCAATAAGCTGATC 

WM004 SAP12-RNAi-F CCATCTAGACAATGGAGAAGATGGGATAAATAT 

WM005 SAP123-RNAi-F CCATCTAGACAATGGAGAAGATGGGATAAATAT 

WM006 SAP1-RNAi-R GCATGAATTCACAACAACTTAAAGGCTAGTCC 

WM007 SAP2-RNAi-R GCATGAATTCGACAAGACAAAGAGGGAAGCTT 

WM008 SAP3-RNAi-R GCATGAATTCACAACATAGGAAGGTCAAAACG 

WM009 SAP12-RNAi-F GCATGAATTCAGTAAGCACAAAAGGAAGAAGAAC 

WM010 SAP123-RNAi-F GCATGAATTCTTAATACAACAATTCAATCAAACAACAT 

WM011 SAP1proGus-F  TATACTGCAGAAATAAATCACTTTGGACAAACTA 

Promote
r (GUS) 
Primers  

WM012 SAP1proGus-R ACTCTCGAGTTTATTGATTTCACTTGGTGATTTA 

WM013 SAP2proGus-F  TATACTGCAGACTTGTTAATTGTATGAAACTAGTA 

WM014 SAP2proGus-R ACTCTCGAGTGTTGAATATATGCACTTGATTATA 

WM015 SAP3proGus-F  TATACTGCAGGCAAGCTTTTCAGCTATAAGC 

WM016 SAP3proGus-R ACTCTCGAGTTTTGTTATGTTGAACTGATCAG 
WM017 qPCR EF-1α F TGACAGGCGATCTGGTAAGG  

qPCR 
Primers 

WM018 qPCR EF-1α R TCAGCGAAGGTCTCAACCAC  

WM019 qPCR SAP1 F GATGGGATAAATATCAAAGTGTC 
WM020 qPCR SAP1 R GCAGATGATTTTGGTGTTGG 

WM021 qPCR SAP2 F CAACAATGGCTTTATCACTCAAG 
WM022 qPCR SAP2 R TAGTCAGAACCACCTGATCC 
WM023 qPCR SAP3 F CAGTAATTGGTGGATTTGTTCC 

WM024 qPCR SAP3 R GGAACAAATCCACCAATTACTG 

WM025 SAP1pro-F 
TACAAAAAAGCAGGCTCCGAATTATGCGTCGTAGCTGAAC
ACTGTG 

pSAP1:
SP-
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WM026 SAP1pro-R TGCTCACCATAGCTGCAACAACCATAACCAAAACC 
mCherry
-SAP1-

GPI, 
pCR8 WM027 SAP1mC-F TGTTGCAGCTATGGTGAGCAAGGGCGAG 

WM028 SAP1mC-R CATTGTTTTGCTTGTACAGCTCGTCCATGC 

WM029 SAP1term-F GCTGTACAAGCAAAACAATGGAGAAGATGGG 

WM030 SAP1term-R 
CAAGAAAGCTGGGTCGAATTATCACCATCAATCTACATCT
TTTTATAT 

WM031 SAP2pro-F 
TACAAAAAAGCAGGCTCCGAATTGTAATGTTATAGCAACA
TTTAC 

pSAP2:
SP-

mCherry
-SAP2-

GPI, 
pCR8 

WM032 SAP2pro-R TGCTCACCATAGCAGCAGCAACTGCAATTAAAAC 

WM033 SAP2mC-F TGCTGCTGCTATGGTGAGCAAGGGCGAG 

WM034 SAP2mC-R TCCATATTGCTTGTACAGCTCGTCCATGC 

WM035 SAP2term-F GCTGTACAAGCAATATGGATCAGGTGGTTCTG 

WM036 SAP2term-R CAAGAAAGCTGGGTCGAATTGATATATGCTCTCGAAGGG 

WM037 SAP3pro-F 
TACAAAAAAGCAGGCTCCGAATTGGGACTCATTAAGCAGA
GATCAAAATTG 

pSAP3:-
SP-

GFP-
SAP3-
GPI, 

pCR8 

WM038 SAP3pro-R TGCTCACCATACCGGCAACCACCATGGC 

WM039 SAP3gfp-F GGTTGCCGGTATGGTGAGCAAGGGCGAG 

WM040 SAP3gfp-R GCCCGTCGTGCTTGTACAGCTCGTCCATG 

WM041 SAP3term-F GCTGTACAAGCACGACGGGCATGTTCAC 

WM042 SAP3term-R 
CAAGAAAGCTGGGTCGAATTTGCCTTATCCTAATGTGAGG
G 

WM043 SAP3pro-F 
TACAAAAAAGCAGGCTCCGAATTGGGACTCATTAAGCAGA
GATCAAAATTG 

pSAP3:
SP-

SAP3-
GFP-
GPI, 

pCR8 

WM044 SAP3pro-R TGCTCACCATAGAAGGTGCTTCCGCCGG 

WM045 SAP3gfp-F AGCACCTTCTATGGTGAGCAAGGGCGAG 

WM046 SAP3gfp-R TTGCAAAGCTGCTCTTGTACAGCTCGTCCATG 

WM047 SAP3term-F GTACAAGAGCAGCTTTGCAAGCAGCCTC 

WM048 SAP3term-R CAAGAAAGCTGGGTCGAATTTGCCTTATCCTAATGTGAGG 

WM049 SAP3pro-F 
TACAAAAAAGCAGGCTCCGAATTGGGACTCATTAAGCAGA
GATCAAAATTG 

pSAP3:
SP-

GFP-
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WM050 SAP3pro-R TGCTCACCATACCGGCAACCACCATGGC 
GPI, 

pCR8 

WM051 SAP3gfp-F GGTTGCCGGTATGGTGAGCAAGGGCGAG 

WM052 SAP3gfp-R TTGCAAAGCTGCTCTTGTACAGCTCGTCCATG 

WM053 SAP3term-F GTACAAGAGCAGCTTTGCAAGCAGCCTC 

WM054 SAP3term-R CAAGAAAGCTGGGTCGAATTTGCCTTATCCTAATGTGAGG 

WM055 SAP3tmd-R CTCCCGCAATAGAAGGTGCTTCCGCCGGAG pSAP3:
SP-

GFP-
SAP3-
TMD, 
pCR8 

WM056 TMD-F AGCACCTTCTATTGCGGGAGGAGTTGCTGCA 

WM057 TMD-R GGCTGCTTGCTCAGTCCTGCGGCTTTTTCCTTCGC 

WM058 SAP3tmd-F GCAGGACTGAGCAAGCAGCCTCAATTGTCACTC 
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Abstract 
Glycosyl inositol phosphorylceramides (GIPCs) are abundant components of the plant 
plasma membrane outer leaflet that are believed to function in membrane organization 
and signal transduction. Here we identified GLUCOSAMINE INOSITOL 
PHOSPHORYLCERAMIDE TRANSFERASE1 (GINT1) as a glycosyltransferase 
enzyme highly expressed in Medicago truncatula root nodules and demonstrate that this 
enzyme functions in the synthesis of glucosamine-decorated GIPC structures in planta. 
GINT1 promoter characterization indicates that GINT1 expression is developmentally 
regulated root nodules and mycorrhized roots associated with the development of 
perimicrobial membranes. Knockdown of the GINT1 mRNA transcript did not affect 
overall root growth but strongly impaired nodulation and arbuscular mycorrhizal (AM) 
symbiosis, resulting in the senescence of symbiosomes and arbuscules. Our results 
indicate that while M. truncatula root sphingolipidome primarily consist of hexose-
decorated GIPCs, symbiosis-induced reprogramming of GIPC glycosylation to contain 
glucosamine-decorated GIPCs is critical for the development, function, and persistence 
of plant-perimicrobial membranes during nodulation and AM symbiosis. 
 
Introduction 

Central to the development and function of plant endosymbiosis is the synthesis 
of a specialized host-derived membrane that serves as an interface between the plant 
and the microorganism. These membranes bear a symbiotic identity distinct from the 
plasma membrane based on protein composition (1, 2) and are imperative for facilitating 
the bidirectional exchange of nutrients and information (3-7). Moreover, symbiotic 
membranes help compartmentalize the microorganism and are essential for the 
intracellular accommodation and persistence of the endosymbiont inside plant cells (8, 
9).  

Development of the plant-microbial interface is highly coordinated with the 
intracellular accommodation and differentiation of the endosymbiont. Rhizobia and 
arbuscular mycorrhizal fungi enter plant cells through host-initiated asymmetric 
invaginations of the plasma membrane (10-12) that grow by means of targeted vesicle 
secretion and membrane fusion (13,14). While these symbioses culminate in vastly 
different morphological structures, they share a symbiosis-dedicated secretory pathway 
that drives the rapid growth of membrane around the endosymbiont (14-17).  
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Immunolabeling of symbiotic tissues with glycan-directed monoclonal antibodies 
has indicated that glycolipids and glycoproteins aggregate in peribacteroid and 
periarbuscular membranes (18-22) and it has been widely hypothesized that this 
interfacial glycocalyx could play an important role in mediating interactions between the 
host plant and microorganism. One of these antibodies, monoclonal antibody JIM18, 
has been shown to recognize a glucosamine, inositol, and phosphate-containing 
glycolipid developmentally regulated in young Pisum sativum (pea) symbiosome 
membranes (23). The JIM18 antigen was resistant to mild alkaline hydrolysis and, 
therefore, likely to be a glycosyl inositol phosphorylceramide (GIPC), which is a class of 
lipids resistant to alkaline hydrolysis unlike other phospholipids (24). 

GIPCs are highly glycosylated sphingolipids found in plants and fungi that are 
believed to be the functional analogs of gangliosides in animal cells (25). GIPCs are the 
predominant sphingolipid found in plant tissues and are major components of the 
plasma membrane accounting for 25-40 mol% of total plasma membrane lipids (26, 27). 
GIPCs contribute to the asymmetry of the plasma membrane by preferentially 
accumulating in the outer leaflet of the phospholipid bilayer where they are believed to 
be involved in membrane organization, a variety of cell-surface interactions and cell-
signaling processes (25, 28, 29), though exact mechanisms are not yet known. Due to 
the abundance of GIPCs in detergent-insoluble membranes (28), it has been suggested 
that they may contribute to the assembly of protein complexes in membrane 
microdomains, or so-called lipid rafts (30). Other evidence points to roles in protein 
anchoring, crosslinking between the cell wall and plasma membrane (31), and signaling 
(32-36) – none of which are mutually exclusive processes. Recently, proteins secreted 
by necrotrophic plant pathogens have been shown to specifically target the 
carbohydrate head group of GIPCs (37) indicating that microorganisms directly interact 
with these plant cell surface epitopes. 

Plant GIPC head groups have a core structure consisting of an inositol 
phosphorylceramide (IPC) linked to an α-glucuronic acid (GlcA-IPC) followed by either a 
hexose (Hex-GlcA-IPC) or hexosamine/N-acetyl-hexosamine (HexN(Ac)-GlcA-IPC) 
residue, which can be further glycosylated to contain additional sugars (25, 38). GIPC 
head group composition is developmentally regulated in plant tissues and structurally 
diverse across plant species (38-41). Very little is known about the function of the 
carbohydrate head group. However, Arabidopsis thaliana mutants defective in GIPC 
head group biosynthesis clearly illustrate the importance of these structures in plant 
growth, development, and defense response (32-35, 42).  

Here we have identified Medicago truncatula GLUCOSAMINE INOSITOL 
PHOSPHORYLCERAMIDE TRANSFERASE1 (GINT1) as a glycosyltransferase 
enzyme highly expressed in roots during nodulation and mycorrhizal symbiosis. We 
provide evidence that this enzyme functions in the synthesis of HexN(Ac)-GlcA-IPC 
structures in planta, consistent with the recently reported function of the A. thaliana and 
Oryza sativa GINT1 orthologs (43). Characterization of the MtGINT1 promoter revealed 
dynamic spatiotemporal expression patterns in M. truncatula roots during both 
nodulation and AM symbiosis. RNAi-mediated silencing of MtGINT1 did not affect 
overall root growth but significantly impaired nodulation and AM symbiosis leading to 
the senescence of symbiosomes and arbuscules. Our results show that while the M. 
truncatula root sphingolipidome primarily consists of Hex-GIPCs, local production of 
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HexN(Ac)-GIPC species within a symbiotic cell-specific context is necessary for the 
development, function, and persistence of plant-microbial membrane interfaces in M. 
truncatula roots. 

 
Materials and Methods 
Plant Material and Root Transformation 

Medicago truncatula Gaertn. cv Jemalong A17 (Noble Foundation) was used for 
all experiments. Hairy root transformation was conducted according to Floss et al. (44) 
using Rhizobium rhizogenes strain Arqua1. Chimeric plants were grown in cones 
containing sterile sand under a 16 h photoperiod and 22 °C ambient temperature. Plants 
were allowed to recover for one week prior to inoculation with either Sinorhizobium 
meliloti or Rhizophagus irregularis. In normal growth experiments plants were fertilized 
twice a week with half-strength MS media. 
 
Nodulation Experiments 

Wild-type Sinorhizobium meliloti strain 1021 (ATCC 51124) was used for all 
experiments except when indicated. S. meliloti 1021 expressing mCherry was provided 
as a generous gift from Dr. Sharon Long (45) and used for live cell imaging 
experiments. Roots were flood inoculated with S. meliloti grown in liquid Tryptone Yeast 
extract (TY) media and re-suspended in 5 ml (OD 0.1 half-strength MS media without 
nitrogen (PhytoTechnology Laboratories). Plants were fertilized twice a week and 
nodulated root systems were assayed at 3 wpi and 4 wpi.  
 
Mycorrhizal Experiments 

Rhizophagus irregularis spores (DAOM 181602) were purchased from Premier 
Tech (Rivière-du-Loup, Québec, Canada) and used for all experiments. Approximately 
1200 spores were pre-germinated overnight in dilute root exudate at room temperature 
with gentle rocking and applied directly to roots during transplanting. Plants were grown 
in sterile sand and fertilized twice a week with half strength Hoaglands Basal Salt media 
modified with 20 µM phosphate (46). Root colonization 5 wpi with R. irregularis was 
quantified by the gridline intersect method (47) at 100X magnification on a Leica DM6B 
microscope (Leica Microsystems, Heerbrugge, Switzerland). Root fragments were 
sampled at random from five independently transformed root systems per construct and 
scored with gridlines set at 200 µm intervals. A total of 480 lines and over a thousand 
root-line intersects were scored for each root system.  
 
Cloning 
RNAi constructs targeted a 400-base pair region beginning at the start codon of the 
MtGINT1 coding sequence that was determined to be gene-specific by BLAST search 
against the M. truncatula genome. The sequence was cloned into the Gateway entry 
vector pENTR1A (Thermo Fisher Scientifc) using XbaI/XhoI restriction sites and 
recombined into pHELLSGATE12 RNAi vector (48) by LR reaction. A 423 bp sequence 
targeting the E. coli GUS gene was used as a control. pHELLSGATE12 RNAi vectors 
were used for all nodulation experiments. Mycorrhization and GIPC experiments used 
the RNAi vector pRNAi-GG (49) that we modified to contain the 
pAtUBQ10:DsRed:tNOS fluorescent marker cassette from expression vector p921 (50). 
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The fluorescent marker cassette from p921 was amplified by PCR and recombined into 
SpeI-linearized RNAi-GG plasmid by In-Fusion cloning (Invitrogen) to generate the 
pRNAi-GGred vector. In this case the same 400-bp sequence corresponding to GINT1 
was directly cloned into pRNAi-GGred using BsaI restriction sites. For GINT1 promoter 
reporter constructs 2 kb of genomic sequence upstream from the start codon was 
cloned into TA-TOPO GW entry vector pCR8 (Thermo Fisher Scientific) and confirmed 
by sequencing. Entry clones were recombined by LR reaction into GUS-expression 
vector pGWB3 and YFP-expression vector pGWB40 (51) for GUS staining and 
fluorescence microscopy. For overexpression of MtGINT1 in M. truncatula roots, the 
full-length GINT1 coding sequence was cloned directly into p921 using SpeI and MluI 
restriction sites to generate AtUBQ3:MtGINT1. For overexpression of MtGINT1 in A. 
thaliana, the coding sequence without stop codon was cloned into TA-TOPO pCR8 and 
recombined by LR reaction into pGWB17 to generate 35s:MtGINT1-3xMYC. All 
constructs were confirmed by sequencing and primers are listed (SI Table I). 
 
Histochemistry 
GUS staining of M. truncatula root systems with X-Gluc was conducted as previously 
described (52). All bright-field images were collected on a Leica DM6 microscope. 
 
Confocal Laser Scanning Microscopy 
For live cell imaging of root nodules S. meliloti strain expressing mCherry was used and 
plant cell walls were stained with Calcofluor White. For live dead staining experiments 
wild-type S. meliloti was used and nodules were stained in 5 µM Syto9 and 30 µM 
propidium iodine for 20 min at room temperature. In both cases fresh nodule hand 
sections were made and immediately imaged. Mycorrhizal roots colonized by R. 
irregularis were visualized by staining fungal chitin with wheat germ agglutinin Alexa 
Fluor 488 (Thermo Fischer Scientific) at 0.5 µg/ml in 80 µM PIPES buffer (pH 7.0). 
Mycorrhized roots were fixed in 50% (v/v) ethanol, cleared in 20% (w/v) KOH at 65C for 
two days, neutralized, and stained with WGA-488 for at least 3 days at 4°C prior to 
imaging. Images were captured on a Zeiss LSM 710 laser scanning microscope (Carl 
Zeiss, Oberkochen, Germany). 
 
Electron Microscopy 

Nodules were collected into 0.1 M cacodylate buffer (pH 7.2) containing 2% (v/v) 
EM-grade glutaraldehyde and fixed overnight at 4°C. Nodules were rinsed 3× with 0.1 M 
cacodylate buffer (pH 7.2), stained for 1 h with 1% (w/v) osmium tetraoxide, and rinsed 
3× with buffer, followed by an additional 3 rinses with distilled water. Nodules were then 
dehydrated in an acetone gradient (35/50/70/80/95/100/100% v/v) and bisected 
longitudinally to aid resin infiltration. Acetone-Epon resin was infiltrated at 2:1, 1:1, and 
1:2 dilution ratios for 1 h each, followed by pure Epon, which was freshly changed after 
one hour and allowed to infiltrate overnight with gentle rocking. Samples were infiltrated 
with pure resin plus accelerator for two hours, embedded in Pelco molds, and 
polymerized in a 65°C oven for two days. Ultra-thin 70 nm thick sections were collected 
on to grids using a diamond knife and Reichert microtome. Grids were stained using a 
Pelco Grid Staining System with 2% (v/v) aqueous uranyl acetate for 5 min, lead citrate 
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for 5 min, and rinsed at least 5× with distilled water in between. Grids were imaged 
using a Technai 1200 electron microscope.  
 
RNA Extraction and qPCR 

Total RNA was extracted from roots using Trizol (Thermo Fisher), treated with 
Turbo DNAseI (Thermo Fisher) according to manufacturer’s directions, and further 
purifed using an RNEAsy column (Qiagen). cDNA was prepared using a cDNA 
synthesis kit (BioRad) from 500 ng of total RNA. GINT1 qRT-PCR primers (SI Table I) 
were chosen to span the junction between the third and fourth exon outside the RNAi-
targeted region of the transcript. Gene expression was quantified using the ΔΔCT 
method relative to the housekeeping gene EF-1α. 
 
Acetylene Reduction Assay 

Nitrogen fixation was assayed in silenced roots 4 wpi with S. meliloti. Chimeric 
plants were gently uprooted from sand and placed on a strip of Whatman filter paper 
(pre-wet with 1/2x MS without nitrogen) inside a 25 ml culture tube topped with a rubber 
septum. Acetylene (1 ml) was injected into the culture tube, which was placed in a 
growth chamber for 6 h prior to sampling. Gas samples were measured using gas 
chromatography flame ionization detection on a Shimadzu GC-2014.  
 
Salicylic Acid Measurements 

Salicylic acid (SA) metabolite extraction and measurement was done as 
previously described (34, 35), but HCl hydrolysis was omitted in order to measure active 
SA within the greater pool of SA-glucoside. 
 
Sphingolipidomics 

Lyophilized plant tissues (5 to 10 mg) were homogenized in 450 µl of methanol/1-
butanol (1:2, v/v) and subjected to heat-denaturation of enzymes at 80°C for 10 min. 
The homogenate was mixed with 300 µl of 1 N KOH and further incubated at 60°C for 
30 min to eliminate glycerolipids. The mixture was acidified with 1.5 ml of 0.4 N HCl and 
extracted with additional 1 ml 1-butanol. After vigorous shaking and centrifugation, the 
upper 1-butanol layer was collected and evaporated. The residue was dissolved in 150 
µl of THF/methanol/water (2:1:2, v/v/v) containing 0.1% formic acid. GIPC composition 
was analyzed by LC-MS/MS according to previous reports (34, 53). 
 
Results 
 
MtGINT1 Belongs to Glycosyltransferase Family 64 and is Expressed in Symbiotic 
Tissues 

MtGINT1 (Medtr1g090920) belongs to a small three-member clade of GT family 
64 enzymes (Fig. 1 A) (54) and was identified based on several recent transcriptomic 
studies (55-58) as being highly upregulated in root nodules and roots colonized by 
mycorrhizal fungi (SI Fig. 1). Two members from this family have recently been 
characterized in A. thaliana and O. sativa as GTs involved in synthesizing the polar 
glycan head group of GIPCs. AtGMT1 (34) and AtGINT1/OsGINT1 (43) function as 
mannosyl- and glucosaminyl- transferases, respectively, and represent a major fork in 
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the GIPC glycan biosynthesis pathway that produces distinct classes of GIPC (Fig. 1 C). 
Transcriptome profiling of GT family 64 in M. truncatula roots using the Symbimics 
database (55) show that MtGINT1 is highly upregulated in root nodules with only small 
transcriptional changes occurring in MtGMT1 or MtEPCL1 expression (Fig. 1 B).  
The MtGINT1 promoter was used to drive expression of GUS or YFP reporter 
constructs to further investigate the spatiotemporal of MtGINT1 in hairy roots. Roots 
expressing YFP reporter constructs confirmed that MtGINT1 is highly expressed in root 
nodules (Fig. 1 D). GUS staining in nodules was primarily restricted to the infection zone 
and interzone (Fig. 1 E, arrow), with little observable staining below in the nitrogen 
fixation zone. This is in agreement with RNA-seq data acquired from different 
developmental zones of the nodule (58, 59) (SI Fig. 1). Roots inoculated with R. 
irregularis showed staining in the inner root cortex associated with the spatial domain of 
AM colonization, which was detected by staining with WGA-488 for fungal chitin (Fig. 1 
F, G). This is consistent with the arbuscule-induced expression of MtGINT1 reported in 
laser capture micro-dissection microarray studies (57, 58) (SI Fig. 1). This implies that 
HexN(Ac)-type GIPCs, perhaps as opposed to Hex-type GIPCs, could play an important 
role in facilitating these two beneficial endosymbioses. 
 
MtGINT1 Silencing Impairs Nodulation 

RNAi-mediated gene silencing was used to investigate MtGINT1 function in hairy 
roots. Reduction of MtGINT1 transcript levels did not affect overall root growth under 
normal growth conditions (SI Fig. 2) but strongly impaired nodulation resulting in small 
white nodules and chlorotic leaves consistent with a loss of symbiotic nitrogen fixation 
(Fig. 2 A-F). We tested nitrogen fixation efficiency using the acetylene reduction assay 
and confirmed that nitrogen fixation is substantially impaired in MtGINT1-RNAi nodules 
(Fig. 2 H). Since nodules were able to form but remained small, white, and incapable of 
fixing nitrogen (nod+/fix-) we conclude that GINT1 function is required at early stages of 
nodule development but not required for nodule initiation.  

 We further investigated the MtGINT1-RNAi phenotype using live cell imaging of 
S. meliloti expressing mCherry in nodules 3 wpi. Control nodules were filled with 
elongating bacteroids (Fig. 2 I); however, GINT1-RNAi nodules had apparent defects in 
infection thread release and symbiosome development (Fig. 2 J). Release of bacteria 
from infection threads was disorganized in the infection zone and bacteria appeared to 
senesce within differentiating symbiosomes (Fig. 2 J, L; SI Fig. 3). Transmission 
electron microscopy revealed that large amounts of membrane debris aggregated at 
infection thread tips and S. meliloti was improperly released into disorganized clouds of 
nascent membrane, which appeared uncoordinated and non-adherent to the bacteria 
(Fig. 2 L). Prior to infection thread release S. meliloti were noted to contain distinctly 
thick layers of exopolysaccharide not seen in control nodules (Fig. 2 L), suggesting 
impaired interaction with the infection thread membrane. Below the infection zone S. 
meliloti were highly degraded with most cells being completely collapsed and a large 
amount of presumably lytic compartments accumulated alongside the senescing 
bacteria (Fig. 2 N). Live-dead staining using nucleic acid stains Syto 9 (live) and 
propidium iodide (dead) further supported that the majority of plant cells in GINT1-RNAi 
nodules contain senescent bacteria (SI Fig. 4). 
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MtGINT1 Silencing Does Not Increase Salicylic Acid Content 
Since A. thaliana GIPC glycosylation mutants iput1, gmt1, and gonst1, have 

phenotypes that include ectopic cell death, H2O2 production, and salicylic acid (SA) 
accumulation (34-35), and links between sphingolipid metabolism and SA have been 
reported(59, 60), we questioned whether the cell death phenotype observed in GINT1-
RNAi nodules could be a result of SA accumulation. SA content in RNAi roots was 
measured using LC-MS/MS but no significant difference between GINT1-RNAi roots 
and GUS-RNAi control roots was found (Fig. 2 G). In nodulation experiments GINT1-
RNAi roots actually had significantly less SA than GUS-RNAi control roots, indicating 
that the bacterial senescence in GINT1 silenced nodules is not likely a result of an SA-
mediated defense response.  

 
 
MtGINT1 Functions as a GIPC HexN(Ac)-Transferase in planta 

A. thaliana and O. sativa GINT1 orthologs have recently been characterized as 
GIPC N-acetyl-glucosaminyltransferases (43). To further test this function in M. 
truncatula, we took a loss-of-function/gain-of-function approach using LC-MS/MS to 
measure GIPC content in hairy roots expressing either MtGINT1-RNAi or MtGINT1-
overexpression constructs. LC-MS/MS data from control roots showed that the M. 
truncatula root sphingolipidome contained both Hex-GlcA-IPC and HexN(Ac)-GlcA-IPC 
structures, but predominantly consisted of the Hex variety, which constituted three 
quarters of the total GIPC population (SI Fig. 5 A). Both Hex and HexN(Ac)-type GIPCs 
use the same pool of ceramide bases (SI Fig. 5 B) indicating that the only difference 
between these GIPC structures is the single monosaccharide substitution in the 
carbohydrate head group. Expression of the MtGINT1-RNAi construct reduced total 
HexN(Ac)-GlcA-IPC content by 65% relative to GUS-RNAi control roots (Fig. 3 A ) and 
impacted all HexN(Ac)-containing GIPC species – while roots carrying 
AtUBQ3:MtGINT1 overexpression constructs had a 160% relative increase in total 
HexN-GlcA-IPC content (Fig. 3 B). Overall changes in Hex-GlcA-IPC content were not 
significantly different in either experiment (Fig. 3 C, D) and supports that MtGINT1 
expression specifically affects the HexN(Ac) GIPC population. To garner more support 
for MtGINT1 function as a HexN(Ac) GIPC transferase we ectopically overexpressed 
MtGINT1 in A. thaliana, which completely lack HexN(Ac) GIPC structures in vegetative 
tissues. Heterologous expression of MtGINT1 protein in A. thaliana resulted in non-
native HexN(Ac)-decorated GIPCs in leaf tissue that were not detected in wild-type 
plants (Fig. 3 E, F). These results support that MtGINT1 functions in the glycosylation of 
HexN(Ac)-decorated GIPCs similar to the O. sativa and A. thaliana GINT1 orthologs.  
 
MtGINT1-RNAi Roots have Increased Arbuscule Senescence  

Since the GINT1 promoter is spatially active in both nodules and AM colonized 
roots, and GINT1 silencing imparts a strong nodulation phenotype, we were interested 
to determine if GINT1 activity is also required to sustain AM symbiosis. To test this we 
inoculated silenced root systems with R. irregularis and allowed the symbiosis to form 
for 5 weeks under phosphate-limited conditions. GINT1-silenced roots were found to 
support less AM colonization and fewer arbuscules relative to GUS-RNAi control roots 
(Fig. 4 E) and an increase in fungal senescence was observed (Fig. 4 B, D). While 
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GUS-RNAi control roots contained abundant highly branched arbuscules (Fig. 4 A, C), 
most of the arbuscules formed in GINT1-RNAi roots appeared stunted and septate with 
septa also occurring throughout the intercellular mycelium. We measured expression of 
the arbuscule-specific phosphate transporter PT4 (61) by qRT-PCR as an independent 
measure of arbuscule abundance and symbiotic function and found that PT4 expression 
is significantly reduced in GINT1-silenced roots (Fig. 4 F, G). 
 
Discussion 

Plant endosymbiosis relies heavily on dynamic cell surface interactions between 
the microorganism and the plant plasma membrane that culminate in the development 
of expansive cellular membrane-interfaces. Previous work by Perotto et al. (23) 
identified a glucosamine-containing GIPC epitope that is developmentally regulated in 
young pea symbiosome membranes, suggesting that plant glycosphingolipids may play 
an important role in this process. Consistent with this observation we have identified the 
GT MtGINT1 as highly upregulated in M. truncatula root nodules and provide evidence 
that this enzyme functions in the synthesis of HexN(Ac)-GlcA-IPC structures in planta. 
While the M. truncatula root sphingolipidome predominantly consists of Hex-GlcA-IPC 
structures, analysis of the MtGINT1 promoter indicates that local synthesis of HexN(Ac)-
GlcA-IPC structures occurs in symbiotic tissues. Knockdown of the MtGINT1 mRNA 
transcript does not affect normal root growth but strongly impairs symbiosis, resulting in 
the compromised development and rapid senescence of symbiosomes and arbuscules. 
SA accumulation is not increased in MtGINT1 silenced roots, therefore the symbiosis-
defective phenotypes appear to be the direct consequence of altered GIPC glycan 
structure, and not indirect effects of SA-induced hypersensitive response. Taken 
together, our data indicate that symbiosis-induced reprogramming of GIPC glycosylation 
by MtGINT1 to contain HexN(Ac)-GlcA-IPC structures is essential for the development, 
function, and persistence of plant perimicrobial membranes in M. truncatula roots.  

While more experimentation is needed to determine the role GIPCs play in 
symbiotic membranes, it is likely that they have important functions in membrane 
organization and cell signaling. GIPCs are believed to assist in the assembly of 
membrane protein microdomains (26, 30) and there is evidence to support that such 
organization occurs during symbiosis (62). While altering membrane topology is 
expected to have pleiotropic effects, we speculate that part of the MtGINT1-RNAi 
nodulation phenotype could be explained by compromised exopolysaccharide receptor 
3 (Epr3) signaling. Epr3 is a LysM-containing receptor-like kinase localized to the 
infection thread membrane that binds to rhizobial EPS and functions in the targeted 
membrane-restricted release of rhizobia into plant cells (52, 63). We propose that 
impaired Epr3 signaling by membrane perturbation could result in the excessive 
secretion of EPS and uncoordinated release of rhizobia observed in MtGINT1-silenced 
nodules. Though more work is needed to understand protein dynamics within this 
altered membrane environment. 

Not mutually exclusive from this is the possibility is that GIPCs are involved in 
important membrane-pectin crosslinking in symbiotic membranes. GIPCs have 
previously been implicated in forming boron bridges with the pectic polysaccharide 
rhamnogalacturonan II (32) and related cell adhesion phenotypes have been reported 
for the gmt1 and gint1 mutants in A. thaliana and O. sativa (43, 64). Boron deficiency 
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impairs nodule infection (65) and the presence of RGII, glycolipids, and glycoporoteins 
epitopes in symbiosome membranes in boron-dependent (66). Pectin remodeling at 
infection thread tips is necessary for bacterial release into plant cells (67) and pectic 
epitopes are present in the periplasmic space of young arbuscules and symbiosomes 
(66, 68). Therefore, we cannot rule out the possibility that membrane crosslinking to 
nascent pectin networks by GIPCs could be important for the rapid coordinated growth 
of perimicrobial membranes or their adhesion to the microorganism. 

However, perhaps the most intriguing questions are why do developmentally 
regulated changes in GIPC glycosylation occur and what is the functional significance of 
the glucosamine glycan structure in symbiosis? The spatial regulation of the MtGINT1 
promoter and strong symbiosis phenotypes observed in MtGINT1-RNAi roots suggest a 
unique and important role for glucosamine-decorated GIPCs that hexose GIPC 
structures cannot fulfill. This notion is supported by the fact that the rice OsGINT1 
protein is only partially able to rescue the A. thaliana gmt1 mutant, which indicates that 
the sugar composition of the glycan head group is important for GIPC function (43) and 
suggests that Hex-type and HexN(Ac)-type GIPC structures are not completely 
interchangeable. In M. truncatula it is tempting to speculate whether changes in GIPC 
glycosylation could reflect inherent signaling properties associated with HexN(Ac) 
decorated GIPC structures in symbiosis. Previous groups have proposed that 
glycolipids and glycoproteins released from developing symbiosome membranes may 
function in signaling (23, 66) and other glucosamine-containing molecules like 
lipochitooligosaccharides, chitooligosaccharides, and glucosamine derivatives play 
prominent roles in symbiosis signaling (69-72). It is also tempting to speculate whether 
these GIPCs impart a common membrane topology shared in symbiosis or have 
structural features recognized by the endosymbiont similar to plant-pathogen 
interactions.  

Lastly, while we have provided evidence to support that MtGINT1 function is 
imperative for symbiosis in M. truncatula, it remains unclear how well conserved this 
phenomenon is across plant species and their shared interactions with AMF and other 
endophytes. GIPC head groups have a high degree of structural diversity in 
glycosylation patterning across plant species; therefore it’s reasonable to question 
whether similar changes in GIPC head group composition occur during symbiosis. In M. 
truncatula it is still possible that larger GIPC glycan structures exist, as these more 
highly glycosylated GIPCs are not well detected by LC-MS/MS methods. This opens up 
many new and exciting questions to be further investigated regarding the structure-
function relationship of GIPCs in plant membranes and related interactions with 
microorganisms.  
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Fig. 1.  MtGINT1 belongs to GT family 64 and is expressed in M. truncatula root 
nodules and mycorrhized roots. (A) Maximum likelyhood tree of GT family 64 in 
selected plant species (Pp, Physcomitrell patens; MaPoly, Marchantia polymorpha; 
At, Arabidopsis thaliana; Medtr, Medicago truncatula; Os, Oryza sativa). (B) RNA-seq 
profiling of M. truncatula GT64 in roots and root nodules from Symbimics database 
(Roux et al., 2014) (C) GIPC head group biosynthesis pathway (Ins, inositol; GlcA, 
glucuronic acid; Man, mannose; GlcN(Ac), N-acetyl-glucosamine). (D) M. truncatula 
hairy roots expressing MtGINT1 promoter YFP-reporter construct 3 wpi S. meliloti. 
(E, F) X-gluc staining of hairy roots expressing MtGINT1 promoter GUS reporter 
constructs 3 wpi with S. meliloti (E) and 4 wpi with R. irregularis (F). (G) 
Fluorescence microscopy image of the same specimen as F stained with WGA-488 
for fungal chitin (Scale bar =100 µm). 
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Fig. 2.  MtGINT1-silencing impairs nodulation resulting in altered membrane dynamics 
and bacterial senescence.  (A-D) Shoots and nodulated roots from chimeric plants 
expressing GUS-RNAi (A, C) and MtGINT1-RNAi (B, D) constructs. (E) Average 
number of nodules per RNAi root system ± SEM. (F) MtGINT1 transcript abundance 
measured relative to EF-1α by qRT-PCR ± SD (n=4). (G) SA content measured by LC-
MS/MS in nodulated and no inoculum control roots 3 wpi (n=3) ± SD. (H) Nitrogen 
fixation efficiency measured by acetylene reduction assay (n=3) of nodulated roots 3 
wpi ± SD. Significant differences are indicated (Student’s t-test, p-value: *< 0.05, 
**<0.005, ***<0.001). (I, J) Confocal live-cell imaging of S. meliloti expressing mCherry 
in GUS-RNAi nodules (I) and MtGINT1-RNAi nodules (J) 3 wpi, scale bar = 20 µm. 
Plant cell walls were stained with Calcofluor White. (K, L) TEM images of infection 
threads releasing S. meliloti in GUS-RNAi (K) and MtGINT1-RNAi (L) nodules 3 wpi. 
White arrows point to excessive EPS secreted by S. meliloti while in infection threads 
of MtGINT1-RNAi nodules (B, bacteria; IT, infection thread). (M, N) TEM images of S. 
meliloti in the distal nitrogen fixation zone, below infection thread release, in GUS-
RNAi (M) and MtGINT1-RNAi (N) nodules 3 wpi (S, senescent bacteria; C, collapsed 
bacteria). Scale bar = 1 µm. 
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Fig. 3.  MtGINT1 functions as a HexN(Ac) GIPC transferase in planta. (A, B) 
HexN(Ac)-GIPC content in MtGINT1-RNAi (A) and MtGINT1-OX (B) roots 
compared to control roots measured by LC-MS/MS. (C, D) Hex-GIPC content in 
MtGINT1-RNAi (C) and MtGINT1-OX (D) roots compared to control roots (GINT1-
RNAi n=6; GUS-RNAi, n=4; MtGINT1-OX, n=4; EVC-OX, n=3). (E) LC-MS/MS 
chromatograms targeting GIPCs with the Hex (blue dashed line, m/z 1260.8 > 
662.6) or HexN (red solid line, m/z 1259.8 > 662.6) head group on t18:1-h24:1 
ceramide backbone. An asterisk indicates the GIPC peak. (F) HexN(Ac)-GIPC 
content of A. thaliana leaves from wild-type and plants expressing 35s:MtGINT1 
constructs (average 6 plants per line ± SD). Significant differences determined by 
Student’s T-test are indicated (p-value: *< 0.05, **<0.005). 

GUS-RNAi 
GINT1-RNAi 	
  
	
  



	
   130	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
   	
  
	
   	
  

*	
  

0	
  
0.001	
  
0.002	
  
0.003	
  
0.004	
  
0.005	
  

GUS-­‐RNAi	
   GINT1-­‐RNAi	
  

GUS RNAi 

GUS RNAi 

GINT1 RNAi 
*	
  

*	
  *	
  

0	
  

10	
  

20	
  

30	
  

40	
  

Total	
  
colonizaeon	
  

Arbuscules	
  

Ro
ot
	
  le
ng
th
	
  (%

)	
  

GUS-­‐RNAi	
  
GINT1-­‐RNAi	
  

*	
  

0	
  

0.1	
  

0.2	
  

0.3	
  

0.4	
  

GUS-­‐RNAi	
   GINT1-­‐RNAi	
  

B A 

C D 

E 

F G 

Fig. 4.  AM colonization is impaired in MtGINT1-silenced roots. Plants were grown for 
5 weeks with R. irregularis under limited phosphate conditions. (A-D) Mycorrhized 
GUS-RNAi (A, C) and MtGINT1-RNAi (B, D) roots stained with WGA-488 for fungal 
chitin (A, B, scale bar = 50 µm; C, D scale bar = 20 µm. (E) Mycorrhizal colonization 
based on gridline intersect (n = 5) represented as the average ± SEM. (F, G) 
MtGINT1 and MtPT4 expression measured relative to EF-1α by qRT-PCR (n = 4) ± 
SD. Significant differences between MtGINT1-RNAi and control roots are indicated 
by Student’s t-test, (p-value: *< 0.05, **<0.005). 
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SI Fig 1. Laser capture microdissection transcriptome profiling of GT family 64 in 
Medicago roots during nodulation and AM symbiosis based on publicly accessible 
databases: Symbimics Database (1) (A, B) and the Medicago Gene Expression Atlas 
(2) (C, D). (A, B) Deseq-normalized RNA-seq reads in root nodules vs roots (A) and 
different developmental zones of the root nodule (B) collected by laser-capture 
microdissection (LCM) (1) (FII, meristem; FIId-FIIp, distal and proximal infection 
zone; IZ, interzine; ZIII, nitrogen fixation zone. (C) Microarray data from different 
zones of the root nodule (2, 3). (D) Microarray data from different root cell types 
colonized by R. irregularis (2, 4, 5).  
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SI Fig 3. GINT1-silencing does not affect root growth. (A) Images of 
Chimeric RNAi plants grown for 4-weeks and fertilized with 1/2X MS. (B, C) 
X-gluc staining in root tips expressing MtGINT1 promoter GUS-reporter 
constructs in uninoculated (B) and mycorrhized root systems  (C). 
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SI Fig 3. MtGINT1-RNAi nodulation phenotype 3 wpi with S. meliloti. (A, B)  6 
µm thick plastic embedded sections of GUS-RNAi (A, C) and MtGINT1-RNAi 
(B, D) nodules stained with Toludine Blue O. Symbiosomes appear degraded 
in MtGINT1 silenced nodules (D). Scale bar = 100 µm (A, B), 20 µm (C, D). (E, 
F) Nodules stained with Lugol reagent to detect starch (dark brown) in GUS-
RNAi (E) and MtGINT1-RNAi (F) nodules. Starch distribution is altered in the 
infection zone of MtGINT1 silenced nodules.  Scale bar = 100 µm. 
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SI Fig 4. Cell death and H2O2 accumulation MtGINT1-silenced nodules. (A, B) 
Live-dead staining using Syto 9 (live; cyan) and propidium iodide (dead; 
magenta) of GUS-RNAi (A) and MtGINT1-RNAi nodules (B), scale bar = 100 µm. 
(C, D) DAB staining to detect H2O2 (dark brown) in GUS-RNAi (C) and MtGINT1-
RNAi nodules (D), scale bar = 50 µm.  
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SI Figure 5. GIPC composition of control roots. (A) Distribution of GIPC by glycan 
head group. (B) Distribution of Hex GIPC and HexN(Ac) GIPCs  by ceramide 
class.  
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Summary	
  and	
  future	
  directions	
  
	
  

Plants	
  form	
  a	
  variety	
  of	
  endosymbioses	
  with	
  bacteria	
  and	
  fungi	
  that	
  promote	
  plant	
  
growth	
  and	
  fitness.	
  Critical	
  to	
  the	
  development	
  and	
  function	
  of	
  these	
  beneficial	
  
relationships	
  are	
  the	
  synthesis	
  of	
  specialized	
  plant-­‐derived	
  membranes	
  that	
  serve	
  as	
  
interfaces	
  for	
  nutrient	
  and	
  information	
  exchange	
  between	
  the	
  microorganism	
  and	
  the	
  plant	
  
cell.	
  Early	
  pioneering	
  work	
  by	
  Bonfante,	
  Ballestrini,	
  Perotto,	
  and	
  others	
  in	
  the	
  1990’s	
  and	
  
early	
  2000’s	
  showed	
  that	
  antibodies	
  recognizing	
  glycoproteins,	
  glycolipids,	
  and	
  cell	
  wall	
  
epitopes	
  label	
  the	
  interfacial	
  material	
  associated	
  with	
  periarbuscular	
  and	
  symbiosome	
  
membranes	
  (1–4).	
  Among	
  these	
  epitopes	
  were	
  arabinogalactan	
  proteins	
  (AGPs),	
  glycosyl	
  
inositolphosphorylceramides	
  (GIPCs),	
  and	
  pectic	
  domains	
  rhamnogalacturonan	
  I	
  and	
  II,	
  
which	
  reflect	
  the	
  heterogeneity	
  and	
  structural	
  complexity	
  of	
  this	
  material.	
  These	
  epitopes	
  
are	
  developmentally	
  regulated	
  and	
  actively	
  deposited	
  within	
  the	
  symbiotic	
  compartment,	
  
which	
  has	
  lead	
  to	
  the	
  wide	
  spread	
  hypothesis	
  that	
  this	
  interfacial	
  glycocalyx	
  might	
  play	
  an	
  
important	
  role	
  in	
  symbiosis.	
  However,	
  this	
  has	
  not	
  been	
  investigated	
  at	
  the	
  molecular	
  or	
  
genetic	
  level.	
  	
  
	
   The	
  underlying	
  motivation	
  for	
  this	
  dissertation	
  was	
  to	
  identify	
  genetic	
  determinants	
  
of	
  the	
  symbiosis-­‐associated	
  glycocalyx	
  and	
  assess	
  their	
  function	
  in	
  nodulation	
  and	
  AM	
  
symbiosis.	
  AGPs	
  were	
  interesting	
  targets	
  because	
  they	
  are	
  involved	
  in	
  cell	
  signaling	
  and	
  
have	
  previously	
  been	
  implicated	
  in	
  four	
  different	
  and	
  diverse	
  plant-­‐microbial	
  symbioses	
  (1,	
  
3,	
  5–7),	
  but	
  have	
  not	
  been	
  described	
  in	
  depth	
  outside	
  of	
  Arabidopsis	
  thaliana	
  (8).	
  To	
  
address	
  this	
  we	
  developed	
  new	
  bioinformatics	
  tools	
  that	
  we	
  used	
  to	
  identify	
  predicted	
  
AGP-­‐encoding	
  genes	
  in	
  the	
  Medicago	
  truncatula	
  genome	
  (Chapter	
  1).	
  These	
  were	
  then	
  
cross-­‐referenced	
  to	
  the	
  Medicago	
  Gene	
  Expression	
  Atlas	
  (9,	
  10),	
  which	
  identified	
  two	
  
groups	
  of	
  AGPs	
  expressed	
  in	
  either	
  root	
  nodules	
  or	
  AM	
  colonized	
  roots,	
  and	
  uncovered	
  
previously	
  unknown	
  redundancy	
  in	
  both	
  the	
  plastocyanin-­‐like	
  AGPs	
  and	
  AGP	
  peptides	
  
(Chapter	
  2).	
  	
  We	
  found	
  that	
  the	
  AGP	
  peptides	
  form	
  a	
  small	
  family	
  of	
  tandemly	
  duplicated	
  
genes,	
  which	
  we	
  have	
  named	
  SYMBIOSIS-­‐ASSCOIATED	
  ARABINOGLACTAN	
  PEPTIDES	
  (SAPs)	
  
that	
  are	
  differentially	
  expressed	
  in	
  root	
  nodules	
  and	
  AM	
  colonized	
  roots.	
  SAPs	
  localized	
  to	
  
symbiotic	
  membranes	
  and	
  knockdown	
  of	
  SAP	
  expression	
  using	
  RNAi-­‐mediated	
  gene	
  
silencing	
  impaired	
  the	
  growth	
  and	
  differentiation	
  of	
  S.	
  meliloti	
  and	
  R.	
  irregularis	
  within	
  
these	
  compartments.	
  We	
  also	
  identified	
  a	
  glycosyltransferase	
  gene	
  highly	
  expressed	
  in	
  root	
  
nodules	
  and	
  AM	
  colonized	
  roots	
  as	
  GIPC	
  GLUCOSAMINE	
  TRANSFERASE	
  1	
  (GINT1)	
  and	
  
showed	
  that	
  the	
  corresponding	
  enzyme	
  functions	
  in	
  the	
  synthesis	
  of	
  HexN(Ac)	
  decorated	
  
GIPCs	
  in	
  planta	
  (Chapter	
  3).	
  Knockdown	
  of	
  GINT1	
  expression	
  impaired	
  the	
  development	
  of	
  
symbiotic	
  membranes	
  resulting	
  in	
  the	
  senescence	
  of	
  symbiosomes	
  and	
  arbuscules.	
  Taken	
  
together	
  these	
  results	
  provide	
  genetic	
  evidence	
  to	
  support	
  that	
  specific	
  AGPs	
  and	
  GIPCs	
  are	
  
necessary	
  for	
  symbiosis,	
  consistent	
  with	
  the	
  initial	
  observations	
  and	
  hypotheses	
  made	
  by	
  
Bonfante	
  and	
  Perotto	
  (1–4).	
  	
  
	
   While	
  we	
  were	
  able	
  to	
  show	
  that	
  specific	
  components	
  of	
  the	
  glycocalyx	
  are	
  
important	
  for	
  endosymbiosis,	
  the	
  underlying	
  mechanisms	
  in	
  which	
  they	
  function	
  remain	
  
obscure.	
  In	
  the	
  case	
  of	
  AGPs	
  and	
  GIPCs	
  a	
  multitude	
  of	
  explanations	
  are	
  possible.	
  GIPCs	
  have	
  
previously	
  been	
  associated	
  with	
  lipid	
  rafts	
  in	
  detergent	
  insoluble	
  membranes	
  (11)	
  and	
  
shown	
  to	
  form	
  boron	
  cross-­‐linked	
  bridges	
  with	
  RG-­‐II	
  (12).	
  Future	
  studies	
  could	
  investigate	
  
the	
  boron-­‐dependence	
  of	
  the	
  GINT1-­‐RNAi	
  phenotype	
  or	
  ligand-­‐induced	
  recruitment	
  of	
  
receptor-­‐like	
  kinase	
  LYK3	
  and	
  REMORIN	
  proteins	
  into	
  raft-­‐associated	
  nanodomains	
  (13,	
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14).	
  The	
  original	
  observations	
  made	
  by	
  Perotto	
  et	
  al.	
  (4)	
  had	
  noted	
  that	
  the	
  JIM18	
  epitope	
  
localized	
  to	
  young	
  symbiosome	
  membranes	
  but	
  was	
  absent	
  from	
  the	
  membrane	
  
surrounding	
  mature	
  bacteroids.	
  The	
  JIM18	
  epitope	
  is	
  likely	
  a	
  GIPC	
  and	
  hence	
  these	
  
observations	
  suggested	
  that	
  GIPCs	
  might	
  be	
  developmentally	
  released	
  from	
  the	
  
symbiosome	
  membrane.	
  Similarly,	
  we	
  found	
  that	
  SAP3	
  is	
  a	
  GPI-­‐anchored	
  protein	
  that	
  is	
  
developmentally	
  released	
  from	
  symbiosome	
  membranes	
  during	
  bacteroid	
  differentiation.	
  
GIPC	
  and	
  GPI	
  glycolipids	
  share	
  an	
  inositol-­‐phosphate	
  linkage	
  that	
  can	
  be	
  cleaved	
  by	
  
phosphatydilinositol	
  phospholipase	
  C	
  or	
  D	
  enzymes	
  (15,	
  16).	
  Thus,	
  a	
  general	
  shedding	
  of	
  
GIPCs	
  and	
  GPI-­‐anchored	
  proteins	
  may	
  occur	
  during	
  bacteroid	
  differentiation.	
  It	
  is	
  also	
  
possible	
  that	
  SAP3	
  might	
  be	
  GIPC-­‐anchored	
  as	
  opposed	
  to	
  GPI-­‐anchored	
  (17),	
  since	
  we	
  did	
  
not	
  investigate	
  this	
  at	
  the	
  biochemical	
  level.	
  Interestingly,	
  we	
  found	
  that	
  SAP3-­‐RNAi	
  
nodules	
  had	
  a	
  phenotype	
  similar	
  to	
  that	
  reported	
  for	
  the	
  nodule-­‐specific	
  phospholipase	
  C	
  
mutant	
  dnf2	
  (18),	
  which	
  may	
  provide	
  a	
  putative	
  mechanism	
  for	
  the	
  release	
  of	
  SAP3	
  from	
  
the	
  symbiosome	
  membrane.	
  The	
  biochemical	
  activity,	
  specificity,	
  and	
  endogenous	
  
substrate	
  of	
  DNF2	
  are	
  not	
  currently	
  known.	
  Therefore	
  future	
  studies	
  should	
  investigate	
  the	
  
relationship	
  between	
  SAP3	
  and	
  DNF2	
  to	
  determine	
  if	
  these	
  proteins	
  operate	
  in	
  the	
  same	
  
genetic	
  pathway.	
  The	
  dnf2	
  phenotype	
  was	
  previously	
  shown	
  to	
  be	
  a	
  function	
  of	
  defense	
  
response,	
  which	
  had	
  suggested	
  that	
  DNF2	
  might	
  function	
  in	
  local	
  suppression	
  of	
  defense	
  
signaling	
  during	
  nodulation	
  (19).	
  If	
  this	
  is	
  true	
  and	
  SAP3	
  is	
  a	
  target	
  of	
  DNF2,	
  then	
  this	
  could	
  
suggest	
  that	
  the	
  SAPs	
  have	
  immunogenic	
  properties.	
  This	
  hypothesis	
  could	
  be	
  tested	
  by	
  
measuring	
  expression	
  of	
  defense	
  related	
  genes	
  in	
  SAP3-­‐RNAi	
  and	
  SAP3-­‐ox	
  roots	
  in	
  
responses	
  to	
  defense	
  elicitors	
  like	
  flg22,	
  chitin,	
  and	
  ulvan.	
  
	
   Lastly,	
  in	
  the	
  course	
  of	
  identifying	
  predicted	
  AGPs	
  in	
  M.	
  truncatula	
  we	
  found	
  a	
  large	
  
number	
  of	
  proteins	
  with	
  convincing	
  noncontiguous	
  proline	
  motifs	
  not	
  previously	
  reported	
  
to	
  be	
  AGP.	
  Our	
  assessment	
  was	
  later	
  supported	
  by	
  the	
  work	
  of	
  Ma	
  et	
  al.	
  (2017)	
  that	
  
identified	
  many	
  of	
  the	
  same	
  proteins	
  and	
  came	
  to	
  a	
  similar	
  conclusion	
  (20),	
  which	
  suggests	
  
that	
  the	
  number	
  and	
  diversity	
  of	
  AGP-­‐encoding	
  genes	
  has	
  been	
  previously	
  underestimated.	
  
Among	
  these	
  proteins	
  we	
  found	
  the	
  type-­‐I	
  formins	
  as	
  the	
  most	
  intriguing	
  new	
  class	
  of	
  AGP.	
  
Type-­‐I	
  formins	
  are	
  transmembrane	
  proteins	
  that	
  localize	
  to	
  the	
  plasma	
  membrane	
  and	
  
have	
  cytosolic	
  domains	
  involved	
  in	
  actin	
  nucleation	
  and	
  microtubule	
  organization	
  (21,	
  22).	
  
We	
  found	
  that	
  many	
  type-­‐I	
  formins	
  have	
  putative	
  AGP	
  and	
  extension-­‐type	
  protein	
  
glycosylation	
  sites,	
  which	
  may	
  help	
  explain	
  previous	
  observations	
  that	
  had	
  linked	
  AGP	
  
glycans	
  to	
  cytoskeleton	
  organization	
  (23–25).	
  This	
  has	
  major	
  implications	
  for	
  cell	
  wall	
  
biosynthesis	
  where	
  formins	
  may	
  organize	
  cortical	
  microtubules	
  to	
  guide	
  cellulose	
  synthase	
  
inside	
  the	
  cell,	
  while	
  providing	
  a	
  glycosylated	
  scaffold	
  for	
  cellulose	
  deposition	
  outside	
  the	
  
cell.	
  Extensins	
  are	
  well	
  known	
  for	
  having	
  self-­‐assembling	
  properties	
  in	
  vitro	
  that	
  create	
  
filamentous	
  networks	
  (26)	
  and	
  self-­‐assembling	
  properties	
  have	
  also	
  been	
  reported	
  for	
  
some	
  AGPs	
  (27).	
  In	
  this	
  regard	
  it	
  is	
  possible	
  that	
  formins	
  might	
  function	
  as	
  hubs	
  that	
  
integrally	
  interconnect	
  the	
  intracellular	
  cytoskeleton	
  with	
  an	
  extracellular	
  glycoskeleton	
  
network	
  of	
  self-­‐assembling	
  glycoproteins.	
  This	
  potentially	
  opens	
  up	
  a	
  new	
  and	
  exciting	
  
area	
  of	
  research	
  and	
  we	
  hope	
  to	
  see	
  future	
  work	
  investigating	
  the	
  functional	
  consequences	
  
of	
  formin	
  glycosylation	
  through	
  the	
  use	
  of	
  mutants	
  complemented	
  with	
  proteins	
  either	
  
lacking	
  glycosylation	
  sites	
  or	
  containing	
  scrambled	
  glycosylation	
  codes.	
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Appendix I. Known AGPs used for AGPredictor program development. 
 
>AT1G03820.1 | Symbols:  | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: endomembrane system; EXPRESSED IN: 21 plant 
structures; EXPRESSED DURING: 13 growth stages; Has 1345 Blast 
hits to 1122 proteins in 102 species: Archae - 2; Bacteria - 28; 
Metazoa - 28; Fungi - 30; Plants - 109; Viruses - 0; Other 
Eukaryotes - 1148 (source: NCBI BLink). | chr1:960008-960676 
REVERSE LENGTH=222 
MASFALKPIFCFIAVFCFIVHNVEAREGKLFFSKFTHIDRPNNKDVALSPAPAPGLAQANGRLG
NGSFGPGSGMIPQTKESWPSSSTTTDEEFEKLMATF 
DEEKNTKLPEAFEEEEESEDSEDLNEPKDKYNNNNNNNGYTYTTNNYNDNGRGYGNEEEKQGMS
DTRVMENGKYFYDTRGRNSENTPSRGYENARGNDHT 
NEFETMEEYYKSLEGSQEEYEP 
>AT1G03870.1 | Symbols: FLA9 | FASCICLIN-like arabinoogalactan 9 
| chr1:982625-983368 REVERSE LENGTH=247 
MATTRLTLAPLLLIAAVLLATKATAQPAAPAPEPAGPINLTAILEKGGQFTTFIHLLNITQVGS
QVNIQVNSSSEGMTVFAPTDNAFQNLKPGTLNQLSP 
DDQVKLILYHVSPKYYSMDDLLSVSNPVRTQASGRDNGVYGLNFTGQTNQINVSTGYVETRISN
SLRQQRPLAVYVVDMVLLPGEMFGEHKLSPIAPAPK 
SKSGGVTDDSGSTKKAASPSDKSGSGEKKVGLGFGLGLIVLCLKFLF 
>AT1G15190.1 | Symbols:  | Fasciclin-like arabinogalactan family 
protein | chr1:5227275-5228021 FORWARD LENGTH=248 
MAKISSASCFRAIFLGALIILCLPHPSTGVPLEELERAIAILRVRGRALFANAIITSDLLFDLL
SDESLTLFAPTDSMLFDLDMTHSLPFYVSTLRLHSV 
PLRLSLSGLRSLPNSSSLPTLLPSHRLLLTKHSSSNDSIFLDGVQLLIPGLFDGQHIAVHGLAD
LLPLTAPSSPNRLVEDSTALAKSPWFLGSRFSPAPE 
PYFAFMDLSPAESPSVEEVSPSPSWGEGEEDFIVGDEGGPLDGRNNGF 
>AT1G24520.1 | Symbols: BCP1 | homolog of Brassica campestris 
pollen protein 1 | chr1:8688699-8689058 FORWARD LENGTH=119 
MGRQNIVVVVALVFMAIIGLAAAASSPSPSASPSKAPAASKTDHVEAPVTDDQIGTTDDDAAPT
PGDGDVAVAGPLGSDSSYDNAPTGSADSAKSGAAAL 
GVSAVVVGVTSIAGSFLLL 
>AT1G28290.1 | Symbols: AGP31 | arabinogalactan protein 31 | 
chr1:9889331-9890843 REVERSE LENGTH=359 
MGFIGKSVLVSLVALWCFTSSVFTEEVNHKTQTPSLAPAPAPYHHGHHHPHPPHHHHPHPHPHP
HPPAKSPVKPPVKAPVSPPAKPPVKPPVYPPTKAPV 
KPPTKPPVKPPVSPPAKPPVKPPVYPPTKAPVKPPTKPPVKPPVYPPTKAPVKPPTKPPVKPPV
YPPTKAPVKPPTKPPVKPPVSPPAKPPVKPPVYPPT 
KAPVKPPVSPPTKPPVTPPVYPPKFNRSLVAVRGTVYCKSCKYAAFNTLLGAKPIEGATVKLVC
KSKKNITAETTTDKNGYFLLLAPKTVTNFGFRGCRV 
YLVKSKDYKCSKVSKLFGGDVGAELKPEKKLGKSTVVVNKLVYGLFNVGPFAFNPSCPK 
>AT1G31250.1 | Symbols:  | proline-rich family protein | 
chr1:11166658-11167500 REVERSE LENGTH=165 
MANQYFRMAFLLCLFLSLSYQSIRIEAREGKACIGNCYGSSAPPVPPNASLSIPPNSSPSVKLT
PPYASPSVKLTPPYASPSVRPAGTTPNASPSVKLTP 
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PYASPSMRPAGTPNASPSVKLTPPYASPSVRPTGTTPNASPSLTPPNPSPSEKFIPPNASPFIH
T 
>AT1G35230.1 | Symbols: AGP5 | arabinogalactan protein 5 | 
chr1:12917184-12917585 FORWARD LENGTH=133 
MASKSVVVFLFLALVASSVVAQAPGPAPTISPLPATPTPSQSPRATAPAPSPSANPPPSAPTTA
PPVSQPPTESPPAPPTSTSPSGAPGTNVPSGEAGPA 
QSPLSGSPNAAAVSRVSLVGTFAGVAVIAALLL 
>AT1G36150.1 | Symbols:  | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr1:13528257-13529470 FORWARD LENGTH=256 
MKPSFVLLSIVLLLSSSLSDAADFGSPSQPPSMAPTPQPSNSTDCSSVIYSMVDCLSFLTVGST
DPSPTKTCCVGVKTVLNYSPKCLCSALESSREMGFV 
LDDTKALAMPKICNVPIDPNCDVSTPAASTPVSPPVESPTTSPSSAKSPAITPSSPAVSHSPPP
VRHSSPPVSHSSPPVSHSSPPTSRSSPAVSHSSPVV 
AASSPVKAVSSSTASSPRAASPSPSPSPSISSSGILLVSKLFIAVVMVSSFLYILA 
>AT1G51915.1 | Symbols:  | cryptdin protein-related | 
chr1:19293587-19293865 FORWARD LENGTH=67 
MATERFSTMLISVLVLALVLSPILPCQATRAHLDAETRMLRRVCPSCVCCAPAPRGACCPCRCP
KNP 
>AT1G55330.1 | Symbols: AGP21, ATAGP21 | arabinogalactan protein 
21 | chr1:20648634-20648810 REVERSE LENGTH=58 
MEAMKMKMMVFIMVVAVAFSAATAATVEAPAPSPTSDAAMFVPALFASVVALASGFIF 
>AT1G63530.1 | Symbols:  | BEST Arabidopsis thaliana protein 
match is: hydroxyproline-rich glycoprotein family protein 
(TAIR:AT1G63540.1); Has 10212 Blast hits to 4024 proteins in 434 
species: Archae - 1; Bacteria - 1259; Metazoa - 3608; Fungi - 
2247; Plants - 291; Viruses - 90; Other Eukaryotes - 2716 
(source: NCBI BLink). | chr1:23563654-23565236 FORWARD 
LENGTH=499 
MRVDFSEPEYRNCYHCRDSGILNTQESEPNNVIGSSITSVPVSSGPFQALGHASAAIGSTSTSS
PVQSSSSFSFGSAPAATTSVGVSSTSTPTPISFLPF 
GYVPPPPPSSSLSGPAQNVPWSISAYSTAGRGVEWAWARPDVAVYPASSSSSSTSTVVFGTTPV
SVSSLFGPSQDFPKTTFACCSSTPAPTRCECSFAKP 
FFGSSPASSSSNLFGPNPSTTTASVFGTSATSGSSLFGPAQHPLSYDSIGGSAFAGVKTSSPQP
LGFNGATTLLPSSHEGQNISSFKPYVDKSHDELRWE 
YYKKEAKGGSFPAAHASPIGSKPNAVFSPSTVSTSLFASPSVPDHHQRTNFSTTLGNFTGPAFG
FFPAAAGGATTFSSTGFGQPNAPFPGFDSQFPSAFS 
SFSTTYPAVSSSVQRPHETGAVSSPAFGCTACGATSSSSASDHFTFNGATTPPGLFFPTTSSGP
MMFGTTLAAQGTTPALQTYPVQGFILLPFAAMSLQ 
>AT1G63540.1 | Symbols:  | hydroxyproline-rich glycoprotein 
family protein | chr1:23567495-23569495 FORWARD LENGTH=635 
MKIDFSEPECSNCYQFTNPDLLNTPESEQSNVIGSSITSVPVNDGPVPPLELDSAAVVSTSTSS
PVQALGHDSGATVSTSTSSPVQIFSSPFSFGSAHAA 
ITPVSSGPAPSPTFGEPRILLATSGSGASATSTSSTSSPLHSSSPFSFGSAPAAITSVSSGPAQ
SPASSPRLWIDRFATSSSASATSSSSTSSPFHSSSL 
LGFAPAVTSVSSAPTPACGPTQAFGQPTQAFGLSMFGSTPRFEITGFPFQASASRNSPSPSFGP
AHNCGKPAFGSPFGNNVAFARPDVGISPVASSSTST 
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EIFGATPASLFSPFGPMQAPVQASASSTSTFPPFGCVPPSPSSGSSLFNSAFGSLPAPSSSNFF
GQSSSNLLGQNPSTTGVGYLPGSPLNSSFPGFGVGY 
LPGSSSNLFRSNPPNFGGGSIGAGPQHFGFNGDASVLPSTPFSLSPAFSSNTNTGSYPFASHEW
SRPTEQGSMNPGYAPTHEGDNSSGWSFPTSKGNIYI 
SISASKPYLHKSHEELRWEDYKQGDKGGPFPAAPASTIGSRPNAAFSPPTVSPPAHGCTACGAT
SSSSASRHFTFNGATSPPSAATTPPGLFFPSTGFAP 
MMFGTNLAVQGTSPALQAYPVQGYILLPFAAMTLQ 
>AT1G68725.1 | Symbols: AGP19, ATAGP19 | arabinogalactan protein 
19 | chr1:25809298-25810130 FORWARD LENGTH=248 
MESNSIIWSLLLASALISSFSVNAQGPAASPVTSTTTAPPPTTAAPPTTAAPPPTTTTPPVSAA
QPPASPVTPPPAVTPTSPPAPKVAPVISPATPPPQP 
PQSPPASAPTVSPPPVSPPPAPTSPPPTPASPPPAPASPPPAPASPPPAPVSPPPVQAPSPISL
PPAPAPAPTKHKRKHKHKRHHHAPAPAPIPPSPPSP 
PVLTDPQDTAPAPSPNTNGGNALNQLKGRAVMWLNTGLVILFLLAMTA 
>AT2G04780.1 | Symbols: FLA7 | FASCICLIN-like arabinoogalactan 7 
| chr2:1677488-1678252 FORWARD LENGTH=254 
MAKMQLSIFIAVVALIVCSASAKTASPPAPVLPPTPAPAPAPENVNLTELLSVAGPFHTFLDYL
LSTGVIETFQNQANNTEEGITIFVPKDDAFKAQKNP 
PLSNLTKDQLKQLVLFHALPHYYSLSEFKNLSQSGPVSTFAGGQYSLKFTDVSGTVRIDSLWTR
TKVSSSVFSTDPVAVYQVNRVLLPEAIFGTDVPPMP 
APAPAPIVSAPSDSPSVADSEGASSPKSSHKNSGQKLLLAPISMVISGLVALFL 
>AT2G14890.1 | Symbols: AGP9 | arabinogalactan protein 9 | 
chr2:6399679-6400755 FORWARD LENGTH=191 
MARSFAIAVICIVLIAGVTGQAPTSPPTATPAPPTPTTPPPAATPPPVSAPPPVTTSPPPVTTA
PPPANPPPPVSSPPPASPPPATPPPVASPPPPVASP 
PPATPPPVATPPPAPLASPPAQVPAPAPTTKPDSPSPSPSSSPPLPSSDAPGPSTDSISPAPSP
TDVNDQNGASKMVSSLVFGSVLVWFMI 
>AT2G20520.1 | Symbols: FLA6 | FASCICLIN-like arabinogalactan 6 
| chr2:8840663-8841406 FORWARD LENGTH=247 
MSSSLFSYVVLLIFLFTIPYIQSQPTAPAPTTEKSPINLTAILEAGHQFTTLIQLLNTTQVGFQ
VSVQLNSSDQGMTIFAPTDNAFNKLKPGTLNSLTYQ 
QQIQLMLYHIIPKYYSLSDLLLASNPVRTQATGQDGGVFGLNFTGQAQSNQVNVSTGVVETRIN
NALRQQFPLAVYVVDSVLLPEELFGTKTTPTGAPAP 
KSSTSSSDADSPAADDEHKSAGSSVKRTSLGIVVSFALFCCSVIYIA 
>AT2G22470.1 | Symbols: AGP2, ATAGP2 | arabinogalactan protein 2 
| chr2:9538400-9538795 REVERSE LENGTH=131 
MNSKAMQALIFLGFLATSCLAQAPAPAPTTVTPPPTALPPVTAETPSPIASPPVPVNEPTPAPT
TSPTTSPVASPPQTDAPAPGPSAGLTPTSSPAPGPD 
GAADAPSAAWANKAFLVGTAVAGALYAVVLA 
>AT2G23130.1 | Symbols: AGP17, ATAGP17 | arabinogalactan protein 
17 | chr2:9844411-9845186 FORWARD LENGTH=185 
MTRNILLTVTLICIVFITVGGQSPATAPIHSPSTSPHKPKPTSPAISPAAPTPESTEAPAKTPV
EAPVEAPPSPTPASTPQISPPAPSPEADTPSAPEIA 
PSADVPAPALTKHKKKTKKHKTAPAPGPASELLSPPAPPGEAPGPGPSDAFSPAADDQSGAQRI
SVVIQMVGAAAIAWSLLVLAF 
>AT2G23990.2 | Symbols: ENODL11, AtENODL11 | early nodulin-like 
protein 11 | chr2:10206835-10207911 REVERSE LENGTH=226 
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MVSLISIVSVVFLLFTTFYHFGEARIINVGGSLDAWKVPESPNHSLNHWAESVRFQVGDALCSF
VMMVKIRMLVIVGYTFMFKYDSKIDSVLQVTKENYE 
KCNTQKPLEEHKDGYTTVKLDVSGPYYFISGAPSGNCAKGEKVTVVVQSPNHPKPGPAAVTPTL
PPKPSTTPAAPAPAPPTPSPKSSTSTMAPAPAPAKS 
SAVGLVAGNGIFWASTLVAVIGLAFA 
>AT2G24450.1 | Symbols: FLA3 | FASCICLIN-like arabinogalactan 
protein 3 precursor | chr2:10393019-10393861 REVERSE LENGTH=280 
MGLKVSSSLLCLTILLAVSSIVSAVNITRVLEKYPEFSTMTELLAKTELTPIINKRQTITVLAL
NNDAIGSISGRPEEEVKNILMNHVVLDYFDELKLKA 
LKEKSTLLTTLYQSTGLGQQQNGFLNCTKSNGKIYFGSGVKGAPQTAEYITTVFRNPYNLSVVQ
ISMPIVAPGLGSPVKVPPPPPMSSPPAPSPKKGAAT 
PAPAPADEGDYADAPPGLAPETAPASAPSESDSPAPAPDKSGKKKMAAADEAEPPSSASNTGLS
FGAVLVLGFVASFVGF 
>AT2G25060.1 | Symbols: ENODL14, AtENODL14 | early nodulin-like 
protein 14 | chr2:10662308-10662930 FORWARD LENGTH=182 
MFLSASMASSSLHVAIFSLIFLFSLAAANEVTVGGKSGDWKIPPSSSYSFTEWAQKARFKVGDF
IVFRYESGKDSVLEVTKEAYNSCNTTNPLANYTDGE 
TKVKLDRSGPFYFISGANGHCEKGQKLSLVVISPRHSVISPAPSPVEFEDGPALAPAPISGSVR
LGGCYVVLGLVLGLCAWF 
>AT2G26720.1 | Symbols:  | Cupredoxin superfamily protein | 
chr2:11384782-11385402 FORWARD LENGTH=206 
MALIKNNIFFTSLLIFVTLFGVAVGGTVHKVGNTKGWTMIGGDYEAWASSRVFQVGDTLVFAYN
KDYHDVTEVTHNDFEMCESSKPLRRYKTGSDSISLT 
KPGLQHFICGVPGHCKKGQKLQIHVLPASLGHVAVPVPGPVRSQSSSSSPSPSPLVDPPVNNAP
QYQMGPTPASHSAASADFIFTFSFDLTLIDLCTFFI 
LFFILV 
>AT2G28440.1 | Symbols:  | proline-rich family protein | 
chr2:12161226-12162032 FORWARD LENGTH=268 
MAKKLCFIVMLSICLLIFDFAGAQEESPSPAAVSPGREPSTDSPLSPSSSPEEDSPLSPSSSPE
EDSPLPPSSSPEEDSPLAPSSSPEVDSPLAPSSSPE 
VDSPQPPSSSPEADSPLPPSSSPEANSPQSPASSPKPESLADSPSPPPPPPQPESPSSPSYPEP
APVPAPSDDDSDDDPEPETEYFPSPAPSPELGMAQD 
IKASDAAGEELNDERGEDYGMSGLEKAGIAIGTILGVGAIVIGALVYKKRRDNMTRARYTYFTE
GEFL 
>AT2G31050.1 | Symbols:  | Cupredoxin superfamily protein | 
chr2:13212150-13212752 FORWARD LENGTH=200 
MALIKSNAFFTSLLILVALFGISVGGTVHKVGDSDGWTIMSVNYETWASTITFQVGDSLVFKYN
KDFHDVTEVTHNDYEMCEPSKPLARYETGSDIVILT 
KPGLQHFICGFPGHCDMGQKLQIHVLPASLGPVAAPVPGPVRPPSSFSSPSQSPLAESPVNHAP
VQYQMGPSPAPHSAASNSNVWIGLCFLPLLSLLILV 
>AT2G32300.1 | Symbols: UCC1 | uclacyanin 1 | chr2:13722510-
13723464 FORWARD LENGTH=261 
MASREMLIIISVLATTLIGLTVATDHTIGGPSGWTVGASLRTWAAGQTFAVGDNLVFSYPAAFH
DVVEVTKPEFDSCQAVKPLITFANGNSLVPLTTPGK 
RYFICGMPGHCSQGMKLEVNVVPTATVAPTAPLPNTVPSLNAPSPSSVLPIQPLLPLNPVPVLS
PSSSTPLPSSSLPLIPPLSPALSPATAAGTSLPLFP 
GSPGSSSSTTSTKTVGTFPSSTTGTTADLAGADSPPADSSSAAKTLVLGFGFMVAMMLHLF 
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>AT2G33790.1 | Symbols: ATAGP30, AGP30 | arabinogalactan protein 
30 | chr2:14293862-14295237 REVERSE LENGTH=239 
MGIIGKSVSLTLFALLCFTSSVFTLGVNQPGSSDPFHSLPQHLPLPPIKLPTLPPAKAPIKLPA
YPPAKAPIKLPTLPPAKAPIKLPTLPPIKPPVLPPV 
YPPKYNKTLVAVRGVVYCKACKYAGVNNVQGAKPVKDAVVRLVCKNKKNSISETKTDKNGYFML
LAPKTVTNYDIKGCRAFLVKSPDTKCSKVSSLHDGG 
KGSVLKPVLKPGFSSTIMRWFKYSVYNVGPFAFEPTCPK 
>AT2G35860.1 | Symbols: FLA16 | FASCICLIN-like arabinogalactan 
protein 16 precursor | chr2:15059859-15061810 FORWARD LENGTH=445 
MDSSYGATKFLLLLFLTTSIATALPDNKPVPGQINSNSVLVALLDSHYTELAELVEKALLLQTL
EEAVGKHNITIFAPRNDALERNLDPLFKSFLLEPRN 
LKSLQSLLMFHILPKRITSPQWPSLSHHHRTLSNDHLHLTVDVNTLKVDSAEIIRPDDVIRPDG
IIHGIERLLIPRSVQEDFNRRRSLRSISAVIPEGAP 
EVDPRTHRLKKPSPAVPAGAPPVLPIYDAMSPGPSLAPAPAPGPGGPRGHFNGDAQVKDFIHTL
LHYGGYNEMADILVNLTSLATEMGRLVSEGYVLTVL 
APNDEAMAKLTTDQLSEPGAPEQIMYYHIIPEYQTEESMYNAVRRFGKVKYDSLRFPHKVLAQE
ADGSVKFGHGDGSAYLFDPDIYTDGRISVQGIDGVL 
FPKEETPATEIKPAAPVVKKVSKSRRGKLMEVACRMMGSRFIPCQ 
>AT2G41905.1 | Symbols:  | BEST Arabidopsis thaliana protein 
match is: arabinogalactan protein 23 (TAIR:AT3G57690.1); Has 
35333 Blast hits to 34131 proteins in 2444 species: Archae - 
798; Bacteria - 22429; Metazoa - 974; Fungi - 991; Plants - 531; 
Viruses - 0; Other Eukaryotes - 9610 (source: NCBI BLink). | 
chr2:17495766-17495951 FORWARD LENGTH=61 
MEMKKIACGVVFAAASMTAVMAAEVGAPAPGPAASGASVAVPALGSLVGASLVSLFAYYLN 
>AT2G45000.1 | Symbols: EMB2766 | structural constituent of 
nuclear pore | chr2:18564156-18567632 FORWARD LENGTH=739 
MSGFPFGQSNSVGGFSFGSSSATNSSSASSTTSPLSFSFNQSSNPSSTGFGFGSSVSSTPASST
TPSFGFGASSTPSFGFGSSASSSTPSFGFGSSASVT 
PASTTPSFGFGTAASSSAPAPSLFGSSTTNASSAAPGSSPFGFVTSSASSTATPSSSLFGAPAS
SAATPSSSPFGAAPASGSTPLFGSSPSLFSAPSSAS 
ASNSSLFGASSSAATSTSPLFGAPSSATGATPSFSVASSAPGSSSSIFGATGSSPSFSVASSAS
GSSPSIFGATGSSPFFGSSSSAGSTPSLFASSSSGA 
TTSSPSPFGVSTFNSSSTSNTSNASASPFSASTGFSFLKSTASSTTSSTTPSAPPQTASSSSSF
SFGTSANSGFNLSTGSSAAPASSTSGAVFSIATTTT 
TSSSTPAATSAPASSAPASTMAFPSFGVTSSATNTTPASSAATFSTTGFGLASSTPATGSTNSF
TGFAVPKTSTPASSSQPQTTSPAFSFSLPSSTSTTA 
PATSSATTTQTTLVVPSSSGTSTAVAPVAGSPKLPSEITGKTVEEIIKEWNTELQERTGRFRKQ
ANAIAEWDKRILQNRDVLLRLEIEVAKVVETQSSLE 
RQLELIETHQQEVDKALQSMEEEAERIYNDERKSLLDDEAASTRDAMYEQSELVERELEHMTEQ
IRSIIQSVNANQGGELEAIDGMSPLDVVVRILNNQL 
SSLMWIDEKAEEFSSRIQKIALQGSGGDRELMAPKHWMS 
>AT2G45470.1 | Symbols: FLA8, AGP8 | FASCICLIN-like 
arabinogalactan protein 8 | chr2:18742797-18744059 REVERSE 
LENGTH=420 
MAASQTFSLLAFTFSLLAFASTVSSHNITQILADSPDYSSFNSYLSQTKLADEINSRTTITVLV
LNNGAMSALAGKHPLSVIKSALSLLVLLDYYDPQKL 
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HKISKGTTLSTTLYQTTGNAPGNLGFVNITDLKGGKVGFGSAASGSKLDSSYTKSVKQIPYNIS
ILEIDAPIIAPGVLTAPAPSASLSNITGLLEKAGCK 
TFANLLVSSGVLKTYESAVEKGLTVFAPSDEAFKAEGVPDLTKLTQAEVVSLLEYHALAEYKPK
GSLKTNKNNISTLATNGAGKFDLTTSTSGDEVILHT 
GVAPSRLADTVLDATPVVIFTVDNVLLPAELFGKSKSPSPAPAPEPVTAPTPSPADAPSPTAAS
PPAPPTDESPESAPSDSPTGSANSKSANAAVGVSTP 
SLFTALVTIAAIAVSVSLCS 
>AT2G46330.1 | Symbols: AGP16, ATAGP16 | arabinogalactan protein 
16 | chr2:19018730-19019108 REVERSE LENGTH=73 
MASRNSVTGFALFSFVFAVILSLAGAQSLAPAPAPTSDGTSIDQGIAYLLMVVALVLTYLIHPL
DASSSYSFF 
>AT2G47930.1 | Symbols: AGP26, ATAGP26 | arabinogalactan protein 
26 | chr2:19617219-19617629 REVERSE LENGTH=136 
MSVSLFTAFTVLSLCLHTSTSEFQLSTISAAPSFLPEAPSSFSASTPAMSPDTSPLFPTPGSSE
MSPSPSESSIMPTIPSSLSPPNPDAVTPDPLLEVSP 
VGSPLPASSSVCLVSSQLSSLLLVLLMLLLAFCSFF 
>AT3G01700.1 | Symbols: AGP11, ATAGP11 | arabinogalactan protein 
11 | chr3:258981-259391 FORWARD LENGTH=136 
MARLFVVVALLALAVGTVFAADAPSAAPTASPTKSPTKAPAAAPKSSAAAPKASSPVAEEPTPE
DDYSAASPSDSAEAPTVSSPPAPTPEADGPSSDGPS 
SDGPAAAESPKSGATTNVKLSIAGTVAAAGFFIFSL 
>AT3G01730.1 | Symbols:  | unknown protein; Has 8 Blast hits to 
8 proteins in 2 species: Archae - 0; Bacteria - 0; Metazoa - 0; 
Fungi - 0; Plants - 8; Viruses - 0; Other Eukaryotes - 0 
(source: NCBI BLink). | chr3:266628-266891 FORWARD LENGTH=87 
MRAFSLMICVLVLATLIMVAESKSSYSGNDETLTPPPPMAPSPSPTGTDGGHFGEPKTLLPPPN
AATFTTCPLLITSTLISALAFVF 
>AT3G06360.1 | Symbols: AGP27, ATAGP27 | arabinogalactan protein 
27 | chr3:1928976-1929353 FORWARD LENGTH=125 
MASSILLTLITFIFLSSLSLSSPTTNTIPSSQTISPSEEKISPEIAPLLPSPAVSSTQTIPSSS
TLPEPENDDVSADPDPAFAPSASPPASSLASLSSQA 
PGVFIYFVFAAVYCFSLRLLAVSAI 
>AT3G11700.1 | Symbols: FLA18 | FASCICLIN-like arabinogalactan 
protein 18 precursor | chr3:3698992-3700971 FORWARD LENGTH=462 
MDRCIYGCSVITIFFSFFFLLNASALESGHHNITGSGQINSNSVLVALLDSRYTELAELVEKAL
LLQTLEDAVGRHNITIFAPRNEALERDLDPDFKRFL 
LQPGNLKSLQTLLLSHIIPKRVGSNQWPEENSGRVKHVTLGHDQVLHLSKLKGTNGKRLVNSAV
ITRPDDLTRPDGLIHGIERLLIPRSVQEDFNRRRNL 
RSISAVLPEGAPEIDPRTNRLKKSATAVSVPAGSPPVLPIESAMAPGPSLAPAPAPGPGGAHKH
FNGDAQVKDFIHTLLHYGGYNEMADILVNLTSLATE 
MGRLVSEGYVLTVLAPNDEAMGKLTTDQLSEPGAPEQIMYYHIIPEYQTEESMYNSVRRFGKVK
YETLRFPHKVGAKEADGSVKFGSGDRSAYLFDPDIY 
TDGRISVQGIDGVLFPEEKEEETVKKPTGPVKKVVQPRRGKLLEVACSMLGAIGKDSYLSRC 
>AT3G12660.1 | Symbols: FLA14 | FASCICLIN-like arabinogalactan 
protein 14 precursor | chr3:4019060-4019827 FORWARD LENGTH=255 
MSSSLTIFFFFFASTFLYTSSNSFNITNILNEHDDFSNFNQLLSETQLASTINKRQTITVLVVS
NGALSSLSGQPTSVIKKILSLHIVLDYYDQKKLKNL 
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SKKTVLLTTLFQSSGLARGQQGFLNATVMKNGDVAFGSAVPGSSLDAQLQDTVAALPFNISVLH
ISSAIMIDVKGDNAPTASPLSPVSSPPRPAESPNDD 
GQDFDEPPSSAPGAAADEPSENAGSANGVSRNDSQPAFAFTLLMSFIWWFMARLR 
>AT3G13520.1 | Symbols: AGP12, ATAGP12 | arabinogalactan protein 
12 | chr3:4409087-4409269 FORWARD LENGTH=60 
MESMKMKLIVVLMVAIVAFSAVGNVAAQTEAPAPSPTSDAAMFVPALFASVAALASGFLF 
>AT3G20570.1 | Symbols: ENODL9, AtENODL9 | early nodulin-like 
protein 9 | chr3:7186754-7187453 REVERSE LENGTH=203 
MARNLKSMMLCGFGLLCFLMIVDRAYAREFTVGGATGWTVPSGSQVYSQWAEQSRFQIGDSLLF
VYQSNQDSVLQVTRDAYDSCNTDSPTAKFADGKTSV 
TLNHSGPYYFISGNKDNCKKNEKLVVIVMADRSGNKNTASSPPSPAPAPSGESAPSPPVSGTFE
MTPAPTPTTSEDTPNSAASSLSFVAALLGAALASTL 
FLH 
>AT3G20865.1 | Symbols: AGP40 | arabinogalactan protein 40 | 
chr3:7308699-7308887 REVERSE LENGTH=62 
MEMKNIFVALFISAVLVSSVSAATMESPAPSPGASSASTVAFPVVGSIVAASLSAFLALLLQ 
>AT3G22070.1 | Symbols:  | proline-rich family protein | 
chr3:7775530-7776066 REVERSE LENGTH=178 
MLCYVGKATKIFIFIVTVVFVIGLVVAFGVLRRHSHHCSGDYCSSSTDPSSSSSSSSSSTSPFI
TPFPNPNPNPNPNPPVLGSSPPSPTDSSSSTSISPN 
PPAPIVNPNPPPPSTPNPPPEFSPPPPDLDTTTAPPPPSTDIPIPPPPPAPVSASPPLTPPSSV
VTSPAPVHAKLVND 
>AT3G45230.1 | Symbols:  | hydroxyproline-rich glycoprotein 
family protein | chr3:16569123-16569650 FORWARD LENGTH=175 
MKLEFIIVAMMLSLVLVSGEILTKSSPAPSPDLADSPLIHASPPSKLGSHNSPAESPIEYSSPP
EPETEHSPSPSPANSPSVSPPLPNDSQSPSSSASPS 
PSPEASDVNHSDITGIEGEKLPSGSGGGMSGGKKVGVAFGAIAAVCVVGVAGFVYKKRQENIRR
SRYGYAAREIL 
>AT3G46550.1 | Symbols: SOS5 | Fasciclin-like arabinogalactan 
family protein | chr3:17136612-17137874 REVERSE LENGTH=420 
MANVISISHFTLLALPYLLLLLSSTAAAINVTAVLSSFPNLSSFSNLLVSSGIAAELSGRNSLT
LLAVPNSQFSSASLDLTRRLPPSALADLLRFHVLLQ 
FLSDSDLRRIPPSGSAVTTLYEASGRTFFGSGSVNVTRDPASGSVTIGSPATKNVTVLKLLETK
PPNITVLTVDSLIVPTGIDITASETLTPPPTSTSLS 
PPPAGINLTQILINGHNFNVALSLLVASGVITEFENDERGAGITVFVPTDSAFSDLPSNVNLQS
LPAEQKAFVLKFHVLHSYYTLGSLESITNPVQPTLA 
TEEMGAGSYTLNISRVNGSIVTINSGVVLAVVTQTAFDQNPVSVFGVSKVLLPKELFPKSGQPV
ATAPPQEISLSPESSSEQPSRLVSPPREIVSSGAVK 
RPLGFLVLWCWCIAFCYVLV 
>AT3G52370.1 | Symbols: FLA15 | FASCICLIN-like arabinogalactan 
protein 15 precursor | chr3:19417549-19419549 FORWARD LENGTH=436 
MDDLSKLLFFLLLTISITTALPDKPGSGQINSNSVLVALLDSHYTELAELVEKALLLQTLEEAV
GQHNITIFAPRNDALEKNLDPEFKSFLLQPKNLKSL 
QSLLMFHILPKRITSPQFSSAVVSHRTLSNDHLHFTNGKVNSAEITKPDDLTRPDGIIHGIERL
LIPRSVQEDFNRRRSLRSIAAVLPEGAPEVDPRTHR 
LKKKPAPIPAGAPPVLPVYDAMSPGPSLAPAPAPGPGGPRHHFNGEAQVKDFIHTLLHYGGYNE
MADILVNLTSLATEMGRLVSEGYVLTVLAPNDEAMA 
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KLTTDQLSEPGAPEQIMYYHIIPEYQTEESMYNSVRRFGKIRYDSLRFPHKVEAQEADGSVKFG
HGDGSAYLFDPDIYTDGRISVQGIDGVLFPEEKTPV 
EKKTGVPVVKKAPKPRRGKLMEVACTMLGSQFPTCQ 
>AT3G57690.1 | Symbols: AGP23, ATAGP23 | arabinogalactan protein 
23 | chr3:21384269-21384454 FORWARD LENGTH=61 
MEMKKIACGVLFAAASMTAVMAAEEVGAPAPGPASAASAALPALGSLVGASLVSLFSYYLH 
>AT3G60270.1 | Symbols:  | Cupredoxin superfamily protein | 
chr3:22278029-22278762 REVERSE LENGTH=187 
MGSTAATALLLLLLLVAVPAVFAVTFQVGDNDGWTIGVEYTSWVSEKTFRVGDTLEFKYGPSHS
VAVVNKADYDGCETSRPTQSFSDGDTKIDLTKVGAI 
HFLCLTPGHCSLGMKLAVQVLAAVSLEPPPSPSAPSPSPSAPSPSPSAPSPSPSPGNAENLKNA
ASKGIMSYGKIVVTMVLMYGVLN 
>AT3G60280.1 | Symbols: UCC3 | uclacyanin 3 | chr3:22279867-
22280633 REVERSE LENGTH=222 
MGSTVAAALLLFLAAVPAVFAATFKVGDISGWTSNLDYTVWLTGKTFRVGDTLEFVYGLSHSVS
VVDKAGYDNCDSSGATQNFADGDTKIDLTTVGTMHF 
LCPTFGHCKNGMKLAVPVLAAAPSPSTPSSPPSTPSTPSSPPSTPSTPSSPPSPPSPPSPSLPP
SSLPPSASPPTNGTPDSETLTPPPAPLPPSLSPNAA 
SKGVMSYGIIGVTMILMYAVMT 
>AT3G60900.1 | Symbols: FLA10 | FASCICLIN-like arabinogalactan-
protein 10 | chr3:22499573-22500841 REVERSE LENGTH=422 
MATSRAFTLFAFTLSLLTVASTVSGHNITQILSDTPEYSSFNNYLSQTKLADEINSRTTITVLV
LNNGAMSSLAGKHPLSVVKNALSLLVLLDYYDPLKL 
HQLSKGTTLTTTLYQTTGHALGNLGFVNVTDLKGGKVGFGSAAPGSKLDSSYTKSVKQIPYNIS
VLEINAPIIAPGILTAPAPSSAGVSNITGLLEKAGC 
KTFANLLVSSGVIKTFESTVEKGLTVFAPSDEAFKARGVPDLTNLTQAEVVSLLEYHALAEYKP
KGSLKTNKDAISTLATNGAGKYDLTTSTSGDEVILH 
TGVGPSRLADTVVDETPVVIFTVDNVLLPAELFGKSSSPAPAPEPVSAPTPTPAKSPSPVEAPS
PTAASPPAPPVDESSPEGAPSDSPTSSENSNAKNAA 
FHVNAPALFTALVTIAATSLLL 
>AT3G61640.1 | Symbols: AGP20, AtAGP20 | arabinogalactan protein 
20 | chr3:22810283-22810629 REVERSE LENGTH=74 
MASRNSVAVIALFAFVFAVISPFAGAQSLAPAPSPTSDGTSIDQGIAYLLMVVALVLTYLIHPL
DASSSSYTFF 
>AT4G09030.1 | Symbols: AGP10, ATAGP10 | arabinogalactan protein 
10 | chr4:5792249-5792632 FORWARD LENGTH=127 
MASKSVVVLLFLALIASSAIAQAPGPAPTRSPLPSPAQPPRTAAPTPSITPTPTPTPSATPTAA
PVSPPAGSPLPSSASPPAPPTSLTPDGAPVAGPTGS 
TPVDNNNAATLAAGSLAGFVFVASLLL 
>AT4G12730.1 | Symbols: FLA2 | FASCICLIN-like arabinogalactan 2 
| chr4:7491598-7492809 REVERSE LENGTH=403 
MAYLRRAATALVLIFQLHLFLSLSNAHNITRILAKDPDFSTFNHYLSATHLADEINRRQTITVL
AVDNSAMSSILSNGYSLYQIRNILSLHVLVDYFGTK 
KLHQITDGSTSTASMFQSTGSATGTSGYINITDIKGGKVAFGVQDDDSKLTAHYVKSVFEKPYN
ISVLHISQVLTSPEAEAPTASPSDLILTTILEKQGC 
KAFSDILKSTGADKTFQDTVDGGLTVFCPSDSAVGKFMPKFKSLSPANKTALVLYHGMPVYQSL
QMLRSGNGAVNTLATEGNNKFDFTVQNDGEDVTLET 
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DVVTAKVMGTLKDQEPLIVYKIDKVLLPREIYKAVKTSAPAPKSSKKKPKNAEADADGPSADAP
SDDDVEVADDKNGAVSAMITRTSNVVTAIVGLCFGV 
WLM 
>AT4G16980.1 | Symbols:  | arabinogalactan-protein family | 
chr4:9557087-9557581 FORWARD LENGTH=164 
MASSFSSQAFFLLTLSMVLIPFSLAQAPMMAPSGSMSMPPMSSGGGSSVPPPVMSPMPMMTPPP
MPMTPPPMPMTPPPMPMAPPPMPMASPPMMPMTPST 
SPSPLTVPDMPSPPMPSGMESSPSPGPMPPAMAASPDSGAFNVRNNVVTLSCVVGVVAAHFLLV 
>AT4G26320.1 | Symbols: AGP13 | arabinogalactan protein 13 | 
chr4:13317235-13317414 REVERSE LENGTH=59 
MEAMKMRLFVAVLVAAMAFSAVQQAAAVEAPAPSPTSDASLAIPAFFASVATLAFGFLF 
>AT4G27520.1 | Symbols: ENODL2, AtENODL2 | early nodulin-like 
protein 2 | chr4:13750668-13751819 REVERSE LENGTH=349 
MTFLKMKSLSFFFTILLSLSTLFTISNARKFNVGGSGAWVTNPPENYESWSGKNRFLVHDTLYF
SYAKGADSVLEVNKADYDACNTKNPIKRVDDGDSEI 
SLDRYGPFYFISGNEDNCKKGQKLNVVVISARIPSTAQSPHAAAPGSSTPGSMTPPGGAHSPKS
SSPVSPTTSPPGSTTPPGGAHSPKSSSAVSPATSPP 
GSMAPKSGSPVSPTTSPPAPPKSTSPVSPSSAPMTSPPAPMAPKSSSTIPPSSAPMTSPPGSMA
PKSSSPVSNSPTVSPSLAPGGSTSSSPSDSPSGSAM 
GPSGDGPSAAGDISTPAGAPGQKKSSANGMTVMSITTVLSLVLTIFLSA 
>AT4G28365.1 | Symbols: ENODL3, AtENODL3 | early nodulin-like 
protein 3 | chr4:14033012-14033688 REVERSE LENGTH=199 
MGLVMRFDLYLMFVMLMGLGFTISNGYKFYVGGKDGWVPTPSEDYSHWSHRNRFQVNDTLHFKY
AKGKDSVLEVTEQEYNTCNTTHPLTSLSDGDSLFLL 
SHSGSYFFISGNSQNCLKGQKLAVKVLSTVHHSHSPRHTSPSPSPVHQELSSPGPSPGVEPSSD
SNSRVPAPGPATAPNSAGLVGPGMVVLVIMISSLF 
>AT4G30590.1 | Symbols: ENODL12, AtENODL12 | early nodulin-like 
protein 12 | chr4:14935760-14936469 REVERSE LENGTH=190 
MGIIVPVLTLVFLLFAKVSHGASNPRVILVGGSVGSWKVPDSPNNTLNHWAENNRFKVGDFIVW
KYDMKVDSVLQVTKEDYESCNTANPLKQYNDGNTKV 
ALDKSGPYFFISGAPGNCAKGEKITLVVLAERKSGGGSSSGDAPKVSPVSPTAQTPAPAPGPAA
AHNAAVGLKVASGWFLTAVVVGLAMA 
>AT4G31370.1 | Symbols: FLA5 | FASCICLIN-like arabinogalactan 
protein 5 precursor | chr4:15223838-15224674 REVERSE LENGTH=278 
MGLKASLSLLSLTILLVFSKVVTANNITLAFQKYSKFSTMRDLFIKTKLIAAIDKYQTITVLAV
SNDAISSITNRSEVELRNILMTHVILDYYDELKLQG 
MREKSIMLTTLYQTTGLGEQMNGFLNVSKSKGRVYFGSEVKNSPLNAEYVSTVYHNPYNLSIIQ
ITMPIVAPGLSLAIFPPPPPYVHVAPYPTPMDASVV 
PAPGPAADDNSPDSAVPKTPPAPATDTPEADSPAPAPSADNEKIEAADKAKPSSSASKAGWSFD
VILLLAFLASFAGF 
>AT4G31840.1 | Symbols: ENODL15, AtENODL15 | early nodulin-like 
protein 15 | chr4:15401798-15402426 FORWARD LENGTH=177 
MASSSLLVTIFLCISVFFFSSVNANEVTVGGKSGDWKIPPSSSFSFNEWAQKARFKVGDFIVFK
YEAGKDSVLQVTREAYEKCNTTSPKASYTDGNTKVK 
LDQAGPVYFVSGTEGHCQKGQKLRLVVITPRNSAFSPGPSPSEFDGPAVAPTSGAAKLAGGFSV
VFGLVLGLWAFFF 
>AT4G32490.1 | Symbols: ENODL4, AtENODL4 | early nodulin-like 
protein 4 | chr4:15678811-15679556 REVERSE LENGTH=221 
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MVFVKMTDVYLMIVMLMGLGFSIELSNGHKFYVGGRDGWVLTPSEDYSHWSHRNRFQVNDTLYF
KYVKGKDSVLEVSEKEYNTCNTTHPLTSLSDGDSLF 
LLSRSDPFFFVSGNSGSCLKGQKLAVTVMSTGHHSHTPRHPSPSPSPSASPVRKALLSPAPIPV
HKALSSPAPTPGVDPSHSEVLAPAPGPAAAVRNLAG 
SVAPGVISLGLVLVIMISSMV 
>AT4G37450.1 | Symbols: AGP18, ATAGP18 | arabinogalactan protein  
18 | chr4:17605926-17606734 REVERSE LENGTH=209 
MDRNFLLTVTLICIVVAGVGGQSPISSPTKSPTTPSAPTTSPTKSPAVTSPTTAPAKTPTASAS
SPVESPKSPAPVSESSPPPTPVPESSPPVPAPMVSS 
PVSSPPVPAPVADSPPAPVAAPVADVPAPAPSKHKKTTKKSKKHQAAPAPAPELLGPPAPPTES
PGPNSDAFSPGPSADDQSGAASTRVLRNVAVGAVAT 
AWAVLVMAF 
>AT4G40090.1 | Symbols: AGP3 | arabinogalactan protein 3 | 
chr4:18581085-18581504 REVERSE LENGTH=139 
MALKTLQALIFLGLFAASCLAQAPAPAPITFLPPVESPSPVVTPTAEPPAPVASPPIPANEPTP
VPTTPPTVSPPTTSPTTSPVASPPKPYALAPGPSGP 
TPAPAPAPRADGPVADSALTNKAFLVSTVIAGALYAVLA 
>AT5G03170.1 | Symbols: FLA11, ATFLA11 | FASCICLIN-like 
arabinogalactan-protein 11 | chr5:752898-753638 REVERSE 
LENGTH=246 
MATSRTFIFSNLFIFFLVIATTYGQAPAPGPSGPTNITAILEKAGQFTLFIRLLKSTQASDQIN
TQLNSSSSNGLTVFAPTDNAFNSLKSGTLNSLSDQQ 
KVQLVQFHVLPTLITMPQFQTVSNPLRTQAGDGQNGKFPLNITSSGNQVNITTGVVSATVANSV
YSDKQLAVYQVDQVLLPLAMFGSSVAPAPAPEKGGS 
VSKGSASGGDDGGDSTDSSDAERTGFGFGIRITTVAAIAASSSLWI 
>AT5G06390.1 | Symbols: FLA17 | FASCICLIN-like arabinogalactan 
protein 17 precursor | chr5:1952939-1955047 FORWARD LENGTH=458 
MDRRIYGGSAVIHLFLFFSVLIFSAASALSKNQSPSSGSGQINSNSVLVALLDSRYTELAELVE
KALLLQTLEDAVGRHNITIFAPRNEALERDLDPEFK 
RFLLEPGNLKSLQTLLMFHIIPNRVGSNQWPSEESGRVKHHTLGNDQVRLSNGQGKKMVDLAEI
IRPDDLTRPDGLIHGIERLLIPRSVQEDFNRRRSLQ 
SISAVLPEGAPEVDPRTNRLKKPAAPVPAGSPPALPIQSAMAPGPSLAPAPAPGPGGKQHHFDG
EAQVKDFIHTLLHYGGYNEMADILVNLTSLATEMGR 
LVSEGYVLTVLAPNDEAMAKLTTDQLSEPGAPEQIVYYHIIPEYQTEESMYNSVRRFGKVKFDT
LRFPHKVAAKEADGSVKFGDGEKSAYLFDPDIYTDG 
RISVQGIDGVLFPQEEEVVESVKKPVKKIVQPRRGKLLEVACSMLGAFGKDTYLSKCR 
>AT5G06920.1 | Symbols: FLA21 | FASCICLIN-like arabinogalactan 
protein 21 precursor | chr5:2142858-2143919 FORWARD LENGTH=353 
MGCCSSDCFVYFILSIALAFMAISTTLRSPPDSEPTIPIAFSSSSPSLSLNASNTLRQSNFKAI
ATLLHISPEIFLSSSPNTTLFAIEDASFFNTSSLHP 
LFLKQLLHYHTLPLMLSMDDLLKKPQGTCLPTLLHHKSVQISTVNQESRTAEVNHVRITHPDMF
LGDSLVIHGVIGPFSPLQPHSDHLIHTPLCQSDTTN 
KTSNNEEVPVSIDWTRIVQLLSSNGFVPFAIGLHSVLNRIVNDHNHHKNLTGVTILATPNLVSL
SSASPFLYEVVRHHILVQRLTYKDFASMSDKATVKT 
LDPYQDLTITRRNVNSSGGDFMISGVEIVDPDMFSSSNFVIHGISHTLEIPHV 
>AT5G10430.1 | Symbols: AGP4, ATAGP4 | arabinogalactan protein 4 
| chr5:3277828-3278235 REVERSE LENGTH=135 
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MGSKIVQVFLMLALFATSALAQAPAPTPTATPPPATPPPVATPPPVATPPPAATPAPATPPPAA
TPAPATTPPSVAPSPADVPTASPPAPEGPTVSPSSA 
PGPSDASPAPSAAFSNKAFFAGTAFAAIMYAAVLA 
>AT5G11740.1 | Symbols: AGP15, ATAGP15 | arabinogalactan protein 
15 | chr5:3784318-3784503 FORWARD LENGTH=61 
MAISKASIVVLMMVIISVVASAQSEAPAPSPTSGSSAISASFVSAGVAAVAALVFGSALRI 
>AT5G12880.1 | Symbols:  | proline-rich family protein | 
chr5:4068714-4068935 REVERSE LENGTH=73 
MRRSWPTRLILLMVLTVVITMIAAAYGYSSVSSSKHKFPHYKYKAPSPPTTYSPYRYFSPPPVT
DSDSAAYVR 
>AT5G14380.1 | Symbols: AGP6 | arabinogalactan protein 6 | 
chr5:4636088-4636540 REVERSE LENGTH=150 
MARQFVVLVLLTLTIATAFAADAPSASPKKSPSPTAAPTKAPTATTKAPSAPTKAPAAAPKSSS
ASSPKASSPAAEGPVPEDDYSASSPSDSAEAPTVSS 
PPAPTPDSTSAADGPSDGPTAESPKSGAVTTAKFSVVGTVATVGFFFFSF 
>AT5G18690.1 | Symbols: AGP25, ATAGP25 | arabinogalactan protein 
25 | chr5:6233776-6234126 REVERSE LENGTH=116 
MAFSFLNKLLIIFIFIFISLSSSSPTISLVQQLSPEIAPLLPSPGDALPSDDGSGTIPSSPSPP
DPDTNDGSYPDPLAFSPFASPPVSSPSPPPSLPSAG 
VLLISLIISSASFLAL 
>AT5G21160.3 | Symbols:  | LA RNA-binding protein | 
chr5:7198817-7203879 REVERSE LENGTH=833 
MMAETEGSVADDRELITREGGIGTKSPWKTTTSPVETIDAPVMGAHSWPALADAAQQPRPKNPP
APAPAPPSKNIPTSIPIPTPAVTGQAKSKGGGKANP 
GHKNPSGRHSKPGPRSNQNGPPPPPYLVHAVPYHPPPFPPMVPLPHAAGPDFPYAPYPPYPVPV
PPVTESGNEKQVQASPLPPVLPAPQGDPGKPWPHQR 
GFDPRNMPQGAGPRNFGRPPFMGPAPGFLVGPGPGFPGPVYYLPGPPPGAIRGPYPPRFAPYPV
NQGPPILSPEKLDLRDRVLKQVEYYFSDENLENDHY 
LISLMDEEGWVPTKIIAGFKRVKAMTMDVDFIVYALGFSNSVEVQGDQIRKRDKWSDWIPASKK
STSAETIGDGDKDSPKSITSGDNFGNPSKGSSKPTV 
SDFSSEGAQSSRTNNYKSGNLKSSADEKRNVEDLSNDFSNTFLLDEELDLEHRSPRKSGLSMSK
SIEYEDDDMAVDDQDIQKLVIVTQNSGKSDGAGIGG 
TEAKNIPKELASTINDGLYYFEQELKKKRSGRRKNNSHLDTKDGKIKSGEGLNTKLGENSAAND
GGEEHGIITSRRKQNKGTHKHHTAHARRFFSSNIRN 
NGNISESPPSSSIGFFFGSTPPDSHGPRLSKLSSSPQCTLSGSSPPVGSLPKSFPPFQHPSHQL
LEENGFKQEKYLKYRKRCLNERKKLGSGCSEEMNHL 
YRFWSYFLRDTFVLSMYDDFQKFALEDAAGNYDYGLECLFRFYSYGLEKHFDEDLYKDFEKLSL
DFYHKGNLYGLEKYWAFHHYRGKEEPITKHPELEKL 
LKEEFRSIDDFRAKETITNQKENKRKKNKKKMM 
>AT5G24105.1 | Symbols: AGP41 | arabinogalactan protein 41 | 
chr5:8152097-8152656 FORWARD LENGTH=63 
MSGSRLFFGVSTIVSIIFAILLPMAHAQSAAPAPAPTSDGTTIDQGIAYVLMLVALVLTYLIH 
>AT5G25090.1 | Symbols: ENODL13, AtENODL13 | early nodulin-like 
protein 13 | chr5:8647117-8647755 REVERSE LENGTH=186 
MAQRTLVATFFLIFFLLTNLVCSKEIIVGGKTSSWKIPSSPSESLNKWAESLRFRVGDTLVWKY
DEEKDSVLQVTKDAYINCNTTNPAANYSNGDTKVKL 
ERSGPYFFISGSKSNCVEGEKLHIVVMSSRGGHTGGFFTGSSPSPAPSPALLGAPTVAPASGGS
ASSLTRQVGVLGFVGLLAIVLL 
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>AT5G26330.1 | Symbols:  | Cupredoxin superfamily protein | 
chr5:9241614-9242635 REVERSE LENGTH=187 
MAAIIVAALACIVVMLRLSEAAVYKVGDSAGWTTIANVDYKLWASTKTFHIGDTVLFEYNPQFH
NVMRVTHPMYRSCNTSKPISTFTTGNDSITLTNHGH 
HFFFCGVPGHCLAGQKLDLHVLLPASSTPLSDPPTSSSSSPPSTTIPAAGVPGPSPSLAASLPS
MVTAQIVAVVTLLVSLAFTNFAS 
>AT5G40730.1 | Symbols: AGP24, ATAGP24 | arabinogalactan protein 
24 | chr5:16301153-16301362 FORWARD LENGTH=69 
MMMMTKMFVQIAVVCLLATMAVVSAHEGHHHHAPAPAPGPASSSTVVSATNMFTVLAIAAVALV
VGSNH 
>AT5G40940.1 | Symbols: FLA20 | putative fasciclin-like 
arabinogalactan protein 20 | chr5:16406656-16407930 REVERSE 
LENGTH=424 
MNKKPSKYFPSLNRTDYKNCNFLCNGFSLKPNEKKSSKNASMASKLLTTFFLIFFVLDIDLVAT
SMTSVSSAVEVLSDSGYLSMGLTLKLANQDLNLEDW 
QELTLFAPSDQSFSKFGQPSLLDMKYQLSPTRLPGETLRNLPNGAKIPTLRSNYSLTVTNSSRF
GGKTSINNVVVQDSPVFDDGYVVIYGSDEFFTSPTK 
ISDDSSSSSSIPSTTSSTGSIPIPSSATQTPPSPNIASDSTRNLPNRSKPVNRFNIFESASRLL
MSRGFVIIATFLALQLEDNTSGNDTKITVFAPIDEA 
IPNPTTKFSDYVTIFRGHVVSQLLLWKDLQKFAKEGSILQTVLKGYEIEISLSGDILLLNGVPL
IYPDLYVNDWIAVHGFNQMIVTKEKQVDVGDSITVL 
NNGEQEEEGVHGEYSSELGDYGLH 
>AT5G44130.1 | Symbols: FLA13 | FASCICLIN-like arabinogalactan 
protein 13 precursor | chr5:17761128-17761871 FORWARD LENGTH=247 
MATTPLLLLLLTAVFLSTEITAQRAAPAPGPAGPINITAILEKGGQFVTLIRLLNTTQIGNQIN
IQINSSSEGMTVLAPTDNAFQNLKPGTLNKLSPDDQ 
VKLILYHVSPKFYTLEDLLSVSNPVRTQASGRDVGGVYGLNFTGQGNQVNVSTGVVETRLSTSL
RQERPLAVYVVDMVLLPEEMFGERKISPMAPPPKSK 
SPDVSDDSESSKKAAAPSESEKSGSGEMNTGLGLGLGLVVLCLKFLL 
>AT5G53250.1 | Symbols: AGP22, ATAGP22 | arabinogalactan protein 
22 | chr5:21603715-21604007 FORWARD LENGTH=63 
MASLKFPLEILAVFVIISVILLPIAQSHSSSPAPAPTSDGTSIDQGIAYVLMMVALALTYFIH 
>AT5G53870.1 | Symbols: ENODL1, AtENODL1 | early nodulin-like 
protein 1 | chr5:21870033-21871228 REVERSE LENGTH=370 
MSAIMKSLCFSFLILASFATFFSVADAWRFNVGGNGAWVTNPQENYNTWAERNRFQVNDSLYFK
YAKGSDSVQQVMKADFDGCNVRNPIKNFENGESVVT 
LDRSGAFYFISGNQDHCQKGQKLIVVVLAVRNQPSAPAHSPVPSVSPTQPPKSHSPVSPVAPAS
APSKSQPPRSSVSPAQPPKSSSPISHTPALSPSHAT 
SHSPATPSPSPKSPSPVSHSPSHSPAHTPSHSPAHTPSHSPAHAPSHSPAHAPSHSPAHAPSHS
PAHSPSHSPATPKSPSPSSSPAQSPATPSPMTPQSP 
SPVSSPSPDQSAAPSDQSTPLAPSPSETTPTADNITAPAPSPRTNSASGLAVTSVMSTLFSATF
TFLMFA 
>AT5G55730.1 | Symbols: FLA1 | FASCICLIN-like arabinogalactan 1 
| chr5:22558375-22560392 REVERSE LENGTH=424 
MAKKMSSLIIIFNILLLLTTQTHAHNVTRLLANHPSFSSFSHFLTQTHLADEINRRRTITVCAV
DNAAMSALTSKGYTLSTLKNILSLHVLLDYFGTKKL 
HQIRDGSALAATLFQATGAAPGTSGFVNITDLRGGKVGFGPDGGDLSSFFVKSIEEVPYNISII
QISRVLPSETAAAPTPAPAEMNLTGIMSAHGCKVFA 
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ETLLTNPGASKTYQESLEGGMTVFCPGDDAMKGFLPKYKNLTAPKKEAFLDFLAVPTYYSMAML
KSNNGPMNTLATDGANKFELTVQNDGEKVTLKTRIN 
TVKIVDTLIDEQPLAIYATDKVLLPKELFKASAVEAPAPAPAPEDGDVADSPKAAKGKAKGKKK
KAAPSPDNDPFGDSDSPAEGPDGEADDATADDAGAV 
RIIGGAKAGLVVSLLCLFASSWLL 
>AT5G56330.1 | Symbols: ATACA8, ACA8 | alpha carbonic anhydrase 
8 | chr5:22813768-22816162 FORWARD LENGTH=350 
MKISSLGWVLVLIFISITIVSSAPAPKPPKPKPAPAPTPPKPKPTPAPTPPKPKPKPAPTPPKP
KPAPAPTPPKPKPAPAPTPPKPKPKPAPTPPNPKPT 
PAPTPPKPKPAPAPAPTPAPKPKPAPKPAPGGEVEDETEFSYETKGNKGPAKWGTLDAEWKMCG
IGKMQSPIDLRDKNVVVSNKFGLLRSQYLPSNTTIK 
NRGHDIMLKFKGGNKGIGVTIRGTRYQLQQLHWHSPSEHTINGKRFALEEHLVHESKDKRYAVV
AFLYNLGASDPFLFSLEKQLKKITDTHASEEHIRTV 
SSKQVKLLRVAVHDASDSNARPLQAVNKRKVYLYKPKVKLMKKYCNISSY 
>AT5G56540.1 | Symbols: AGP14, ATAGP14 | arabinogalactan protein 
14 | chr5:22893243-22893425 FORWARD LENGTH=60 
MEAMKMKLYVVVLVAVIAFSTVHQTVAAVDAPAPSPTSDASSFIPTFFASVAVMAFGFFF 
>AT5G60490.1 | Symbols: FLA12 | FASCICLIN-like arabinogalactan-
protein 12 | chr5:24325916-24326665 REVERSE LENGTH=249 
MEHSLIILLFTVLLLLTTTPGILSQPSPAVAPAPPGPTNVTKILEKAGQFTVFIRLLKSTGVAN
QLYGQLNNSDNGITIFAPSDSSFTGLKAGTLNSLTD 
EQQVELIQFHVIPSYVSSSNFQTISNPLRTQAGDSADGHFPLNVTTSGNTVNITSGVTNTTVSG
NVYSDGQLAVYQVDKVLLPQQVFDPRPPAPAPAPSV 
SKSKKKKDDSDSSSDDSPADASFALRNVGSVCDAVSFCVMSVMLAWFYL 
>AT5G64310.1 | Symbols: AGP1, ATAGP1 | arabinogalactan protein 1 
| chr5:25722018-25722413 FORWARD LENGTH=131 
MAFSKSLVFVLLAALLISSAVAQSPAPAPSNVGGRRISPAPSPKKMTAPAPAPEVSPSPSPAAA
LTPESSASPPSPPLADSPTADSPALSPSAISDSPTE 
APGPAQGGAVSNKFASFGSVAVMLTAAVLVI 
>AT5G65390.1 | Symbols: AGP7 | arabinogalactan protein 7 | 
chr5:26128883-26129275 REVERSE LENGTH=130 
MNSKIIEAFFIVALFTTSCLAQAPAPSPTTTVTPPPVATPPPAATPAPTTTPPPAVSPAPTSSP
PSSAPSPSSDAPTASPPAPEGPGVSPGELAPTPSDA 
SAPPPNAALTNKAFVVGSLVAAIIYAVVLA 
>AT1G55260.1 | Symbols:  | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr1:20614663-20616158 FORWARD LENGTH=227 
MIPSSNQYVDTHRVTEDRAIYIHEHTKRLEDTFLSRENTTHRTMEKSTRTLFITIVITSMLLGF
GNSDLAQDREECTNQLIELSTCIPYVGGDAKAPTKD 
CCAGFGQVIRKSEKCVCILVRDKDDPQLGIKINATLAAHLPSACHITAPNITDCISILHLPRNS
TLAKEFENLGRIEDNYNSTSPTQIHKDGTGGGKAEP 
VKSNGWKEKSWLGVELLIYLLVSLIFF 
>AT2G13820.1 | Symbols:  | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr2:5774295-5776279 REVERSE LENGTH=169 
MAYATILMIFSVVALMSGERAHAAVDCSSLILNMADCLSFVTSGSTVVKPEGTCCSGLKTVVRT
GPECLCEAFKNSGSLGLTLDLSKAASLPSVCKVAAP 
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PSARCGLSVSGDPPATAPGLSPTAGAGAPALSSGANAATPVSSPRSSDASLLSVSFAFVIFMAL
ISSFY 
>AT2G27130.1 | Symbols:  | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr2:11595379-11596395 FORWARD LENGTH=176 
MLTTNTLAVLLLLFLSLCSGQSPPAPEPIAADGPSSPVNCLVSMLNVSDCFSYVQVGSNEIKPE
AACCPELAGMVQSSPECVCNLYGGGASPRFGVKLDK 
QRAEQLSTICGVKAPSPSLCSVLGFPTISPAGSEDSSSGSEGSDKDKKNGAMTTKYCGVALNSL
ALLLLFTFLSLS 
>AT2G44290.1 | Symbols:  | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr2:18305418-18306202 REVERSE LENGTH=205 
MESRKIKVMATAIALIMVAMVVDAAGADKGKDKEECTAQLVGMATCLPYVQGKAKSPTPDCCSG
LKQVINSDMKCLCMIIQERNDPDLGLQVNVSLALAL 
PSVCHATADITKCPALLHLDPNSPDAQVFYQLAKGLNETVSASAPTGSASEPTSMSSTPGSSAG
NNSGRTTSVPGTNHAQSFSKQWLGLEVVAHFFVIFY 
IFILV 
>AT2G44300.1 | Symbols:  | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr2:18307468-18308286 REVERSE LENGTH=204 
MESRKINLMATAIALIVVAMVVAAADDKTKDKEECTEQLVGMATCLPYVQGQAKSPTPDCCSGL
KQVLNSNKKCLCVIIQDRNDPDLGLQINVSLALALP 
SVCHAAADVTKCPALLHLDPNSPDAQVFYQLAKGLNKTGPASAPTGSSPGPISISPTSGSDDGN
NSGRTTSVPGRNHAQSFYKQWLGLEVVFHFFVIFYI 
FILV 
>AT2G48130.1 | Symbols:  | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr2:19685263-19685977 REVERSE LENGTH=183 
MGYRRSYAITFVALVAALWSVTKAQPSSSCVSTLTTLSPCLSYITGNSTTPSQPCCSRLDSVIK
SSPQCICSAVNSPIPNIGLNINRTQALQLPNACNIQ 
TPPLTQCNAATGPTAQPPAPSPTEKTPDVTLTPTSLPGARSGVGGGSKTVPSVGTGSSSRNVDP
LPLHFLMFAVLVVCTSSFL 
>AT3G22600.1 | Symbols:  | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr3:8006711-8007397 REVERSE LENGTH=170 
MKMEMGLVFLTVFMAVMSSTMVSAQSSCTNALISMSPCLNYITGNSTSPNQQCCNQLSRVVQSS
PDCLCQVLNGGGSQLGINVNQTQALGLPRACNVQTP 
PVSRCNTGGGGGGSTSDSPAESPNSSGPGNGSKTVPVGEGDGPPSSDGSSIKFSFPLIAFFSAV
SYMAIF 
>AT3G43720.1 | Symbols:  | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr3:15615549-15617099 REVERSE LENGTH=193 
MSNVVVIAVVLIVASLTGHVSAQMDMSPSSGPSGAPDCMANLMNMTGCLSYVTVGEGGGAAKPD
KTCCPALAGLVESSPQCLCYLLSGDMAAQLGIKIDK 
AKALKLPGVCGVITPDPSLCSLFGIPVGAPVAMGDEGASPAYAPGSMSGAESPGGFGSGPSASR
GSDAPSSAPYSLFLNLIIFPLAFAFYIFC 



	
   154	
  

>AT4G08670.1 | Symbols:  | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr4:5536765-5538210 REVERSE LENGTH=208 
MKQSLLLSFVLLLLSSSSLVTPIHARNKSNPAKSPVGAPAPGPSSSDCSTVIYSMMDCLGYLGV
GSNETKPEKSCCTGIETVLQYNPQCICAGLVSAGEM 
GIELNSTRALATPKACKLSIAPPHCGIITSGATTPGASPVSPSAGAPTTSPSAAKSPETSATSP
SSDETPSMTAPSPSSSGTNILSVPALTIVFVIVSSV 
AYISAFSN 
>AT4G14815.1 | Symbols:  | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr4:8505122-8505760 FORWARD LENGTH=156 
MKPRMCLILFIALMRVMSIVSAQSSCTNVLISMAPCLSFITQNTSLPSQQCCNQLAHVVRYSSE
CLCQVLDGGGSQLGINVNETQALALPKACHVETPPA 
SRCHSGSSVNSHSEHGNGSKTVPREKSSSDGSIKFSFPLLAILFTASYITLIYAKY 
>AT5G09370.1 | Symbols:  | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr5:2909450-2910475 REVERSE LENGTH=158 
MAYFSTATSLLLLVLSVSSPYVHGASDCDTLVITLFPCLPFISIGGTADTPTASCCSSLKNILD
TKPICLCEGLKKAPLGIKLNVTKSATLPVACKLNAP 
PVSACDSLPPASPPTANGQAPVWGSGWAPAPSPSKGNSLIPISGFSFVIVTALAMFRI 
>AT5G64080.1 | Symbols:  | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr5:25645475-25646638 REVERSE LENGTH=182 
MATHSSFTATTPLFLIVLLSLSSVSVLGASHHHATAPAPSVDCSTLILNMADCLSFVSSGGTVA
KPEGTCCSGLKTVLKADSQCLCEAFKSSASLGVTLN 
ITKASTLPAACKLHAPSIATCGLSVAPSTAPGLAPGVAAAGPETAGFLAPNPSSGNDGSSLIPT
SFTTVLSAVLFVLFFSSA 
>AT1G07460.1 | Symbols:  | Concanavalin A-like lectin family 
protein | chr1:2290201-2290977 FORWARD LENGTH=258 
MGQAFYGFPIAFKNSTNSSNSFSFSTSFVFSIDAPGHGLTFLISPSMDFTQAMPSQYLGLFNTT
NNGNSTNRILAVEFDTVKSNEFLDIDDNHVGIDVNG 
LVSVESAPAAFFSNKQSKNISLKLSSKDPIRAWIEYNGVERLLNVTLATLDTSKPNFPLLSRQM
NLSEIFMEKMYVGFSASTGNITSNHDVLGWSFSREG 
KPQDFDLKLLPSLSTPSPSDFDDLDPIPDPPSDSATVKPNHTKTMIIICTLAIMIFMI 
>AT1G21090.1 | Symbols:  | Cupredoxin superfamily protein | 
chr1:7384854-7386199 FORWARD LENGTH=242 
MGCSQKHLTSMLFFYFFCFLSLFSRPSLSATFLVDGVSVWKSPTVHTGDSVIFRHKYGYDLYIF
RNKDAFNVCNFTQATLLTKPNSTSFTWYPSRTGSYY 
FSFTNNTSLPKTCQLNQKLTVQVILAAASPPSQPPATAPVPVSEGGVISSPSSYPWPLGPREGS
AFSPGPSPSEITSVTVPGKDGVPFINSNPAVPLPTG 
DVDSTSINPLPTSTNSAHQVMMMTLTVKLGLCCVAMFLFLVL 
>AT1G21880.2 | Symbols: LYM1 | lysm domain GPI-anchored protein 
1 precursor | chr1:7680689-7682526 FORWARD LENGTH=416 
MKIPEKPIFLIFVSLILASSLTFTATAKSTIEPCSSNDTCNALLGYTLYTDLKVSEVASLFQVD
PISILLANAIDISYPDVENHILPSKLFLKIPITCSC 
VDGIRKSVSTHYKTRPSDNLGSIADSVYGGLVSAEQIQEANSVNDPSLLDVGTSLVIPLPCACF
NGTDNSLPAVYLSYVVKEIDTLVGIARRYSTTITDL 
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MNVNAMGAPDVSSGDILAVPLSACASKFPRYASDFGLIVPNGSYALAAGHCVQCSCALGSRNLY
CEPASLAVSCSSMQCRNSNLMLGNITVQQTSAGCNV 
TTCDYNGIANGTILTMLTRSLQPRCPGPQQFAPLLAPPDTVPRDVMYAPAPSPDFDGPGSIASS
PRSSMLPGGGILPGNPANGPAGSISTASASSVSYFF 
ITFLISIASFSLALSS 
>AT1G61900.1 | Symbols:  | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: anchored to plasma membrane, plasma 
membrane, anchored to membrane; EXPRESSED IN: 23 plant 
structures; EXPRESSED DURING: 13 growth stages; BEST Arabidopsis 
thaliana protein match is: unknown protein (TAIR:AT2G30700.1); 
Has 65 Blast hits to 65 proteins in 12 species: Archae - 0; 
Bacteria - 0; Metazoa - 0; Fungi - 0; Plants - 65; Viruses - 0; 
Other Eukaryotes - 0 (source: NCBI BLink). | chr1:22882508-
22884722 REVERSE LENGTH=433 
MTRRAEFEMGLFVILQSMFLISLCSSQKPEEFLPEISPDTSPQPFLPFIAPSPMVPYINSTMPK
LSGLCSLNFSASESLIQTTSHNCWTVFAPLLANVMC 
CPQLDATLTIILGKASKETGLLALNRTQSKHCLSDLEQILVGKGASGQLNKICSIHSSNLTSSS
CPVINVDEFESTVDTAKLLLACEKIDPVKECCEEAC 
QNAILDAATNISLKASETLTDNSDRINDCKNVVNRWLATKLDPSRVKETLRGLANCKINRVCPL
VFPHMKHIGGNCSNELSNQTGCCRAMESYVSHLQKQ 
TLITNLQALDCATSLGTKLQKLNITKNIFSVCHISLKDFSLQVGNQESGCLLPSLPSDAIFDKD
TGISFTCDLNDNIPAPWPSSSLSSASTCKKPVRIPA 
LPAAASSQPRLHDEGVTRLVIFVLSMLLVMLLS 
>AT1G63550.1 | Symbols:  | Receptor-like protein kinase-related 
family protein | chr1:23569786-23570890 FORWARD LENGTH=324 
MARIIITLTIPLFYFFFFSLLSHQTMSQPDHIFTVCNPTNNFTQTSSYETNRDTLLASLRESSS
LGHYSNATEGLSPDTVHGMFLCRGDITTASCVDCVQ 
TATTEIASNCTLNKRAVIYYDECMVRYSNVSFSSELEIVPSITIYSLRSAPNPTRFNQTLTEKF
SELIFNVSSSSLVPYFVEDQERVTQSEGSYDLDTMV 
QCSPDLDIFNCTVCLRVAFFRISTCCGLPSYAKIFTPKCLLRFQTSVLLSPPPSPSAPPPRSPP
PKSSPPSSLPQTPSPPLVFTPPQNVPNPSGSFSFNV 
LKGNVIFGRIVVTMTALVFALVDL 
>AT1G66970.2 | Symbols: SVL2 | SHV3-like 2 | chr1:24992746-
24996005 REVERSE LENGTH=785 
MNSRPSNPTKLVIRSSTLLFCGVVLIHLFAAQIDAQRSTSRWQTLNGESCSHFISFFCALFPRK
QENLCDAPLVIARGGFSGLYPDSSIAAYQLATLTSV 
ADVVLWCDLQLTKDGLGICFPDLNLANASTIDRVYPNREKSYSVNGVTTKGWFPNDFSLTELQN
FLLIRGILSRTDRFDGNGYLISTIEDVVTTLNREGF 
WLNVQHDAFYEQQNLSMSSFLLSVSRTVSIDFISSPEVNFFKKITGSFGRNGPTFVFQFLGKED
FEPTTNRTYGSILSNLTFVKTFASGILVPKSYILPL 
DDEQYLVPHTSLVQDAHKAGLQVYVSGFANDVDIAYNYSSDPVSEYLSFVDNGDFSVDGVLSDF
PITASAAVDCFSHIGRNATKQVDFLVISKDGASGDY 
PGCTDLAYEKAIKDGADVIDCSVQMSSDGVPFCLRSIDLRNSIAALQNTFSNRSTSVPEISSVP
GIFTFSLTWPEIQSLTPAISNPFRVYRIFRNPREKN 
SGKLISLSQFLDLAKTYTSLSGVLISVENAAYLREKQGLDVVQAVLDTLTEAGYSNGTTTTKVM
IQSTNSSVLVDFKKQSKYETVYKIEETIGNIRDSAI 
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EDIKKFANAVVINKDSVFPNSDSFLTGQTNVVERLQKSQLPVYVELFRNEFVSQAYDFFSDATV
EINAYIYGAGINGTITEFPFTAARYKRNRCLGREEV 
PPYMLPVNPGGLLNVMSPLSLPPAQAPNQDFIEADVTEPPLSPVIAKAPTSTPGTPSTIAQAPS
GQTRLKLSLLLSVFFLSLLLL 
>AT1G77630.1 | Symbols:  | Peptidoglycan-binding LysM domain-
containing protein | chr1:29173726-29175387 FORWARD LENGTH=423 
MKNPEKPLLLFLILASSLASMATAKSTIEPCSSKDTCNSLLGYTLYTDLKVTEVASLFQVDPVS
MLLSNSIDISYPDVENHVLPAKLFLKIPITCSCVDG 
IRKSLSTHYKTRTSDTLGSIADSVYGGLVSPEQIQVANSETDLSVLDVGTKLVIPLPCACFNGT
DESLPALYLSYVVRGIDTMAGIAKRFSTSVTDLTNV 
NAMGAPDINPGDILAVPLLACSSNFPKYATDYGLIIPNGSYALTAGHCVQCSCVLGSRSMYCEP
ASISVSCSSMRCRNSNFMLGNITSQQSSSGCKLTTC 
SYNGFASGTILTTLSMSLQPRCPGPQQLAPLIAPPDNVPKELMYLPSPSPSPSPEFDDIAGGGS
SIAAVPAASPGGATVSSSNSIPGNPANGPGGSISIA 
SCPLSYYSFIALLIPIGSCFFVF 
>AT2G44790.1 | Symbols: UCC2 | uclacyanin 2 | chr2:18462182-
18463232 REVERSE LENGTH=202 
MAMNGLSKMAVAAATALLLVLTIVPGAVAVTYTIEWTTGVDYSGWATGKTFRVGDILEFKYGSS
HTVDVVDKAGYDGCDASSSTENHSDGDTKIDLKTVG 
INYFICSTPGHCRTNGGMKLAVNVVAGSAGPPATPTPPSSTPGTPTTPESPPSGGSPTPTTPTP
GAGSTSPPPPPKASGASKGVMSYVLVGVSMVLGYGL 
WM 
>AT3G07390.1 | Symbols: AIR12 | auxin-responsive family protein 
| chr3:2365452-2366273 FORWARD LENGTH=273 
MSLCLKIPLIKHQTTPEQNSAMASSSSSLLILAVACFVSLISPAISQQACKSQNLNSAGPFDSC
EDLPVLNSYLHYTYNSSNSSLSVAFVATPSQANGGW 
VAWAINPTGTKMAGSQAFLAYRSGGGAAPVVKTYNISSYSSLVEGKLAFDFWNLRAESLSGGRI
AIFTTVKVPAGADSVNQVWQIGGNVTNGRPGVHPFG 
PDNLGSHRVLSFTEDAAPGSAPSPGSAPAPGTSGSTTPGTAAGGPGNAGSLTRNVNFGVNLGIL
VLLGSIFIF 
>AT3G16860.1 | Symbols: COBL8 | COBRA-like protein 8 precursor | 
chr3:5759643-5762104 REVERSE LENGTH=653 
MGLTRNFILWILLSSLFTAIQLTSSQRNTPPPRSKDADLCNGVFVSYTYLTGTKIKPNDTKNQP
YRFESEITVLNNGRDELKSWQVFVKFAHREILVSAT 
NAVLSDGSSLPASVENGTIFAGFPSADLKTAIMTAGDVTQMEARVELVGTQFGVAPPSVPLPKN
ITLVNDGWSCPKPTQQGSNVLQVCCTPNPNITTSKI 
GQKFLPRQEGDLTIMYDVTRAYQSSYSAQVTIENHNLLGRLDNWDLSFMWMKDEFLFSTKGAYP
SVVDSSDCITGPQAKYYKDLDFSNVMSCARRPHIID 
LPLTKYNDTNVGRIPYCCRNGTILPRSMDPEKSKSVFQIEVYKMPPDLNISSITPPQSWQIKGN
LNPDYKCGPPLRVSSSQFPDTSGLPSNKSAFASWQV 
VCNITQPTPPKCCVSFSSYFNDSVIPCKTCACGGCSSDRVARTCSTTSPALPLPYQALLIPFDN
RTKLTNAWAVLKNRKVPDPLPCGDNCGVSINWHLAT 
DYRGGWTARVTLFNWGDTDFVDWFTAVELRNAAPGFQKAYSFNGSIIAVNGKNTTVLMEGLPGL
NYLLAEKDGKNPSEDFRIPGKQQSVISFTKKLTPGI 
KVGSKDGFPTKVLFNGQECSLPSVLPTSNSHRKHVSTFLLILTPFLALLFLRI 
>AT3G20520.1 | Symbols: SVL3 | SHV3-like 3 | chr3:7162845-
7165742 FORWARD LENGTH=729 
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MACPRVIFLILITFFILQTAFSSSWQTLSGKPPAVIARGGFSGMFPDSSIQAYQLVNITTSPDV
MLWCDLQLTKDGVGICFPNLKLDNGSNVIRIDPHYK 
ERFSVDFTWKELSDVKLAQGVVSRPYIFDDVSSILAIEEVAKLTASGLWLNIQDSAFYAKHNLS
MRNSVVSLSRRLKVNFISSPGISFLKSMKNSVKPTV 
TKLIFRFLKQEHIEPFTNQSYGSLAKNLSYIRTFSSGILVPKSYIWPVDSALYLQPHTSLVTDA
HKEGLQVFASEFANDFVIAYNYSYDPTAEYLSFIDN 
GNFSVDGFLSDFPVTPYRAINCFSHVDPKRAKEQAKITIISKNGASGDFPGCTDLAYQRAASDG
ADILDCNVQMSKDKIPFCMSSFDLINSTNVIETSFR 
NLSSVVSEINPRRSGIYTFSLTMSQIQTLKPTISNLEKDSGLFRNPRNNKAGKFLTLSEFLFLP
NRYSSLLGLLIEVENAAYLVEHQGISVVDAVLDELK 
RATTQQNKTSARTILIQSTDKSVLMKFKEKNKMNHDELVYRVDDNIRDVADSAIKDIKNFAGSI
VISKKSVFPYKGFIILEKETNIASKLKSNGLRVYVE 
RFSNECVTHAFDFYDDPTLEIDSFVRDVQIDGIITDFPATTARYRKNKCYGEFGLTTTGELITF
ANPMLLPPAEAPYPALLDSDVTEPPLPEARSQPPAS 
SPSKAEEKAIEVPFAFIAMAILVCFFISV 
>AT3G51330.1 | Symbols:  | Eukaryotic aspartyl protease family 
protein | chr3:19053480-19056152 REVERSE LENGTH=529 
MVVARQVFVLLSLLVVCWGLERCEASGKFSFEVHHMFSDRVKQSLGLDDLVPEKGSLEYFKVLA
QRDRLIRGRGLASNNEETPITFMRGNRTISIDLLGF 
LHYANVSVGTPATWFLVALDTGSDLFWLPCNCGSTCIRDLKEVGLSQSRPLNLYSPNTSSTSSS
IRCSDDRCFGSSRCSSPASSCPYQIQYLSKDTFTTG 
TLFEDVLHLVTEDEGLEPVKANITLGCGKNQTGFLQSSAAVNGLLGLGLKDYSVPSILAKAKIT
ANSFSMCFGNIIDVVGRISFGDKGYTDQMETPLLPT 
EPSPTYAVSVTEVSVGGDAVGVQLLALFDTGTSFTHLLEPEYGLITKAFDDHVTDKRRPIDPEL
PFEFCYDLSPNKTTILFPRVAMTFEGGSQMFLRNPL 
FIVWNEDNSAMYCLGILKSVDFKINIIGQNFMSGYRIVFDRERMILGWKRSDCFEDESLESTTP
PPPETEAPSPSASTPLPSLLPPPAAATPPQIDPRNS 
TRNSGTGTAANLVPLASQLLLLLPLLAFL 
>AT3G51350.1 | Symbols:  | Eukaryotic aspartyl protease family 
protein | chr3:19060485-19063248 REVERSE LENGTH=528 
MDVARQVFVLLSVLVVCWGFERCEATGKFGFEVHHIFSDSVKQSLGLGDLVPEQGSLEYFKVLA
HRDRLIRGRGLASNNDETPITFDGGNLTVSVKLLGS 
LYYANVSVGTPPSSFLVALDTGSDLFWLPCNCGTTCIRDLEDIGVPQSVPLNLYTPNASTTSSS
IRCSDKRCFGSKKCSSPSSICPYQISYSNSTGTKGT 
LLQDVLHLATEDENLTPVKANVTLGCGQKQTGLFQRNNSVNGVLGLGIKGYSVPSLLAKANITA
NSFSMCFGRVIGNVGRISFGDRGYTDQEETPFISVA 
PSTAYGVNISGVSVAGDPVDIRLFAKFDTGSSFTHLREPAYGVLTKSFDELVEDRRRPVDPELP
FEFCYDLSPNATTIQFPLVEMTFIGGSKIILNNPFF 
TARTQEGNVMYCLGVLKSVGLKINVIGQNFVAGYRIVFDRERMILGWKQSLCFEDESLESTTPP
PPEVEAPAPSVSAPPPRSLPPTVSATPPPINPRNST 
GNPGTGGAANLIPLASQLLLLLPLLAFL 
>AT4G16120.1 | Symbols: ATSEB1, COBL7, SEB1 | COBRA-like 
protein-7 precursor | chr4:9116591-9119138 REVERSE LENGTH=661 
MDSAPNFIPRLLLLSLLIVSIPLTSSQSDANTTNPSPSPPSDSDLCNGVFVSYTHTKGSKIPPN
DTANQPYRFESVITVLNHGRDELKSWRVFVKFAHRE 
ILVSASNAVLSDGSSLPVSVENGTVFAGYPSSDLKSAIQTAGDVTQMQARVELVGTQFGVAPPN
VPLPKNITLATDGWKCPKATQKGTNVLQVCCIPDPD 
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YDNREIIDNEFLPRKDGDLTIMYDVVRSYSSNYMAQVTMENHNPLGRLDNWKLSFDWMRDEFIY
TMKGAYPSIVDSSDCVDGPQAKHYQDLDFSNVLSCA 
RRPTVIDLPPTKYNDSTFGLIPFCCRNGTILPRSMDPSKSSSVFQMQVYKMPPDLNISALSPPQ
NWRINGTLNPDYKCGPPVRVSPSQFVDPSGLPSNRT 
AFASWQVVCNITQPKDASPRCCVSFSAYFNDSIVPCKTCACGCSSNKAARACSATAPSLLLPQQ
ALLVPFENRTELTVAWAYLKQRPVPNPMPCGDNCGV 
SINWHLATDYRGGWTARVTVFNWGETDFVDWFTAVQMKNAAPGFEKAYSFNASTIGINGKNNTI
FMEGLPGLNYLVAERDGENPLKNPRIPGKQQSVMSF 
TKKLTPGINVPGGDGFPSKVFFNGEECSLPTILPMRSSQHRKHISVFLLALPVLALLILRA 
>AT4G25240.1 | Symbols: SKS1 | SKU5 similar 1 | chr4:12930539-
12933563 FORWARD LENGTH=589 
MAATCSLLASFLLCFALLSAVSFAADPFVSYDFRVSYLTASPLGVPQQVIAVNGQFPGPLLNAT
TNYNVVVNVFNHLDEPLLLTWPGIQMRRNSWQDGVL 
GTNCPIPPRWNFTYQFQVKDQIGSFFYSPSLNFQRASGGFGPIVINNRDIIPIPFPQPDGELIF
IIGDWYTQDHKALRRALDSGKELGMPDGVLINGKGP 
YKYNSSVPDGIDYLTFHVEPGKTYRIRVHNVGISTSLNFRIQNHSLLLVETEGHYTSQANFTDF
DVHVGQSYSFLVTMDQDATSDYYIVASARFVNETVW 
QRVTGVAILHYSNSKGPVSGPLPVPKTDVSSPWSAMSQPKTIRQNTSASGARPNPQGSFHYGQI
NITNTYILRSLPPTIINGALRATLNGISFVNPSTPV 
RLADRNKVKGAYKLDFPDRPFNRPLRLDRSMINATYKGFIQVVFQNNDTKIQSFHVDGYSFFVV
GMDFGIWSEDKKGSYNNWDAISRSTIEVYPGGWTAV 
LISLDNVGVWNIRVENLDRWYLGEETYMRITNPEEDGKTEMDPPDNVLYCGALKNLQKEQHHSA
ATSILNGHLKLMLLMVLLASVFRFC 
>AT4G26690.1 | Symbols: SHV3, MRH5, GPDL2 | PLC-like 
phosphodiesterase family protein | chr4:13456793-13459890 
REVERSE LENGTH=759 
MRGLLRASSLLLCGVILIQLLAAQIHAQSKKPKSPWPTLTGDPPLVIARGGFSGLFPDSSYDAY
NFAILTSVPDAVLWCDVQLTKDALGICFPDLTMRNS 
SSIEAVYPTRQKSYPVNGVPTSGWFTIDFSLKDLKDVNLIRGILSRSEKFDGNSNPIMTVQSVS
TQMKPSFFWLNVQHDAFYAQHNLSMSSFLVAASKTV 
LIDFISSPEVNFFKKIAGRFGRNGPSLVFRFLGQDEFEPTTNRTYGSILSNLTFVKTFASGILV
PKSYILPLDDQQYLLPHTSLVQDAHKAGLEVFVSGF 
ANDIDIAHDYSFDPVSEYLSFVDNGNFSVDGVLSDFPITASASLDCFSHVGRNATKQVDFLVIT
KDGASGDYPGCTDLAYKKAIKDGADVIDCSVQLSSD 
GTPFCLSSIDLGNSTTVSLTAFRNRSTTVPELGSLGAIYTFSLTWAEIQTLTPAISNPYRVTSL
FRNPKQKNAGKLFSLSDFLSLAKNSTSLSGVLISVE 
NAAYLREEQGLDVVKAVLDTLTQTGYSNSTATKVMIQSTNSSVLVDFKKQSQYETVYKVEENIR
DILDSAIEDIKKFADAVVIQKLSVFPVAQSFITTQT 
NVVEKLQKSQLPVYVELFQNEFLSQPYDFFADATVEINSYITGAGINGTITEFPFTAARYKRNL
CLGRKETIPYMAPAQPGALLTLVSPTAFPPAEAPNP 
VFTDADVTEPPLPPVTAKAPTSSPGTPSTNAQAPSGQTRITLSLLLSVFAMVLASLLLL 
>AT4G28100.1 | Symbols:  | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: anchored to plasma membrane, anchored to 
membrane; EXPRESSED IN: 23 plant structures; EXPRESSED DURING: 
14 growth stages; BEST Arabidopsis thaliana protein match is: 
unknown protein (TAIR:AT3G18050.1); Has 30201 Blast hits to 
17322 proteins in 780 species: Archae - 12; Bacteria - 1396; 
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Metazoa - 17338; Fungi - 3422; Plants - 5037; Viruses - 0; Other 
Eukaryotes - 2996 (source: NCBI BLink). | chr4:13965300-13966697 
REVERSE LENGTH=304 
MKKSLTLLILLLCSLLFSTVLSNLLVEPVQPNTVPAFPVETQAQSCRLDLSNELFGGVNEACGR
NLDRSRCCPVLAAWLFAAHARSALQLPAPAPTPESS 
DPDEPMKPDDSQKCVNTLQSALLTKQIKIPQPNSSCDAILCFCGIRLHQISSLSCPAAFNVSSG
FKNATPTAAVKNLEKECRNSSYSGCTRCLGALQKLK 
VRGGNKKTTTERGTKMMSKDCQLMGLTWLLARNKTAYIPTVSAVLRAIMYSPHPPHLNKCSPDQ
ENMPLAVDSLQFQKSFSSSSHLFGVLPFLPLVLCIF 
LFLL 
>AT5G07190.1 | Symbols: ATS3 | seed gene 3 | chr5:2237610-
2238488 FORWARD LENGTH=213 
MTFPSLSVSFLFFAFIFVTHAFDLSIIQMQQGTCPYTVVVMTSCLSPESTRDQISIVFGDADGN
KVYAPKLGGLVRGPGGLGKCSTNTFQVRGQCLNDPI 
CSLYINRNGPDGWVPESIEIYSEGSKSVKFDFSKSVPQLNTWYGHNNCNTTGRPSSPDLPPPHF
PPEFPPETPTTPPPPPPRPSAASRLGNGESVFLAFA 
IATAIAAMVRWSY 
>AT5G41280.1 | Symbols:  | Receptor-like protein kinase-related 
family protein | chr5:16509532-16510729 FORWARD LENGTH=286 
METTKKLSVLLCLFFTMNQAISESDSDEHMATFCNDSSGNFTRNTTYNTNLNTLLSTLSNQSSF
ANYYNLTTGLGSDTVHGMFLCIGDVNRTTCNACVKN 
ATIEIAKNCTNHREAIIYYFSCMVRYSDKFFLSTLETKPNTYWSSDDPIPKSYDKFGQRLSDKM
GEVIIRSSLLSSSFTPYYLMDTTTFDNLYDLESVVQ 
CSPHLDPKNCTTCLKLALQELTQCCGDQLWAFIFTPKCLVSFDTSNSSSLPPLPPPSRSGSFSI
RGNNKILVGMILAVSVFAFLGL 
>AT5G41290.1 | Symbols:  | Receptor-like protein kinase-related 
family protein | chr5:16512326-16513500 FORWARD LENGTH=287 
METTKKLFALLCLFVTMNQAISVSDPDDMETFCMKSSRNTTSNTTYNKNLNTLLSTLSNQSSFA
NYYNLTTGLASDTVHGMFLCTGDVNRTTCNACVKNA 
TIEIAKNCTNHREAIIYNVDCMVRYSDKFFLTTLETNPSYWWSSNDLIPKSFGKFGQRLSDKMG
EVIVRSSLLSSSFTPYYLMDTTRFDNLYDLESIVQC 
TPDLDPRNCTTCLKLALQELTECCGNQVWAFIYTPNCMVSFDTYNSSLPPLPPPSRSGSFSHRG
NNKLLGGMVLAVSVSVFAFLSLV 
>AT5G41300.1 | Symbols:  | Receptor-like protein kinase-related 
family protein | chr5:16515004-16516102 FORWARD LENGTH=287 
METTKKLSPIFCFSSLLCLFFTMNQAVSETDHMDTFCIDSSRNTTGNTTYNKNLNTMLSTFRNQ
SSIVNNYNLTTGLASDTVYGMFLCTGDVNITTCNNC 
VKNATIEIVKNCTNHREAIIYYIDCMVRYSDKFFLSTFEKKPNSIWSGDDPIPKSLGPFKKRLY
KKMGEAIVRSSTLSSALTPYYYLDVTRFDGSYDLDS 
LVQCSPHLNPENCTICLEYALQEIIDCCSDKFWAMIFTPNCFVNYMITTSPLPPLPSPYHHSGS
CSIRGNSEIFWGMIILAALVFTF 
>AT5G42720.1 | Symbols:  | Glycosyl hydrolase family 17 protein 
| chr5:17130535-17132763 FORWARD LENGTH=438 
MRASVYSLILLFFSCLLHLSKSQPFLGVNYGLTADNLPPPSASAKLLQSTTFQKVRLYGSDPAV
IKALANTGIEIVIGASNGDVPGLASDPSFARSWVET 
NVVPYYPASKIVLIAVGNEITSFGDNSLMSQLLPAMKNVQTALEAASLGGGKIKVSTVHIMSVL
AGSDPPSTAVFKPEHADILKGLLEFNSETGSPFAVN 
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PYPFFAYQDDRRPETLAYCLFQANPGRVDPNSNLKYMNMFDAQVDAVYSALNSMGFKDVEIMVA
ETGWPYKGDPEEAGATVENARAYNKNLIAHLKSGSG 
TPLMPGRVIDTYLFALYDENLKPGKGSERAFGLFRPDLTMTYDIGLTKTTNYNQTSMAPLSPTR
PRLPPAAAPTRQTLPSPPQMILPSPVTPSDKNSGQT 
DVHNSTPRSASLAHICRSLSISASMFFVSVLYALIILL 
>AT5G49270.1 | Symbols: SHV2, DER9, MRH4, COBL9 | COBRA-like 
extracellular glycosyl-phosphatidyl inositol-anchored protein 
family | chr5:19972021-19974398 REVERSE LENGTH=663 
MGVLLPIFFGVLLLFTVTPPSMSQLPPTIMVPAPAPAPISPSDLCNGIFLSYDFILGRKIPPND
TADQPYRFESVLTVLNNGREELKEWRVFVGFQHNEI 
LISATDALIVNGTELPALVGNGTIFGGYPVSDLKTAIQTAGDLKQMTAEIELVGTQFMVAPPAV
PLPSNISLVNEGWLCPVPTLQSKRELTTCCIRDASI 
IVNTTITTKFLPRQPGDLTIMYDVIRAYDQNYLTEVTMENHNPLGRLDHWELSFDWMRDEFIQK
MQGAYPTVVDATKCIFGPQSLIYTGLDFADVLTCER 
RPIIIDLPPTKKDDSTLGNIPSCCRNGTILPRIMDPSKSVSVFTMQVAKMPPDFNRSALFPPQN
WRIKGTLNPDYSCGPPVRVTPTFYPDPSGMPTNKSS 
FASWQIVCNITQAKTEIPKCCVSFSAFFNDSIIPCNTCACGCVSETRRTCSAETPSLLIPPDAL
LLPFENRTALTLAWNALKHKTLPNPMPCGDNCGVSI 
NWHMASDYRGGWTVRITIFNWGEIDFPNWFLAVQMKKPALLGFEKAYSFNASLLSVDGGVNNTI
FMEGLPGLDYLVAEADEKDPKKKNIRIPGKQQSVIQ 
FSKKLTPGINVAERDGFPAKVIFNGEECLLPDLLPMASGGRRNGAITVLSFITFYVAAFMVLL 
>AT5G55480.1 | Symbols: SVL1 | SHV3-like 1 | chr5:22474277-
22477819 FORWARD LENGTH=766 
MINMRDNPTMHVLQASKFLFLALILIQLLSTQLFAQRSKSPWQTLTGDAPLVIARGGFSGLLPD
SSLDAYSFVSQTSVPGAVLWCDVQLTKDAIGLCFPD 
VKMMNASNIQDVYPKRKTSYLLNGVPTQDWFTIDFNFKDLTKVILKQGILSRSAAFDGNSYGIS
TVKDISTQLKPEGFWLNVQHDAFYAQHNLSMSSFLL 
SISKTVIIDYLSSPEVNFFRNIGRRFGRNGPKFVFRFLEKDDVEVSTNQTYGSLAGNLTFLKTF
ASGVLVPKSYIWPIESQYLLPRTSFVQDAHKAGLEV 
YASGFGNDFDLAYNYSFDPLAEYLSFMDNGDFSVDGLLSDFPLTASSAVDCFSHLGSNASSQVD
FLVISKNGASGDYPGCTDLAYTKAIKDGADVIDCSL 
QMSSDGIPFCLSSINLGESTNVVQSPFRNRSTTVPEIGSLPGIYSFSLAWSEIQTLRPAIENPY
SREFTMFRNPRERSSGKFVSLSDFLNLAKNSSSLTG 
VLISVENATYLREKQGLDAVKAVLDTLTEAGYSNKTTTTRVMIQSTNSSVLIDFKKQSRYETVY
KVEETIRDILDTAIEDIKKFADAVVISKKSVFPTSE 
SFTTGQTKLVERLQKFQLPVYVEVFRNEFVSQPWDFFADATVEINSHVTGAGINGTITEFPLTA
ARYKRNSCLTRKDVPPYMIPVQPAGLLTIVSPASLP 
PAEAPSPVFTDADVTEPPLPPVSARAPTTTPGPQSTGEKSPNGQTRVALSLLLSAFATVFASLL
LL 
>AT5G58050.1 | Symbols: SVL4 | SHV3-like 4 | chr5:23494498-
23497386 REVERSE LENGTH=753 
MLRFFILFSLFLHSSVAAPKTPAAAAAVPAKKWLTLNGQEPAVVARGGFSGLFPESSISANDLA
IGTSSPGFTMLCNLQMTKDGVGLCLSDIRLDNATTI 
SSVFPKAQKTYKVNGQDLKGWFVIDYDADTIFNKVTLVQNIFSRPSIFDGQMSVSAVEDVLGTK
PPKFWLSVQYDAFYMEHKLSPAEYLRSLRFRGINVI 
SSPEIGFLKSIGMDAGRAKTKLIFEFKDPEAVEPTTNKKYSEIQQNLAAIKAFASGVLVPKDYI
WPIDSAKYLKPATTFVADAHKAGLEVYASGFANDLR 
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TSFNYSYDPSAEYLQFVDNGQFSVDGVITDFPPTASQSITCFSHQNGNLPKAGHALVITHNGAS
GDYPGCTDLAYQKAIDDGADIIDCSVQMSKDGIAFC 
HDAADLSASTTARTTFMSRATSVPEIQPTNGIFSFDLTWAEIQSVKPQIENPFTATGFQRNPAN
KNAGKFTTLADFLELGKAKAVTGVLINIQNAAYLAS 
KKGLGVVDVVKSALTNSTLDKQSTQKVLIQSDDSSVLSSFEAVPPYTRVLSIDKEIGDAPKTSI
EEIKKHADAVNLLRTSLITVSQSFATGKTNVVEEMH 
KANISVYVSVLRNEYIAIAFDYFSDPTIELATFIAGRGVDGVITEFPATATRYLRSPCSDLNKD
QPYAILPADAGALLTVADKEAQLPAIPPNPPLDAKD 
VIDPPLPPVAKLASNGTEGGPPQTPPRSGTVAIAANLSLSLLAMMALGLLYTA 
>AT5G58170.1 | Symbols: SVL5 | SHV3-like 5 | chr5:23540261-
23543092 REVERSE LENGTH=750 
MLRFIIFFSLFIHLCVAAPQTPAAAAAVPAKKWLTLNGQEPAVVARGGFSGLFPESSASANDLA
IGTSSPGLTMLCNLQMTKDGVGLCLSDIILDNATTI 
SSVFPKAQKTYKVNGQDLKGWFVLDYDADTIFNNVTLVQNIFSRPSIFDGQMSVSAVEDVLGTK
PPKFWLSVQYDAFYMEHKLSPAEYLRSLQFRGINVI 
SSPEIGFLKSIGMDAGRAKTKLIFEFKDPEAVEPTTNKKYSEIQQNLAAIKAFASGVLVPKDYI
WPIDSAKYLKPATTFVADAHKAGLEVYASGFANDLR 
TSFNYSYDPSAEYLQFVDNGQFSVDGVITDFPPTASQSITCFSHQNGNLPKAGHALVITHNGAS
GDYPGCTDLAYQKAVDDGADVIDCSVQMSKDGIAFC 
HDAADLTASTTAMTIFMSRATSVPEIQPTNGIFSFDLTWAEIQSVKPQIENPFTATGFQRNPAN
KNAGKFITLADFLDFSKAKAVTGVMINIENAAYLAS 
KKGLGVVDAVKSALAKSTLDKQSTQKVLIQSDDSSVLASFEAVPPYTRVLSIDKEIGGAPKPSV
DEIKKYAEAVNLLRTSLVTVSQSFTTGKTNVVEEMH 
KGNISVYVSVLRNEYISVAFDYFSDPTIELATFISGSGVDGVITEFPATATRYLKSPCSDLNKE
QPYAILPAEAGGLVVVADKEAQPPASAPNPPLEAKD 
VIDPPLPPVANLAASNATGGAQSHPPPASGTVANAANLGLSLLAMLALGV 
>AT5G62210.1 | Symbols:  | Embryo-specific protein 3, (ATS3) | 
chr5:24986521-24987477 REVERSE LENGTH=223 
MECSLSSILLLLVLCFTHPIPSLTFEPLISSLDLHEEESCPYTVIVTTSCFSPDWSRDQVTIAL
GDADDNQVVAPRLDKPLSGGGGFEKCSSDTFQVKGK 
CLNTICSVYIYRSGTDGWIPETVEIYKEGSKSVKFDFNKNVPENIWYGNNYCNNTDLPPPSPDF
PPFSPSIPPPSPPYFPPEPPSIPPPPPPSPPSAASG 
RGSGQSLVVAFAAFVFAFAAVVV 
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Appendix II. Arabidopsis thaliana AGP protein sequences. Non-contiguous 
hydroxyproline motifs are bolded and highlighted in yellow, contiguous proline motifs are 
underlined, and transmembrane domains are highlighted in blue.  
 
>AT1G03820.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: endomembrane system; EXPRESSED IN: 21 plant 
structures; EXPRESSED DURING: 13 growth stages; Has 1345 Blast 
hits to 1122 proteins in 102 species: Archae - 2; Bacteria - 28; 
Metazoa - 28; Fungi - 30; Plants - 109; Viruses - 0; Other 
Eukaryotes - 1148 (source: NCBI BLink). | chr1:960008-960676 
REVERSE LENGTH=222 
MASFALKPIFCFIAVFCFIVHNVEAREGKLFFSKFTHIDRPNNKDVALSPAPAPGLAQANGRLG
NGSFGPGSGMIPQTKESWPSSSTTTDEEFEKLMATFDEEKNTKLPEAFEEEEESEDSEDLNEPK
DKYNNNNNNNGYTYTTNNYNDNGRGYGNEEEKQGMSDTRVMENGKYFYDTRGRNSENTPSRGYE
NARGNDHTNEFETMEEYYKSLEGSQEEYEP 
>AT1G03870.1 | Symbols: FLA9 | FASCICLIN-like arabinoogalactan 9 
| chr1:982625-983368 REVERSE LENGTH=247 
MATTRLTLAPLLLIAAVLLATKATAQPAAPAPEPAGPINLTAILEKGGQFTTFIHLLNITQVGS
QVNIQVNSSSEGMTVFAPTDNAFQNLKPGTLNQLSPDDQVKLILYHVSPKYYSMDDLLSVSNPV
RTQASGRDNGVYGLNFTGQTNQINVSTGYVETRISNSLRQQRPLAVYVVDMVLLPGEMFGEHKL
SPIAPAPKSKSGGVTDDSGSTKKAASPSDKSGSGEKKVGLGFGLGLIVLCLKFLF 
>AT1G15190.1 | Symbols: | Fasciclin-like arabinogalactan family 
protein | chr1:5227275-5228021 FORWARD LENGTH=248 
MAKISSASCFRAIFLGALIILCLPHPSTGVPLEELERAIAILRVRGRALFANAIITSDLLFDLL
SDESLTLFAPTDSMLFDLDMTHSLPFYVSTLRLHSVPLRLSLSGLRSLPNSSSLPTLLPSHRLL
LTKHSSSNDSIFLDGVQLLIPGLFDGQHIAVHGLADLLPLTAPSSPNRLVEDSTALAKSPWFLG
SRFSPAPEPYFAFMDLSPAESPSVEEVSPSPSWGEGEEDFIVGDEGGPLDGRNNGF 
>AT1G28290.1 | Symbols: AGP31 | arabinogalactan protein 31 | 
chr1:9889331-9890843 REVERSE LENGTH=359 
MGFIGKSVLVSLVALWCFTSSVFTEEVNHKTQTPSLAPAPAPYHHGHHHPHPPHHHHPHPHPHP
HPPAKSPVKPPVKAPVSPPAKPPVKPPVYPPTKAPVKPPTKPPVKPPVSPPAKPPVKPPVYPPT
KAPVKPPTKPPVKPPVYPPTKAPVKPPTKPPVKPPVYPPTKAPVKPPTKPPVKPPVSPPAKPPV
KPPVYPPTKAPVKPPVSPPTKPPVTPPVYPPKFNRSLVAVRGTVYCKSCKYAAFNTLLGAKPIE
GATVKLVCKSKKNITAETTTDKNGYFLLLAPKTVTNFGFRGCRVYLVKSKDYKCSKVSKLFGGD
VGAELKPEKKLGKSTVVVNKLVYGLFNVGPFAFNPSCPK 
>AT1G31250.1 | Symbols: | proline-rich family protein | 
chr1:11166658-11167500 REVERSE LENGTH=165 
MANQYFRMAFLLCLFLSLSYQSIRIEAREGKACIGNCYGSSAPPVPPNASLSIPPNSSPSVKLT
PPYASPSVKLTPPYASPSVRPAGTTPNASPSVKLTPPYASPSMRPAGTPNASPSVKLTPPYASP
SVRPTGTTPNASPSLTPPNPSPSEKFIPPNASPFIHT 
>AT1G35230.1 | Symbols: AGP5 | arabinogalactan protein 5 | 
chr1:12917184-12917585 FORWARD LENGTH=133 
MASKSVVVFLFLALVASSVVAQAPGPAPTISPLPATPTPSQSPRATAPAPSPSANPPPSAPTTA
PPVSQPPTESPPAPPTSTSPSGAPGTNVPSGEAGPAQSPLSGSPNAAAVSRVSLVGTFAGVAVI
AALLL 
>AT1G36150.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
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chr1:13528257-13529470 FORWARD LENGTH=256 
MKPSFVLLSIVLLLSSSLSDAADFGSPSQPPSMAPTPQPSNSTDCSSVIYSMVDCLSFLTVGST
DPSPTKTCCVGVKTVLNYSPKCLCSALESSREMGFVLDDTKALAMPKICNVPIDPNCDVSTPAA
STPVSPPVESPTTSPSSAKSPAITPSSPAVSHSPPPVRHSSPPVSHSSPPVSHSSPPTSRSSPA
VSHSSPVVAASSPVKAVSSSTASSPRAASPSPSPSPSISSSGILLVSKLFIAVVMVSSFLYILA 
>AT1G51915.1 | Symbols: | cryptdin protein-related | 
chr1:19293587-19293865 FORWARD LENGTH=67 
MATERFSTMLISVLVLALVLSPILPCQATRAHLDAETRMLRRVCPSCVCCAPAPRGACCPCRCP
KNP 
>AT1G68725.1 | Symbols: AGP19, ATAGP19 | arabinogalactan protein 
19 | chr1:25809298-25810130 FORWARD LENGTH=248 
MESNSIIWSLLLASALISSFSVNAQGPAASPVTSTTTAPPPTTAAPPTTAAPPPTTTTPPVSAA
QPPASPVTPPPAVTPTSPPAPKVAPVISPATPPPQPPQSPPASAPTVSPPPVSPPPAPTSPPPT
PASPPPAPASPPPAPASPPPAPVSPPPVQAPSPISLPPAPAPAPTKHKRKHKHKRHHHAPAPAP
IPPSPPSPPVLTDPQDTAPAPSPNTNGGNALNQLKGRAVMWLNTGLVILFLLAMTA 
>AT2G04780.1 | Symbols: FLA7 | FASCICLIN-like arabinoogalactan 7 
| chr2:1677488-1678252 FORWARD LENGTH=254 
MAKMQLSIFIAVVALIVCSASAKTASPPAPVLPPTPAPAPAPENVNLTELLSVAGPFHTFLDYL
LSTGVIETFQNQANNTEEGITIFVPKDDAFKAQKNPPLSNLTKDQLKQLVLFHALPHYYSLSEF
KNLSQSGPVSTFAGGQYSLKFTDVSGTVRIDSLWTRTKVSSSVFSTDPVAVYQVNRVLLPEAIF
GTDVPPMPAPAPAPIVSAPSDSPSVADSEGASSPKSSHKNSGQKLLLAPISMVISGLVALFL 
>AT2G14890.1 | Symbols: AGP9 | arabinogalactan protein 9 | 
chr2:6399679-6400755 FORWARD LENGTH=191 
MARSFAIAVICIVLIAGVTGQAPTSPPTATPAPPTPTTPPPAATPPPVSAPPPVTTSPPPVTTA
PPPANPPPPVSSPPPASPPPATPPPVASPPPPVASPPPATPPPVATPPPAPLASPPAQVPAPAP
TTKPDSPSPSPSSSPPLPSSDAPGPSTDSISPAPSPTDVNDQNGASKMVSSLVFGSVLVWFMI 
>AT2G20520.1 | Symbols: FLA6 | FASCICLIN-like arabinogalactan 6 
| chr2:8840663-8841406 FORWARD LENGTH=247 
MSSSLFSYVVLLIFLFTIPYIQSQPTAPAPTTEKSPINLTAILEAGHQFTTLIQLLNTTQVGFQ
VSVQLNSSDQGMTIFAPTDNAFNKLKPGTLNSLTYQQQIQLMLYHIIPKYYSLSDLLLASNPVR
TQATGQDGGVFGLNFTGQAQSNQVNVSTGVVETRINNALRQQFPLAVYVVDSVLLPEELFGTKT
TPTGAPAPKSSTSSSDADSPAADDEHKSAGSSVKRTSLGIVVSFALFCCSVIYIA 
>AT2G22470.1 | Symbols: AGP2, ATAGP2 | arabinogalactan protein 2 
| chr2:9538400-9538795 REVERSE LENGTH=131 
MNSKAMQALIFLGFLATSCLAQAPAPAPTTVTPPPTALPPVTAETPSPIASPPVPVNEPTPAPT
TSPTTSPVASPPQTDAPAPGPSAGLTPTSSPAPGPDGAADAPSAAWANKAFLVGTAVAGALYAV
VLA 
>AT2G23130.1 | Symbols: AGP17, ATAGP17 | arabinogalactan protein 
17 | chr2:9844411-9845186 FORWARD LENGTH=185 
MTRNILLTVTLICIVFITVGGQSPATAPIHSPSTSPHKPKPTSPAISPAAPTPESTEAPAKTPV
EAPVEAPPSPTPASTPQISPPAPSPEADTPSAPEIAPSADVPAPALTKHKKKTKKHKTAPAPGP
ASELLSPPAPPGEAPGPGPSDAFSPAADDQSGAQRISVVIQMVGAAAIAWSLLVLAF 
>AT2G23990.2 | Symbols: ENODL11, AtENODL11 | early nodulin-like 
protein 11 | chr2:10206835-10207911 REVERSE LENGTH=226 
MVSLISIVSVVFLLFTTFYHFGEARIINVGGSLDAWKVPESPNHSLNHWAESVRFQVGDALCSF
VMMVKIRMLVIVGYTFMFKYDSKIDSVLQVTKENYEKCNTQKPLEEHKDGYTTVKLDVSGPYYF
ISGAPSGNCAKGEKVTVVVQSPNHPKPGPAAVTPTLPPKPSTTPAAPAPAPPTPSPKSSTSTMA
PAPAPAKSSAVGLVAGNGIFWASTLVAVIGLAFA 
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>AT2G24450.1 | Symbols: FLA3 | FASCICLIN-like arabinogalactan 
protein 3 precursor | chr2:10393019-10393861 REVERSE LENGTH=280 
MGLKVSSSLLCLTILLAVSSIVSAVNITRVLEKYPEFSTMTELLAKTELTPIINKRQTITVLAL
NNDAIGSISGRPEEEVKNILMNHVVLDYFDELKLKALKEKSTLLTTLYQSTGLGQQQNGFLNCT
KSNGKIYFGSGVKGAPQTAEYITTVFRNPYNLSVVQISMPIVAPGLGSPVKVPPPPPMSSPPAP
SPKKGAATPAPAPADEGDYADAPPGLAPETAPASAPSESDSPAPAPDKSGKKKMAAADEAEPPS
SASNTGLSFGAVLVLGFVASFVGF 
>AT2G25060.1 | Symbols: ENODL14, AtENODL14 | early nodulin-like 
protein 14 | chr2:10662308-10662930 FORWARD LENGTH=182 
MFLSASMASSSLHVAIFSLIFLFSLAAANEVTVGGKSGDWKIPPSSSYSFTEWAQKARFKVGDF
IVFRYESGKDSVLEVTKEAYNSCNTTNPLANYTDGETKVKLDRSGPFYFISGANGHCEKGQKLS
LVVISPRHSVISPAPSPVEFEDGPALAPAPISGSVRLGGCYVVLGLVLGLCAWF 
>AT2G26720.1 | Symbols: | Cupredoxin superfamily protein | 
chr2:11384782-11385402 FORWARD LENGTH=206 
MALIKNNIFFTSLLIFVTLFGVAVGGTVHKVGNTKGWTMIGGDYEAWASSRVFQVGDTLVFAYN
KDYHDVTEVTHNDFEMCESSKPLRRYKTGSDSISLTKPGLQHFICGVPGHCKKGQKLQIHVLPA
SLGHVAVPVPGPVRSQSSSSSPSPSPLVDPPVNNAPQYQMGPTPASHSAASADFIFTFSFDLTL
IDLCTFFILFFILV 
>AT2G28440.1 | Symbols: | proline-rich family protein | 
chr2:12161226-12162032 FORWARD LENGTH=268 
MAKKLCFIVMLSICLLIFDFAGAQEESPSPAAVSPGREPSTDSPLSPSSSPEEDSPLSPSSSPE
EDSPLPPSSSPEEDSPLAPSSSPEVDSPLAPSSSPEVDSPQPPSSSPEADSPLPPSSSPEANSP
QSPASSPKPESLADSPSPPPPPPQPESPSSPSYPEPAPVPAPSDDDSDDDPEPETEYFPSPAPS
PELGMAQDIKASDAAGEELNDERGEDYGMSGLEKAGIAIGTILGVGAIVIGALVYKKRRDNMTR
ARYTYFTEGEFL 
>AT2G31050.1 | Symbols: | Cupredoxin superfamily protein | 
chr2:13212150-13212752 FORWARD LENGTH=200 
MALIKSNAFFTSLLILVALFGISVGGTVHKVGDSDGWTIMSVNYETWASTITFQVGDSLVFKYN
KDFHDVTEVTHNDYEMCEPSKPLARYETGSDIVILTKPGLQHFICGFPGHCDMGQKLQIHVLPA
SLGPVAAPVPGPVRPPSSFSSPSQSPLAESPVNHAPVQYQMGPSPAPHSAASNSNVWIGLCFLP
LLSLLILV 
>AT2G32300.1 | Symbols: UCC1 | uclacyanin 1 | chr2:13722510-
13723464 FORWARD LENGTH=261 
MASREMLIIISVLATTLIGLTVATDHTIGGPSGWTVGASLRTWAAGQTFAVGDNLVFSYPAAFH
DVVEVTKPEFDSCQAVKPLITFANGNSLVPLTTPGKRYFICGMPGHCSQGMKLEVNVVPTATVA
PTAPLPNTVPSLNAPSPSSVLPIQPLLPLNPVPVLSPSSSTPLPSSSLPLIPPLSPALSPATAA
GTSLPLFPGSPGSSSSTTSTKTVGTFPSSTTGTTADLAGADSPPADSSSAAKTLVLGFGFMVAM
MLHLF 
>AT2G33790.1 | Symbols: ATAGP30, AGP30 | arabinogalactan protein 
30 | chr2:14293862-14295237 REVERSE LENGTH=239 
MGIIGKSVSLTLFALLCFTSSVFTLGVNQPGSSDPFHSLPQHLPLPPIKLPTLPPAKAPIKLPA
YPPAKAPIKLPTLPPAKAPIKLPTLPPIKPPVLPPVYPPKYNKTLVAVRGVVYCKACKYAGVNN
VQGAKPVKDAVVRLVCKNKKNSISETKTDKNGYFMLLAPKTVTNYDIKGCRAFLVKSPDTKCSK
VSSLHDGGKGSVLKPVLKPGFSSTIMRWFKYSVYNVGPFAFEPTCPK 
>AT2G35860.1 | Symbols: FLA16 | FASCICLIN-like arabinogalactan 
protein 16 precursor | chr2:15059859-15061810 FORWARD LENGTH=445 
MDSSYGATKFLLLLFLTTSIATALPDNKPVPGQINSNSVLVALLDSHYTELAELVEKALLLQTL
EEAVGKHNITIFAPRNDALERNLDPLFKSFLLEPRNLKSLQSLLMFHILPKRITSPQWPSLSHH
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HRTLSNDHLHLTVDVNTLKVDSAEIIRPDDVIRPDGIIHGIERLLIPRSVQEDFNRRRSLRSIS
AVIPEGAPEVDPRTHRLKKPSPAVPAGAPPVLPIYDAMSPGPSLAPAPAPGPGGPRGHFNGDAQ
VKDFIHTLLHYGGYNEMADILVNLTSLATEMGRLVSEGYVLTVLAPNDEAMAKLTTDQLSEPGA
PEQIMYYHIIPEYQTEESMYNAVRRFGKVKYDSLRFPHKVLAQEADGSVKFGHGDGSAYLFDPD
IYTDGRISVQGIDGVLFPKEETPATEIKPAAPVVKKVSKSRRGKLMEVACRMMGSRFIPCQ 
>AT2G41905.1 | Symbols: | BEST Arabidopsis thaliana protein 
match is: arabinogalactan protein 23 (TAIR:AT3G57690.1); Has 
35333 Blast hits to 34131 proteins in 2444 species: Archae - 
798; Bacteria - 22429; Metazoa - 974; Fungi - 991; Plants - 531; 
Viruses - 0; Other Eukaryotes - 9610 (source: NCBI BLink). | 
chr2:17495766-17495951 FORWARD LENGTH=61 
MEMKKIACGVVFAAASMTAVMAAEVGAPAPGPAASGASVAVPALGSLVGASLVSLFAYYLN 
>AT2G44790.1 | Symbols: UCC2 | uclacyanin 2 | chr2:18462182-
18463232 REVERSE LENGTH=202 
MAMNGLSKMAVAAATALLLVLTIVPGAVAVTYTIEWTTGVDYSGWATGKTFRVGDILEFKYGSS
HTVDVVDKAGYDGCDASSSTENHSDGDTKIDLKTVGINYFICSTPGHCRTNGGMKLAVNVVAGS
AGPPATPTPPSSTPGTPTTPESPPSGGSPTPTTPTPGAGSTSPPPPPKASGASKGVMSYVLVGV
SMVLGYGLWM 
>AT2G45470.1 | Symbols: FLA8, AGP8 | FASCICLIN-like 
arabinogalactan protein 8 | chr2:18742797-18744059 REVERSE 
LENGTH=420 
MAASQTFSLLAFTFSLLAFASTVSSHNITQILADSPDYSSFNSYLSQTKLADEINSRTTITVLV
LNNGAMSALAGKHPLSVIKSALSLLVLLDYYDPQKLHKISKGTTLSTTLYQTTGNAPGNLGFVN
ITDLKGGKVGFGSAASGSKLDSSYTKSVKQIPYNISILEIDAPIIAPGVLTAPAPSASLSNITG
LLEKAGCKTFANLLVSSGVLKTYESAVEKGLTVFAPSDEAFKAEGVPDLTKLTQAEVVSLLEYH
ALAEYKPKGSLKTNKNNISTLATNGAGKFDLTTSTSGDEVILHTGVAPSRLADTVLDATPVVIF
TVDNVLLPAELFGKSKSPSPAPAPEPVTAPTPSPADAPSPTAASPPAPPTDESPESAPSDSPTG
SANSKSANAAVGVSTPSLFTALVTIAAIAVSVSLCS 
>AT2G46330.1 | Symbols: AGP16, ATAGP16 | arabinogalactan protein 
16 | chr2:19018730-19019108 REVERSE LENGTH=73 
MASRNSVTGFALFSFVFAVILSLAGAQSLAPAPAPTSDGTSIDQGIAYLLMVVALVLTYLIHPL
DASSSYSFF 
>AT2G47930.1 | Symbols: AGP26, ATAGP26 | arabinogalactan protein 
26 | chr2:19617219-19617629 REVERSE LENGTH=136 
MSVSLFTAFTVLSLCLHTSTSEFQLSTISAAPSFLPEAPSSFSASTPAMSPDTSPLFPTPGSSE
MSPSPSESSIMPTIPSSLSPPNPDAVTPDPLLEVSPVGSPLPASSSVCLVSSQLSSLLLVLLML
LLAFCSFF 
>AT3G01700.1 | Symbols: AGP11, ATAGP11 | arabinogalactan protein 
11 | chr3:258981-259391 FORWARD LENGTH=136 
MARLFVVVALLALAVGTVFAADAPSAAPTASPTKSPTKAPAAAPKSSAAAPKASSPVAEEPTPE
DDYSAASPSDSAEAPTVSSPPAPTPEADGPSSDGPSSDGPAAAESPKSGATTNVKLSIAGTVAA
AGFFIFSL 
>AT3G01730.1 | Symbols: | unknown protein; Has 8 Blast hits to 8 
proteins in 2 species: Archae - 0; Bacteria - 0; Metazoa - 0; 
Fungi - 0; Plants - 8; Viruses - 0; Other Eukaryotes - 0 
(source: NCBI BLink). | chr3:266628-266891 FORWARD LENGTH=87 
MRAFSLMICVLVLATLIMVAESKSSYSGNDETLTPPPPMAPSPSPTGTDGGHFGEPKTLLPPPN
AATFTTCPLLITSTLISALAFVF 
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>AT3G06360.1 | Symbols: AGP27, ATAGP27 | arabinogalactan protein 
27 | chr3:1928976-1929353 FORWARD LENGTH=125 
MASSILLTLITFIFLSSLSLSSPTTNTIPSSQTISPSEEKISPEIAPLLPSPAVSSTQTIPSSS
TLPEPENDDVSADPDPAFAPSASPPASSLASLSSQAPGVFIYFVFAAVYCFSLRLLAVSAI 
>AT3G11700.1 | Symbols: FLA18 | FASCICLIN-like arabinogalactan 
protein 18 precursor | chr3:3698992-3700971 FORWARD LENGTH=462 
MDRCIYGCSVITIFFSFFFLLNASALESGHHNITGSGQINSNSVLVALLDSRYTELAELVEKAL
LLQTLEDAVGRHNITIFAPRNEALERDLDPDFKRFLLQPGNLKSLQTLLLSHIIPKRVGSNQWP
EENSGRVKHVTLGHDQVLHLSKLKGTNGKRLVNSAVITRPDDLTRPDGLIHGIERLLIPRSVQE
DFNRRRNLRSISAVLPEGAPEIDPRTNRLKKSATAVSVPAGSPPVLPIESAMAPGPSLAPAPAP
GPGGAHKHFNGDAQVKDFIHTLLHYGGYNEMADILVNLTSLATEMGRLVSEGYVLTVLAPNDEA
MGKLTTDQLSEPGAPEQIMYYHIIPEYQTEESMYNSVRRFGKVKYETLRFPHKVGAKEADGSVK
FGSGDRSAYLFDPDIYTDGRISVQGIDGVLFPEEKEEETVKKPTGPVKKVVQPRRGKLLEVACS
MLGAIGKDSYLSRC 
>AT3G12660.1 | Symbols: FLA14 | FASCICLIN-like arabinogalactan 
protein 14 precursor | chr3:4019060-4019827 FORWARD LENGTH=255 
MSSSLTIFFFFFASTFLYTSSNSFNITNILNEHDDFSNFNQLLSETQLASTINKRQTITVLVVS
NGALSSLSGQPTSVIKKILSLHIVLDYYDQKKLKNLSKKTVLLTTLFQSSGLARGQQGFLNATV
MKNGDVAFGSAVPGSSLDAQLQDTVAALPFNISVLHISSAIMIDVKGDNAPTASPLSPVSSPPR
PAESPNDDGQDFDEPPSSAPGAAADEPSENAGSANGVSRNDSQPAFAFTLLMSFIWWFMARLR 
>AT3G13520.1 | Symbols: AGP12, ATAGP12 | arabinogalactan protein 
12 | chr3:4409087-4409269 FORWARD LENGTH=60 
MESMKMKLIVVLMVAIVAFSAVGNVAAQTEAPAPSPTSDAAMFVPALFASVAALASGFLF 
>AT3G20570.1 | Symbols: ENODL9, AtENODL9 | early nodulin-like 
protein 9 | chr3:7186754-7187453 REVERSE LENGTH=203 
MARNLKSMMLCGFGLLCFLMIVDRAYAREFTVGGATGWTVPSGSQVYSQWAEQSRFQIGDSLLF
VYQSNQDSVLQVTRDAYDSCNTDSPTAKFADGKTSVTLNHSGPYYFISGNKDNCKKNEKLVVIV
MADRSGNKNTASSPPSPAPAPSGESAPSPPVSGTFEMTPAPTPTTSEDTPNSAASSLSFVAALL
GAALASTLFLH 
>AT3G20865.1 | Symbols: AGP40 | arabinogalactan protein 40 | 
chr3:7308699-7308887 REVERSE LENGTH=62 
MEMKNIFVALFISAVLVSSVSAATMESPAPSPGASSASTVAFPVVGSIVAASLSAFLALLLQ 
>AT3G45230.1 | Symbols: | hydroxyproline-rich glycoprotein 
family protein | chr3:16569123-16569650 FORWARD LENGTH=175 
MKLEFIIVAMMLSLVLVSGEILTKSSPAPSPDLADSPLIHASPPSKLGSHNSPAESPIEYSSPP
EPETEHSPSPSPANSPSVSPPLPNDSQSPSSSASPSPSPEASDVNHSDITGIEGEKLPSGSGGG
MSGGKKVGVAFGAIAAVCVVGVAGFVYKKRQENIRRSRYGYAAREIL 
>AT3G46550.1 | Symbols: SOS5 | Fasciclin-like arabinogalactan 
family protein | chr3:17136612-17137874 REVERSE LENGTH=420 
MANVISISHFTLLALPYLLLLLSSTAAAINVTAVLSSFPNLSSFSNLLVSSGIAAELSGRNSLT
LLAVPNSQFSSASLDLTRRLPPSALADLLRFHVLLQFLSDSDLRRIPPSGSAVTTLYEASGRTF
FGSGSVNVTRDPASGSVTIGSPATKNVTVLKLLETKPPNITVLTVDSLIVPTGIDITASETLTP
PPTSTSLSPPPAGINLTQILINGHNFNVALSLLVASGVITEFENDERGAGITVFVPTDSAFSDL
PSNVNLQSLPAEQKAFVLKFHVLHSYYTLGSLESITNPVQPTLATEEMGAGSYTLNISRVNGSI
VTINSGVVLAVVTQTAFDQNPVSVFGVSKVLLPKELFPKSGQPVATAPPQEISLSPESSSEQPS
RLVSPPREIVSSGAVKRPLGFLVLWCWCIAFCYVLV 
>AT3G52370.1 | Symbols: FLA15 | FASCICLIN-like arabinogalactan 
protein 15 precursor | chr3:19417549-19419549 FORWARD LENGTH=436 
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MDDLSKLLFFLLLTISITTALPDKPGSGQINSNSVLVALLDSHYTELAELVEKALLLQTLEEAV
GQHNITIFAPRNDALEKNLDPEFKSFLLQPKNLKSLQSLLMFHILPKRITSPQFSSAVVSHRTL
SNDHLHFTNGKVNSAEITKPDDLTRPDGIIHGIERLLIPRSVQEDFNRRRSLRSIAAVLPEGAP
EVDPRTHRLKKKPAPIPAGAPPVLPVYDAMSPGPSLAPAPAPGPGGPRHHFNGEAQVKDFIHTL
LHYGGYNEMADILVNLTSLATEMGRLVSEGYVLTVLAPNDEAMAKLTTDQLSEPGAPEQIMYYH
IIPEYQTEESMYNSVRRFGKIRYDSLRFPHKVEAQEADGSVKFGHGDGSAYLFDPDIYTDGRIS
VQGIDGVLFPEEKTPVEKKTGVPVVKKAPKPRRGKLMEVACTMLGSQFPTCQ 
>AT3G57690.1 | Symbols: AGP23, ATAGP23 | arabinogalactan protein 
23 | chr3:21384269-21384454 FORWARD LENGTH=61 
MEMKKIACGVLFAAASMTAVMAAEEVGAPAPGPASAASAALPALGSLVGASLVSLFSYYLH 
>AT3G60270.1 | Symbols: | Cupredoxin superfamily protein | 
chr3:22278029-22278762 REVERSE LENGTH=187 
MGSTAATALLLLLLLVAVPAVFAVTFQVGDNDGWTIGVEYTSWVSEKTFRVGDTLEFKYGPSHS
VAVVNKADYDGCETSRPTQSFSDGDTKIDLTKVGAIHFLCLTPGHCSLGMKLAVQVLAAVSLEP
PPSPSAPSPSPSAPSPSPSAPSPSPSPGNAENLKNAASKGIMSYGKIVVTMVLMYGVLN 
>AT3G60280.1 | Symbols: UCC3 | uclacyanin 3 | chr3:22279867-
22280633 REVERSE LENGTH=222 
MGSTVAAALLLFLAAVPAVFAATFKVGDISGWTSNLDYTVWLTGKTFRVGDTLEFVYGLSHSVS
VVDKAGYDNCDSSGATQNFADGDTKIDLTTVGTMHFLCPTFGHCKNGMKLAVPVLAAAPSPSTP
SSPPSTPSTPSSPPSTPSTPSSPPSPPSPPSPSLPPSSLPPSASPPTNGTPDSETLTPPPAPLP
PSLSPNAASKGVMSYGIIGVTMILMYAVMT 
>AT3G60900.1 | Symbols: FLA10 | FASCICLIN-like arabinogalactan-
protein 10 | chr3:22499573-22500841 REVERSE LENGTH=422 
MATSRAFTLFAFTLSLLTVASTVSGHNITQILSDTPEYSSFNNYLSQTKLADEINSRTTITVLV
LNNGAMSSLAGKHPLSVVKNALSLLVLLDYYDPLKLHQLSKGTTLTTTLYQTTGHALGNLGFVN
VTDLKGGKVGFGSAAPGSKLDSSYTKSVKQIPYNISVLEINAPIIAPGILTAPAPSSAGVSNIT
GLLEKAGCKTFANLLVSSGVIKTFESTVEKGLTVFAPSDEAFKARGVPDLTNLTQAEVVSLLEY
HALAEYKPKGSLKTNKDAISTLATNGAGKYDLTTSTSGDEVILHTGVGPSRLADTVVDETPVVI
FTVDNVLLPAELFGKSSSPAPAPEPVSAPTPTPAKSPSPVEAPSPTAASPPAPPVDESSPEGAP
SDSPTSSENSNAKNAAFHVNAPALFTALVTIAATSLLL 
>AT3G61640.1 | Symbols: AGP20, AtAGP20 | arabinogalactan protein 
20 | chr3:22810283-22810629 REVERSE LENGTH=74 
MASRNSVAVIALFAFVFAVISPFAGAQSLAPAPSPTSDGTSIDQGIAYLLMVVALVLTYLIHPL
DASSSSYTFF 
>AT4G09030.1 | Symbols: AGP10, ATAGP10 | arabinogalactan protein 
10 | chr4:5792249-5792632 FORWARD LENGTH=127 
MASKSVVVLLFLALIASSAIAQAPGPAPTRSPLPSPAQPPRTAAPTPSITPTPTPTPSATPTAA
PVSPPAGSPLPSSASPPAPPTSLTPDGAPVAGPTGSTPVDNNNAATLAAGSLAGFVFVASLLL 
>AT4G12730.1 | Symbols: FLA2 | FASCICLIN-like arabinogalactan 2 
| chr4:7491598-7492809 REVERSE LENGTH=403 
MAYLRRAATALVLIFQLHLFLSLSNAHNITRILAKDPDFSTFNHYLSATHLADEINRRQTITVL
AVDNSAMSSILSNGYSLYQIRNILSLHVLVDYFGTKKLHQITDGSTSTASMFQSTGSATGTSGY
INITDIKGGKVAFGVQDDDSKLTAHYVKSVFEKPYNISVLHISQVLTSPEAEAPTASPSDLILT
TILEKQGCKAFSDILKSTGADKTFQDTVDGGLTVFCPSDSAVGKFMPKFKSLSPANKTALVLYH
GMPVYQSLQMLRSGNGAVNTLATEGNNKFDFTVQNDGEDVTLETDVVTAKVMGTLKDQEPLIVY
KIDKVLLPREIYKAVKTSAPAPKSSKKKPKNAEADADGPSADAPSDDDVEVADDKNGAVSAMIT
RTSNVVTAIVGLCFGVWLM 
>AT4G16980.1 | Symbols: | arabinogalactan-protein family | 
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chr4:9557087-9557581 FORWARD LENGTH=164 
MASSFSSQAFFLLTLSMVLIPFSLAQAPMMAPSGSMSMPPMSSGGGSSVPPPVMSPMPMMTPPP
MPMTPPPMPMTPPPMPMAPPPMPMASPPMMPMTPSTSPSPLTVPDMPSPPMPSGMESSPSPGPM
PPAMAASPDSGAFNVRNNVVTLSCVVGVVAAHFLLV 
>AT4G26320.1 | Symbols: AGP13 | arabinogalactan protein 13 | 
chr4:13317235-13317414 REVERSE LENGTH=59 
MEAMKMRLFVAVLVAAMAFSAVQQAAAVEAPAPSPTSDASLAIPAFFASVATLAFGFLF 
>AT4G27520.1 | Symbols: ENODL2, AtENODL2 | early nodulin-like 
protein 2 | chr4:13750668-13751819 REVERSE LENGTH=349 
MTFLKMKSLSFFFTILLSLSTLFTISNARKFNVGGSGAWVTNPPENYESWSGKNRFLVHDTLYF
SYAKGADSVLEVNKADYDACNTKNPIKRVDDGDSEISLDRYGPFYFISGNEDNCKKGQKLNVVV
ISARIPSTAQSPHAAAPGSSTPGSMTPPGGAHSPKSSSPVSPTTSPPGSTTPPGGAHSPKSSSA
VSPATSPPGSMAPKSGSPVSPTTSPPAPPKSTSPVSPSSAPMTSPPAPMAPKSSSTIPPSSAPM
TSPPGSMAPKSSSPVSNSPTVSPSLAPGGSTSSSPSDSPSGSAMGPSGDGPSAAGDISTPAGAP
GQKKSSANGMTVMSITTVLSLVLTIFLSA 
>AT4G28365.1 | Symbols: ENODL3, AtENODL3 | early nodulin-like 
protein 3 | chr4:14033012-14033688 REVERSE LENGTH=199 
MGLVMRFDLYLMFVMLMGLGFTISNGYKFYVGGKDGWVPTPSEDYSHWSHRNRFQVNDTLHFKY
AKGKDSVLEVTEQEYNTCNTTHPLTSLSDGDSLFLLSHSGSYFFISGNSQNCLKGQKLAVKVLS
TVHHSHSPRHTSPSPSPVHQELSSPGPSPGVEPSSDSNSRVPAPGPATAPNSAGLVGPGMVVLV
IMISSLF 
>AT4G30590.1 | Symbols: ENODL12, AtENODL12 | early nodulin-like 
protein 12 | chr4:14935760-14936469 REVERSE LENGTH=190 
MGIIVPVLTLVFLLFAKVSHGASNPRVILVGGSVGSWKVPDSPNNTLNHWAENNRFKVGDFIVW
KYDMKVDSVLQVTKEDYESCNTANPLKQYNDGNTKVALDKSGPYFFISGAPGNCAKGEKITLVV
LAERKSGGGSSSGDAPKVSPVSPTAQTPAPAPGPAAAHNAAVGLKVASGWFLTAVVVGLAMA 
>AT4G31370.1 | Symbols: FLA5 | FASCICLIN-like arabinogalactan 
protein 5 precursor | chr4:15223838-15224674 REVERSE LENGTH=278 
MGLKASLSLLSLTILLVFSKVVTANNITLAFQKYSKFSTMRDLFIKTKLIAAIDKYQTITVLAV
SNDAISSITNRSEVELRNILMTHVILDYYDELKLQGMREKSIMLTTLYQTTGLGEQMNGFLNVS
KSKGRVYFGSEVKNSPLNAEYVSTVYHNPYNLSIIQITMPIVAPGLSLAIFPPPPPYVHVAPYP
TPMDASVVPAPGPAADDNSPDSAVPKTPPAPATDTPEADSPAPAPSADNEKIEAADKAKPSSSA
SKAGWSFDVILLLAFLASFAGF 
>AT4G32490.1 | Symbols: ENODL4, AtENODL4 | early nodulin-like 
protein 4 | chr4:15678811-15679556 REVERSE LENGTH=221 
MVFVKMTDVYLMIVMLMGLGFSIELSNGHKFYVGGRDGWVLTPSEDYSHWSHRNRFQVNDTLYF
KYVKGKDSVLEVSEKEYNTCNTTHPLTSLSDGDSLFLLSRSDPFFFVSGNSGSCLKGQKLAVTV
MSTGHHSHTPRHPSPSPSPSASPVRKALLSPAPIPVHKALSSPAPTPGVDPSHSEVLAPAPGPA
AAVRNLAGSVAPGVISLGLVLVIMISSMV 
>AT4G37450.1 | Symbols: AGP18, ATAGP18 | arabinogalactan protein 
18 | chr4:17605926-17606734 REVERSE LENGTH=209 
MDRNFLLTVTLICIVVAGVGGQSPISSPTKSPTTPSAPTTSPTKSPAVTSPTTAPAKTPTASAS
SPVESPKSPAPVSESSPPPTPVPESSPPVPAPMVSSPVSSPPVPAPVADSPPAPVAAPVADVPA
PAPSKHKKTTKKSKKHQAAPAPAPELLGPPAPPTESPGPNSDAFSPGPSADDQSGAASTRVLRN
VAVGAVATAWAVLVMAF 
>AT4G40090.1 | Symbols: AGP3 | arabinogalactan protein 3 | 
chr4:18581085-18581504 REVERSE LENGTH=139 
MALKTLQALIFLGLFAASCLAQAPAPAPITFLPPVESPSPVVTPTAEPPAPVASPPIPANEPTP
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VPTTPPTVSPPTTSPTTSPVASPPKPYALAPGPSGPTPAPAPAPRADGPVADSALTNKAFLVST
VIAGALYAVLA 
>AT5G06390.1 | Symbols: FLA17 | FASCICLIN-like arabinogalactan 
protein 17 precursor | chr5:1952939-1955047 FORWARD LENGTH=458 
MDRRIYGGSAVIHLFLFFSVLIFSAASALSKNQSPSSGSGQINSNSVLVALLDSRYTELAELVE
KALLLQTLEDAVGRHNITIFAPRNEALERDLDPEFKRFLLEPGNLKSLQTLLMFHIIPNRVGSN
QWPSEESGRVKHHTLGNDQVRLSNGQGKKMVDLAEIIRPDDLTRPDGLIHGIERLLIPRSVQED
FNRRRSLQSISAVLPEGAPEVDPRTNRLKKPAAPVPAGSPPALPIQSAMAPGPSLAPAPAPGPG
GKQHHFDGEAQVKDFIHTLLHYGGYNEMADILVNLTSLATEMGRLVSEGYVLTVLAPNDEAMAK
LTTDQLSEPGAPEQIVYYHIIPEYQTEESMYNSVRRFGKVKFDTLRFPHKVAAKEADGSVKFGD
GEKSAYLFDPDIYTDGRISVQGIDGVLFPQEEEVVESVKKPVKKIVQPRRGKLLEVACSMLGAF
GKDTYLSKCR 
>AT5G06920.1 | Symbols: FLA21 | FASCICLIN-like arabinogalactan 
protein 21 precursor | chr5:2142858-2143919 FORWARD LENGTH=353 
MGCCSSDCFVYFILSIALAFMAISTTLRSPPDSEPTIPIAFSSSSPSLSLNASNTLRQSNFKAI
ATLLHISPEIFLSSSPNTTLFAIEDASFFNTSSLHPLFLKQLLHYHTLPLMLSMDDLLKKPQGT
CLPTLLHHKSVQISTVNQESRTAEVNHVRITHPDMFLGDSLVIHGVIGPFSPLQPHSDHLIHTP
LCQSDTTNKTSNNEEVPVSIDWTRIVQLLSSNGFVPFAIGLHSVLNRIVNDHNHHKNLTGVTIL
ATPNLVSLSSASPFLYEVVRHHILVQRLTYKDFASMSDKATVKTLDPYQDLTITRRNVNSSGGD
FMISGVEIVDPDMFSSSNFVIHGISHTLEIPHV 
>AT5G10430.1 | Symbols: AGP4, ATAGP4 | arabinogalactan protein 4 
| chr5:3277828-3278235 REVERSE LENGTH=135 
MGSKIVQVFLMLALFATSALAQAPAPTPTATPPPATPPPVATPPPVATPPPAATPAPATPPPAA
TPAPATTPPSVAPSPADVPTASPPAPEGPTVSPSSAPGPSDASPAPSAAFSNKAFFAGTAFAAI
MYAAVLA 
>AT5G11740.1 | Symbols: AGP15, ATAGP15 | arabinogalactan protein 
15 | chr5:3784318-3784503 FORWARD LENGTH=61 
MAISKASIVVLMMVIISVVASAQSEAPAPSPTSGSSAISASFVSAGVAAVAALVFGSALRI 
>AT5G12880.1 | Symbols: | proline-rich family protein | 
chr5:4068714-4068935 REVERSE LENGTH=73 
MRRSWPTRLILLMVLTVVITMIAAAYGYSSVSSSKHKFPHYKYKAPSPPTTYSPYRYFSPPPVT
DSDSAAYVR 
>AT5G18690.1 | Symbols: AGP25, ATAGP25 | arabinogalactan protein 
25 | chr5:6233776-6234126 REVERSE LENGTH=116 
MAFSFLNKLLIIFIFIFISLSSSSPTISLVQQLSPEIAPLLPSPGDALPSDDGSGTIPSSPSPP
DPDTNDGSYPDPLAFSPFASPPVSSPSPPPSLPSAGVLLISLIISSASFLAL 
>AT5G24105.1 | Symbols: AGP41 | arabinogalactan protein 41 | 
chr5:8152097-8152656 FORWARD LENGTH=63 
MSGSRLFFGVSTIVSIIFAILLPMAHAQSAAPAPAPTSDGTTIDQGIAYVLMLVALVLTYLIH 
>AT5G26330.1 | Symbols: | Cupredoxin superfamily protein | 
chr5:9241614-9242635 REVERSE LENGTH=187 
MAAIIVAALACIVVMLRLSEAAVYKVGDSAGWTTIANVDYKLWASTKTFHIGDTVLFEYNPQFH
NVMRVTHPMYRSCNTSKPISTFTTGNDSITLTNHGHHFFFCGVPGHCLAGQKLDLHVLLPASST
PLSDPPTSSSSSPPSTTIPAAGVPGPSPSLAASLPSMVTAQIVAVVTLLVSLAFTNFAS 
>AT5G40730.1 | Symbols: AGP24, ATAGP24 | arabinogalactan protein 
24 | chr5:16301153-16301362 FORWARD LENGTH=69 
MMMMTKMFVQIAVVCLLATMAVVSAHEGHHHHAPAPAPGPASSSTVVSATNMFTVLAIAAVALV
VGSNH 
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>AT5G44130.1 | Symbols: FLA13 | FASCICLIN-like arabinogalactan 
protein 13 precursor | chr5:17761128-17761871 FORWARD LENGTH=247 
MATTPLLLLLLTAVFLSTEITAQRAAPAPGPAGPINITAILEKGGQFVTLIRLLNTTQIGNQIN
IQINSSSEGMTVLAPTDNAFQNLKPGTLNKLSPDDQVKLILYHVSPKFYTLEDLLSVSNPVRTQ
ASGRDVGGVYGLNFTGQGNQVNVSTGVVETRLSTSLRQERPLAVYVVDMVLLPEEMFGERKISP
MAPPPKSKSPDVSDDSESSKKAAAPSESEKSGSGEMNTGLGLGLGLVVLCLKFLL 
>AT5G53250.1 | Symbols: AGP22, ATAGP22 | arabinogalactan protein 
22 | chr5:21603715-21604007 FORWARD LENGTH=63 
MASLKFPLEILAVFVIISVILLPIAQSHSSSPAPAPTSDGTSIDQGIAYVLMMVALALTYFIH 
>AT5G53870.1 | Symbols: ENODL1, AtENODL1 | early nodulin-like 
protein 1 | chr5:21870033-21871228 REVERSE LENGTH=370 
MSAIMKSLCFSFLILASFATFFSVADAWRFNVGGNGAWVTNPQENYNTWAERNRFQVNDSLYFK
YAKGSDSVQQVMKADFDGCNVRNPIKNFENGESVVTLDRSGAFYFISGNQDHCQKGQKLIVVVL
AVRNQPSAPAHSPVPSVSPTQPPKSHSPVSPVAPASAPSKSQPPRSSVSPAQPPKSSSPISHTP
ALSPSHATSHSPATPSPSPKSPSPVSHSPSHSPAHTPSHSPAHTPSHSPAHAPSHSPAHAPSHS
PAHAPSHSPAHSPSHSPATPKSPSPSSSPAQSPATPSPMTPQSPSPVSSPSPDQSAAPSDQSTP
LAPSPSETTPTADNITAPAPSPRTNSASGLAVTSVMSTLFSATFTFLMFA 
>AT5G55730.1 | Symbols: FLA1 | FASCICLIN-like arabinogalactan 1 
| chr5:22558375-22560392 REVERSE LENGTH=424 
MAKKMSSLIIIFNILLLLTTQTHAHNVTRLLANHPSFSSFSHFLTQTHLADEINRRRTITVCAV
DNAAMSALTSKGYTLSTLKNILSLHVLLDYFGTKKLHQIRDGSALAATLFQATGAAPGTSGFVN
ITDLRGGKVGFGPDGGDLSSFFVKSIEEVPYNISIIQISRVLPSETAAAPTPAPAEMNLTGIMS
AHGCKVFAETLLTNPGASKTYQESLEGGMTVFCPGDDAMKGFLPKYKNLTAPKKEAFLDFLAVP
TYYSMAMLKSNNGPMNTLATDGANKFELTVQNDGEKVTLKTRINTVKIVDTLIDEQPLAIYATD
KVLLPKELFKASAVEAPAPAPAPEDGDVADSPKAAKGKAKGKKKKAAPSPDNDPFGDSDSPAEG
PDGEADDATADDAGAVRIIGGAKAGLVVSLLCLFASSWLL 
>AT5G56330.1 | Symbols: ATACA8, ACA8 | alpha carbonic anhydrase 
8 | chr5:22813768-22816162 FORWARD LENGTH=350 
MKISSLGWVLVLIFISITIVSSAPAPKPPKPKPAPAPTPPKPKPTPAPTPPKPKPKPAPTPPKP
KPAPAPTPPKPKPAPAPTPPKPKPKPAPTPPNPKPTPAPTPPKPKPAPAPAPTPAPKPKPAPKP
APGGEVEDETEFSYETKGNKGPAKWGTLDAEWKMCGIGKMQSPIDLRDKNVVVSNKFGLLRSQY
LPSNTTIKNRGHDIMLKFKGGNKGIGVTIRGTRYQLQQLHWHSPSEHTINGKRFALEEHLVHES
KDKRYAVVAFLYNLGASDPFLFSLEKQLKKITDTHASEEHIRTVSSKQVKLLRVAVHDASDSNA
RPLQAVNKRKVYLYKPKVKLMKKYCNISSY 
>AT5G56540.1 | Symbols: AGP14, ATAGP14 | arabinogalactan protein 
14 | chr5:22893243-22893425 FORWARD LENGTH=60 
MEAMKMKLYVVVLVAVIAFSTVHQTVAAVDAPAPSPTSDASSFIPTFFASVAVMAFGFFF 
>AT5G60490.1 | Symbols: FLA12 | FASCICLIN-like arabinogalactan-
protein 12 | chr5:24325916-24326665 REVERSE LENGTH=249 
MEHSLIILLFTVLLLLTTTPGILSQPSPAVAPAPPGPTNVTKILEKAGQFTVFIRLLKSTGVAN
QLYGQLNNSDNGITIFAPSDSSFTGLKAGTLNSLTDEQQVELIQFHVIPSYVSSSNFQTISNPL
RTQAGDSADGHFPLNVTTSGNTVNITSGVTNTTVSGNVYSDGQLAVYQVDKVLLPQQVFDPRPP
APAPAPSVSKSKKKKDDSDSSSDDSPADASFALRNVGSVCDAVSFCVMSVMLAWFYL 
>AT5G64310.1 | Symbols: AGP1, ATAGP1 | arabinogalactan protein 1 
| chr5:25722018-25722413 FORWARD LENGTH=131 
MAFSKSLVFVLLAALLISSAVAQSPAPAPSNVGGRRISPAPSPKKMTAPAPAPEVSPSPSPAAA
LTPESSASPPSPPLADSPTADSPALSPSAISDSPTEAPGPAQGGAVSNKFASFGSVAVMLTAAV
LVI 
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>AT5G65390.1 | Symbols: AGP7 | arabinogalactan protein 7 | 
chr5:26128883-26129275 REVERSE LENGTH=130 
MNSKIIEAFFIVALFTTSCLAQAPAPSPTTTVTPPPVATPPPAATPAPTTTPPPAVSPAPTSSP
PSSAPSPSSDAPTASPPAPEGPGVSPGELAPTPSDASAPPPNAALTNKAFVVGSLVAAIIYAVV
LA 
>AT2G13820.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr2:5774295-5776279 REVERSE LENGTH=169 
MAYATILMIFSVVALMSGERAHAAVDCSSLILNMADCLSFVTSGSTVVKPEGTCCSGLKTVVRT
GPECLCEAFKNSGSLGLTLDLSKAASLPSVCKVAAPPSARCGLSVSGDPPATAPGLSPTAGAGA
PALSSGANAATPVSSPRSSDASLLSVSFAFVIFMALISSFY 
>AT2G27130.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr2:11595379-11596395 FORWARD LENGTH=176 
MLTTNTLAVLLLLFLSLCSGQSPPAPEPIAADGPSSPVNCLVSMLNVSDCFSYVQVGSNEIKPE
AACCPELAGMVQSSPECVCNLYGGGASPRFGVKLDKQRAEQLSTICGVKAPSPSLCSVLGFPTI
SPAGSEDSSSGSEGSDKDKKNGAMTTKYCGVALNSLALLLLFTFLSLS 
 
>AT2G44290.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr2:18305418-18306202 REVERSE LENGTH=205 
MESRKIKVMATAIALIMVAMVVDAAGADKGKDKEECTAQLVGMATCLPYVQGKAKSPTPDCCSG
LKQVINSDMKCLCMIIQERNDPDLGLQVNVSLALALPSVCHATADITKCPALLHLDPNSPDAQV
FYQLAKGLNETVSASAPTGSASEPTSMSSTPGSSAGNNSGRTTSVPGTNHAQSFSKQWLGLEVV
AHFFVIFYIFILV 
>AT2G44300.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr2:18307468-18308286 REVERSE LENGTH=204 
MESRKINLMATAIALIVVAMVVAAADDKTKDKEECTEQLVGMATCLPYVQGQAKSPTPDCCSGL
KQVLNSNKKCLCVIIQDRNDPDLGLQINVSLALALPSVCHAAADVTKCPALLHLDPNSPDAQVF
YQLAKGLNKTGPASAPTGSSPGPISISPTSGSDDGNNSGRTTSVPGRNHAQSFYKQWLGLEVVF
HFFVIFYIFILV 
>AT2G48130.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr2:19685263-19685977 REVERSE LENGTH=183 
MGYRRSYAITFVALVAALWSVTKAQPSSSCVSTLTTLSPCLSYITGNSTTPSQPCCSRLDSVIK
SSPQCICSAVNSPIPNIGLNINRTQALQLPNACNIQTPPLTQCNAATGPTAQPPAPSPTEKTPD
VTLTPTSLPGARSGVGGGSKTVPSVGTGSSSRNVDPLPLHFLMFAVLVVCTSSFL 
>AT3G22600.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr3:8006711-8007397 REVERSE LENGTH=170 
MKMEMGLVFLTVFMAVMSSTMVSAQSSCTNALISMSPCLNYITGNSTSPNQQCCNQLSRVVQSS
PDCLCQVLNGGGSQLGINVNQTQALGLPRACNVQTPPVSRCNTGGGGGGSTSDSPAESPNSSGP
GNGSKTVPVGEGDGPPSSDGSSIKFSFPLIAFFSAVSYMAIF 
>AT3G43720.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr3:15615549-15617099 REVERSE LENGTH=193 
MSNVVVIAVVLIVASLTGHVSAQMDMSPSSGPSGAPDCMANLMNMTGCLSYVTVGEGGGAAKPD
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KTCCPALAGLVESSPQCLCYLLSGDMAAQLGIKIDKAKALKLPGVCGVITPDPSLCSLFGIPVG
APVAMGDEGASPAYAPGSMSGAESPGGFGSGPSASRGSDAPSSAPYSLFLNLIIFPLAFAFYIF
C 
>AT4G08670.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr4:5536765-5538210 REVERSE LENGTH=208 
MKQSLLLSFVLLLLSSSSLVTPIHARNKSNPAKSPVGAPAPGPSSSDCSTVIYSMMDCLGYLGV
GSNETKPEKSCCTGIETVLQYNPQCICAGLVSAGEMGIELNSTRALATPKACKLSIAPPHCGII
TSGATTPGASPVSPSAGAPTTSPSAAKSPETSATSPSSDETPSMTAPSPSSSGTNILSVPALTI
VFVIVSSVAYISAFSN 
>AT4G14815.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr4:8505122-8505760 FORWARD LENGTH=156 
MKPRMCLILFIALMRVMSIVSAQSSCTNVLISMAPCLSFITQNTSLPSQQCCNQLAHVVRYSSE
CLCQVLDGGGSQLGINVNETQALALPKACHVETPPASRCHSGSSVNSHSEHGNGSKTVPREKSS
SDGSIKFSFPLLAILFTASYITLIYAKY 
>AT5G09370.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr5:2909450-2910475 REVERSE LENGTH=158 
MAYFSTATSLLLLVLSVSSPYVHGASDCDTLVITLFPCLPFISIGGTADTPTASCCSSLKNILD
TKPICLCEGLKKAPLGIKLNVTKSATLPVACKLNAPPVSACDSLPPASPPTANGQAPVWGSGWA
PAPSPSKGNSLIPISGFSFVIVTALAMFRI 
>AT5G64080.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr5:25645475-25646638 REVERSE LENGTH=182 
MATHSSFTATTPLFLIVLLSLSSVSVLGASHHHATAPAPSVDCSTLILNMADCLSFVSSGGTVA
KPEGTCCSGLKTVLKADSQCLCEAFKSSASLGVTLNITKASTLPAACKLHAPSIATCGLSVAPS
TAPGLAPGVAAAGPETAGFLAPNPSSGNDGSSLIPTSFTTVLSAVLFVLFFSSA 
>AT1G21090.1 | Symbols: | Cupredoxin superfamily protein | 
chr1:7384854-7386199 FORWARD LENGTH=242 
MGCSQKHLTSMLFFYFFCFLSLFSRPSLSATFLVDGVSVWKSPTVHTGDSVIFRHKYGYDLYIF
RNKDAFNVCNFTQATLLTKPNSTSFTWYPSRTGSYYFSFTNNTSLPKTCQLNQKLTVQVILAAA
SPPSQPPATAPVPVSEGGVISSPSSYPWPLGPREGSAFSPGPSPSEITSVTVPGKDGVPFINSN
PAVPLPTGDVDSTSINPLPTSTNSAHQVMMMTLTVKLGLCCVAMFLFLVL 
>AT1G21880.2 | Symbols: LYM1 | lysm domain GPI-anchored protein 
1 precursor | chr1:7680689-7682526 FORWARD LENGTH=416 
MKIPEKPIFLIFVSLILASSLTFTATAKSTIEPCSSNDTCNALLGYTLYTDLKVSEVASLFQVD
PISILLANAIDISYPDVENHILPSKLFLKIPITCSCVDGIRKSVSTHYKTRPSDNLGSIADSVY
GGLVSAEQIQEANSVNDPSLLDVGTSLVIPLPCACFNGTDNSLPAVYLSYVVKEIDTLVGIARR
YSTTITDLMNVNAMGAPDVSSGDILAVPLSACASKFPRYASDFGLIVPNGSYALAAGHCVQCSC
ALGSRNLYCEPASLAVSCSSMQCRNSNLMLGNITVQQTSAGCNVTTCDYNGIANGTILTMLTRS
LQPRCPGPQQFAPLLAPPDTVPRDVMYAPAPSPDFDGPGSIASSPRSSMLPGGGILPGNPANGP
AGSISTASASSVSYFFITFLISIASFSLALSS 
>AT1G61900.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: anchored to plasma membrane, plasma 
membrane, anchored to membrane; EXPRESSED IN: 23 plant 
structures; EXPRESSED DURING: 13 growth stages; BEST Arabidopsis 



	
   173	
  

thaliana protein match is: unknown protein (TAIR:AT2G30700.1); 
Has 65 Blast hits to 65 proteins in 12 species: Archae - 0; 
Bacteria - 0; Metazoa - 0; Fungi - 0; Plants - 65; Viruses - 0; 
Other Eukaryotes - 0 (source: NCBI BLink). | chr1:22882508-
22884722 REVERSE LENGTH=433 
MTRRAEFEMGLFVILQSMFLISLCSSQKPEEFLPEISPDTSPQPFLPFIAPSPMVPYINSTMPK
LSGLCSLNFSASESLIQTTSHNCWTVFAPLLANVMCCPQLDATLTIILGKASKETGLLALNRTQ
SKHCLSDLEQILVGKGASGQLNKICSIHSSNLTSSSCPVINVDEFESTVDTAKLLLACEKIDPV
KECCEEACQNAILDAATNISLKASETLTDNSDRINDCKNVVNRWLATKLDPSRVKETLRGLANC
KINRVCPLVFPHMKHIGGNCSNELSNQTGCCRAMESYVSHLQKQTLITNLQALDCATSLGTKLQ
KLNITKNIFSVCHISLKDFSLQVGNQESGCLLPSLPSDAIFDKDTGISFTCDLNDNIPAPWPSS
SLSSASTCKKPVRIPALPAAASSQPRLHDEGVTRLVIFVLSMLLVMLLS 
>AT1G63550.1 | Symbols: | Receptor-like protein kinase-related 
family protein | chr1:23569786-23570890 FORWARD LENGTH=324 
MARIIITLTIPLFYFFFFSLLSHQTMSQPDHIFTVCNPTNNFTQTSSYETNRDTLLASLRESSS
LGHYSNATEGLSPDTVHGMFLCRGDITTASCVDCVQTATTEIASNCTLNKRAVIYYDECMVRYS
NVSFSSELEIVPSITIYSLRSAPNPTRFNQTLTEKFSELIFNVSSSSLVPYFVEDQERVTQSEG
SYDLDTMVQCSPDLDIFNCTVCLRVAFFRISTCCGLPSYAKIFTPKCLLRFQTSVLLSPPPSPS
APPPRSPPPKSSPPSSLPQTPSPPLVFTPPQNVPNPSGSFSFNVLKGNVIFGRIVVTMTALVFA
LVDL 
>AT1G66970.2 | Symbols: SVL2 | SHV3-like 2 | chr1:24992746-
24996005 REVERSE LENGTH=785 
MNSRPSNPTKLVIRSSTLLFCGVVLIHLFAAQIDAQRSTSRWQTLNGESCSHFISFFCALFPRK
QENLCDAPLVIARGGFSGLYPDSSIAAYQLATLTSVADVVLWCDLQLTKDGLGICFPDLNLANA
STIDRVYPNREKSYSVNGVTTKGWFPNDFSLTELQNFLLIRGILSRTDRFDGNGYLISTIEDVV
TTLNREGFWLNVQHDAFYEQQNLSMSSFLLSVSRTVSIDFISSPEVNFFKKITGSFGRNGPTFV
FQFLGKEDFEPTTNRTYGSILSNLTFVKTFASGILVPKSYILPLDDEQYLVPHTSLVQDAHKAG
LQVYVSGFANDVDIAYNYSSDPVSEYLSFVDNGDFSVDGVLSDFPITASAAVDCFSHIGRNATK
QVDFLVISKDGASGDYPGCTDLAYEKAIKDGADVIDCSVQMSSDGVPFCLRSIDLRNSIAALQN
TFSNRSTSVPEISSVPGIFTFSLTWPEIQSLTPAISNPFRVYRIFRNPREKNSGKLISLSQFLD
LAKTYTSLSGVLISVENAAYLREKQGLDVVQAVLDTLTEAGYSNGTTTTKVMIQSTNSSVLVDF
KKQSKYETVYKIEETIGNIRDSAIEDIKKFANAVVINKDSVFPNSDSFLTGQTNVVERLQKSQL
PVYVELFRNEFVSQAYDFFSDATVEINAYIYGAGINGTITEFPFTAARYKRNRCLGREEVPPYM
LPVNPGGLLNVMSPLSLPPAQAPNQDFIEADVTEPPLSPVIAKAPTSTPGTPSTIAQAPSGQTR
LKLSLLLSVFFLSLLLL 
>AT1G77630.1 | Symbols: | Peptidoglycan-binding LysM domain-
containing protein | chr1:29173726-29175387 FORWARD LENGTH=423 
MKNPEKPLLLFLILASSLASMATAKSTIEPCSSKDTCNSLLGYTLYTDLKVTEVASLFQVDPVS
MLLSNSIDISYPDVENHVLPAKLFLKIPITCSCVDGIRKSLSTHYKTRTSDTLGSIADSVYGGL
VSPEQIQVANSETDLSVLDVGTKLVIPLPCACFNGTDESLPALYLSYVVRGIDTMAGIAKRFST
SVTDLTNVNAMGAPDINPGDILAVPLLACSSNFPKYATDYGLIIPNGSYALTAGHCVQCSCVLG
SRSMYCEPASISVSCSSMRCRNSNFMLGNITSQQSSSGCKLTTCSYNGFASGTILTTLSMSLQP
RCPGPQQLAPLIAPPDNVPKELMYLPSPSPSPSPEFDDIAGGGSSIAAVPAASPGGATVSSSNS
IPGNPANGPGGSISIASCPLSYYSFIALLIPIGSCFFVF 
>AT3G07390.1 | Symbols: AIR12 | auxin-responsive family protein 
| chr3:2365452-2366273 FORWARD LENGTH=273 
MSLCLKIPLIKHQTTPEQNSAMASSSSSLLILAVACFVSLISPAISQQACKSQNLNSAGPFDSC
EDLPVLNSYLHYTYNSSNSSLSVAFVATPSQANGGWVAWAINPTGTKMAGSQAFLAYRSGGGAA
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PVVKTYNISSYSSLVEGKLAFDFWNLRAESLSGGRIAIFTTVKVPAGADSVNQVWQIGGNVTNG
RPGVHPFGPDNLGSHRVLSFTEDAAPGSAPSPGSAPAPGTSGSTTPGTAAGGPGNAGSLTRNVN
FGVNLGILVLLGSIFIF 
>AT3G16860.1 | Symbols: COBL8 | COBRA-like protein 8 precursor | 
chr3:5759643-5762104 REVERSE LENGTH=653 
MGLTRNFILWILLSSLFTAIQLTSSQRNTPPPRSKDADLCNGVFVSYTYLTGTKIKPNDTKNQP
YRFESEITVLNNGRDELKSWQVFVKFAHREILVSATNAVLSDGSSLPASVENGTIFAGFPSADL
KTAIMTAGDVTQMEARVELVGTQFGVAPPSVPLPKNITLVNDGWSCPKPTQQGSNVLQVCCTPN
PNITTSKIGQKFLPRQEGDLTIMYDVTRAYQSSYSAQVTIENHNLLGRLDNWDLSFMWMKDEFL
FSTKGAYPSVVDSSDCITGPQAKYYKDLDFSNVMSCARRPHIIDLPLTKYNDTNVGRIPYCCRN
GTILPRSMDPEKSKSVFQIEVYKMPPDLNISSITPPQSWQIKGNLNPDYKCGPPLRVSSSQFPD
TSGLPSNKSAFASWQVVCNITQPTPPKCCVSFSSYFNDSVIPCKTCACGGCSSDRVARTCSTTS
PALPLPYQALLIPFDNRTKLTNAWAVLKNRKVPDPLPCGDNCGVSINWHLATDYRGGWTARVTL
FNWGDTDFVDWFTAVELRNAAPGFQKAYSFNGSIIAVNGKNTTVLMEGLPGLNYLLAEKDGKNP
SEDFRIPGKQQSVISFTKKLTPGIKVGSKDGFPTKVLFNGQECSLPSVLPTSNSHRKHVSTFLL
ILTPFLALLFLRI 
>AT3G20520.1 | Symbols: SVL3 | SHV3-like 3 | chr3:7162845-
7165742 FORWARD LENGTH=729 
MACPRVIFLILITFFILQTAFSSSWQTLSGKPPAVIARGGFSGMFPDSSIQAYQLVNITTSPDV
MLWCDLQLTKDGVGICFPNLKLDNGSNVIRIDPHYKERFSVDFTWKELSDVKLAQGVVSRPYIF
DDVSSILAIEEVAKLTASGLWLNIQDSAFYAKHNLSMRNSVVSLSRRLKVNFISSPGISFLKSM
KNSVKPTVTKLIFRFLKQEHIEPFTNQSYGSLAKNLSYIRTFSSGILVPKSYIWPVDSALYLQP
HTSLVTDAHKEGLQVFASEFANDFVIAYNYSYDPTAEYLSFIDNGNFSVDGFLSDFPVTPYRAI
NCFSHVDPKRAKEQAKITIISKNGASGDFPGCTDLAYQRAASDGADILDCNVQMSKDKIPFCMS
SFDLINSTNVIETSFRNLSSVVSEINPRRSGIYTFSLTMSQIQTLKPTISNLEKDSGLFRNPRN
NKAGKFLTLSEFLFLPNRYSSLLGLLIEVENAAYLVEHQGISVVDAVLDELKRATTQQNKTSAR
TILIQSTDKSVLMKFKEKNKMNHDELVYRVDDNIRDVADSAIKDIKNFAGSIVISKKSVFPYKG
FIILEKETNIASKLKSNGLRVYVERFSNECVTHAFDFYDDPTLEIDSFVRDVQIDGIITDFPAT
TARYRKNKCYGEFGLTTTGELITFANPMLLPPAEAPYPALLDSDVTEPPLPEARSQPPASSPSK
AEEKAIEVPFAFIAMAILVCFFISV 
>AT3G51330.1 | Symbols: | Eukaryotic aspartyl protease family 
protein | chr3:19053480-19056152 REVERSE LENGTH=529 
MVVARQVFVLLSLLVVCWGLERCEASGKFSFEVHHMFSDRVKQSLGLDDLVPEKGSLEYFKVLA
QRDRLIRGRGLASNNEETPITFMRGNRTISIDLLGFLHYANVSVGTPATWFLVALDTGSDLFWL
PCNCGSTCIRDLKEVGLSQSRPLNLYSPNTSSTSSSIRCSDDRCFGSSRCSSPASSCPYQIQYL
SKDTFTTGTLFEDVLHLVTEDEGLEPVKANITLGCGKNQTGFLQSSAAVNGLLGLGLKDYSVPS
ILAKAKITANSFSMCFGNIIDVVGRISFGDKGYTDQMETPLLPTEPSPTYAVSVTEVSVGGDAV
GVQLLALFDTGTSFTHLLEPEYGLITKAFDDHVTDKRRPIDPELPFEFCYDLSPNKTTILFPRV
AMTFEGGSQMFLRNPLFIVWNEDNSAMYCLGILKSVDFKINIIGQNFMSGYRIVFDRERMILGW
KRSDCFEDESLESTTPPPPETEAPSPSASTPLPSLLPPPAAATPPQIDPRNSTRNSGTGTAANL
VPLASQLLLLLPLLAFL 
>AT3G51350.1 | Symbols: | Eukaryotic aspartyl protease family 
protein | chr3:19060485-19063248 REVERSE LENGTH=528 
MDVARQVFVLLSVLVVCWGFERCEATGKFGFEVHHIFSDSVKQSLGLGDLVPEQGSLEYFKVLA
HRDRLIRGRGLASNNDETPITFDGGNLTVSVKLLGSLYYANVSVGTPPSSFLVALDTGSDLFWL
PCNCGTTCIRDLEDIGVPQSVPLNLYTPNASTTSSSIRCSDKRCFGSKKCSSPSSICPYQISYS
NSTGTKGTLLQDVLHLATEDENLTPVKANVTLGCGQKQTGLFQRNNSVNGVLGLGIKGYSVPSL
LAKANITANSFSMCFGRVIGNVGRISFGDRGYTDQEETPFISVAPSTAYGVNISGVSVAGDPVD
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IRLFAKFDTGSSFTHLREPAYGVLTKSFDELVEDRRRPVDPELPFEFCYDLSPNATTIQFPLVE
MTFIGGSKIILNNPFFTARTQEGNVMYCLGVLKSVGLKINVIGQNFVAGYRIVFDRERMILGWK
QSLCFEDESLESTTPPPPEVEAPAPSVSAPPPRSLPPTVSATPPPINPRNSTGNPGTGGAANLI
PLASQLLLLLPLLAFL 
>AT4G16120.1 | Symbols: ATSEB1, COBL7, SEB1 | COBRA-like 
protein-7 precursor | chr4:9116591-9119138 REVERSE LENGTH=661 
MDSAPNFIPRLLLLSLLIVSIPLTSSQSDANTTNPSPSPPSDSDLCNGVFVSYTHTKGSKIPPN
DTANQPYRFESVITVLNHGRDELKSWRVFVKFAHREILVSASNAVLSDGSSLPVSVENGTVFAG
YPSSDLKSAIQTAGDVTQMQARVELVGTQFGVAPPNVPLPKNITLATDGWKCPKATQKGTNVLQ
VCCIPDPDYDNREIIDNEFLPRKDGDLTIMYDVVRSYSSNYMAQVTMENHNPLGRLDNWKLSFD
WMRDEFIYTMKGAYPSIVDSSDCVDGPQAKHYQDLDFSNVLSCARRPTVIDLPPTKYNDSTFGL
IPFCCRNGTILPRSMDPSKSSSVFQMQVYKMPPDLNISALSPPQNWRINGTLNPDYKCGPPVRV
SPSQFVDPSGLPSNRTAFASWQVVCNITQPKDASPRCCVSFSAYFNDSIVPCKTCACGCSSNKA
ARACSATAPSLLLPQQALLVPFENRTELTVAWAYLKQRPVPNPMPCGDNCGVSINWHLATDYRG
GWTARVTVFNWGETDFVDWFTAVQMKNAAPGFEKAYSFNASTIGINGKNNTIFMEGLPGLNYLV
AERDGENPLKNPRIPGKQQSVMSFTKKLTPGINVPGGDGFPSKVFFNGEECSLPTILPMRSSQH
RKHISVFLLALPVLALLILRA 
>AT4G25240.1 | Symbols: SKS1 | SKU5 similar 1 | chr4:12930539-
12933563 FORWARD LENGTH=589 
MAATCSLLASFLLCFALLSAVSFAADPFVSYDFRVSYLTASPLGVPQQVIAVNGQFPGPLLNAT
TNYNVVVNVFNHLDEPLLLTWPGIQMRRNSWQDGVLGTNCPIPPRWNFTYQFQVKDQIGSFFYS
PSLNFQRASGGFGPIVINNRDIIPIPFPQPDGELIFIIGDWYTQDHKALRRALDSGKELGMPDG
VLINGKGPYKYNSSVPDGIDYLTFHVEPGKTYRIRVHNVGISTSLNFRIQNHSLLLVETEGHYT
SQANFTDFDVHVGQSYSFLVTMDQDATSDYYIVASARFVNETVWQRVTGVAILHYSNSKGPVSG
PLPVPKTDVSSPWSAMSQPKTIRQNTSASGARPNPQGSFHYGQINITNTYILRSLPPTIINGAL
RATLNGISFVNPSTPVRLADRNKVKGAYKLDFPDRPFNRPLRLDRSMINATYKGFIQVVFQNND
TKIQSFHVDGYSFFVVGMDFGIWSEDKKGSYNNWDAISRSTIEVYPGGWTAVLISLDNVGVWNI
RVENLDRWYLGEETYMRITNPEEDGKTEMDPPDNVLYCGALKNLQKEQHHSAATSILNGHLKLM
LLMVLLASVFRFC 
>AT4G26690.1 | Symbols: SHV3, MRH5, GPDL2 | PLC-like 
phosphodiesterase family protein | chr4:13456793-13459890 
REVERSE LENGTH=759 
MRGLLRASSLLLCGVILIQLLAAQIHAQSKKPKSPWPTLTGDPPLVIARGGFSGLFPDSSYDAY
NFAILTSVPDAVLWCDVQLTKDALGICFPDLTMRNSSSIEAVYPTRQKSYPVNGVPTSGWFTID
FSLKDLKDVNLIRGILSRSEKFDGNSNPIMTVQSVSTQMKPSFFWLNVQHDAFYAQHNLSMSSF
LVAASKTVLIDFISSPEVNFFKKIAGRFGRNGPSLVFRFLGQDEFEPTTNRTYGSILSNLTFVK
TFASGILVPKSYILPLDDQQYLLPHTSLVQDAHKAGLEVFVSGFANDIDIAHDYSFDPVSEYLS
FVDNGNFSVDGVLSDFPITASASLDCFSHVGRNATKQVDFLVITKDGASGDYPGCTDLAYKKAI
KDGADVIDCSVQLSSDGTPFCLSSIDLGNSTTVSLTAFRNRSTTVPELGSLGAIYTFSLTWAEI
QTLTPAISNPYRVTSLFRNPKQKNAGKLFSLSDFLSLAKNSTSLSGVLISVENAAYLREEQGLD
VVKAVLDTLTQTGYSNSTATKVMIQSTNSSVLVDFKKQSQYETVYKVEENIRDILDSAIEDIKK
FADAVVIQKLSVFPVAQSFITTQTNVVEKLQKSQLPVYVELFQNEFLSQPYDFFADATVEINSY
ITGAGINGTITEFPFTAARYKRNLCLGRKETIPYMAPAQPGALLTLVSPTAFPPAEAPNPVFTD
ADVTEPPLPPVTAKAPTSSPGTPSTNAQAPSGQTRITLSLLLSVFAMVLASLLLL 
>AT4G28100.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: anchored to plasma membrane, anchored to 
membrane; EXPRESSED IN: 23 plant structures; EXPRESSED DURING: 
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14 growth stages; BEST Arabidopsis thaliana protein match is: 
unknown protein (TAIR:AT3G18050.1); Has 30201 Blast hits to 
17322 proteins in 780 species: Archae - 12; Bacteria - 1396; 
Metazoa - 17338; Fungi - 3422; Plants - 5037; Viruses - 0; Other 
Eukaryotes - 2996 (source: NCBI BLink). | chr4:13965300-13966697 
REVERSE LENGTH=304 
MKKSLTLLILLLCSLLFSTVLSNLLVEPVQPNTVPAFPVETQAQSCRLDLSNELFGGVNEACGR
NLDRSRCCPVLAAWLFAAHARSALQLPAPAPTPESSDPDEPMKPDDSQKCVNTLQSALLTKQIK
IPQPNSSCDAILCFCGIRLHQISSLSCPAAFNVSSGFKNATPTAAVKNLEKECRNSSYSGCTRC
LGALQKLKVRGGNKKTTTERGTKMMSKDCQLMGLTWLLARNKTAYIPTVSAVLRAIMYSPHPPH
LNKCSPDQENMPLAVDSLQFQKSFSSSSHLFGVLPFLPLVLCIFLFLL 
>AT4G31840.1 | Symbols: ENODL15, AtENODL15 | early nodulin-like 
protein 15 | chr4:15401798-15402426 FORWARD LENGTH=177 
MASSSLLVTIFLCISVFFFSSVNANEVTVGGKSGDWKIPPSSSFSFNEWAQKARFKVGDFIVFK
YEAGKDSVLQVTREAYEKCNTTSPKASYTDGNTKVKLDQAGPVYFVSGTEGHCQKGQKLRLVVI
TPRNSAFSPGPSPSEFDGPAVAPTSGAAKLAGGFSVVFGLVLGLWAFFF 
>AT5G07190.1 | Symbols: ATS3 | seed gene 3 | chr5:2237610-
2238488 FORWARD LENGTH=213 
MTFPSLSVSFLFFAFIFVTHAFDLSIIQMQQGTCPYTVVVMTSCLSPESTRDQISIVFGDADGN
KVYAPKLGGLVRGPGGLGKCSTNTFQVRGQCLNDPICSLYINRNGPDGWVPESIEIYSEGSKSV
KFDFSKSVPQLNTWYGHNNCNTTGRPSSPDLPPPHFPPEFPPETPTTPPPPPPRPSAASRLGNG
ESVFLAFAIATAIAAMVRWSY 
>AT5G25090.1 | Symbols: ENODL13, AtENODL13 | early nodulin-like 
protein 13 | chr5:8647117-8647755 REVERSE LENGTH=186 
MAQRTLVATFFLIFFLLTNLVCSKEIIVGGKTSSWKIPSSPSESLNKWAESLRFRVGDTLVWKY
DEEKDSVLQVTKDAYINCNTTNPAANYSNGDTKVKLERSGPYFFISGSKSNCVEGEKLHIVVMS
SRGGHTGGFFTGSSPSPAPSPALLGAPTVAPASGGSASSLTRQVGVLGFVGLLAIVLL 
>AT4G12500.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr4:7414369-7414902 REVERSE LENGTH=177 
MASKNSTSLALFFALNILFFTLTTATDCRCNLSPKPRTVPSPKVPSPKYPSPSIPSPSVPTPSV
PTPSVPTPSVPSPNPTPVTPPRTPGSSGNCPIDALRLGVCANVLSGLLNVQLGQPSAQPCCSLI
QGLVDLDAAICLCTALRANVLGINLNVPISLSVLLNVCNRRLPSDFQCA 
>AT1G18280.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr1:6294403-6295207 FORWARD LENGTH=180 
MEAVRFAVAVVLVFCYVTSSNAQMTSPPSGGAGGDAHSLPCIQKLMPCQPYLHLATPPPATCCM
PLNEIVAKDATCLCAVFNNVDMLKSLNLTKENALDLPKACGAKADVSLCKTSAGTNSSSTPPAT
PKTPPASSTSTGTGSGSTGNAAPSTAKPTSSAPAINFGGLSFASAVVATLFF 
>AT2G48140.1 | Symbols: EDA4 | Bifunctional inhibitor/lipid-
transfer protein/seed storage 2S albumin superfamily protein | 
chr2:19686442-19687444 FORWARD LENGTH=200 
MEGLTLIVVMMSSFMLGGQGQQISTPCTSSMISTFTPCLNFITGSSGGSVTPTAGCCDSLKTLT
NTGMGCACLILTANVPLPTGFINRTLALALPRACKMGGVPIQCQAAGTPLPAPGQVPFLIAPPP
QVSAFSPGASKAAGTTPTQAPAPDTPADGPTGPTTKSGIRPVDQPMQPTGLAQSSTSPFLPLLF
ISLILLNL 
>AT4G12490.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
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chr4:7409830-7410378 REVERSE LENGTH=182 
MASKNSASLALFFALNILFFTLTAGTNCRCNPSPKPRPLPNPKVPSPKVPTPSVPSPYVPTPSV
PSPSVPTPSVPSPSVPSPNPTPVIPPRTPGSSGNCPIDALRLGVCANVLSGLLNVQLGQPSPQP
CCSLIQGLVDLDAAVCLCTALRANVLGINLNVPISLSVLLNVCNRRLPSNFQCA 
>AT4G15160.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr4:8646192-8647019 FORWARD LENGTH=275 
MALLHKQNISFVILLLLGLLAVSYACDCSDPPKPSPHPVKPPKHPAKPPKPPTVKPPTHTPKPP
TVKPPPPYIPCPPPPYTPKPPTVKPPPPPYVKPPPPPTVKPPPPPYVKPPPPPTVKPPPPPTPY
TPPPPTPYTPPPPTVKPPPPPVVTPPPPTPTPEAPCPPPPPTPYPPPPKPETCPIDALKLGACV
DVLGGLIHIGLGKSYAKAKCCPLLDDLVGLDAAVCLCTTIRAKLLNIDLIIPIALEVLVDCGKT
PPPRGFKCPTPLKRTPLLG 
>AT1G03103.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr1:747219-747955 FORWARD LENGTH=171 
MILAILALVIATFLYGGATTVQAGCRDTLTSLSPCLYYLNGGSSSPSWSCCRQFSTVVQSSPEC
LCSVVNSNESSFYGFKFNRTLALNLPTACNVQTPSPSLCNTGGNVPTTLPANTPVGSPRSAPSP
SGTTSPANTPSGSKKFPLSNESSSKSNVIILSFVSIALVLAII 
>AT1G05450.2 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr1:1600004-1601086 FORWARD LENGTH=205 
MNSNSFLISAALIFSLLSSNSPTSILAQINTPCSPSMLSSVTGCTSFLTGGGSFPTSDCCGALK
SLTGTGMDCLCLIVTAGVPISIPINRTLAISLPRACGIPGVPVQCKASAAPLPTPGPASFGPTT
SPTDSQTSDPEGSASFRPPTSPTTSQTPNDKDLSGSGNGGDPMGFAPPPPSSSPSSSHSLKLSY
LLFAFAFTIIKFI 
>AT4G22470.1 | Symbols: | protease inhibitor/seed storage/lipid 
transfer protein (LTP) family protein | chr4:11840316-11841443 
REVERSE LENGTH=375 
MASTTIILFLSFSIIPLLTIVRADNHSVYCPPPPPCICICNPGPPPPQPDPQPPTPPTFQPAPP
ANDQPPPPPQSTSPPPVATTPPALPPKPLPPPLSPPQTTPPPPPAITPPPPPAITPPLSPPPPA
ITPPPPLATTPPALPPKPLPPPLSPPQTTPPPPPAITPPLSPPLVGICSKNDTELKICAGILAI
SDGLLTTGRAEPCCSIIRNVSDLDAVTCFCKSVGAPRFSLSPNFGIFFKVCGRRIPQGFSCPGP
SPTISPPPLPPQTLKPPPPQTTPPPPPAITPPLSPPLVGICSKNDTELKICAGILAISDGLLTT
GRAEPCCSIVRNVSDLDAVTCFCKSVGARRFSLSPNFGIFFKVCGRRIPQGFSCP 
>AT2G45180.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr2:18626377-18626781 FORWARD LENGTH=134 
MASKALAVTALLITLNLLFFTFVTSTKCPPTTPKPPKTPKSPKKAPAVKPTCPTDTLKLGVCAD
LLGLVNVVVGSPPKTPCCTLLQGLANLEAAVCLCTALKANVLGINLNVPIDLTLLLNYCGKKVP
HGFQCS 
>AT1G27950.1 | Symbols: LTPG1 | glycosylphosphatidylinositol-
anchored lipid protein transfer 1 | chr1:9740740-9741991 FORWARD 
LENGTH=193 
MKGLHLHLVLVTMTIVASIAAAAPAAPGGALADECNQDFQKVTLCLDFATGKATIPSKKCCDAV
EDIKERDPKCLCFVIQQAKTGGQALKDLGVQEDKLIQLPTSCQLHNASITNCPKLLGISPSSPD
AAVFTNNATTTPVAPAGKSPATPATSTDKGGSASAKDGHAVVALAVALMAVSFVLTLPRHVTLG
M 
>AT4G12480.1 | Symbols: pEARLI 1 | Bifunctional inhibitor/lipid-
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transfer protein/seed storage 2S albumin superfamily protein | 
chr4:7406371-7406877 REVERSE LENGTH=168 
MASKNSASIALFFALNIIFFTLTAATDCGCNPSPKHKPVPSPKPKPVPSPKPKPVPSPSVPSPS
VPSPNPRPVTPPRTPGSSGNCPIDALRLGVCANVLSSLLNIQLGQPSAQPCCSLIQGLVDLDAA
ICLCTALRANVLGINLNVPISLSVLLNVCNRKVPSGFQCA 
>AT4G22460.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr4:11839160-11839561 REVERSE LENGTH=133 
MALKDSLALLLLFNILFFTLTTATRSTNCPPPPGKHNKQKPSPTPTTGTCPKDALKVGVCVNAL
NLLNGLTPGTPPVTPCCSLIEGLVDLEAAICLCTALKASVLGINLTLPINLSLLLNICNREASR
DFQFP 
>AT3G57310.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr3:21208200-21208511 REVERSE LENGTH=103 
MKFTKLLFVASVMIVMSPLAPTRATVVGGWGIEEKAACIVTNLMSCLPAILKGSQPPAYCCEML
KEQQSCLCGYIKSPTFGHYVIPQNAHKLLAACGILYPKC 
>AT3G18280.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr3:6267102-6267392 FORWARD LENGTH=96 
MVMIKTTMVSLFALAAVLLMILAPAAEAVTCSPMQLSPCATAITSSSPPSALCCAKLKEQRPCL
CGYMRNPSLRRFVSTPNARKVSKSCKLPIPRC 
>AT1G32280.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr1:11646220-11646816 FORWARD LENGTH=112 
MEKQIFCQFLVVMMLLSSSQIQGDLRKGCYDLGITVLMGCPDSIDKKLPAPPTPSEGCCTLVRT
IGMKCVCEIVNKKIEDTIDMQKLVNVAAACGRPLAPGSQCGSYRVPGA 
>AT4G14805.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr4:8502374-8503199 REVERSE LENGTH=219 
MATKITGVFILILTITFSSSSAVTATQQAPSSSPPVLTCTEELVMFSPCLPYVSSPPNNMSETP
DPICCSVFTSSVHSSTGNCLCYLLRQPMILGFPLDRSRLISLSQICTDQNSEESFESLCSVSES
PELPPLQSIQFTNPFVSGNNVSASPQSVDLAPEVSPSSDLFSPETATLAPPPPPPPLPVLQYFS
SDSLKIRNFWFPSTIIMTFATSILARI 
>AT5G23820.1 | Symbols: | MD-2-related lipid recognition domain-
containing protein | chr5:8031386-8032809 FORWARD LENGTH=164 
MAMSHVQPMLLLLVSLFFLPALRGAIDFEYCAKNGNDYGTVTSIVVSPSVGPHENPTITINLFG
SASKNIPAGTLVYVAFRDGEFTGLLKTYNLCDVSACNNEAEIEAGTNFELTLSDVLYVGYDEEI
KYSVSLRRKTLEEEDPIIKMCVDFKVPAPAPAFVSI 
>AT5G23840.1 | Symbols: | MD-2-related lipid recognition domain-
containing protein | chr5:8035874-8036777 FORWARD LENGTH=167 
MAMSHIQPVLFFLASLFFLPALCSAIDFEYCTKNGHDYGSISQIWVSPSDGPQENPTITIHLFG
SASKDISAGTLVYVTYRSGDFTGLLKTYDLCDVSACNPEYVIEAGTDFELTLSDVLYVGFDEEI
KYSVSLREKTSEEKNPIIKMCVDFKVPHPAFPPPALVSM 
>AT4G12360.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr4:7328164-7329104 REVERSE LENGTH=161 
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MAQTTTLILLLATLLVAATTVSGQGPHIPLAPSPSVNEAMNCAAGLAVCLPAITQRGPPSQECC
TAVETALTTQLSCLCGFIKSPMLLIPFNVTDFNALFSKTCGLTTDPNLCSETAAQAPLPKTAAP
VPGAPKSDKDAASKLAGTGLVGIVVITIAAMFY 
>AT1G62510.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr1:23136632-23137081 REVERSE LENGTH=149 
MASRTTKSLALFLILNFLFFTTISACGNCGCPSPKPKHKPSPSPKPKPNPKPKPTPHPSPSPAI
AKCPRDALKLGVCANVLNGLLNVTLGKPPVEPCCTLIQGLADLEAAACLCTALKANILGINLNI
PLSLSLLLNVCSKKVPRGFQC 
>AT3G22620.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr3:8008615-8009415 FORWARD LENGTH=203 
MSKIISLVVAMIAVLALPIRGQQQPLSQCTPSMMTTVSPCMGFITNSSSNGTSPSSDCCNSLRS
LTTGGMGCLCLIVTGTVPFNIPINRTTAVSLPRACNMPRVPLQCQANIAPAAAPGPAATFGPSM
SPGPETDPIVPEPTPAAQTPQSDTTRPFTPSVDGGAPTSDDGGSTSRPSETPSSAYALSPSLLF
FSIALVALKFY 
>AT5G56480.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr5:22870326-22870817 REVERSE LENGTH=113 
MKEQIFCQFLVVMMLLSSSQIQGERCNDSGIEVLRGCPDSIDKELPTPPRPSQGCCTLVRIIGM
ECVCEVINKEIEAAIDMQKLVNVAAACGRPLAPGSQCGSYLVPGGMIRH 
>AT3G52130.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr3:19332081-19332458 REVERSE LENGTH=125 
MMMKAMRVGLAMTLLMTITVLTIVAAQQEGLQQPPPPPMLPEEEVGGCSRTFFSALVQLIPCRA
AVAPFSPIPPTEICCSAVVTLGRPCLCLLANGPPLSGIDRSMALQLPQRCSANFPPCDIIN 
>AT1G43665.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr1:16452981-16453804 REVERSE LENGTH=123 
MKFITTLMVIAFVLSVLVPTQALRVLSEDKKVACIVTDLQVCLSALETPIPPSAECCKNLKIQK
SCLCDYMENPSIEKYLEPARKVFAACGMPYPREDAIEVKATHHPVDVVPTHAHTSDVHA 
>AT1G73560.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr1:27649768-27650456 REVERSE LENGTH=147 
MEINKFLAVVVAVVVLYSVEATAQGGNPQLTACLQKLLPCQPYIHSLNPPPPPSCCGPMKEIVE
KDAPCLCIAFNNPEVLKALNLTKENALLLPKACGVNPDVSLCSKIATPSPIASPGSTNGTSSAS
TISFNRFSFLSAFVAMIFF 
>AT2G37870.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr2:15859280-15859723 FORWARD LENGTH=115 
MKCCKFVAVALMSLLISLASVEAAGECGRMPINQAAASLSPCLPATKNPRGKVPPVCCAKVGAL
IRTNPRCLCAVMLSPLAKKAGINPGIAIGVPKRCNIRNRPAGKRCGRYIVP 
>AT5G46890.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr5:19036437-19036820 REVERSE LENGTH=127 
MAYSKVALLLVFNVIFFTFVSSTSVPCPPPPPKSYHKKPATPSLKPTCKDALKLKVCANVLDVV
KVSLPPTSNCCALIKGLVDLEAAVCLCTALKANVLGINLNVPISLNVVLNHCGKKVPSGFKCA 
>AT5G46900.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
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protein/seed storage 2S albumin superfamily protein | 
chr5:19039954-19040337 REVERSE LENGTH=127 
MAYSKIALLLIFNVIFFTLVSSTSVPCPPPPPKSHHKKPATPSPKPTCKDALKLKVCANVLDLV
KVSLPPTSNCCALIKGLVDLEAAVCLCTALKANVLGINLNVPISLNVVLNHCGKKVPSGFKCA 
>AT1G73780.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr1:27743872-27744168 FORWARD LENGTH=98 
MKGSCTKPVFFTCTILLILIVAQENRVAAVDPCNPAQLSPCLETIMKGSEPSDLCCSKVKEQQH
CICQYLKNPNFKSFLNSPNAKIIATDCHCPYPKC 
>AT5G48605.1 | Symbols: | Putative membrane lipoprotein | 
chr5:19710215-19710578 FORWARD LENGTH=91 
MKTIFFFITFIVLVSSCTSNIMTKSISQVKSQFFSPALSPNVDPADEHIGHSPDDMKIIFCQQC
AFHCIEKKKNIGNCENSICRCTLEDIL 
>AT4G12470.1 | Symbols: AZI1 | azelaic acid induced 1 | 
chr4:7401371-7401856 REVERSE LENGTH=161 
MASKNSASLALFFALNILFFTLTVATNCNCKPSPKPKPVPSPKPKPVQCPPPPRPSVPSPNPRP
VTPPRTPGSSGNSCPIDALKLGVCANVLSSLLNIQLGQPSSQQCCSLIQGLVDVDAAICLCTAL
RANVLGINLNVPISLSVLLNVCNRKLPSGFQCA 
>AT1G73890.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr1:27787903-27788658 REVERSE LENGTH=193 
MASSTLLITLLISLSAFFLRMVLAQVPATCASRLLSLAPCGPFVQGFAQLPAQPCCDSLNQIYS
QEATCLCLFLNNTSTLSPAFPINQTLALQLPPLCNIPANSSTCSSSFPGEAPSDSSSVAPPPSS
STGSQISQGAKNNSRVAATPVAQMAPRPTSFMGLGYGLKSSGSKSEIQLTIFALAAILPAALLL
I 
>AT5G48490.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr5:19647932-19648237 REVERSE LENGTH=101 
MTSKKVAIMVIVMVMASLVVERSVAIDLCGMTQAELNECLPAVSKNNPTSPSLLCCNALKHADY
TCLCGYKNSPWLGSFGVDPKLASSLPKECDLTNAPTC 
>AT1G62790.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr1:23252369-23253481 FORWARD LENGTH=150 
MTKTMMIFAAAMTVMALLLVPTIEAQTECVSKLVPCFNDLNTTTTPVKECCDSIKEAVEKELTC
LCTIYTSPGLLAQFNVTTEKALGLSRRCNVTTDLSACTAKGAPSPKASLPPPAPAGNTKKDAGA
GNKLAGYGVTTVILSLISSIFF 
>AT1G48750.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr1:18036019-18036303 FORWARD LENGTH=94 
MVKVMWVSVLALAAAILLLTVPVAEGVTCSPMQLASCAAAMTSSSPPSEACCTKLREQQPCLCG
YMRNPTLRQYVSSPNARKVSNSCKIPSPSC 
>AT5G48485.1 | Symbols: DIR1 | Bifunctional inhibitor/lipid-
transfer protein/seed storage 2S albumin superfamily protein | 
chr5:19646317-19646625 REVERSE LENGTH=102 
MASKKAAMVMMAMIVIMAMLVDTSVAIDLCGMSQDELNECKPAVSKENPTSPSQPCCTALQHAD
FACLCGYKNSPWLGSFGVDPELASALPKQCGLANAPTC 
>AT3G44100.1 | Symbols: | MD-2-related lipid recognition domain-
containing protein | chr3:15866162-15867273 REVERSE LENGTH=152 
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MAISQAQPLLLLLLSVFFLPALHATSFTYCDKRLDPVKVTGVKISPDPVVSGAAATFKIFGSTG
EDISGGKVVIRVLYVGIPVHTETHDLCDETACPVAPGSFVLSHSQTLPSITPPGTYTLKMTIND
KNGGRLTCISFKFKITVGSAVFAS 
>AT3G59455.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr3:21976840-21977130 FORWARD LENGTH=96 
MKNISLMFIALVVLLTSFPTPTLSYCKESLHLCMQHLKLNDRPTWLKCCDRLIIPGPCMCKYIK
DPVQWKEAYRLMASCGKTVPLNQSLKSYFKCG 
>AT5G38160.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr5:15225836-15226147 FORWARD LENGTH=103 
MKFTGVVFILFVLGTMLSPVPVKARVVKGSGEEVNVTCDATQLSSCVTAVSTGAPPSTDCCGKL
KEHETCLCTYIQNPLYSSYVTSPNARKTLAACDVAYPTC 
>AT5G17340.1 | Symbols: | Putative membrane lipoprotein | 
chr5:5715736-5716218 REVERSE LENGTH=160 
MKNLAILVVAMILFSSCVTSQVTAKNVDSFPLRTEELEWWHYNPFYPHFYPKPHWPFPTTGKAL
PPIPAGFHPIPFHPPPVVTKCLADCKDVKTCLADIAKAFFTRKPAIGLDCCASIQKMDEDCDKT
VFGAYHNPFFDCVVKLHCSTKAKSTPSAPTPA 
>AT4G22490.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr4:11849933-11850295 REVERSE LENGTH=120 
MASKSSTTISLIIILLISLAEANLLSSPTPTNNFGSCPRNPLQLGVCANVLGLANVTAGDPRAR
QCCTALNGLTNVQVTDCLCFIFRPIPLVFGIDVAVREIFFACNRVFPIGFQCPPPQ 
>AT2G26370.1 | Symbols: | MD-2-related lipid recognition domain-
containing protein | chr2:11224636-11226052 FORWARD LENGTH=173 
MAISHAQPVLLLLSSLYFLSAFGAGAYNFENCKNAPIDYNYGITNVTRVEISPYPVGPYDEPTI
TISGFTSDDSYIIYRATIHVLYKYENVNSTIINYDLSDVMGEDPCSIEPGEKFVLTLSKVPGLQ
SLPHKDKSKIVISLVDEYGDDAEVPLLKMCVEFDNPAPTTTSVSA 
>AT1G12100.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr1:4095246-4095845 FORWARD LENGTH=132 
MTFYKKNSEALFISFNLMFFAHVSGCNTCFPPTPIPNLNPISNPTTPSCSRDAIKLGVCAKILD
VAVGTVIGNPSDTLCCSVLQGLVDLDAAVCLCTTIKANILGINIDLPISLSLLINTCGKKLPSD
CICA 
>AT5G38197.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr5:15251024-15251314 FORWARD LENGTH=96 
MKFVKLMVITFVIVVISSLILIKSEVAQSWIPSDLRLLCLPAMTTGGQPTKDCCNTLIGQKESL
CGYITNPLYYLFFTSPAARKVLEVCNIPYPTC 
>AT5G38195.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr5:15246991-15247278 FORWARD LENGTH=95 
MKFMKLMVITVVIVVMSSPILIKSEVSSSCIPTELMPCLPAMTTGGQPTKDCCDKLIEQKECLC
GYINNPLYSTFVSSPVARKVLEVCNIPYPSC 
>AT5G55450.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr5:22467560-22467874 FORWARD LENGTH=104 
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MGKDNTRILMQFSALAMVLTAAIMVKEATSIPVCNIDTNDLAKCRPAVTGNNPPPPGPDCCAVA
RVANLQCLCPYKPYLPTVGIDPSRVRPLLANCGVNSPSCF 
>AT4G22666.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr4:11917161-11917733 FORWARD LENGTH=160 
MAYTNQISAVVFLAVAIAPLLAEPQSTMFPEMTPECATVMPDLLEKCFATGSVTPTEDCCTDLK
SATSTQVTCLCDNYIANPAVSNITGPYSKAITTKCGVFDKYSCDGTSKGGEEKKGGSSSSNGKD
NGKSEGNGGRANSVAASMAMFGLLASLVFVMF 
>AT3G51590.1 | Symbols: LTP12 | lipid transfer protein 12 | 
chr3:19135828-19136654 REVERSE LENGTH=119 
MAFTPKIITCLIVLTIYMASPTESTIQCGTVTSTLAQCLTYLTNSGPLPSQCCVGVKSLYQLAQ
TTPDRKQVCECLKLAGKEIKGLNTDLVAALPTTCGVSIPYPISFSTNCDSISTAV 
>AT5G38170.1 | Symbols: | Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin superfamily protein | 
chr5:15227717-15228028 FORWARD LENGTH=103 
MKFTALVFIVFVVGVMVSPVSIRATEVKLSGGEADVTCDAVQLSSCATPMLTGVPPSTECCGKL
KEQQPCFCTYIKDPRYSQYVGSANAKKTLATCGVPYPTC 
>AT1G24520.1 | Symbols: BCP1 | homolog of Brassica campestris 
pollen protein 1 | chr1:8688699-8689058 FORWARD LENGTH=119 
MGRQNIVVVVALVFMAIIGLAAAASSPSPSASPSKAPAASKTDHVEAPVTDDQIGTTDDDAAPT
PGDGDVAVAGPLGSDSSYDNAPTGSADSAKSGAAALGVSAVVVGVTSIAGSFLLL 
>AT1G45063.1 | Symbols: | copper ion binding;electron carriers | 
chr1:17033335-17034886 REVERSE LENGTH=369 
MATARMKKIFSFVIVIFTLLFGCCSATVYKVGDSDGWTAKDHLYYHWTEDKEIHVGDSLIFEYD
HNLNDVTQVSGGLEYEFCDSSFPKAVYNTGHDVVTFTEPGSYYFITSNHTQCTSGQRLGVFVVH
DPSSPSPLPLPSKIIPSRHVYKVGDSKSWGVYDSDFYYNWSKEKQFNVGDGLLFEYNNEVNGVY
EISGDLEFLNCDPTSPIAVHKTGHDIIKLTKPGIHYFISSEPGHCGAGLKLQVVVGTTLNVPKL
SPLERLTRNRLHICDRFISWGIQVPSLCLLCNALDETRQHVFFDCPFSHEVWSFFCSNARVTPP
RMFKDSARWLRHPCRDKKVAFILKLAYQASVYHIWRERNIRLNSNKSFP 
>AT1G08500.1 | Symbols: ENODL18, AtENODL18 | early nodulin-like 
protein 18 | chr1:2689110-2689881 FORWARD LENGTH=228 
MSPSCSSCVNVLLIMCLMLLSLSADAYKNYTVGESTGWFDIQERPSANYQKWADSKSFSLGDFL
IFNTDSNHSVVQTYDFKTYKDCDYDNNENNDTTEWSAANPSATSPVPVSISVPLVKEGSNYFFS
GNYDGEQCKFGQHFMINVTHGQGLPDSSSPDDAAAPGPSESSQSGDDEVAPDTIVPANFDHPKD
IESADDDKEVHSKKSSSSTTKTSLFCFVFMGLFASF 
>AT5G57920.1 | Symbols: ENODL10, AtENODL10 | early nodulin-like 
protein 10 | chr5:23453634-23454256 FORWARD LENGTH=182 
MSSVMMCCCLLLLFGLLSEGREILVGGKSNTWKAPESRDETLNQWSGRTRFKIGDSLLWKYNAE
NDSVLQVRQTDYERCDRSEPIRGYKDGHTNIELKRSGPFYFISGEEGHCQRGEKLRVVVLSPNH
NRSVVDAPAPVNIVLSPNYNRSVAAAPLNAHIMNKGSLNTAWSLLLLLPLGLLV 
>AT1G22480.1 | Symbols: | Cupredoxin superfamily protein | 
chr1:7934232-7935054 REVERSE LENGTH=174 
MSTLLGCLVLIFSMVAQASSASLTVNWSLGTDYTPLTTGKTFSVGDTIVFNYGAGHTVDEVSEN
DYKSCTLGNSITSDSSGTTTIALTTTGPRYFICGIPGHCAAGMKLAVTVASNSSNGVAGGTTTP
TPFTGGGGGYNPTTTQAIPCAAWAVSCPLRALVATWAVVFYALALS 
>AT5G07475.1 | Symbols: | Cupredoxin superfamily protein | 
chr5:2364827-2365536 REVERSE LENGTH=192 
MKKTSKIQFLFNLCIIFGVVVIRRCNATTYFVGDSSGWDISSDLESWTSGKRFSPGDVLMFQYS
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STHSVYEVAKDNYQNCNTTDAIRTFTNGNTTVALSKPGNRFFVCGNRLHCFAGMRLLVNVEGNG
PSQAPVGSPQAATSGILQPSSKKNNPATGVASSAARFVGDSGWRGTMGIFVYFMVFAFPFIWFC 
>AT5G20230.1 | Symbols: ATBCB, BCB, SAG14 | blue-copper-binding 
protein | chr5:6826626-6827408 FORWARD LENGTH=196 
MAGVFKTVTFLVLVFAAVVVFAEDYDVGDDTEWTRPMDPEFYTTWATGKTFRVGDELEFDFAAG
RHDVAVVSEAAFENCEKEKPISHMTVPPVKIMLNTTGPQYFICTVGDHCRFGQKLSITVVAAGA
TGGATPGAGATPAPGSTPSTGGTTPPTAGGTTTPSGSSGTTTPAGNAASSLGGATFLVAFVSAV
VALF 
>AT1G64640.1 | Symbols: ENODL8, AtENODL8 | early nodulin-like 
protein 8 | chr1:24022482-24023151 REVERSE LENGTH=191 
MGVMSLSKTMVVVVLQVMILLGQEIGKVSSTLYKVGDLDAWGIPIDAKVYSKWPKSHSFKIGDS
LLFLYPPSEDSLIQVTPSNFKSCNTKDPILYMNDGNSLFNLTQNGTLYFTSANPGHCTKYQKLL
VSVGTYSAEAEALSPSSAADAPSYQNAFGSIPLSQKSSASSSLISAFSTVAASLACAVVGAIM 
>AT1G79800.1 | Symbols: ENODL7, AtENODL7 | early nodulin-like 
protein 7 | chr1:30018549-30019217 FORWARD LENGTH=192 
MMMMMMRSTCNLTLMLCICALVVASMAAEGPRDFKVGDEFGWRVPLQNDSAVYSHWASSNRFHI
GDSLSFVYDKDSVMEVDKWGFYHCNGSDPITAFDNGNSTFDLDRPGLFYFISGSNQHCTSGQRL
IVEVMHIHQHHDHDASMPPSMSPLSNSASPYASASASSAASSLPTACLLIPLFLTIASFRFISY 
>AT1G23010.1 | Symbols: LPR1 | Cupredoxin superfamily protein | 
chr1:8147353-8149580 FORWARD LENGTH=581 
MESLLCRRRIKRVMVLIIALTWLRSTCGELEDQLFEVGKLKMFVDDLPDMPRLYGFNSVHGIIK
PASLQIGMFSTKWKFHRDLPATPVFAYGTSRSKATVPGPTIETVYGVDTYVTWRNHLPKSHILP
WDPTISPATPKHGGIPTVVHLHGGIHEPTSDGNADAWFTAGFRETGPKWTKTTLHYENKQQPGN
MWYHDHAMGLTRVNLLAGLVGAYILRHHAVESPFQLPTGDEFDRPLIIFDRSFRKDGSIYMNAT
GNNPSIHPQWQPEYFGDVIIVNGKAWPRLNVRRRKYRFRIINASNARFFKFFFSNGLDFIVVGS
DSAYLSKPVMTKSILLSPSEIVDVVVDFYKSPSRTVVLANDAPYPYPSGDPVNEENGKVMKFII
NNESEDDTCTIPKKLINYPNADVSNAVLTRYISMYEYVSNSDEPTHLLVNGLPYEAPVTETPKS
GTTEVWEVINLTEDNHPLHIHLGLFKVVEQTALLAAGLEEFKECMTKQNDAVKCQISKYARGKK
TAVTAHERGWKNVFKMMPGHVTRILVRFSYIHTNASYPFDPTQEPGYVYHCHILDHEDNMMMRP
LKVII 
>AT1G71040.1 | Symbols: LPR2 | Cupredoxin superfamily protein | 
chr1:26797201-26800224 REVERSE LENGTH=581 
MEPSRRRMTRDMLLLIVTMAWLVTGDEGGIKQEERLFNLGKLEMFVDKLPHIPTLHGYHFVNGF
LKPKSLHIGMFFKKWKFHRDLPATPVFAYGTSKRSATVPGPTIEAVYGVDTYVTWRNHLPLHHI
LPWDPTISPAIPKHGGIPTVVHLHGGIHEPTSDGNADSWFTAGFKETGSKWTKKTTHYVNKQQP
GNMWYHDHAAGLTRVNLLAGLLGSYILRHSSVESPLRLPTGREFDRPLVIFDRSFRKDGSIYMN
ATGNNPTIHPQWQPEYFGDAIIVNGKAWPRLTVRRRKYRFRITNASNARFFRFFFSNGLDFIVV
GSDSAYLAKPVSTKSVLLAPSEIVDVLVDFSKSTSKTAILANNAPYPYPSGDPVTEENSKVMKF
IINYKSEVDTSIIPKKLIEYPPAHVSTSTRTRYIAMFEYVSSIDEPTHLYINGLPYNAPVTETP
KIGTSEVWEVINLTEDNHPLHIHLGLFKVLEQTALVKSEEFIECMTKRNDAVKCEISKYARGNK
TAVTVHERGWKNVFKMMPGHVTKILVRFSYIHSNESYSFDATQEPGYVYHCHILDHEDNMMMRP
FAMVL 
>AT2G43800.1 | Symbols: | Actin-binding FH2 (formin homology 2) 
family protein | chr2:18145721-18148721 FORWARD LENGTH=894 
MTTIPFCFLFVAFFFSSSTADQRHHSRHLLHQPFFPVVTAAPPPYQPPVSSQPPSPSPHTHHHH
KKHLTTTTPPPHEKHLFSSVANPPPPPPSPPHPNPFFPSSDPTSTASHPPPAPPPPASLPTFPA
NISSLLFPTHNKQSKPPSNGHIARLVTITASVISAAALLSLFAVFIIFIRRTRHRRRSSPADDT
KSTRSDALQLFNASPSDGSKKQKQHQQPPKYTSSHTSSEFLYLGTLVNSRSNGLEQQKSPISLS
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GGITGVLELPPPASSSSSSSYSQYHKLGSPELRPLPPLPKLQSFTPVYKSTEQLNPKRQDFDGD
DNENDEFFSPRGSSGRKQSPTRVSDVDQIDNRSINGSGSNSCSPTNFAPSLNASPGTSLKPKSI
SPPVSLHSQISSNNGIPKRLCPARPPPPPPPPPQVSEVPATMSHSLPGDDSDPEKKVETMKPKL
KTLHWDKVRASSSRVMVWDQIKSNSFQVNEEMIETLFKVNDPTSRTRDGVVQSVSQENRFLDPR
KSHNIAILLRALNVTADEVCEALIEGNSDTLGPELLECLLKMAPTKEEEDKLKELKDDDDGSPS
KIGPAEKFLKALLNIPFAFKRIDAMLYIVKFESEIEYLNRSFDTLEAATGELKNTRMFLKLLEA
VLKTGNRMNIGTNRGDAHAFKLDTLLKLVDIKGADGKTTLLHFVVQEIIKFEGARVPFTPSQSH
IGDNMAEQSAFQDDLELKKLGLQVVSGLSSQLINVKKAAAMDSNSLINETAEIARGIAKVKEVI
TELKQETGVERFLESMNSFLNKGEKEITELQSHGDNVMKMVKEVTEYFHGNSETHPFRIFAVVR
DFLTILDQVCKEVGRVNERTVYGSMPLHSPSNQTATPLFPVVINNNSRLSPSGSLDDDDGSF 
>AT4G15200.1 | Symbols: AFH3, FH3 | formin 3 | chr4:8662993-
8665759 REVERSE LENGTH=764 
MGRLRLAFLAISLVVFVCVSEEIFSRGGLNLLRFSVYGEDVAEQTWIHQNPRRKLISYPKKFSV
SAPNLAFGPAPSFAPGPGPSFAPGPAPNPRSYDWLAPASSPNEPPAETPDESSPSPSEETPSVV
APSQSVPGPPRPPPQREKKDDILMKLIIAVASTAVLTFVFVALMFLCCFKRNCNNAVGSRDGPR
DEGPLLRLSTGSTENSPTVASTSRKMFSVASSKKRSFLSRVSLKRNGHEFSTAESSSAAGLPPL
KLPPGRSAPPPPPAAAPPPQPPPPPPPKPQPPPPPKIARPPPAPPKGAAPKRQGNTSSGDASDV
DSETGAPKTKLKPFFWDKMANPDQKMVWHEISAGSFQFNEEAMESLFGYNDGNKNKNGQKSTDS
SLRESPLQYIQIIDTRKAQNLSILLRALNVTTEEVVDAIKEGNELPVELLQTLLKMAPTSEEEL
KLRLYSGDLHLLGPAERFLKILVDIPFAFKRIESLLFMISLQEEVSGLKEALGTLEVACKKLRN
SRLFLKLLEAVLKTGNRMNVGTFRGDAQAFKLDTLLKLSDVKGTDGKTTLLHFVVLEIIRSEGV
RALRLQSRSFSSVKTDDSNADSKLEDVKRAAIIDADGLAATLANISGSLTNAREFLKTMDEESD
FERALAGFIERADADFKWLKEEEERIMVLVKSSADYFHGKSAKNEGLRLFAIVRDFLIMLEKVC
REVKETTKTTNHSGKKESEMTTSDSNQPSPDFRQRLFPAIAERRMDSSDDSDDEEDSSPS 
>AT1G24150.1 | Symbols: ATFH4, FH4 | formin homologue 4 | 
chr1:8549518-8551910 FORWARD LENGTH=725 
MAAMLMQPWPPFLPHLTLVFLTLILFFPNQSFSQSDSPRNIETFFPNDTITPPVQSPVLSPPQN
PSSSSSDSDRGNILRAVLITAASTLLVAAVFFFLVHKCRRRRNRVGGVDNTLQPPVPPLAEAAL
AREGFTRFGGNVKGLILDENGLDVLYWRKLQQSQRDNKGGSFRKEIIHGDDEEKNVIYSKSKKK
SGPVTETPLLRGRSSTSHSVIHNDNYRNATTTHPPHVKTDSFEFVKPDPTPPPPPPPPIPVKQS
ATPPPPPPPKLKNNGPSPPPPPPLKKTAALSSSASKKPPPAPRGSSSGESSNGQVKLKPLHWDK
VNPDSDHSMVWDKIDRGSFSFDGDLMEALFGYVAVGKKSPDDGGDKKPSSASPAQIFILDPRKS
QNTAIVLKSLGMTRDELVESLMEGHDFHPDTLERLSRIAPTKEEQSAILQFDGDTKMLADAESF
LFHLLKAVPCAFTRLNALLFRANYYPEISNHNKNLQTLDLACTELRSRGLFSVDGKTTLLNFVV
EEVVRSEGKRCVLNRRTNRSFSRSSSSSISEVISKEEQEKEYLRLGLPVVGGLSSEFTNVKKAA
AVDYDTVAATCLALTSRAKDARRVLAQSEGDNKEGVRFVKKMNEFLDSVEEEVKLAKEEEKKVL
ELVKRTTEYYQAGAVKGKNPLHLFVIVRDFLAMVDKVCVEIARNLQRRSSMGSTQQRNAVKFPV
LPPNFMSDRSRSDSGGSDSDM 
>AT3G25500.1 | Symbols: AFH1, FH1, AHF1, ATFH1 | formin homology 
1 | chr3:9251320-9254826 REVERSE LENGTH=1051 
MLFFLFFFYLLLSSSSDLVFADRRVLHEPFFPIDSPPPSPPSPPPLPKLPFSSTTPPSSSDPNA
SPFFPLYPSSPPPPSPASFASFPANISSLIVPHATKSPPNSKKLLIVAISAVSSAALVALLIAL
LYWRRSKRNQDLNFSDDSKTYTTDSSRRVYPPPPATAPPTRRNAEARSKQRTTTSSTNNNSSEF
LYLGTMVNQRGIDEQSLSNNGSSSRKLESPDLQPLPPLMKRSFRLNPDVGSIGEEDEEDEFYSP
RGSQSGREPLNRVGLPGQNPRSVNNDTISCSSSSSGSPGRSTFISISPSMSPKRSEPKPPVIST
PEPAELTDYRFVRSPSLSLASLSSGLKNSDEVGLNQIFRSPTVTSLTTSPENNKKENSPLSSTS
TSPERRPNDTPEAYLRSPSHSSASTSPYRCFQKSPEVLPAFMSNLRQGLQSQLLSSPSNSHGGQ
GFLKQLDALRSRSPSSSSSSVCSSPEKASHKSPVTSPKLSSRNSQSLSSSPDRDFSHSLDVSPR
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ISNISPQILQSRVPPPPPPPPPLPLWGRRSQVTTKADTISRPPSLTPPSHPFVIPSENLPVTSS
PMETPETVCASEAAEETPKPKLKALHWDKVRASSDREMVWDHLRSSSFKLDEEMIETLFVAKSL
NNKPNQSQTTPRCVLPSPNQENRVLDPKKAQNIAILLRALNVTIEEVCEALLEGNADTLGTELL
ESLLKMAPTKEEERKLKAYNDDSPVKLGHAEKFLKAMLDIPFAFKRVDAMLYVANFESEVEYLK
KSFETLEAACEELRNSRMFLKLLEAVLKTGNRMNVGTNRGDAHAFKLDTLLKLVDVKGADGKTT
LLHFVVQEIIRAEGTRLSGNNTQTDDIKCRKLGLQVVSSLCSELSNVKKAAAMDSEVLSSYVSK
LSQGIAKINEAIQVQSTITEESNSQRFSESMKTFLKRAEEEIIRVQAQESVALSLVKEITEYFH
GNSAKEEAHPFRIFLVVRDFLGVVDRVCKEVGMINERTMVSSAHKFPVPVNPMMPQPLPGLVGR
RQSSSSSSSSSTSSSDEDEHNSISLVS 
>AT3G05470.1 | Symbols: | Actin-binding FH2 (formin homology 2) 
family protein | chr3:1579667-1582547 REVERSE LENGTH=884 
MVYFRQIFLMIIVVSLHCCKVRFFCIVANAKELDDWKVLTVENGERYRTHVGRYAGEEGGEKIK
LRVLEKFRALLDLIKPSTSRRRNLAESASFSPWPAPSPSPFPNGGPIESPAYPPAPPRPIPPHL
RRPLPQRTHPLEQPEIQRRKHEKGGTFKKILVPVVASTASAIGFVVCVVGVFCLCARRKRKMNG
KTLSFKRKKGKSQSSTRKVSVNPTLDFLYLNSLGVDLERQNSVSVKEIRETEKDLNGINGGLLE
EEVKRSIETEISHDWDNASSYSTKEIVSVHENDEEQTVNSVSVPVVVINDSSDDDESFHSVGGG
SQYSNPRLSNASSASGSVNVGSSQRFSEHKLDIPECSRSDFGISVSAPPPPPPPPPPLPQFSNK
RIHTLSSPETANLQTLSSQLCEKLCASSSKTSFPINVPNSQPRPPPPPPPPQQLQVAGINKTPP
PPLSLDFSERRPLGKDGAPLPKLKPLHWDKVRATPDRTMVWDKLRTSSFELDEEMIESLFGYTM
QSSTKNEEGKSKTPSPGKHLLEPKRLQNFTILLKALNATADQICSALGKGEGLCLQQLEALVKM
VPTKEEELKLRSYKGAVDELGSAEKFLRALVGVPFAFQRAEAMLYRETFEDEVVHLRNSFSMLE
EACKELKSSRLFLKLLEAVLKTGNRMNVGTIRGGAKAFKLDALLKLSDVKGTDGKTTLLHFVVQ
EISRSEGIRVSDSIMGRIMNQRSNKNRTPEEKEEDYRRMGLDLVSGLNTELRNVKKTATIDLEG
LVTSVSNLRDGLGQLSCLASEKLKGDEENRAFVSSMSSFLRYGEKSLEELREDEKRIMERVGEI
AEYFHGDVRGDEKNPLRIFVIVRDFLGMLDHVCRELRCVRVPNSPSPLAPFR 
>AT5G54650.1 | Symbols: Fh5, ATFH5 | formin homology5 | 
chr5:22197856-22201649 REVERSE LENGTH=900 
MVGMIRGGMGDQNWSRLVFWLILFSGLLVITLEENPEKDEIFLSQFMAPSTGQVNEHMEETSWA
QRCWQDSDCVKEAVAEFNLCFPGSKDSRELFGLNHTNLKQTLLDCIQEKGKLNGHNPKYLELLS
SMLDIPRRNLATKPGSSPSPSPSRPPKRSRGPPRPPTRPKSPPPRKSSFPPSRSPPPPPAKKNA
SKNSTSAPVSPAKKKEDHEKTIIIAVVVTAVSTFLLAALFFLCCSRVCGNGSGGRKNDERPLLS
LSSSDYSVGSSINYGGSVKGDKQGHQSFNIYSNQGKMSSFDGSNSDTSDSLEERLSHEGLRNNS
ITNHGLPPLKPPPGRTASVLSGKSFSGKVEPLPPEPPKFLKVSSKKASAPPPPVPAPQMPSSAG
PPRPPPPAPPPGSGGPKPPPPPGPKGPRPPPPMSLGPKAPRPPSGPADALDDDAPKTKLKPFFW
DKVQANPEHSMVWNDIRSGSFQFNEEMIESLFGYAAADKNKNDKKGSSGQAALPQFVQILEPKK
GQNLSILLRALNATTEEVCDALREGNELPVEFIQTLLKMAPTPEEELKLRLYCGEIAQLGSAER
FLKAVVDIPFAFKRLEALLFMCTLHEEMAFVKESFQKLEVACKELRGSRLFLKLLEAVLKTGNR
MNDGTFRGGAQAFKLDTLLKLADVKGTDGKTTLLHFVVQEIIRTEGVRAARTIRESQSFSSVKT
EDLLVEETSEESEENYRNLGLEKVSGLSSELEHVKKSANIDADGLTGTVLKMGHALSKARDFVN
SEMKSSGEESGFREALEDFIQNAEGSIMSILEEEKRIMALVKSTGDYFHGKAGKDEGLRLFVIV
RDFLIILDKSCKEVREARGRPVRMARKQGSTASASSETPRQTPSLDPRQKLFPAITERRVDQSS
SDSD 
>AT5G48360.1 | Symbols: | Actin-binding FH2 (formin homology 2) 
family protein | chr5:19595716-19598331 FORWARD LENGTH=782 
MQNFWFAIFFFLLTCAPPSPLSYASTVTLSRRLLYDYESPLPLPLSPISPPFFPLESSPPSPPP
PLPPTPPTTFAVFPTFPANISALVLPRSSKPHHTSPTLLLPALSAVLVIATVIGLALFLYGRHR
GQTRHLKNSHCSSSNTSSYGDEQSHITTNFNMAATTSPSEVFYLNTEESDHIRTGGTFFLKQDS
PEIRPLPPLPPRSFHHNNYETEVNEEDEEEEEDVFFSPMASLPGSANSSPSHSCSSSCSGWVSP
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ARSFSITMSPPNPRYSDATNLQSPSPERLRVRKNYNGNGSSSLRMFSFWNQNMGFGFPRISSAS
TSPDRGFIRTPLSSLYSSVSTSPDGLFRKFLDSSPPIWNDFSRNVKSVLLSHTASSRRDFVINI
GESSSQQSKVPALPPPTRPPPLVPPSQPFVVQNDVKKQSFSDQPPKQLHWERLRSSSSKLSKEM
VETMFIANSSNPRDLPIQNQVLDPRKAQNIATLLQLLNLSTKDVCQALLDGDCDVLGAELLECL
SRLAPSKEEERKLKSFSDGSEIGPAERFLKELLHVPFVFKRVDALLFVANFHSEIKRLRKSFSV
VQVACEELRNSRMFSILLEAILKTGNMMSVRTNRCGDADAFKLDTLLKLVDVKGLDGRSSLLHF
VVQEMMKSEGSVRALEGIRNLNTELSNVKKSADIEYGVLRSNVSRICQGLKNIEALLLLSEESG
SYGDQWLKFKERMTRFLKTAAEEIVKIKIRESSTLSALEEVTEQFHGDASKEGHTMRIFMIVRD
FLSVLDQVCKEMGD 
>AT1G70140.1 | Symbols: ATFH8, FH8 | formin 8 | chr1:26412688-
26415048 REVERSE LENGTH=760 
MAAMFNHPWPNLTLIYFFFIVVLPFQSLSQFDSPQNIETFFPISSLSPVPPPLLPPSSNPSPPS
NNSSSSDKKTITKAVLITAASTLLVAGVFFFCLQRCIIARRRRDRVGPVRVENTLPPYPPPPMT
SAAVTTTTLAREGFTRFGGVKGLILDENGLDVLYWRKLQSQRERSGSFRKQIVTGEEEDEKEVI
YYKNKKKTEPVTEIPLLRGRSSTSHSVIHNEDHQPPPQVKQSEPTPPPPPPSIAVKQSAPTPSP
PPPIKKGSSPSPPPPPPVKKVGALSSSASKPPPAPVRGASGGETSKQVKLKPLHWDKVNPDSDH
SMVWDKIDRGSFSFDGDLMEALFGYVAVGKKSPEQGDEKNPKSTQIFILDPRKSQNTAIVLKSL
GMTREELVESLIEGNDFVPDTLERLARIAPTKEEQSAILEFDGDTAKLADAETFLFHLLKSVPT
AFTRLNAFLFRANYYPEMAHHSKCLQTLDLACKELRSRGLFVKLLEAILKAGNRMNAGTARGNA
QAFNLTALLKLSDVKSVDGKTSLLNFVVEEVVRSEGKRCVMNRRSHSLTRSGSSNYNGGNSSLQ
VMSKEEQEKEYLKLGLPVVGGLSSEFSNVKKAACVDYETVVATCSALAVRAKDAKTVIGECEDG
EGGRFVKTMMTFLDSVEEEVKIAKGEERKVMELVKRTTDYYQAGAVTKGKNPLHLFVIVRDFLA
MVDKVCLDIMRNMQRRKVGSPISPSSQRNAVKFPVLPPNFMSDRAWSDSGGSDSDM 
>AT5G67470.1 | Symbols: ATFH6, FH6 | formin homolog 6 | 
chr5:26926835-26930212 FORWARD LENGTH=899 
MKALQSRFFFFFFFYIFFSVSVSSEAHRRILHQPLFPESSTPPPPDFQSTPSPPLPDTPDQPFF
PENPSTPQQTLFPPPPPPVSADVNGGLPIPTATTQSAKPGKKVAIVISVGIVTLGMLSALAFFL
YRHKAKHASDTQKLVTGGGDGGGSRRFQEDSGPPTTTSSTFLYMGTVEPTRVSASESNGGTNGP
VNSSPYRKLNSAKRSERYRPSPELQPLPPLAKPPQPSDNSPSALSPSSSSSGEECRDTAFYTPH
GSAISSDDGYYTAFPRSANGSLPHSKRTSPRSKFGSAPTTAASRSPEMKHVIIPSIKQKLPPPV
QPPPLRGLESDEQELPYSQNKPKFSQPPPPPNRAAFQAITQEKSPVPPPRRSPPPLQTPPPPPP
PPPLAPPPPPQKRPRDFQMLRKVTNSEATTNSTTSPSRKQAFKTPSPKTKAVEEVNSVSAGSLE
KSGDGDTDPSKPKLKPLHWDKVRASSDRATVWDQLKSSSFQLNEDRMEHLFGCNSGSSAPKEPV
RRSVIPLAENENRVLDPKKSQNIAILLRALNVTREEVSEALTDGNPESLGAELLETLVKMAPTK
EEEIKLREYSGDVSKLGTAERFLKTILDIPFAFKRVEAMLYRANFDAEVKYLRNSFQTLEEASL
ELKASRLFLKLLEAVLMTGNRMNVGTNRGDAIAFKLDTLLKLVDIKGVDGKTTLLHFVVQEITR
SEGTTTTKDETILHGNNDGFRKQGLQVVAGLSRDLVNVKKSAGMDFDVLSSYVTKLEMGLDKLR
SFLKTETTQGRFFDSMKTFLKEAEEEIRKIKGGERKALSMVKEVTEYFHGNAAREEAHPLRIFM
VVRDFLGVLDNVCKEVKTMQEMSTSMGSASARSFRISATASLPVLHRYKARQDDTSSDSEHSSN
SST 
>AT3G07540.1 | Symbols: | Actin-binding FH2 (formin homology 2) 
family protein | chr3:2404763-2407464 REVERSE LENGTH=841 
MDGLCYVIFIIFSLLSCAFSPLSYASPATFSRRHLLQAPVTDPSTFSPPFFPLYSSTSPPPPPS
PPQPLPPPAPTFATFPANISALVLPRSPKPQTPSRTLLIPAISAVLAAATLIALAFFFYGRWRG
QTSHFKDESKSLASDISQSQQQTLPCPPPRNNNTQNKLSVAPSTSDVLYLGNVVTSSGSGFVKP
ESPDISPLPPLPARSFLLQHHSEANLDEEEEDDDFYSPLASIAGQESRDRRINPYSNCSCSISS
HSDSPAMSPSAAMSPPMNSTAPHWSTNQNTHSPSSPERTVRNNKRYGGQSLRMFSLWNQNLGFP
RISSASTSPERGMIRTPDAYARSSMYSSVSTTPDRFFRKVLDSSPPRWNDFSRNVKSLFLSSTS
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ASPARDFCINISESSRSLKSSWEKPELDTTQQRESAAAAVTLPPPQRPPPAMPEPPPLVPPSQS
FMVQKSGKKLSFSELPQSCGEGTTDRPKPKLKPLPWDKVRPSSRRTNTWDRLPYNSSNANSKQR
SLSCDLPMLNQESKVLDPRKSQNVAVLLTTLKLTTNDVCQALRDGHYDALGVELLESLARVAPS
EEEEKKLISYSDDSVIKLAPSERFLKELLNVPFVFKRVDALLSVASFDSKVKHLKRSFSVIQAA
CEALRNSRMLLRLVGATLEAGMKSGNAHDFKLEALLGLVDIKSSDGRTSILDSVVQKITESEGI
KGLQVVRNLSSVLNDAKKSAELDYGVVRMNVSKLYEEVQKISEVLRLCEETGHSEEHQWWKFRE
SVTRFLETAAEEIKKIEREEGSTLFAVKKITEYFHVDPAKEEAQLLKVFVIVRDFLKILEGVCK
KMEVTSSLA 
>AT1G20130.1 | Symbols: | GDSL-like Lipase/Acylhydrolase 
superfamily protein | chr1:6977939-6980003 FORWARD LENGTH=534 
MKRSSLVDSCSYSRIFRSIFCLLSFCIFFLTTTNAQVMHRRLWPWPLWPRPYPQPWPMNPPTPD
PSPKPVAPPGPSSKPVAPPGPSPCPSPPPKPQPKPPPAPSPSPCPSPPPKPQPKPVPPPACPPT
PPKPQPKPAPPPEPKPAPPPAPKPVPCPSPPKPPAPTPKPVPPHGPPPKPAPAPTPAPSPKPAP
SPPKPENKTIPAVFFFGDSVFDTGNNNNLETKIKSNYRPYGMDFKFRVATGRFSNGMVASDYLA
KYMGVKEIVPAYLDPKIQPNDLLTGVSFASGGAGYNPTTSEAANAIPMLDQLTYFQDYIEKVNR
LVRQEKSQYKLAGLEKTNQLISKGVAIVVGGSNDLIITYFGSGAQRLKNDIDSYTTIIADSAAS
FVLQLYGYGARRIGVIGTPPLGCVPSQRLKKKKICNEELNYASQLFNSKLLLILGQLSKTLPNS
TFVYMDIYTIISQMLETPAAYGFEETKKPCCKTGLLSAGALCKKSTSKICPNTSSYLFWDGVHP
TQRAYKTINKVLIKEYLHVLSK 
>AT1G20120.1 | Symbols: | GDSL-like Lipase/Acylhydrolase 
superfamily protein | chr1:6975504-6977123 FORWARD LENGTH=402 
MLQDRVSGSLSSSKISRCVLFLSLFCFFLLTMHASANRLQRVPNPGPSPAPEPKPCPSPGPNPA
PATTKRTHNTTFPAIFAFGDSILDTGNNDYILTLIKANFLPYGMNFPDKVPTGRFCNGKIPSDF
IADYIGVKPVVPAYLRPGLTQEDLLTGVSFASGGSGYDPLTPIVVSAIPMSKQLTYFQEYIEKV
KGFVGKEKAEHIISKGLAIVVAGSDDLANTYYGEHLEEFLYDIDTYTSFMASSAASFAMQLYES
GAKKIGFIGVSPIGCIPIQRTTRGGLKRKCADELNFAAQLFNSKLSTSLNELAKTMKNTTLVYI
DIYSSFNDMIQNPKKYGFDEIDRGCCGTGLLELGPLCNKYTSLLCKNVSSFMFWDSYHPTERAY
KILSQKFVENDMGPFYDN 
>AT1G74460.1 | Symbols: | GDSL-like Lipase/Acylhydrolase 
superfamily protein | chr1:27988150-27989765 REVERSE LENGTH=366 
MKFCAIFVLFIVLAINGYDCKIVQFIFGDSLSDVGNNKNLPRSLATANLPFYGIDFGNGLPNGR
FTNGRTVSDIIGDKIGLPRPVAFLDPSMNEDVILENGVNYASGGGGILNETGGYFIQRFSLWKQ
IELFQGTQDVVVAKIGKKEADKFFQDARYVVALGSNDFINNYLMPVYSDSWKYNDQTFVDYLME
TLESQLKVLHSLGARKLMVFGLGPMGCIPLQRALSLDGNCQNKASNLAKRFNKAATTMLLDLET
KLPNASYRFGEAYDLVNDVITNPKKYGFDNSDSPCCSFYRIRPALTCIPASTLCKDRSKYVFWD
EYHPTDKANELVANILIKRFDFMRADDGISHAPSPAPDISPSSDNN 
>AT2G42990.1 | Symbols: | GDSL-like Lipase/Acylhydrolase 
superfamily protein | chr2:17879056-17880200 FORWARD LENGTH=350 
MATHYLSPSILCIILTTLVSIAGAKIPAIIVFGDSSVDSGNNNFISTMARANFEPYGRDFPGGR
ATGRFCNGRLSSDFTSEAYGLKPTVPAYLDPSYNISDFATGVCFASAGTGYDNSTADVLGVIPL
WKEVEYFKEYQSNLSAYLGHRRAAKIIRESLYIVSIGTNDFLENYYTLPDRRSQFSISQYQDFL
VEIAEVFLKDIYRLGARKMSFTGISPMGCLPLERVTNLDDPFSCARSYNDLAVDFNGRLRRLVT
KLNRELTGIKIYFANPYDIMWDIVTKPNLYGLEISSSACCGTGLFEMGFLCGQDNPLTCSDANK
FVFWDAFHPTERTNQIVSDHFFKHLKNLFH 
>AT1G20132.1 | Symbols: | GDSL-like Lipase/Acylhydrolase 
superfamily protein | chr1:6981358-6983495 FORWARD LENGTH=383 
MKSILIGFVFFLLSSFRSFFVTTTYSQVIHHRRLRPWPPPESGSGPSPGPSPSPHNKTTPAVFF
FGDSIIDTGNNNNLTTEMKCNFSPYGKDFPLGVATGRFSNGKVVSDYISEYLGVKPIVPAYFDP
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NVQLEDLLTGVSFASGGSGYYHLTPKISRVKSMLEQLTYFQRHIARVKRLVGEEKTDQLLAKGL
SVVVAGSNDLAITYYGHGAQLLKDDIHYFTSKMANSAASFVMQLYEYGARQIAVLGTPPLGCVP
ILRTLKGGLRRECAQDINYASQLFNVKLSNILDQLAKNLPNSNLIYIDIYSAFSHILENSADYG
FEEIKRGCCGTGFVEAGPLCNRFTTFVCSNVSAYMFWDSLHPTQRFYKILTKILFEKYIHNLN 
>AT1G71120.1 | Symbols: GLIP6 | GDSL-motif lipase/hydrolase 6 | 
chr1:26821072-26822420 REVERSE LENGTH=362 
MSSSSSMDLLMCLLLLISPVVLAKSSSTVPAIFTFGDSIFDAGNNHYNKNCTAQADFPPYGSSF
FHRPTGRFTNGRTVADFISEFVGLPLQKPFLELQIQILNGTSNFSNGINFASAGSGLLLDTNKF
MGVTPIQTQLQQFQTLVEQNLIEKSIIQESLFLLETGSNDIFNYFLPFRAPTLSPDAYVNAMLD
QVNKTIDQIYKLGARRIAFFSLGPVGCVPARAMLPNAPTNKCFGKMNVMAKMYNKRLEDIVNII
PTKYPGAIAVFGAVYGITHRFQTYPARYGFSDVSNACCGNGTLGGLMQCGREGYKICNNPNEFL
FWDFYHPTEHTYRLMSKALWNGNKNHIRPFNLMALATNKITF 
>AT3G48610.1 | Symbols: NPC6 | non-specific phospholipase C6 | 
chr3:18011653-18013959 REVERSE LENGTH=520 
MKPSSASRFSLTFSHFLTLYCLLTQTHVAQGSHQWQSPIKTVVVLVLENRSFDHLLGWMKNSVN
PTINGVTGQECNPVPNSTQTICFTSDAEFVDPDPGHSFEAVEQQVFGSGPGQIPSMMGFVEQAL
SMPGNLSETVMKGFRPEAVPVYAELVKEFAVFDRWFSSIPGPTQPNRLFVYSATSHGSTSHVKK
QLAQGYPQKTIFDSLHSNDIDFGIYFQNIPTTLFYRNLRQLKYIFNLHQYDLKFKKDAAKGKLP
SLTVIEPRYFDLKGLPANDDHPSHDVANGQKLVKEVYEALRSSPQWNETLLVITYDEHGGFYDH
VKTPYVGIPNPDGNTGPAPGFFKFDRLGVRVPTIMVSPWIQKGTVVSEAKGPTESSEYEHSSIP
ATIKKLFNLSSNFLTHRDAWAATFEDVVSHLTTPRTDCPMTLPEVAPMRATEPKEDAALSEFQG
EVVQLAAVLNGDHFLSSFPEEIGKKMTVKQAHEYVKGATSRFIRASKEAMKLGADKSAIVDMRS
SLTTRPHN 
>AT4G16230.1 | Symbols: | GDSL-like Lipase/Acylhydrolase 
superfamily protein | chr4:9185298-9186447 FORWARD LENGTH=251 
MSLLVFLCQIIVLSVLFFSEVCLAGKKIPANFVFGDSLVDAGNNNYLATLSKANYVPNGIDFGS
PTGRFTNGRTIVDIVYQALGSDELTPPYLAPTTSGSLILNGVNYASGGSGILNSTGKLFGERIN
VDAQLDNFATTRQDIISWIGESEAAKLFRSAIFSVTTGSNDLINNYFTPVISTLQRKVVAPEVF
VDTMISKFRLQLTRLYQLGARKIVVINIGPIGCIPFERESDPAAGNNCLAEPNEVGTNV 
>AT5G63170.1 | Symbols: | GDSL-like Lipase/Acylhydrolase 
superfamily protein | chr5:25338699-25340096 REVERSE LENGTH=338 
MNSLVIQTTIVLVSVISVSIVHAGNIPAVIAFGDSILDTGNNNYLMTLTKVNFYPYGRDFVTRR
ATGRFGNGRIPTDLIAEGLGIKNIVPAYRSPFLEPNDILTGVSFASGGSGLDPMTARIQGVIWV
PDQLNDFKAYIAKLNSITGDEEKTRSIISNAVFVISAGNNDIAITYFTNPIRNTRYTIFSYTDL
MVSWTQSFIKELYNLGARKFAIMGTLPLGCLPGASNALGGLCLEPANAVARLFNRKLADEVNNL
NSMLPGSRSIYVDMYNPLLELVKNPLRSGFISPTRPCCCAPAAPIPCLDASRYVFWDIAHPSEK
AYQTIIPPIIQQIQQSFA 
>AT5G41890.1 | Symbols: | GDSL-like Lipase/Acylhydrolase 
superfamily protein | chr5:16764292-16766680 REVERSE LENGTH=375 
MDFTYRCSLKPFNCTFLLLWLSHFQAAQSFTNFIFGDSLVDVGNNNYIFTLSKADSSPYGIDFA
PSNGQPTGRFTNGRTISDIVGEALGAKSPPPPYLEPNTEANTIRNGINYASGAAGILDDTGLLF
IGRVPLREQVSNFEKSREYMVRVIGENGTKEMLKNAMFTITIGSNDILNYIQPSIPFFSQDKLP
TDVLQDSMVLHLTTHLKRLHQLGGRKFVVVGVGPLGCIPFARALNLIPAGKCSEQVNQVVRGYN
MKLIHSLKTLNNELRSEDYNTTFVYANSYDLFLKLVLNYQLFGLKNADKPCCGGYFPPFACFKG
PNQNSSQAACEDRSKFVFWDAYHPTEAANLIVAKALLDGDQTVATPFNIRYLNDL 
>AT4G28780.1 | Symbols: | GDSL-like Lipase/Acylhydrolase 
superfamily protein | chr4:14215603-14217159 FORWARD LENGTH=367 
MSTFLLTWIIMTVALSVTLFLMPQQTNAARAFFVFGDSLVDSGNNNYLVTTARADSPPYGIDYP
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TGRPTGRFSNGLNLPDIISEQIGSEPTLPILSPELTGEKLLIGANFASAGIGILNDTGVQFLNI
LRIGRQFELFQEYQERVSEIIGSDKTQQLVNGALVLMTLGGNDFVNNYFFPISTRRRQSSLGEF
SQLLISEYKKILTSLYELGARRVMVTGTGPLGCVPAELASSGSVNGECAPEAQQAAAIFNPLLV
QMLQGLNREIGSDVFIGANAFNTNADFINNPQRFGFVTSKVACCGQGAYNGQGVCTPLSTLCSD
RNAYAFWDPFHPTEKATRLIVQQIMTGSVEYMNPMNLSTIMALDSRI 
>AT3G26430.1 | Symbols: | GDSL-like Lipase/Acylhydrolase 
superfamily protein | chr3:9674419-9675889 FORWARD LENGTH=380 
METNLLLVKCVLLASCLIHPRACSPSCNFPAIFNFGDSNSDTGGLSASFGQAPYPNGQTFFHSP
SGRFSDGRLIIDFIAEELGLPYLNAFLDSIGSNFSHGANFATAGSTVRPPNATIAQSGVSPISL
DVQLVQFSDFITRSQLIRNRGGVFKKLLPKKEYFSQALYTFDIGQNDLTAGLKLNMTSDQIKAY
IPDVHDQLSNVIRKVYSKGGRRFWIHNTAPLGCLPYVLDRFPVPASQIDNHGCAIPRNEIARYY
NSELKRRVIELRKELSEAAFTYVDIYSIKLTLITQAKKLGFRYPLVACCGHGGKYNFNKLIKCG
AKVMIKGKEIVLAKSCNDVSFRVSWDGIHFTETTNSWIFQQINDGAFSDPPLPVKSACTR 
>AT2G26870.1 | Symbols: NPC2 | non-specific phospholipase C2 | 
chr2:11457117-11459355 REVERSE LENGTH=514 
MSIKAFALIQLLSVTILYNHVHATSPIKTIVVVVMENRSFDHMLGWMKKLNPEINGVDGSESNP
VSVSDPSSRKIKFGSGSHYVDPDPGHSFQAIREQVFGSNDTSMDPPPMNGFVQQAYSEDPSGNM
SASVMNGFEPDKVPVYKSLVSEFAVFDRWFASVPSSTQPNRMFVHSGTSAGATSNNPISLAKGY
PQRTIFDNLDDEEFSFGIYYQNIPAVLFYQSLRKLKYVFKFHSYGNSFKDHAKQGKLPAYTVIE
QRYMDTLLEPASDDHPSHDVYQGQKFIKEVYETLRASPQWNETLLIITYDEHGGYFDHVPTPVR
NVPSPDGIVGPDPFLFQFNRLGIRVPTIAVSPWIEKGTVVHGPNGSPFPSSEYEHSSIPATVKK
LFNLSSPFLTKRDEWAGTFENILQIRKEPRTDCPETLPEPVKIRMGEANEKALLTEFQQELVQL
AAVLKGDNMLTTFPKEISKGMTVIEGKRYMEDAMKRFLEAGRMALSMGANKEELVHMKTSLTGR
RP 
>AT1G54790.2 | Symbols: | GDSL-like Lipase/Acylhydrolase 
superfamily protein | chr1:20441124-20443997 REVERSE LENGTH=408 
MNITKMKLFYVILFFISSLQISNSIDFNYPSAFNFGDSNSDTGDLVAGLGIRLDLPNGQNSFKT
SSQRFCDGRLVIDFLMDEMDLPFLNPYLDSLGLPNFKKGCNFAAAGSTILPANPTSVSPFSFDL
QISQFIRFKSRAIELLSKTGRKYEKYLPPIDYYSKGLYMIDIGQNDIAGAFYSKTLDQVLASIP
SILETFEAGLKRLYEEGGRNIWIHNTGPLGCLAQNIAKFGTDSTKLDEFGCVSSHNQAAKLFNL
QLHAMSNKFQAQYPDANVTYVDIFSIKSNLIANYSRFGKHFTKPLIDLNHLENVGYNKILNVLG
FEKPLMACCGVGGAPLNYDSRITCGQTKVLDGISVTAKACNDSSEYINWDGIHYTEAANEFVSS
QILTGKYSDPPFSDQMPFFLTLKF 
>AT3G26820.1 | Symbols: | Esterase/lipase/thioesterase family 
protein | chr3:9881128-9885067 FORWARD LENGTH=634 
MGVTLLRSIFGLCAVSSSSRVTDSYCSTKSYLRRRRTSASKQRLTEIKSVTSTPPPPSREARDF
VGDGGGPPRWFSPLECRAQAPNSPLLLFLPGIDGTGLGLIRHHKKLGEIFDIWCLHIPVSDRTP
FKDLVKLIERTVKSENYRFPNRPIYLVGESIGACLALDVAARNPNVDLALILVNPATHVNNFMS
KPLLGMLNVLPDGIPTLWEDVFGFKQGAPLTGILEAMSNEFSVQRMGGVGGGMLRDLFAVSANL
PTLSRMFSKDTLLWKLEMLKSAIASVNSHIYSVKAETLILPSGRDQWLLNEEDIVRYSRTLPNC
IVRKLDDNGQFPLLEDSLDLATIIKLTCFYRRGKSHDYVSDYIKPTPFELQQLLDEHRLLMDAI
SPVMLSTLEDGLLLKERNIHMRGLTHPMVFMYIQDSLVDPKMFDKYKLMGGVPVSNMNFYKLLR
EKAHVLLYPGGVREALHRKGEEYKLFWPEQSEFVRVASKFGAKIVPFGVVGEDDIFNIVLDSND
QRNIPILKDLMEKATKDAGNLRWKETKANWETKIAIIPGLVPKIPGRFYYYFGKPIDLAGKEKE
LKDKEKAQEVYLQAKSEVEQCIAYLKMKRECDPYRQLLPRMMYQASHGWSCEIPTFDL 
>AT1G07230.1 | Symbols: NPC1 | non-specific phospholipase C1 | 
chr1:2220509-2222778 REVERSE LENGTH=533 
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MAFRRVLTTVILFCYLLISSQSIEFKNSQKPHKIQGPIKTIVVVVMENRSFDHILGWLKSTRPE
IDGLTGKESNPLNVSDPNSKKIFVSDDAVFVDMDPGHSFQAIREQIFGSNDTSGDPKMNGFAQQ
SESMEPGMAKNVMSGFKPEVLPVYTELANEFGVFDRWFASVPTSTQPNRFYVHSATSHGCSSNV
KKDLVKGFPQKTIFDSLDENGLSFGIYYQNIPATFFFKSLRRLKHLVKFHSYALKFKLDAKLGK
LPNYSVVEQRYFDIDLFPANDDHPSHDVAAGQRFVKEVYETLRSSPQWKEMALLITYDEHGGFY
DHVPTPVKGVPNPDGIIGPDPFYFGFDRLGVRVPTFLISPWIEKGTVIHEPEGPTPHSQFEHSS
IPATVKKLFNLKSHFLTKRDAWAGTFEKYFRIRDSPRQDCPEKLPEVKLSLRPWGAKEDSKLSE
FQVELIQLASQLVGDHLLNSYPDIGKNMTVSEGNKYAEDAVQKFLEAGMAALEAGADENTIVTM
RPSLTTRTSPSEGTNKYIGSY 
>AT1G54010.1 | Symbols: | GDSL-like Lipase/Acylhydrolase 
superfamily protein | chr1:20158854-20160747 REVERSE LENGTH=386 
MMAKNCNLVSVLCVFLVLTLFNKPITVAGQNIPAVGLFTFGDSNFDAGNKQTLTKTLLPQTFWP
YGKSRDDPNGKFSDGLIAPDFLAKFMRIPIVIPPALQPNVNVSRGASFAVADATLLGAPVESLT
LNQQVRKFNQMKAANWNDDFVKKSVFMIYIGANDYLNFTKNNPNADASTQQAFVTSVTNKLKND
ISLLYSSGASKFVIQTLAPLGCLPIVRQEFNTGMDQCYEKLNDLAKQHNEKIGPMLNELARTAP
ASAPFQFTVFDFYNAILTRTQRNQNFRFFVTNASCCGVGTHDAYGCGFPNVHSRLCEYQRSYLF
FDGRHNTEKAQEMFGHLLFGADTNVIQPMNIRELVVYPADEPMRESWVPPTSATVQLRESRGYE
YY 
>AT1G75890.1 | Symbols: | GDSL-like Lipase/Acylhydrolase 
superfamily protein | chr1:28493051-28495047 FORWARD LENGTH=379 
MKRNSINIHHVTSFSSSPFWCVFFLVLLCKTSTNALVKQPPNETTPAIIVFGDSIVDAGNNDDI
MTTLARCNYPPYGIDFDGGIPTGRFCNGKVATDFIAGKFGIKPSIPAYRNPNLKPEDLLTGVTF
ASGGAGYVPFTTQLSTYLFIYKPLLFLKGGIALSQQLKLFEEYVEKMKKMVGEERTKLIIKNSL
FMVICGSNDITNTYFGLPSVQQQYDVASFTTLMADNARSFAQKLHEYGARRIQVFGAPPVGCVP
SQRTLAGGPTRNCVVRFNDATKLYNVKLAANLGSLSRTLGDKTIIYVDIYDSLLDIILDPRQYG
FKVVDKGCCGTGLIEVALLCNNFAADVCPNRDEYVFWDSFHPTEKTYRIMATKYFERYV 
>AT1G23500.1 | Symbols: | GDSL-like Lipase/Acylhydrolase 
superfamily protein | chr1:8339668-8341072 FORWARD LENGTH=345 
MNFSLLSTMLMALSSVCLFFVGYAQQFSGSVAVSALFAFGDSILDTGNNNNLNTLSKCNFFPYG
RNFIGGKATGRFGNGRVFSDMIAEGLNVKKLLPAYRDPNLSKNDLPTGVCFASGGSGLDERTAR
SQGVIWVPDQVKDFKEYIMKLNGVVRDKRKVNAIISNAVYLISAGNNDLAITYPTLMAQYTVST
YTDLLVTWTDNLLKSLYAMGARKFAVLGTLPLGCLPGARHTGGNFGNICLVPINQVAAIFNQKL
SAKLNNLHTILPGAKFVYVDMYNPLLNLINNPRASGFIDVADGCCCMPTSPVPCPDASQYVFWD
FAHPSEKSYMTIAPKIIEGIKKNLA 
>AT2G42840.1 | Symbols: PDF1 | protodermal factor 1 | 
chr2:17826327-17827426 REVERSE LENGTH=306 
MRGMVSFAVWALFAALLSQQLFASVASVRFEDAKTYYLSPPSGSHGTPPSHTPPSSNCGSPPYD
PSPSTPSHPSPPSHTPTPSTPSHTPTPHTPSHTPTPHTPPCNCGSPPSHPSTPSHPSTPSHPTP
SHPPSGGYYSSPPPRTPVVVTPPSPIVDPGTPIIGGSPPTPIIDPGTPGTPFIPAPFPPITGTC
DYWRNHPTLIWGLLGWWGTVGGAFGTVSIPSSIPGFDPHMNLLQALSNTRSDPIGALYREGTAS
WLNSMVNHKFPFTTPQVRDHFVAGLSSNKAATKQAHTFKLANEGRLKPRV 
>AT5G14920.1 | Symbols: | Gibberellin-regulated family protein | 
chr5:4826598-4827761 FORWARD LENGTH=275 
MALSLLSVFIFFHVFTNVVFAASNEESNALVSLPTPTLPSPSPATKPPSPALKPPTPSYKPPTL
PTTPIKPPTTKPPVKPPTIPVTPVKPPVSTPPIKLPPVQPPTYKPPTPTVKPPSVQPPTYKPPT
PTVKPPTTSPVKPPTTPPVQSPPVQPPTYKPPTSPVKPPTTTPPVKPPTTTPPVQPPTYNPPTT
PVKPPTAPPVKPPTPPPVRTRIDCVPLCGTRCGQHSRKNVCMRACVTCCYRCKCVPPGTYGNKE
KCGSCYANMKTRGGKSKCP 
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>AT3G27416.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: cellular_component unknown; Has 30201 Blast 
hits to 17322 proteins in 780 species: Archae - 12; Bacteria - 
1396; Metazoa - 17338; Fungi - 3422; Plants - 5037; Viruses - 0; 
Other Eukaryotes - 2996 (source: NCBI BLink). | chr3:10147371-
10147886 REVERSE LENGTH=171 
MTLKLLSLAVAALAITAVLAADPPTPANAPKANGEKNSTSPSPAAAASPKSPTASAPTSPPTAA
PTMAKKNSTGTPSPSPSSPSPKSSSAKTPASSPDSSSGDSSEGPTSSSDAPTASSPPAPTPEMS
PSSDDGTGASDGPEASAPAAGASSLVISVSGSVLAAVAWLFFI >AT1G76955.1 | 
Symbols: | Expressed protein | chr1:28919172-28919536 REVERSE 
LENGTH=78 
MAKTPSSSSKLLVMMLFSFLALFIISHARVVFTDTPSNSYAPPIYAPVPKECLKPPYCRGPPGE
SQFVYNERNYYQIN 
>AT3G50580.1 | Symbols: | LOCATED IN: endomembrane system; 
EXPRESSED IN: leaf whorl, sepal, flower; EXPRESSED DURING: petal 
differentiation and expansion stage; BEST Arabidopsis thaliana 
protein match is: ECA1 gametogenesis related family protein 
(TAIR:AT1G44191.1); Has 132049 Blast hits to 55074 proteins in 
2314 species: Archae - 393; Bacteria - 25609; Metazoa - 44661; 
Fungi - 17591; Plants - 17316; Viruses - 4153; Other Eukaryotes 
- 22326 (source: NCBI BLink). | chr3:18768767-18769519 REVERSE 
LENGTH=250 
MKTSIVLVAAAFLCLVAFPTTTVGKYWPKIEGWPNPSEITRNELMLLNTGHSFGYGDSKVWKCT
YSNGSAPAISISPSTPIPSTPSTPSPPPPAPKKSPPPPTPKKSPSPPSLTPFVPHPTPKKSPSP
PPTPSLPPPAPKKSPSTPSLPPPTPKKSPPPPPSHHSSSPSNPPHHQQNPWEHIERCMINMGPV
GMCRMQMEVSFYTRLFQVSDYCCNLVVNMKSECDDVAWGFFNDPFFVPLVRYTCHVTC 
>AT5G11990.1 | Symbols: | proline-rich family protein | 
chr5:3872651-3873196 REVERSE LENGTH=181 
MGLIVIIIALVMVMVVASSPSDQTNVLTPLCISECSTCPTICSPPPSKPSPSMSPPPSPSLPLS
SSPPPPPPHKHSPPPLSQSLSPPPLITVIHPPPPRFYYFESTPPPPPLSPDGKGSPPSVPSSPP
SPKGQSQGQQQPPYPFPYFYFYTASNATLLFSSSFLIALVVSSLSIFLNGSLV 
>AT3G22120.1 | Symbols: CWLP | cell wall-plasma membrane linker 
protein | chr3:7795283-7796287 REVERSE LENGTH=334 
MGSRSQNLSFLVLLLLGFVAVSYACDCTPPKPSPAPHKPPKHPVKPPKPPAVKPPKPPAVKPPT
PKPPTVKPHPKPPTVKPHPKPPTVKPHPKPPTVKPPHPKPPTKPHPHPKPPIVKPPTKPPPSTP
KPPTKPPPSTPKPPTTKPPPSTPKPPHHKPPPTPCPPPTPTPTPPVVTPPTPTPPVITPPTPTP
PVVTPPTPTPPVITPPTPTPPVITPPTPTPPVVTPPTPTPPVVTPPTPTPPTPIPETCPIDTLK
LGACVDVLGGLIHIGLGKSHAKAECCPVLGGLLDLDAAVCLCTTIKLKLLNIDLVLPIALELLL
DCGKTPPSDFKCPA 
>AT1G12665.1 | Symbols: | Encodes a Plant thionin family protein 
| chr1:4312398-4312667 FORWARD LENGTH=89 
MEGKSLVAILVTMMVIGNLLPQTEAQKIPFMQCFPACMIVCKSESKFPKFLTCPITCLKTCLHP
PSPPPSPPPSPSPSPSPSPSPCENN 
>AT1G12090.1 | Symbols: ELP | extensin-like protein | 
chr1:4090176-4090589 REVERSE LENGTH=137 
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MASSSIALFLALNLLFFTTISACGSCTPCGGGCPSPKPKPTPKPTPSPSSGSSKCPKDTLKLGV
CANVLNGLLDLTLGKPPVEPCCSLIQGLADVEAAVCLCTALKANILGINLNLPISLSLLLNVCS
KQLPPGFQC 
>AT3G28790.1 | Symbols: | Protein of unknown function (DUF1216) 
| chr3:10813577-10815588 REVERSE LENGTH=608 
MAKNLLAICLVFMVASSVVYEVQGTFLLKLYLRRKFPRRCIDFAPYAGKGMLMLVSNLEGGCPA
TREFKQFFSTFKSYMSFISSASISASKNIDVEMNGRCELLSKAMSALTGSKSSQSSELKMTMLS
MGKTLVEQKRQGSRMMSLKQKKELVVAMVKWTRMVITFVKSVAEKRGKSIDESSYGLDVDVNAS
IGSSSGSDGSSSSDNESSSNTKSQGTSSKSGSESTAGSIETNTGSKTEAGSKSSSSAKTKEVSG
GSSGNTYKDTTGSSSGASPSGSPTPTPSTPTPSTPTPSTPTPSTPTPSTPTPSTPAPSTPAAGK
TSEKGSESASMKKESNSKSESESAASGSVSKTKETNKGSSGDTYKDTTGTSSGSPSGSPSGSPT
PSTSTDGKASSKGSASASAGASASASAGASASAEESAASQKKESNSKSSSSSSSTTSVKEVETQ
TSSEVNSFISNLEKKYTGNSELKVFFEKLKTSMSASAKLSTSNAKELVTGMRSAASKIAEAMMF
VSSRFSKSEETKTSMASCQQEVMQSLKELQDINSQIVSGKTVTSTQQTELKQTITKWEQVTTQF
VETAASSSSSSSSSSSSSSSSSQGSAKMAMKN 
>AT3G52480.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: endomembrane system; EXPRESSED IN: 10 plant 
structures; EXPRESSED DURING: LP.04 four leaves visible, 4 
anthesis, petal differentiation and expansion stage; Has 28 
Blast hits to 28 proteins in 7 species: Archae - 0; Bacteria - 
0; Metazoa - 0; Fungi - 0; Plants - 28; Viruses - 0; Other 
Eukaryotes - 0 (source: NCBI BLink). | chr3:19452478-19453107 
REVERSE LENGTH=209 
MGLTPTATLLVAVFAFCLVAVTAQFAYVLWWKRRFRRRSIAGSERDAFSSRGGDLTATPPPSKE
LLYFFLFCLENKQFRIGSATAPPLPAAAPPVNDVASKWSINGENLLCGPSETLFTIAEDYTSES
DHRTGEIDPRGSIFTEDHVKDDEVEEEVVATDISDDEVDFSHYNQTTPFSTPCASPPFYTPSPS
PIRDDLSKTVREESVYG 
>AT5G27710.1 | Symbols: | unknown protein; Has 49 Blast hits to 
49 proteins in 17 species: Archae - 0; Bacteria - 0; Metazoa - 
0; Fungi - 0; Plants - 48; Viruses - 0; Other Eukaryotes - 1 
(source: NCBI BLink). | chr5:9813069-9815018 FORWARD LENGTH=335 
MVNSYVPLRFTIFISFSIAAASSFKLHSASHSPSSFPKATGDDLLSVLGPPSAASCLNPIVSRE
IKSCLKFLVPFKSDKPKPEFGRCSPRTGLCSGKIDAVERRSKFEEENSLIWWPPESVLELARLA
VDSGGDPGSIQRTLNPKMIPVPDVERSRKDKCQLTRTPYGRHFIAEEVNSYFEFLFHLIESRGP
SVGLNVSLSRYDLFHGHLFLASESGRLGILFHAKEYPAYDKKVFPYNMGYCQRGSDVKYNDSMN
LRNILWLAPLPSNSSPDWVAPGVLVVLDAHPDGIIYRDLIPDYVKFVRTIYEDDLGTTAVDVNY
LNVGAHEPDYQLFMC 
>AT3G29300.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: endomembrane system; EXPRESSED IN: 12 plant 
structures; EXPRESSED DURING: 6 growth stages; Has 451 Blast 
hits to 349 proteins in 91 species: Archae - 0; Bacteria - 85; 
Metazoa - 81; Fungi - 88; Plants - 18; Viruses - 1; Other 
Eukaryotes - 178 (source: NCBI BLink). | chr3:11247011-11247652 
FORWARD LENGTH=213 
MAATLVMVVSLVMVLSLVLVLLAELYCSLLLRRRRHNSLNLPITTTVSTAARTTTTLNQAISTT
SNDNTSPSNINSSSPNPLYTGVIQTPTKTHYNHEPYLQASLDLIQETIVNDSVDNFIYISNPMY
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SNDATSKPTTPFETPESSPSRLETGESSSSSSGEEDNDHIIEVSTPTLTPMKDLPEKACSVSLK
NVETSASESNSSGSPYTSPSW 
>AT2G30700.1 | Symbols: | unknown protein; BEST Arabidopsis 
thaliana protein match is: unknown protein (TAIR:AT1G61900.1); 
Has 68 Blast hits to 67 proteins in 13 species: Archae - 0; 
Bacteria - 2; Metazoa - 0; Fungi - 0; Plants - 66; Viruses - 0; 
Other Eukaryotes - 0 (source: NCBI BLink). | chr2:13082033-
13084384 REVERSE LENGTH=480 
MPRGELAMGSLETVCWLKGCLVYRFLLFIIWLSSFQDVAAHDKLNEHSSRSTTSELANPPGIGV
SGPIQVSPSVIPKYASPALPWTPPMYPTFPDTYEPKLTGKCPTDFQAISSVIDTAASDCSQPFA
ALVGNVICCPQFVSLLHIFQGQHNVKSNKLVLPDAVATDCFSDIVSILVSRRANMTIPALCSVT
SSNLTGGSCPVTDVTTFEKVVNSSKLLDACRTVDPLKECCRPICQPAIMEAALIISGHQMTVGD
KIPLAGSNNVNAINDCKNVVFSYLSRKLPADKANAAFRILSSCKVNKACPLEFKEPTEVIKACR
NVAAPSPSCCSSLNAYISGIQNQMLITNKQAIVCATVIGSMLRKGGVMTNIYELCDVDLKDFSV
QAYGMQQGCLLRSYPADLIFDNTSGYSFTCDLTDNIAAPWPSSSSMSSLSLCAPEMSLPALPTS
QTIKNHGFCNGGVGALRLIVLVFLLYVVVVRH 
>AT3G11640.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: endomembrane system; BEST Arabidopsis 
thaliana protein match is: unknown protein (TAIR:AT3G52480.1); 
Has 36 Blast hits to 36 proteins in 7 species: Archae - 0; 
Bacteria - 0; Metazoa - 0; Fungi - 0; Plants - 36; Viruses - 0; 
Other Eukaryotes - 0 (source: NCBI BLink). | chr3:3674501-
3675061 FORWARD LENGTH=186 
MHALTNSGAVLLAVLLFFLLILFAELSYIFCCRTGSLPSPASKEVLFQFLMCCKKNHHHSRIEP
CTGIVSVQMEEDVVAAAVPEEEFAAADKWRVSRLLFTIEEEDLELEDDDDDVISAEVDNGFEVQ
VDIPVEYSGDPTPFLTPCNSPPYFTPSPSPGRDMDDVIDVYEVSSRNCCFNFQGSQMC 
>AT2G39560.1 | Symbols: | Putative membrane lipoprotein | 
chr2:16505124-16505825 REVERSE LENGTH=233 
MRSLSSVGLALSIVFGCLLLALLAELYYLLWCKKRSTTRRPDFRNDYSTPGTRELLFIFCCSSS
TNPSSSSPSSSSFSNPKPIDTQQQCPLNNGFENVGGPGLVPRFLFTIMEETVEEMESEDVVSTK
GKSLNDLFLNMESGVITPPYLTPRASPSLFTPPLTPLLMESCNGRKEEISSLFESSSDAEFNRL
VRSSPLSSSHSPSSSPLSRFKFLRDAEEKLYKKKVMEIAEA 
>AT5G07520.1 | Symbols: GRP18, ATGRP18, ATGRP-8 | glycine-rich 
protein 18 | chr5:2380208-2381230 REVERSE LENGTH=228 
MFSFLIFLLEAFQVVIATVVSIVFLVFAGLTLVGSATALTITTPLFIIFSPILVPATIATAVIT
TGFTTGGALGAMAVALIRRRMGAKPTAEGTSSAQPLLKLPVYGGYGGFWGGKKFSGTFGNKPGG
GNPFGDISKWLGPGAAGGGAPGGLGGGGNPFGNISKWFGPGAAGGDASAAGGAPAAEAAPAAGA
APAAGAAPAAGAAPAAGAAPAAGAAPAAGGSTPPTW 
>AT1G65720.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: endomembrane system; EXPRESSED IN: 24 plant 
structures; EXPRESSED DURING: 15 growth stages; Has 44 Blast 
hits to 44 proteins in 14 species: Archae - 0; Bacteria - 0; 
Metazoa - 0; Fungi - 0; Plants - 44; Viruses - 0; Other 
Eukaryotes - 0 (source: NCBI BLink). | chr1:24440471-24441013 
REVERSE LENGTH=180 



	
   194	
  

MTSSSYLRFAIAVVAFLSITTITTARPCKTFLISSYSLSITPENPNLESDFTSTRFVTVFTIRR
LNPHHVVPFFVNRRHEKPQIQSDRSLPLISDNINSFRDRTRDILSVVVALLFGVGCGALTAATM
YLVWALVVNRQSYDFEEEEDDYENDESDAASLKKLGYVKIPAPAPAPVKEAA 
>AT1G78460.1 | Symbols: | SOUL heme-binding family protein | 
chr1:29518547-29519296 REVERSE LENGTH=219 
METGLNILKLSLCVSLVVVGSYAQAPAPWNPSNGFRPGTCDHYECPTYKLVEAGYGFEIRMYDA
ALWISTSPIPSLSMTQATKTGFRRLNRYIEGDNKSNVKMNMTAPVIAQATPGRSVYTVSLYLPK
KNQQNPPQADDLHVRSTKPTYVAVRQIGGYVSNNVAKDEAAALMESLRDSNWILPIEKSKGKLP
AYFLAVYNPPSHTTARVINEIMVPFNM 
>AT5G64720.1 | Symbols: | Protein of unknown function (DUF1278) 
| chr5:25872346-25872813 REVERSE LENGTH=155 
MATKSTSKPLLLSFLMMSYLISTFHVITVAEGRTLQFTKMATDHSGAGNLMDCWNAGLELKSCT
DEIVKFFLSQTGTSEPPVKGGIDKDCCGAIGLVVKDCWSVMFTSLGLTTMEGNNLREYCEFQAE
KSELSPSPAPETLALSPVEITYPGLDY 
>AT4G39340.1 | Symbols: | Protein of unknown function (DUF1278) 
| chr4:18293129-18293512 REVERSE LENGTH=127 
MASNTTFLFSTVTLLIILLNTTVSGRDLPAESSTNIAARLQSGGLMECWNALYELKSCTNEIVL
FFLNGETKLGVSCCESVDIITTNCWPAMLTSLGFTPEEANVLRGFCQNPNSGDSSPAPSPKIV 
>AT5G62630.1 | Symbols: HIPL2 | hipl2 protein precursor | 
chr5:25143719-25146390 REVERSE LENGTH=696 
MAKTNQAITICSLLLLLLLSETTSHLLCSDSKTPVNNNETLQFCDSYKERSCCNSKDDLQLQNR
FNSMNISDSNCSSLLKSILCSKCDEFSGQLFGDDDSSLVPILCNSTSQDLCSKLWDSCQNISIV
SSPFSPTLLGGATSPSTSSNSSTLTDLWKSQTEFCTAFGGPSQTNNNKTKCFNGEPVNRDTSDD
DEDDVKTPKGICLEKIGTGSYLNMVAHPDGSNRAFFSNQPGKIWLGTIPDQDSGKPMEIDESTP
FVDITDQVSFDTQFGMMGMAFHPKFAENGRFFASFNCDKVKSPGCSGRCACNSDVNCDPSKLPK
DDGTTPCRYQTVVSEYTANGTSSSPSTAKIGKASEVRRIFTMGLPYSSSHGGQILFGPDGYLYL
MTGDGGGVSDTHNFAQNKKSLLGKILRLDVDVMPSVSEISKLGLWGNYSIPKNNPFQGNENEQP
EIWALGLRNPWRCSFDSERPDYFLCADVGKDTYEEVDIITMGGNYGWRTYEGPYVFSPLSPFGE
NVSSDSNLTFPILGYNHSEVNKHEGSASIIGGYFYRSNTDPCSYGTYLYADLYANAMWAAIESP
EDSGNFTDSLIPFSCSKDSPMKCTAAPGGASSGPALGYIYSFGQDNNKDIHLLTSSGVYRIVRP
SRCNLACSKENTTASAGKQNPAGSAPPQPLPSSARKLCFSVFLLLSLLMMFLTLLD 
>AT2G28405.1 | Symbols: LCR32 | low-molecular-weight cysteine-
rich 32 | chr2:12153294-12154092 REVERSE LENGTH=83 
MMGKHIQLSFAILIMFTIFVLGAVGDVDQGYKQQCYKTIDVNLCVTGECKKMCVRRFKQAAGMC
IKSVPSAPAPNRCRCIYHC 
>AT1G30795.1 | Symbols: | Glycine-rich protein family | 
chr1:10935831-10936160 FORWARD LENGTH=109 
MASSTHSYFTTLALTLILIFRLIPETTASRHLNGKNPAVIGVTTTSEKYIVPTPLPPFLRPFFP
PLQFAAAPFGGNIPQPPLPSPPPTFLPCLPGFKFPPFQSRKPTPP 
>AT4G38080.1 | Symbols: | hydroxyproline-rich glycoprotein 
family protein | chr4:17883012-17883398 FORWARD LENGTH=128 
MAPLKNSFVTSLVIALTFTSFFTSLSAHRHLLQSTPVTQPPALTFPPLPKTTMPPVPSLPTPGQ
QTLPQPQPTLPQPTGLPPMPSTQIPSLPNQVQPTIPNIPQINFPSNFPFNFPFNIPFLTPPPSK 
>AT5G60650.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: endomembrane system; BEST Arabidopsis 
thaliana protein match is: unknown protein (TAIR:AT2G28410.1); 
Has 1807 Blast hits to 1807 proteins in 277 species: Archae - 0; 
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Bacteria - 0; Metazoa - 736; Fungi - 347; Plants - 385; Viruses 
- 0; Other Eukaryotes - 339 (source: NCBI BLink). | 
chr5:24374305-24374748 REVERSE LENGTH=147 
MTYLTHSLLFFFSCLSMLLCVSIAGSRPVHGPAYTNPSAFSPQAYDFFHPKSSLSDHNNPPKSS
PSPLSLSPSPSKTSIVEPDSQGSKVSSDEHTTSESRREEEGRGETIGVVLGLSFIAFLSLGIYF
VIKKQRANIIRTIVTHSDA 
>AT4G37160.1 | Symbols: sks15 | SKU5 similar 15 | chr4:17494820-
17497124 REVERSE LENGTH=541 
MKQTNLLVCKLFIGALFWLGSVLVNAEDPYMFYTWTVTYGTRSPLGVPQQVILINGQFPGPAIE
AVTNNNIVVNLINKLDEPFLITWNGVKQRRTSWQDGVLGTNCPIQPNSNWTYQFQLKDQIGTYT
YFASTSLHRASGAFGALNINQRSVITTPYPTPDGDFTLLVSDWFSNMTHKDLRKSLDAGSALPL
PDALLINGVSKGLIFTGQQGKTYKFRVSNVGIATSINFRIQNHTMSLIEVEGAHTLQESYESLD
VHVGQSMTVLVTLKASVRDYFIVASTRFTKPVLTTTASLRYQGSKNAAYGPLPIGPTYHIHWSM
KQARTIRMNLTANAARPNPQGSFHYGTIPINRTLVLANAATLIYGKLRYTVNRISYINPTTPLK
LADWYNISGVFDFKTIISTPTTGPAHIGTSVIDVELHEFVEIVFQNDERSIQSWHMDGTSAYAV
GYGSGTWNVTMRKRYNLVDAVPRHTFQVYPLSWTTILVSLDNKGMWNLRSQIWSRRYLGQELYV
RVWNDEKSLYTEAEPPLNVLYCGKAKRPL 
>AT2G28410.1 | Symbols: | unknown protein; Has 18 Blast hits to 
18 proteins in 5 species: Archae - 0; Bacteria - 0; Metazoa - 0; 
Fungi - 0; Plants - 18; Viruses - 0; Other Eukaryotes - 0 
(source: NCBI BLink). | chr2:12156202-12156549 FORWARD 
LENGTH=115 
MTSKTCLVFFFSSLILTNFALAQDRAPHGLAYETPVAFSPSAFDFFHTQPENPDPTFNPCSESG
CSPLPVAAKVQGASAKAQESDIVSISTGTRSGIEEHGVVGIIFGLAFAVMM 
>AT2G47530.1 | Symbols: | Pollen Ole e 1 allergen and extensin 
family protein | chr2:19504220-19504852 FORWARD LENGTH=184 
MASTGAATNLLLLAMVVVVATADYYAQPQPYVPKPTTTYTSPVKTPYLPKSNPDIAIEGFILCK
SGYKTYPIQGGKVKVVCPVVDSYGKLVAKVTISSYPTDLKGYFYFITYGLSHKVNNISSCKVKL
ESSPVFTCKTPTNVNKGVTGAPLSPDNSKFLSHDNLTLYTLEPFYFSSPVAPKPVY 
>AT2G34700.1 | Symbols: | Pollen Ole e 1 allergen and extensin 
family protein | chr2:14634298-14635597 REVERSE LENGTH=175 
MGLVTKALKYLLLLSISLTFIYTNAVSSASPMTPPSSPAKMSRRLVAVEGMVYCKSCKYSGVDT
LLEASPLQGATVKLACNNTKRGVTMETKTDKNGYFFMLAPKKLTTYAFHTCRAWPTNPGPTTAT
MTCTVPSKLNNGITGAMLKPSKTINIGEHDYVLFSVGPFAFEPACAL 
>AT3G16670.1 | Symbols: | Pollen Ole e 1 allergen and extensin 
family protein | chr3:5681500-5682111 FORWARD LENGTH=154 
MAVIKKHITFSLVLLCLIVVSPMANAQSGLGGINVPIINGVLFCTINGAPLNGTPAPAFANAVV
QLQCGNLNRVVAETITNIAGLFTFSTNGIQISLPTLLNDCRIVVPTPRSSCDATLPSTGQLISQ
LNLVGSIVSGLLNIVAILPTGFIPTI 
>AT5G15780.1 | Symbols: | Pollen Ole e 1 allergen and extensin 
family protein | chr5:5144898-5146297 REVERSE LENGTH=401 
MERITTLWFWFSLMIFLGISINGGLSQGQQHVMKKTRSSAVVVGTVYCDTCFNGAFSKSPNHLI
SGALVAVECIDENSKPSFRQEVKTDKRGEFKVKLPFSVSKHVKKIKRCSVKLLSSSQPYCSIAS
SATSSSLKRLKSNHHGENTRVFSAGFFTFRPENQPEICSQKPINLRGSKPLLPDPSFPPPLQDP
PNPSPLPNLPIVPPLPNLPVPKLPVPDLPLPLVPPLLPPGPQKSASLHNKKSDSLKDKKTEALK
PNFFFPPNPLNPPSIIPPNPLIPSIPTPTLPPNPLIPSPPSLPPIPLIPTPPTLPTIPLLPTPP
TPTLPPIPTIPTLPPLPVLPPVPIVNPPSLPPPPPSFPVPLPPVPGLPGIPPVPLIPGIPPAPL
IPGIPPLSPSFSSHHQP 



	
   196	
  

FORWARD LENGTH=359 
MDPNHNNLLIFVAFFVLCLATNGVTGYATVTGSVFCDQCKDGERSLFDFPVSGIKISVTCADEN
GQVYMSREETTNWLGGYVMRFDGTPDLSNCYAQVSDNGVQQDPSSCSIASGPAQKLKLMFSFFG
IETFAADALLAQPVQPSSFCPKPPTAPVMPPPQVPVMPPPQVPVKPHPKVPVISPDPPATLPPP
KVPVISPDPPTTLPPPLVPVINLPPVTSPPQFKLPPLPQIPPMPFVEPSACSHQLWMKPEYRCY
WRAIGPDTKVAVAFGLVAGRIYGTDMTVREALDGRGEAYKTLLREATTALLNSYNSLGFPYNSV
AVITYTNLALLGNSEHDVLMTAIRFIKANSGTCRFTVCN 
>AT2G22510.1 | Symbols: | hydroxyproline-rich glycoprotein 
family protein | chr2:9569327-9569701 REVERSE LENGTH=124 
MAHWLSSLVIALTFTSFFTGLSASRHLLQSTPAITPPVTTTFPPLPTTTMPPFPPSTSLPQPTA
FPPLPSSQIPSLPNPAQPINIPNFPQINIPNFPISIPNNFPFNLPTSIPTIPFFTPPPSK 
>AT3G16660.1 | Symbols: | Pollen Ole e 1 allergen and extensin 
family protein | chr3:5676904-5677788 FORWARD LENGTH=180 
MAMLKNKHMTVSLILVCLVVVSPMAEAQLGLGGSGGLGGLIGGLVGGLGGLVGGLVGGILNLVN
INGVVFCSLNGAPSGTSTPAFANAGVELQCGRQNRVVSTATTNAAGLFSLPTDSIQMLLSTLLS
DCRVVVTTPLSTCNANLPSVGNLVSRLAMIGNSLTGLLNIISIIPAGFGLLN 
>AT5G13140.1 | Symbols: | Pollen Ole e 1 allergen and extensin 
family protein | chr5:4170688-4171744 REVERSE LENGTH=267 
MYLPLLYLLFLASCLTHQALGRGRGRPSPEGSLDPSSRITVVGVVYCDTCSINTFSRQSYFLQG
VEVHVTCRFKASSPKTAEEVNISVNRTTNRSGVYKLEIPHVDGIDCVDGIAISSQCSAKILKTS
SDDNGGCSIPVFQTATNEVSIKSKQDRVCIYSLSALSYKPPHKNTSLCGNGGKKHHRKDEKVEK
KFRDSKFFWPYLAPYWFPWPYPDLPPLPTLPPFPSFPFPSLPFGNPNLALPAFDWKNPVTWIPY
LPRFPPGDHNP 
>AT5G20630.1 | Symbols: GLP3, GLP3A, GLP3B, ATGER3, GER3 | 
germin 3 | chr5:6975315-6975950 REVERSE LENGTH=211 
MKMIIQIFFIISLISTISFASVQDFCVADPKGPQSPSGYSCKNPDQVTENDFAFTGLGTAGNTS
NIIKAAVTPAFAPAYAGINGLGVSLARLDLAGGGVIPLHTHPGASEVLVVIQGTICAGFISSAN
KVYLKTLNRGDSMVFPQGLLHFQLNSGKGPALAFVAFGSSSPGLQILPFALFANDLPSELVEAT
TFLSDAEVKKLKGVLGGTN 
>AT5G62630.1 | Symbols: HIPL2 | hipl2 protein precursor | 
chr5:25143719-25146390 REVERSE LENGTH=696 
MAKTNQAITICSLLLLLLLSETTSHLLCSDSKTPVNNNETLQFCDSYKERSCCNSKDDLQLQNR
FNSMNISDSNCSSLLKSILCSKCDEFSGQLFGDDDSSLVPILCNSTSQDLCSKLWDSCQNISIV
SSPFSPTLLGGATSPSTSSNSSTLTDLWKSQTEFCTAFGGPSQTNNNKTKCFNGEPVNRDTSDD
DEDDVKTPKGICLEKIGTGSYLNMVAHPDGSNRAFFSNQPGKIWLGTIPDQDSGKPMEIDESTP
FVDITDQVSFDTQFGMMGMAFHPKFAENGRFFASFNCDKVKSPGCSGRCACNSDVNCDPSKLPK
DDGTTPCRYQTVVSEYTANGTSSSPSTAKIGKASEVRRIFTMGLPYSSSHGGQILFGPDGYLYL
MTGDGGGVSDTHNFAQNKKSLLGKILRLDVDVMPSVSEISKLGLWGNYSIPKNNPFQGNENEQP
EIWALGLRNPWRCSFDSERPDYFLCADVGKDTYEEVDIITMGGNYGWRTYEGPYVFSPLSPFGE
NVSSDSNLTFPILGYNHSEVNKHEGSASIIGGYFYRSNTDPCSYGTYLYADLYANAMWAAIESP
EDSGNFTDSLIPFSCSKDSPMKCTAAPGGASSGPALGYIYSFGQDNNKDIHLLTSSGVYRIVRP
SRCNLACSKENTTASAGKQNPAGSAPPQPLPSSARKLCFSVFLLLSLLMMFLTLLD 
>AT3G45245.1 | Symbols: | ECA1 gametogenesis related family 
protein | chr3:16578384-16578734 FORWARD LENGTH=116 
MERMWATFMLALIILLTTSIQAKGNEKGNDIAGAPSPTLAPQSENGLLPNPASCLADVKTIPNC
VKAVKRFKLRNVTKKCCVILLYLPEDCFGYLFPVRWIYRILLKIACKILGHI 
>AT1G63057.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
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unknown; LOCATED IN: endomembrane system; BEST Arabidopsis 
thaliana protein match is: unknown protein (TAIR:AT1G63055.1); 
Has 30201 Blast hits to 17322 proteins in 780 species: Archae - 
12; Bacteria - 1396; Metazoa - 17338; Fungi - 3422; Plants - 
5037; Viruses - 0; Other Eukaryotes - 2996 (source: NCBI BLink). 
| chr1:23382242-23382989 FORWARD LENGTH=116 
MMNTKIVALLMVVMMVTMGMENILVQARHHHHHHHHSPSPSPSSDFDDSGSKSPSPSPKSKEKS
STYCMIGCSFEKCFHHGKSSTMTTGDVEKYDSCMKKCSKICNKKNENEDIYV 
>AT2G34870.1 | Symbols: MEE26 | hydroxyproline-rich glycoprotein 
family protein | chr2:14710819-14711169 FORWARD LENGTH=116 
MASSSLISVALTLILIFHLMPETTVARRLTDQKPSDEVVTTTTDEANNLPFPPGLPFGGVPPLP
SLFPPFVPSPFPGNIPRLPFPFPFPTSPPAPSLPGFPGFTFPPLPFLTPPPL 
>AT5G42560.1 | Symbols: | Abscisic acid-responsive (TB2/DP1, 
HVA22) family protein | chr5:17015573-17016969 FORWARD 
LENGTH=296 
MIGSFLTRGLVMVLGYAYPAYECYKTVEKNRPEIEQLRFWCQYWILVACLTVFERVGDAFVSWV
PMYSEAKLAFFIYLWYPKTRGTTYVYESFFRPYLSQHENDIDHSLLELRTRAGDMAVIYWQRVA
SYGQTRILEILQYVAAQSTPRPQPPQKRGGRANQAPAKPKKAPVPQSEPEEVSLSSSSSSSSSE
NEGNEPTRKVSGPSRPRPTVTSVPAADPKNAGTTQIAQKSVASPIVNPPQSTTQVEPMQIEEVE
GEAESGNENPNPEGPKETVMEETIRMTRGRLRKTRSEESR 
>AT5G66816.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: endomembrane system; BEST Arabidopsis 
thaliana protein match is: unknown protein (TAIR:AT3G50610.1); 
Has 30201 Blast hits to 17322 proteins in 780 species: Archae - 
12; Bacteria - 1396; Metazoa - 17338; Fungi - 3422; Plants - 
5037; Viruses - 0; Other Eukaryotes - 2996 (source: NCBI BLink). 
| chr5:26681495-26681800 FORWARD LENGTH=101 
MKLSVYIILSILFISTVFYEIQFTEARQLRKTDDQDHDDHHFTVGYTDDFGPTSPGNSPGIGHK
MKENEENAGGYKDDFEPTTPGHSPGVGHAVKNNEPNA 
>AT1G63055.1 | Symbols: | unknown protein; BEST Arabidopsis 
thaliana protein match is: unknown protein (TAIR:AT1G63057.2); 
Has 35333 Blast hits to 34131 proteins in 2444 species: Archae - 
798; Bacteria - 22429; Metazoa - 974; Fungi - 991; Plants - 531; 
Viruses - 0; Other Eukaryotes - 9610 (source: NCBI BLink). | 
chr1:23379739-23380445 FORWARD LENGTH=109 
MVNTKIVALLMVVMMVTMGMENILVQANRRHHHSPSPFPSSDFDDSGSKSPSPSPKSKEKSSTY
CMIGCSFEKCFHHGKSSSDVEKYDLCMKKCSKICNKKKESDDIYV 
>AT5G26070.1 | Symbols: | hydroxyproline-rich glycoprotein 
family protein | chr5:9106341-9106649 FORWARD LENGTH=102 
MVSLGLSFTLVFLLAILFTVAEANNNRKLLKTPTNYQPLYSPSPSPYRSPVTLPPPPPHPAYSR
PVALPPTLPIPHPSPHAERFYYRQSPPPPSGKPWWWLL 
>AT3G18050.1 | Symbols: | unknown protein; BEST Arabidopsis 
thaliana protein match is: unknown protein (TAIR:AT4G28100.1); 
Has 67 Blast hits to 66 proteins in 12 species: Archae - 0; 
Bacteria - 0; Metazoa - 0; Fungi - 0; Plants - 67; Viruses - 0; 
Other Eukaryotes - 0 (source: NCBI BLink). | chr3:6180931-
6182593 FORWARD LENGTH=335 
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MFQHAPSSISLIIIFLFTILSPVSPEPVTVQPFRVKSSPPATIPAFPEQSDFSGCPLDLPEDLF
HGIKSACSGKKLHKGKCCPVLGAWLYSAYSTTALSRSISAAARNSSSSSAAVTTPEEDMPLLPD
DSETCVDGLGKSLRQRGIELTRPNETCDVVYCYCGIRLHPLSCSEAFRVNDEGRLVGDERVDRL
ETDCLSGSHNNADGFSPLLGCNKCLNSLYKLNPKKTSGTRNPSKEDRNRTAKMHNKDCVLMGLT
WLLAKNRTAYFPTVTSVLRAVMLNHDGVPRSCALGSDGMPLAVDSSEFSNGSPTSLQYPHHLVH
FLLYSVITLVLIRSW 
>AT2G36695.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: endomembrane system; Has 35333 Blast hits 
to 34131 proteins in 2444 species: Archae - 798; Bacteria - 
22429; Metazoa - 974; Fungi - 991; Plants - 531; Viruses - 0; 
Other Eukaryotes - 9610 (source: NCBI BLink). | chr2:15382702-
15383298 FORWARD LENGTH=117 
MTMACKNLVAILIIVSLFGLHQCDDDPHPKGIERCFTRFVGKPYSLEDLCCVEAPWICFAGYLT
DECIKRCPPLREGVPPSPPRRKGVAPSPPRRKGVAPSPSPMRKGVAPSPSPMS 
>AT1G24267.2 | Symbols: | Protein of unknown function (DUF1664) 
| chr1:8604451-8607241 REVERSE LENGTH=344 
MAIPLGKLTILIGAGLVGSVLAKEGSLPDVSSFVSGALKMVFRQLKQEEPAKSASKPRNDTLMA
QVNSLRHELSLLSSNRPITIVTTAGSGGKKYGYIIIIGVIGYGYVWWKGWKLPDLMFATRRSLS
DACNSVGSQIDGFYTSLSGTKKELSSKIDGMGRSLDANTEIIQDTGREVMELQRGTENIKDDVK
FVFDAVENLVRKLIYRIEGNQDITLKGVGALHAQVRENKRIQESNKALPSTSAVPALEAAPMTP
SSRTLSLPPASPRESQSPSTSNGAQQSRGPLQHTQSMSGLKEISENGTHSGETTGNTSSGLFSI
FSIPRIGRTRSVVNTVPTNSIGPQ 
>AT5G48210.1 | Symbols: | Protein of unknown function (DUF1278) 
| chr5:19548459-19548770 FORWARD LENGTH=103 
MWSNKFFFLLPVVCIVVFATSQPLPSPQPSQLDCWSSLEVIPDCVPEIFRSITNGQFGNVGPSC
CHAFIGLDTECIPQMFIFAPLIPPSRRLRDHCSHKIIVP 
>AT1G61688.1 | Symbols: | Defensin-like (DEFL) family protein | 
chr1:22780793-22781353 REVERSE LENGTH=105 
MANTPKTLIAFVFSVIVIISYVHCHTTIASAPSSGEPTTYATGPALSKHSHDNDGICFVTPACF
APGQYEIGCIVYCHESHYKHYKCVNRSCCCYNTDKNASELK 
>AT3G44430.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: mitochondrion; EXPRESSED IN: 20 plant 
structures; EXPRESSED DURING: 13 growth stages; BEST Arabidopsis 
thaliana protein match is: unknown protein (TAIR:AT5G41660.1); 
Has 6 Blast hits to 6 proteins in 1 species: Archae - 0; 
Bacteria - 0; Metazoa - 0; Fungi - 0; Plants - 6; Viruses - 0; 
Other Eukaryotes - 0 (source: NCBI BLink). | chr3:16068301-
16068921 FORWARD LENGTH=206 
MFSDAGGGANRRRRDLALPINLLWLLLMLLFTTSVRYSKTLFQPSRIISPSPVFNGGQKTSYGG
RRCGPAFALLFHPLLANSSPKSFFSSDAIPQSEAFIISPPFIYRSRSVSTTPREYSHRNSLMAR
DVSWTVRCAISGGVVVGARRFLLMGDGSMALRQASKAAARFTDEGDNKSQNPNCKCGLLFEDGP
LFSWPNKISTSAQF 
>AT5G56369.1 | Symbols: | Defensin-like (DEFL) family protein | 
chr5:22835446-22835823 FORWARD LENGTH=93 
MTKIGFYLATYATIYIILSPGLLATAARENLHHQCFCESPSKCDCFPTTPTPPTSVNKSRKGGP
LCTTDGDCKHFCRPKKGVCNIDFETCICQ 
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>AT5G42785.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: endomembrane system; Has 30201 Blast hits 
to 17322 proteins in 780 species: Archae - 12; Bacteria - 1396; 
Metazoa - 17338; Fungi - 3422; Plants - 5037; Viruses - 0; Other 
Eukaryotes - 2996 (source: NCBI BLink). | chr5:17157069-17157693 
REVERSE LENGTH=115 
MKGRAYVMIFFFWALLTIITPMLVSWSQSLKNLPPLSNDQEQKIKDSGPRRMMGYSEEMHLAQE
FVSHVEEEKLMMEPSMAPTPEDNHVMPSLSSLRIKQQEGLVAKRAHPMRLR 
>AT4G20420.1 | Symbols: | Tapetum specific protein TAP35/TAP44 | 
chr4:11017041-11017469 FORWARD LENGTH=142 
MSISRVYLCLIFLTFVSSPLVLCSRSPKLAAASAAIGKKHGKEHVHSPAMLFSEFPKVDSSSSM
THIDEPATKSAIAGFFRYRLPFQGWPFHKYAPFPMGTPTNPSVPVTSTPSSGAAAAEEEETEKV
PSAPSKGNRDGGNA 
>AT3G26110.1 | Symbols: | Anther-specific protein agp1-like | 
chr3:9541573-9541959 FORWARD LENGTH=128 
MARLHLALLLLFVAISAVIVSAAENEKPPSTTTASAPTATTPTDGIGGDIAEGPADDNAIGTTD
NDDAAVTPDDANGDDEVAVAGPIGSDASYANYPPPQKEASGSDATVAFGFVSVVGAVAGSLFFF 
>AT3G22053.1 | Symbols: | FUNCTIONS IN: molecular_function 
unknown; INVOLVED IN: biological_process unknown; LOCATED IN: 
cellular_component unknown; BEST Arabidopsis thaliana protein 
match is: Receptor protein kinase-related (TAIR:AT3G22030.1); 
Has 46 Blast hits to 46 proteins in 2 species: Archae - 0; 
Bacteria - 0; Metazoa - 0; Fungi - 0; Plants - 46; Viruses - 0; 
Other Eukaryotes - 0 (source: NCBI BLink). | chr3:7767433-
7768299 FORWARD LENGTH=149 
MHSSYSLSKCLVCFTILAIQTLIRRVSSLNRTNAYLNHKCLVIIKGNISGRASTRKTLTILLII
SHLPKNFRMVSHTHLVARLQILSPSYFNVGATPTVPSVVLAMPPPSQGFVGDVKDTREQLYESF
NKKTRDFLYNLMLKADKPKSR 
>AT3G54040.1 | Symbols: | PAR1 protein | chr3:20014032-20015299 
REVERSE LENGTH=183 
MSFSSLKLPIFLILSSLLHAAIGENIVCENLPTNMCSFSISASGKRCILETANVAGEFTCRTSA
VDVEGIVNHVETDECVSACGVDRKTVGISSDSLMEAGFAAKLCSSACLDYCPNILDLYFNLAAG
EGAFLPDLCDAQRMNPQRSMMEFISSGAAPGPVSEIAPGPTSEEVSSPALAPASM 
>AT1G51913.1 | Symbols: | LOCATED IN: endomembrane system; BEST 
Arabidopsis thaliana protein match is: cryptdin protein-related 
(TAIR:AT1G51915.1); Has 22 Blast hits to 22 proteins in 3 
species: Archae - 0; Bacteria - 0; Metazoa - 0; Fungi - 0; 
Plants - 22; Viruses - 0; Other Eukaryotes - 0 (source: NCBI 
BLink). | chr1:19292930-19293249 FORWARD LENGTH=77 
MANERSSSILFLSVLVLVLVFSPTLQCQAARVHLDVEGHMLLRAPVPIRFCPACACCAPAPKGS
CCPCRCTNNPQRM 
>AT4G28160.1 | Symbols: | hydroxyproline-rich glycoprotein 
family protein | chr4:13980390-13980725 FORWARD LENGTH=111 
MAYTLQNLTATIVLVSLILGCTEEVTGMRYIPISPTPSESKHSDFPVNMVPQPSSLIPGFGRFL
LPPTPKLPFLPYKDPLAVAPATSNGTPSNKARSPSSGEDEVPPVPQP 
>AT4G22010.1 | Symbols: sks4 | SKU5 similar 4 | chr4:11663429-
11666463 FORWARD LENGTH=541 
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MRGSCKVSIVLLLVLINGVLGDNPYRFFTWKITYGDIYPLGVKQQGILINGQFPGPHIDAITND
NIIISVFNYLKEPFLISWNGVQQRKNSWQDGVVGTTCPIPPGKNFTYVIQVKDQIGSFYYFPSL
AFHKAAGAFGAIRVWSRPRIPVPFSPPDGDFWLLAGDWYKTNHYVLRRLLEAGRNLPNPDGVLI
NGRGWGGNTFTVQPGKTYRFRISNVGVATSLNFRIQGHTMKLVEVEGSHTVQNIYTSLDIHLGQ
SYSVLVTANQAPQDYYIVISSRFTRKVLTTTSILHYSNSRKGVSGPVPNGPTLDIASSLYQART
IRRNLTASGPRPNPQGSYHYGLIKPGRTIILANSAPWINGKQRYAVNGASFVAPDTPLKLADYF
KIPGVFNLGSIPTSPSGGNGGYLQSSVMAANFREFIEVVFQNWENSVQSWHVSGYSFFVVGMDG
GQWTPGSRAKYNLRDAVSRSTVQVYPRAWTAIYIALDNVGMWNIRSENWARQYLGQQFYLRVYT
SSTSYRDEYPPPKNALMCGRAKGRHTRPF 
>AT5G09480.1 | Symbols: | hydroxyproline-rich glycoprotein 
family protein | chr5:2951181-2951615 REVERSE LENGTH=144 
MTNVRLPILVSSVLFLVFISSSLLFPTPSFAARVSHSLVQEEVKKVPEYTEPEEPEVPEEPELP
SPEEPEIPEEPEIPEEPEVPGEPEVPEEPEEPEEPEGSTFEFPSWFPSFPIPGVNGGLPKTEKT
KPTSTVEEVNVSNKKP 
>AT1G12845.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: endomembrane system; EXPRESSED IN: 22 plant 
structures; EXPRESSED DURING: 13 growth stages; Has 8 Blast hits 
to 8 proteins in 4 species: Archae - 0; Bacteria - 0; Metazoa - 
0; Fungi - 0; Plants - 8; Viruses - 0; Other Eukaryotes - 0 
(source: NCBI BLink). | chr1:4379023-4379382 REVERSE LENGTH=119 
MALFSSVSVSAFLLIVVSVQWTLVCSESTILASPAVLPYINAPDMSSFFPSPTKDWPIETATSP
VPEPEAPGPSSGQLNGKISGRSMRLHPDISLVLAIVGICTFLCFNEPILVRFLHY 
>AT5G10946.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: endomembrane system; Has 30201 Blast hits 
to 17322 proteins in 780 species: Archae - 12; Bacteria - 1396; 
Metazoa - 17338; Fungi - 3422; Plants - 5037; Viruses - 0; Other 
Eukaryotes - 2996 (source: NCBI BLink). | chr5:3456210-3457244 
REVERSE LENGTH=55 
MLLDSFFILGFSLFNHFSLSLYRERSKAADTCMLCMKERVNSSTHELAPTPSFKR 
>AT2G17230.1 | Symbols: EXL5 | EXORDIUM like 5 | chr2:7494892-
7495983 REVERSE LENGTH=363 
MSSPATTITFFFFFTLSSFFYITSSLQNNNNNKHTATVNSLNIPSAAAEITLVNPKLPPRSLSL
TSSKKFEGSSNLVHLRYHMGPVLSSSPINIYVIWYGQWSRPHKSLIRDFLNSISDAKAPSPSVS
EWWRTASLYTDQTGSNVSRSVLIAGEYSDSKYSHGQHLTRLTIQEVIASAARSASFPVDHKNGM
YLVLTSHDVTMQDFCRAVCGFHYFTFPSMVGYTMPYAWVGQSGKQCPEVCAYPFALPGYMGHGG
PGELRPPNGETGVDGMVSVIGHELAEVVSNPLINAWYAGEDPTAPTEIGDLCEGLYGSGGGGGY
IGQVMRDREGKTFNMNGKGGRKFLVQWIWNPNLKACSGPNSVD 
>AT5G51105.1 | Symbols: | Protein of unknown function (DUF1278) 
| chr5:20777632-20778003 FORWARD LENGTH=123 
MSIKSVVSLLVVVCIAASVNAQLPQFPPIMFPFPNPFKPSPGMAGSPDLSKCWSTVMDLPGCFE
EIQQAVMSGKFEGVGPACCKAFLDAEANCLPNLPSNPFFPPMMKHQCSKMASPPTTTAY 
>AT2G37478.1 | Symbols: CPuORF52 | conserved peptide upstream 
open reading frame 52 | chr2:15738139-15738270 FORWARD LENGTH=43 
MPSVPSKLLPLLSLIPSLTPYHSGLSSNRLKPLEKCDWRGNLS 
>AT1G41830.1 | Symbols: SKS6 | SKU5-similar 6 | chr1:15603892-
15607802 REVERSE LENGTH=542 
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MMAVGRSGGTILLFCLSFFAAVTAESPYRFFDWNVTYGDIYPLGVRQQGILINGQFPGPDIHSV
TNDNLIINVHNSLDEPFLISWNGVQNRRNSYVDGMYGTTCPIPPRSNYTYILQVKDQIGSFYYF
PSLAFHKAAGGFGGIRILSRPGIPVPFADPAGDYTVLIGDWYKFNHTDLKSRLDRGRKLPSPDG
ILINGRSNGATLNVEQGKTYRLRISNVGLQDSLNFRIQNHRMKLVEVEGTHTLQTMFSSLDVHV
GQSYSVLITADQSPRDYYVVVSSRFTDKIITTTGVLRYSGSSTPASGPIPGGPTIQVDWSLNQA
RAIRTNLTASGPRPNPQGSYHYGLIPLIRTIVFGSSAGQINGKQRYGVNSVSFVPADTPLKLAD
FFKISGVYKINSISDKPTYGGLYLDTSVLQVDYRTFIEIVFENQEDIVQSYHLNGYSFWVVGMD
GGQWKTGSRNGYNLRDAVSRSTVQVYPKSWTAIYIALDNVGMWNLRSEFWARQYLGQQLYLRVF
TSSTSLRDEYPIPKNSRLCGRARGRHTRPL 
>AT5G67400.1 | Symbols: RHS19 | root hair specific 19 | 
chr5:26894896-26896300 FORWARD LENGTH=329 
MARFSLVVVVTLSLAISMFPDTTTAQLKTNFYGNSCPNVEQIVKKVVQEKIKQTFVTIPATLRL
FFHDCFVNGCDASVMIQSTPTNKAEKDHPDNISLAGDGFDVVIKAKKALDAIPSCKNKVSCADI
LALATRDVVVAAKGPSYAVELGRFDGLVSTAASVNGNLPGPNNKVTELNKLFAKNKLTQEDMIA
LSAAHTLGFAHCGKVFNRIYNFNLTHAVDPTLNKAYAKELQLACPKTVDPRIAINMDPTTPRQF
DNIYFKNLQQGKGLFTSDQVLFTDGRSKPTVNDWAKNSVAFNKAFVTAMTKLGRVGVKTRRNGN
IRRDCGAFN 
>AT5G52390.1 | Symbols: | PAR1 protein | chr5:21264281-21265173 
REVERSE LENGTH=195 
MALKTVFVAFMILLAIYSQTTFGDDVKCENLDENTCAFAVSSTGKRCVLEKSMKRSGIEVYTCR
SSEIEANKVTNIIESDECIKACGLDRKALGISSDALLESQFTHKLCSVKCLNQCPNVVDLYFNL
AAGEGVYLPKLCESQEGKSRRAMSEIRSSGIAMDTLAPVGPVMLGEIAPEPATSMDNMPYVPAP
SPY 
>AT3G47295.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: endomembrane system; EXPRESSED IN: 22 plant 
structures; EXPRESSED DURING: 13 growth stages; Has 13 Blast 
hits to 13 proteins in 2 species: Archae - 0; Bacteria - 0; 
Metazoa - 0; Fungi - 0; Plants - 13; Viruses - 0; Other 
Eukaryotes - 0 (source: NCBI BLink). | chr3:17428054-17428371 
FORWARD LENGTH=71 
MSFGTRLLLFLILTLPLVTSSSPNTLHVSGIVKTGTTSRFLMMTIEDYDDPSANTRHDPSVPTN
AKADTTP 
>AT3G47300.1 | Symbols: SELT | SELT-like protein precursor | 
chr3:17428685-17429555 REVERSE LENGTH=209 
MDKTQLILLGLPIFLLCSDLFNLFTPPPPKSQHQSPPSISETLDFPAQKSTGVGYGNTVEINFC
ISCSYKGTAVSMKKMLESVFPGLDVVLANYPAPAPKRILAKVVPVAQVGVIGLIMGGEQIFPMI
GIAQPPAWYHSLRANRFGSMASTWLLGNFLQSFLQSSGAFEVSCNGELVFSKLKEGRFPGEIEL
RDLISGTMTKPFVTGSY 
>AT5G04030.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: endomembrane system; EXPRESSED IN: egg 
cell; Has 1807 Blast hits to 1807 proteins in 277 species: 
Archae - 0; Bacteria - 0; Metazoa - 736; Fungi - 347; Plants - 
385; Viruses - 0; Other Eukaryotes - 339 (source: NCBI BLink). | 
chr5:1088462-1088692 REVERSE LENGTH=76 
MALRMNHVRFLLILIVVAFVAGESFTVKQDSAKGDVIWEEVFHGDYGSWSPTPKIPRRSPAPIP
HDDFAPPRRLKA 
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>AT2G14900.1 | Symbols: | Gibberellin-regulated family protein | 
chr2:6404210-6405043 FORWARD LENGTH=108 
MKIIVSILVLASLLLISSSLASATISDAFGSGAVAPAPQSKDGPALEKWCGQKCEGRCKEAGMK
DRCLKYCGICCKDCQCVPSGTYGNKHECACYRDKLSSKGTPKCP 
>AT4G10457.1 | Symbols: SCRL1 | SCR-like 1 | chr4:6466900-
6467270 REVERSE LENGTH=92 
MKYGVLFMVSCGVMFLILSHVEEVEAMKKFGCNTTHPFPGKCGNNGKSSWVSDMKKLPSAPKNR
DIRCECSDRPSLARGMPGERVCRCDYDC 
>AT4G13263.1 | Symbols: | Protein of unknown function (DUF784) | 
chr4:7711064-7711513 FORWARD LENGTH=149 
MAKSLLMVMLVSIVMFYMACPIFSQEIHEDVAISPTPFEEANSPAMEYDMKLPHYSQKVFDFLE
TCAEKPSSICGGEIFQNVLDATTLVTDKCCRDILKIGKDCHLGLIKIFFSSYEYKNIASIPRSK
QTWNDCFRRVGSKIGVPVSIE 
>AT2G21110.1 | Symbols: | Disease resistance-responsive 
(dirigent-like protein) family protein | chr2:9050290-9050850 
REVERSE LENGTH=186 
MGKNLGLVVSFYLCITFALGEYFSETRPITPKQLVVTNLHFFFHDTLTAPNPSAILIAKPTHTR
GDNDSSPSPFGSLFALDDPLTVGPDPKSEKIGNARGMYVSSGKHVPTLTMYVDFGFTSGKFNGS
SIAVFSRNTITEKEREVAVVGGRGRFRMARGVAQLNTYYVNLTNGDAIVEYNVTLYHY 
>AT1G76160.1 | Symbols: sks5 | SKU5 similar 5 | chr1:28578211-
28581020 REVERSE LENGTH=541 
MAGSASFAAALFIGLSLLFAVTAEDPYRFFEWNITYGDIYPLGVRQQGILINGAFPGPDIHSVT
NDNLIINVYNSLDEPFLLSWNGIQQRRNSFVDGVYGTTCPIPPGKNYTYILQMKDQIGSFYYFP
SLGFHKAAGGFGGIRILSRPRIPVPFPDPAGDTTVLIGDWYKANHTDLRAQLDNGKKLPLPDGI
LINGRSSGATLNVEQGKTYRFRISNVGLQDSLNFRIQDHKMKVVEVEGTHTLQTTFSSLDVHVG
QSYSVLVTADQTPRDYYVVVSSRFTSNVLTTTGIFRYSNSAGGVSGPIPGGPTIQIDWSLNQAR
AIRTNLSASGPRPNPQGSYHYGMINTTRTIRLASSAGQVDGKQRYAVNSVSFKPADTPLKIADY
FKIDGVYRSGSIQYQPTGGGIYLDTSVMQVDYRTFVEIIFENSEDIVQSWHLDGYSFWVVGMDG
GQWSPDSRNEYNLRDAVARCTVQVYPSSWTAILIALDNVGMWNLRSEFWARQYLGQQLYLRVYT
PSTSLRDEYPIPKNALLCGRASGRSTRPL 
>AT2G40530.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: endomembrane system; EXPRESSED IN: leaf 
apex, inflorescence meristem, petal, flower; EXPRESSED DURING: 4 
anthesis, petal differentiation and expansion stage; Has 5 Blast 
hits to 5 proteins in 2 species: Archae - 0; Bacteria - 0; 
Metazoa - 0; Fungi - 0; Plants - 5; Viruses - 0; Other 
Eukaryotes - 0 (source: NCBI BLink). | chr2:16927600-16927917 
FORWARD LENGTH=105 
MDATKIKFDVILLSFLLIISGIPSNLGLSTSVRGTTRSEPEAFHGGKFPAMKMRKLMAPNMEVD
YSSDYYDGGSSSSTTSPSPPVPDYDDIYRRQGDVPSPGIGH 
>AT1G21850.1 | Symbols: sks8 | SKU5 similar 8 | chr1:7667803-
7670530 REVERSE LENGTH=551 
MEVKSVNTTAMILGLFFLISFVAAEDPYKFFEWHVTYGNISPLKVAQQGILINGKFPGPDIAAV
TNDNLIINVFNHLDEPFLISWSGIRNWRNSYQDGVYGTTCPIPPGKNYTYALQVKDQIGSFYYF
PSLGFHKAAGGFGAIRISSRPRIPVPFPAPAGDYTVLIGDWYKTNHKDLRAQLDNGGKLPFPDG
ILINGRGSGATLNIEPGKTYRLRISNVGLQNSLNFRIQNHKMKLVEVEGTHTIQTPFSSLDVHV
GQSYSVLITADQPAKDYYIVVSSRFTSKILITAGVLHYSNSAGPVSGPIPEAPIQLRWSFDQAR
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AIKTNLAASGPRPNPQGTYHYGKIKVTRTIKLASSAGNINGKQRYAVNSASFYPTDTPLKLADY
FKIAGVYNPGSIPDQPTHGAIYPVTSVMQTDYKAFVEIVFENWEDIVQTWHLDGYSFFVVGMEL
GKWSAASRKVYNLNDAVSRCTVQVYPRSWTAIYVSLDNVGMWNLRSELWERQYLGQQFYMRVYT
PSTSLRDEYLIPKNALLCGRATGHHTTTPGPLSEGSERF 
>AT4G26466.1 | Symbols: LRE | lorelei | chr4:13367645-13368629 
REVERSE LENGTH=165 
MELILLFFFLMALLVSLSSSSSISDGVFESQTSVSGRNLRHAKKKCEVNFEYMDYKVLTKRCKG
PAFPAKECCSAFKEFACPYVSQINDMNSDCAQTMFSYMNIYGNYPTGLFANECRERKDGLVCPL
PPLYSHNLNASTADSTPRFISLLISAATAVFALLVLT 
>AT2G15340.1 | Symbols: | glycine-rich protein | chr2:6677339-
6677698 FORWARD LENGTH=119 
MALSGSQKKVFLLVIAIACLSSSLAEAWSWSSSDGNGWGWGSDGSSTSTSGPGSTPGDSNSGGS
NPGGPNSGGFSSPWGSWGWGWGSHGSGSPAPSNALFLLVIIKKKNLSDFLFYYIM 
>AT2G28790.1 | Symbols: | Pathogenesis-related thaumatin 
superfamily protein | chr2:12354664-12355413 REVERSE LENGTH=249 
MAKTSLPLAASFLLLISFSSAVDTSRLFLTVVNNCPFTVWPAIQPNAGHPVLEKGGFALPTFTH
RSFNVPTTHWSGRIWARTWCAHYNGKFSCLTGDCGNRLECNGLGGAPPASLAQFDLHHGGHHDF
SSYGVSLVDGYNVPMTVTPHEGHGVCPVVGCREDLIKTCPAHLQVRSHSGHVVACKSGCEAFHT
DELCCRGHYNSPNTCKASSHSLFFKHACPSSFTFAHDSPSLMHDCASPRELKVIFCH 
>AT4G20990.1 | Symbols: ATACA4, ACA4 | alpha carbonic anhydrase 
4 | chr4:11219772-11221126 FORWARD LENGTH=267 
MDTNAKTIFFMAMCFIYLSFPNISHAHSEVDDETPFTYEQKTEKGPEGWGKINPHWKVCNTGRY
QSPIDLTNERVSLIHDQAWTRQYKPAPAVITNRGHDIMVSWKGDAGKMTIRKTDFNLVQCHWHS
PSEHTVNGTRYDLELHMVHTSARGRTAVIGVLYKLGEPNEFLTKLLNGIKAVGNKEINLGMIDP
REIRFQTRKFYRYIGSLTVPPCTEGVIWTVVKRVNTISMEQITALRQAVDDGFETNSRPVQDSK
GRSVWFYDPNV 
>AT4G22900.1 | Symbols: | Protein of unknown function (DUF1191) 
| chr4:12010221-12011252 FORWARD LENGTH=343 
MDSFSFCIIIMILLLSFHQSKSQLIQSTHLLDLMIRDYTIRNFKLNFNTGVTQKIYLPSNFSGI
DIDTVKLRCGSLRRYGAKIGEFHIGSGLTVEPCPERVMLIRQNFGSNWSSIYSTGYNLSGYNYK
LVSPVLGLLAYNANPDGVARNPYEVNVVGTDQNPILIDFLINKATNNTSPNPTKKNSSVLCACF
TSNSNTTFSEQVSPYVCKGTRQGHYALVMKTEAQKDDHEGGGSSGGVVASSTEVNGGNGGGKLS
RWKVAVGSVIGSGIGAILLGMLVVAMLVKGKKKAMREEMERRAYEEEALQVSMVGHVRAPTAPG
TRTLPRISDDRYNKNTHLNSNYP 
>AT1G21680.1 | Symbols: | DPP6 N-terminal domain-like protein | 
chr1:7613028-7615148 FORWARD LENGTH=706 
MNISQIIFFASLLLRLHLSTAEHQNSNAGDGDTIIFTTLGRSHYEFDIFALSTTQPPSVSGELR
ITDGESVNFNGYFPSPSPALLSLLPDETLIQMEDSSPLHLIYVTERNGTSSLYYDLVYGGNSDF
KTKRRSVLEAPSRVQVPLLSRFDHLSGMTVNSFKDKPSLSGEFIVYVSTHESSGEPRASWTAVY
STELKTGLTRRLTPSGVADFSPAVSPSGNLTAVASYGERGWTGEVEELRTDIYVFLTRDGSHRV
KVVEHGGWPCWVDESTLYFHRRSEEDGWISVYRAILPENGPLTTESVTIQRVTPPGVHAFTPAT
SPNNHEFVAVATRRPGSDYRHVELFDLKRNEFIELTRLVAPKSHHLNPFLSPDSSRVGYHSCRG
DANGRRSPLLFLENIQTTTRDLSLFRIDGSFPSFSPGGDRIAYVKMPGVFVVKPDGSGQREVYK
GMAFSTAWDPVRPGIVYSSSGPTFATERTEVDVISIDVDAADKSSSVRRLTTNGKNNAFPWPSP
DGKRIVFRSGRTGHKNLYIMDAEKGESGGLWRLTEGAWTDTMCNWSPDGEWIAFASDRESPGSG
SFELFLIHPNGTGLRKLIQSGTGGRTNHPIFSPDSKSLVFTSDYAGISAEPISNPHHYQPYGDI
FTVKLDGSNVRRLTHNSYEDGTPAWAPRFIHPNNVELQRRNDSRCSFEDCHWLNKYPTLKGRKI
SC 
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>AT3G18715.1 | Symbols: IDL4 | inflorescence deficient in 
abscission (IDA)-like 4 | chr3:6441067-6441348 FORWARD LENGTH=93 
MYPTRPHYWRRRLSINRPQAFLLLILCLFFIHHCDASRFSSSSVFYRNPNYDHSNNTVRRGHFL
GFLPRHLPVPASAPSRKHNDIGIQALLSP 
>AT3G45252.1 | Symbols: | ECA1 gametogenesis related family 
protein | chr3:16586074-16586364 FORWARD LENGTH=96 
MQRKLAMNMIALIIMLSIFTQTTGNDLAPAPHPTIPCLDNVKTIPNCVKAVFHFKFKEITETCC
TILLTLPDDCFGLLFPIPRVYHFLLSSACKNI 
>AT3G27410.1 | Symbols: | unknown protein; Has 10 Blast hits to 
10 proteins in 2 species: Archae - 0; Bacteria - 0; Metazoa - 0; 
Fungi - 0; Plants - 10; Viruses - 0; Other Eukaryotes - 0 
(source: NCBI BLink). | chr3:10145244-10145642 REVERSE 
LENGTH=132 
MASHFFLVFIFVILTVANGISAADSEKSQSPSSSKTLADNKPTVDNSTKSLIDSLGPSQDYPDY
EIPLELAPDGVVVVGDYAPISPRGTPDTLAQSEADQDVKTSTSSSASRSSSTVLAIVVVMGGAS
LFFF 
>AT4G26880.1 | Symbols: | Stigma-specific Stig1 family protein | 
chr4:13508265-13508723 REVERSE LENGTH=152 
MAFVKLLVSIAITTAITIAVITTITNNTTTIREYTSFDAPSTPTIRPNRLLAQKEVGERNPNAA
DHCNRNPEICTPYGGGGSNSTMTCCNNKCIDVSSDDNNCGACKNKCKFSQTCCRGQCVYVAYDK
RHCGQCNHPCELGEFCVYGLCNYA 
>AT5G66920.1 | Symbols: sks17 | SKU5 similar 17 | chr5:26722963-
26725370 FORWARD LENGTH=546 
MKMASRKTTSLLNHLLLLGALTLLSSLVIVKGESPYKFYTWTVTYGIISPLGVPQQVILINGQF
PGPKLEVVTNDNIILNLINKLDQPFLLTWNGIKQRKNSWQDGVLGTNCPIQPNSNFTYKFQTKD
QIGTFNYFPSTAFHKAAGGFGAINVYARPGIPIPYPLPTADFTLLVGDWFKTNHKTLQQRLDSG
GVLPFPDGMLINGQTQSTFSGDQGKTYMLRISNVGLSSTFNFRIQGHTMKVVEVEGSHVIQTDY
DSLDIHVGQSLAVLVTLNQSPKDYYIVASTRFIRSKLSVMGLLRYSNSRVPASGDPPALPPGEL
VWSMRQARTFRWNLTANAARPNPQGSFHYGMISPTKTFVFSNSAPLINGKQRYAVNGVSYVKSE
TPLKLADHFGISGVFSTNAIQSVPSNSPPTVATSVVQTSHHDFLEIVFQNNEKSMQSWHLDGYD
FWVVGFGSGQWTPAKRSLHNLVDALTRHTTQVYPESWTTILVSLDNQGMWNMRSAIWERQYSGQ
QFYLKVWNSVQSLANEYNPPDNLQLCGKAVGRHV 
>AT1G21670.1 | Symbols: | LOCATED IN: cell wall, plant-type cell 
wall; EXPRESSED IN: 23 plant structures; EXPRESSED DURING: 14 
growth stages; CONTAINS InterPro DOMAIN/s: WD40-like Beta 
Propeller (InterPro:IPR011659), Six-bladed beta-propeller, TolB-
like (InterPro:IPR011042); BEST Arabidopsis thaliana protein 
match is: DPP6 N-terminal domain-like protein 
(TAIR:AT1G21680.1); Has 8461 Blast hits to 5060 proteins in 1257 
species: Archae - 79; Bacteria - 5567; Metazoa - 37; Fungi - 70; 
Plants - 117; Viruses - 0; Other Eukaryotes - 2591 (source: NCBI 
BLink). | chr1:7610409-7612520 FORWARD LENGTH=703 
MKLTNALFFFFLICLLSLSSASSNKPQLSNGSTILFTTIGRPTFEFDIFTLPTSHRPPSPADEH
RLTDGKSINFNGYFASPSTALISLLPKRTQIQPQDVHLIYVTERAGTPSLNYDVVHSDNVGSRI
QVPLFSGEEQQSGMNVNSMKDTPVLTNGYLVHVSTHENPGKPMASWAAVYSTELRTKSTRRLTP
LGIADFSPAVSPSGKWTAVASFGEKGWTWSMVEKEISSDVYVFLTQDGTQRVKVVEQGGWPRWV
DDSTLYFHRKSDDGWISVYRAILPKTGPVTTKSVTIQRVTPPGLHAFTPATSPNNNNFIAVATR
RPGSEIRHVELFDLKKNEFVELTRLVSPKSHHFNPFLSPDSSRVGYHSCRGDATGRKTPRNLLQ
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SLKTTSNDLSLFRFDGAFPSISPEGDRFAFVSFTGVFVVNPDGSGLRQLLPQMGFGTVWDPIRH
GIVYTSSGPALAPGKSQIDILAINVDAPSPATAVKKLTTTGENNAFPWPSPDGKRIVFRSARSG
TKNLYIMDAEKGESGGLFRLTNGNWNDTIATWSPDGNWIVFASNREFPGTLLMNIYVVHPDGTG
LRKLAQNLTGLVSMHPMFSPDSKRIVFTTIYAGISAEQIGNPHFNVPSSEIFTVNLDGSGLTRL
THNSVEDGPPMWFPKIKATGDVAWPKRFGPSCSIQDFKTQNTTVKMKMNKPATMSSMCVVPSQ 
>AT5G04180.1 | Symbols: ATACA3, ACA3 | alpha carbonic anhydrase 
3 | chr5:1147907-1149237 REVERSE LENGTH=277 
MKTIILFVTFLALSSSSLADETETEFHYKPGEIADPSKWSSIKAEWKICGTGKRQSPINLTPKI
ARIVHNSTEILQTYYKPVEAILKNRGFDMKVKWEDDAGKIVINDTDYKLVQSHWHAPSEHFLDG
QRLAMELHMVHKSVEGHLAVIGVLFREGEPNAFISRIMDKIHKIADVQDGEVSIGKIDPREFGW
DLTKFYEYRGSLTTPPCTEDVMWTIINKVGTVSREQIDVLTDARRGGYEKNARPAQPLNGRLVY
LNEQSSPSPTPRLRIPRVGPV 
>AT1G51915.1 | Symbols: | cryptdin protein-related | 
chr1:19293587-19293865 FORWARD LENGTH=67 
MATERFSTMLISVLVLALVLSPILPCQATRAHLDAETRMLRRVCPSCVCCAPAPRGACCPCRCP
KNP 
>AT4G24350.1 | Symbols: | Phosphorylase superfamily protein | 
chr4:12609637-12611328 FORWARD LENGTH=336 
MDHTLSLLPFLFIIIISSFHVLPVSPTPSHKLKSATTIRKLNRGGPYIGLVTVIATEENAFLRS
VDFRPDPTHPFLDLSGRRFRIGKIHGKKVVYVRCGRGMVNGAAATQQMIDVFNVKGIVHFGIAG
NMNNSMSIGDVSIPKQITNAGLWDWLNPDKVKGVEDIAYLDVGNYNVPKGDGDNELGSIGYNYE
QLYSVTGHINAPQNVFWINTTQEWLHLAADLEKMELSQCVNASLCLPKKPKLVVGLKAATAYIF
VDNAAYRNFLYDTFGVSSSDMESSAVAMTCASNGYPIIVIRGLSDLAGEGGDNTVHKFGSLAAT
NTAKAVLEFIRKLPPY 
>AT3G47070.1 | Symbols: | LOCATED IN: thylakoid, chloroplast 
thylakoid membrane, chloroplast, chloroplast envelope; EXPRESSED 
IN: 22 plant structures; EXPRESSED DURING: 13 growth stages; 
CONTAINS InterPro DOMAIN/s: Thylakoid soluble phosphoprotein 
TSP9 (InterPro:IPR021584); Has 37 Blast hits to 37 proteins in 
10 species: Archae - 0; Bacteria - 0; Metazoa - 0; Fungi - 0; 
Plants - 37; Viruses - 0; Other Eukaryotes - 0 (source: NCBI 
BLink). | chr3:17337205-17337507 REVERSE LENGTH=100 
MVSSLLMSFAPATVRVYATSTKGGSGGPKEEKNPIDFVLGFMTKQDQFYETNPLLKKVDEKEGT
TTGGRGTVRGGKNSAPTPVPKKSEGGFGGLGSLFKK 
>AT2G04031.1 | Symbols: | Protein of unknown function (DUF784) | 
chr2:1304324-1304779 REVERSE LENGTH=151 
MAKSFSMVMLVSIIIFYMARPIYSRNKILEDIDISPTPVEGTDSPTTEYEIELAHRLHEDYILA
CPKKPSSKCDDEIFNNMLDGTTPVTNECCHDILKTGKDCHLALVKIIFSTNDYKKIASKAIPKS
KQTWNDCVRRVGMEIGAPVSFEP 
>AT2G21740.1 | Symbols: | Protein of unknown function (DUF1278) 
| chr2:9281986-9282363 REVERSE LENGTH=125 
MASNTSFLFATIAILLVLNISGRTLPETEDSTNIAARLNGGGLMECWNALYELKSCTNEIVLFF
LNGETKLGVDCCQAVEVITTDCWPAMLTSLGFTSDETNVLRGFCQSPNSGGSSPAPSSVKL 
>AT5G34581.1 | Symbols: | hydroxyproline-rich glycoprotein 
family protein | chr5:12920366-12921018 FORWARD LENGTH=161 
MMISNLLACKFSEVSSMHRLLVLCCITDCFSEPATRPHKSPPQTIQTPTPARSHSQSGSQQPPL
IRRKQQQPLACQHQIPYLQEQPSQDPPETQFIPNHQNPNNHEEEDGEEDGDEFKEEDGEEVDEE
EQNPNVDYQELLDRLLALPGRQHLMILSQEPIP 
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>AT3G14860.2 | Symbols: | NHL domain-containing protein | 
chr3:4998591-5000894 REVERSE LENGTH=493 
MGKSQILLNAESFTCSSFNTFFTLWIFFTLHSFPFQAQAAPSGSLIKHMSSVLKWTTGSSSKLS
QSDTNVLQFENGYLVETVVEGNDIGVVPYKIRVSDDGELYAVDELNSNIMKITPPLSQYSRGRL
VAGSFQGKTGHADGKPSEARFNHPRGVTMDDKGNVYVADTLNLAIRKIGDSGVTTIAGGKSNIA
GYRDGPSEDAKFSNDFDVVYVRPTCSLLVIDRGNAALRQISLSEEDCDYQDDSSISLTDILLVI
GAVLIGYATCMLQQGFGNSFFSKTQVGSETSYEEEHPGKEKLSRPVHEKTITKEEPGWPSFGQL
LTDLCKLALEFITSHLVPARFQTNPNLRPLKDRLIMPEDEQEPPRVQRHTAPAPISESRHAHLP
KADDSYPEHKTPKLRSSSVMKDPTLSSSKHHRTSSKRQDYAQFYASGEVAQPKIHKERSRRRHR
DKTTETEPKPTPSDTVKPVEYSNSSKFDHYNMRSSKYGPETPFRF 
>AT5G44570.2 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: endomembrane system; EXPRESSED IN: leaf 
whorl, hypocotyl, sepal, flower, leaf; EXPRESSED DURING: petal 
differentiation and expansion stage, LP.08 eight leaves visible; 
Has 7 Blast hits to 7 proteins in 2 species: Archae - 0; 
Bacteria - 0; Metazoa - 0; Fungi - 0; Plants - 7; Viruses - 0; 
Other Eukaryotes - 0 (source: NCBI BLink). | chr5:17964439-
17966496 FORWARD LENGTH=140 
MATKTSNFVSLRVSLFILLLFISSQVAIADAKHLQHSTTIKKSKRSSIQSTDAACAAATTTAPA
PDAECSHTSPNAAVVTTAAENACIITAATNALSTSFVAVCFIADVYITKEKDDAGGSRITKKEA
DASCDDECKKIK 
>AT5G10946.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: endomembrane system; Has 30201 Blast hits 
to 17322 proteins in 780 species: Archae - 12; Bacteria - 1396; 
Metazoa - 17338; Fungi - 3422; Plants - 5037; Viruses - 0; Other 
Eukaryotes - 2996 (source: NCBI BLink). | chr5:3456210-3457244 
REVERSE LENGTH=55 
MLLDSFFILGFSLFNHFSLSLYRERSKAADTCMLCMKERVNSSTHELAPTPSFKR 
>AT3G29033.1 | Symbols: | glycine-rich protein | chr3:11024007-
11024889 FORWARD LENGTH=167 
MVKVEISILSLYGFIAGDDDSQSSSPSPGHGQNSPSPRRYGQVTPNPRFHGYQAGGSSGRNYDS
PNHGRGTGQNSPNPGCYDQVTPYQGSAQFYGYQADYADGYQGNLAGNPPGSGGYQGIGNVNSGG
YQVNQNSYENSCGYYQGDQVINGIQMVTVLIKELKDEED 
>AT1G16950.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: endomembrane system; EXPRESSED IN: stamen; 
EXPRESSED DURING: 4 anthesis; Has 17 Blast hits to 17 proteins 
in 5 species: Archae - 0; Bacteria - 0; Metazoa - 0; Fungi - 0; 
Plants - 17; Viruses - 0; Other Eukaryotes - 0 (source: NCBI 
BLink). | chr1:5796083-5796364 FORWARD LENGTH=93 
MARPRISISMICLLILIVGFVLQSSQARKVLVPYGTSKGLFLSALPKGNVPPSGPSDKGHTSPP
DDTDQRMVPENSPEIYRRLESVPSPGVGH 
>AT3G01960.1 | Symbols: | unknown protein; Has 13 Blast hits to 
13 proteins in 5 species: Archae - 0; Bacteria - 0; Metazoa - 0; 
Fungi - 0; Plants - 13; Viruses - 0; Other Eukaryotes - 0 
(source: NCBI BLink). | chr3:324581-325087 REVERSE LENGTH=138 
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MEMNRRRSRGFMIAKLMPFCKAVKSPTPSQDLYNNVHYTSSTTTSYARQPDFNNYVTATTPLPP
KVSFLLQPSLAPEGKDMEKKLNMMAEKLIGRGINGVDDCVDARAASYISSVRERFKADQYCEKL
TTVISLDDEN 
>AT5G35405.1 | Symbols: | Protein of unknown function (DUF784) | 
chr5:13604277-13604726 REVERSE LENGTH=149 
MAKSLLMVMLVSIVMFYMACPILSQEVHEDVVISPTPFEKAISPAMEYEMKLPHYSQKQYDFLE
ACVEKPSSICGGEIFQNVLDETNLVTDKCCRNILKIGKDCHLGLMKILFSSYEYKNIASIPRSK
QTWNDCLRRVGSKIGVPVSFE 
>AT4G12420.1 | Symbols: SKU5 | Cupredoxin superfamily protein | 
chr4:7349941-7352868 REVERSE LENGTH=587 
MDLFKILLLVFFVNISFCFAADPYSFYNFEVSYITASPLGVPQQVIAINGKFPGPTINVTTNEN
LVVNVRNKLDEGLLLHWNGIQQRRVSWQDGVLGTNCPIPPKWNWTYEFQVKDQIGSFFYFPSLH
FQRASGGFGSFVVNPRAIIPVPFSTPDGDITVTIGDWYIRNHTALRKALDDGKDLGMPDGVLIN
GKGPYRYNDTLVADGIDFETITVHPGKTYRLRVSNVGISTSLNFRIQGHNLVLAESEGSYTVQQ
NYTSLDIHVGQSYSFLVTMDQNASSDYYIVASARVVNETIWRRVTGVGILKYTNSKGKAKGQLP
PGPQDEFDKTFSMNQARSIRWNVSASGARPNPQGSFKYGSINVTDVYVLRNMPPVTISGKRRTT
LNGISFKNPSTPIRLADKLKVKDVYKLDFPKRPLTGPAKVATSIINGTYRGFMEVVLQNNDTKM
QSYHMSGYAFFVVGMDYGEWTENSRGTYNKWDGIARSTIQVYPGAWSAILISLDNPGAWNLRTE
NLDSWYLGQETYVRVVNPDENNKTEFGHPDNVLYCGALSKLQKPQKVSSSASKSIGFTSLSMVV
MALVMMMMLQH 
>AT5G60630.1 | Symbols: | FUNCTIONS IN: molecular_function 
unknown; INVOLVED IN: biological_process unknown; LOCATED IN: 
endomembrane system; EXPRESSED IN: 17 plant structures; 
EXPRESSED DURING: 6 growth stages; BEST Arabidopsis thaliana 
protein match is: hydroxyproline-rich glycoprotein family 
protein (TAIR:AT3G45230.1); Has 1807 Blast hits to 1807 proteins 
in 277 species: Archae - 0; Bacteria - 0; Metazoa - 736; Fungi - 
347; Plants - 385; Viruses - 0; Other Eukaryotes - 339 (source: 
NCBI BLink). | chr5:24369923-24370342 REVERSE LENGTH=139 
MKFDFIIVALVMVSGVALLMVSGEISTEEISPAIEHSSSLPQSETEMSPSPTMSNDYDYPSSSQ
LTESNDLNYTDSTRPGGEEASVGGENGGGGGKKTGIAVVGSIAAASMVGFGGYVLKKRRENIRR
SRYGYASTEFF 
>AT3G13275.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: endomembrane system; Has 29 Blast hits to 
29 proteins in 10 species: Archae - 0; Bacteria - 0; Metazoa - 
0; Fungi - 0; Plants - 29; Viruses - 0; Other Eukaryotes - 0 
(source: NCBI BLink). | chr3:4289425-4289634 REVERSE LENGTH=69 
MCCGRICMLCTCLLLVVIAIGFLFGFGVFKDGFHKIHESIHLECDPRFGCGGGLGRRGYGFPAP
AGGFN 
>AT2G20870.1 | Symbols: | cell wall protein precursor, putative 
| chr2:8982239-8982661 REVERSE LENGTH=140 
MASSLITSAVIVVVLSLVLGSVEQVSGLRHVPKSPKTTDVKHPDFLVTIEPKPTILIPGVGRFL
LPPKCKKPFYPYNPVTGAPLTGGGIPSYNGGQGAGPHTQLPGGDDTLVPNPGFEAPTPTIGAGT
GSNGQVPPVPLP 
>AT5G51480.1 | Symbols: SKS2 | SKU5 similar 2 | chr5:20910433-
20913153 FORWARD LENGTH=592 
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MAATDFFFAFVFSFALIFGFSFAGDPYVSYDFTLSYITASPLGVPQQVIAVNGKFPGPVINATT
NYNVHVNVLNHLDEPLLLTWPGVQMRRNSWQDGVLGTNCPIPPNWNFTYDFQLKDQIGSYFYSP
SLNFQRASGGFGALIINNRDLVPIPFTEPDGEIIFIIGDWYTQNHTALRRILDSGKELGMPDGV
LINGKGPFKYNSSVPDGIEHETVNVDPGKTYRIRVHNVGISTSLNFRIQNHKLLLIETEGRYTS
QMNFTDFDVHVGQSYSFLVTMDQNATSDYYIVASARFVNETVWQRVTGVGILHYSNSKGPASGP
LPVSATDVNHPWSAMNQPRAIKQNTSASGARPNPQGSFHYGQINITRTYILRSLPPTKINGKLR
ATLNGISFVNPSTPMRLADDHKVKGDYMLDFPDRPLDEKLPRLSSSIINATYKGFIQVIFQNND
TKIQSFHIDGYAFYVVAMDFGIWSEDRNSSYNNWDAVARSTVEVYPGAWTAVLISLDNVGVWNI
RVENLDRWYLGQETYMRIINPEENGSTEMDPPENVMYCGALQAMQKEQHHSSATKSMTNGQLIL
IFSMMMVLLSSFSSFC 
>AT5G44580.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: endomembrane system; EXPRESSED IN: 18 plant 
structures; EXPRESSED DURING: 12 growth stages; BEST Arabidopsis 
thaliana protein match is: unknown protein (TAIR:AT5G44582.1); 
Has 30201 Blast hits to 17322 proteins in 780 species: Archae - 
12; Bacteria - 1396; Metazoa - 17338; Fungi - 3422; Plants - 
5037; Viruses - 0; Other Eukaryotes - 2996 (source: NCBI BLink). 
| chr5:17979327-17980181 FORWARD LENGTH=98 
MERKKFSSKFIHLLIVFLLLCTFLSRTESALPYHHELFLGRKRMNYYKPNSAIGTPSSTSDHAP
GSNGRKLMSIYRPNGDIFTGPSGSGHGGGRTPAP 
>AT1G34800.1 | Symbols: | Plant thionin family protein | 
chr1:12773164-12773442 REVERSE LENGTH=92 
MGIQTCSVLIIVAILTMMFSAHIAQSNSITMCVKHCAQNECLKAAKKPTPEICDEACKKICNNQ
LFGDEKWFVPAPKGSSRICRWAPKYCQF 
>AT1G34805.1 | Symbols: | Plant thionin family protein | 
chr1:12776578-12776856 REVERSE LENGTH=92 
MGIQTCSVLIIVAILTMMFSAHIAQSNSITMCVKHCAQNECLKAAKKPTPEICDEACKKICNNQ
LFGDEKWFVPAPKGSSRICRWAPKYCQF 
>AT1G34815.1 | Symbols: | Plant thionin family protein | 
chr1:12783406-12783684 REVERSE LENGTH=92 
MGIQTCSVLIIVIILTMMFSAHIAQSNSITMCVKHCAQNECLKAAKKTTPEICDEACKKICNNQ
LFSDEKWFVPSPKGSSRICRWAPKYCQF  
>AT1G34930.1 | Symbols: | Plant thionin family protein | 
chr1:12807121-12807399 REVERSE LENGTH=92 
MGIQTNSVLIIVSILTMMFSAHIAQPNGITMCVKHCAQNECLKAAKKPTPEICDEACKKICNNQ
LFGDEKWFVPAPKGSSRICRWAPKYCQL 
>AT1G34860.1 | Symbols: | Plant thionin family protein | 
chr1:12803708-12803986 REVERSE LENGTH=92 
MGIQTRSVLIIVAILTMMFSAHIAQSNSITMCVKHCAQNECLKAAKKPTPKICDEACKKICNNQ
LFGDEKWFVPAPKGSSRICRWAPKYCQF 
>AT1G77093.1 | Symbols: | Defensin-like (DEFL) family protein | 
chr1:28962508-28963149 FORWARD LENGTH=78 
MASTKYLVLLFICLSVLLTPGLGTDPVPTPPGLHIPCGKGFTSKECNKYCTGVGYRRGYCAPDE
EYPQISSCYCKWRI 
>AT1G51920.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: endomembrane system; EXPRESSED IN: stem, 
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stamen; EXPRESSED DURING: 4 anthesis; Has 22 Blast hits to 22 
proteins in 5 species: Archae - 0; Bacteria - 0; Metazoa - 0; 
Fungi - 0; Plants - 22; Viruses - 0; Other Eukaryotes - 0 
(source: NCBI BLink). | chr1:19294229-19294579 FORWARD LENGTH=78 
MASFHSGKSIFLKLFVLFLLLVLPLSQSNATRIPRAPISSRRPICPACVCCEPAPLGSCCRCCA
SPIVTQTHHHSQSP 
>AT3G30725.1 | Symbols: AtGDU6, GDU6 | glutamine dumper 6 | 
chr3:12352509-12352844 FORWARD LENGTH=111 
MRPTPKVEIWKSPVPYLFGGLFLLVLLIALALLSLVCTHQKPSSSSNNNHMDEEDDVGDKDAKP
ITREYLPKIVVILAGDNKPTCLAVPVVVPPPTSIFRCNCDNVTVIST  
>AT1G34795.1 | Symbols: | Plant thionin family protein | 
chr1:12769753-12770031 REVERSE LENGTH=92 
MGIQTCSVLIIVIILTMMFSAHIAQSNSITMCVKHCAQNECLKAAKKTTPEICDEACKKICNNQ
LFSDEKWFVPSPKGSSRICRWAPKYCQF 
>AT1G34820.1 | Symbols: | Plant thionin family protein | 
chr1:12786817-12787095 REVERSE LENGTH=92 
MGIQTCSVLIIVAILTMMFSAHIAQSNSITMCVKHCAQNECLKAAKKPTPEICDEACKKICNNQ
LFGDEKWFVPAPKGSSRICRWAPKYCQF 
>AT1G35035.1 | Symbols: | Plant thionin family protein | 
chr1:12811030-12811308 REVERSE LENGTH=92 
MAIQTRSVLMIVAILTMMFSAHLAQSNSITMCVKSCAQNKCLKAAKKPTPKICDETCKKICNNQ
LFGDEKMFVPAPKGSSRICRWMPQYCQF 
>AT2G28671.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: cellular_component unknown; Has 30201 Blast 
hits to 17322 proteins in 780 species: Archae - 12; Bacteria - 
1396; Metazoa - 17338; Fungi - 3422; Plants - 5037; Viruses - 0; 
Other Eukaryotes - 2996 (source: NCBI BLink). | chr2:12300816-
12301715 FORWARD LENGTH=299 
MLFPLLLFWRMLAVVPPSPTRKGTLLLLTIPLLLLFDGTPLLTGRFAPLGLANGSCPLKAGFAT
TPVTALAVGFEPPSISCIKNTNVLSGPALAPPPRAEPEPATPPPRAGPAPAPPPPRAGPAPAPP
PPRAEPAPAPPPRAGPAPAPPPRAGPAPAPPPRAEPAPGPPPRAEPVPAPAPVAEPVVGKEPEP
PPAKEPGTELAVGRRPGPEPLDGIDPVPAPRPLPVEPEPDDPDPAPKPNPVEPEPLDPVPAPKP
IPVEPEPEPRVVVVAENAFSSSRSRAAAAKVTTRAITSKESIF 
>AT1G21880.2 | Symbols: LYM1 | lysm domain GPI-anchored protein 
1 precursor | chr1:7680689-7682526 FORWARD LENGTH=416 
MKIPEKPIFLIFVSLILASSLTFTATAKSTIEPCSSNDTCNALLGYTLYTDLKVSEVASLFQVD
PISILLANAIDISYPDVENHILPSKLFLKIPITCSCVDGIRKSVSTHYKTRPSDNLGSIADSVY
GGLVSAEQIQEANSVNDPSLLDVGTSLVIPLPCACFNGTDNSLPAVYLSYVVKEIDTLVGIARR
YSTTITDLMNVNAMGAPDVSSGDILAVPLSACASKFPRYASDFGLIVPNGSYALAAGHCVQCSC
ALGSRNLYCEPASLAVSCSSMQCRNSNLMLGNITVQQTSAGCNVTTCDYNGIANGTILTMLTRS
LQPRCPGPQQFAPLLAPPDTVPRDVMYAPAPSPDFDGPGSIASSPRSSMLPGGGILPGNPANGP
AGSISTASASSVSYFFITFLISIASFSLALSS 
>AT1G61900.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: anchored to plasma membrane, plasma 
membrane, anchored to membrane; EXPRESSED IN: 23 plant 
structures; EXPRESSED DURING: 13 growth stages; BEST Arabidopsis 
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thaliana protein match is: unknown protein (TAIR:AT2G30700.1); 
Has 65 Blast hits to 65 proteins in 12 species: Archae - 0; 
Bacteria - 0; Metazoa - 0; Fungi - 0; Plants - 65; Viruses - 0; 
Other Eukaryotes - 0 (source: NCBI BLink). | chr1:22882508-
22884722 REVERSE LENGTH=433 
MTRRAEFEMGLFVILQSMFLISLCSSQKPEEFLPEISPDTSPQPFLPFIAPSPMVPYINSTMPK
LSGLCSLNFSASESLIQTTSHNCWTVFAPLLANVMCCPQLDATLTIILGKASKETGLLALNRTQ
SKHCLSDLEQILVGKGASGQLNKICSIHSSNLTSSSCPVINVDEFESTVDTAKLLLACEKIDPV
KECCEEACQNAILDAATNISLKASETLTDNSDRINDCKNVVNRWLATKLDPSRVKETLRGLANC
KINRVCPLVFPHMKHIGGNCSNELSNQTGCCRAMESYVSHLQKQTLITNLQALDCATSLGTKLQ
KLNITKNIFSVCHISLKDFSLQVGNQESGCLLPSLPSDAIFDKDTGISFTCDLNDNIPAPWPSS
SLSSASTCKKPVRIPALPAAASSQPRLHDEGVTRLVIFVLSMLLVMLLS 
>AT1G63550.1 | Symbols: | Receptor-like protein kinase-related 
family protein | chr1:23569786-23570890 FORWARD LENGTH=324 
MARIIITLTIPLFYFFFFSLLSHQTMSQPDHIFTVCNPTNNFTQTSSYETNRDTLLASLRESSS
LGHYSNATEGLSPDTVHGMFLCRGDITTASCVDCVQTATTEIASNCTLNKRAVIYYDECMVRYS
NVSFSSELEIVPSITIYSLRSAPNPTRFNQTLTEKFSELIFNVSSSSLVPYFVEDQERVTQSEG
SYDLDTMVQCSPDLDIFNCTVCLRVAFFRISTCCGLPSYAKIFTPKCLLRFQTSVLLSPPPSPS
APPPRSPPPKSSPPSSLPQTPSPPLVFTPPQNVPNPSGSFSFNVLKGNVIFGRIVVTMTALVFA
LVDL 
>AT1G77630.1 | Symbols: | Peptidoglycan-binding LysM domain-
containing protein | chr1:29173726-29175387 FORWARD LENGTH=423 
MKNPEKPLLLFLILASSLASMATAKSTIEPCSSKDTCNSLLGYTLYTDLKVTEVASLFQVDPVS
MLLSNSIDISYPDVENHVLPAKLFLKIPITCSCVDGIRKSLSTHYKTRTSDTLGSIADSVYGGL
VSPEQIQVANSETDLSVLDVGTKLVIPLPCACFNGTDESLPALYLSYVVRGIDTMAGIAKRFST
SVTDLTNVNAMGAPDINPGDILAVPLLACSSNFPKYATDYGLIIPNGSYALTAGHCVQCSCVLG
SRSMYCEPASISVSCSSMRCRNSNFMLGNITSQQSSSGCKLTTCSYNGFASGTILTTLSMSLQP
RCPGPQQLAPLIAPPDNVPKELMYLPSPSPSPSPEFDDIAGGGSSIAAVPAASPGGATVSSSNS
IPGNPANGPGGSISIASCPLSYYSFIALLIPIGSCFFVF 
>AT3G07390.1 | Symbols: AIR12 | auxin-responsive family protein 
| chr3:2365452-2366273 FORWARD LENGTH=273 
MSLCLKIPLIKHQTTPEQNSAMASSSSSLLILAVACFVSLISPAISQQACKSQNLNSAGPFDSC
EDLPVLNSYLHYTYNSSNSSLSVAFVATPSQANGGWVAWAINPTGTKMAGSQAFLAYRSGGGAA
PVVKTYNISSYSSLVEGKLAFDFWNLRAESLSGGRIAIFTTVKVPAGADSVNQVWQIGGNVTNG
RPGVHPFGPDNLGSHRVLSFTEDAAPGSAPSPGSAPAPGTSGSTTPGTAAGGPGNAGSLTRNVN
FGVNLGILVLLGSIFIF 
>AT3G16860.1 | Symbols: COBL8 | COBRA-like protein 8 precursor | 
chr3:5759643-5762104 REVERSE LENGTH=653 
MGLTRNFILWILLSSLFTAIQLTSSQRNTPPPRSKDADLCNGVFVSYTYLTGTKIKPNDTKNQP
YRFESEITVLNNGRDELKSWQVFVKFAHREILVSATNAVLSDGSSLPASVENGTIFAGFPSADL
KTAIMTAGDVTQMEARVELVGTQFGVAPPSVPLPKNITLVNDGWSCPKPTQQGSNVLQVCCTPN
PNITTSKIGQKFLPRQEGDLTIMYDVTRAYQSSYSAQVTIENHNLLGRLDNWDLSFMWMKDEFL
FSTKGAYPSVVDSSDCITGPQAKYYKDLDFSNVMSCARRPHIIDLPLTKYNDTNVGRIPYCCRN
GTILPRSMDPEKSKSVFQIEVYKMPPDLNISSITPPQSWQIKGNLNPDYKCGPPLRVSSSQFPD
TSGLPSNKSAFASWQVVCNITQPTPPKCCVSFSSYFNDSVIPCKTCACGGCSSDRVARTCSTTS
PALPLPYQALLIPFDNRTKLTNAWAVLKNRKVPDPLPCGDNCGVSINWHLATDYRGGWTARVTL
FNWGDTDFVDWFTAVELRNAAPGFQKAYSFNGSIIAVNGKNTTVLMEGLPGLNYLLAEKDGKNP
SEDFRIPGKQQSVISFTKKLTPGIKVGSKDGFPTKVLFNGQECSLPSVLPTSNSHRKHVSTFLL
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ILTPFLALLFLRI 
>AT3G20520.1 | Symbols: SVL3 | SHV3-like 3 | chr3:7162845-
7165742 FORWARD LENGTH=729 
MACPRVIFLILITFFILQTAFSSSWQTLSGKPPAVIARGGFSGMFPDSSIQAYQLVNITTSPDV
MLWCDLQLTKDGVGICFPNLKLDNGSNVIRIDPHYKERFSVDFTWKELSDVKLAQGVVSRPYIF
DDVSSILAIEEVAKLTASGLWLNIQDSAFYAKHNLSMRNSVVSLSRRLKVNFISSPGISFLKSM
KNSVKPTVTKLIFRFLKQEHIEPFTNQSYGSLAKNLSYIRTFSSGILVPKSYIWPVDSALYLQP
HTSLVTDAHKEGLQVFASEFANDFVIAYNYSYDPTAEYLSFIDNGNFSVDGFLSDFPVTPYRAI
NCFSHVDPKRAKEQAKITIISKNGASGDFPGCTDLAYQRAASDGADILDCNVQMSKDKIPFCMS
SFDLINSTNVIETSFRNLSSVVSEINPRRSGIYTFSLTMSQIQTLKPTISNLEKDSGLFRNPRN
NKAGKFLTLSEFLFLPNRYSSLLGLLIEVENAAYLVEHQGISVVDAVLDELKRATTQQNKTSAR
TILIQSTDKSVLMKFKEKNKMNHDELVYRVDDNIRDVADSAIKDIKNFAGSIVISKKSVFPYKG
FIILEKETNIASKLKSNGLRVYVERFSNECVTHAFDFYDDPTLEIDSFVRDVQIDGIITDFPAT
TARYRKNKCYGEFGLTTTGELITFANPMLLPPAEAPYPALLDSDVTEPPLPEARSQPPASSPSK
AEEKAIEVPFAFIAMAILVCFFISV 
>AT3G51330.1 | Symbols: | Eukaryotic aspartyl protease family 
protein | chr3:19053480-19056152 REVERSE LENGTH=529 
MVVARQVFVLLSLLVVCWGLERCEASGKFSFEVHHMFSDRVKQSLGLDDLVPEKGSLEYFKVLA
QRDRLIRGRGLASNNEETPITFMRGNRTISIDLLGFLHYANVSVGTPATWFLVALDTGSDLFWL
PCNCGSTCIRDLKEVGLSQSRPLNLYSPNTSSTSSSIRCSDDRCFGSSRCSSPASSCPYQIQYL
SKDTFTTGTLFEDVLHLVTEDEGLEPVKANITLGCGKNQTGFLQSSAAVNGLLGLGLKDYSVPS
ILAKAKITANSFSMCFGNIIDVVGRISFGDKGYTDQMETPLLPTEPSPTYAVSVTEVSVGGDAV
GVQLLALFDTGTSFTHLLEPEYGLITKAFDDHVTDKRRPIDPELPFEFCYDLSPNKTTILFPRV
AMTFEGGSQMFLRNPLFIVWNEDNSAMYCLGILKSVDFKINIIGQNFMSGYRIVFDRERMILGW
KRSDCFEDESLESTTPPPPETEAPSPSASTPLPSLLPPPAAATPPQIDPRNSTRNSGTGTAANL
VPLASQLLLLLPLLAFL 
>AT3G51350.1 | Symbols: | Eukaryotic aspartyl protease family 
protein | chr3:19060485-19063248 REVERSE LENGTH=528 
MDVARQVFVLLSVLVVCWGFERCEATGKFGFEVHHIFSDSVKQSLGLGDLVPEQGSLEYFKVLA
HRDRLIRGRGLASNNDETPITFDGGNLTVSVKLLGSLYYANVSVGTPPSSFLVALDTGSDLFWL
PCNCGTTCIRDLEDIGVPQSVPLNLYTPNASTTSSSIRCSDKRCFGSKKCSSPSSICPYQISYS
NSTGTKGTLLQDVLHLATEDENLTPVKANVTLGCGQKQTGLFQRNNSVNGVLGLGIKGYSVPSL
LAKANITANSFSMCFGRVIGNVGRISFGDRGYTDQEETPFISVAPSTAYGVNISGVSVAGDPVD
IRLFAKFDTGSSFTHLREPAYGVLTKSFDELVEDRRRPVDPELPFEFCYDLSPNATTIQFPLVE
MTFIGGSKIILNNPFFTARTQEGNVMYCLGVLKSVGLKINVIGQNFVAGYRIVFDRERMILGWK
QSLCFEDESLESTTPPPPEVEAPAPSVSAPPPRSLPPTVSATPPPINPRNSTGNPGTGGAANLI
PLASQLLLLLPLLAFL 
>AT4G16120.1 | Symbols: ATSEB1, COBL7, SEB1 | COBRA-like 
protein-7 precursor | chr4:9116591-9119138 REVERSE LENGTH=661 
MDSAPNFIPRLLLLSLLIVSIPLTSSQSDANTTNPSPSPPSDSDLCNGVFVSYTHTKGSKIPPN
DTANQPYRFESVITVLNHGRDELKSWRVFVKFAHREILVSASNAVLSDGSSLPVSVENGTVFAG
YPSSDLKSAIQTAGDVTQMQARVELVGTQFGVAPPNVPLPKNITLATDGWKCPKATQKGTNVLQ
VCCIPDPDYDNREIIDNEFLPRKDGDLTIMYDVVRSYSSNYMAQVTMENHNPLGRLDNWKLSFD
WMRDEFIYTMKGAYPSIVDSSDCVDGPQAKHYQDLDFSNVLSCARRPTVIDLPPTKYNDSTFGL
IPFCCRNGTILPRSMDPSKSSSVFQMQVYKMPPDLNISALSPPQNWRINGTLNPDYKCGPPVRV
SPSQFVDPSGLPSNRTAFASWQVVCNITQPKDASPRCCVSFSAYFNDSIVPCKTCACGCSSNKA
ARACSATAPSLLLPQQALLVPFENRTELTVAWAYLKQRPVPNPMPCGDNCGVSINWHLATDYRG
GWTARVTVFNWGETDFVDWFTAVQMKNAAPGFEKAYSFNASTIGINGKNNTIFMEGLPGLNYLV
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AERDGENPLKNPRIPGKQQSVMSFTKKLTPGINVPGGDGFPSKVFFNGEECSLPTILPMRSSQH
RKHISVFLLALPVLALLILRA 
>AT4G25240.1 | Symbols: SKS1 | SKU5 similar 1 | chr4:12930539-
12933563 FORWARD LENGTH=589 
MAATCSLLASFLLCFALLSAVSFAADPFVSYDFRVSYLTASPLGVPQQVIAVNGQFPGPLLNAT
TNYNVVVNVFNHLDEPLLLTWPGIQMRRNSWQDGVLGTNCPIPPRWNFTYQFQVKDQIGSFFYS
PSLNFQRASGGFGPIVINNRDIIPIPFPQPDGELIFIIGDWYTQDHKALRRALDSGKELGMPDG
VLINGKGPYKYNSSVPDGIDYLTFHVEPGKTYRIRVHNVGISTSLNFRIQNHSLLLVETEGHYT
SQANFTDFDVHVGQSYSFLVTMDQDATSDYYIVASARFVNETVWQRVTGVAILHYSNSKGPVSG
PLPVPKTDVSSPWSAMSQPKTIRQNTSASGARPNPQGSFHYGQINITNTYILRSLPPTIINGAL
RATLNGISFVNPSTPVRLADRNKVKGAYKLDFPDRPFNRPLRLDRSMINATYKGFIQVVFQNND
TKIQSFHVDGYSFFVVGMDFGIWSEDKKGSYNNWDAISRSTIEVYPGGWTAVLISLDNVGVWNI
RVENLDRWYLGEETYMRITNPEEDGKTEMDPPDNVLYCGALKNLQKEQHHSAATSILNGHLKLM
LLMVLLASVFRFC 
>AT4G26690.1 | Symbols: SHV3, MRH5, GPDL2 | PLC-like 
phosphodiesterase family protein | chr4:13456793-13459890 
REVERSE LENGTH=759 
MRGLLRASSLLLCGVILIQLLAAQIHAQSKKPKSPWPTLTGDPPLVIARGGFSGLFPDSSYDAY
NFAILTSVPDAVLWCDVQLTKDALGICFPDLTMRNSSSIEAVYPTRQKSYPVNGVPTSGWFTID
FSLKDLKDVNLIRGILSRSEKFDGNSNPIMTVQSVSTQMKPSFFWLNVQHDAFYAQHNLSMSSF
LVAASKTVLIDFISSPEVNFFKKIAGRFGRNGPSLVFRFLGQDEFEPTTNRTYGSILSNLTFVK
TFASGILVPKSYILPLDDQQYLLPHTSLVQDAHKAGLEVFVSGFANDIDIAHDYSFDPVSEYLS
FVDNGNFSVDGVLSDFPITASASLDCFSHVGRNATKQVDFLVITKDGASGDYPGCTDLAYKKAI
KDGADVIDCSVQLSSDGTPFCLSSIDLGNSTTVSLTAFRNRSTTVPELGSLGAIYTFSLTWAEI
QTLTPAISNPYRVTSLFRNPKQKNAGKLFSLSDFLSLAKNSTSLSGVLISVENAAYLREEQGLD
VVKAVLDTLTQTGYSNSTATKVMIQSTNSSVLVDFKKQSQYETVYKVEENIRDILDSAIEDIKK
FADAVVIQKLSVFPVAQSFITTQTNVVEKLQKSQLPVYVELFQNEFLSQPYDFFADATVEINSY
ITGAGINGTITEFPFTAARYKRNLCLGRKETIPYMAPAQPGALLTLVSPTAFPPAEAPNPVFTD
ADVTEPPLPPVTAKAPTSSPGTPSTNAQAPSGQTRITLSLLLSVFAMVLASLLLL 
>AT4G28100.1 | Symbols: | unknown protein; FUNCTIONS IN: 
molecular_function unknown; INVOLVED IN: biological_process 
unknown; LOCATED IN: anchored to plasma membrane, anchored to 
membrane; EXPRESSED IN: 23 plant structures; EXPRESSED DURING: 
14 growth stages; BEST Arabidopsis thaliana protein match is: 
unknown protein (TAIR:AT3G18050.1); Has 30201 Blast hits to 
17322 proteins in 780 species: Archae - 12; Bacteria - 1396; 
Metazoa - 17338; Fungi - 3422; Plants - 5037; Viruses - 0; Other 
Eukaryotes - 2996 (source: NCBI BLink). | chr4:13965300-13966697 
REVERSE LENGTH=304 
MKKSLTLLILLLCSLLFSTVLSNLLVEPVQPNTVPAFPVETQAQSCRLDLSNELFGGVNEACGR
NLDRSRCCPVLAAWLFAAHARSALQLPAPAPTPESSDPDEPMKPDDSQKCVNTLQSALLTKQIK
IPQPNSSCDAILCFCGIRLHQISSLSCPAAFNVSSGFKNATPTAAVKNLEKECRNSSYSGCTRC
LGALQKLKVRGGNKKTTTERGTKMMSKDCQLMGLTWLLARNKTAYIPTVSAVLRAIMYSPHPPH
LNKCSPDQENMPLAVDSLQFQKSFSSSSHLFGVLPFLPLVLCIFLFLL 
>AT4G31840.1 | Symbols: ENODL15, AtENODL15 | early nodulin-like 
protein 15 | chr4:15401798-15402426 FORWARD LENGTH=177 
MASSSLLVTIFLCISVFFFSSVNANEVTVGGKSGDWKIPPSSSFSFNEWAQKARFKVGDFIVFK
YEAGKDSVLQVTREAYEKCNTTSPKASYTDGNTKVKLDQAGPVYFVSGTEGHCQKGQKLRLVVI
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TPRNSAFSPGPSPSEFDGPAVAPTSGAAKLAGGFSVVFGLVLGLWAFFF 
>AT5G25090.1 | Symbols: ENODL13, AtENODL13 | early nodulin-like 
protein 13 | chr5:8647117-8647755 REVERSE LENGTH=186 
MAQRTLVATFFLIFFLLTNLVCSKEIIVGGKTSSWKIPSSPSESLNKWAESLRFRVGDTLVWKY
DEEKDSVLQVTKDAYINCNTTNPAANYSNGDTKVKLERSGPYFFISGSKSNCVEGEKLHIVVMS
SRGGHTGGFFTGSSPSPAPSPALLGAPTVAPASGGSASSLTRQVGVLGFVGLLAIVLL 
>AT5G42720.1 | Symbols: | Glycosyl hydrolase family 17 protein | 
chr5:17130535-17132763 FORWARD LENGTH=438 
MRASVYSLILLFFSCLLHLSKSQPFLGVNYGLTADNLPPPSASAKLLQSTTFQKVRLYGSDPAV
IKALANTGIEIVIGASNGDVPGLASDPSFARSWVETNVVPYYPASKIVLIAVGNEITSFGDNSL
MSQLLPAMKNVQTALEAASLGGGKIKVSTVHIMSVLAGSDPPSTAVFKPEHADILKGLLEFNSE
TGSPFAVNPYPFFAYQDDRRPETLAYCLFQANPGRVDPNSNLKYMNMFDAQVDAVYSALNSMGF
KDVEIMVAETGWPYKGDPEEAGATVENARAYNKNLIAHLKSGSGTPLMPGRVIDTYLFALYDEN
LKPGKGSERAFGLFRPDLTMTYDIGLTKTTNYNQTSMAPLSPTRPRLPPAAAPTRQTLPSPPQM
ILPSPVTPSDKNSGQTDVHNSTPRSASLAHICRSLSISASMFFVSVLYALIILL 
>AT5G49270.1 | Symbols: SHV2, DER9, MRH4, COBL9 | COBRA-like 
extracellular glycosyl-phosphatidyl inositol-anchored protein 
family | chr5:19972021-19974398 REVERSE LENGTH=663 
MGVLLPIFFGVLLLFTVTPPSMSQLPPTIMVPAPAPAPISPSDLCNGIFLSYDFILGRKIPPND
TADQPYRFESVLTVLNNGREELKEWRVFVGFQHNEILISATDALIVNGTELPALVGNGTIFGGY
PVSDLKTAIQTAGDLKQMTAEIELVGTQFMVAPPAVPLPSNISLVNEGWLCPVPTLQSKRELTT
CCIRDASIIVNTTITTKFLPRQPGDLTIMYDVIRAYDQNYLTEVTMENHNPLGRLDHWELSFDW
MRDEFIQKMQGAYPTVVDATKCIFGPQSLIYTGLDFADVLTCERRPIIIDLPPTKKDDSTLGNI
PSCCRNGTILPRIMDPSKSVSVFTMQVAKMPPDFNRSALFPPQNWRIKGTLNPDYSCGPPVRVT
PTFYPDPSGMPTNKSSFASWQIVCNITQAKTEIPKCCVSFSAFFNDSIIPCNTCACGCVSETRR
TCSAETPSLLIPPDALLLPFENRTALTLAWNALKHKTLPNPMPCGDNCGVSINWHMASDYRGGW
TVRITIFNWGEIDFPNWFLAVQMKKPALLGFEKAYSFNASLLSVDGGVNNTIFMEGLPGLDYLV
AEADEKDPKKKNIRIPGKQQSVIQFSKKLTPGINVAERDGFPAKVIFNGEECLLPDLLPMASGG
RRNGAITVLSFITFYVAAFMVLL 
>AT5G55480.1 | Symbols: SVL1 | SHV3-like 1 | chr5:22474277-
22477819 FORWARD LENGTH=766 
MINMRDNPTMHVLQASKFLFLALILIQLLSTQLFAQRSKSPWQTLTGDAPLVIARGGFSGLLPD
SSLDAYSFVSQTSVPGAVLWCDVQLTKDAIGLCFPDVKMMNASNIQDVYPKRKTSYLLNGVPTQ
DWFTIDFNFKDLTKVILKQGILSRSAAFDGNSYGISTVKDISTQLKPEGFWLNVQHDAFYAQHN
LSMSSFLLSISKTVIIDYLSSPEVNFFRNIGRRFGRNGPKFVFRFLEKDDVEVSTNQTYGSLAG
NLTFLKTFASGVLVPKSYIWPIESQYLLPRTSFVQDAHKAGLEVYASGFGNDFDLAYNYSFDPL
AEYLSFMDNGDFSVDGLLSDFPLTASSAVDCFSHLGSNASSQVDFLVISKNGASGDYPGCTDLA
YTKAIKDGADVIDCSLQMSSDGIPFCLSSINLGESTNVVQSPFRNRSTTVPEIGSLPGIYSFSL
AWSEIQTLRPAIENPYSREFTMFRNPRERSSGKFVSLSDFLNLAKNSSSLTGVLISVENATYLR
EKQGLDAVKAVLDTLTEAGYSNKTTTTRVMIQSTNSSVLIDFKKQSRYETVYKVEETIRDILDT
AIEDIKKFADAVVISKKSVFPTSESFTTGQTKLVERLQKFQLPVYVEVFRNEFVSQPWDFFADA
TVEINSHVTGAGINGTITEFPLTAARYKRNSCLTRKDVPPYMIPVQPAGLLTIVSPASLPPAEA
PSPVFTDADVTEPPLPPVSARAPTTTPGPQSTGEKSPNGQTRVALSLLLSAFATVFASLLLL 
>AT2G20300.1 | Symbols: ALE2 | Protein kinase superfamily 
protein | chr2:8756475-8759845 REVERSE LENGTH=744 
MRNFAMLLLLILLLHSLASFPICFARLFPMSLPFTRSKAHQMHFFHPYLNPSVAPTPSPAFSPN
PSRIPPLRHKGHHRHRRWHLRRNATAVSPSSHDCQQTCVEPLTSTPFGSPCGCVFPMKVQLLLS
VAPFSIFPVTNELEIEVAAGTYLEQSQVKIMGASADSENQGKTVVDINLVPLGEKFDNTTATLI
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YQRFRHKKVPLNETVFGDYEVTHISYPGIPSSSPNGDVTGDAPGGLPIPINATTFANKSQGIGF
RTIAIIALSGFVLILVLVGAISIIVKWKKIGKSSNAVGPALAPSINKRPGAGSMFSSSARSSGS
DSLMSSMATCALSVKTFTLSELEKATDRFSAKRVLGEGGFGRVYQGSMEDGTEVAVKLLTRDNQ
NRDREFIAEVEMLSRLHHRNLVKLIGICIEGRTRCLIYELVHNGSVESHLHEGTLDWDARLKIA
LGAARGLAYLHEDSNPRVIHRDFKASNVLLEDDFTPKVSDFGLAREATEGSQHISTRVMGTFGY
VAPEYAMTGHLLVKSDVYSYGVVLLELLTGRRPVDMSQPSGEENLVTWARPLLANREGLEQLVD
PALAGTYNFDDMAKVAAIASMCVHQEVSHRPFMGEVVQALKLIYNDADETCGDYCSQKDSSVPD
SADFKGDLAPSDSSWWNLTPRLRYGQASSFITMDYSSGPLEDMENRPHSASSIPRVGGLILPNR
SGPLRPMRSRRNFFRLRGSMSEHGGPSSSRHLWSGNGDWL 
 >AT2G23300.1 | Symbols: | Leucine-rich repeat protein kinase 
family protein | chr2:9914608-9917130 FORWARD LENGTH=773 
MKTQSASPFFFVSFFFFFFFFSSLFLLSSALNSDGVLLLSFKYSVLLDPLSLLQSWNYDHDNPC
SWRGVLCNNDSRVVTLSLPNSNLVGSIPSDLGFLQNLQSLNLSNNSLNGSLPVEFFAADKLRFL
DLSNNLISGEIPVSIGGLHNLQTLNLSDNIFTGKLPANLASLGSLTEVSLKNNYFSGEFPGGGW
RSVQYLDISSNLINGSLPPDFSGDNLRYLNVSYNQISGEIPPNVGAGFPQNATVDFSFNNLTGS
IPDSPVYLNQKSISFSGNPGLCGGPTRNPCPIPSSPATVSPPTSTPALAAIPKSIGSNRETEPN
NNSNPRTGLRPGVIIGIIVGDIAGIGILALIFFYVYKYKNNKTVEKKNNHSLEAHEAKDTTSLS
PSSSTTTSSSSPEQSSRFAKWSCLRKNQETDETEEEDEENQRSGEIGENKKGTLVTIDGGEKEL
EVETLLKASAYILGATGSSIMYKTVLEDGTVLAVRRLGENGLSQQRRFKDFEAHIRAIGKLVHP
NLVRLRGFYWGTDEKLVIYDFVPNGSLVNARYRKGGSSPCHLPWETRLKIVKGLARGLAYLHDK
KHVHGNLKPSNILLGQDMEPKIGDFGLERLLAGDTSYNRASGSSRIFSSKRLTASSREFGTIGP
TPSPSPSSVGPISPYCAPESLRNLKPNPKWDVFGFGVILLELLTGKIVSIDEVGVGNGLTVEDG
NRALIMADVAIRSELEGKEDFLLGLFKLGYSCASQIPQKRPTMKEALVVFERYPISSSAKSPSY
HYG 
>AT5G56890.1 | Symbols: | Protein kinase superfamily protein | 
chr5:23010801-23015559 REVERSE LENGTH=1113 
MENLTLLLRICLVSSVLVAASSSGSELLSPLSSPPSPLPETSKGFGQAPSNSPESHKSDNVPPS
KASSQPSLPPLADLAAPPPSDSVGGKAPAGVPVVFVPNAPAPATIPVKDLPVASPPVLQPITPI
ASPPRFIPGDAPKEPPFSGRVTPAPVSSPVSDIPPIPSVALPPPTPSNVPPRNASNNHKPPPIE
KSIAPVASPPTISIDIAPPVHPVIPKLTPSSSPVPTSTPTKGSPRRNPPTTHPVFPIESPAVSP
DHAANPVKHPPPSDNGDDSKSPGAAPANETAKPLPVFPHKASPPSIAPSAPKFNRHSHHTSPST
TPPPDSTPSNVHHHPSSPSPPPLSSHHQHHQERKKIADSPAPSPLPPHLISPKKSNRKGSMTPP
PQSHHAPSPPIPDSLISPAHAPVSFSMKRISPALAPSPTQVFPLRSSSRPSKSRKFPLGPPLQA
FPPPPPNSDCSSTICLEPYTNTPPGSPCGCVWPIQVELRLSMALYDFFPMVSEFAREISAGVFM
KQSQVRIMGANAASEQPEKSIVLIDLVPLGDKFDNMTAMLTYQRFWSKKVYIDEPIFGGYDVIY
VRYPGLPASPPTSGMTIIDQGPYSGNNNGRAVKPLGVDVPRKPRKKELNGGSIAVIVLSAAAFI
GLCFVIVWFLVFRRQRDRRRLSKRTPLARPSLPSLSKPSGSARSLTGSRFSSTSLSFESSIAPF
TLSAKTFTASEIMKATNNFDESRVLGEGGFGRVYEGVFDDGTKVAVKVLKRDDQQGSREFLAEV
EMLSRLHHRNLVNLIGICIEDRNRSLVYELIPNGSVESHLHGIDKASSPLDWDARLKIALGAAR
GLAYLHEDSSPRVIHRDFKSSNILLENDFTPKVSDFGLARNALDDEDNRHISTRVMGTFGYVAP
EYAMTGHLLVKSDVYSYGVVLLELLTGRKPVDMSQPPGQENLVSWTRPFLTSAEGLAAIIDQSL
GPEISFDSIAKVAAIASMCVQPEVSHRPFMGEVVQALKLVSNECDEAKELNSLTSISKDDFRDD
TQAESSCGDSSARMARYPLLPNYDSEPDTERGLSTSEMYTGSGRFERQSNSGPLTSGRGKSFWQ
KMRRLSTGSLSEHGTPTVMLRSGSR 
>AT5G60270.1 | Symbols: | Concanavalin A-like lectin protein 
kinase family protein | chr5:24257761-24259767 FORWARD 
LENGTH=668 
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MIRGLLLGIIWMIFCVCSSFQQETPFVYNNFGHVDHLHLDGSARIIPSGGILQLTNATNSQIGH
VFYEKPIEFKSSESVSFSTYFVCALLPAGDPSGHGMTFFVSHSTDFKGAEATRYFGIFNRNGST
STRVLAVELDTSLASDVKDISDNHVGIDVNSAESITSANASYFSDKEGKKIDIKLLSGDPIQVW
VDYEGTTLNVSLAPLRNKKPSRPLLSSTSINLTDILQGRRMFVGFSGSTGSSMSYQYILGWSFS
KSMASLPNIDISKLPKVPHSSTKKKSTSPVLSVLLGLIAFIVLGILVVAYLYRRNLYSEVREEW
EKEYGPIRYSYKSLYKATKGFNRSEFLGRGGFGEVYKGTLPRSRELREVAVKRVSHDGEHGMKQ
FVAEIVSMRSLKHRSLVPLLGYCRRKHELLLVSEYMPNGSLDHYLFNHDRLSLPWWRRLAILRD
IASALSYLHTEADQVVIHRDIKAANVMLDAEFNGRLGDFGMSRLYDRGADPSTTAAVGTVGYMA
PELTTMGASTGTDVYAFGVFLLEVTCGRRPVEPGLPEAKRFLIKWVSECWKRSSLIDARDPRLT
EFSSQEVEKVLKLGLLCANLAPDSRPAMEQVVQYLNGNLALPEFWPNSPGIGVLSPMALSPAPL
VIPSLSFSSSSSNNSMFITHSVLYGSGR 
>AT1G63600.1 | Symbols: | Receptor-like protein kinase-related 
family protein | chr1:23581716-23582624 FORWARD LENGTH=302 
MIQSLSSLFCFLSLLSLLFSTNLTISESDHIHMSTFCNQFSDNFTQTSTYETNRETVLSSLRLR
SSLGSYSNATAGISPDTVRGMFLCRGDISETSCSDCVQTATLEISRNCTYQKEAFIFYEECMVR
YSDSSFFSLVDERPYIIRYSLSYAPNLDRFPQTLSDKMDELIINATSSPSLSSTPYFVEDQERV
KQFEGSFDIDSMAQCSPDLDPRNCTTCLKLAVQEMLECCNQSRWAQIFTPKCLLRYEATALSSP
PPPYPSPPPPSSPLFSPLLPSPPLFKRPQTASGFSGSSSINVIKGN 
>AT1G10850.1 | Symbols: | Leucine-rich repeat protein kinase 
family protein | chr1:3612228-3614343 FORWARD LENGTH=663 
MASSSSSSSSSTVSFVVFAFTVFFCLVTPARSSDVEALLSLKSSIDPSNSISWRGTDLCNWQGV
RECMNGRVSKLVLEYLNLTGSLNEKSLNQLDQLRVLSFKANSLSGSIPNLSGLVNLKSVYLNDN
NFSGDFPESLTSLHRLKTIFLSGNRLSGRIPSSLLRLSRLYTLNVEDNLFTGSIPPLNQTSLRY
FNVSNNKLSGQIPLTRALKQFDESSFTGNVALCGDQIGSPCGISPAPSAKPTPIPKSKKSKAKL
IGIIAGSVAGGVLVLILLLTLLIVCWRRKRRNQAPREDRKGKGIAEAEGATTAETERDIERKDR
GFSWERGEEGAVGTLVFLGTSDSGETVVRYTMEDLLKASAETLGRGTLGSTYKAVMESGFIVTV
KRLKNARYPRMEEFKRHVEILGQLKHPNLVPLRAYFQAKEERLLVYDYFPNGSLFTLIHGTRAS
GSGKPLHWTSCLKIAEDLASALLYIHQNPGLTHGNLKSSNVLLGPDFESCLTDYGLSTLHDPDS
VEETSAVSLFYKAPECRDPRKASTQPADVYSFGVLLLELLTGRTPFQDLVQEYGSDISRWVRAV
REEETESGEEPTSSGNEASEEKLQALLSIATVCVTIQPDNRPVMREVLKMVRDARAEAPFSSNS
SEHSPGRWSDTVQSLPRDDQVSI 
>AT4G36180.1 | Symbols: | Leucine-rich receptor-like protein 
kinase family protein | chr4:17120209-17123698 REVERSE 
LENGTH=1136 
MAMDISLFFIFLVIYAPLVSYADESQAEIDALTAFKLNLHDPLGALTSWDPSTPAAPCDWRGVG
CTNHRVTEIRLPRLQLSGRISDRISGLRMLRKLSLRSNSFNGTIPTSLAYCTRLLSVFLQYNSL
SGKLPPAMRNLTSLEVFNVAGNRLSGEIPVGLPSSLQFLDISSNTFSGQIPSGLANLTQLQLLN
LSYNQLTGEIPASLGNLQSLQYLWLDFNLLQGTLPSAISNCSSLVHLSASENEIGGVIPAAYGA
LPKLEVLSLSNNNFSGTVPFSLFCNTSLTIVQLGFNAFSDIVRPETTANCRTGLQVLDLQENRI
SGRFPLWLTNILSLKNLDVSGNLFSGEIPPDIGNLKRLEELKLANNSLTGEIPVEIKQCGSLDV
LDFEGNSLKGQIPEFLGYMKALKVLSLGRNSFSGYVPSSMVNLQQLERLNLGENNLNGSFPVEL
MALTSLSELDLSGNRFSGAVPVSISNLSNLSFLNLSGNGFSGEIPASVGNLFKLTALDLSKQNM
SGEVPVELSGLPNVQVIALQGNNFSGVVPEGFSSLVSLRYVNLSSNSFSGEIPQTFGFLRLLVS
LSLSDNHISGSIPPEIGNCSALEVLELRSNRLMGHIPADLSRLPRLKVLDLGQNNLSGEIPPEI
SQSSSLNSLSLDHNHLSGVIPGSFSGLSNLTKMDLSVNNLTGEIPASLALISSNLVYFNVSSNN
LKGEIPASLGSRINNTSEFSGNTELCGKPLNRRCESSTAEGKKKKRKMILMIVMAAIGAFLLSL
FCCFYVYTLLKWRKKLKQQSTTGEKKRSPGRTSAGSRVRSSTSRSSTENGEPKLVMFNNKITLA
ETIEATRQFDEENVLSRTRYGLLFKANYNDGMVLSIRRLPNGSLLNENLFKKEAEVLGKVKHRN
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ITVLRGYYAGPPDLRLLVYDYMPNGNLSTLLQEASHQDGHVLNWPMRHLIALGIARGLGFLHQS
NMVHGDIKPQNVLFDADFEAHISDFGLDRLTIRSPSRSAVTANTIGTLGYVSPEATLSGEITRE
SDIYSFGIVLLEILTGKRPVMFTQDEDIVKWVKKQLQRGQVTELLEPGLLELDPESSEWEEFLL
GIKVGLLCTATDPLDRPTMSDVVFMLEGCRVGPDVPSSADPTSQPSPA 
>AT3G19300.1 | Symbols: | Protein kinase superfamily protein | 
chr3:6690242-6693210 REVERSE LENGTH=663 
MVLVYNQALLLAFFALLGFQYFPLLTEAGCPLDFTSSNFTLVASVCSNNTERAKCCRYMNAFVA
ISVARYANYTADLGVTSDLTEICITTISRTMELYGIPRNATIFCGLGTKILVNYDCEGLTTVPP
MLHSTSFGDVSRNCKLPLPPGDQCRNCLNSSISYLRSLVGADNSIKLSTCRDATYAVLASRVDN
SSALELASCFFNVPELSPTPGSSPSSLSPEASPPVLADSPSSDNLVLSPLKSHHPYHLTMVPTI
GIAVTVFALVMVVVLIVLIQRKKRELDDSKSIACNLTRTSPSPRPRSMIHEGNSFGFRKFSYKE
IRKATEDFNAVIGRGGFGTVYKAEFSNGLVAAVKKMNKSSEQAEDEFCREIELLARLHHRHLVA
LKGFCNKKNERFLVYEYMENGSLKDHLHSTEKSPLSWESRMKIAIDVANALEYLHFYCDPPLCH
RDIKSSNILLDEHFVAKLADFGLAHASRDGSICFEPVNTDIRGTPGYVDPEYVVTHELTEKSDV
YSYGVVLLEIITGKRAVDEGRNLVELSQPLLVSESRRIDLVDPRIKDCIDGEQLETVVAVVRWC
TEKEGVARPSIKQVLRLLYESCDPLHLGLAMAVEENKGRSLRGDSGFQSGDIRGLASSSSTTSR
SHCSRSFLLETGSPHSPPNGLSF 
>AT5G03140.1 | Symbols: | Concanavalin A-like lectin protein 
kinase family protein | chr5:737750-739885 REVERSE LENGTH=711 
MLKLPPRFFSVYSTLIHILASFLCSSDVRGDFPATRFDLGTLTLSSLKLLGDAHLNNGTIKLTR
ELSVPTSTAGKALYGKPVKFRHPETKSPASFTTYFSFSVTNLNPSSIGGGLAFVISPDEDYLGS
TGGFLGLTEETGSGSGFVAVEFDTLMDVQFKDVNGNHVGLDLNAVVSAAVADLGNVDIDLKSGN
AVNSWITYDGSGRVLTVYVSYSNLKPKSPILSVPLDLDRYVSDSMFVGFSGSTQGSTEIHSVDW
WSFSSSFEESSESPPPMPNSPPPSSPSSSITPSLSTVRRKTADPSSSCRNKLCKKSPAAVAGVV
TAGAFFLALFAGVIIWVYSKKIKYTRKSESLASEIMKSPREFTYKELKLATDCFSSSRVIGNGA
FGTVYKGILQDSGEIIAIKRCSHISQGNTEFLSELSLIGTLRHRNLLRLQGYCREKGEILLIYD
LMPNGSLDKALYESPTTLPWPHRRKILLGVASALAYLHQECENQIIHRDVKTSNIMLDANFNPK
LGDFGLARQTEHDKSPDATAAAGTMGYLAPEYLLTGRATEKTDVFSYGAVVLEVCTGRRPITRP
EPEPGLRPGLRSSLVDWVWGLYREGKLLTAVDERLSEFNPEEMSRVMMVGLACSQPDPVTRPTM
RSVVQILVGEADVPEVPIAKPSSSMSFSTSELLLTLQDSVSDCNEVLAPISTTSCSSSEHDIFI
VGKDRSV 
>AT5G58540.1 | Symbols: | Protein kinase superfamily protein | 
chr5:23663400-23665182 FORWARD LENGTH=484 
MSSKRRRRFNLRTVFSIIFLTFLPLNLNSQEIVEVFDSSQDHFLIQSRVYANHRSLIDTPLPGK
DPALDASPPSPESAILKDPLLPPPPPEGNETPSPPRSGVPTQTPETPPAITPLPVPLAPAPSPS
PPVSPGTTKKSPKVYMIVGIVGGVFTVSVALIIIFLILTRKIPIKPWTNSGQLRDDLITDVPRL
QLSELQAACEDFSNVIGSFSDGTIYKGTLSTGAEIAVVSIVAGSRSDWSTTMDTQLLQKMHNLS
KVDHKNFLNVIGYCLEEEPFKRMLVFEYAPNGSLSEHLHSQYVEHLDWPTRLRIVMGIAYCLEH
MHNLNPPILLSNLDSSSVYLTEDNAAKVSDFSVINSIFPSKEGSSSKNLLEPSLLDPHTNVFNF
GAVLFEIISGKLPDPDSMLLEPKPTRDIVDPTLKTFQENVVERLLEVVRQCLNPYSDQRPTMRE
VVVKLREITGIEADAAMPRLSPRWWTELEIISTEGN 
>AT5G11020.1 | Symbols: | Protein kinase superfamily protein | 
chr5:3486439-3488983 REVERSE LENGTH=433 
MKQIVITALVLLQAYVLHQSTCVMSLTTQESPSPQPSAFTPALSPDYQQREKELHKQESNNMRL
VISLAATFSLVGIILLCSLLYWFCHRRRNLKSSGCGCSGITFLNRFSRSKTLDKRTTKQGTVSL
IDYNILEEGTSGFKESNILGQGGFGCVYSATLENNISAAVKKLDCANEDAAKEFKSEVEILSKL
QHPNIISLLGYSTNDTARFIVYELMPNVSLESHLHGSSQGSAITWPMRMKIALDVTRGLEYLHE
HCHPAIIHRDLKSSNILLDSNFNAKISDFGLAVVDGPKNKNHKLSGTVGYVAPEYLLNGQLTEK
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SDVYAFGVVLLELLLGKKPVEKLAPGECQSIITWAMPYLTDRTKLPSVIDPAIKDTMDLKHLYQ
VAAVAILCVQPEPSYRPLITDVLHSLIPLVPMELGGTLKTIKCASMDHC 
>AT5G67280.1 | Symbols: RLK | receptor-like kinase | 
chr5:26842430-26845126 REVERSE LENGTH=751 
MMTTVAADLHRYLFLITVFLFFLCDKTSLALTTDGVLLLSFRYSIVDDPLYVFRSWRFDDETPC
SWRGVTCDASSRHVTVLSLPSSNLTGTLPSNLGSLNSLQRLDLSNNSINGSFPVSLLNATELRF
LDLSDNHISGALPASFGALSNLQVLNLSDNSFVGELPNTLGWNRNLTEISLQKNYLSGGIPGGF
KSTEYLDLSSNLIKGSLPSHFRGNRLRYFNASYNRISGEIPSGFADEIPEDATVDLSFNQLTGQ
IPGFRVLDNQESNSFSGNPGLCGSDHAKHPCRDGEATSPPPSPTPNSPPALAAIPNTIGLTNHP
ISSKTGPKSKWDHKPVLIIGIVVGDLAGLAILGIVFFYIYQSRKRKTVTATSKWSTSSTDSKVS
KWYCLRKSVYVDGDCEEEEEESETSESESDEENPVGPNRRSGLDDQEKKGTLVNLDSEKELEIE
TLLKASAYILGATGSSIMYKAVLQDGTAVAVRRIAECGLDRFRDFEAQVRAVAKLIHPNLVRIR
GFYWGSDEKLVIYDFVPNGSLANARYRKVGSSPCHLPWDARLKIAKGIARGLTYVHDKKYVHGN
LKPSNILLGLDMEPKVADFGLEKLLIGDMSYRTGGSAPIFGSKRSTTSLEFGPSPSPSPSSVGL
PYNAPESLRSIKPNSKWDVYSFGVILLELLTGKIVVVDELGQVNGLVIDDGERAIRMADSAIRA
ELEGKEEAVLACLKMGLACASPIPQRRPNIKEALQVLERFPVHSSQQ 
>AT2G20850.1 | Symbols: SRF1 | STRUBBELIG-receptor family 1 | 
chr2:8975670-8979182 REVERSE LENGTH=775 
MRSMRSGRDNNICFLGFLSFALISLPSLSLALTNPDDVAAINSLFLALESPLLPGWVASGGDPC
GESWQGVLCNASQVETIILISANLGGELGVGLNMFTSLKAMDFSNNHIGGSIPSTLPVSLQNLF
LSGNNFTGTIPESLSSLKSLSVMSLNNNLLSGKIPDVFQDLGLMINIDLSSNNLSGPLPPSMQN
LSTLTSLLLQNNHLSGELDVLQDLPLKDLNVENNLFNGPIPEKLLSIPNFIKGGNLFNVTIAPS
PSPETPPSPTSPKRPFFGPPSPNASAGHGQAHVRSPPSDHHPSRPTPQGKEDSFTSKRIIWISI
LGAFSFVVLALVCLLCGRKCLRKREDSEQLSKPHLTSEYGRAREGSRSNASMLPPSNTFNKDKE
ARPKERVGGASKLHGGAERSVGSESKQESHEIDMNGNAMDLMHPSSIPPIKRVIAKATEPAEAS
LKRTTSKSHGPLTAVKHFTVASLQQHTNSFSHENLIGTGMLGSVYRAELPGGKLFAVRKLDKKS
PNHEEEGKFLELVNNIDRIRHANIVQLVGFCSEHSQRLLIHEYCRNGTLHDLLHIDDRLKIELS
WNVRVRIALEAAKALEYLHEICDPPSIHRNFKSANILLDDDIRVHVSDCGLAPLISSGAVSQLS
GQLLAAYGYGAPEFEYGIYTMKCDVYSFGVVMLELLTGRKSYDKKRDRGEQFLVRWAIPQLHDI
DALAKMVDPSLKGDYPAKSLSHFADVISRCVQSEPEYRPLMSEVVQDLSDMIQREHRRNDSNGD
NQYTGRR 
>AT4G03390.1 | Symbols: SRF3 | STRUBBELIG-receptor family 3 | 
chr4:1490912-1494553 REVERSE LENGTH=776 
MAAKRSIYCLLLLPLLLSLLIWIPSISLAATNPDDVAAINGLFAALGAPVLPGWIASGGDPCGE
AWQGIICNVSDIISITVNAANLQGELGDNLAKFTSIRGIDFSNNRIGGSIPSTLPVTLQHFFLS
ANQFTGSIPESLGTLSFLNDMSLNDNLLSGELPDVFQNLVGLINLDISSNNISGTLPPSMENLL
TLTTLRVQNNQLSGTLDVLQGLPLQDLNIENNLFSGPIPDKLLSIPKFLHEGNPFNATMINSTS
TAPSLSPSLSPTKPAPTRPFSGVPPPPNERNRGKVADGPSDSEGSSSENSKGKNSSHTKKIILI
AFAGVLVFIILVLAILLLLPKCARRREHANRVFKPHQVGADRGSRENALENGTPVLPPPGRSEK
VQREPFKKAGEEPKVLHDLERLRRPAPISRQESQDIDFSMLMPPPPPPPPPPPPPPLDEKVTVM
PIISPERPVKKTSPKRLPLTSVKHYSIASLQQYTESFAQENLIGSGMLGSVYRARLPNGKLFAV
KKLDKRASEQQQDHEFIELVNNIDMIRHSNIVELVGYCAEHDQRLLVYEYCSNGTLQDGLHSDD
EFKKKLSWNTRVSMALGAARALEYLHEVCEPPIIHRNFKSANVLLDDDLSVLVSDCGLAPLISS
GSVSQLSGQLLAAYGYGAPEFDSGIYTWQSDVYSFGVVMLELLTGRMSYDRDRSRGEQFLVRWA
IPQLHDIDALGKMVDPSLNGQYPAKSLSHFADIISRCVQSEPEFRPLMSEVVQDLLDMIRRERH
GSGDSTAD 
>AT4G18760.1 | Symbols: AtRLP51, RLP51 | receptor like protein 
51 | chr4:10308163-10309458 REVERSE LENGTH=431 
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MKPPSLPLLLLLLHLSATISAAPSLSPTPSPTTSPIPPHKPSSSSSPLDPKQLKALESLNIPTV
KDPCNHRPTTKSTSSSVVTCDTSSPFRLVTSISFTNCSTDLSISTTALRALSPSLTSLSFLNCP
SLSPPPRLPDSLHSFTAVSSFLRRRNGLSGVFLARLVNLTDLTVSSVPVSTSGLFVILGNMHEI
VSLTISHANLSGNIPKSFHSNLTFIDLSDNLLKGSIPTSITLLSNLKSLNLSKNTISGDIPDSI
GDLISLKNLSLSSNKLSGPIPDSISSIPELTHLDLSGNQLNGTIPRFISKMKYLTHLNLANNAF
HGVLPFNASFIKNLEVFKIGGNSDLCYNHSVLSSKMKLGIAQCDKHGLPLSPPPQKEDSNSDYD
YGNEDDTSEKKKEEHHGPNKVVLGVAIGLSSLVFLIIFMILLAKWCG 
>AT2G25440.1 | Symbols: AtRLP20, RLP20 | receptor like protein 
20 | chr2:10826735-10829402 FORWARD LENGTH=671 
MKTMSKSSLRLHFLSLLLLCCVSPSSFVIIRFITHNHFDGLVRCHPHKFQALTQFKNEFDTRRC
NHSNYFNGIWCDNSKVRSQSYDYGTVSVELSNQTVASSSFIIFATLISLTTTSPPLPSLPSLFP
TLRNLTKLTVLDLSHNHFSGTLKPNNSLFELHHLRYLNLEVNNFSSSLPSEFGYLNNLQHCGLK
EFPNIFKTLKKMEAIDVSNNRINGKIPEWLWSLPLLHLVNILNNSFDGFEGSTEVLVNSSVRIL
LLESNNFEGALPSLPHSINAFSAGHNNFTGEIPLSICTRTSLGVLDLNYNNLIGPVSQCLSNVT
FVNLRKNNLEGTIPETFIVGSSIRTLDVGYNRLTGKLPRSLLNCSSLEFLSVDNNRIKDTFPFW
LKALPKLQVLTLSSNKFYGPISPPHQGPLGFPELRILEISDNKFTGSLSSRYFENWKASSAMMN
EYVGLYMVYEKNPYGVVVYTFLDRIDLKYKGLNMEQARVLTSYSAIDFSRNLLEGNIPESIGLL
KALIALNLSNNAFTGHIPQSLANLKELQSLDMSRNQLSGTIPNGLKQLSFLAYISVSHNQLKGE
IPQGTQITGQLKSSFEGNVGLCGLPLEERCFDNSASPTQHHKQDEEEEEEQVLHWKAVAMGYGP
GLLVGFAIAYVIASYKPEWLTKIIGPNKRRN 
>AT3G19020.1 | Symbols: | Leucine-rich repeat (LRR) family 
protein | chr3:6559174-6562044 REVERSE LENGTH=956 
MTRRTMEKPFGCFLLLFCFTISIFFYSAAALTDEEASFLTRRQLLALSENGDLPDDIEYEVDLD
LKFANNRLKRAYIALQAWKKAFYSDPFNTAANWVGPDVCSYKGVFCAPALDDPSVLVVAGIDLN
HADIAGYLPPELGLLTDVALFHVNSNRFCGVIPKSLSKLTLMYEFDVSNNRFVGPFPTVALSWP
SLKFLDIRYNDFEGKLPPEIFDKDLDAIFLNNNRFESTIPETIGKSTASVVTFAHNKFSGCIPK
TIGQMKNLNEIVFIGNNLSGCLPNEIGSLNNVTVFDASSNGFVGSLPSTLSGLANVEQMDFSYN
KFTGFVTDNICKLPKLSNFTFSYNFFNGEAQSCVPGSSQEKQFDDTSNCLQNRPNQKSAKECLP
VVSRPVDCSKDKCAGGGGGGSNPSPKPTPTPKAPEPKKEINPPNLEEPSKPKPEESPKPQQPSP
KPETPSHEPSNPKEPKPESPKQESPKTEQPKPKPESPKQESPKQEAPKPEQPKPKPESPKQESS
KQEPPKPEESPKPEPPKPEESPKPQPPKQETPKPEESPKPQPPKQETPKPEESPKPQPPKQETP
KPEESPKPQPPKQEQPPKTEAPKMGSPPLESPVPNDPYDASPIKKRRPQPPSPSTEETKTTSPQ
SPPVHSPPPPPPVHSPPPPVFSPPPPMHSPPPPVYSPPPPVHSPPPPPVHSPPPPVHSPPPPVH
SPPPPVHSPPPPVHSPPPPVHSPPPPVQSPPPPPVFSPPPPAPIYSPPPPPVHSPPPPVHSPPP
PPVHSPPPPVHSPPPPVHSPPPPVHSPPPPVHSPPPPSPIYSPPPPVFSPPPKPVTPLPPATSP
MANAPTPSSSESGEISTPVQAPTPDSEDIEAPSDSNHSPVFKSSPAPSPDSEPEVEAPVPSSEP
EVEAPKQSEATPSSSPPSSNPSPDVTAPPSEDNDDGDNFILPPNIGHQYASPPPPMFPGY 
>AT1G12040.1 | Symbols: LRX1 | leucine-rich repeat/extensin 1 | 
chr1:4070160-4072394 FORWARD LENGTH=744 
MLFPPLRSLFLFTLLLSSVCFLQIKADHDDESDLGSDIKVDKRLKFENPKLRQAYIALQSWKKA
IFSDPFNFTANWNGSDVCSYNGIYCAPSPSYPKTRVVAGIDLNHADMAGYLASELGLLSDLALF
HINSNRFCGEVPLTFNRMKLLYELDLSNNRFVGKFPKVVLSLPSLKFLDLRYNEFEGKIPSKLF
DRELDAIFLNHNRFRFGIPKNMGNSPVSALVLADNNLGGCIPGSIGQMGKTLNELILSNDNLTG
CLPPQIGNLKKVTVFDITSNRLQGPLPSSVGNMKSLEELHVANNAFTGVIPPSICQLSNLENFT
YSSNYFSGRPPICAASLLADIVVNGTMNCITGLARQRSDKQCSSLLARPVDCSKFGCYNIFSPP
PPTFKMSPEVRTLPPPIYVYSSPPPPPSSKMSPTVRAYSPPPPPSSKMSPSVRAYSPPPPPYSK
MSPSVRAYPPPPPPSPSPPPPYVYSSPPPPYVYSSPPPPPYVYSSPPPPPYVYSSPPPPYVYSS
PPPPYVYSSPPPPPPSPPPPCPESSPPPPVVYYAPVTQSPPPPSPVYYPPVTQSPPPPSPVYYP
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PVTNSPPPPSPVYYPPVTYSPPPPSPVYYPQVTPSPPPPSPLYYPPVTPSPPPPSPVYYPPVTP
SPPPPSPVYYPPVTPSPPPPSPVYYPSETQSPPPPTEYYYSPSQSPPPTKACKEGHPPQATPSY
EPPPEYSYSSSPPPPSPTSYFPPMPSVSYDASPPPPPSYY 
>AT4G28380.1 | Symbols: | Leucine-rich repeat (LRR) family 
protein | chr4:14039756-14040931 REVERSE LENGTH=391 
MALSITFPVLISVLLYHFSLVSTAKHSLHHHTSHSTNPKQHLQQAYRALKAWKKVIYSDPKNLT
ADWVGPSVCSYTGIFCAPSPSNPNTLVVAGIDLNHGDIAGFLPEAIGLLSDLALIHLNSNRFCG
ILPRSFANLSLLYELDLSNNRFVGPFPDVVLALPSLKYLDLRYNEFEGPLPPKLFSNPLDAIFV
NNNRLTSLIPRDFTGTTASVVVFANNDFSGCLPPTIARFADTLEELLLINSSLSGCLPPEVGYL
YKLRVLDMSYNSLVGPVPYSLAGLGHLEQLNLEHNMFTGTVPLGVCVLPSLLNVTVSYNYFSEE
EGICRNLTSRGIAIDDRYNCLPDKPLQRPQKVCDAVLEHPIDCYDHECSPMAPLVAPSTAGPSI
APGPADT 
>AT5G25550.1 | Symbols: | Leucine-rich repeat (LRR) family 
protein | chr5:8894179-8895480 FORWARD LENGTH=433 
MRIYQPTLLIFTTVVLLSISAVAPGGSRQLLYTRDDPITIPPYLIFENVRLERAYVALQAWKRA
MISDPWNLTTNWFGSRVCDYNGVVCSESLDDPLVKTVSGVDLNQGDIAGHLPEELGLLTDIALF
HVNSNRFCGTLPVGFSQLSLLFELDLSNNRFAGKFPEVVIGLPKLKYLDLRYNEFEGELPESLF
DKDLDALFLNSNRFRSKIPVNMGNSPVSVLVLASNRFEGCIPPSFGKMGKTLNEIILMDNGLQS
CIPNDMGLLQNVTVLDISYNWLVGELPKSMGQMENLEVLNVERNMLSGLIPDELCSLEKLRDFR
YGSNYFTGEPATCRYLENYNYTMNCFKDVRDQRSMMECKMFLSKPVDCDSFKCSPGSSCFSPPP
SQISPSSQPLAPAPSPTSPPLSTPPPARPCPPVYSPPPPPPLSLAPSMN 
>AT4G13340.1 | Symbols: | Leucine-rich repeat (LRR) family 
protein | chr4:7758610-7760892 FORWARD LENGTH=760 
MKKTIQILLFFFFLINLTNALSISSDGGVLSDNEVRHIQRRQLLEFAERSVKITVDPSLNFENP
RLRNAYIALQAWKQAILSDPNNFTSNWIGSNVCNYTGVFCSPALDNRKIRTVAGIDLNHADIAG
YLPEELGLLSDLALFHVNSNRFCGTVPHRFNRLKLLFELDLSNNRFAGKFPTVVLQLPSLKFLD
LRFNEFEGTVPKELFSKDLDAIFINHNRFRFELPENFGDSPVSVIVLANNRFHGCVPSSLVEMK
NLNEIIFMNNGLNSCLPSDIGRLKNVTVFDVSFNELVGPLPESVGEMVSVEQLNVAHNMLSGKI
PASICQLPKLENFTYSYNFFTGEAPVCLRLPEFDDRRNCLPGRPAQRSPGQCKAFLSRPPVNCG
SFSCGRSVSPRPPVVTPLPPPSLPSPPPPAPIFSTPPTLTSPPPPSPPPPVYSPPPPPPPPPPV
YSPPPPPPPPPPPPVYSPPPPPPPPPPPPPVYSPPPPSPPPPPPPVYSPPPPPPPPPPPPVYSP
PPPPVYSSPPPPPSPAPTPVYCTRPPPPPPHSPPPPQFSPPPPEPYYYSSPPPPHSSPPPHSPP
PPHSPPPPIYPYLSPPPPPTPVSSPPPTPVYSPPPPPPCIEPPPPPPCIEYSPPPPPPVVHYSS
PPPPPVYYSSPPPPPVYYSSPPPPPPVHYSSPPPPEVHYHSPPPSPVHYSSPPPPPSAPCEESP
PPAPVVHHSPPPPMVHHSPPPPVIHQSPPPPSPEYEGPLPPVIGVSYASPPPPPFY 
>AT3G24480.1 | Symbols: | Leucine-rich repeat (LRR) family 
protein | chr3:8901154-8902638 REVERSE LENGTH=494 
MKNNTTQSLLLLLLFFFFFFEISHSLSISSNAPLSDTEVRFIQRRQLLYYRDEFGDRGENVTVD
PSLIFENPRLRSAYIALQAWKQAILSDPNNITVNWIGSNVCNYTGVFCSKALDNRKIRTVAGID
LNHADIAGYLPEELGLLTDLALFHVNSNRFCGTVPHKFKQLKLLFELDLSNNRFAGKFPTVVLH
LPSLKFLDLRFNEFEGTVPKELFSKNLDAIFINHNRFRFELPENFGDSPVSVIVLANNHFHGCI
PTSLVEMKNLNEIIFMNNGLNSCLPADIGRLKNVTVFDVSFNELVGPLPESVGGMVEVEQLNVA
HNLLSGKIPASICQLPKLENFTYSYNFFTGEAPVCLRLSEFDDRRNCLPGRPAQRSSRQCSAFL
SRPSVDCGSFGCGRSVVKPSPPIVALPPPPPPSPPLPPPVYSPPPSPPVFSPPPSPPVYSPPPP
PSIHYSSPPPPPVHHSSPPPPSPEFEGPLPPVIGVSYASPPPPPFY 
>AT1G49490.1 | Symbols: | Leucine-rich repeat (LRR) family 
protein | chr1:18317563-18320106 REVERSE LENGTH=847 
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MERPFGCFFILLLISYTVVATFDDEPSFPENADLTKDLEQKCFSINKVDPNLKFENDRLKRAYI
ALQAWKKAIYSDPFKTTANWVGSDVCSYNGVYCAPALDDDSLTVVAGVDLNHADIAGHLPPELG
LMTDLALFHINSNRFCGIIPKSLSKLALMYEFDVSNNRFVGQFPEVSLSWPSLKFLDLRYNEFE
GSLPSEIFDKDLDAIFLNNNRFESVIPGTIGKSKASVVTFANNKFSGCIPKSIGNMKNLNEIVF
TGNNLTGCFPNEIGLLNNVTVFDASKNGFVGSLPSTLSGLASVEQLDLSHNKLTGFVVDKFCKL
PNLDSFKFSYNFFNGEAESCVPGRNNGKQFDDTNNCLQNRPSQKPAKQCLPVVSRPVDCSKDKC
SGGSNGGSSPSPNPPRTSEPKPSKPEPVMPKPSDSSKPETPKTPEQPSPKPQPPKHESPKPEEP
ENKHELPKQKESPKPQPSKPEDSPKPEQPKPEESPKPEQPQIPEPTKPVSPPNEAQGPTPDDPY
DASPVKNRRSPPPPKVEDTRVPPPQPPMPSPSPPSPIYSPPPPVHSPPPPVYSSPPPPHVYSPP
PPVASPPPPSPPPPVHSPPPPPVFSPPPPVFSPPPPSPVYSPPPPSHSPPPPVYSPPPPTFSPP
PTHNTNQPPMGAPTPTQAPTPSSETTQVPTPSSESDQSQILSPVQAPTPVQSSTPSSEPTQVPT
PSSSESYQAPNLSPVQAPTPVQAPTTSSETSQVPTPSSESNQSPSQAPTPILEPVHAPTPNSKP
VQSPTPSSEPVSSPEQSEEVEAPEPTPVNPSSVPSSSPSTDTSIPPPENNDDDDDGDFVLPPHI
GFQYASPPPPMFQGY 
>AT2G43290.1 | Symbols: MSS3 | Calcium-binding EF-hand family 
protein | chr2:17991308-17991955 REVERSE LENGTH=215 
MVRIFLLYNILNSFLLSLVPKKLRTLFPLSWFDKTLHKNSPPSPSTMLPSPSSSSAPTKRIDPS
ELKRVFQMFDKNGDGRITKEELNDSLENLGIYIPDKDLTQMIHKIDANGDGCVDIDEFESLYSS
IVDEHHNDGETEEEDMKDAFNVFDQDGDGFITVEELKSVMASLGLKQGKTLDGCKKMIMQVDAD
GDGRVNYKEFLQMMKGGGFSSSN 
>AT1G51940.1 | Symbols: | protein kinase family protein / 
peptidoglycan-binding LysM domain-containing protein | 
chr1:19296092-19298941 REVERSE LENGTH=651 
MNLTFYIFFLSLLPSFSSSKPMNCSDTTRLCSSFLAFKPNQNQSFSVIQSMFDVLPQDITADIS
GGYFFIKKNCSCLTTTHQYTTNTTFTIRQNVGYVYNVTVSAYSGLAFPPNTTRAARAGAVVSVQ
LLCGCSSGLWNYLMSYVAMAGDSVQSLSSRFGVSMDRIEDVNGILNLDNITAGDLLYIPLDSVP
GEPYETSKINPPAPSPAPASSLANGNISDDQVNHTAKSGSHVPYIWIVGGLGVVLALLVLCILV
CICLRSSSCSSSEEDGNGHNFQILRKSGFFCGSGRYNCCRSGDFRQTNGETQVVAIPKALGDGM
FEIEKPMVFTYEEIRAATDEFSDSNLLGHGNYGSVYFGLLREQEVAVKRMTATKTKEFAAEMKV
LCKVHHSNLVELIGYAATVDELFVVYEYVRKGMLKSHLHDPQSKGNTPLSWIMRNQIALDAARG
LEYIHEHTKTHYVHRDIKTSNILLDEAFRAKISDFGLAKLVEKTGEGEISVTKVVGTYGYLAPE
YLSDGLATSKSDIYAFGVVLFEIISGREAVIRTEAIGTKNPERRPLASIMLAVLKNSPDSMNMS
SLKEFVDPNMMDLYPHDCLFKIATLAKQCVDDDPILRPNMKQVVISLSQILLSSIEWEATLAGN
SQVFSGLVQGR>AT2G13800.1 | Symbols: ATSERK5, SERK5, BAK8 | 
somatic embryogenesis receptor-like kinase 5 | chr2:5753276-
5757065 FORWARD LENGTH=601 
MEHGSSRGFIWLILFLDFVSRVTGKTQVDALIALRSSLSSGDHTNNILQSWNATHVTPCSWFHV
TCNTENSVTRLDLGSANLSGELVPQLAQLPNLQYLELFNNNITGEIPEELGDLMELVSLDLFAN
NISGPIPSSLGKLGKLRFLRLYNNSLSGEIPRSLTALPLDVLDISNNRLSGDIPVNGSFSQFTS
MSFANNKLRPRPASPSPSPSGTSAAIVVGVAAGAALLFALAWWLRRKLQGHFLDVPAEEDPEVY
LGQFKRFSLRELLVATEKFSKRNVLGKGRFGILYKGRLADDTLVAVKRLNEERTKGGELQFQTE
VEMISMAVHRNLLRLRGFCMTPTERLLVYPYMANGSVASCLRERPEGNPALDWPKRKHIALGSA
RGLAYLHDHCDQKIIHLDVKAANILLDEEFEAVVGDFGLAKLMNYNDSHVTTAVRGTIGHIAPE
YLSTGKSSEKTDVFGYGVMLLELITGQKAFDLARLANDDDIMLLDWVKEVLKEKKLESLVDAEL
EGKYVETEVEQLIQMALLCTQSSAMERPKMSEVVRMLEGDGLAERWEEWQKEEMPIHDFNYQAY
PHAGTDWLIPYSNSLIENDYPSGPR 
>AT1G63570.1 | Symbols: | Receptor-like protein kinase-related 
family protein | chr1:23575450-23576304 FORWARD LENGTH=284 
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MARIILTAPLFYFFFSLLSHQTMSQPQHMHTFCSVDSFTQTSSYETNRNILLTTLSLTSSLVHY
LNATIGLSPDTVYGMFLCRGDINTTSCSDCVQTAAIEIATNCTLNKRAFIYYDECMVRYSNVSF
FSEFESKPVIVRYSLRSAPNSNRFNQTLSNKLDQLIPNVSPSTLIPYFVEDQERVTQLEGSYDL
VSMIQCSPDLDPSNCTICLRFAYATVSTCCGVPSSALIFTPKCILRYRTFVLPSPAPSPSSLPP
ISPTSSPPLSLPPQLPPPLSQPPPPLST 
>AT4G18640.1 | Symbols: MRH1 | Leucine-rich repeat protein 
kinase family protein | chr4:10260481-10263577 FORWARD 
LENGTH=678 
MMGCGFHFPWFFFLIIGLQAPLSLSLTSQGSALLKFRARVNSDPHGTLANWNVSGINDLCYWSG
VTCVDGKVQILDLSGYSLEGTLAPELSQLSDLRSLILSRNHFSGGIPKEYGSFENLEVLDLREN
DLSGQIPPELSNGLSLKHLLLSGNKFSDDMRIKIVRLQSSYEVRLKKSPKLSPLAVLGCINRKL
GHCVSRNRIIQVKKVEAIVFRIKATSRRFLKAFPSFLEETDIYKRRELLEETSNLAAEPAPSAP
SPSPGIITEASPRSSGSFPAVTNAKKRRPPLVPPVPSPDKGSTSPDISKNQPQDNKQSKGSKHV
WLYVVIAVASFVGLLIIVAVIFFCRKRAVKSIGPWKTGLSGQLQKAFVTGVPKLNRSELETACE
DFSNIIETFDGYTVYKGTLSSGVEIAVASTAIAESKEWTRAMEMAYRRKIDTLSRINHKNFVNL
IGYCEEDDPFNRMMVFEYAPNGTLFEHLHDKETEHLDWSARMRIIMGTAYCLQHMHGMNPPMAH
TDFNSSEIYLTDDYAAKVSEIPFNLEARLNPKKHVSGDLEQTSLLLPPEPEANVHSFGVLMLEI
ISGKLSFSDEYGSIEQWASKYLEKDDLGEMIDPSLKTFKEEELEVICDVIRECLKTEQRQRPSM
KDVAEQLKQVINITPEKATPRSSPLWWAELEILSSEAT 
>AT3G19320.1 | Symbols: | Leucine-rich repeat (LRR) family 
protein | chr3:6696395-6698073 REVERSE LENGTH=493 
MAPNYYPSIFLILSVHFLSILATGNNHNTYRKSLEIIIGGGSDSTNYNSPAPSPEPEDYLPLPP
PPQTPPPPPPPQSLPPPSPSPEPEHYPPPPYHHYITPSPPPPRPLPPPPPPPLHFSSPLIKKVY
PVIKNFQTLIEDDPKSILKTWVGTDICAQDKYIGLECAKLPGTNDLALASIQFNNFNLGGKKLR
LDNFLNKLEEVTIFHANSNNFVGSVPNFSKLKYLFELDLSNNKLSGEFPSSVLKATNLTFLDLR
FNSFSGSVPPQVFNLDLDVLFINNNNLVQRLPENLGSITALYLTFANNRFTGPIPGSIGDIKSL
QEVLFLNNKLTGCLPYQIGNLNRATVFDVELNQLTGPIPYSFGCLKKMEQLNLARNNFYGTIPE
IVCELSALKNLSLSYNYFTQVGPKCRTLIKRKILDVGMNCILDLTNQRTPWECAKFFLRKQSCP
NFKSFFYLPCGKDPHRIKPDQEGSDGQASPPVSYNALNPDRIRNL 
>AT3G04690.1 | Symbols: ANX1 | Malectin/receptor-like protein 
kinase family protein | chr3:1273386-1275938 REVERSE LENGTH=850 
MSGKTRILFFLTCLSFLLVFPTRSNGQDLALSCGTSEASADQDKKKWEPDTKFLKTGNSIHATA
TYQDPSLLSTVPYMTARIFTAPATYEIPIKGDKRHLLRLYFYPSTYTGLNISNSYFTVEANDVT
LLSNFSAAITCQALTQAYLVKEYSLAPTDKDVLSIKFTPSDKYRDAFAFINGIEVIQMPELFDT
AALVGFTDQTMDAKTANLQSMFRLNVGGQDIPGSQDSGGLTRTWYNDAPYIFSAGLGVTLQASN
NFRINYQNMPVSIAPADIYKTARSQGPNGDINLKSNLTWMFQIDKNFTYILRLHFCEFQLSKIN
QKVFNIYINNRTAQADTTPADIIGWTGEKGIPMYKDYAIYVDANNGGEEITLQMTPSTFGQPEY
YDSSLNGLEIFKMDTMKNLAGPNPEPSPMQAEEEVKKEFKNEKRHAFIIGSAGGVLAVLIGALC
FTAYKKKQGYQGGDSHTSSWLPIYGNSTTSGTKSTISGKSNNGSHLSNLAAGLCRRFSLPEIKH
GTQNFDDSNVIGVGGFGKVYKGVIDGTTKVAVKKSNPNSEQGLNEFETEIELLSRLRHKHLVSL
IGYCDEGGEMCLVYDYMAFGTLREHLYNTKKPQLTWKRRLEIAIGAARGLHYLHTGAKYTIIHR
DVKTTNILVDENWVAKVSDFGLSKTGPNMNGGHVTTVVKGSFGYLDPEYFRRQQLTEKSDVYSF
GVVLFEILCARPALNPSLPKEQVSLGDWAMNCKRKGNLEDIIDPNLKGKINAECLKKFADTAEK
CLNDSGLERPTMGDVLWNLEFALQLQETADGTRHRTPNNGGSSEDLGRGGMAVNVAGRDDVSDL
SSEDNTEIFSQIVNPKGR 
>AT4G39110.1 | Symbols: | Malectin/receptor-like protein kinase 
family protein | chr4:18222483-18225119 REVERSE LENGTH=878 



	
   222	
  

MEIRKKPNIFTVLVIDFSSKPSMALLLAILLFLSGPSASAVAAAAVGPATGFKPADDILIDCGS
KSSSKTPDGRVFKSDQETIQYIEAKEDIQVSAPPSDKVASPIYLTARIFREEATYKFHLTRPGW
HWVRLHFLAFPNDKFDLQQATFSVLTEKYVLLHNFKISNNNNDSQAAVQKEYLVNMTDAQFALR
FRPMKSSAAFINAIEVVSAPDELISDSGTALFPVIGFSGLSDYAYQSVYRVNVGGPLIMPQNDT
LGRTWIPDKEFLKDENLAKDVKTTPSAIKYPPEVTPLIAPQTVYATAVEMANSLTIDPNFNVSW
NFPSNPSFNYLIRLHFCDIVSKSLNDLYFNVYINGKTAISGLDLSTVAGNLAAPYYKDIVVNAT
LMGPELQVQIGPMGEDTGTKNAILNGVEVLKMSNSVNSLDGEFGVDGRTTGMGKHGMVATAGFV
MMFGAFIGLGAMVYKWKKRPQDWQKRNSFSSWLLPIHAGDSTFMTSKGGSQKSNFYNSTLGLGR
YFSLSELQEATKNFEASQIIGVGGFGNVYIGTLDDGTKVAVKRGNPQSEQGITEFQTEIQMLSK
LRHRHLVSLIGYCDENSEMILVYEFMSNGPFRDHLYGKNLAPLTWKQRLEICIGSARGLHYLHT
GTAQGIIHRDVKSTNILLDEALVAKVADFGLSKDVAFGQNHVSTAVKGSFGYLDPEYFRRQQLT
DKSDVYSFGVVLLEALCARPAINPQLPREQVNLAEWAMQWKRKGLLEKIIDPHLAGTINPESMK
KFAEAAEKCLEDYGVDRPTMGDVLWNLEYALQLQEAFTQGKAEETENAKPDVVTPGSVPVSDPS
PITPSVTTNEAATVPVPAKVEENSGTAVDEHSGTAMFTQFANLNGR 
>AT3G56100.1 | Symbols: MRLK, IMK3 | meristematic receptor-like 
kinase | chr3:20817074-20819517 REVERSE LENGTH=719 
MEFITQNQAITSLSMINTDIDQPKASLRSRFLLHLIICLLFFVPPCSSQAWDGVVITQADYQGL
QAVKQELIDPRGFLRSWNGSGFSACSGGWAGIKCAQGQVIVIQLPWKSLGGRISEKIGQLQALR
KLSLHDNNLGGSIPMSLGLIPNLRGVQLFNNRLTGSIPASLGVSHFLQTLDLSNNLLSEIIPPN
LADSSKLLRLNLSFNSLSGQIPVSLSRSSSLQFLALDHNNLSGPILDTWGSKIRGTLPSELSKL
TKLRKMDISGNSVSGHIPETLGNISSLIHLDLSQNKLTGEIPISISDLESLNFFNVSYNNLSGP
VPTLLSQKFNSSSFVGNSLLCGYSVSTPCPTLPSPSPEKERKPSHRNLSTKDIILIASGALLIV
MLILVCVLCCLLRKKANETKAKGGEAGPGAVAAKTEKGGEAEAGGETGGKLVHFDGPMAFTADD
LLCATAEIMGKSTYGTVYKATLEDGSQVAVKRLRERSPKVKKREKLVVFDYMSRGSLATFLHAR
GPDVHINWPTRMSLIKGMARGLFYLHTHANIIHGNLTSSNVLLDENITAKISDYGLSRLMTAAA
GSSVIATAGALGYRAPELSKLKKANTKTDVYSLGVIILELLTGKSPSEALNGVDLPQWVATAVK
EEWTNEVFDLELLNDVNTMGDEILNTLKLALHCVDATPSTRPEAQQVMTQLGEIRPEETTATTS
EPLIDVPEASASTSQ 
>AT5G39020.1 | Symbols: | Malectin/receptor-like protein kinase 
family protein | chr5:15616917-15619358 FORWARD LENGTH=813 
MNCNVLFLLSVLVSVTAGVTAAYHPTDVFLFNCGDTSNNVDNSGRNWTVESRQILSSNLVNASF
TSEASYQKAGVSRIPYMKARIFRSEFTYSFPVTPGSIFLRLYFYPTQYKSGFDAVNSFFSVKVN
GFTLLRNFNADSTVQASIPLSNSLIKEFIIPVHQTLNLTFTPSKNLLAFVNGIEIVSMPDRFYS
KGGFDNVLRNVSSDVDFQIDNSTAFESVHRLNVGGQIVNEVDDSGMFRRWLSDDSFGNSGSIVN
VPGVKINYTEKTPAYVAPYDVYATSRLMGNSSNLMFNLTGMFLTVDAGYNYLVRLHFCETLPQV
TKAGQRVFSIFVEDKMAKKETDVIRLSGGPRIPMYLDFSVYVGFESGMIQPELRLDLVPLKDTN
QTYYDAILSGVEILKLNDSDGNLARPNPELLVSTDSTPDDSNVTPPIKGKPHVLVIILIVVGSV
IGLATFIVIIMLLIRQMKRKKNKKENSVIMFKLLLKQYIYAELKKITKSFSHTVGKGGFGTVYR
GNLSNGRTVAVKVLKDLKGNGDDFINEVTSMSQTSHVNIVSLLGFCYEGSKRAIISEFLEHGSL
DQFISRNKSLTPNVTTLYGIALGIARGLEYLHYGCKTRIVHFDIKPQNILLDDNFCPKVADFGL
AKLCEKRESILSLIDTRGTIGYIAPEVVSRMYGGISHKSDVYSYGMLVLDMIGARNKVETTTCN
GSTAYFPDWIYKDLENGDQTWIIGDEINEEDNKIVKKMILVSLWCIRPCPSDRPPMNKVVEMIE
GSLDALELPPKPSRHISTELVLESSSLSDGQEAEKQTQTLDSTII 
>AT5G28680.1 | Symbols: ANX2 | Malectin/receptor-like protein 
kinase family protein | chr5:10719437-10722013 REVERSE 
LENGTH=858 
MNEKLRILFSFLCFFYVLLVSPSQSNGQDISLSCGASEPAVDQDKKKWEPDTKFLKTPNTVHAP
ATYQDPSLLSTVPYMTSRIFTAPATYEIPVKGDKRHMLRLHFYPSTYTGLNILDSYFSVAANDL
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TLLSNFSAAITCQALTQAYLVREYSLAPSEKDVLSIIFTPSDKHPKAFAFINGIEVIPMPELFD
TASLVGFSDQTSDTKTANLQTMFRLNVGGQDIPGSQDSGGLTRTWYNDAPYIFSAGLGVTLQAS
NNFRIDYQKMPVSTAPADVYKTARSQGPNGDINMKSNLTWMFQVDTNFTYIMRLHFCEFQLAKI
NQKVFNIFINNRTAQGDTNPADILGWTGGKGIPTYKDYAIYVDANTGGGGEEISLQMTPSTFGQ
PEYYDSQLNGLEIFKIDTMKNLAGPNPKPSPMQANEDVKKDFQGDKRITAFVIGSAGGVAAVLF
CALCFTMYQRKRKFSGSDSHTSSWLPIYGNSHTSATKSTISGKSNNGSHLSNLAAGLCRRFSLS
EIKHGTHNFDESNVIGVGGFGKVYKGVIDGGTKVAIKKSNPNSEQGLNEFETEIELLSRLRHKH
LVSLIGYCDEGGEMCLIYDYMSLGTLREHLYNTKRPQLTWKRRLEIAIGAARGLHYLHTGAKYT
IIHRDVKTTNILLDENWVAKVSDFGLSKTGPNMNGGHVTTVVKGSFGYLDPEYFRRQQLTEKSD
VYSFGVVLFEVLCARPALNPSLSKEQVSLGDWAMNCKRKGTLEDIIDPNLKGKINPECLKKFAD
TAEKCLSDSGLDRPTMGDVLWNLEFALQLQETADGSRHRTPSNGGGSVDLGGGGGGVTVNISAG
ESDLGDDLSSEENSGIFSQIVNPKGR 
>AT5G01550.1 | Symbols: LECRKA4.2 | lectin receptor kinase a4.1 
| chr5:214517-216583 REVERSE LENGTH=688 
MLVLFLLLTIPTRAQRTTTETPKTEFIFRGFSGNQSNIVTTGAATIKLDGLLRLTDRNSNVTGT
SFYHKPVRLLETNTSSTNSTIRSFSTSFVFVIIPTSSSNGGFGFTFTLSPTPDRTGAESAQYLG
LLNKANDGNSTNHVFAVEFDTVQGFKDGADRTGNHIGLNFNSLTSDVQEPVVYYDNEDPNRKED
FPLQSGDPIRAILDYDGPTQTLNLTVYPANLKSRPVRPLISRPVPKLSQIVQEEMYVGFTAATG
RDQSSAHYVMGWSFSSGGDLLTEDTLDLLELPRPPPNTAKKRGYNSQVLALIVALSGVTVILLA
LLFFFVMYKKRLQQGEVLEDWEINHPHRLRYKDLYAATDGFKENRIVGTGGFGTVFRGNLSSPS
SDQIAVKKITPNSMQGVREFIAEIESLGRLRHKNLVNLQGWCKQKNDLLLIYDYIPNGSLDSLL
YSRPRQSGVVLSWNARFKIAKGIASGLLYLHEEWEKVVIHRDIKPSNVLIEDDMNPRLGDFGLA
RLYERGSQSNTTVVVGTIGYMAPELARNGKSSSASDVFAFGVLLLEIVSGRRPTDSGTFFLADW
VMELHARGEILHAVDPRLGFGYDGVEARLALVVGLLCCHQRPTSRPSMRTVLRYLNGDDDVPEI
DNDWGYSDSSRSDLGSNFEGYVSSDRASSSVPSFSVTRVSSSSVISGR 
>AT1G75640.1 | Symbols: | Leucine-rich receptor-like protein 
kinase family protein | chr1:28403600-28407022 REVERSE 
LENGTH=1140 
MAATVIFFLHFAAIFFSRFHHTSAISSETQALTSFKLSLHDPLGALESWNQSSPSAPCDWHGVS
CFSGRVRELRLPRLHLTGHLSPRLGELTQLRKLSLHTNDINGAVPSSLSRCVFLRALYLHYNSF
SGDFPPEILNLRNLQVLNAAHNSLTGNLSDVTVSKSLRYVDLSSNAISGKIPANFSADSSLQLI
NLSFNHFSGEIPATLGQLQDLEYLWLDSNQLQGTIPSALANCSSLIHFSVTGNHLTGLIPVTLG
TIRSLQVISLSENSFTGTVPVSLLCGYSGYNSSMRIIQLGVNNFTGIAKPSNAACVNPNLEILD
IHENRINGDFPAWLTDLTSLVVLDISGNGFSGGVTAKVGNLMALQELRVANNSLVGEIPTSIRN
CKSLRVVDFEGNKFSGQIPGFLSQLRSLTTISLGRNGFSGRIPSDLLSLYGLETLNLNENHLTG
AIPSEITKLANLTILNLSFNRFSGEVPSNVGDLKSLSVLNISGCGLTGRIPVSISGLMKLQVLD
ISKQRISGQLPVELFGLPDLQVVALGNNLLGGVVPEGFSSLVSLKYLNLSSNLFSGHIPKNYGF
LKSLQVLSLSHNRISGTIPPEIGNCSSLEVLELGSNSLKGHIPVYVSKLSLLKKLDLSHNSLTG
SIPDQISKDSSLESLLLNSNSLSGRIPESLSRLTNLTALDLSSNRLNSTIPSSLSRLRFLNYFN
LSRNSLEGEIPEALAARFTNPTVFVKNPGLCGKPLGIECPNVRRRRRRKLILLVTLAVAGALLL
LLCCCGYVFSLWKWRNKLRLGLSRDKKGTPSRTSRASSGGTRGEDNNGGPKLVMFNNKITLAET
LEATRQFDEENVLSRGRYGLVFKATFRDGMVLSVRRLMDGASITDATFRNQAEALGRVKHKNIT
VLRGYYCGPPDLRLLVYDYMPNGNLATLLQEASHQDGHVLNWPMRHLIALGIARGLSFLHSLSI
IHGDLKPQNVLFDADFEAHLSEFGLDRLTALTPAEEPSTSSTPVGSLGYIAPEAGLTGETSKES
DVYSFGIVLLEILTGKKAVMFTEDEDIVKWVKRQLQKGQIVELLEPGLLELDPESSEWEEFLLG
IKVGLLCTGGDVVDRPSMADVVFMLEGCRVGPAISLSADPTSPTSPAATAVS 
>AT5G38990.1 | Symbols: | Malectin/receptor-like protein kinase 
family protein | chr5:15608824-15611466 FORWARD LENGTH=880 



	
   224	
  

MICHVLVIFTILVSAVVDATASYEPTDVFLINCGDTSNNMDYSGRNWTTENPKFMSSNAVDDAS
FTSSASYQESGIPQVPYLKARIFRYDFTYSFPVSPGWKFLRLYFYPTRYGSDFDAVKSFFSVNV
NRFTLLHNFSVKASIPESSSLIKEFIVPVNQTLDLTFTPSPNSLAFVNGIEIISMPDRFYSKGG
FDDVVRNVGRDVDFEIDNSTAFETVYRVNVGGKVVGDVGDSGMFRRWLSDEGFLLGINSGAIPN
ITGVKINYTDKTPAYVAPEDVYTTCRLMGNKDSPELNLNFNLTWLFEVDAGFAYIVRLHFCETQ
PEVNKTGDRVFSIFFGYQLAMREMDVFRLSGGFRLPMYLDFKVLVDADGTSQRPSLRVDLTPYK
EDYPTYYDAILSGVEILKLSNSDGNLAGLNPIPQLSPPPQSITPLKGKGKSSHVLPIIIAVVGS
AVALAFFVLVVVLVVMKRKKKSNESSVDTTNKPSTNSSWGPLLHGTGSTNTKSASSLPSDLCRR
FSIYEIKSATNDFEEKLIIGVGGFGSVYKGRIDGGATLVAVKRLEITSNQGAKEFDTELEMLSK
LRHVHLVSLIGYCDDDNEMVLVYEYMPHGTLKDHLFRRDKASDPPLSWKRRLEICIGAARGLQY
LHTGAKYTIIHRDIKTTNILLDENFVAKVSDFGLSRVGPTSASQTHVSTVVKGTFGYLDPEYYR
RQILTEKSDVYSFGVVLLEVLCCRPIRMQSVPPEQADLIRWVKSNFNKRTVDQIIDSDLTADIT
STSMEKFCEIAIRCVQDRGMERPPMNDVVWALEFALQLHETAKKKNDNVESLDLMPSGEVGTTT
DGEDDLFSRTTGHVGKSTTTDDSVLVVGDERSGSSWGVFSEINEPKAR 
>AT3G22030.1 | Symbols: | Receptor protein kinase-related | 
chr3:7759317-7760738 FORWARD LENGTH=253 
MFSSYSLCKCLVSFHILAIQVLISCASSLNLTNEYLNHKCRVIKENTNQEVSTRKNSTLSAVEL
LPLTLQMVSHTGPIVEIPNLSPSYSNVAVTLTGPSATPAMLPPSPGCPRNKGGIIWYDQCFLDV
SMINDNSPRRMNYDNIFSMHNPNNVRGNVNSFNKKTTEFLYKLIGKADRLDVDGINFLYYAAGE
MRLGKQTLFAMVQCAKDILSCKDCLEWSIKELSKCCDGKQGARVVGTICNLRYELYPFLRT 
>AT2G21480.1 | Symbols: | Malectin/receptor-like protein kinase 
family protein | chr2:9202753-9205368 REVERSE LENGTH=871 
MEIRKKPNIPMCLVLDSSSRPFMTLLFTILLFLTGLASAVGAVGGSPTAGFKPADDILIDCGSK
SSTKTPEGRVFKSDSETVQYIEAKDDIQVSAPPSDKLPSPIYLTAKIFREEAIYKFHLTRPGWH
WVRLHFFAFPNDKFDLQQATFSVLTEKYVLLHNFKLSNDNNDSQATVQKEYLLNMTDAQFALRF
KPMKGSAAFINGIELVSAPDELISDAGTSLFPVNGFSGLSDYAYQSVYRVNVGGPLITPQNDTL
GRTWTPDKEYLKDENLAKDVKTNPTAIIYPPGVTPLIAPQTVYATGAEMADSQTIDPNFNVTWN
FPSNPSFHYFIRLHFCDIISKSLNDLYFNVYINGKTAISGLDLSTVAGDLSAPYYKDIVVNSTL
MTSELQVQIGPMGEDTGKKNAILNGVEVLKMSNSVNSLDGEFGVDGQRASMGKQGMVATAGFVM
MFGAFVGLGAMVYKWKKRPQDWQKRNSFSSWLLPIHAGDSTFMTSKTGSHKSNLYNSALGLGRY
FSLSELQEVTKNFDASEIIGVGGFGNVYIGTIDDGTQVAIKRGNPQSEQGITEFHTEIQMLSKL
RHRHLVSLIGYCDENAEMILVYEYMSNGPFRDHLYGKNLSPLTWKQRLEICIGAARGLHYLHTG
TAQGIIHRDVKSTNILLDEALVAKVADFGLSKDVAFGQNHVSTAVKGSFGYLDPEYFRRQQLTD
KSDVYSFGVVLLEALCARPAINPQLPREQVNLAEWAMLWKQKGLLEKIIDPHLVGAVNPESMKK
FAEAAEKCLADYGVDRPTMGDVLWNLEYALQLQEAFSQGKAEAEEVETPKPVAVPAAAPTSPAA
TTAAASERPVSQTEEKDDSTVDQHSGTTMFTQFASLNGR 
>AT4G38830.1 | Symbols: CRK26 | cysteine-rich RLK (RECEPTOR-like 
protein kinase) 26 | chr4:18122339-18124943 FORWARD LENGTH=665 
MLSLLLPLISLLFQIQCFTVKSQPVPLNQICSNVTGNFTVNTPYAVNLDRLISSLSSLRRNVNG
FYNISVGDSDEKVNSISQCRGDVKLEVCINCIAMAGKRLVTLCPVQKEAIIWYDKCTFRYSNRT
IFNRLEISPHTSITGTRNFTGDRDSWEKSLRGLLEGLKNRASVIGRSKKNFVVGETSGPSFQTL
FGLVQCTPDISEEDCSYCLSQGIAKIPSCCDMKMGSYVMSPSCMLAYAPWRFYDPVDTDDPSSV
PATPSRPPKNETRSVTQGDKNRGVPKALIFASASVAIVVLFIVLLVVFLKLRRKENIRNSENKH
ENENISTDSMKFDFSVLQDATSHFSLENKLGEGGFGAVYKGVLSDGQKIAVKRLSKNAQQGETE
FKNEFLLVAKLQHRNLVKLLGYSIEGTERLLVYEFLPHTSLDKFIFDPIQGNELEWEIRYKIIG
GVARGLLYLHQDSRLRIIHRDLKASNILLDEEMTPKIADFGMARLFDIDHTTQRYTNRIVGTFG
YMAPEYVMHGQFSFKTDVYSFGVLVLEIISGKKNSGFSSEDSMGDLISFAWRNWKEGVALNLVD
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KILMTMSSYSSNMIMRCINIGLLCVQEKVAERPSMASVVLMLDGHTIALSEPSKPAFFSHSNAV
SDSSSSLGHNAKTSNYNSNTELYPR 
>AT1G28340.1 | Symbols: AtRLP4, RLP4 | receptor like protein 4 | 
chr1:9940175-9943252 FORWARD LENGTH=626 
MMLRFILASLLLSSFSLYSSLARPAPYALRISCGARKNVRTPPTYALWFKDIAYTGGVPANATT
PTYITPPLKTLRYFPISEGPNNCYNIVRVPKGHYSVRIFFGLVDQPSFDKEPLFDISIEGTQIS
SLKSGWSSQDDQVFAEALIFLLGGTATICFHSTGHGDPAILSIEILQVDDKAYSFGEGWGQGVI
LRTATRLTCGTGKSRFDEDYRGDHWGGDRFWNRMRSFGKSADSPRSTEETIKKASVSPNFYPEG
LYQSALVSTDDQPDLTYSLDVEPNRNYSVWLHFAEIDNTITAEGKRVFDVVINGDTFFEDVDII
KMSGGRYAALVLNATVTVSGRTLTVVLQPKAGGHAIINAIEVFEIITAEFKTLRDEVSALQKMK
KALGLPSRFGWNGDPCVPPQHPWSGANCQLDKNTSRWFIDGLDLDNQGLKGFLPNDISKLKHLQ
SINLSENNIRGGIPASLGSVTSLEVLDLSYNSFNGSIPETLGELTSLRILNLNGNSLSGKVPAA
VGGRLLHRASFNFTDNAGLCGIPGLPACGPHLSSGAKIGIAFGVSLAFLLIVACAMIWWKRRQN
ILRAQQIAARGAPYAKKRTHVSHDIQMSRHGHNNHGQARTAVENGPSLLS 
>AT2G40270.1 | Symbols: | Protein kinase family protein | 
chr2:16822136-16824327 REVERSE LENGTH=489 
MLFKMRSFVAFVLLLSWFGSCCSLKDQAVDFLKSEDSLKKDLSSDEDSTYLKAFGFHRKTLVRN
PYKDLPSRKDRKNRVVAATTTPSSSPEPAPKHVSTKASTVSEPQKRSSTQDVSPSPSAPLANSP
IPRNSHSSVPLVVGCVGGAFFLLLVATGLYFFTSKAGKTVNPWRTGLSGQLQKVFVTGIPVLKR
SEIEAACEDFSNVIGSCPIGKLFKGTLSSGVEIAVASFATTTAKDWKDSTEIHFRKKIEMLSKI
NHKNFANLLGYCEEKEPFTRILIFEYAPNGSLFEHLHYKESEHLDWGMRLRIAMGLAYCLDHMH
QLNPPIAHTNLVSSSLQLTEDYAVKVSDFSFGSSETETNINNNTVIDTHISALNPEDNIYSFGL
LLFEMITGKLIESVNKPDSVDSSLVDFLRGETLAKMVDPTLESYDAKIENIGEVIKSCLRTDPK
ERPTMQEVTGWLREITGLSPNDATPKLSPLWWAELEVLSTA 
>AT1G70690.1 | Symbols: HWI1, PDLP5 | Receptor-like protein 
kinase-related family protein | chr1:26652099-26653381 FORWARD 
LENGTH=299 
MIKTKTTSLLCFLLTAVILMNPSSSSPTDNYIYAVCSPAKFSPSSGYETNLNSLLSSFVTSTAQ
TRYANFTVPTGKPEPTVTVYGIYQCRGDLDPTACSTCVSSAVAQVGALCSNSYSGFLQMENCLI
RYDNKSFLGVQDKTLILNKCGQPMEFNDQDALTKASDVIGSLGTGDGSYRTGGNGNVQGVAQCS
GDLSTSQCQDCLSDAIGRLKSDCGMAQGGYVYLSKCYARFSVGGSHARQTPGPNFGHEGEKGNK
DDNGVGKTLAIIIGIVTLIILLVVFLAFVGKCCRKLQDEKWCK 
>AT2G31880.1 | Symbols: SOBIR1, EVR | Leucine-rich repeat 
protein kinase family protein | chr2:13554920-13556845 FORWARD 
LENGTH=641 
MAVPTGSANLFLRPLILAVLSFLLLSSFVSSVEWLDIDSSDLKALQVIETELGVNSQRSSASDV
NPCGRRGVFCERRHSATTGEYVLRVTRLVYRSRSLTGTISPVIGMLSELKELTLSNNQLVNAVP
VDILSCKQLEVLDLRKNRFSGQIPGNFSSLSRLRILDLSSNKLSGNLNFLKNLRNLENLSVANN
LFSGKIPEQIVSFHNLRFFDFSGNRYLEGPAPVMSSIKLQTSPHQTRHILAETPTSSPTNKPNN
STTSKAPKGAPKPGKLKKKKKKSKKKKVAAWILGFVVGAIGGTISGFVFSVLFKLIIQAIRGSE
KPPGPSIFSPLIKKAEDLAFLENEEALASLEIIGRGGCGEVFKAELPGSNGKIIAVKKVIQPPK
DADELTDEDSKFLNKKMRQIRSEINTVGHIRHRNLLPLLAHVSRPECHYLVYEYMEKGSLQDIL
TDVQAGNQELMWPARHKIALGIAAGLEYLHMDHNPRIIHRDLKPANVLLDDDMEARISDFGLAK
AMPDAVTHITTSHVAGTVGYIAPEFYQTHKFTDKCDIYSFGVILGILVIGKLPSDEFFQHTDEM
SLIKWMRNIITSENPSLAIDPKLMDQGFDEQMLLVLKIACYCTLDDPKQRPNSKDVRTMLSQIK
H 
>AT1G34290.1 | Symbols: AtRLP5, RLP5 | receptor like protein 5 | 
chr1:12498000-12498800 FORWARD LENGTH=266 
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MINYRHIVFCLCVMVVVDSRLTPYLAAIEQVDPIVKIVLPIVGRFDPEEFVTSWQGNNPCEWFG
TNCLEGIIIGISFISLNLIGTISPHFADLTSLRVIDLSHNRLKCTIPFEITKLKNLTIVDVSYN
QLHGEVPRVRGIVILTERNPNIESTCLLVPSPTRNKNKPTVLVLLLGILVGLVVAGGASFGFYL
YRIRKQPKRLQEPNEAVTLTQQQSSDESLVSDESYVISLQLQYRVLRRFSWVSKGPLLLTRQLK
TNQNPHLPYM 
>AT5G54380.1 | Symbols: THE1 | protein kinase family protein | 
chr5:22077313-22079880 REVERSE LENGTH=855 
MVFTKSLLVLLWFLSCYTTTTSSALFNPPDNYLISCGSSQNITFQNRIFVPDSLHSSLVLKIGN
SSVATSTTSNNSTNSIYQTARVFSSLASYRFKITSLGRHWIRLHFSPINNSTWNLTSASITVVT
EDFVLLNNFSFNNFNGSYIFKEYTVNVTSEFLTLSFIPSNNSVVFVNAIEVVSVPDNLIPDQAL
ALNPSTPFSGLSLLAFETVYRLNMGGPLLTSQNDTLGRQWDNDAEYLHVNSSVLVVTANPSSIK
YSPSVTQETAPNMVYATADTMGDANVASPSFNVTWVLPVDPDFRYFVRVHFCDIVSQALNTLVF
NLYVNDDLALGSLDLSTLTNGLKVPYFKDFISNGSVESSGVLTVSVGPDSQADITNATMNGLEV
LKISNEAKSLSGVSSVKSLLPGGSGSKSKKKAVIIGSLVGAVTLILLIAVCCYCCLVASRKQRS
TSPQEGGNGHPWLPLPLYGLSQTLTKSTASHKSATASCISLASTHLGRCFMFQEIMDATNKFDE
SSLLGVGGFGRVYKGTLEDGTKVAVKRGNPRSEQGMAEFRTEIEMLSKLRHRHLVSLIGYCDER
SEMILVYEYMANGPLRSHLYGADLPPLSWKQRLEICIGAARGLHYLHTGASQSIIHRDVKTTNI
LLDENLVAKVADFGLSKTGPSLDQTHVSTAVKGSFGYLDPEYFRRQQLTEKSDVYSFGVVLMEV
LCCRPALNPVLPREQVNIAEWAMAWQKKGLLDQIMDSNLTGKVNPASLKKFGETAEKCLAEYGV
DRPSMGDVLWNLEYALQLEETSSALMEPDDNSTNHIPGIPMAPMEPFDNSMSIIDRGGVNSGTG
TDDDAEDATTSAVFSQLVHPRGR 
>AT3G08680.1 | Symbols: | Leucine-rich repeat protein kinase 
family protein | chr3:2638591-2640590 FORWARD LENGTH=640 
awkward newlines to ensure no whitespace in output 
MMKIIAAFLFLLVTTFVSRCLSADIESDKQALLEFASLVPHSRKLNWNSTIPICASWTGITCSK
NNARVTALRLPGSGLYGPLPEKTFEKLDALRIISLRSNHLQGNIPSVILSLPFIRSLYFHENNF
SGTIPPVLSHRLVNLDLSANSLSGNIPTSLQNLTQLTDLSLQNNSLSGPIPNLPPRLKYLNLSF
NNLNGSVPSSVKSFPASSFQGNSLLCGAPLTPCPENTTAPSPSPTTPTEGPGTTNIGRGTAKKV
LSTGAIVGIAVGGSVLLFIILAIITLCCAKKRDGGQDSTAVPKAKPGRSDNKAEEFGSGVQEAE
KNKLVFFEGSSYNFDLEDLLRASAEVLGKGSYGTTYKAILEEGTTVVVKRLKEVAAGKREFEQQ
MEAVGRISPHVNVAPLRAYYFSKDEKLLVYDYYQGGNFSMLLHGNNEGGRAALDWETRLRICLE
AARGISHIHSASGAKLLHGNIKSPNVLLTQELHVCVSDFGIAPLMSHHTLIPSRSLGYRAPEAI
ETRKHTQKSDVYSFGVLLLEMLTGKAAGKTTGHEEVVDLPKWVQSVVREEWTGEVFDVELIKQQ
HNVEEEMVQMLQIAMACVSKHPDSRPSMEEVVNMMEEIRPSGSGPGSGNRASSPEMIRSSDSPV 
>AT1G34300.1 | Symbols: | lectin protein kinase family protein | 
chr1:12503450-12505939 FORWARD LENGTH=829 
MAVKTPFLKLLPLLLLLLHFPFSFSTIPLGSVIYASGSNQNWPSPNSTFSVSFVPSPSPNSFLA
AVSFAGSVPIWSAGTVDSRGSLRLHTSGSLRLTNGSGTTVWDSKTDRLGVTSGSIEDTGEFILL
NNRSVPVWSSFDNPTDTIVQSQNFTAGKILRSGLYSFQLERSGNLTLRWNTSAIYWNHGLNSSF
SSNLSSPRLSLQTNGVVSIFESNLLGGAEIVYSGDYGDSNTFRFLKLDDDGNLRIYSSASRNSG
PVNAHWSAVDQCLVYGYCGNFGICSYNDTNPICSCPSRNFDFVDVNDRRKGCKRKVELSDCSGN
TTMLDLVHTRLFTYEDDPNSESFFAGSSPCRANCLSSVLCLASVSMSDGSGNCWQKHPGSFFTG
YQWPSVPSTSYVKVCGPVVANTLERATKGDDNNSKVHLWIVAVAVIAGLLGLVAVEIGLWWCCC
RKNPRFGTLSSHYTLLEYASGAPVQFTYKELQRCTKSFKEKLGAGGFGTVYRGVLTNRTVVAVK
QLEGIEQGEKQFRMEVATISSTHHLNLVRLIGFCSQGRHRLLVYEFMRNGSLDNFLFTTDSAKF
LTWEYRFNIALGTAKGITYLHEECRDCIVHCDIKPENILVDDNFAAKVSDFGLAKLLNPKDNRY
NMSSVRGTRGYLAPEWLANLPITSKSDVYSYGMVLLELVSGKRNFDVSEKTNHKKFSIWAYEEF
EKGNTKAILDTRLSEDQTVDMEQVMRMVKTSFWCIQEQPLQRPTMGKVVQMLEGITEIKNPLCP
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KTISEVSFSGNSMSTSHASMFVASGPTRSSSFSATRSFQTMGITSSGPASTRISEGSMLGS 
>AT2G42800.1 | Symbols: AtRLP29, RLP29 | receptor like protein 
29 | chr2:17808157-17809545 REVERSE LENGTH=462 
MTMKRALPSPSSLLFFFLLITPLFLCQENRVSASMPPSESETLFKIMESMSSDQQWRQSHPNPC
APGSSWPGIECKTGPDHLSHVSRLDFGSAPNPSCKSSASFPSSIFTLPFLQSVFFFNCFTHFPT
TIMFPIKLIPNSSLQQLSLRSNPSLSGQIPPRISSLKSLQILTLSQNRLTGDIPPAIFSLKSLV
HLDLSYNKLTGKIPLQLGNLNNLVGLDLSYNSLTGTIPPTISQLGMLQKLDLSSNSLFGRIPEG
VEKLRSLSFMALSNNKLKGAFPKGISNLQSLQYFIMDNNPMFVALPVELGFLPKLQELQLENSG
YSGVIPESYTKLTNLSSLSLANNRLTGEIPSGFESLPHVFHLNLSRNLLIGVVPFDSSFLRRLG
KNLDLSGNRGLCLNPEDEFSVVKTGVDVCGKNVSSGGGLSVHSSKKKSQASRYYRSCFFANALF
PFALFLGLHQRWVL 
>AT3G36659.1 | Symbols: | Plant invertase/pectin methylesterase 
inhibitor superfamily protein | chr3:2100189-2100983 FORWARD 
LENGTH=264 
MEFNKTYRIIVIFTVSILVTISTHVESRSDSPFSTPAPAPEVMKPIASPANSPAEIYTDSPVAS
PEAPADSFSPKNPPVEIDIYSPAASPEAPVASPEAPAESSSAAPSGIKVSSSPKSLLNPPLLSP
EIKTICGKTDNPPLCESSVSPLLTPQLKPNTSSVLILAIQASITATKAAMAIVEKVDASDCQEL
YDDAVVNLEDAVNAVKSSDIATVNTNLSAAMTDYSTCNDGFEESGEPNPLAYVADKLTKMVSNC
LAISTLIK 
>AT3G26610.1 | Symbols: | Pectin lyase-like superfamily protein 
| chr3:9777025-9780267 FORWARD LENGTH=470 
MKTVKSLPILAMLLGVIIVAAAISTVSVEGRKHHVKKIKPKHRRHSKNTPTGSPAPAPYPSTNE
GVFNIFSYGAKGDGVSDDSKALVGAWKAACKVVGGKVEIPAGTQFLVKAVTLQGPCKEETVVQI
EGILVAPEKIGSWPNSSLFQWLNFKWVSHLTIQGSGTLNGRGYNWWNLDTYQTQTRNKYIPPMK
PTALRFYSSNNVTVRDISIVNSPLCHLKFDDSDGVKVNNITISSPENSPNTDGIHLQNTRNVEI
QHSNIACGDDCVSIQTGSSNVHIHHINCGPGHGISIGGLGKDKSVACVSDIIVEDISIQNTLAG
VRIKTWQGGLGVVKNLTFSNIQVKDVKVPIVIDQYYCDKSKCKNQTRAVSISGVKYNNIVGSFT
VQPVRIACSNNVPCMDVDLMDIRLRPSGGIRGLQTHQQQQALCWNSYGKTQGPLVPSSIGYCLR
KSNIGGYYSQKVSRSYDKICPS 
>AT1G02460.1 | Symbols: | Pectin lyase-like superfamily protein 
| chr1:504897-507099 REVERSE LENGTH=491 
MLTSTYNRNQVLGFMTLILTLMSLSEARNHHHKEKHKHNNHNHHSSKPKPPSSSISQPPTPPPG
PPDSPAPSLPPSPSDDPADDNNGIYNVRKYGAVGDGETDDTEAFKTAWDSSCNNENNTDSVLLV
PYGYTFMIQSTIFTGPCRSYQFFQVDGTIVTPDGPESWPSNISKRQWLVFYRVNGMALKGEGVI
DGRGQKWWDLPCKPHRSVNKSAIVTGPCDSPIALRFFMSSNLRVEGLQIKNSPQFHFRFDGCQG
VHVESLHITAPPLSPNTDGIHIENSNSVTIYNSIISNGDDCVSIGSGSYDVDIRNLTCGPGGHG
ISIGSLGNHNSRACVSNITVRDSVIKYSDNGVRIKTWQGGSGSVSGVTFNNIHVDSVRNPIIID
QYYCMTKDCANKTSAVFVSDIAYQGIKGTYDIRSPPMHFGCSDAVPCTNLTLSDIELLPAKGEI
VLDPFCWNAYGIAEELSIPPVWCLMSDPPKGLQGSLVDKCGSS 
>AT4G20040.1 | Symbols: | Pectin lyase-like superfamily protein 
| chr4:10847348-10848963 REVERSE LENGTH=483 
MSLYSFISLLLLFLITISMEFKETSSLRRDMTKLLKLQEKIQERLAVTPTLSPVSSPSSHSPKM
VGKVIYPIGYGADPTGGQDSSDAILEALTDAFQLQTGLEMLPRVADLGGLVIDLQGGSYMIGKP
LRFPSSGGGNLVVKGGTFRASELFPGDRHLVELVASNAKKPMKMSPEESFSDQKDQSSGIFYED
VTFQDVLFDSRFRGGGILVIDSARIRITNCYFLHFTTQGIKVQGGHETYISNSFLGQHSTVGGD
REERGFTGTGIDISSNDNAITDVVIFSAGIGISLNGGANMVTGVHCYNKATWFGGIGILVKSHL
TRIDNCYLDYTGIVIEDPVHVHVTNALFLGDANIVLRSVHGKISGVNIVNNMFSGTAKNNFPIV
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KLEGEFHDINQVVIDQNNAEGMMLKSTTGKAMVSANGTRWIADFSPVLVFPNRINHYQHSFFAQ
SGQIPANAVTNVSNNMVVVETDRAVTGTVSIIAYQ 
>AT3G44990.1 | Symbols: XTR8, ATXTR8, XTH31 | xyloglucan endo-
transglycosylase-related 8 | chr3:16447280-16448678 REVERSE 
LENGTH=293 
MALSLIFLALLVLCPSSGHSQRSPSPGYYPSSRVPTSPFDREFRTLWGSQHQRREQDVVTLWLD
KSTGSGFKSLRPYRSGYFGASIKLQPGFTAGVDTSLYLSNNQEHPGDHDEVDIEFLGTTPGKPY
SLQTNVFVRGSGDRNVIGREMKFTLWFDPTQDFHHYAILWNPNQIVFFVDDVPIRTYNRKNEAI
FPTRPMWVYGSIWDASDWATENGRIKADYRYQPFVAKYKNFKLAGCTADSSSSCRPPSPAPMRN
RGLSRQQMAALTWAQRNFLVYNYCHDPKRDHTQTPEC 
>AT1G69295.1 | Symbols: PDCB4 | plasmodesmata callose-binding 
protein 4 | chr1:26050492-26051843 REVERSE LENGTH=222 
MSVLLPLCLIISMFTYSNAAYCLCKEGNEQVLQKAIDYACGNGADCTQIQPTGACYQPNTVKNH
CDVAVNSYYQKKASSGATCDFNGAASPSTTPPSTASNCLTGSSSSGTPTTGTPTTGTPTSGTPT
TGTPTTGTPTTGTPTSGTPTSGFPNTGTPNTGTNTGMPNSNGMPTSSSSSVFPGTTLGPTGSGG
LGDPNAGEKLSVRTNTVVFLLTGVAAMLVI 
>AT1G09460.1 | Symbols: | Carbohydrate-binding X8 domain 
superfamily protein | chr1:3053901-3055090 FORWARD LENGTH=330 
MAKQSYFFVFTFLFLSLLSYCSSTTTHHDVLNPPTVFPTNPTTTPTATFPPVTITPTNPATTVP
IVPPVTTIPPPTLTPPPVITIPPPTLTPPVTNPVTNPVTQYPPTQPSGTVPVPVPVVAPPVVSN
SPSVSGQSWCVAKPGASQVSLQQALDYACGIADCSQLQQGGNCYSPISLQSHASFAFNSYYQKN
PSPQSCDFGGAASLVNTNPSTGSCIYQTGSSTSTPMTAGTTTPTPSTQTVNQPPVTSTPIIPTG
GGIIGVGTPPAIFNPANPTSNTLNNPSSGGLAGGYGFDGSPNENNPTSSDSTHLKIHFGHAMVA
TLILHAVLFH 
>AT1G13830.1 | Symbols: | Carbohydrate-binding X8 domain 
superfamily protein | chr1:4739999-4740926 REVERSE LENGTH=197 
MKVLLGLLLLLSLTNSSSAIYCLCKDGIGDTELQTSIDYACGTLADCNPIHDKGTCYQPDTIKS
HCDWAVNSYFQNAAQVPGSCNFSGTATTNPNPPSNLANGCIYPSSPSSTRSPPSTTPPTGTTPT
NGTTPFPGTPFPGTPFPGTPPVFGPTGVFNPSNPGSGASSLGTSSVFTLCFSLLAFLWGSDVRF
GFSHV 
>AT1G18650.1 | Symbols: PDCB3 | plasmodesmata callose-binding 
protein 3 | chr1:6419036-6420413 REVERSE LENGTH=184 
MAVFVLVMILLAMAGHSSGTWCVCKEGLSEAMLQKTLDYACGAGADCGPIHQTGPCFNPNTVKS
HCSYAVNSFFQKKGQSLGTCDFAGTATFSASDPSYTTCPFPASASGSGTTTPVTTTPSTRVPTT
TNTRPYTITPSTGGGLGIPSGINPDYTDPSFGFKLQSPRFGFIVLFTLFLPFYLFS 
>AT3G47400.1 | Symbols: | Plant invertase/pectin methylesterase 
inhibitor superfamily | chr3:17465629-17467888 FORWARD 
LENGTH=594 
MLRGIFHICLLASFLLLPFSSAVHDSGFTGGTDAPPPWDHNVSPPPETAPSPTPTSSPSTTSPP
SPGPVAAPSPINNGSVSGDMTWWCNKTPHAETCNYYFRKSSQNNINLRPPRFRSEFLRMLVKVA
LDQAVITHSQTVKFGPSCTNNQRKAAWSDCVNLFQNTVAQLNRTLKGLNPAASSDVKCTDFDAQ
TWLSTAQTNIETCRSGSEDLNVSDFVMPVISNKNLSDLIGNCLAVNGVLMKQHDHTTTANHKEY
FPSWVSRHERRLLVSASLAKSSPHLVVAQDRSGHFRSIQAAINFAARRRFKSRFVIYVKKGVYR
ENIDVGNDNHNIMLVGDGERKTIITSGRSVQHGYTTYNSATGGFGGQRFVAKDMTFINTAGPLR
GQAVAVRSSSDLSVFYRVGIHGFQDTLYIHSQRQFFRECYISGTIDFIFGNAAVVFQNCMILVR
RPLHGQANIITAQGRGDPFQNTGITIHSSRIIAASDLKPVIRAYKTYLGRPWQAYSRVTIMKTY
IDNSISPLGWSPWLRGSNFALNTVFYGEYKNFGPGSSTRWRVRWKGFHAITSTAVASRFTVGSL
IAGGSWLPATGVPFKSGL 
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>AT5G21105.1 | Symbols: | Plant L-ascorbate oxidase | 
chr5:7172727-7177409 FORWARD LENGTH=588 
MSYDEHTSSSFTYISQMGVWWIVLVVAVLTHTASAAVREYHWEVEYKYWSPDCKEGAVMTVNGE
FPGPTIKAFAGDTIVVNLTNKLTTEGLVIHWHGIRQFGSPWADGAAGVTQCAINPGETFTYNFT
VEKPGTHFYHGHYGMQRSAGLYGSLIVDVAKGKSERLRYDGEFNLLLSDWWHEAIPSQELGLSS
KPMRWIGEAQSILINGRGQFNCSLAAQFSNNTSLPMCTFKEGDQCAPQILHVEPNKTYRIRLSS
TTALASLNLAVQGHKLVVVEADGNYITPFTTDDIDIYSGESYSVLLTTDQDPSQNYYISVGVRG
RKPNTTQALTILNYVTAPASKLPSSPPPVTPRWDDFERSKNFSKKIFSAMGSPSPPKKYRKRLI
LLNTQNLIDGYTKWAINNVSLVTPATPYLGSVKYNLKLGFNRKSPPRSYRMDYDIMNPPPFPNT
TTGNGIYVFPFNVTVDVIIQNANVLKGIVSEIHPWHLHGHDFWVLGYGDGKFKPGIDEKTYNLK
NPPLRNTAILYPYGWTAIRFVTDNPGVWFFHCHIEPHLHMGMGVVFAEGLNRIGKVPDEALGCG
LTKQFLMNRNRN 
>AT1G02550.1 | Symbols: | Plant invertase/pectin methylesterase 
inhibitor superfamily protein | chr1:536483-537211 FORWARD 
LENGTH=242 
MKKSSPLLCFSLALFSLLSSPSSSTRIISSIVPSAAPSPAVAPTTDGDVDENDFSAFTQWNILN
LTDLKSTFKNLPDFSKLNISSLHVSPAVGSVCSNTDYAAECIVSILPLLRDFRKFEPKPIDVLR
MEMSALYEKANATLDLAKRLIVDKSTPRDVADVLDLCVDNYESLLDDLKDASVAVDDGDFERLE
SVVSAAIADVVTCSDAFAESSELESPMANVDDFLKKLCSNVLAISQMIHM 
>AT3G55260.1 | Symbols: HEXO1, ATHEX2 | beta-hexosaminidase 1 | 
chr3:20489317-20492858 FORWARD LENGTH=541 
MSTNLLRLILLFITLSITSSLSTPSPADSPPYLWPLPAEFSFGNETLSVDPTVTLIVAGNGGGS
LIIRAAFDRYMGIIFKHASGRGSLLSRIRFLKMVEYDITSLKIVVHSDSEELQLGVDESYTLMV
SKKNEQSIVGAATIEANTVYGALRGLETFSQLCAFDYITKSVQIYKAPWYIQDKPRFGYRGLLI
DTSRHYLPIDVIKQIIESMSFAKLNVLHWHIVDEQSFPLETPTYPNLWKGAYSRWERYTVEDAS
EIVRFAKMRGINVMAEVDVPGHAESWGTGYPDLWPSLSCREPLDVTKNFTFDVISGILADMRKI
FPFELFHLGGDEVNTDCWKNTTHVKEWLQGRNFTTKDAYKYFVLRAQQIAISKNWTPVNWEETF
SSFGKDLDPRTVIQNWLVSDICQKAVAKGFRCIFSNQGYWYLDHLDVPWEEVYNTEPLNGIEDP
SLQKLVIGGEVCMWGETADTSVVLQTIWPRAAAAAERMWSTREAVSKGNITLTALPRLHYFRCL
LNNRGVPAAPVDNFYARRPPLGPGSCYAQ 
>AT1G66250.1 | Symbols: | O-Glycosyl hydrolases family 17 
protein | chr1:24693063-24695416 FORWARD LENGTH=505 
MASLLHLLLLSLSLLVLASASPSPPADEGSYIGVNIGTDLSDMPHPTQVVALLKAQEIRHIRLY
NADPGLLIALANTGIKVIISIPNDQLLGIGQSNSTAANWVKRNVIAHYPATMITAVSVGSEVLT
SLSNAAPVLVSAIKNVHAALLSANLDKLIKVSTPLSTSLILDPFPPSQAFFNRSLNAVIVPLLS
FLQSTNSYLMVNVYPYIDYMQSNGVIPLDYALFKPIPPNKEAVDANTLVRYSNAFDAMVDATYF
AMAFLNFTNIPVLVTESGWPSKGETNEPDATLDNANTYNSNLIRHVLNKTGTPKRPGIAVSTYI
YELYNEDTKAGLSEKNWGLFNANGEPVYVLRLTNSGSVLANDTTNQTYCTAREGADTKMLQAAL
DWACGPGKIDCSPIKQGETCYEPDNVVAHANYAFDTYYHQTGNNPDACNFNGVASITTTDPSHG
TCVFAGSRGNGRNGTSVNITAPSANSTTSSGIRSDLYYSRGIWSILTVMILNVANIL 
>AT1G02360.1 | Symbols: | Chitinase family protein | 
chr1:472138-473116 REVERSE LENGTH=272 
MAQQHSFLLLCFFLSISYLLSSAQTEATSIERLVPRDLYNKIFIHKDNTACPANGFYTYESFVQ
ATRRFPRFGSVGSPVTQRLEVAAFLAQISHETTGGWATAPDGPYAWGLCFKEEVSPQSTYCDSS
DTQWPCFPNKTYQGRGPIQLSWNYNYGPAGRALGFDGLRNPETVSNNSVIAFQTALWFWMTPQS
PKPSCHDVMIGKYRPTAADLAANRTGGFGLTTNIINGGLECGIPGDGRVNDRIGFFQRYTGLFK
VATGPNLDCENQRPYA 
>AT4G26010.1 | Symbols: | Peroxidase superfamily protein | 
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chr4:13200653-13201688 FORWARD LENGTH=310 
MRSITALFFLFCFLAPSALAQLRTGFYSRSCPRAESIVASVVANRFRSDKSITAAFLRMQFHDC
FVRGCDASLLIDPRPGRPSEKSTGPNASVRGYEIIDEAKRQLEAACPRTVSCADIVTLATRDSV
ALAGGPRFSVPTGRRDGLRSNPNDVNLPGPTIPVSASIQLFAAQGMNTNDMVTLIGGGHSVGVA
HCSLFQDRLSDRAMEPSLKSSLRRKCSSPNDPTTFLDQKTSFTVDNAIYGEIRRQRGILRIDQN
LGLDRSTSGIVSGYASSNTLFRKRFAEALVKMGTIKVLTGRSGEIRRNCRVFNN  
>AT1G56710.1 | Symbols: | Pectin lyase-like superfamily protein 
| chr1:21258206-21259922 REVERSE LENGTH=434 
MSLPNSLFYTFFLILFSTIRIAQSIYLSPSPAPNPAYNDNDNIAPTVFDVTSFGAIGDCSTDDT
SAFKMAWDAACMSTGPKSALLLVPYTFCFLVKPTTFNGPCRTNLVLQIDGFIVSPDGPRSWPSN
YQRQWMMFYRVNGLSIQGSGVINGRGQKWWNLPCKPHKGLNGTTQTGPCDSPVAIRLFQSSKVR
IQGINFMNSAQFHVRFDNCSDVVVDSVIIKAPASSPNTDGIHIENTHNVQIRNSMISNGDDCIS
IGAGCFNVDIKNVTCGPSHGISIGSLGVHNSQAYVSNITVTNSTIWNSDNGVRIKTWQGGSGSV
SRIVFSNILMVNVRNPIMIDQYYCQTNNCANQTSAVIISDVLYANIKGTYDLRSPPIHFGCSDS
VPCTNLTLTEVDLFPSKGQHLENPFCWNAYGSMKITVPPVYCLLDAPPDF 
>AT4G29360.1 | Symbols: | O-Glycosyl hydrolases family 17 
protein | chr4:14451562-14453687 REVERSE LENGTH=534 
MGQRLNLVFWIFVSILAFLNFGMASKIGICYGRNADNLPSPNRVSELIQHLNIKFVRIYDANID
VLKAFANTGIELMIGVPNADLLAFAQFQSNVDTWLSNNILPYYPSTKITSISVGLEVTEAPDNA
TGLVLPAMRNIHTALKKSGLDKKIKISSSHSLAILSRSFPPSSASFSKKHSAFLKPMLEFLVEN
ESPFMIDLYPYYAYRDSTEKVPLEYALFESSSQVVDPATGLLYSNMFDAQLDAIYFALTAMSFK
TVKVMVTESGWPSKGSPKETAATPENALAYNTNLIRHVIGDPGTPAKPGEEIDVYLFSLFNENR
KPGIESERNWGMFYANGTNVYALDFTGENTTPVSPTNSTTGTSPSPSSSPIINGNSTVTIGGGG
GGGTKKWCIASSQASVTELQTALDWACGPGNVDCSAVQPDQPCFEPDTVLSHASYAFNTYYQQS
GASSIDCSFNGASVEVDKDPSYGNCLYMIAPATDGFNRTMAGNITGNITAIDSPLASPSSTNEA
FRQMVVAVSVLLPCFVVCSSIW 
>AT2G03505.1 | Symbols: | Carbohydrate-binding X8 domain 
superfamily protein | chr2:1064317-1065094 FORWARD LENGTH=168 
MRLLLSLLFLLALTTYSSATYCLCRDGVGEKDLQTSIDYACGVLKDCNPIHEKGPCYQPNTIKS
HCDWAVNTYFQRFGQISGSCNFSGTATTSQNLPSTVVTGCLYPSSPGSAGTTPTTGTPSGTQTF
PGPPAFGPAGDFDPSGNNGAPSLFISIALSLGFSVVIAFL 
>AT2G30933.1 | Symbols: | Carbohydrate-binding X8 domain 
superfamily protein | chr2:13164179-13166517 REVERSE LENGTH=227 
MDKGFRLVTSLLLLSFFFSGTKAITEPIEEEKDITTPLATNPTTTPTTVVPNSDSDASAVATTP
LTIPSSPHGVAYPGDQSWCVARENVAKMALQAALDYACGIGGADCSEIQEGGNCYNPNSLRAHA
SFAFNSYYQKNPIPSSCNFDGTAITISADPSLGSCHFPSTSTSESILNVTSEDGLGLFGRIPSH
PTPKPEASTSSSRTLISFLYFLCFCVLYPLVITLT 
>AT1G79480.1 | Symbols: | Carbohydrate-binding X8 domain 
superfamily protein | chr1:29897905-29899267 REVERSE LENGTH=397 
MESYRVFTTICLLLCLFLSANFFTHYVVDARKSVGFEREPKKVMMIKALKHTSLLQKMMTQLNL
AQPLDYSSSSNTQPYGVSTTLTLPPYVSLPPLSVPGNAPPFCINPPNTPPSSSYPGLSPPPGPI
TLPNPPDSSSNPNSNPNPPESSSNPNPPDSSSNPNSNPNPPVTVPNPPESSSNPNPPDSSSNPN
SNPNPPESSSNPNPPVTVPNPPESSSNPNPPESSSNPNPPITIPYPPESSSPNPPEIVPSPPES
GYTPGPVLGPPYSEPGPSTPTGSIPSPSSGFLPPIVYPPPMAPPSPSVTPTSAYWCVAKPSVPD
PIIQEAMNFACGSGADCHSIQPNGPCFKPNTLWAHASFAYNSYWQRTKSTGGSCTFGGTGMLVT
VDPSFNGCHFDFF 
>AT1G26450.1 | Symbols: | Carbohydrate-binding X8 domain 
superfamily protein | chr1:9149003-9150063 REVERSE LENGTH=197 
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MAVLLPLFLLSFMFTYSNAAVCVCKDANELDLQKVIDFACGGGADCAQIQTTGACYQPNTLKNH
CDVAVNSYYQKKASTGATCDFNGAAVISTSPPSTTSSCLSSSSSNGTPTAGYPSTGNSTTASPG
TTNPSTGNSTNSTLPTNDKPTSSTITFPDSTTMGPSSSTSGDPNGGEELSVRTTTIILLTTIAA
VALRV 
>AT1G29380.1 | Symbols: | Carbohydrate-binding X8 domain 
superfamily protein | chr1:10284209-10285671 FORWARD LENGTH=315 
MTHRIAPRCFSTIMLLCLLYTSPLDVIAQGQGGQGDIPVVNPTAPGGSTTTPTITQPSPPSLTF
PGPTTPTGGYPPLDGTTPTGGYPPLYGTTPPGGGDVGGGGGGYGGGTPGGGGGGGGDTGAGAGG
GGYGGGGDTGAGGGVGSGQWCIAKANASPTSLQVALDYACGYGGADCGQIQQGAACYEPNTIRD
HASFAFNSYYQKHPGSDSCNFGGAAQLTSTDPSKGSCHFSSSSGTVSTSPPSQMSPPDFSSPPS
STYPPPITTPTTGITGSGPPFGVAEPTGLPNSATSVSHSLLSIFTAVGILMPLLRENYL 
>AT1G78820.1 | Symbols: | D-mannose binding lectin protein with 
Apple-like carbohydrate-binding domain | chr1:29634401-29635768 
REVERSE LENGTH=455 
MLRFDYLLITALAISTVSVVMAQVPPEKQFRVLNEPGYAPYITEYDASYRFLNSPNQNFFTIPF
QLMFYNTTPSAYVLALRVGTRRDMSFTRWIWDANRNNPVGDNSTLSFGRNGNLVLAELNGQVKW
QTNTANKGVTGFQILPNGNMVLHDKHGKFVWQSFDHPTDTLLVGQSLKVNGVNKLVSRTSDMNG
SDGPYSMVLDNKGLTMYVNKTGTPLVYGGWTDHDFRGTVTFAVTREFDNLTEPSAYELLLEPAP
QPATNPGNNRRLLQVRPIGSGGGTLNLNKINYNGTISYLRLGSDGSLKAFSYFPAATYLEWEET
FAFFSNYFVRQCGLPTFCGDYGYCDRGMCVGCPTPKGLLAWSDKCAPPKTTQFCSGGKGKAVNY
YKIVGVEHFTGPYVNDGQGPTSVNDCKAKCDRDCKCLGYFYKEKDKKCLLAPLLGTLIKDANTS
SVAYIKY 
>AT5G61130.1 | Symbols: PDCB1 | plasmodesmata callose-binding 
protein 1 | chr5:24587438-24589369 REVERSE LENGTH=201 
MAALVLSLLLLSLAGHSSASWCVCKTGLSDTVLQATLDYACGNGADCNPTKPKQSCFNPDNVRS
HCNYAVNSFFQKKGQSPGSCNFDGTATPTNSDPSYTGCAFPTSASGSSGSTTVTPGTTNPKGSP
TTTTLPGSGTNSPYSGNPTNGVFGGNSTGGTTGTGINPDYTTDSSAFALKNSSKLFICLLLIAS
SGFCSFLML 
>AT4G19410.1 | Symbols: | Pectinacetylesterase family protein | 
chr4:10582188-10584766 REVERSE LENGTH=391 
MGRLKQCWSSLLVLAVLVIGTGAVPITYLQSAVAKGAVCLDGSAPAYHFDKGFGSGVNNWIVHM
EGGGWCTDVASCNERKGTMKGSSKFMNKDFGFSGILGGKQSTNPDFYNWNRIKVRYCDGSSFTG
NVEAVNPANKLFFRGARVWRAVVDDLMAKGMKNAQNAILSGCSAGALAAILHCDTFRAILPRTA
SVKCVSDAGYFIHGKDITGGSYIQSYYSKVVALHGSAKSLPVSCTSKMKPELCFFPQYVVPSMR
TPLFVINAAFDSWQIKNVLAPTAVDKGKEWKNCKLDLKKCSAAQLKTVQGFRDQMMRALSPVHS
TPSRGLFLDSCHAHCQGGSAASWSGDKGPQVANTRIAKAVGNWFYGRSAFQKIDCPSPTCNPTC
PAISTED 
>AT4G01890.1 | Symbols: | Pectin lyase-like superfamily protein 
| chr4:816210-818428 FORWARD LENGTH=468 
MLKLSRDPILCITTLILIITFSLLSYGTEARLHHQASQPPSPSPNPNDPSKSPSRSQDLDHEVV
YDVRKYGAVGNGVADDTVSFKTAWDSACSNNKNNTASVLHVPYGFTFMIRSTIFTGPCRSYQYF
QVDGTIVPRDGPKSWPSSLNKRQWLAFYRINGMALQGAGVIDGRGQNWWDLPCKPHQQNVNKTK
LAGPCESPAALRFFMSSNVIVKGLSIKNSPQVHLKLDGCHVVHINSLRIISPPASPNTDGIHIE
NSNSVEIYNSVISNGDDCVSIGPGAYDIDIRNITCGPGGHGISIGSLGEKNSHACVSNVTVRDS
FIKFSENGVRIKTWQGGSGSVSGVTFDNIHVDTVRNPIIIDQYYCTTKSCANKTSAVFVNDIVY
QSIKGTYDIRSPPMHFGCSNNVPCTNLTLSNIELLPSKEDIVVGPFCWNAYGITDEFSVPLISC
LKSNPSTSLLSGLSGRCGSP 
>AT3G54920.1 | Symbols: PMR6 | Pectin lyase-like superfamily 
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protein | chr3:20345311-20348477 FORWARD LENGTH=501 
MLLQNFSNTIFLLCLFFTLLSATKPLNLTLPHQHPSPDSVALHVIRSVNESLARRQLSSPSSSS
SSSSSSSSSSCRTGNPIDDCWRCSDADWSTNRQRLADCSIGFGHGTLGGKNGKIYVVTDSSDNN
PTNPTPGTLRYGVIQEEPLWIVFSSNMLIRLKQELIINSYKTLDGRGSAVHITGNGCLTLQYVQ
HIIIHNLHIYDCKPSAGFEKRGRSDGDGISIFGSQKIWVDHCSMSHCTDGLIDAVMGSTAITIS
NNYFTHHDEVMLLGHDDNYAPDTGMQVTIAFNHFGQGLVQRMPRCRRGYIHVVNNDFTEWKMYA
IGGSGNPTINSQGNRYSAPSDPSAKEVTKRVDSKDDGEWSNWNWRTEGDLMENGAFFVASGEGM
SSMYSKASSVDPKAASLVDQLTRNAGVFGGPRDDQGQSGNSYSPYGGDGGGGGSSGGSSGGGMD
VMGGTTRGSSSSSGDDSNVFQMIFGSDAPSRPRLTLLFSLLMISVLSLSTLLL 
>AT5G48140.1 | Symbols: | Pectin lyase-like superfamily protein 
| chr5:19518907-19520412 REVERSE LENGTH=395 
MGRVHFGVSAFFVFCLLGLSANAKIFNINSPPGSDITNALLKAFNEACQFPTKSTVMIPKGEYK
LGEIVMMGPCKAPIRIALLGTVKADGNANGKEKWVAFRNINGFKLNGGGVFDGEGNAAWRVNNC
HKTFNCKKLPISIRFDFVTDAKIRGITSLDAKHFHINVIGAKNVTFEDVKIIAPAESPNTDGIH
VGRSDGIKIINSFISTGDDCVSVGDGMKNLLVERVTCGPGHGISIGSLGRYSHEENVSGIKIIN
CTLQETDNGLRIKTWPSAACTTTASDIHFENILLKNVSNPILIDQEYCPWNQCNKQKPSTIKLA
NISFKKIRGTSGNKDAVKLLCSKGYPCQNVEVGDVNIQYTGADGPATFQCSNVSPKLVGTQIPK
ACSSPVTKPPK 
>AT5G01050.1 | Symbols: | Laccase/Diphenol oxidase family 
protein | chr5:18209-20812 REVERSE LENGTH=586 
MPRVHHSLSNQAFLVLLLFSSIASAAIVEHVLHVKDVVVTPLCKEQMIPIVNGSLPGPTINVRE
GDTLVVHVINKSTYNVTIHWHGVFQLKSVWMDGANMITQCPIQPSNNFTYQFDITGQEGTLLWH
AHVVNLRATIHGALIIRPRSGRPYPFPKPYKEVPLIFQQWWDTDVRLLELRPAPVSDAYLINGL
AGDSYPCSKNRMFNLKVVQGKTYLLRIINAALNTHLFFKIANHNVTVVAVDAVYTTPYLTDVMI
LTPGQTIDAILTADQPIGTYYMAIIPYFSAIGVPASPDTKPTRGLIVYEGATSSSSPTKPWMPP
ANDIPTAHRFSSNITSLVGGPHWTPVPRHVDEKMFITMGLGLDPCPSNAKCVGPLDQRLAGSLN
NRTFMIPERISMQEAYFYNITGVYTDDFPDQPPLKFDFTKFEQHPTNSDMEMMFPERKTSVKTI
RFNSTVEIVLQNTGILTPESHPMHLHGFNFYVLGYGFGNYDPIRDARKLNLFNPQMHNTVGVPP
GGWVVLRFIANNPGIWLFHCHMDAHLPLGIMMAFIVQNGPTRETSLPSPPSNLPQCTRDPTIYD
SRTTNVDMSY 
>AT3G07830.1 | Symbols: | Pectin lyase-like superfamily protein 
| chr3:2499454-2500966 REVERSE LENGTH=397 
MGSYFGISTIFVICLLGFSANAHEVLRLTSSPGSDITQALLRAFTTACQSPTPRKVVIPKGQFK
LGEIMMSGPCKSPVEITLLGTVLADGNSIHGKEKWVVFQRMDGFRLNGGGTFDGEGNAAWRVNN
CHKTFECKKLPISIRFDFVTNAEIRDISSIDAKNFHINVIGAKNMTFDNVKIMAPAESPNTDGI
HLGRSVGVSIINSRISTGDDCVSVGDGMVNLLVKNVVCGPGHGISVGSLGRYGHEQDVSGIRVI
NCTLQETDNGLRIKTWPSAACSTTASNIHFENIILRNVSNPILIDQEYCPWNQCNKQKSSSIKL
ANISFRRIRGTSGNKDAVKLLCSKGYPCENVQVGDINIQYTGADGPATFMCSNVRPKLVGTQFP
KACNTPPVLTQPK 
>AT2G16230.1 | Symbols: | O-Glycosyl hydrolases family 17 
protein | chr2:7035463-7038326 REVERSE LENGTH=503 
MALSILFLLLFILFSISPSNAQSFIGVNYGLLSDNLPPPSQTAKLLQSTSIQKVRLYNADSSII
TSLVGTGIGIVIGVANGDLPSIASDLNIASQWINSNVLPFYPASNIILINVGNEVLLSNDLNLV
NQLLPAMQNVQKALEAVSLGGKIKVSTVHAMTVLGNSEPPSAGSFAPSYQAGLKGILQFLSDTG
SPFAINPYPFFAYQSDPRPETLAFCLFQPNPGRVDSNTGIKYMNMFDAQVDAVHSALKSIGFEK
VEVLVAETGWPSTGDSNEVGPSVENAKAYNGNLIAHLRSMVGTPLMPGKSIDTYIFALFDENLK
PGPSFEQSFGLFKPDLSMAYDIGLTKTTSSQTSQSPQLGKVTSMGWCVPKEDATQEQLQDSLDW
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VCGQGIDCGPIMPGGVCFEPNNVASHTAYAMNLYFQKSPENPTDCDFSKTARITSENPSYSSCV
YPRAGDGSITGEVTKYVTSDKATEKNGSECFSSLYLARFIISIYFFCLFPSLRIM 
>AT3G07820.1 | Symbols: | Pectin lyase-like superfamily protein 
| chr3:2496597-2498028 REVERSE LENGTH=391 
MGGYFGVSTIFIICLLGISANAEVFTIGSSSGSDITQALLKAFTSACQSSSPSKVVIPKGEFKL
GEIEMRGPCKAPIEVTLQGTVKADGNAIQGKEKWVVFGNIDGFKLNGGGAFDGEGNAAWRVNNC
HKTFECKKLPISIRFDFILNSEIRDISSIDAKNFHINVLGAKNMTMNNIKIVAPEDSPNTDGIH
LGRSDGVKILNSFISTGDDCISVGDGMKNLHVEKVTCGPGHGISVGSLGRYGHEQDVSGIKVIN
CTLQETDNGLRIKTWPSAACSTTASDIHFEDIILKDVSNPILIDQEYCPWNQCNKQKASTIKLV
NISFKNIRGTSGNKDAVKLLCSKGYPCQNVEIGDIDIKYNGADGPATFHCSNVSPKILGSQSPK
ACSAPAA 
>AT4G32380.1 | Symbols: | Pectin lyase-like superfamily protein 
| chr4:15633641-15635420 FORWARD LENGTH=354 
MANDWGRNKLDCWLCFEKVTGLVLTGSGVLNTHGESWWSSVALQSRPVAVRFFGCQNILYNGLT
QINSPRNHITILDSNNATLSNLHLIAPASSPNTDGIDISHSQNINIMSSTIKTGDDCVAIKRNS
YNINVTYVTCGPGHGISIGSLGEGGASEVVQNVNVRHCTFTGTQNGARIKTWPGGQGFVKNILY
EDITLINANFPIIIDQQYRDNAGQYKQSAGATAVKVSDVTFRSFTGTCAAPIAIKLDCDPNTGC
DNIVMEQINIASSSPKTPLTSYCKFAHVVSRFVSIPITCSFHTEDSQPASLNPQPSAPYAISPT
TPHTQPHAPTTQPPLFFRFYTNFKAFLGRLGRNC 
>AT1G09790.1 | Symbols: COBL6 | COBRA-like protein 6 precursor | 
chr1:3168568-3170819 REVERSE LENGTH=454 
MGAMLNLLLVVTVILCSILSPTRFMIMIDKMVADGYDPLDPFGKIIIKWDLLLSSPGQHHVQVT
LENMQEYRHVEKPGWKLSWHWLNQEVIWDMKGAETTEQGNCSAFASSGNLPHCCLERPTIVDLL
PGASLNVQVANCCRGGVLTSMSQDHANHVSAFHMTVGSSPDGPEEFNMPSNFDIGVPGYSCDNA
TSVSPTKFSTDKGRRKTQALATWEAVCVYSQFRSSPSPKCCVSLSAFYYQNIVPCPTCSCGCSS
SHCVKDGELPPYLEQKHDPDEEVSPVVKCSDHMCPIRIHWHVKVNYREYWRVKITATNFNTMKN
YTNWNLVVLHPNLKSVQQVFSFNYKSLTPYQNSINDTGMFWGVQFYNDVLLQEGKIGNVQTELL
LKKDMGNFTFREGWAFPRRILFNGDECVMPSPDDFPRLPKSAHSSSSSSAVISSVSVVFCFLLH
HLLLLV 
>AT1G69940.1 | Symbols: ATPPME1, PPME1 | Pectin lyase-like 
superfamily protein | chr1:26343549-26344971 REVERSE LENGTH=361 
MGYTNVSILLGLLMVFVTPMVFADDVTPIPEGKPQVAQWFNANVGPLAQRKGLDPALVAAEAAP
RIINVNPKGGEFKTLTDAIKSVPAGNTKRVIIKMAPGEYKEKVTIDRNKPFITLMGQPNAMPVI
TYDGTAAKYGTVDSASLIILSDYFMAVNIVVKNTAPAPDGKTKGAQALSMRISGNFAAFYNCKF
YGFQDTICDDTGNHFFKDCYVEGTFDFIFGSGTSMYLGTQLHVVGDGIRVIAAHAGKSAEEKSG
YSFVHCKVTGTGGGIYLGRAWMSHPKVVYAYTEMTSVVNPTGWQENKTPAHDKTVFYGEYKCSG
PGSHKAKRVPFTQDIDDKEANRFLSLGYIQGSKWLLPPPAL 
>AT5G07410.1 | Symbols: | Pectin lyase-like superfamily protein 
| chr5:2345852-2347276 FORWARD LENGTH=361 
MRYTNVSILLGMLVIFVSPMVFADDLTPIPEGKPQVVQWFNTHVGPLAQRKGLDPALVAAEAAP
RIINVNPKGGEFKTLTDAIKSVPAGNTKRVIIKMAHGEYREKVTIDRNKPFITLMGQPNAMPVI
TYDGTAAKYGTVDSASLIILSDYFMAVNIVVKNTAPAPDGKTKGAQALSMRISGNFAAFYNCKF
YGFQDTICDDTGNHFFKDCYVEGTFDFIFGSGTSMYLGTQLHVVGDGIRVIAAHAGKSAEEKSG
YSFVHCKVTGTGGGIYLGRAWMSHPKVVYAYTEMTSVVNPTGWQENKTPAHDKTVFYGEYKCSG
PGSHKAKRVPFTQDIDDKEANCFLSLGYIQGSKWLLPPPAL 
>AT5G46940.1 | Symbols: | Plant invertase/pectin methylesterase 
inhibitor superfamily protein | chr5:19058230-19058760 REVERSE 
LENGTH=176 
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MKFLLYLVTFFVLSNGLANGQTLIRNSCKKATATSPKFKYNLCVTSLETNPQAKTAKDLAGLVM
ASTKNAVTKATTLKGTVDKIIKGKKVNKMTAMPLRDCLQLYTDAIGSLNEALAGVKSRNYPTVK
TVLSAAMDTPSTCETGFKERKAPSPVTKENDNLYQMILIPLAFTNMLK 
>AT4G19820.1 | Symbols: | Glycosyl hydrolase family protein with 
chitinase insertion domain | chr4:10767436-10768614 REVERSE 
LENGTH=366 
MSSTKLISITFFLSLLLRFSSAQTVVKATYWFAESESPLAQIDSSLFTHLFCAFADINTLTYQV
IVSSRNKPKFSTFTQTVRRRNPTVKTLLSIGGDFTYNFAFASMASNPTSRKLFISSSIKLARSC
GFHGLDLNWKYPSITTEMDNFGKLLREWRLAVEAEARSSGKPRLLLTAAVFYSYSYYSVLHPVN
AVADSLDWVNLVAYDFYESGSSRVTCSPAPLYDPITTGPSGDAGVRAWTQAGLPAKKAVLGFPL
YGYAWCLTDAKNHNYYANSSGPAISPDGSIGYDQIRRFIVDNKATMVYNSNLVQNYCYAKKTWI
GYDDNQSIVMKVKYAKQRGLLGYFSWHIGADDNSRLSRAGSVLFQF 
>AT3G06260.1 | Symbols: GATL4 | galacturonosyltransferase-like 4 
| chr3:1893804-1894859 REVERSE LENGTH=351 
MASRSLSYTQLLGLLSFILLLVTTTTMAVRVGVILHKPSAPTLPVFREAPAFRNGDQCGTREAD
QIHIAMTLDTNYLRGTMAAVLSLLQHSTCPENLSFHFLSLPHFENDLFTSIKSTFPYLNFKIYQ
FDPNLVRSKISKSIRQALDQPLNYARIYLADIIPSSVDRIIYLDSDLVVVDDIEKLWHVEMEGK
VVAAPEYCHANFTHYFTRTFWSDPVLVKVLEGKRPCYFNTGVMVVDVNKWRKGMYTQKVEEWMT
IQKQKRIYHLGSLPPFLLIFAGDIKAVNHRWNQHGLGGDNFEGRCRTLHPGPISLLHWSGKGKP
WLRLDSRKPCIVDHLWAPYDLYRSSRHSLEE 
>AT2G41400.1 | Symbols: | Pollen Ole e 1 allergen and extensin 
family protein | chr2:17259509-17259961 FORWARD LENGTH=150 
MEKSNVFLLSILLMASLFYISHAFKLWSYTIDRVSIRGVVYCSLDGDPSAPPVSNATVYIECPG
SNSTLAQAVTNQVGVFTLVFNPANTSFDNPSKCDIKVNLPTNSCFIYPPGGVLIASVVNEIYGG
SISLENFIVIASYAATTFLSPG 
AT5G60920.1 | Symbols: COB | COBRA-like extracellular glycosyl-
phosphatidyl inositol-anchored protein family | chr5:24511466-
24513932 REVERSE LENGTH=456 
MESFFSRSTSIVSKLSFLALWIVFLISSSSFTSTEAYDALDPEGNITMKWDVMSWTPDGYVAVV
TMFNFQKYRHIQSPGWTLGWKWAKKEVIWSMVGAQTTEQGDCSKYKGNIPHCCKKDPTVVDLLP
GTPYNQQIANCCKGGVMNSWVQDPATAASSFQISVGAAGTTNKTVRVPRNFTLMGPGPGYTCGP
AKIVRPTKFVTTDTRRTTQAMMTWNITCTYSQFLAQRTPTCCVSLSSFYNETIVGCPTCACGCQ
NNRTESGACLDPDTPHLASVVSPPTKKGTVLPPLVQCTRHMCPIRVHWHVKQNYKEYWRVKITI
TNFNYRLNYTQWNLVAQHPNLDNITQIFSFNYKSLTPYAGLNDTAMLWGVKFYNDFLSEAGPLG
NVQSEILFRKDQSTFTFEKGWAFPRRIYFNGDNCVMPPPDSYPFLPNGGSRSQFSFVAAVLLPL
LVFFFFSA 
>AT5G67460.1 | Symbols: | O-Glycosyl hydrolases family 17 
protein | chr5:26921984-26923274 REVERSE LENGTH=380 
MRHLLYIFLFIAFLSFAGAGQESTPIEALNLNNNLLQLPQTTDLDLAVSVSGNKTITEISSSII
KAETWLKTHILSRYPSTKITTIVIFFPDSCQTTQHSSDLVLSSLKNIYHSLTRWGLENNIKVSS
GFSYQCLNNPKSSEMFKPVLIFLKTINSTFTINPPQNFLTSPHNHRDLLHSVEKLGSLSFNKVN
FLNPEPEQESTTTMTRRNLRSLVNLSSKFTTSFPTLPSPSPETSPIHSSIGSPSPPTIPYFPEP
SQSPMESNQGISLPPCLPYHPAPSPQPVKKKNVEGLWCVAKPSVAAETLQQSLDFACGQGGANC
DEIKPHGICYYPDTVMAHASYAFNSYWQKTKRNGGTCSFGGTAMLITTDPSYQHCRFVLS 
>AT3G55430.1 | Symbols: | O-Glycosyl hydrolases family 17 
protein | chr3:20549806-20552004 REVERSE LENGTH=449 
MAKAPPSISLLLLLCAAVFLTIPAVISAIGVNYGTLGNLPPPTQVANFIKTQTSIDSVKIFDVN
PDILRAFAGTGISVVVTVPNGDIPALANGRQARRWVSVNILPFHPQTKIKYISVGNEILLTGDN
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NMINNLLPAMRNLNNALVRAGVRDVKVTTAHSLNIIAYDLTGAPSSGRFRPGWDKGILAPILAY
HRRTKSPFMVNPYPYFGFDPKNVNFAIFRTPYKAVRDPFTRHVYTNMFDALMDSTYSAMKALGY
GDVNIVVGETGWPSACDAPWCSPANAAWFNLNIIKRAQGQGTPLMPNRRFETYIFGLFNEEGKP
GPTAERNWGLFRADFSPVYDVGLLRNGQGGGGRPALPAPSTAGGKWCVARSGATNTQLQDSINW
VCGQGVDCKPIQAGGSCFNPSSLRTHASFVMNAYFQSHGRTDGACNFSGTGMIVGNNPSNGACK
Y 
>AT3G23770.1 | Symbols: | O-Glycosyl hydrolases family 17 
protein | chr3:8565556-8567196 FORWARD LENGTH=476 
MTPFALFLFTLLALSSSCCSAIGPQNNRTVLALASRIGINYGKLGNNLPFPYQSINLIKTIKAG
HVKLYDADPETLKLLSTTNLYVTIMVPNNQIISIGADQAAADNWVATNVLPFHPQTRIRFVLVG
NEVLSYSSDQDKQIWANLVPAMRKVVNSLRARGIHNIKVGTPLAMDALRSSFPPSSGTFREDIA
VPVMLPLLKFLNGTNSFFFLDVYPYFPWSTDPVNNHLDFALFESNSTYTDPQTGLVYTNLLDQM
LDSVIFAMTKLGYPNISLAISETGWPNDGDIHETGANIVNAATYNRNLIKKMTANPPLGTPARR
GAPIPTFLFSLFNENQKPGSGTERHWGILNPDGTPIYDIDFSGRRSFSGFDSLPKPSNNVPFKG
NVWCVAVDGADEAELGQALNFACGRSNATCAALAPGGECYAPVTVTWHASYAFSSYWAQFRNQS
SQCYFNGLARETTTNPGNERCKFPSVTL 
>AT2G19440.1 | Symbols: | O-Glycosyl hydrolases family 17 
protein | chr2:8418164-8419806 REVERSE LENGTH=478 
MNLLAFVVGFGIMGIVMVDGLGVNWGTMATHKLPPKKVVQMLKDNNINKVKLFDADETTMSALS
GSGLEVMVAIPNDQLKVMGSYDRAKDWVHKNVTRYNFNGGVNITFVAVGNEPFLKSYNGSFINL
TFPALQNIQNALNEAGLGSSVKATVPLNADVYDSPSSNPVPSAGRFRPDIIGQMTQIVDFLGNN
SAPITINIYPFLSLYGNDDFPLNYAFFDGAKPVDDNGIAYTNVFDANFDTLVSALKAVGHGDMP
IIVGEVGWPTEGDKHANSGSAYRFYNGLLPRLGENRGTPLRPTYIEVYLFGLLDEDAKSIAPGE
FERHWGIFKFDGQPKFPIDLSGQGQNKLLIGAENVTYQPKKWCMFNTEAKDLTKLAANIDYACT
FSDCTALGYGSSCNTLDANGNASYAFNMYFQVKNQDEDACIFQGLATITTKNISQGQCNFPIQI
VASTASSFSSSLVLLIAGVWFLLSGVMFEV 
>AT4G14080.1 | Symbols: MEE48 | O-Glycosyl hydrolases family 17 
protein | chr4:8118697-8120292 REVERSE LENGTH=478 
MSLLAFFLFTILVFSSSCCSATRFQGHRYMQRKTMLDLASKIGINYGRRGNNLPSPYQSINFIK
SIKAGHVKLYDADPESLTLLSQTNLYVTITVPNHQITALSSNQTIADEWVRTNILPYYPQTQIR
FVLVGNEILSYNSGNVSVNLVPAMRKIVNSLRLHGIHNIKVGTPLAMDSLRSSFPPSNGTFREE
ITGPVMLPLLKFLNGTNSYFFLNVHPYFRWSRNPMNTSLDFALFQGHSTYTDPQTGLVYRNLLD
QMLDSVLFAMTKLGYPHMRLAISETGWPNFGDIDETGANILNAATYNRNLIKKMSASPPIGTPS
RPGLPIPTFVFSLFNENQKSGSGTQRHWGILHPDGSPIYDVDFTGQTPLTGFNPLPKPTNNVPY
KGQVWCVPVEGANETELEETLRMACAQSNTTCAALAPGRECYEPVSIYWHASYALNSYWAQFRN
QSIQCFFNGLAHETTTNPGNDRCKFPSVTL 
>AT4G26830.1 | Symbols: | O-Glycosyl hydrolases family 17 
protein | chr4:13494726-13496487 REVERSE LENGTH=455 
MAVSFLPYFLILSFLSAIDAHSGMVGVNYGRIANNLPSPEKVVNLLKSQGINRIKIFDTDKNVL
TALANSKIKVIVALPNELLSSAASHQSFADNWIKTHIMPYFPATEIEAIAVGNEVFVDPTITPY
LVNAMKNIHTSLVKYKLDKAIKISSPIALSALANSYPPSSGSFKPELIEPVVKPMLALLQQTSS
YLMVNAYPFFAYAANADKISLDYALFKENAGNIDSGTGLKYNSLFDAQIDAVYAALSAVGFKGV
KVMVTETGWPSVGDENEIGASESNAAAYNAGLVKRVLTGKGTPLRPTEPLNVYLFALFNENQKP
GPTSERNYGLFYPNEGKVYNVPFTKKSTTPVNGNRGKVPVTHEGHTWCVSNGEVAKEKLQEALD
YACGEGGADCRPIQPGATCYHPESLEAHASYAFNSYYQKNSRRVGTCFFGGAAHVVTQPPRYGK
CEFPTGH 
>AT1G11820.2 | Symbols: | O-Glycosyl hydrolases family 17 
protein | chr1:3991144-3993327 REVERSE LENGTH=511 
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MAFTSMVSTVPVLFFFFTLLLISANSSSLSHNIKVQEQDKDPFVGFNIGTDVSNLLSPTELVKF
LQAQKVNHVRLYDADPELLKALAKTKVRVIISVPNNQLLAIGSSNSTAASWIGRNVVAYYPETL
ITAISVGDEVLTTVPSSAPLLLPAIESLYNALVASNLHTQIKVSTPHAASIMLDTFPPSQAYFN
QTWHSIMVPLLQFLSKTGSPLMMNLYPYYVYMQNKGVVPLDNCLFEPLTPSKEMVDPNTLLHYT
NVLDAMVDAAYVSMKNLNVSDVAVLVTESGWPSKGDSKEPYATIDNADTYNSNLIKHVFDRTGT
PLHPEMTSSVYIYELFNEDLRAPPVSEASWGLFYGNSTPVYLLHVSGSGTFLANDTTNQTYCIA
MDGVDAKTLQAALDWACGPGRSNCSEIQPGESCYQPNNVKGHASFAFNSYYQKEGRASGSCDFK
GVAMITTTDPSHGSCIFPGSKKVGNRTQTVVNSTEVAAGEATSRSLSRGFCVTIMILVTFSIL 
>AT2G01630.1 | Symbols: | O-Glycosyl hydrolases family 17 
protein | chr2:279541-281955 REVERSE LENGTH=501 
MAALLLLFLFLFASSALSQDSLIGVNIGTEVTNMPSPTQVVALLKSQNINRVRLYDADRSMLLA
FAHTGVQVIISVPNDQLLGISQSNATAANWVTRNVAAYYPATNITTIAVGSEVLTSLTNAASVL
VSALKYIQAALVTANLDRQIKVSTPHSSTIILDSFPPSQAFFNKTWDPVIVPLLKFLQSTGSPL
LLNVYPYFDYVQSNGVIPLDYALFQPLQANKEAVDANTLLHYTNVFDAIVDAAYFAMSYLNFTN
IPIVVTESGWPSKGGPSEHDATVENANTYNSNLIQHVINKTGTPKHPGTAVTTYIYELYNEDTR
PGPVSEKNWGLFYTNGTPVYTLRLAGAGAILANDTTNQTFCIAKEKVDRKMLQAALDWACGPGK
VDCSALMQGESCYEPDDVVAHSTYAFNAYYQKMGKASGSCDFKGVATVTTTDPSRGTCVFPGSA
KSNQTLGNNTSALAPSANSTTSGCIPKYYHHPHASFGDLTLLSLLLIIALVFL 
>AT5G23870.3 | Symbols: | Pectinacetylesterase family protein | 
chr5:8046060-8049999 REVERSE LENGTH=451 
MKTTTRLLDLTAAMVLVVYVSFSPPLVSGEPGRRVSMTLVRDAAALGAFCLDGSLPAYHLDRGF
GAGSNNWILQFEGGGWCNDIASCVERAKTRRGSTRYMSKTVVFTGVLSNNASQNPDFYNWNKVR
LRYCDGASFAGDSQFGNGTSLLYFRGQRIWNAIILDLLPKGLAKAHKALLTGCSAGGLSTFLHC
DNFTSYLPKNASVKCMSDAGFFLDAIDVAANRTMRSFYSQLVSLQGIQKNLDPSCTHAFFPEPS
LCFFPQYVLRFIKTPFFILNSAYDVFQFHHGLVPPSADQTGRWNRCKLNVTACNPHQLDALQGF
RKDMLGALMNFFRNSTRGGMFINSCFDHCQSALEETWLSPTSPRINNKTIAETVGDWYFGRGEE
AKEIGCPYPCDKTCHNLIPASTSDFLASNASGSGHNSRGTHLTFLFLLLNFFFFFVISKFSKKD
YVT 
>AT2G30210.1 | Symbols: LAC3 | laccase 3 | chr2:12887735-
12889827 REVERSE LENGTH=570 
MESFRRFSLLSFIALLAYFAFLASAEHHVHQFVITPTPVKRLCRTHQSITVNGQYPGPTLVVRN
GDSLAITVINRARYNISIHWHGIRQLRNPWADGPEYITQCPIRPGQTYTYRFKIEDQEGTLWWH
AHSRWLRATVYGALIIYPRLGSPYPFSMPKRDIPILLGEWWDRNPMDVLKQAQFTGAAANVSDA
YTINGQPGDLYRCSRAGTIRFPIFPGETVQLRVINAGMNQELFFSVANHQFTVVETDSAYTKPF
TTNVIMIGPGQTTNVLLTANQRPGRYYMAARAYNSANAPFDNTTTTAILQYVNAPTRRGRGRGQ
IAPVFPVLPGFNDTATATAFTNRLRYWKRAPVPQQVDENLFFTVGLGLINCANPNSPRCQGPNG
TRFAASMNNMSFVLPRSNSVMQAYYQGTPGIFTTDFPPVPPVQFDYTGNVSRGLWQPIKGTKAY
KLKYKSNVQIVLQDTSIVTPENHPMHLHGYQFYVVGSGFGNFNPRTDPARFNLFDPPERNTIGT
PPGGWVAIRFVADNPGAWFMHCHIDSHLGWGLAMVFLVENGRGQLQSVQAPPLDLPRC 
>AT5G04310.1 | Symbols: | Pectin lyase-like superfamily protein 
| chr5:1203356-1207352 REVERSE LENGTH=518 
MVAHERRIHNLQKPTCICIIWFCLLVSLSHHGRASSTSASIFNLSLPHQHPFPEHVVLNVQRKL
NDSLSRRQLLTYQQDDGTTASSPIPSCITGNPIDDCWRCDPNWSANRQRLADCSIGFGQGTLGG
KGGQFYLVTDSSDNDAANPIPGTLRHAVIQPEPLWIIFSSDMGIKLKHELIIGSYKTIDGRGTN
IQITGHGCLTIQQVSHVIIHNVHIHHCKPSGNTLVASSPTHVGFRGVSDGDGISVSASHHIWVD
HCSLGYCADGLIDVILASTAVTISNNYFSHHDEVMLLGHDDRYTADKGMQVTIAFNHFGEGLVQ
RMPRCRHGYIHVVNNDFTAWEMYAIGGSASPTINSQGNRYTAPIDPNAKEVTKRVDSNEKHWSG
WNWRTEGDVMVNGAFFVPSGDGVSPAYARATSVQPKAAAIIDQLTVNAGVFGDPSGRNGQGGSF
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PGITNGGGTITRGYSKSGPAGGGSGSDSDDGLFTLIFGNNSGAVALRPGQVWSILLIIILYWYI
PHHTRS 
>AT2G39640.1 | Symbols: | glycosyl hydrolase family 17 protein | 
chr2:16525171-16527012 REVERSE LENGTH=549 
MAKTIRSFILPFLLIVAGVIFQLSAVTSAIGINYGTLGNLQPPQQVVDFIKTKTTFDSVKIYDA
NPDILRAFAGSEINITIMVPNGNIPAMVNVANARQWVAANVLPFQQQIKFKYVCVGNEILASND
NNLISNLVPAMQSLNEALKASNLTYIKVTTPHAFTISYNRNTPSESRFTNDQKDIFTKILEFHR
QAKSPFMINAYTFFTMDTNNVNYAIFGPSNAITDTNTQQTYTNMFDAVMDATYSAMKALGYGDV
DIAVGETGWPTACDASWCSPQNAENYNLNIIKRAQVIGTPLMPNRHIDIFIFALFNEDGKPGPT
RERNWGIFKPDFSPMYDVGVLKGGGSPLPFPPINNNGKWCVGKPEATLMQLQANIDWVCSHGID
CTPISPGGICFDNNNMTTRSSFIMNAYYQSKGCVDVVCDFSGTGIVTSTNPSTSTCPIPIGEGG
GGNGAKSKSANWCMAKQEATETQLQANIDWVCSQGIDCKPISPGGICFDNNNMKTRSTFIMNAY
YESKGYSKDACDFRGSGIVTTTNPSTSTCVVPASVTL 
>AT4G17180.1 | Symbols: | O-Glycosyl hydrolases family 17 
protein | chr4:9646541-9648045 FORWARD LENGTH=475 
MGSGVGVALFALSLLLVSHEVESAIGVNWGTLSFHKMRPSTVVDLLKANKITKVKLFDANPDAL
RALMGTGIQVMIGIPNEMLSTFNSDLFVQQNLSRFIGKNGADIRYVAVGNEPFLTGYGGQFQNY
VVPTMVNLQQSLVRANLASYVKLVVPCNADAYQSNVPSQGMFRPELTQIMTQLVSFLNSNGSPF
VVNIYPFLSLYGNSDFPQDYAFFEGSSHPVPDGPNTYYNAFDGNFDTLVAALTKLGYGQMPIVI
GEIGWPTDGAVGANLTAARVFNQGLISHVLSNKGTPLRPGSPPADVYLFGLLDEGAKSTLPGNF
ERHWGIFSFDGQAKYRLNLGLGNRGLKNAKNVQYLPSRWCVAHPSRDMTQVGDHLRLACSEADC
TTLNDGGSCSQLGEKDNISYAFNSYYQMQMQHEKSCDFDGLGMVTFLDPSVGDCRFLVGVTDIG
LSSSTEPMARWSIYHICIGLLIWTLTM 
>AT3G16850.1 | Symbols: | Pectin lyase-like superfamily protein 
| chr3:5748692-5750981 FORWARD LENGTH=455 
MKMPVALVWLLAFTILLISGEGNNAICKENFKLDPRPHSVSILEFGAVGDGKTLNTIAFQNAVF
YLKSFADKGGAQLYVPPGKWLTGSFNLTSHLTLFLEKGATILASPDPSHWDVVSPLPSYGRGIE
LPGKRYRSLINGDNLIDVVITGENGTFDGQGAAWWEWLESGSLNYSRPHIIEFVSSKHILISNL
TFLNAPAINIHPVYCSQIHIRKVLIETSVDSPHVLGVAPDSSDNVCIEDSTINVGHDAVSLKSG
WDQYGIHYGRPTTAVHIRNLRLKSPTGAGISFGSEMSGGVSDVTVERLNIHSSLIGVAFRTTRG
RGGYIRNITISDVDLTSVDTAIVANGHTGSHPDDKFDRDALPVVTHIVMRNFTGVDIGVAGNLT
GIGESPFTSICLADIHLQTRSEESWICSNVSGFSDDVSPEPCQELMSSPSSCFAGGSIYEGDAT
AQSYYSW 
>AT3G17070.1 | Symbols: | Peroxidase family protein | 
chr3:5821048-5823165 FORWARD LENGTH=339 
MKPKSKVAESTAASCFLVMSLLCSCIIGDQMETNNEGLSYSYYEKTCPKVEEIVRSSLSSMFIL
DPTSPAALLRLMFHDCQVQGCDASILLEPIRDQQFTELDSAKNFGIRKRDLVGSIKTSLELECP
KQVSCSDVIILAARDAVALTGGPLISVPLGRKDSLSTPSKHVADSELPPSTADVDTTLSLFANK
GMTIEESVAIMGAHTIGVTHCNNVLSRFDNANATSENMDPRFQTFLRVACPEFSPTSQAAEATF
VPNDQTSVIFDTAYYDDAIAGRGNLRIDSEIGADPRTRPFVEAFAADQDRFFNAFSSAFVKLSS
YKVLTGNEGVIRSVCDKVD 
>AT2G18980.1 | Symbols: | Peroxidase superfamily protein | 
chr2:8233419-8235294 REVERSE LENGTH=323 
MKNQSSFSIVALLLIFFSSSVFAQLQTNFYRKSCPNVETIVRNAVRQKFQQTFVTAPATLRLFF
HDCFVRGCDASILLASPSEKDHPDDKSLAGDGFDTVAKAKQALDRDPNCRNKVSCADILALATR
DVVVLTGGPNYPVELGRRDGRLSTVASVQHSLPQPSFKLDQLNTMFARHGLSQTDMIALSGAHT
IGFAHCGKFSKRIYNFSPKRPIDPTLNIRYALQLRQMCPIRVDLRIAINMDPTSPNTFDNAYFK
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NLQKGMGLFTSDQVLFSDERSRSTVNSFASSEATFRQAFISAITKLGRVGVKTGNAGEIRRDCS
RVN 
>AT2G36700.1 | Symbols: | Pectin lyase-like superfamily protein 
| chr2:15384706-15386421 REVERSE LENGTH=333 
MLFFILFLSIISPIESVDQRIHHPSKCDHLSKFPTKGFTMVLKVSLNGCGRFKRVQDAIDASIG
SSQSKTLILIDFGIYRERFIVHENKNNLVVQGMGYSRTSIEWNNTTASSNGTFSSFSVAVFGEK
FTAYNISFKNTAPAPNPGAVDAQAVALKVVGDKAAFYGCGFYGNQDTLLDQEGRHFFKGCFIEG
SIDFIFGNGRSLYEDCTLHSIAKENTIGCITANGKDTLKDRTGFVFVNCKITGSARVWLGRAWR
PYARVIFSKTYMSRVVSLDGWNDMGDPKTQRTVYYGEHRCYGPGANHSKRVTYAKLLSDVEAAP
FTNISFIDGEEWL 
>AT3G13560.1 | Symbols: | O-Glycosyl hydrolases family 17 
protein | chr3:4425484-4427284 REVERSE LENGTH=505 
MLLPRWFAEALLLLLSILACSNAAFIGVNIGTDLTNMPPPSDIVTLLKSQQITHVRLYDANSHM
LKAFANTSIEVMVGVTNEEILKIGRFPSAAAAWVNKNVAAYIPSTNITAIAVGSEVLTTIPHVA
PILASALNNIHKALVASNLNFKVKVSSPMSMDIMPKPFPPSTSTFSPSWNTTVYQLLQFLKNTG
SFFMLNAYPYYGYTTANGIFPLDYALFKQLSPVKQIVDPNTLLHYNSMFDAMVDAAYYSMEALN
FSKIPVVVTETGWPSSGGSDEAAATVANAETFNTNLIKRVLNNSGPPSQPDIPINTYIYELYNE
DKRSGPVSERNWGILFPNGTSVYPLSLSGGSSSAALNGSSMFCVAKADADDDKLVDGLNWACGQ
GRANCAAIQPGQPCYLPNDVKSHASFAFNDYYQKMKSAGGTCDFDGTAITTTRDPSYRTCAYTG
SLNANATNGNFPPDALGPASPLGGNANARIIFSYHLPILAPLALTLLQLLLQHDRLL 
>AT5G01930.1 | Symbols: MAN6, AtMAN6 | Glycosyl hydrolase 
superfamily protein | chr5:361189-362867 REVERSE LENGTH=448 
MKDQLGFRIVLCSAVFIILTQNRALADLDSESHEVNSESVGEEQWEMVQRKGMQFTLNGQPFYV
NGFNTYWMMTLAADNSTRGKVTEVFQQASAVGMTVGRTWAFNDGQWRALQKSPSVYDEEVFKAL
DFVLSEARKYKIRLILSLVNNWDAYGGKAQYVKWGNASGLNLTSDDDFFTNPTLRNFYQSHVRT
VLNRVNTFTNITYKNDPTIFAWELMNEPRCPSDPSGDKLQSWIQEMAVFVKSLDAKHLVEIGLE
GFYGPSAPARTRFNPNPYAAQVGTDFIRNNQVLGIDFASVHVYPDSWISPAVSNSFLEFTSSWM
QAHVEDAEMYLGMPVLFTEFGVSAHDPGFNTSFRDMMLNTVYKMTLNSTRKGGAGAGSLVWQVF
PQGAEFMDDGYAVYLTRAHTASKIISLQSKRLAIFNSLCSWRCRWGCKKKNQTALDALLSHDEL 
>AT5G47500.1 | Symbols: | Pectin lyase-like superfamily protein 
| chr5:19271262-19272845 REVERSE LENGTH=362 
MAQLTNSLNYLFSVSLLLFVSFHCLCFRFSLVAACSNSTDDQQIQHHHHRKWVGPSGHKVITVS
LNGHAQFRSVQDAVDSIPKNNNKSITIKIAPGFYREKVVVPATKPYITFKGAGRDVTAIEWHDR
ASDLGANGQQLRTYQTASVTVYANYFTARNISFTNTAPAPLPGMQGWQAVAFRISGDKAFFSGC
GFYGAQDTLCDDAGRHYFKECYIEGSIDFIFGNGRSMYKDCELHSIASRFGSIAAHGRTCPEEK
TGFAFVGCRVTGTGPLYVGRAMGQYSRIVYAYTYFDALVAHGGWDDWDHKSNKSKTAFFGVYNC
YGPGAAATRGVSWARALDYESAHPFIAKSFVNGRHWIAPRDA 
>AT5G60950.1 | Symbols: COBL5 | COBRA-like protein 5 precursor | 
chr5:24527157-24528005 REVERSE LENGTH=204 
MESLFSTMIVLLLVSFSCLISTEALTSNYGNITVKWDLLNWTPDGYVAVVTAYNYQKQRSIPGW
KMSWRGTKKEVIWNMLGAKTTGQGGCSMFKGNIPQSCVRKPTVVDLLPGTPFNQQIANCCKSGV
LKPGSESAFQLSVGSAGNSVKTARMPANFMFTAPKQQYICGPSKNVRPTRFTTADKRRITAALM
TWNITCVFHKAT 
>AT3G29810.1 | Symbols: COBL2 | COBRA-like protein 2 precursor | 
chr3:11728212-11730158 FORWARD LENGTH=441 
MNILFSRFSFLLLFLCSWTSFTFTTTEAYDALDPYGNITIKWDIMSWTGDGYVAVVTIFNFQQY
RHIEAPGWQLGWSWMKKEVIWSMVGGQATEQGDCSKFKGNIPHCCKKTPAIVDLLPGTPYNQQI
SNCCRGGVISAWAQDPATAISSFQISVGQSGTTNTTVRAPRNITLKAPGPGYTCGPAKLVKPSR
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FISADKRRKTQSLLTWNITCTYSQFLARKTPTCCVSLSAFYNETIVPCPTCSCGCQNSSQAGTC
VDPKIASVVPALGKNNLEPLLQCTQHMCPIRVHWHVKTSYKEYWRVKVAITNFNYNMNYSQWNL
VVQHPNFDNLTKLFSFNYKPLNPYLNINDTAMLWGIKFYNDFLSQAGPVGNVQSELLFQKNPLE
FTFEKGWAFPRRIYFNGDNCVMPPPDSYPWLPNASPNIATSPFVILLITFLSVLILM 
>AT3G07320.1 | Symbols: | O-Glycosyl hydrolases family 17 
protein | chr3:2332324-2333925 REVERSE LENGTH=460 
MSLLLHLFALSLLISVSGAKFSGRPGINYGQLGNNLPSPSDSVNLIKSLNAKRVKLYDANPKIL
AALNGTDITVSVMVPNELLVNISKSASLSDDWIRSNILPFYPTTKIRYLLVGNEILSLPDSELK
SSLVPAMRKIQRSLKSLGVKKVKVGTTLATDVLQSSFPPSSGEFREDISGLIMKPMLQFLNRTK
SFLFVDVYPYFAWAQDPTHVDLDYAIFESTNVTVTDPVSNLTYHNLFDQMIDAFVFAMKRVGYP
DIRIWVAETGWPNNGDYDQIGANIYNAATYNRNVVKKLAADPPVGTPARPGKVLPAFVFALYNE
NQKTGPGTERHFGLLHPNGTQVYGIDLSGKTEYKESLPAPENNDLYKGKIWCVVAKGANWTQLG
DALSYACSQGNNTCDPIQRGGPCQKPDLTVLHASYAFSSYWAQFRKIGGTCSFNGLATQTIKDP
SYGRCEFPSVTL 
>AT4G11050.1 | Symbols: AtGH9C3, GH9C3 | glycosyl hydrolase 9C3 
| chr4:6747498-6751311 REVERSE LENGTH=626 
MGSRTTISILVVLLLGLVQLAISGHDYKQALSKSILFFEAQRSGHLPPNQRVSWRSHSGLYDGK
SSGVDLVGGYYDAGDNVKFGLPMAFTVTTMCWSIIEYGGQLESNGELGHAIDAVKWGTDYFIKA
HPEPNVLYGEVGDGKSDHYCWQRPEEMTTDRRAYKIDRNNPGSDLAGETAAAMAAASIVFRRSD
PSYSAELLRHAHQLFEFADKYRGKYDSSITVAQKYYRSVSGYNDELLWAAAWLYQATNDKYYLD
YLGKNGDSMGGTGWSMTEFGWDVKYAGVQTLVAKVLMQGKGGEHTAVFERYQQKAEQFMCSLLG
KSTKNIKKTPGGLIFRQSWNNMQFVTSASFLATVYSDYLSYSKRDLLCSQGNISPSQLLEFSKS
QVDYILGDNPRATSYMVGYGENYPRQVHHRGSSIVSFNVDQKFVTCRGGYATWFSRKGSDPNVL
TGALVGGPDAYDNFADQRDNYEQTEPATYNNAPLLGVLARLISGSTGFDQLLPGVSPTPSPVII
KPAPVPQRKPTKPPAASSPSPITISQKMTNSWKNEGKVYYRYSTILTNRSTKTLKILKISITKL
YGPIWGVTKTGNSFSFPSWMQSLPSGKSMEFVYIHSASPADVLVSNYSLE 
>AT1G71980.1 | Symbols: | Protease-associated (PA) RING/U-box 
zinc finger family protein | chr1:27098250-27099881 FORWARD 
LENGTH=448 
MNRALVLLLYVCTVSCLASSKVILMRNNITLSFDDIEANFAPSVKGTGEIGVVYVAEPLDACQN
LMNKPEQSSNETSPFVLIVRGGCSFEEKVRKAQRAGFKAAIIYDNEDRGTLIAMAGNSGGIRIH
AVFVTKETGEVLKEYAGFPDTKVWLIPSFENSAWSIMAVSFISLLAMSAVLATCFFVRRHRIRR
RTSRSSRVREFHGMSRRLVKAMPSLIFSSFHEDNTTAFTCAICLEDYTVGDKLRLLPCCHKFHA
ACVDSWLTSWRTFCPVCKRDARTSTGEPPASESTPLLSSAASSFTSSSLHSSVRSSALLIGPSL
GSLPTSISFSPAYASSSYIRQSFQSSSNRRSPPISVSRSSVDLRQQAASPSPSPSQRSYISHMA
SPQSLGYPTISPFNTRYMSPYRPSPSNASPAMAGSSNYPLNPLRYSESAGTFSPYASANSLPDC 
>AT4G34980.1 | Symbols: SLP2 | subtilisin-like serine protease 2 
| chr4:16656929-16659223 REVERSE LENGTH=764 
MASSTIVLLLFLSFPFISFAASQAAKTFIFRIDGGSMPSIFPTHYHWYSTEFAEESRIVHVYHT
VFHGFSAVVTPDEADNLRNHPAVLAVFEDRRRELHTTRSPQFLGLQNQKGLWSESDYGSDVIIG
VFDTGIWPERRSFSDLNLGPIPKRWRGVCESGARFSPRNCNRKIIGARFFAKGQQAAVIGGINK
TVEFLSPRDADGHGTHTSSTAAGRHAFKASMSGYASGVAKGVAPKARIAAYKVCWKDSGCLDSD
ILAAFDAAVRDGVDVISISIGGGDGITSPYYLDPIAIGSYGAASKGIFVSSSAGNEGPNGMSVT
NLAPWVTTVGASTIDRNFPADAILGDGHRLRGVSLYAGVPLNGRMFPVVYPGKSGMSSASLCME
NTLDPKQVRGKIVICDRGSSPRVAKGLVVKKAGGVGMILANGASNGEGLVGDAHLIPACAVGSN
EGDRIKAYASSHPNPIASIDFRGTIVGIKPAPVIASFSGRGPNGLSPEILKPDLIAPGVNILAA
WTDAVGPTGLPSDPRKTEFNILSGTSMACPHVSGAAALLKSAHPDWSPAVIRSAMMTTTNLVDN
SNRSLIDESTGKSATPYDYGSGHLNLGRAMNPGLVYDITNDDYITFLCSIGYGPKTIQVITRTP
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VRCPTTRKPSPGNLNYPSITAVFPTNRRGLVSKTVIRTATNVGQAEAVYRARIESPRGVTVTVK
PPRLVFTSAVKRRSYAVTVTVNTRNVVLGETGAVFGSVTWFDGGKHVVRSPIVVTQMDTL 
>AT1G35630.1 | Symbols: | Protease-associated (PA) RING/U-box 
zinc finger family protein | chr1:13163041-13164484 REVERSE 
LENGTH=318 
MNYSWITIMSLLVICKLASAKVVLIGKNTILSFDDVEATFTPIVRNSGECGILYVAEPLEACSD
ITNMAEKRSKYRSSYVLIVLGGCSFEEKVRKAQKAGYKAAIVYNDGYDELLVPMAGNSSGVDIH
GLLVTRASGEVLKGYADQDEMKLWLIPGFGISSWSIMGITFISLLAMSAILATCFVVRRHQIRQ
SVRDLPHGGQGLSCMPRDLLQSMPTEVYSGVLEESSTSVTCAICIDDYCVGEKLRILPCKHKYH
AVCIDSWLGRCRSFCPVCKQNPRTGNDVPPASETTPLISPSPNSITSLQSFYDLPIVVRVYL 
>AT4G38220.2 | Symbols: | Peptidase M20/M25/M40 family protein | 
chr4:17925251-17926919 FORWARD LENGTH=433 
MSLLRLLLVVVVLHLSAVAGDDAIVSRFQEYLRINTVQPNPEYYKAVDFIISQAKPLSLESQTI
EFVKGKPLLLLKWVGSDPTLPAFLLNSHTDVVPFEDSKWTHHPLQAHMDHHGDIYARGSQDMKC
VGMQYLEAIRKLQASGFKPLRSVYLSFVPDEEIGGHDGAEKFAESQLFKSLNIAIVLDEGLPSP
TESYRVFYGERSPWWLVIKAKGPPGHGAKLYDNSAMENLLKSIESIRRFRASQFDLLKAGGIAE
GDVVSVNMAFLKAGTPSPTGFVMNLQPSEAEAGFDIRVPPSVDAEALERRLVEEWAPAARNMSF
ELGQFKQKLTGKQFLTAADDSNPWWGLLENAVKEAGGRTSKPEIFPASTDARYFRKAGVPAFGF
SPISNTPSLLHDHNEYLGKAEYLKGIEVYVSIIKAYASYESKSGSRDEL 
>AT1G09750.1 | Symbols: | Eukaryotic aspartyl protease family 
protein | chr1:3157541-3158960 FORWARD LENGTH=449 
MASSSLHFFFFLTLLLPFTFTTATRDTCATAAPDGSDDLSIIPINAKCSPFAPTHVSASVIDTV
LHMASSDSHRLTYLSSLVAGKPKPTSVPVASGNQLHIGNYVVRAKLGTPPQLMFMVLDTSNDAV
WLPCSGCSGCSNASTSFNTNSSSTYSTVSCSTAQCTQARGLTCPSSSPQPSVCSFNQSYGGDSS
FSASLVQDTLTLAPDVIPNFSFGCINSASGNSLPPQGLMGLGRGPMSLVSQTTSLYSGVFSYCL
PSFRSFYFSGSLKLGLLGQPKSIRYTPLLRNPRRPSLYYVNLTGVSVGSVQVPVDPVYLTFDAN
SGAGTIIDSGTVITRFAQPVYEAIRDEFRKQVNVSSFSTLGAFDTCFSADNENVAPKITLHMTS
LDLKLPMENTLIHSSAGTLTCLSMAGIRQNANAVLNVIANLQQQNLRILFDVPNSRIGIAPEPC
N 
>AT5G07030.1 | Symbols: | Eukaryotic aspartyl protease family 
protein | chr5:2183600-2185717 REVERSE LENGTH=455 
MPTPFNNPSNPKAYNTMSTLVLFLQLFSILPLALGLNHPNCDLTKTQDQGSTLRIFHIDSPCSP
FKSSSPLSWEARVLQTLAQDQARLQYLSSLVAGRSVVPIASGRQMLQSTTYIVKALIGTPAQPL
LLAMDTSSDVAWIPCSGCVGCPSNTAFSPAKSTSFKNVSCSAPQCKQVPNPTCGARACSFNLTY
GSSSIAANLSQDTIRLAADPIKAFTFGCVNKVAGGGTIPPPQGLLGLGRGPLSLMSQAQSIYKS
TFSYCLPSFRSLTFSGSLRLGPTSQPQRVKYTQLLRNPRRSSLYYVNLVAIRVGRKVVDLPPAA
IAFNPSTGAGTIFDSGTVYTRLAKPVYEAVRNEFRKRVKPTTAVVTSLGGFDTCYSGQVKVPTI
TFMFKGVNMTMPADNLMLHSTAGSTSCLAMAAAPENVNSVVNVIASMQQQNHRVLIDVPNGRLG
LARERCS 
>AT4G21326.1 | Symbols: ATSBT3.12, SBT3.12 | subtilase 3.12 | 
chr4:11346685-11349653 FORWARD LENGTH=754 
MGIVKGRSRAGLFIGFLFIVNVGFCVFAQESSNEERKIYVVHLGVRRHDDSELVSESHQRMLES
VFESAEAARESIVYNYHHGFSGFAARLTDSQAKQLSDRPDVFSVAPNRKVELQSTRIYDYLGLS
PSFPSGVLHESNMGSDLVIGFLDSGVWPESPAYNDEGLEPIPKHWKGKCVAGEDFDPAKHCNKK
LVGAKYFTDGFDENNSGISEEDFMSPRGYRGHGTMVSSIAASSFVPNVSYGGLAPGVMRGAAPK
ARIAMYKIVWDRALLMSSTATMVKAFDEAINDGVDVLSISLASAAPFRPIDSITGDLELGSFHA
VMKGIPVIAGASNTGPEAYTVANVFPWMLTVAATNIDRTFYADMTFGNNITIIGQAQYTGKEVS
AGLVYIEHYKTDTSGMLGKVVLTFVKEDWEMASALATTTINKAAGLIVARSGDYQSDIVYNQPF
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IYVDYEVGAKILRYIRSSSSPTIKISTGKTLVGRPIATQVCGFSSRGPNGLSPAILKPDIAAPG
VTILGATSQAYPDSFGGYFLGTGTSYATPVVAGLVVLLKALHPDWSPAALKSAIMTTAWKTDPS
GEPIFAEGEPRKLADPFDYGAGLVNAERAKDPGLVYDMNIDDYIHYFCATGYNDTSITIITGKP
TKCSSPLPSILDLNYPAITIPDLEEEVTVTRTVTNVGPVDSVYRAVVEPPRGVEIVVEPETLVF
CSNTKKLGFKVRVSSSHKSNTGFFFGSFTWTDGTRNVTIPLSVRIRVLNP 
>AT5G43100.1 | Symbols: | Eukaryotic aspartyl protease family 
protein | chr5:17299264-17302718 FORWARD LENGTH=631 
MDRSSLLLLLFTTTTISIFFFDLTTADESPMIFPLSYSSLPPRPRVEDFRRRRLHQSQLPNAHM
KLYDDLLSNGYYTTRLWIGTPPQEFALIVDTGSTVTYVPCSTCKQCGKHQDPKFQPELSTSYQA
LKCNPDCNCDDEGKLCVYERRYAEMSSSSGVLSEDLISFGNESQLSPQRAVFGCENEETGDLFS
QRADGIMGLGRGKLSVVDQLVDKGVIEDVFSLCYGGMEVGGGAMVLGKISPPPGMVFSHSDPFR
SPYYNIDLKQMHVAGKSLKLNPKVFNGKHGTVLDSGTTYAYFPKEAFIAIKDAVIKEIPSLKRI
HGPDPNYDDVCFSGAGRDVAEIHNFFPEIAMEFGNGQKLILSPENYLFRHTKVRGAYCLGIFPD
RDSTTLLGGIVVRNTLVTYDRENDKLGFLKTNCSDIWRRLAAPESPAPTSPISQNKSSNISPSP
ATSESPTSHLPGVFRVGVITFEVSISVNNSSLKPKFSEIADFIAHELDIQSAQVRLLNFSSSGN
EYRLKWGVFPPQSSEYISNTTALNIMLLLKENRLRLPGQFGSYKLLEWKAEQKKKQSWWEKHLL
GVVGGAMISLLVTSVMIKLALVWRRRKQEEATYEPVNAAIKEQELQPLSSETSNA 
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Appendix III. Medicago truncatula AGP protein sequences. 
 
>Medtr1g016850.1  _ transmembrane protein, putative _ HC _ 
chr1_4528072_4527427 _ 20130731 ; MatureChain: 25-61 
AEAPAPSPTSPATAVSPSFIAGVVAAVVALAGSTLRI 
>Medtr1g052120.1  _ transmembrane protein, putative _ HC _ 
chr1_21007175_21006594 _ 20130731 ; MatureChain: 23-61 
ATHEVPSPAPAPGPASGASTTVVGSLVGASLLSFFALFQ 
>Medtr3g028270.1  _ transmembrane protein, putative _ HC _ 
chr3_8965132_8965667 _ 20130731 ; MatureChain: 26-67 
QDLSPSLAPAPSPDAGAAGSVTSSMAMIGASIVLSMLAIFKN 
>Medtr5g008670.1  _ transmembrane protein, putative _ LC _ 
chr5_1865715_1865512 _ 20130731 ; MatureChain: 22-67 
RDHYHHHRHVHGPAPAPGPSSDAASPGSILGVSLFSFVAYYLCNHA 
>Medtr5g035640.1  _ transmembrane protein, putative _ HC _ 
chr5_15508476_15508987 _ 20130731 ; MatureChain: 24-76 
QNNGEDGINIKVSNDMPGMVMAPAPTPKSSASLPTLTYSAAILIFLPFMLSFF 
>Medtr6g029260.1  _ transmembrane protein, putative _ HC _ 
chr6_10069246_10068704 _ 20130731 ; MatureChain: 27-59 
ADAPAPSPTSDATTLFVPTIIASFVALVFGLLF 
>Medtr6g029330.1  _ transmembrane protein, putative _ HC _ 
chr6_10106936_10106129 _ 20130731 ; MatureChain: 27-59 
ADAPAPSPTSDATTLFVPTIIASFVALLFGLLF 
>Medtr7g085780.1  _ transmembrane protein, putative _ HC _ 
chr7_33252752_33253550 _ 20130731 ; MatureChain: 27-59 
ADAPAPSPTSDATTLFVPTAFASLIALAFGFLF 
>Medtr3g104110.1  _ transmembrane protein, putative _ LC _ 
chr3_47970572_47970739 _ 20130731 ; MatureChain: 18-55 
TDAPAPSPASPATAISPSFIVGCVTAATALVFHSSLRI 
>Medtr1g028610.1  _ arabinogalactan peptide_like protein _ HC _ 
chr1_9704641_9703281 _ 20130731 ; MatureChain: 20-62 
SMASSQYVAPAPAPAPTSDGTSIDQAIAYVLMLVALLLTYIIH 
>Medtr3g090830.1  _ arabinogalactan peptide_like protein _ HC _ 
chr3_41234931_41234172 _ 20130731 ; MatureChain: 28-63 
QSIAPAPAPTSDGTKIDQAIACVLMLVALVLTYIIH 
>Medtr6g086350.1  _ arabinogalactan protein _ LC _ 
chr6_32440224_32440033 _ 20130731 ; MatureChain: 26-63 
KIFDISPAPTPTGGAQILDQVIACFLMLVALVITYMLH 
>Medtr6g086365.1  _ arabinogalactan protein _ LC _ 
chr6_32461334_32459573 _ 20130731 ; MatureChain: 26-88 
QNFDISPAPTPTSDAQSLDQVIAYSLMVVALMGEYIMQIQLGTRVLHNLRKQNQWDSRKRNDI 
>Medtr6g086390.1  _ arabinogalactan peptide_like protein _ HC _ 
chr6_32464229_32463703 _ 20130731 ; MatureChain: 27-64 
QGFDMSPAPSPTSDAQILDQGIAYFLMLVALVITYMFH 
>Medtr6g090535.1  _ arabinogalactan protein _ HC _ 
chr6_34411665_34410320 _ 20130731 ; MatureChain: 20-63 
FVVPSINAQIPAPAPAPTSDGTTLDQGIACILMLLALVLTYIIH 
>Medtr8g099245.1  _ arabinogalactan peptide_like protein _ HC _ 
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chr8_41765566_41763694 _ 20130731 ; MatureChain: 32-75 
QTLAPAPSPTSDGSSVDQGIAYLLMLLALVLTYIIHSADISSTF 
>Medtr8g083480.1  _ arabinogalactan protein _ HC _ 
chr8_43600392_43600914 _ 20130731 ; MatureChain: 26-69 
HDFSPSPTPAPAPAPAPSSDGTAFDQGIAYFLMLVALLITYMFH 
>Medtr3g464630.1  _ transmembrane protein, putative _ LC _ 
chr3_25992627_25993229 _ 20130731 ; MatureChain: 22-69 
RDVPIVNSHMTLEERDYADPHPYPGFPPPKFLNEDPHTHPSPTPNLKV 
>Medtr3g037730.1  _ Clavata3_ESR (CLE) gene family member 
MtCLE11 _ HC _ chr3_13874477_13873747 _ 20130731 ; MatureChain: 
28-83 
LRTKDLVQISHVLKGDAMEGLESKMDLAPSPSMTFDANQSNKRTVKKGSNPIHNRS 
>Medtr1g021638.1  _ salt stress response_antifungal domain 
protein _ LC _ chr1_6521275_6522643 _ 20130731 ; MatureChain: 
22-313 
TTDTANKFQYFCDQNNDGGNYPTNSTYHTNLNTLLSTLTSNKDINYGFYNSSYGNNTDKVNAIG
LCRGDVKLNDCQNCLKNSTVLLTQHCQNRKEAIGWYNDEECMLRYSNRSIFGLNEIGPAYFVWN
TNNATNEVEFNKVVNFFLDSLRNRAASGDSDLKYAVGSDEVGPSNNQTIYGLVQCTPDLSKTLC
DDCLVQSIKEISNCCNNRLGARIVRPSCNLRYETNSFFYQPTPSDSPSPSPVPVPVPSFSTPPP
FAQNNTSSQDKGNTSRNVVPVILLMLILLCSLLSSF 
>Medtr1g022160.5  _ glucan endo_1,3_beta_glucosidase_like 
protein _ HC _ chr1_6896988_6892247 _ 20130731 ; MatureChain: 
21-417 
DPFLGVNYGQVADNLPPASATAKLLQTTAFEKVRLYGTDPAIIKSLANTGIGIVIGAANGDIPS
LASDPSFAKTWISTNVLPYYPASNIILITVGNEVITSNDTNLINGMLPAIQNIQKALDEASLGG
KIRVSTVHTMSVLKNSEPPSAGSFHDEYSTVLQGLLSFNKDTGSPFAINPYPYFAYKSDPGRAD
NLAFCLFQPNAGRVDANTKLNYMNMFDAQVDAVRSALDSMGFKDVEIVVAETGWPYKGDNDEAG
PSIENAKAYNGNLIKHLRSKVGTPLMPGKSVDTYIFALYDEDLKPGAGSEKAFGLYNTDQSMIY
DAGLSKQQSTTPTPTSSPVVSPTPEVSKTPVIPAPTGPSSTPKGHNHTPNKAEFLNGHEASILQ
SLIMLTYLILMLF 
>Medtr1g022160.1  _ glucan endo_1,3_beta_glucosidase_like 
protein _ HC _ chr1_6896957_6893217 _ 20130731 ; MatureChain: 
21-481 
DPFLGVNYGQVADNLPPASATAKLLQTTAFEKVRLYGTDPAIIKSLANTGIGIVIGAANGDIPS
LASDPSFAKTWISTNVLPYYPASNIILITVGNEVITSNDTNLINGMLPAIQNIQKALDEASLGG
KIRVSTVHTMSVLKNSEPPSAGSFHDEYSTVLQGLLSFNKDTGSPFAINPYPYFAYKSDPGRAD
NLAFCLFQPNAGRVDANTKLNYMNMFDAQVDAVRSALDSMGFKDVEIVVAETGWPYKGDNDEAG
PSIENAKAYNGNLIKHLRSKVGTPLMPGKSVDTYIFALYDEDLKPGAGSEKAFGLYNTDQSMIY
DAGLSKQQSTTPTPTSSPVVSPINQDVSKSPMNSTPKVPSPTTPYNSNIAWCVPKAGLTDVQLQ
ANLDYACGQGIDCSLIQPGGACFEPNTLANHAAYAMNLFYHTVGQNPLTCDFSQTATLTSNNPR
AEVRTPDTPLFHN 
>Medtr1g022160.4  _ glucan endo_1,3_beta_glucosidase_like 
protein _ HC _ chr1_6896988_6892247 _ 20130731 ; MatureChain: 
21-486 
DPFLGVNYGQVADNLPPASATAKLLQTTAFEKVRLYGTDPAIIKSLANTGIGIVIGAANGDIPS
LASDPSFAKTWISTNVLPYYPASNIILITVGNEVITSNDTNLINGMLPAIQNIQKALDEASLGG
KIRVSTVHTMSVLKNSEPPSAGSFHDEYSTVLQGLLSFNKDTGSPFAINPYPYFAYKSDPGRAD
NLAFCLFQPNAGRVDANTKLNYMNMFDAQVDAVRSALDSMGFKDVEIVVAETGWPYKGDNDEAG
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PSIENAKAYNGNLIKHLRSKVGTPLMPGKSVDTYIFALYDEDLKPGAGSEKAFGLYNTDQSMIY
DAGLSKQQSTTPTPTSSPVVSPINQDVSKSPMNSTPKVPSPTTPYNSNIAWCVPKAGLTDVQLQ
ANLDYACGQGIDCSLIQPGGACFEPNTLANHAAYAMNLFYHTVGQNPLTCDFSQTATLTSNNPS
KFSCGFCATFFYILSSDL 
>Medtr1g022160.2  _ glucan endo_1,3_beta_glucosidase_like 
protein _ HC _ chr1_6896988_6892247 _ 20130731 ; MatureChain: 
21-417 
DPFLGVNYGQVADNLPPASATAKLLQTTAFEKVRLYGTDPAIIKSLANTGIGIVIGAANGDIPS
LASDPSFAKTWISTNVLPYYPASNIILITVGNEVITSNDTNLINGMLPAIQNIQKALDEASLGG
KIRVSTVHTMSVLKNSEPPSAGSFHDEYSTVLQGLLSFNKDTGSPFAINPYPYFAYKSDPGRAD
NLAFCLFQPNAGRVDANTKLNYMNMFDAQVDAVRSALDSMGFKDVEIVVAETGWPYKGDNDEAG
PSIENAKAYNGNLIKHLRSKVGTPLMPGKSVDTYIFALYDEDLKPGAGSEKAFGLYNTDQSMIY
DAGLSKQQSTTPTPTSSPVVSPTPEVSKTPVIPAPTGPSSTPKGHNHTPNKAEFLNGHEASILQ
SLIMLTYLILMLF 
>Medtr1g022160.3  _ glucan endo_1,3_beta_glucosidase_like 
protein _ HC _ chr1_6896988_6892247 _ 20130731 ; MatureChain: 
21-479 
DPFLGVNYGQVADNLPPASATAKLLQTTAFEKVRLYGTDPAIIKSLANTGIGIVIGAANGDIPS
LASDPSFAKTWISTNVLPYYPASNIILITVGNEVITSNDTNLINGMLPAIQNIQKALDEASLGG
KIRVSTVHTMSVLKNSEPPSAGSFHDEYSTVLQGLLSFNKDTGSPFAINPYPYFAYKSDPGRAD
NLAFCLFQPNAGRVDANTKLNYMNMFDAQVDAVRSALDSMGFKDVEIVVAETGWPYKGDNDEAG
PSIENAKAYNGNLIKHLRSKVGTPLMPGKSVDTYIFALYDEDLKPGAGSEKAFGLYNTDQSMIY
DAGLSKQQSTTPTPTSSPVVSPINQDVSKSPMNSTPKVPSPTTPYNSNIAWCVPKAGLTDVQLQ
ANLDYACGQGIDCSLIQPGGACFEPNTLANHAAYAMNLFYHTVGQNPLTCDFSQTATLTSNNPS
YNSCIYTGGNA 
>Medtr1g084820.2  _ carbohydrate_binding X8 domain protein _ HC 
_ chr1_37754447_37757434 _ 20130731 ; MatureChain: 22-571 
SLVGFSYHERGDTLTSFLQHSKVSSSQIRAFVTDHWILSTLTNSKLLVDLYLNKSQVEKFITSK
PSAVSELKAQLVNFLPHLNIKSIIVSCGSECLLQNELPLIMHALKSIHSILSDLHISKEVKISV
AFPLQVLRKLNASQEHEIRRLLSFIKETKSFVMIEDNIDGELRMDDHFVQTIIKRANLAASVLP
CKDVPLVLTIKSSVIPSSIEVTQFSKRVSKYLEAKRIAALYVELHTTEDSSMKELKREEEGMFH
LSRREILSKFHRRKIIDNTNSPTNTVYPTNPTPVITPSDTPTIIAVPSTNPVTISPTNPAAMPV
TVPSTTPVVPLAPTTPTITPAPVFNPATTPTTVPGAPPVTSYPPPVTSYPPPLGNVPVVNPQQP
PPSNTNAPSIQGQSWCVAKTGAPQASLQSALDYACGNGADCSQIQQGASCYSPVTLQNHASFAF
NSYYQKKPAPTSCDFGGAAMLVSSNPSSGSCIYPSSSSSSSSTSTSPMISSPAPPTQSTSTSIP
PPSLTTPSPSIPTIAPPTMSTAPSSIPTAPPTSSGTFG 
>Medtr1g084820.1  _ carbohydrate_binding X8 domain protein _ HC 
_ chr1_37754391_37757434 _ 20130731 ; MatureChain: 22-633 
SLVGFSYHERGDTLTSFLQHSKVSSSQIRAFVTDHWILSTLTNSKLLVDLYLNKSQVEKFITSK
PSAVSELKAQLVNFLPHLNIKSIIVSCGSECLLQNELPLIMHALKSIHSILSDLHISKEVKISV
AFPLQVLRKLNASQEHEIRRLLSFIKETKSFVMIEDNIDGELRMDDHFVQTIIKRANLAASVLP
CKDVPLVLTIKSSVIPSSIEVTQFSKRVSKYLEAKRIAALYVELHTTEDSSMKELKREEEGMFH
LSRREILSKFHRRKIIDNTNSPTNTVYPTNPTPVITPSDTPTIIAVPSTNPVTISPTNPAAMPV
TVPSTTPVVPLAPTTPTITPAPVFNPATTPTTVPGAPPVTSYPPPVTSYPPPLGNVPVVNPQQP
PPSNTNAPSIQGQSWCVAKTGAPQASLQSALDYACGNGADCSQIQQGASCYSPVTLQNHASFAF
NSYYQKKPAPTSCDFGGAAMLVSSNPSSGSCIYPSSSSSSSSTSTSPMISSPAPPTQSTSTSIP
PPSLTTPSPSIPTIAPPTMSTAPSSIPTAPPTSSGTFGYGTPPSVLNSSNPASGTMPDFGSDSP
PIVNTTSASHPRALKPFTGCIVLMIPFVTASLSMRL 
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>Medtr1g086390.1  _ polygalacturonase_glycoside hydrolase family 
protein _ HC _ chr1_38659765_38662894 _ 20130731 ; MatureChain: 
25-477 
RHHFHTKHKHYSHSHNSSSEISLPPAPLPSPTSSAPEEAPSASASPSPSPEVASGLLDVRKFGA
IGDGITDDTESFKMAWDTACQSELDLNVIFVPPGFSFIVQSTIFTGPCKGGLVLKVDGTIMTPD
GPESWLKNNSRRQWLVFYRVNGMSLEGSGTIDGRGQKWWDLPCKPHKGPNGTTLPGPCDSPVAI
RFFMSSNLTVQGLRIKNSPQFHFRFDGCQSVHVESIFITAPALSPNTDGIHIENTNDVKIYNSV
VSNGDDCVSIGSGCYDVDIKNITCGPGHGISIGSLGNHNSRACVSNITVRDSVIRVSDNGVRIK
TWQGGSGSVSGVTFSNIHMDTVKNPIIIDQFYCLSKDCSNKTSAVFVSDIVYTSIKGTYDIRHP
PMHFACSDSIPCTNLTLSDIELLPSQGDMLNDPFCWNAYGNSETLTIPPVFCLLDGIPQSIPAN
DIDHC 
>Medtr1g086880.1  _ plant invertase_pectin methylesterase 
inhibitor _ HC _ chr1_38897793_38898557 _ 20130731 ; 
MatureChain: 25-254 
VPSTHISTSVPAPAPSIHYVDYILPKRKPNAGIGLFENSVPLKKQNSASVSPDDSDFQFEDPNL
LGSIAADVAKNADPEIVKLCVNGENPALCAATISSLLKGPFDPLKALEIEVDFTLKQAKSVAAI
ITALLNDPNTDKKAMKALQICQIQYNSMLDAINETVELLGQHNVVDSFYKFSSVISYKTTCEDA
FVKSPGVEIPFSQDSRTLFDLGGNCLGIMNTLVNNHKF 
>Medtr1g086890.1  _ plant invertase_pectin methylesterase 
inhibitor _ HC _ chr1_38899955_38900695 _ 20130731 ; 
MatureChain: 24-246 
VPSTRIDDSISTTVPTPTPSSEVIDYIVPEQTDFGLNMPENSASPDDFVFRLEDPNLLGTVSED
IAKNADPEIVKLCVDGESPSLCAATISSLLKGPFDPLKALEIEVDLTLQQAKSVAAIITELLKD
PSTDKKAVKALEICQTQYKSMLDAINETVELLGQHNVVDSFYKFSSVISYKTTCEDAFVKSPGV
EMPFSRDSSTLFDLGGNCLGIMNTLVNNHKI 
>Medtr1g116870.1  _ carbohydrate_binding X8 domain protein _ HC 
_ chr1_52786322_52784446 _ 20130731 ; MatureChain: 28-362 
DANRSIRLLKAPKHRRIVINKNPKKLKIMKHFDFDPSIYSSNAQPYGISSPLSLPPYESLAPGK
SPPYCVYPPPSSSTPSTTIPTPTSSQPTQPSPPYTSPDLPSQSPPPGPTTVTPSPPENFPTPTP
EIVPSPPDNFPTPTPEIVPSPPSNIPGSPEPILNPPIIFPGPPGPSMSPPYFEPAPPYYEPTPP
FIPSPTGGSGSIPSPPSTFQSPSGGTIPSPTVYQPPVVYPPPSVPPRSNTAPQASLWCVAKASV
PDPIIEEAMNYACWSGADCSSIQPNGPCFQPDSVFAHASYAFNSYWQRTKASGGTCEFGGTAVL
VSVDPSYDGCHFIYN 
>Medtr2g032710.1  _ polygalacturonase plant_like protein _ HC _ 
chr2_12322300_12315408 _ 20130731 ; MatureChain: 24-463 
RYHHKKPKKTSPAPSDPSPPSPSFPSDPYPYPNDPGESPSNCVFDVRSFGAVGDGDADDTAAFR
AAWKAACAVDSGVLLAPENYCFKITSTIFSGPCKPGLVFQIDGTLMAPDGPNCWPEADSKSQWL
VFYRLDQMTLNGTGIIEGNGEQWWDLPCKPHRSPDGKTVSGPCVSPTMIRFFMSSNLVLRGLKI
QNSPQFHVKFDGCQGVLIDELSISAPKLSPNTDGIHLGNTRDVGIYNSLISNGDDCISIGPGCS
NVNVDGVTCAPTHGISIGSLGVHNSHACVSNLTVRNSIIKESDNGLRIKTWQGGTGSVTGLTFD
NIQMENVRNCINIDQFYCLSKECMNQTSAVYVNNISYRKIKGTYDVRTPPIHFACSDTVACTNI
TLSEIELLPYEGELVDDPFCWNAYGRQETLTIPPLDCLREGQPETVVELSEYECNN 
>Medtr2g032710.2  _ polygalacturonase plant_like protein _ HC _ 
chr2_12319301_12315408 _ 20130731 ; MatureChain: 24-463 
RYHHKKPKKTSPAPSDPSPPSPSFPSDPYPYPNDPGESPSNCVFDVRSFGAVGDGDADDTAAFR
AAWKAACAVDSGVLLAPENYCFKITSTIFSGPCKPGLVFQIDGTLMAPDGPNCWPEADSKSQWL
VFYRLDQMTLNGTGIIEGNGEQWWDLPCKPHRSPDGKTVSGPCVSPTMIRFFMSSNLVLRGLKI
QNSPQFHVKFDGCQGVLIDELSISAPKLSPNTDGIHLGNTRDVGIYNSLISNGDDCISIGPGCS
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NVNVDGVTCAPTHGISIGSLGVHNSHACVSNLTVRNSIIKESDNGLRIKTWQGGTGSVTGLTFD
NIQMENVRNCINIDQFYCLSKECMNQTSAVYVNNISYRKIKGTYDVRTPPIHFACSDTVACTNI
TLSEIELLPYEGELVDDPFCWNAYGRQETLTIPPLDCLREGQPETVVELSEYECNN 
>Medtr2g035760.1  _ polygalacturonase QRT3_like protein _ HC _ 
chr2_15158916_15161418 _ 20130731 ; MatureChain: 25-497 
DKNLPARKISDGNYHVTMRKLQSFKTSLTRHDSFASTPSSSFAPSPSSQPAEGMNNPRVYHVTS
YGADPTGNSDSTEALLAAIADATNGPSEGYLMEGISNLGGAQINLEGGNYMIRRSLKLPVSGVG
NLMIHGGTIKASNDFPNDGYIIDLSTSSNENDGKNSPSSSYNFEYITLKDLLLDSNFRGGGISV
INSLRTNIDNCYITHFTTNGILVQSGHETYIRNSFLGQHITAGGDKNERNFSGTGINIQGNDNA
VTDVVIFSAAIGIMVTGQANTFSGVHCYNKATGFGGTGIYLKLPGLTQTRIVNSYMDYTSIVAE
DPVQLHISSSFFLGDANIVLKSMKGVLNGVTIVDNMFSGSNQGVEVIHLDKSNGPFHQIDQVTV
DRNVATGMNLKATVAKRSLQGNGTSWNVDFNNILLFPNLIKNVQYSLSSTGSSFPNHAIRNVSD
NRVVIETNEAVAANVFVAVDQSMSS 
>Medtr2g035790.1  _ polygalacturonase QRT3_like protein _ HC _ 
chr2_15178610_15181077 _ 20130731 ; MatureChain: 24-488 
FNEHVQLSHLMKKIAKHKVDIALSQPPSPSPSPSPSPSSHTKKSGRVVYPIEYGADPTGVNESS
DAMMKAVEAAFDIDNLGLELLLGIRDLGGVIIDFQGGNYKISNPITFPSSSGNLVVKGGTLRAS
NTFPTDRYLVELCASSSKVLQNATTAYNNKLLQQTIGIYYEDITFRDILFDSSYRGGGIFIVDS
ARIRIDNCFFLHFNTEGIKVQSGHETFISSSFLGQHSTVGGDKGERQFSGTAIDLASNDNAITD
VAIFSAAIGIVVRGQANIITGVHCYNKATGFGGIGILLKLAGNSQTRIDNCYMDYNSIVMEDPV
QVHVTDGFFLGDANIVLKSIKGKVYGLNIVNNMFSGNPNNNVPIVKLDGGFSNIDQVVIDRNNV
IGMILRSTVGKLSVDGNGTKWVGDFSNVLVFPNRISHFQYSFHTLEGPKFVAHSVSNVSNNVVV
VESEKPVHGVVSYFVEQ 
>Medtr2g042145.1  _ Thionin related (TAP1) _ HC _ 
chr2_18396381_18396835 _ 20130731 ; MatureChain: 22-113 
DDSPLPSPSPHISISEIICFGKCGFQCNNLLGEIQSFVACFAGCGYTCLDVTSKSAYDCATSCA
ISKSINDNIDARGVNLIVNSCVKDCKNK 
>Medtr2g042163.1  _ Thionin related (TAP1) _ HC _ 
chr2_18402300_18402754 _ 20130731 ; MatureChain: 22-113 
DDSPLPSPSPQISISEIICFGKCGFQCSNLLGEIQSFVACFAGCGYTCLDVTSKSAYDCATSCA
ISNSINDNIDARGVNLIVNSCLEDCKNK 
>Medtr2g095080.1  _ Ripening related protein family _ HC _ 
chr2_40617795_40616664 _ 20130731 ; MatureChain: 22-222 
PFLTDAISSCNGPCRTLNDCAGQLICINGKCNDDPDVGTRICSQPSPSPPPPSGGGGTCRTSGN
LQCDGQSYPQYRCSPPYVSSGTQALLTLNDFSAGGDGGGASQCDEIFHSNSERIVALSTGWYSG
GSRCGKFIRIRASNGRTVTAKVVDQCDSVNGCDDEHAGQPPCRNNIVDGSAAVWDELRLNKNDG
VVPVTWTMA 
>Medtr2g095130.1  _ Ripening related protein family _ HC _ 
chr2_40628355_40627563 _ 20130731 ; MatureChain: 28-220 
ISSCNGPCNTLNDCDGQLICINGKCNDDPDIGTHICTNPSPSPPSGGGGGTCQSSGTLQCKKKS
YPQYRCSPPVSSSTQASLTLNDFSEGGDGGGPSQCDEKYHDNSERVVALSTGWYNGGSRCGKMI
RITARNGRSVTAKVVDQCDSVNGCDKEHAGQPPCHNNIVDGSVSVWNALGLNTDDGVVPVTWSM
A 
>Medtr3g435540.1  _ GDSL_like lipase_acylhydrolase _ HC _ 
chr3_11669121_11665026 _ 20130731 ; MatureChain: 21-364 
KMVQFIFGDSLSDVGNNKYLSKSLAQASLPWYGIDIGNGLPNGRFSNGRTVADIIGDNMGLPRP
PAFLDPSLSEDVILENGVNYASGGGGILNETGSYFIQRFSLYKQIELFEGTQELIRSKIGKFEA
EKFFQEARYVVALGSNDFINNYLMPLYSDSWTYNDETFIDYLVGTLQEQLKVLHSLGARQLMVF
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GLGPMGCIPLQRVLSTSGNCQEKTNKLALSFNKASSKVVNDLGKQLPNASYRFGDAYDVVNDVI
SNPSKYGFQNADSPCCSFGRIRPALTCIPASTLCKDRSKYVFWDEYHPSDKANELIATELIKKF
GFKRVDQAETPSPSPEVAPSPSDD 
>Medtr3g040680.1  _ non_specific phospholipase C4 _ HC _ 
chr3_14343115_14337780 _ 20130731 ; MatureChain: 32-530 
IEENPIKTIVILVMENRSFDHMLGWMKKLNPNINGVTGLESSQLSVSDPNSKRIFFKNEAQYVD
PDPGHSFQAIREQIFGSEDTSVDPAPMNGFAQQAYSMDNTTKMSQEVMNGFEPDHVAVYKTLVS
EFAVFDRWFASVPASTQPNRLYVHSATSGGATSNVASLLAKGYPQQTIFDSLHDNGFDFGIYYQ
NIPATLFYRNLRKLKYIPKFHLYDLTFKHHAKEGKLPNYVVVEQRYTDTKLFPANDDHPSHDVY
QGQMFVKEVYETLRASPQWNETLFLITYDEHGGFFDHVATPVRGVPSPDGIVGPEPFNFTFNRL
GVRVPTIAISPWIEKGTVVHGPNGSPTPTSEYEHSSIAATVKKIFNLPKFLTKRDEWAGTFEGI
VQIRTEPRTDCPEQLPTPIKLRKGEANEDAKLSEFQQELIQLAAVLKGDNIFTSYPNTIGKDMS
VKQGKYYMDEAVKRFFEAGRYAKKMGVSDENIVKMKPSLTTRSSKSSNTKP 
>Medtr3g065460.1  _ glucan endo_1,3_beta_glucosidase_like 
protein _ HC _ chr3_29590167_29594105 _ 20130731 ; MatureChain: 
19-491 
DEEPFIGVNIGTDLSDMPHPTQVVALLKAQQIRHIRLYNADQAMLTALSKSGIQVVISVPNEEL
LAIGQSNSTASNWVSRNVLAYYPATNITAICVGSEVLTTLPNVAKVLVNALNYIHSALVASNLD
RQIKVSTPLPSTMILDSFPPSQAFFNTSMNQVLKPMLDFLQSTQSYLMLNVYPYHDYMESNGVI
PLDYALFKPIPPNKESIDSNTLLHYSNVFDAVVDAAYFAMSYMNYTNIPVVVTETGWPSKGDSN
EPGATLANANTYNSNLIKHVLNKTGTPKLPGIGVSTYIYELYNEDKQPGALSEKNWGLFDSNGV
PVYVLQLTGSGAVLANDTKGETYCVAKDGADPKMLQAGIDWACGPGKVDCSPLLQGKPCYDPDN
VVAHANYAFDAYYHKMGKSTESCNFNDMATISTSDPSHGSCIFPGSLGFSNAPAPAPSHFSGCT
LLRCELRIRSLLIVIGLLISEVVLL 
>Medtr3g072410.1  _ LysM domain GPI_anchored protein _ HC _ 
chr3_32553629_32557165 _ 20130731 ; MatureChain: 22-412 
KSTIEPCTTSDTCNSLLGYTLYTDLKVSELSSLFQIDPISLLTANSIDISYPDVEHHILPSKLY
LKIPIQCSCIDGIRKSVSTNYKIRPSDTLSSIADSIYGGLVSSDQLREANSVTDPNVLDVGQNL
VVPLPCTCFNGSDNGLPAIYMSYVVQPLDSLNNIAARYFTTLTDLMNVNAMGTTGISAGDILAI
PIPACASKFPKDSADFGLLVPNGSYAITAGHCVQCSCGPRNLNLYCMPASLAVSCSSMQCKSSN
LMLGNVTVQQTSGGCNVTSCTYDGIVNGTIATTLTPSLQPRCPGSQEFPPLIAPPTVVPRESLF
APAPSPSSLFDGTDGRSPKSSVVPSTGFTPALGPSGISSGASAACSLVKPLPTLTLTLVLLFVK
LMIPVAL 
>Medtr4g108690.1  _ GDSL_like lipase_acylhydrolase _ HC _ 
chr4_45012744_45015362 _ 20130731 ; MatureChain: 25-368 
KVVQFIFGDSLSDVGNNMHLSRSLAQASLPWYGIDMGNGLPNGRFSNGRTVADIIGDSLGLPRP
PPVLDTSLTEKDILINGLNYASGGGGILNETGTYFIQKLSLDKQIELFQGTQKLIRSKIGKRAA
DKFFREAQYVVALGSNDFINNYLMPLYTDSWTYNDETFMDYLIGTLRRQLKLLHSLGARQLQLF
GLGPMGCIPLQRVLTTTGNCRESVNKLALSFNKASSELIDDLVKQLPNSNYRFGDAYDVVSDLI
SNPLKYGFQNSDSPCCSFGRIRPALTCVPASTLCSDRSKYVFWDEYHPSDSANELIANELIKKF
GFLRDGQNAAPSPAPAAIAPSPED 
>Medtr4g116990.1  _ glycoside hydrolase family 18 protein _ HC _ 
chr4_48456229_48454178 _ 20130731 ; MatureChain: 22-385 
AKSSKSTPSPSSTTRVKGIYWIENPLFPPSSIDTSLFTHIFYAFVSPNKFTYKLEEEEEDSTTV
ATSLTTFTNTFKTKTPPIPTLLSIGGATSNSTLFAFIASDPTARATFINSTIQVARTFGFDGID
FDWEFPTTTKEMNDLGELLFQWRRAISDEATSTSRPPLLLTAAVYFAVNFFLSGERRMYPVDSI
NKNLDWVNVMSYDLLGSGSNVTGAPSGMFDSKSNVSVVSGLFSWIRGGVAPEKIVMGMPLYGKS
WKLQDPNVHGIGAPNVGPGPGVDGGMAYFQVVDFNKQMGAKVVYDKETGSVYSYSGSTWIGYDD
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PFTVSVKVGFAQALKLGGYFFWAAGYDTSDWKVSTQASKAWRPE 
>Medtr5g009100.1  _ GDSL_like lipase_acylhydrolase _ HC _ 
chr5_2093629_2091194 _ 20130731 ; MatureChain: 27-382 
QPQPQPAIPPSPSPPPLAPALFVIGDSSVDSGTNNFLATFARADRLPYGRDFDTHQPTGRFSNG
RIPVDFLASRLGLPFVPSYLGQRGNVEDMIHGVNYASAGAGIIVSSGSELGQHISLTQQVQQFT
DTFQQLIISMGEDAAKTLISNSIVYISIGINDYIHYYLLNASNVDNLFLPWHFNRFLASSLMRE
IKNLYNLNVRKMVVMGLAPIGCAPRYMWEYGIQNGECVEPINDMAIEFNFLMRYIVEKLAEELP
DANIIFCDVYEGSMDILKNHDQYGFNVTSEACCGSGKYKGWLMCLSPEMACSNASNYIWWDQFH
PTDTVNGILAANIWNGEHAKMCYPMHLQDMVIQKAN 
>Medtr5g078210.1  _ GDSL_like lipase_acylhydrolase _ HC _ 
chr5_33423323_33421258 _ 20130731 ; MatureChain: 22-353 
AKLVTYIFGDSLTDVGNNNFLQYSLAKSNFPWYGIDYSGGQATGRFTNGRTIGDIISSKLGIPS
PPAYLSVPQNVDALLKGVNYASGGAGILNDTGLYFLQRLTFDDQIKSFKKTKVAITAKLGEDAA
NKHFNEATYFIGIGSNDYVNNFLQPFMADGQQYTHDEFIELLISTLDQQLKRLYQLGAQKMVFH
GLGPLGCIPSQRVKSKRGQCLKQVNEWIQQFNSKVQKLIIKLNRGLPNAKLVFADTYPLVLDLI
DNPSTYGFKVSNTSCCNVDTSIGGLCLPNSKLCKNRNEYVFWDAFHPSDAANAILAEKFFSSLF
SSAPSAAPSPSP 
>Medtr5g081840.1  _ pectinesterase inhibitor domain protein _ LC 
_ chr5_35079937_35079313 _ 20130731 ; MatureChain: 22-175 
ISLPTPSPKLYKSVCKEPRQKEFEQRCLKLIEAYPKITLIKDYLTFCRSFLKTVAIKKAIKSQH
RVKEIVKKYPSSQPIKECGDDYNTVVSEVQGALREDPEMISLAVKYASDALDMCERSLANEKIV
NTSSIAALNHEMMLYTDIVVIAGGHL 
>Medtr6g079630.1  _ chitinase _ HC _ chr6_29058520_29059610 _ 
20130731 ; MatureChain: 25-306 
TRLSSSTNLIFREYIGAESNNIKFSDVPINPNVEFHFILSFGIDYDTSSSPSPTNGKFNIFWDT
KNLNPSQVSSIKSQNPNVKVALSLGGDSVEGGYAYFDPSSVESWLSNAVSSLTKIIKEYNLDGI
DIDYEHFKGNPNTFAECIGRLIKTLKANGVITFASIAPFDDDQVQSHYLALWKSYGHLIDYVNF
QFYAYDKGTSVSQFIDYFNKQSSNYNGGKVLVSFLSDGSGGLSPSDGFFKACQRLKSQQKLHGI
FVWSADDSMGNGFRFEKQSQALLAIH 
>Medtr6g083270.1  _ Chitinase _ Hevein _ PR_4 _ Wheatwin2 _ HC _ 
chr6_31175338_31171217 _ 20130731 ; MatureChain: 23-457 
QSANNVTATYQSFNLTQTKQGIGNKWNLNTSGVFCAAQDGNKPLSWRSKYGWAAFCGPVGPVGK
SACGKCLNVTNQDGGNSAVQQKSITPTTQTVRIVDECSNGGLDLDMDVFDLLDTSGDGNAQGYL
LVDYEFVDCGDLLASTLPKNFSNSSTTVSPTPAPTPSPTFLSPNPLSNLTQEIHRATTSSHSNW
QMKRKVIIGTKKALIYEFMSNGSLDKFIYNKGPETIASLSWENLYQIAKGIARGLEYLHRGCTT
RILHFDIKPHNILLDENLCPKISDFGLAKLCPKQESIISMSDQRGTMGYVAPEVWNRHFGGVSH
KSDVYSYGMMLLEMVGGRKNIIADASHTSEIYFPHWVYNRLELGTNLRPDGVMDTEEDEIARRM
TIVGLWCIQTFPSDRPTMSKVIEMLEVTMNSLEMPPKPLHSSPTRSVSESS 
>Medtr8g042910.1  _ pectinesterase_pectinesterase inhibitor _ HC 
_ chr8_16610530_16607577 _ 20130731 ; MatureChain: 27-616 
QTSSPSPSPSHSSSPSSSPSPSHSSSPSPSPSPSPSHSPPPPSTSTSSSKACKSTLYPKLCRSI
LSSIRSSPTDPYHLGKFSIKQSLKQAKKLSKVFKDFLKKHHHSTSLNHAEIAALDDCSELNQLN
VDYLELVRDELKSADSSSFNNTDVLVEKVETYLSAVATNHYTCFDGLVVTKSNIANALAVPLSN
VTQLYSISLGLATQALSKNIKKRKTRKQGLPTKAYKVRQPLKKLIKLLHTKHSCSNNSSNCLRH
ERILKESENRGILLKEYVIVSLDGTENFTSIGEAIDAAPHNLKAEDGYFLIYVREGVYEEYVTI
TKHKKNILLIGDGINKTCITGNHSVIDGWTTFNSSTFAVSGERFIAVDITFRNTAGPQKHQAVA
VRNNADLSIFYRCSFEGYQDTLYVHSLRQFYRECDIYGTVDFIFGNAAAVLQSCNIFARKPMAN
QKNAITAQGRTDPNQNTGISIQNCRIEAADDLAVDLNSTKNYLGRPWKVYSRTVYLQSYIGDLI
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QPSGWLEWNGTVGLDTLFYGEFDNYGPGAITHNRVQWHGYNLMTPNQAWNFTVLNFTLGNTWLP
DTDVPYTEGLHLDD 
>Medtr8g074335.1  _ Chitinase (Class Ib) _ Hevein _ HC _ 
chr8_31432870_31435038 _ 20130731 ; MatureChain: 23-309 
EQCGSQANRAVCPNGLCCSKFGWCGTTDQYCGAGCQSQCRSSSTPTPSTPTPGTGGGGDVGRLV
PSFLFDQMLKYRNDARCPGHGFYTYDGFIAATRSFNGFGTTGDDTTRKRELAAFLAQTSHETTG
GWSSAPDGPYAWGYCFVNERNAQEKRYYGRGPIQLTHDYNYGQAGKAINQDLINNPDLVSTNPT
VSFKTAIWFWMTPQGNKPSSHDVIIGRWTPSGADRSAGRVPGYGVITNIINGGLECGHGQDARV
NDRIGFYRRYCQILGVSPGDNLDCNNQRSFA 
>Medtr8g074350.1  _ Chitinase (Class Ib) _ Hevein _ HC _ 
chr8_31442722_31445255 _ 20130731 ; MatureChain: 24-320 
QQCGRQANGAVCANRLCCSQFGYCGNTADYCGAGCQSQCTSNPTPTPTTPTPSGGDVGSLISSS
MFDEMLKYRNDPRCAARGFYSYDSFITAARSFNGFGTTGDENTRKREVAAFLGQTSHETTGGWP
TAPDGPYAWGYCFVNERNPPSDYCSPGTWPCAPGKRYYGRGPIQLTHNYNYGPAGRAINQDLIN
NPDLVSSNPSVSFRTALWFWMTPQGNKPSSHDVITGRWTPSDADRSARRVPGYGVITNIINGGL
ECGRGQDPRVEDRIGFYKRYCQLLRTTTGDNLDCYNQRPFA 
>Medtr8g087870.1  _ GDSL_like lipase_acylhydrolase _ HC _ 
chr8_36358124_36355685 _ 20130731 ; MatureChain: 24-351 
KPQVPCLFIFGDSLSDSGNNNNLATDAKVNYRPYGIDFPAGPTGRFTNGRTSIDIITELLGFDH
FIPPYANTHGADIVQGVNYASGAAGIRNETGTQLGPNISMGLQLQHHTDIVSQIAKKLGYDKVQ
QHLNKCLYYVNIGSNDFLNNYFLPQHYPTKGKYTTDQYAAALVQELSTYLKAIHGLGARKFSLV
GLSLLGCVPHEISTHGKNDSRCIQEENNAALLFNDKLKPLVDHLNKELTDSKFIFINSAVIRLS
QLKLQDLVKCCKVGSNGQCIPNTKPCKARNLHPFFDAFHPTEVVNKLSANLAYNAPAPSFAYPM
DIGRLVKL 
>Medtr8g093460.1  _ pectinesterase_pectinesterase inhibitor _ HC 
_ chr8_39045135_39042219 _ 20130731 ; MatureChain: 19-561 
THHHNHNHHQPTPSPSVSPTAGSEIQQACKATRFPQQCESSLANLPPNPTALQLIQSAINLSST
NLVTAQSMVKAILDSSSSSRNRTVAATTCIEILTNSQNRISLSNDALTHGKIKDARAWLTAALV
YQYDCWNSLKYANDTHAVGEAMSFIDSLETLTSNALAMAFSYDVYGKDTSFWKPPTTERDGLWQ
ATGSGGGSVSSVGIPAKLTPDVTVCKGGEKGCYKTVQEAVNAAPDNGVDRKRFVIYIKEGVYEE
TVRVPLEKRNVVFLGDGIGKTVITGSANVGQPGMTTYNSATVAVLGDGFMAKDLTIENTAGPDA
HQAVAFRLDSDLSVIENCEFLGNQDTLYAHSLRQFYKSCRIVGNVDFIFGNSAAIFQDCQILVR
PRQLKPEKGENNAITAHGRTDPAQSTGFVFQNCLINGTEDYMALYHSNPKVHKNYLGRPWKEYS
RTVFIHSILEVLVTPQGWMPWSGDFALKTLYYGEFENSGAGSDLSQRVSWSSKIPAEHVSSYSA
ENFIQGGEWMQSSHLSAHHGRSHHSTHRRHE 
>Medtr0341s0010.1  _ salt stress response_antifungal domain 
protein _ LC _ scaffold0341_1358_435 _ 20130731 ; MatureChain: 
21-307 
ATTDATGKFRYICDQGNDDGNYTTNSTYHTNLKTLLSTLTSNKDINYGFYNSSYGVNTDKVNAI
GLCRGDVKPDDCQNCLQNSTALLTQLCQNRKEAIGWYDDEKCMLRSSHRLIFGINEMGPAMIAW
NLQNATKEVEDEFDKGLKNLLYNLKNLAASGESDLKYAVGSDVIGPNNNQTIFALVQCTPDLSE
TLCDECLDKSIKEIPNCCDNRIGIGGRFLRPSCYLRYETNSLFYQQTQDSPSSSSSSPSPTPSP
ASVPSFSAPPPFAENTTSSPGIYHIKLMKRS 
>Medtr4g036590.1  _ transmembrane protein, putative _ LC _ 
chr4_13242800_13243567 _ 20130731 ; MatureChain: 22-255 
IEVGTHHHHHPYHPPTPTPAPVQPPSSYGIHSLRLDHHKKHPPHHPSTPRKAPVQPPSPSPIPS
NNLDNPQIERHKPHPHHPPTPTPAPFQSKSSSDIHSLCVDRRKKHRPHHPSSPRKTPVHPPSPS
PIPSNNLDNPQIERHKPHPHHPPTPTPASVQPKSSSDIHSLRVDRHKKHRSHHPSTPRKAPVHP
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PSPSPISSNSLDNPQIERRRRLPHHPPTPTPAPIQTPSSSFL 
>Medtr3g012570.1  _ hypothetical protein _ LC _ 
chr3_3549498_3548605 _ 20130731 ; MatureChain: 22-297 
EDTFNMSPEEFISRHKPSSAHSPHHRPPAHSSHHHHHSPSHGPSHHHHSPSPAPSRHQKSHARS
PHHHNHSLSHNLIRHRHSHAHSPHHQSHSPSPHHKSHAPSPHHHDHSPSPSPSPHHHHHSLSLT
HFSHHKSPAPSPHHKSHAPSPHHYSSTHSPHNQSHAPSPHHQSHAPSPRHHQHSPSPIPSPIHH
QSPAHSPHHHSHAHSPHHKSHSPSPHHHHSPSPTPSRHHKSHAHSPHHHHHSPSPTPSPHHQSP
ASSPRHQYYAMSSSPPLTVV 
>Medtr1g055415.1  _ pollen Ole e I family allergens _ HC _ 
chr1_24541448_24539849 _ 20130731 ; MatureChain: 22-343 
EKLETLHHKPATPHHSPTKSPVHKPLASPPHHNHSPSHAPSHVHTPLHPPHPAKPPTHHHHQHQ
HHSPSPTPSHVHPPLHPRHPAKPPTHHHQQHSPAHSPIKSPVHTPLHPPHPAKPPTHHRHQHHS
PSPAPSHVHTPLHPRHPAKPPTHYHHHSPAHAPIKPPVHKPLLPPHSAKSPTHHHPPAHAPTHT
HVSRNLIAVEGVVYVKSCNHTGVDTLKGATPLPGAIVKLQCNNTKYKLVLKAKTNKKGYFYIGG
PKNITGYSTRHCNVVLDSAPKVLKPSNLHGGVIGALLKLVKRSMSKGVYVKLFSVGPFAFEPKC
HH 
>Medtr4g017240.1  _ pollen Ole e I family allergens _ HC _ 
chr4_5341759_5343041 _ 20130731 ; MatureChain: 22-347 
EDIFDALGDISDFINPFNAFSKESETLHKPTHAHSLHHQSPTPSPNHHLHSPSPSPSPYHQLHA
SSPHHHYHSPSPAPSHHHQYPTPSPHHQPHAPSPHHHSLSPAPSLPHQSPAPSPHHQSPARSPH
HHHHSPIPSPSPHHHNHSPSPSPSPHHQSPTPSPRNQSLAPSSHHQSTIVPAKSPNYHHPPAHS
PSPLRSTPIRGSVMVVQGVVYVKSCKSSGLDTLKGATPLLGAVVKLQCNSTKYKLDETDKDGHF
SLVGPKIITLFTAKQCNVVLVSAPHGPKPSNLHHGITGAILRPKRRFVFKGVPFILFATQPLAF
EPICPC 
>Medtr3g012020.1  _ pollen Ole e I family allergens _ HC _ 
chr3_3176250_3174857 _ 20130731 ; MatureChain: 22-393 
EELETFHHKPSSPLHPPTKSPIHKPLASPPHHNHSPSHAPSHVHTPLHPPHPAKPPTHHRHQHH
SPSLAPSHVHTPLHPRHPAKPPTHHHHHHHSPAHAPIKTPVHTPLHPPHPAKPPTHHHHQHHSP
SPAPSHVHTPLHHRHPAKPPTHHHHHHSPAHAPIKPSFHTPLHPPHPAKPPTHHHHQHHSPSPA
PSHVHTPLHPRHPKKPPTHYHHHSPAHAPIKPPTHHHHLPPAHAPTHTPLVSRSLIAVEGVVYV
KSCNHTGVDTLKGATPLFGAVVKLQCDNAKHKLVLKAKTDKKGYFYIGGPKNIAGYSTRHCNVV
LDTAPKVLKPSNLHGGLSGAPLLKPVKRPVSKGVSLKLYTVGPFAFEPKCHH 
>Medtr4g066680.1  _ pollen Ole e I family allergens _ HC _ 
chr4_25222320_25223534 _ 20130731 ; MatureChain: 22-338 
EDPVDALNDIFGLLDPFNAFSKESETLHKPSHAHSLHHESLAPSPHHHLHSPSHSHIPHHQSPA
PSRHHHHHSPSPAPSRHHQSPPPSSHHKPHAPSPHQHSPSPAPSPHHQSLAPSPHHHHHSPSPS
PSPHHHNRSPSPSSSPRHQSPAPSPHHQSPAPSPRHQSTIVPAKSPNHHNPPTHSPSPLSPTPV
PRSVMVIRGVVYVKSCKYSGLDTLKEAKPLLGAVVKLQCNNTKYKLDETDKDGHFSLVGPKIIT
IYTAKQCNVVLVSAPHGLKPSKLHDGISGAILRPKRRFVSKGVPFILFATQPLAFEPNCPR 
>Medtr4g088735.1  _ pollen Ole e I family allergens _ HC _ 
chr4_35327598_35325086 _ 20130731 ; MatureChain: 22-276 
EELETLTPTYPPHTTPAPLHPPANAPHHHHHHHIHSPTPAPTPTPSPSPIHTPLHPPYHSAPVP
AKPPTHGHHHHHPHPPAPTPVHTPVAPAHPPLHPPVHTPVVPTHPPLHPPAPAHPPLHPTPLPR
SFIAVQGVVYVKSCKYAGVDTLLGATQILGAVVKLQCNNTKYKLVQKVQTTDKNGYFFIEGPKN
ITSYAAHKCNIVLISAPNGLKPSNLHGGLTGAGLRPEKPFVAKGLPFILYTVGPLAFEPKCPR 
>Medtr4g088740.1  _ pollen Ole e I family allergens _ HC _ 
chr4_35335943_35334462 _ 20130731 ; MatureChain: 22-402 
EELESLHTPTQLHPPAKSPHHYHHNPSPTPSRSHVHAPLHPPHHTKPPTHRHHQHPPAHAPVQP
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PTHHHHSPAHAPVHKHVPVHPPHHAKPPTHHRHQHTPAHSPIQPPTHRHHSPAHAPIHKHVPVH
PPHHAKPPTHHRHQHPPTHSPVQPPTHHHQPPAHAPVHKHVPVHPPRHAKPPTHHNHQRPLTHA
PIQPPTHHHPPAHAPAHKHIPIHPPFHAHVPTKSPTPNPHPRHHHTPALAPAHTPLRSIFHPRS
LIAVQGVVYVKSCKHAGGDTLLGATSIIGAVVKLRCNNTKQYVVLKGKTDKNGYFYIKGSNNIS
SYAARKCNVVLVSAPNGLKPSNLHGGITGAVLKAKKSFVSEGHPFILYNVAPLAFEPKCSH 
>Medtr4g124400.1  _ pollen Ole e I family allergens _ HC _ 
chr4_51457430_51458050 _ 20130731 ; MatureChain: 18-206 
FIAFAQELYSGHPAYPPHAPAPLHPPANAPHHHHHHHNPSPTPPPFPHTSLHPPTKSSVHPRAN
TPHHYHSSSSAPTNVHTPVHPHPTYKPPAHHHHHHHPPAHAPAVNTLVVPTNPPLHTIVPSKPP
TPNHHHPPAPARVRTPVVPTHPQLHPTPCPRSFNVVQGIVHVKSCEYDGLNSLLGATKLLG 
>Medtr5g047890.1  _ pollen Ole e I family allergens _ HC _ 
chr5_20963820_20965177 _ 20130731 ; MatureChain: 20-342 
FTEELETFHNKPATPLHPPTKSPVHKPHHNHSPSHAPSHVHTPLHPPHPAKPPTHHHHQHQHHS
PSPTPSHVHTPIHPRHPAKPPTHHHHHHHSPAHAPIKPPVHTPLHHPHPAKPPTHHHHQHHSPS
PAPSHFHTPLHPRHPAKPPTHYHHHSPAHAPIKPPVHTPLLPPQSAKPPTHHHHHPPAHAPTHT
PLLSRSLIVVEGVVYVKSCNHNGVDTLKGATPLLGAIVKLQCNNAKHKLVLKAKTDKKGYFYIG
GPKNIVGYSTRHCNVVLDNSPKALKPSNLHGGLTGALLKPVKRSVSKGISLKLFTVGPFAFEPK
CHH 
>Medtr6g042490.1  _ pollen Ole e I family allergens _ HC _ 
chr6_14675282_14674127 _ 20130731 ; MatureChain: 23-255 
EELETLHHKPTTPLHPPTKSPVHKPLAKPPTHAPHHHHHHSPSHAPLPPPHPAKPLTHHHHQHQ
HHSPAPSPYHVPTPLQRPAKPPTLHHHQHPPAHAPTHMPRVSRSSIAVEGVVYVKSCHHAGFDT
LKGATLLFGAVVKFQCHNAKYKFVLKAKTNKEGYIYIGSSKNISSYASGHCNVVLESAPNGLKP
SNLHGGLTGAHPKSVKRIVSKGVSLIRYTVDPLAFEPKCNH 
>Medtr7g016950.1  _ pollen protein Ole E I_like protein _ HC _ 
chr7_5358846_5361469 _ 20130731 ; MatureChain: 21-465 
SHHHHHHHKKPLSAVVVGTVYCDTCFQQDFSMGNHFISGASVEVECKDGNEISKPRFKKQVKTN
EHGEFKIQLPFSVSKHVKRIKGCVVKLVSSNEPFCSIASAASSSSLHLKSRKQGLHIFSAGFFS
FKPLKQPNLCNQKPSVVQNTKKLLDSLKKTSFPPKIDPSFPPPLQDPNPPSGVLPFLPPVPLVP
EILTPILPPELSPLIPSGMTSEESKYKSTKTSKNLDEKNVINLDTFNLPPNPFLSPPLVPNNPL
QPPTSTPLVPNPLQPPPLVPNNPLQPPSTPHFPDPFHPTIPLLHQILPPILSPLVPNGMTSDAS
KSKSTKTTKNVQSLDEKKATNLDSFNLPPNPFFPPPLLPNNPLQPPSTPTIPNPFQPPTPTPLV
PNNPFLPPPSGSSPLFPFPSVPGLSPSPPPSSPPGLAFPFPPLFPPPGSGTPPASTKNVSP 
>Medtr8g092230.1  _ pollen protein Ole E I_like protein _ LC _ 
chr8_38542715_38541582 _ 20130731 ; MatureChain: 22-296 
EDTSDTFNDIFDFDADDDALNAFSKEFETLHKPSHAHSLNHQSPASSPHHHFHSPSPAPSRHHQ
SLPPSLHQQPHAPSPHHHSPSPAPSLPHQSPAASPHHQFPAPSPHHHLLPLLATNLPLRPLTTN
LPLPPLTTNLPLYLQNPQPITTLPSVMVVRGVVYVKSCNYSGFDTLKKATPLLGPVVKLQCNNT
KYKLDETDKDGHFSLVGPKIITIYTAKQCDVVLVSAPHGLKPSNLHNGITGVILRPKRRFVSKG
VPFILFGTQPLAFEPSCPH 
>Medtr4g019600.1  _ transmembrane protein, putative _ LC _ 
chr4_6171269_6171930 _ 20130731 ; MatureChain: 22-152 
TTTNKPQISVQSISSPSSNAPSQSPISSQRTNEKESSIGRKFGKHQHDHIITAPSPSPLEGSIL
SHQKTSILDSQGHIHLVNHHHHHPFDKSMAGGGVILGGLATTFLVAVYCYIKATSKHNKLDNTT
TST 
>Medtr1g039270.1  _ aspartic protease in GUARD CELL_like protein 
_ HC _ chr1_14516688_14514095 _ 20130731 ; MatureChain: 20-469 
ISFSTPLSYFQHLNVENAISETKLKPLKQQNHNTQQPQWKTKLFHRDNINLKKTTHKTRFISRI
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NRDIKRVTFLLNRLNKNTQEQQTTTATEASFGSDVVSGTEEGSGEYFVRIGIGSPAIYQYMVID
SGSDIVWIQCEPCDQCYNQTDPIFNPATSASFIGVACSSNVCNQLDDDVACRKGRCGYQVAYGD
GSYTKGTLALETITIGRTVIQDTAIGCGHWNEGMFVGAAGLLGLGGGPMSFVGQLGAQTGGAFG
YCLVSRGTGSSGSLEFGRQAMPVGAMWVPLIHNPFYPSFYYVSLSGLAVGGIRVPISEQIFQLT
DIGTGGVVMDTGTAITRLPTVAYNAFRDAFIAQTTNLPRAPGVSIFDTCYDLNGFVTVRVPTVS
FYFSGGQILTFPARNFLIPADDVGTFCFAFAPSPSGLSIIGNIQQEGIQVSIDGTNGFVGFGPN
VC 
>Medtr2g016180.1  _ papain family cysteine protease _ HC _ 
chr2_4899750_4901997 _ 20130731 ; MatureChain: 27-490 
IPSEYSILAFDLNKFPSEEQVVELFQQWKKEHQKFYIHPEEAALRLENFKRNLKYIVERNAMRN
SPVGHHLGLNRFADMSNEEFKNKFISKVKKPISKRASNLHVKVESCDDAPYSLDWRKKGVVTGV
KDQGNCGSCWSFSSTGAIEGVNAIVTGDLISLSEQELVDCDTTNDGCEGGYMDYAFEWVINNGG
IDTEADYPYIGVGGTCNVTKEETKVVTIDGYTDVTQSDSALFCATVKQPISVGIDGSTLDFQLY
TGGIYDGDCSSNPDDIDHAVLIVGYGSDGNQDYWIVKNSWGTSWGIEGFIYIRRNTNLKYGVCA
INYMASFPTKESTSISPTSPPSPPSPPPPTPPSPTPSKCGDFSYCTTEETCCCLYELFDFCLAY
GCCEYENAVCCTGTKYCCPSDYPICDTEDGLCLQNYGDLMGVAAKKKKMGKHKFPWTKYEQTKK
THYPLQLRRGAFATVR 
>Medtr2g016270.1  _ papain family cysteine protease _ HC _ 
chr2_4947144_4949388 _ 20130731 ; MatureChain: 27-475 
IPSEYSILAFDLNKFPSEEQVVELFQQWKKEHQKFYIHPEEAALRLENFKRNLKYIVERNAMRN
SPVGHHLGLNRFADMSNEEFKNKFISKVESCDDAPYSLDWRKKGVVTGVKDQGNCGSCWSFSST
GAIEGVNAIVTGDLISLSEQELVDCDTTNDGCEGGYMDYAFEWVINNGGIDTEADYPYIGVGGT
CNVTKEETKVVTIDGYTDVTQSDSALFCATVKQPISVGIDGSTLDFQLYTGGIYDGDCSSNPDD
IDHAVLIVGYGSDGNQDYWIVKNSWGTSWGIEGFIYIRRNTNLKYGVCAINYMASFPTKESTSI
SPTSPPSPPSPPPPTPPSPTPSKCGDFSYCTTEETCCCLYELFDFCLAYGCCEYENAVCCTGTK
YCCPSDYPICDTEDGLCLQNYGDLMGVAAKKKKMGKHKFPWTKYEQTKKTHYPLQLRRGAFATV
R 
>Medtr4g084020.2  _ trypsin family protein _ HC _ 
chr4_32707882_32704601 _ 20130731 ; MatureChain: 29-456 
DVDVVEFSYYGAPAPTPKEQLYTELADGLRGSDSCVGSGSQVASQETYGTLGAIVRSRTGNREV
GFLTNRHVAVDLDYPNQKMFHPLPPSLGPGVYLGAVERATSFITDDLWYGIFAGTNPETFVRAD
GAFIPFAEDFNMNNVITSIRGVGDIGEVHRIDLQSPINSLIGRQVIKVGRSSGLTTGTIMAYAL
EYNDEKGICFLTDFLVVGENQQTFDLEGDSGSLILLTGQNREKPRPVGIIWGGTANRGRLKLRV
GQPPENWTSGVDLGRLLDLLELDLVTTNETLQDSGQEQMNGSTAGIGSTVGESSPTVPIKEKLE
ESFEPFCLNMEHVPVEEPSTIVKPSLRPCEFHIRNEIETVPNVEHQFIRTSFAGKSPVHQSFLK
EDMQFKSLSELRNEPDEDNFVSLHLGEPEAKRRKHSNSSLSLKN 
>Medtr8g075010.1  _ eukaryotic aspartyl protease family protein 
_ HC _ chr8_31704142_31707373 _ 20130731 ; MatureChain: 24-527 
HIFTFTMHHRYSEPVKKWSHSAPSPSHRWPEKGSVEYYAELADRDRFLRGRRLSQFDAGLAFSD
GNSTFRISSLGFLHYTTIELGTPGVKFMVALDTGSDLFWVPCDCTRCSATRSSAFASALASDFD
LSVYNPNGSSTSKKVTCNNSLCTHRNQCLGTFSNCPYMVSYVSAETSTSGILVEDVLHLTQPDD
NHDLVEANVIFGCGQVQSGSFLDVAAPNGLFGLGMEKISVPSMLSREGFTADSFSMCFGRDGIG
RISFGDKGSLDQDETPFNVNPSHPTYNITINQVRVGTTLIDVEFTALFDSGTSFTYLVDPTYSR
LSESFHSQVEDRRRPPDSRIPFDYCYDMSPDSNTSLIPSMSLTMGGGSRFVVYDPIIIISTQSE
LVYCLAVVKSAELNIIGQNFMTGYRVVFDREKLILGWKKSDCYDIEDHNNAIPIGQHSDKVPPA
VAAGLGDYPTTDSSRKSKYNSQHSSASQSTSLYSRTSLLTCFGFLISYILFCLHVL 
 
>Medtr0721s0020.1  _ transmembrane protein, putative _ LC _ 
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scaffold0721_6330_5643 _ 20130731 ; MatureChain: 28-156 
DDGTFMSKLAKSLSPTPSGWSSNTSFCLWTGVTTQFIKFEPVPTYLELSFILFCIISSIAILKS
KKISKITKKLFFYIFLKSVNNKHILFELVSRWSIHRHPSRERLYSERETWLSIVERTSVLSKMQ
S 
>Medtr5g024983.1  _ transmembrane protein, putative _ HC _ 
chr5_10105076_10108942 _ 20130731 ; MatureChain: 24-122 
HLNIANCCFVEHVTELCTGVRSAYLDPSFVIPSTQSLSEGVTRSFVVINIVLRMLVIYLLFLNP
FFTIPPSPTPSLSPKDISSERLQMLSQRDIKRNGG 
>Medtr3g028560.1  _ transmembrane protein, putative _ LC _ 
chr3_9109195_9112249 _ 20130731 ; MatureChain: 21-185 
AAALVWHNHIPLNLVHRGILSNTVVGCLLGYCGAMETSQHLFISCDFYGSLWSQLLDSVKWHSL
WWLKASHVVFVFGSDLWWLRLLDFSLSLFDNFAMASSATTMKILSFLFVVVLAVNVVSAQDLSP
SLAPAPAPDTGAVGSLTNPVAMMGALIVLSMLAIFKH 
>Medtr3g064040.1  _ transmembrane protein, putative _ HC _ 
chr3_28794619_28795716 _ 20130731 ; MatureChain: 28-191 
RPCRTFIISSYSIRNPSTNAFATITEIRSISPLFINDNTKPFEILLDRPVQHQTHSQSASHPRG
PLGLGFSTDAYDFSSLRDRTKDILSVALALLFGVGCGALTAATMYLVWSVFTARHELRAAAYGD
FSDDEIESPKKMGGYVKIPATETAAPAPAAPVKDSV 
>Medtr2g090660.1  _ hypothetical protein _ HC _ 
chr2_38818689_38817390 _ 20130731 ; MatureChain: 25-243 
RQNKFFSFFTHFKTTHNVEDPQLPQSPAPAPEPGAAPEIESTNIPSGPAPEPQFLVETGNGYGL
YGIDSSQYSPTKETPKTTLTDFEDELLNEDFNDNKSYKKGYPQTNFHNNNEVYTKNYNNEENKN
SYNSYNGKEFYNNNYERKGEGMSDTRFMENGKYYYNVNSENEKYNNVNGYESGRGSTENEGNYE
KNQYQNEFETMEEYEKQQEAQGYTYTP 
>Medtr1g041410.1  _ neurogenic locus notch_like protein _ HC _ 
chr1_15490155_15486147 _ 20130731 ; MatureChain: 23-214 
DFLSPLLSPIFEDVCKEVECGKGTCKPSKNSTFPFECECDHGWKKALDSIDDEGLKFLPCIIPN
CTLDYSCSKAPAPAPEKAKKSNESIFDACHWVDCGGGSCKKTSTFNYSCECDTSYYNLLNITTF
PCFRECSIGMGCSDLGISMSNSSSSSAPPPVLNENSKNEAISILQGRSLWLVLVIMVMAKIQLQ 
>Medtr2g005930.1  _ DUF1682 family protein _ HC _ 
chr2_384861_381814 _ 20130731 ; MatureChain: 26-468 
DSHFEGFEAEDDDSEFEEPSIDPASLRSPPSQFLSTDPNPNPINPTPSPSPPSDLPKSTPPSTT
TFDFWDDDEFEGLPTQPHPDFQVPTTDPQSTDNTNTTASDNQNVKPQPRSFTVEIVCGSFLIMF
ALNYFTGKKENENIALSWASHFAAKDSIFEKNFSLLGIGDGGDDTPLLLKEGQTTFKFYASGRR
YCQGLLATMELKSRHDLIARIYNMVVPSKDEITFEVYMNDDAMDHVVFAMARKKAAKAMHKDYR
DLQRFATIMTPPTSRKWVSDDLAVISESREVASDLITDALIDQVFGDKSFEKFGKGLISVHFSD
NHPGIHKKVLLFRFVLPAAKNMADMTRLVALVPYYIDLIGRYKLSSQARSKTEAARQKVAQEVQ
KELRNIQQEAMQRRKAERKKMMEEAEAKLGAEAIRKKEAKDRARQMKKAMPRMKMSRGA 
>Medtr3g095330.1  _ ECA1 gametogenesis related family _ HC _ 
chr3_43558929_43559330 _ 20130731 ; MatureChain: 20-133 
TSLSSTKTLASRLELFDGSGPNNKCWETMLELQHCTGDIVTFFLNGQTHLGSGCCNALLTIAQE
CWGNLLTSLGLTVEEAEILRGFCARVASVNNSLLPSITVDAPSPAPINNY 
>Medtr3g108760.1  _ surface protein, putative _ HC _ 
chr3_50234565_50235467 _ 20130731 ; MatureChain: 21-260 
INCLDITKTLGQYPELSTFSKYLTETKLAEQINSGKAVTILALDNKAIASLSGKPIDAIKAVIG
THVIPEFYDEKKLFDIIGSHAQLPTLSTAPGLAAKIYVSLINEGEMAFSSAVEGSTFDATLVQS
TEAEPGVVSILQVSQPIVKVGASAPATPATLSKPATPAAVSTSSAGEVATPAAVPASGAGQVTT
PAASPSVVIAESPESFGDAPAPAPSASSRATFRFIGAVIAFASIFVSL 
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>Medtr4g134220.1  _ nicotiana tabacum ORF protein _ HC _ 
chr4_56191208_56189400 _ 20130731 ; MatureChain: 20-333 
SETNPPCPKAFSDLKESILLEDSNRWDYVDLPIFWVEDQNGFEGNGLPVLAPFQLAGPMEKLFW
LMVQWLPLPLNRTQNGFAAGLLTLAEHLRCASRGQSAPLLSLRIVGPTSLEAPSSAVSTSSDNR
LKLKRLAPALVELSSQSKPKAKSSETSLSTVDLQEEAPTLLTPTQFTALWPLASLNGSNTNLLG
FEKLLSSVLGPKAKEKGSFRLLKADVSAQTFVKIGFQAEKKLKEGDGVSFEGFPKWRTKPETVR
LQFEVLAKVDGDKVIPERVVQVNPVFVEDTVALSVLTNNGTMSKCLLFSLRPSPSPCN 
>Medtr6g016930.1  _ leguminosin group486 secreted peptide _ HC _ 
chr6_6613033_6613533 _ 20130731 ; MatureChain: 29-166 
YSFAYNVTIFIYNKVLAPTPADITVHCKSKDDDLGDHTLMPGESYVFSFKPTHLPFKNTLFFCS
FTWPGNPHRHYLDIYDEAHDECKHCSWDINVNGGCLNDGKCVPWKSIAFMESYNTSKWPGEKGL
HELAHGHPLT 
>Medtr6g016970.1  _ leguminosin group486 secreted peptide _ HC _ 
chr6_6631713_6632147 _ 20130731 ; MatureChain: 29-144 
ISFAEVKVTIVNKVLAPTPTNITFHCKSRDDDLGFHTLVSEGSYAFTFSPNFTPWFSKTLFFCS
FTWPGNPQLHYLDIYDQVRDNCYRCRWTINKDGGCLNTHKCYKWNSVKLMDA 
>Medtr6g089320.1  _ leguminosin group486 secreted peptide _ HC _ 
chr6_22823555_22823055 _ 20130731 ; MatureChain: 29-166 
YSFGYRVTVFIYNKVLTPTPTNITVRCKSKDDNLGDHTLMPGETYEFSFKPSHLPFKNTLFFCG
FTWPGNPHRHYLDIYDQAHDHCKQCSWDIILEGGCFYDGKCVPWKSIEFMEAYNTSKWPGKKGS
HELAYGHPLT 
>Medtr7g113740.1  _ signal peptidase complex subunit 3B_like 
protein _ HC _ chr7_46878551_46875326 _ 20130731 ; MatureChain: 
32-167 
FNSPSPSAQVQVLNINWFQKQPNGNDEVSMTLNISGDLQSLFTWNTKQVFVFLAAEYETRKKPL
NQISLWDGIIPSKEHAKFLIHTSNKYRFIDQGTNLRGREFNLTLHWHVMPKTGKMLADKIVMPG
YRLPKEYR 
>Medtr0002s0150.1  _ NAD(P)H_quinone oxidoreductase subunit H _ 
HC _ scaffold0002_165003_167020 _ 20130731 ; MatureChain: 23-596 
RSPPSSPQSSPFPSPAISPSADSPVASSPVPLNSAPSPSPSAFSGSPAVAPSWISTPPSQGPSP
TISPPAAAPAVTPWWDYLATMFTEAITVNAPEFLENIQIPQRASYIRVIMLELSRIASHLLWLG
PFMADLGAQTPFFYIFRERELIYDLFEAATGMRMMHNYFRIGGVAADLPYGWIDKCLDFCDYFL
RGVVEYQQLITQNPIFLERVEGVGFISGEEAVNWGLSGPMLRASGIQWDLRKVDPYESYNQFDW
KVQWQKEGDSLARYLVRVGEMSESIKIIQQAIEKIPGGPYENLEVRRFKKEKNSEWNDFEYKFL
GKKPSPNFELSRQELYVRVEAPKGELGIYLVGDDSLFPWRWKIRPPGFINLQILPQLVKRMKLA
DIMTILDRVEVETINSFSKSELLKEVYGLISILPILTLLLGITIEVLVIVWLEREISASIQQRI
GPEYAGPLGLLQAIADGTKLLFKEDILPSRGDISLFSIGPSIAVISVLLSFLVIPLGYHFVLAD
LSIGVFLWIAISSIAPIGLLMAGYSSNNKYSFSGGLRAAAQSISYEIPLTLCVLSISLRVIR 
>Medtr3g028560.1  _ transmembrane protein, putative _ LC _ 
chr3_9109195_9112249 _ 20130731 ; MatureChain: 21-185 
AAALVWHNHIPLNLVHRGILSNTVVGCLLGYCGAMETSQHLFISCDFYGSLWSQLLDSVKWHSL
WWLKASHVVFVFGSDLWWLRLLDFSLSLFDNFAMASSATTMKILSFLFVVVLAVNVVSAQDLSP
SLAPAPAPDTGAVGSLTNPVAMMGALIVLSMLAIFKH 
>Medtr3g064040.1  _ transmembrane protein, putative _ HC _ 
chr3_28794619_28795716 _ 20130731 ; MatureChain: 28-191 
RPCRTFIISSYSIRNPSTNAFATITEIRSISPLFINDNTKPFEILLDRPVQHQTHSQSASHPRG
PLGLGFSTDAYDFSSLRDRTKDILSVALALLFGVGCGALTAATMYLVWSVFTARHELRAAAYGD
FSDDEIESPKKMGGYVKIPATETAAPAPAAPVKDSV 
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>Medtr5g081820.1  _ transmembrane protein, putative _ LC _ 
chr5_35074890_35073090 _ 20130731 ; MatureChain: 22-224 
LSPTPSPKLYERICKESGQKDFEQRCLKLIEAYPQITLIEDYLTFCRSFLKIVAIEKAVKSQQQ
VKEIMNKYPSSQPIKECGDDYNTVVIEVQGALREDPEMISMAVNYASDALDMCERSLADEKIVN
TSSIVALNHDMKLYTNIVVIAGAPVAQWIERPFPKRKVVGSTPTWRVSFFAQNALLFFFLKEKC
ILNDQLINSSF 
>Medtr3g106510.1  _ transmembrane protein, putative _ HC _ 
chr3_49224097_49228278 _ 20130731 ; MatureChain: 23-575 
HSSTSSSLSQLTSVKENEGNGVVFSRFDVFAAAPYENSPLPLAAERTRRKDPLDGFNKYTSGWN
ISDHHYWASAAYTAVPVFSIAAVWFLGFGFCLLLLIVCYFCRKTESYGYSSTYYALSLILLILF
TFITLIGCAVLYIGQGSFHRSTTTTLQYVVYQADSAVDKLRNVSDYLAQAKLVGIDRVFLPANV
QTDIDAAETDINASAGTISDKTKENSDNIQDLLDSVRLALIIIAAVMLVLTFLGFLFSIFGMQV
LVYILVIAGWFLVTGTLILCGLFLILHNVTADTCVAMNEWIQYPTANTALDDILPCVDKATAQE
TLLRSKEVTSELVNLVNQVITNVSNINFAPNFTPLYYNQSGPLMPLLCDPFRPDMTDRQCDSGE
VNISNATQVYGNFVCQVSPSEICMTQGRLTPTFYNQISAGINVGNALYNYAPSLVELQDCTFVR
ETFTDIYNEHCPGLRHYSKLIYVGLIMVSFAVMFSLIFWGVYGRERRHRLYTQESKDSTLVTPT
RAHAPTRRAPAPTRRAPALAPAPTRLALTPSSHALELSPYP 
>Medtr3g030640.1  _ ribonuclease T2 family protein _ HC _ 
chr3_9713262_9712341 _ 20130731 ; MatureChain: 24-268 
YSTPNNTSYYKTPTPTSPSLSHDSPSPYHFPLLKKGKKKPPPPPQPIVTPFEYLKIVQTWPTTF
CKVNKCINPPPTTWFTIHGLWPSNYSDPQPRLCTKEKIDWSTFSSLVSMTDLRKYWPRLDTAVR
NDDLFFWSEQWDNHGTCSSMHPPDFFNLAFKIYHKKELKTILQNEGIIPGGIKPETSQKIFDTI
ETGIGGFKPQIECLRVQNKDYLYQIKLCLDKTGDKYKDCPGPLIKCPMDVYFP 
>Medtr4g107400.1  _ hipl2 protein precursor _ HC _ 
chr4_44415144_44409998 _ 20130731 ; MatureChain: 26-697 
LPLCVDSKAPFTLNTTLKFCPYNNGSTCCNSIQDGQIQKQFQQMNVSDTACASLLKSILCARCD
PFSGQLFTVQSTPRSVPVLCNSAIPANSSQSKALVHDFCSEVWDTCQTASIVNSPFSPSLQGQG
GGLPANTNATKLNELWQSKNDFCKAFGGASNNQSVCFEGEPVALHKNETIIPPHGLCLEKIGNG
SYLNMVAHPDGSNRAFFSSQMGKVWLATIPEEGSGGQLELDESSPFVDLTDQVYFDTQFGMMGM
SFHPNFANNGRFFASFNCNKDKWSGCNGICSCNSNVNCDPSKIGTSNGAQPCQYQTVIAEYTAN
GTGSQPSSAKSAKPTEVRRIFTMGLPFTSQHGGQILFGPNDGYLYFMMGDGGGTGDPYNFSQNK
KSLLGKVMRLDVDNIPSASEVSKLGLWGSYSIPKDNPFSEDKDLEPEIWALGLRNPWRCSFDSE
KPSYFFCGDVGQDLYEEVDLITKGGNYGWRVYEGLYPFTTTESPGGNTSLKSINPIPPIAGYNH
SQINKNEGSASITGGYVYRSMTDPCMFGRYLYADLYAGALWAATEDPSNSGNFTTSKIPFSCAH
DSPIPCDSAPSSSLPALGYIFSFGQDNNKDVYILASSGVYRVVRPSRCSYTCSQEKASTTTTPP
SPSPSHASHLSSFYGYMFLQLSSLLLVLMCFM 
>Medtr5g022810.1  _ ribonuclease T2 family protein _ LC _ 
chr5_9037425_9038278 _ 20130731 ; MatureChain: 22-229 
DLTPTPSPNLRWPKTFCQTVKCSKDIQPLPTEFVMHGLWPANRVISDPRGCLDKTNQKTIDIGN
FPLDLKEELDKVWPDLLVYEKSRLINIAFWDEQWKAHGSCSNMDIIDFFKLSLSIYKKIGSLKE
VLGKEGYSPGPQSHVEKQKIVDIIKKHTDGKASPRIKCEKHDGKTYLHEIQVCVDKTENHNYTN
CRTPDLIDCEKDVYFP 
>Medtr2g030825.1  _ late embryogenesis abundant (LEA)_like 
protein _ LC _ chr2_11653982_11656243 _ 20130731 ; MatureChain: 
22-595 
ATPPGIAKDHEYGHASCKIKKYKHCYNLVHVCPKFCPNDCTVECASCKPICVGGTNNPSHDYPT
PSTPTPSHDYPTPSTPHNPPSSSSSSSSSSSSSSSSSPNSSSPPHNQHNSSSTPSSSSSSSSSS
SSSSSSSSSSSSPKSPSTPKNPPPSSSTPSSSSNSSSSSSSSSSSSSSSSSSSSSSSSSSSPQS
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PSTPHSSPPSSSTPSSSSSNSSSSSSSSASSSSSSSATSSSSSSTNSPSTSHNPPPSSSSTPSS
SSSSSSSSSSSSSSSSSSSSHKTARCGNKNYPKCYNMEHACPNACRGGCEVDCNTCKPICKCDK
PGAVCQDPRFIGGDGITFYFHGKKDNNFCLVSDKNLHINAHFIGRRNENMKRDFTWVQSIVILF
DNHQLFLGAQKTATWDDSVDRLAISFDGEPITLHESEGAKWESSGVSFVRETSTNNIIVEVEGN
FRITAKVVPITEEDSRVHNYGITKDDCFAHLDLGFKFLSLSNEVSGVLGQTYKPNYVSRVNIGA
KMPIMGGGKEYETTSLFSPDCSVARFVGNDGFNNDIAMVENLSLPSMSCTSGIDGQGVVCRR 
>Medtr2g030845.1  _ late embryogenesis abundant (LEA)_like 
protein _ LC _ chr2_11667751_11669978 _ 20130731 ; MatureChain: 
22-596 
ATPPGIAKDHEYGHASCKIKKYKHCYNLVHVCPKFCPNDCTVECASCKPICVGGTNNPSHDYPT
PSTPTPSHDYPTPSTPHNPPSSSSSSSSSSSSSSSSSPNSSSPPHNQHNSSSTPSSSSSSSSSS
SSSSSSSSSSSSPKSPSTPKNPPPSSSTPSSSSNSSSSSSSSSSSSSSSSSSSSSSSSSSSSPQ
SPSTPHSSPPSSSTPSSSSSNSSSSSSSSASSSSSSSATSSSSSSTNSPSTSHNPPPSSSSTPS
SSSSSSSSSSSSSSSSSSSSSHKTARCGNKNYPKCYNMEHACPNACRGGCEVDCNTCKPICKCD
KPGAVCQDPRFIGGDGITFYFHGKKDNNFCLVSDKNLHINAHFIGRRNENMKRDFTWVQSIVIL
FDNHQLFLGAQKTATWDDSVDRLAISFDGEPITLHESEGAKWESSGVSFVRETSTNNIIVEVEG
NFRITAKVVPITEEDSRVHNYGITKDDCFAHLDLGFKFLSLSNEVSGVLGQTYKSNYVSRVNIG
AKMPIMGGGKEYETTSLFSPDCSVARFVGNDGFNNDIAMVEDLMLPSMSCTSGVDGEGVVCRR 
>Medtr2g079030.1  _ MATE subfamily protein _ LC _ 
chr2_33094342_33097785 _ 20130731 ; MatureChain: 23-544 
YTFYVGGKDGWVVNPSESYSQWTGRNRFQVNDILVFKYKKDSNSVLVVNKEDYDKCNKKYPIKK
FDDGDSEFQLDRSGPFYFISGKDDNCEKGQKLIVVVLAVRKISPPYVPIIPPKTPSPIHSPPNV
PYTPPKVPSPGNQPPYVPITPPKTPSPIINPPNVPYTPPKTPSPENQPPYVPIIPPKTPSPIYS
PPNTPYTPPKSTPPSPNQPPYVPTPPKTPSPIYNPPNVPYTPPKTPSPRNQPPYVPITPPKTPS
PIHTPPNVPYTPSPTNQPPHVPITPSTLYETYYIVLYHASLEHWAFEVLVFLAGLMPDSQITTS
LIAICANTEFIAYMITYGLSAAASTRISNELGAGHPERAKHAMRVTLKLSVVLGFCFALMIVFG
HDIWIRMFSSSPTIKHKFASISPFLATSILLDSVQGVLSGVVRGCGWQHLVVYVNLATFYLIGL
PISCLLGFKTNLEYKGLWIGLICGLACQTGTLLLLTRYAKWTKLNLSGDKGKDQPVVVLTTECM
PIETAPLDAV 
>Medtr3g062840.1  _ plant_F17O14_7 protein _ HC _ 
chr3_28400981_28399252 _ 20130731 ; MatureChain: 26-311 
QIPFDNGISSKALDSVLQNYAFKALVKPKTGVPYDAKLPNSIIGVKVSTLRLRSGSLRTRGVQY
KEFQIPPGVVEQPYVERLVLVYHNLGNLSEHFYPLPGYTYLAPVLGLLSYSGVDLFANELPELD
VRASDKPILVKFLKVKSAPYGSVPKCVYFDLHGSVQFDILLPDNVCSTMEQGHFSIVVESNAPT
PAPAAVAAAVGKGGRRKSNVWIIVGSVVGGCILLIMLSLLVVRLVRIKKGMKIQELEWTADSHE
TLQMKSIGGTKAPLAIGTRTRPTIENDYIP 
>Medtr2g094170.1  _ transmembrane protein, putative _ HC _ 
chr2_40165150_40164257 _ 20130731 ; MatureChain: 25-149 
DSPPSPSPAPSLSPSPTDTPSPYYPPASSPPVSSPPAPSPLNPSPIPAPVPSPEDSTSLNHIDV
DEKTEDSSTEGGMSGSKKAGIAIGIIVAASVLMLAGMVYKKRQQNLRRNQYNFGVRRDIIL 
>Medtr4g459420.1  _ transmembrane protein, putative _ HC _ 
chr4_21862479_21863379 _ 20130731 ; MatureChain: 23-166 
ADSPAPTPATNSSLNSPSPTPIPTPSPANSPPAPTPTPTPSPHSDSPPAPSPDNSPSSSPSPSP
SSSPAPSPDEAADNNAISHTGIGEDGKSSGGGMSSGKKAGIAVGVIAAVGVVALGAMVVKKRRQ
NIQRSEYGYTARRELL 
>Medtr4g059520.1  _ transmembrane protein, putative _ HC _ 
chr4_21918530_21919328 _ 20130731 ; MatureChain: 23-166 
ADSPAPTPATNSSLNSPSPTPIPTPSPANSPPAPTPTPTPSPHSDSPPAPSPDNSPSSSPSPSP
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SSSPAPSPDEAADNNAISHTGIGEDGKSSGGGMSSGKKAGIAVGVIAAVGVVALGAMVVKKRRQ
NIQRSEYGYTARRELL 
>Medtr4g093780.1  _ transmembrane protein, putative _ LC _ 
chr4_37242467_37241798 _ 20130731 ; MatureChain: 22-202 
RSLSSSPVATPSPAGSPLAISPAVSSPVPLMNAPSPSPFAVNYPTSPPPASFGSPASPVAAPAV
TPLSISTPPSQAPSPAIAPSTSANSPVASSPVPVTSSPSPSPSAINSPPSPPPHASPAAAPAIT
PSSISTPPTKAPSSISTPPTKAPSTPTNGATMNGFNVAGYAAAVVFIAALILM 
>Medtr4g127180.1  _ transmembrane protein, putative _ LC _ 
chr4_52761334_52760825 _ 20130731 ; MatureChain: 24-169 
VAPVNSPAVSPTSNSPSPSVVHSPTMSPAVNAPAPSATNTHAPVPSPTSTNAPAPSTASNNAPA
PSATNTHGPAPSDTTSNHAPAPSATSTHAPAPSETSTAHASAPSVTKTHAPAPSPHHSGSARLS
GYVGINVVVALVLGSFVF 
>Medtr8g069283.1  _ transmembrane protein, putative _ LC _ 
chr8_28996145_28996955 _ 20130731 ; MatureChain: 22-121 
QAPAPAPTQSLSPNSAPVPSSSTRSPTPSPAVSPSTSSSPGPSPNTSSPPAPGSNSPASGPGGP
GLEQPGAESPSAAFSISNTFVAVTAFAGIFLSMVLA 
>Medtr8g069315.1  _ transmembrane protein, putative _ LC _ 
chr8_29008027_29008943 _ 20130731 ; MatureChain: 22-122 
QAPAPAPTQLSPNSAPAPSPSTKSPTPSPAVSPSTSSSPGSSPSPNTFSPPAPGSNVPASGPGG
ATPGQPGADAPSAAFSITNTFVAVTAFAGIFVSMVLA 
>Medtr7g032620.1  _ transmembrane protein, putative _ LC _ 
chr7_11453256_11452810 _ 20130731 ; MatureChain: 22-148 
AEAPASSPKSSPKSSAKESPKSSAKDSPAPSSEKKSPAPSSSSVKKSPKASGPVTGLDVPTISD
APPLFVDSPPAQSPVAEEPIVAVPPVSGPAAGPTSPAADEASDASSLKVSAVVAVAAVGFFAF 
>Medtr3g049390.1  _ transmembrane protein, putative _ LC _ 
chr3_18389858_18389424 _ 20130731 ; MatureChain: 29-144 
QPVPTPAPSPNSPSPAPNLRPPSPTPAPVPPPNSPPPAPVPSPISSPPPNPNAPEPEPTAAGQG
GSSGLSGGQKAGIVIGTLLGAAILGFIGMVCWKRRVNIRRNRYSDAARNIEL 
>Medtr3g099520.1  _ hypothetical protein _ HC _ 
chr3_45630661_45631516 _ 20130731 ; MatureChain: 21-148 
EAPSTSPTAAPKASHAAPAPKATATPPSSTTTPPKSSATSPTSSPAPKVSSPPSPTPTSAEAPV
ESPTESPPAPVSPTVSPATSPVASGPAVSDAPAEAPAGSSAAASFRVSFVGGSVAAFVAAALLM 
>Medtr4g032750.1  _ hypothetical protein _ LC _ 
chr4_11312661_11313422 _ 20130731 ; MatureChain: 24-253 
FETTLQELDAFKPSVPVKPVPVKPAPVKPLKPPIPVTPPTPIKPPAPRTPPTPIKPRVPVTPPI
PVTPPTPIKPPAPRTPPTPIKSRVPVTPPTPVKPPVPVKPPTHVTPAPVKPPAPVTPAPVKPPV
SIKPAPVKPTPVKPGPFVPNPISVHIPVMPIPGITVPITPAFVTPPAQVDPHALVTPAPAEPPS
HVTLSPVEPPIIPTNPLALAYSPLPLRLNHISRKLMVV 
>Medtr4g093810.1  _ hypothetical protein _ HC _ 
chr4_37233312_37232519 _ 20130731 ; MatureChain: 22-119 
QSPSSSPSKSPAISPSAHSPAASPPAPVKNSPSPSPSAINSPPSPPPASSGSPAAAPAVTPSSI
STPPAEAPSNGAALNRFTVAGSAAVVIFAAALMM 
>Medtr4g093790.1  _ hypothetical protein _ HC _ 
chr4_37237974_37237609 _ 20130731 ; MatureChain: 22-121 
QSPSSSPTISPVATPAISPSADSPVASPPVPVKTSPSPLASAVNSPPASSNSLAPAVTPSSIST
PPSEAPSPSDNSIAALNRFTFAVSAAAVVFAAALMM 
>Medtr4g093825.1  _ hypothetical protein _ HC _ 
chr4_37253406_37252734 _ 20130731 ; MatureChain: 22-124 
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QSPSSSPTISPVATPAISPSADSPAASAPIPVKNAPSPSPSAINSPPSPPPASSDSPAVSPALT
PSSISTPPSEGPSENGAALNRFTVAGSAAVVVFAAALIL 
>Medtr4g093835.1  _ hypothetical protein _ HC _ 
chr4_37257618_37256885 _ 20130731 ; MatureChain: 22-122 
QSPSSSPTISPVATPPKSSQAPSPSAVSPVASPPVPVKNAPSPSPPASSDSPAVSPAVTPSSIS
TTPSEAPSPSDNSAAAFNRFTVAGSAAVMVFAAALMM 
>Medtr4g095280.1  _ hypothetical protein _ HC _ 
chr4_39695831_39693836 _ 20130731 ; MatureChain: 22-207 
QSPSAAPTTSPSTPAATTPVSSPVAAPPTTPTTPAPVASPKSSPPATSPKAAAPTATPPAASSP
PAVTPVSTPPPAPVPVKSPPTPAPVSSPPAVTPVAAPTTTPAVPAPAPSKGKKNKKKHGAPAPS
PALLGPPAPPAGAPGPSEDASSPGPATTANDESGAETIRSLKVLGGLAMSWMAVVLFF 
>Medtr5g013285.1  _ hypothetical protein _ HC _ 
chr5_4189954_4189079 _ 20130731 ; MatureChain: 23-122 
QAPSPGPIMLHTPSPASSPESLPPESPSQSPSMSPSMNMSPSMSPPFPTDASPSPASSPSPSTG
ESMSDNPVASSPSNAVVRRSSFFMLPFFAGAALLLA 
>Medtr5g016250.1  _ hypothetical protein _ HC _ 
chr5_5787919_5789615 _ 20130731 ; MatureChain: 22-224 
QSPSSAPTTSPPTVTTPSAAPVAAPTKPKSPAPVASPKSSPPASSPTAATVTPAVSPAAPVPVA
KSPAASSPVVAPVSTPPKPAPVSSPPAPVPVSSPPTPVPVSSPPTASTPAVTPSAEVPAAAPSK
SKKKTKKGKKHSAPAPSPALEGPPAPPVGAPGPSLDASSPGPASAADESGAETIRCLQKVIGSL
ALGLASLVFMF 
>Medtr6g021940.1  _ hypothetical protein _ HC _ 
chr6_7589553_7590203 _ 20130731 ; MatureChain: 22-145 
KEVSSSASPKSSPSPSSAPEASEKESEAPASSPKATTSAPTPAPSTDAPVSSPEASPASSPEAD
EEISSPPSPSPADDLFAPGSAPASDDVAPAAAPTADEAAASSLRFSAAAATVVVAGFFAF 
>Medtr6g039360.1  _ hypothetical protein _ LC _ 
chr6_14249346_14248151 _ 20130731 ; MatureChain: 23-190 
RSPPSSPQSSPFPSPAISPSADSPVASSPVPLNSAPSPSPSAFSGSPAVAPSWISTPPSQGPSP
TISPPAAAPAVTPWSISTPPSQGPSPAISPIPVKSSPSPSPSAINSPSSPPQAFPAATPAITPS
AISTPPSKAPSTSTNAAAALNRFTVAGSTAVVVFVAALMM 
>Medtr6g039690.1  _ hypothetical protein _ HC _ 
chr6_14317270_14316689 _ 20130731 ; MatureChain: 23-193 
RSPPSSPKSSPFPSPVASPPVPLNSAPSPSPSASSGSPAAAPVVAPSWISTPPSQGPSPTISPS
AAAPDVTPSSISTPPSQAPSPAISPSANSTASAPVPVKSSPSISPSAINSPSSPPQASPAATPA
ITPSSISTPPSKAPSTSTNDAALNRFTLAGSAAVVVFAAALMM 
>Medtr8g069925.1  _ hypothetical protein _ HC _ 
chr8_29605296_29607773 _ 20130731 ; MatureChain: 23-621 
QSHAAAPSNLPITTSPFVAKQQPVVAAISPTSNKPTATVTAAAPSKLPTTNPSEPSTLPLYKQQ
PIVAATPASNTNKQQPIVAATPASNTNKQPAATSPTSNKPITTVTAAAPSKLPTTNPSAPSTLP
LDKQKPIVAATPASSTKQPPAATSPISNKPSTTISAAAPSKLPTIIPAAPSKLPTAASPTSSTP
SAAKKPPIVVATSPLSSKQPTTTQPPTTAKSSPVKSPVPKVTSPASSPVKSPVPKVATPTSAPV
KSPVPKATTPTSAPVKPPVPKVATPTVAPAKPLVPKVTTPTAAPVKPIVPKTTTPTSAPLKPPV
PKAPAPKPSPVKPPVPKSKPPTTAPVKSPVPDPPKLAPVKLPVPKVTPALSPKTPSPKIQPPPH
PPKKAPVSLPPLSIPPVSLPPLPLPPASKPPKVSPAPAKVPKAPAPAKEAPAPAPTHKKKAPAP
APDKETPAPAPTHKKKKAPKSSPVPSPAILPPSPAPTPAIDTPSSAPAPSPEDDAPEPPPPHKH
KRRKHKHSKHKKHHALALAPEPTSSSSTIIRRSPPAPLADDNTTMSSDEGPSPAPSPSANGAQS
YQGQWRKMLATGGIAIAILLCVT 
>Medtr0002s0900.1  _ hypothetical protein _ HC _ 
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scaffold0002_343403_341926 _ 20130731 ; MatureChain: 19-250 
FNAQAPATAPTKLPPTTPTAITPVTTQPPTVVASPPITSQPPVTVAPKSAPVTSPAPKIAPASS
PKVPPPQPPKSSPVSTPTLPPPLPPPPKISPTPVQTPPAPAPVKATPVPAPAPAKQAPTPAPAT
SPPIPAPTPAIEAPVPAPESSKHKRRRHRHKHRRHQAPAPAPTVIHKSPPAPPTDTTADSDTAP
APAPSLNLNGAPSNHLQGGNIWTTIGFAITVFLAVTGYSF 
>Medtr0902s0010.1  _ hypothetical protein _ HC _ 
scaffold0902_3830_3207 _ 20130731 ; MatureChain: 23-207 
RSSPKSSPFPSPAISPSADSPVASPPVPLNSAPSSSPTASSGSPAAAPAVTPSSISIPPTQAPS
PTIFTPSAAPLAATPAVTPSSISTPPSQAPTPAISPSANSMASISAPVPVKSSPSPSPSAINSP
PSPPHASPAAAPAITPSAISTPPSKAPSTFTNAGTALNRFTVAGSAAVVVFTAALMM 
>Medtr3g007900.1  _ GASA_GAST_Snakin _ HC _ chr3_1236356_1234999 
_ 20130731 ; MatureChain: 19-154 
ATIEAPTPAPAPAPAPASQIPSDSTPETPVTPTTPETPATPTTPPAPVTPTPPATPPAPVTPDP
TDGTTEGSLKPEECAPRCEDRCSKTHHRKPCLFYCKYCCAKCLCVPPGTYGNKEVCPCYNDWKT
KEGGPKCP 
>Medtr5g077360.1  _ leguminosin group485 secreted peptide _ HC _ 
chr5_33028100_33027104 _ 20130731 ; MatureChain: 26-147 
RNLVEVAMKQNDVDNVKYYAKKSLTNKGDSSSDCFIPGFPGIPGIPEIPGIPGIPGFPGIPGWP
GTPNTPNTPASPSPSTTPETPDSPTPSPDDSPAPNTPASPNPSTTPETPDSPAPSLDD 
>Medtr5g077715.1  _ leguminosin group485 secreted peptide _ HC _ 
chr5_33167682_33166106 _ 20130731 ; MatureChain: 26-200 
RNLVEVATKQNNVDGIKYCTTKNVKDNDDASSDCFIPGFPGIPFPKIPGFPDIPEIPFPKIPGI
PDIPGIPIPYIPGIPFPKIPGIPDIPGIPIPDIPGIPFPKIPGIPFPFPFPFPFPGWPDIPGWP
TPSTPKAPSPTPESPSPSESPSPSESSSSPSPSESPSSPSLSPTYVM 
>Medtr5g095990.1  _ GASA_GAST_Snakin _ HC _ 
chr5_41969296_41967991 _ 20130731 ; MatureChain: 19-149 
ATIEAPTPAPAPSPSPSPAPTSTTASDSTPETPATPTTPPAPVTPTPPATSPAPVTPDPTDGTT
EGSLKPEECAPRCEDRCSKTHHKKPCLFYCKYCCAKCLCVPPGTYGNKEVCPCYNDWKTKEGGP
KCP 
>Medtr8g022490.1  _ leguminosin group485 secreted peptide _ HC _ 
chr8_7967035_7967849 _ 20130731 ; MatureChain: 26-177 
RNLVEVATKQNNVDGIKYCTKTNGKENVDASSDCFIPGFPGIPGIPFPNIPGIPDIPGIPFPKI
PGIPDFPFPFPGIPGWPYIPGWPDIPGWPNPSIPKAPPSPTPQSPSPSPSESPSSPSPSESPSP
SESPSSPSPSESPSSSSPSPTYVM 
>Medtr8g022550.1  _ leguminosin group485 secreted peptide _ HC _ 
chr8_7985783_7986582 _ 20130731 ; MatureChain: 26-174 
RNLVEVATKQNNVDGIKYCTKTNGKYNIDASSDCFIPGFPGIPGFPFPKIPGIPDIPGIPFPKI
PGIPDFPFPFPSIPGWPDIPGWPTPSTPKAPSPTPQSPSPSESPSPSESPSSPSPSKFPSPSVS
PSSPSPSESPNSPSPNPTYVM 
>Medtr2g009150.1  _ transmembrane protein, putative _ LC _ 
chr2_1807719_1807363 _ 20130731 ; MatureChain: 25-118 
QSPPSLPRKTLSVVYRSTADSPSTGSSPLEPSAASPSPSDHPQQPADDQQSVLPFIHGIQIFLA
IYLSILCLLIIVVMVFLLFLFVKYIRSRCL 
>Medtr2g009275.1  _ transmembrane protein, putative _ HC _ 
chr2_1854017_1854661 _ 20130731 ; MatureChain: 25-98 
QSPASSPTKSQPPRKAISPSPAASSPPEPSATSPAVSPSSISGPPSEAPGPASSAVLNRVSVAA
ILIFVAAFIM 
>Medtr2g009290.1  _ transmembrane protein, putative _ HC _ 
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chr2_1860925_1861200 _ 20130731 ; MatureChain: 21-91 
ESPTTSPKVSSLTTPAAAPSPSSVSPLSPSSVSSPPAHAPAPAPRKSGAVSHGFSFVGIFVVAL
GATALIL 
>Medtr7g083830.1  _ transmembrane protein, putative _ HC _ 
chr7_32276392_32276057 _ 20130731 ; MatureChain: 29-111 
VSSTTTEPTISASPGVLPYVTSPDISSFFPTPMSSSEAPYEAEASAPAPAPSSGEKSSSSTRLD
CVAAIVGIMLFSVFLSFIA 
>Medtr2g450250.1  _ transmembrane protein, putative _ HC _ 
chr2_22169134_22168833 _ 20130731 ; MatureChain: 25-81 
EVAPPKPTRKNNNNKDVGASTSAIGSTWTRVPVPVASTVTTTQRVPISDISTPTPTL 
>Medtr8g089615.1  _ transmembrane protein, putative _ LC _ 
chr8_37276848_37277165 _ 20130731 ; MatureChain: 24-105 
ADAPAPAESDFLEDDDEYLVGTRKGDPPSANGINIVAGPIGGPVHAGTFDNIAPAPSAASTIYI
SSIAGTVVTASIAGFFYF 
>Medtr6g045633.1  _ leguminosin proline_rich group669 secreted 
peptide _ HC _ chr6_16530751_16529919 _ 20130731 ; MatureChain: 
21-95 
RNPKHQIHAQPNSGLVDYQPPAADQAASFISPSPSPSPPHGSGYNGHGGGYHRPSIGYSRFPPH
INPRRPVRPPP 
>Medtr3g111910.1  _ transmembrane protein, putative _ LC _ 
chr3_52377332_52376402 _ 20130731 ; MatureChain: 24-224 
QDGLKDLLGGGDLASTIDEAKKALGAASGEAGGQAALDDYAGGEEGQTANPADASLAGWIETDN
ATSNGTGSSPPKSADSPIGAAEDLPADTPEGGAPTPTADGSSNKSPQQAPTNAPSNEPSKTPES
APTNAPTAASTNAPAEAPKGNGANVAGSSKAPESAPIVSPTGAPQGDLTDDDDDDDQMVAPSGA
PKGTSTDDD 
>Medtr2g090575.1  _ early nodulin_like protein _ LC _ 
chr2_38712243_38710650 _ 20130731 ; MatureChain: 23-360 
YNFNVGGNDGWGVKPSRHYNSWSERMRFQVNDTLYFKYHKGSDSVLEVNKQDYDSCNTKNPIHE
RDSGHSTFLLDKSGPFYFISGKVSNCLKGEKLHLVVLSPHHGKGHQGPSSSPFVAPVHSPATSP
AWIAPTPSATRWNAPSPSAIGWNAPTHSPSQSPAWKAPSPSATSKTAPTQSPVWNAPSPSATGW
TAPAHSPTQSPTWSASSPSATGWTTPTHSPTQSPAWHAPSPSATGWTAPAHSPTKSSGWNAPTP
SATGWTAPTHSPAQSSAWNAPTPSPANIHAPTPSPTDEDAPKPSDIDNDSPAPSPGHSGSRRLS
GFVGVSVVVALVLGSFAF 
>Medtr2g090580.1  _ early nodulin_like protein _ HC _ 
chr2_38720886_38719533 _ 20130731 ; MatureChain: 25-200 
YKFHVGGKHGWAVKPSAGYSHWAEKNRFQVNDTLYFKYNKGSDSVLVVNKQDFDSCNTKNPILK
LDDGDSTFKFDKSGPFFFISGIVENCQKGEKLIVVVLSPNHHYTPPSPTTVAPAPSHSAENAPS
PSATGDTPPTTSPIDENSPAPSPAHSGSDRFRGSVGVGVALVLASFVF 
>Medtr3g092170.1  _ early nodulin_like protein _ LC _ 
chr3_42095471_42094282 _ 20130731 ; MatureChain: 21-277 
SGYTSRVDGKEGWPVKPSSGYNVLTSGIKLLIHDNIYFKYNKEIDSVLVVNKQDHDSCNTKNPI
YKMEGGDSAFQLDKSGPFYFISGNVENCQKGRKLNVVAWFPHRRLMSLAADAPSPSMVQVPAMS
PTVNAPTPNVIGWNAPAPSPADIHAPSPSPTTNHAPVPSPTDNHASTPNPSGNHAPAPSATNIQ
VSPTPSATHKKCHRRRHWGLCFGSKCHRDSCSDIAPSPGHSGSTRLSGSVGVNVVVALVLGSLA
F 
>Medtr3g105930.1  _ early nodulin_like protein _ HC _ 
chr3_48854561_48853915 _ 20130731 ; MatureChain: 25-180 
KELLVGGKIDAWKVPSSETDSLNQWAEKSRFKVDDHLVWKYDGGKDSVLQVNKEDYANCNSSNP
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IEQYNDGNTKVKPDRPGPFYFISGAKGHCEQGQKLIVVVMSPKKRSIGVSPAPSPAELEEGPAV
APTSSAPVLRTGLVTVLGLLAIYVGFLI 
>Medtr4g130780.1  _ ENOD16_ HC _ chr4_54496082_54497288 _ 
20130731 ; MatureChain: 25-182 
ESTDYLIGDSHNSWKVPLPSRRAFARWASAHEFTVGDTILFEYDNETESVHEVNEHDYIMCHTN
GEHVEHHDGNTKVVLDKIGVYHFISGTKRHCKMGLKLAVVVQNKHDLVLPPLITMPMPPSPSPS
PNSSGNKGGAAGLGFIMWLGVSLVMMMFLI 
>Medtr7g090170.1  _ early nodulin_like protein _ HC _ 
chr7_35395785_35395287 _ 20130731 ; MatureChain: 25-148 
KELLVGGKIDAWKVPSSEADSLNQWAEKSRFKVSDHLVWKYDGGKDLVLQYNDGNTKVKLDRPG
PFYFISGAKGHCEQGQKLIVVVMSPKKRSIGVSPAPSPAELEEGPAVAPTNSAPVLRTGL 
>Medtr1g009910.1  _ fasciclin_like arabinogalactan protein _ LC 
_ chr1_1613159_1612264 _ 20130731 ; MatureChain: 24-287 
FDIQKLLDRTPEFSTFNKYLNETKLVGQINRRNTITVFALDNGAMSSVSDKMPEAIRAIMATHV
LLDYYDPTKLIGAMHKREPLTTLYQSSGIAVDQQGYLKVNRTSDGDLAIGSAVSGAPIDVKLVK
VVFAQPYNITIIQVAKPILFPGLETQTLGAPSNASAPAAETNVDVSSVFKAPPTKAKNANAPSA
AEEPITEVSDSPSPSDEPSESPVEAPAKSPSLAPGPGGDEAAADAAPTSSSSRIVIGFVGAVMC
LASLLVVM 
>Medtr1g009920.1  _ fasciclin domain protein _ HC _ 
chr1_1622595_1620447 _ 20130731 ; MatureChain: 24-227 
FDIQKLLDRTPEFSTFNKYLNETKLVGQINRRNTLTVFTLDNGAMSSVSDKMPEAIRAIMATHV
LLDYYDPTKLIGAMRKRELLITLYQSSGIAVDQQGYLKVNRTSDGDLAIGSAVSAPPAKAKNAS
APSAAEEPITEVSDSPSPSDEPSESPVEAPAKSPSLAPGPGGDEAAADAAPTSSSSRIVVGFVG
AVMCFSSLLVVM 
>Medtr1g009940.1  _ fasciclin domain protein _ LC _ 
chr1_1629663_1628800 _ 20130731 ; MatureChain: 24-287 
FDIQKLLDRTPEFSTFNKYLNETKLVGQINRRNTITVFALDNGAMSSVSDKMPEAIRAIMATHV
LLDYYDPTKLIGAMRKRELLITLYQSSGIAVDQQGYLKVNRTSDGDLAIGSAVSGAPIDVKLVK
VVFAQPYNITIIQVAKPILYPGLETQTLGAPSNASAPAAETNVDVSSVFKAPPAKAKNASAPSA
AEEPITEVSDSPSPSDEPSESPVEAPAKSPSLAPGPGGDEVAADAAPTSSSSRIAVGFVGAVMC
FASLLVVM 
>Medtr1g009950.1  _ fasciclin domain protein _ HC _ 
chr1_1637789_1636871 _ 20130731 ; MatureChain: 24-268 
LDITKLLGQNPDFAAFNKQLTETKLVDQINSRNTITVLAVSDGAMSAISGKSPQAIKAIMSTHV
VLDYFDEKKLSEAVGSGILLTTLFQASGQAKNQQGFLKVKLIGEGEMDFGSAVSGAPIDVALVK
TVVKQPYNISILQVAKPIIFPGVDSVSTASAPTAAKNASSPSAAKADAPTAETPSESATAPSPS
KEPATNAPAEAPTAEAAGPGGAAADAPPPSSSSRTVVGLVGAMMCFASLLVVM 
>Medtr2g007870.1  _ fasciclin domain protein _ HC _ 
chr2_1180291_1179140 _ 20130731 ; MatureChain: 24-354 
IPNREFDSMLNTLRSRGYHLFCNAILTSDLRIDLLDPNSNATNSFTFFAPTDSSLFALDMTQTA
SSYTDTLRYHIIPRRLTLSELRLLPNGYTLPTMLSTRRISFTRRSGSSSVTTVGGVEVAFPGLF
YGRHVTVHGLAGILNVRSVDFTSPAPAPVNPIHSPDHRHFTPRRIPHSPEKQNQTVLDPVPRSV
SFNVTGRQGGGSSHAVEAPVKPPAPEPAQSPEIGRIHVHSSVNFGTAPSAAPVLSPQHSDSGIS
FPPEGYSEAEAPAPAPVGLEAVVQKKKKNRRVSLMEMSEKSEALDGVRKCESVAVGLKEHISDI
DGVGHMQCYAA 
>Medtr2g017970.1  _ fasciclin domain protein _ HC _ 
chr2_5265732_5267208 _ 20130731 ; MatureChain: 24-280 
QSPAAAPKAAAKPAPATPAPATAPAKPLVPSLPQPPSSDSSSGQDIIKILRKAKSFNTLIRLLK
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TTQIINQINSQLVTTKNGGLTILAPDDGAFSQLKAGYFNSLGEHQQKELIQFHVLPVYVSSSNF
DSLSNPVLTLASDSPSGYHMNVTAYGNNVNISTGPVNATLTGIVYSDKTLAIYHVDKVLIPLDF
SKPKALAPAPSTAKAPKADKDSSSEDGDQGETTKATSGANNLISHQGTMFVSLFVGLVAAITIS
I 
>Medtr2g017960.1  _ fasciclin domain protein _ HC _ 
chr2_5268762_5270188 _ 20130731 ; MatureChain: 24-277 
QSPAAAPKAPEKPAPATPAPATAPAKPLVPSLPQSPSSDSSSGQDIIKILRKAKSFNTLIRLLK
TTQIINQINSQLVTTKNGGLTILAPDDGAFLQLKAGYFNSLGERQQKELIQFHVLPVYVSSSNF
DSLSNPVLTLASDSPSGYHMNVTAYGNNVNISTGPVNATLTGIVYSDKTLAIYHVDKVLIPLDF
SKPKALAPAPSTAKAPKADKDSSSEDGDQGESTKATSGANNLISLQGTMFVSLLVAAVTMFG 
>Medtr2g017950.1  _ fasciclin domain protein _ HC _ 
chr2_5273119_5274452 _ 20130731 ; MatureChain: 29-295 
QISPVQSPQASTPAPGFNTVPLVPVTPSGAPTPNILPKSPSIDIIQILKKAKRFSVLIRLLKTT
QLINQLNSQLVTSSSSDSSSGGLTLFAPEDNAFSKLKPGFLNSLSDRHKVELLQFHTLSSFISI
SNFDTLTNPVQTQAGDDAKRLQLNVTTSGGSHVSMTTGTVNATVTGTVYTDNKLAIYQVDKVLV
PLDLVLPAKAPAPAPVSKGDSAKPDDRSKSSSAKDDDDENNDLPAEASGAGYSNVDGMWLALVF
GMVLLAGEAML 
>Medtr2g087810.1  _ fasciclin_like arabinogalactan protein 16 
precursor _ HC _ chr2_36956273_36953488 _ 20130731 ; 
MatureChain: 24-446 
SPTSQINSNSILIALLDSHYTELTYLIEKANLLQTLENTVSKHNITIFAPNNVALERNLDPDFK
HFLLQPGNILSLQTLLLSHVIPTRIQSGSTRFKSISDYHLHLETNTTTGEFMVNQENVTHPNDI
TRPDGVIHGIQKILIPRAVVDDFNNRRSLSSITAVKPEGAPEADTRKLKKSSPEKPGSPPEIPI
YEALAPGPSLAPAPAPGPGGPHHHFNGDLQVKDFIKTLLHYGGYKEMADILVNLTSLATEMSRL
VSEGYVLTVLAPNDEAMAKLTTEELSEPGSPEEIMYYHIIPEYQTEESMYNAVRRFGKVRYETL
RLKYKVVAQEADGSVKFGDGDGSGYLFDPDIYTDGRISVQGIDGVLFPMKEEKEVVPVEQVKPI
SMMGQPRKGVVEHRRGKLLETACWMLGTFRNHSRFTSCQ 
>Medtr2g090765.1  _ fasciclin_like arabinogalactan protein _ HC 
_ chr2_38919962_38918307 _ 20130731 ; MatureChain: 27-249 
QAPAPAPSGPINITTIFEKAGQYNFLIRLLNETQQLTQIQTQLNSTSEGFTIFAPTDNAFQNLP
SGAINDLSDQQKVQLILYHVTPKYYSLSDFLTVSNPVRTQASGKEGNWGLHFTSQGNQVNVSTG
VVTVPINNALRQQFPLAVYQLDKVLLPSELFGAKSPSSSPAPKSSKTPSKTPSSSDVEGDAPSP
ASSKKDDSAAGRNVGFGFVAGLGLICMGVLL 
>Medtr2g093970.1  _ fasciclin domain protein _ HC _ 
chr2_40045832_40044669 _ 20130731 ; MatureChain: 26-293 
ALSPATSPIQSPPTQPISSPTKPLVPTFPPNDNTTPETPTPTTDIVQILKQANSFNIFLRLMKT
TQLINQLNSQLLTIKSGGLTILAPDDSAFSELKPGFLNSLSNEKKLELLQFHVISDFVSSSNFD
TLTNPVRTLAGNKPGKVELNVISYGGNVNISTGSVNTTINGIIYTDKHLAIYKVGKVLIPSEFS
PAKKIVAEVPALAPAPAIADAKAPTPEKEKPSSSEDSTTSQVVPAVTSSAMRIDMCGSWVALVV
GIVFIGGFYNKN 
>Medtr2g093990.1  _ fasciclin_like arabinogalactan protein _ HC 
_ chr2_40051115_40049995 _ 20130731 ; MatureChain: 27-250 
ASESPAPSPSSAPTDIIRILKKAGGFTTLIRLLQTTQVATQINAQLLNSNNGLTLFAPNDNSFS
TLKPGFLNSLNDQQKNELIQFHELPSFVALSNFDTLSNPVRTQAGDDPERLALNITSSGTQVNL
TTGVVNATVGGSVFSDHQLAIYQVDKVLLPKDFFIPKSPPPAPAPEKSKDSKKKSAEGPASLDD
NDKSSAMSLKDKNGIMLIFAVYMVIAATLFSL 
>Medtr3g460780.1  _ fasciclin_like arabinogalactan protein _ HC 
_ chr3_23879139_23880737 _ 20130731 ; MatureChain: 30-421 
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HNITRILAKHPELSTFNHYLSLTHLASQIDSRTTITVCAVDNAAMEDLLSKHLSINTIKNILSL
HVLLDYFGAKKLHQITNGTALAATMYQATGTAPGSSGFVNITDLRGGKVGFGAENNDGALTASY
VKSVEEIPYNISVIQISSVLPSAAAEAPTPAPSQQNLTVIMSKHGCKIFAETLSTFHEAFNTFT
DAIDGGLSVFCPADDAFKAFLPKFKNLTMSGKIDLLEFHGVPIYNSIPMLKSNNGLMHTLATEG
ASNYDFTVQNDGEEITLKTKRVTAKIIDTIIDEQPLAIYTISKVLLPQELFKGEAPSPSPSPAP
EPAAADAPEPPKKGKKKKKKVAADAPADDSDAPADSPDDDAADDNADDSDGAVRFNGIVGMVLA
LVFGFLFL 
>Medtr4g050170.1  _ fasciclin_like arabinogalactan protein 16 
precursor _ HC _ chr4_17747502_17752074 _ 20130731 ; 
MatureChain: 31-466 
FSSCSSSSTVQINSNSILVALLDSHYTELAELVEKAMLLQTLEDTVGKNNITIFAPKNQALERD
LDPNFKTFLLEPRNLKSLQTLLMSHIIPTRINGSVSSKTGSTRHRTLSLEHKIVIQSNETSQQW
LVNGAKIVHLNDVTRPDGVIHGIERLLIPRSVQDDFNRRRSLVSIAAIKPEGAPEVDPRTHRLK
KPPPPQNPGSPPALPIFDALAPGPSLAPAPAPGPGGPHHHFNGEAQVKDFIQTLIHYGGYNEMA
DILVNLTSLATEMSRLVSEGYVLTVLAPNDEAMAKLTTDQLSEPGSPEQIMYYHLIPEYQTEES
MYNAVRRFGKVRYDTLRLPHKVDAEEADGSVKFGHGDGSAYLFDPDIYTDGRISVQGIDGVLFP
HEEKEEVVDKAVTQERKGKPAKVVAKQRRGKLLETACWMLGTFGQHSRFNCQ 
>Medtr4g059720.1  _ fasciclin_like arabinogalactan protein _ HC 
_ chr4_22034570_22035620 _ 20130731 ; MatureChain: 27-250 
QKSPAPAPSTDTAPTDIIRILKKAGGFTTLIRLLQTTQVSTQINSQLLNSNGGLTLFAPNDNSF
SSLKPGFLNSLSDEQKNKLIQFHLLPTFVSMSNFDTLSNPVRTQAGDDPYRLGLNVTSSGNQVN
MTTGIVNVTVGGTVYTDHQLAVYQVDKVLLPRDFFVAKPPAPAPAPEKTKSSKKKSSDSDGGVA
GDDDSGAVNVKQRRLMLVPVAVATIIVAIYSW 
>Medtr4g099150.1  _ fasciclin domain protein _ LC _ 
chr4_41062867_41062127 _ 20130731 ; MatureChain: 20-246 
IEDHARDLLAATDEMQRANYFTFVMLIKMSPPDTRLEGNVTFLMPNDRMLANVTLQEESVSKFL
LRHSIPSPLLFDTLKQFPSGTTVPSLLPNCIMRISNNGRKNFVVNNVKIISPNICVSGSSIRCH
GIDGVLSQTCTLENNHNHGVPIPPPQYNNTNTSCEASPPIPSPSFPSPPYTGDNINPPIWIAPS
PTISNGERHEYSGSPRWFFYDAYLIFIVCLMFSFL 
>Medtr5g098060.1  _ fasciclin_like arabinogalactan protein _ HC 
_ chr5_42933281_42935396 _ 20130731 ; MatureChain: 22-262 
KTVSPPSPPAESPTPAPAPAPTPDFVNLTELLTVAGPFHTFLQYLQSTKVLDTFQNQANNTEEG
ITIFVPKDSSFASLKKPSLSKLKDDEIKQVILFHALPHFYSLADFKNLSQTASTPTFAGGDYTL
NFTDNSGTVKINSGWSITKVTSAVHATDPVAIYQVDKVLLPEAIFGTDIPPVLAPAPTPEIAPA
ADSPTEQSADSKSSSPSSSPDRSSSYKIVSYGIWGNLVLATFGLVVVIL 
>Medtr7g075453.1  _ fasciclin_like arabinogalactan protein _ HC 
_ chr7_28251817_28250054 _ 20130731 ; MatureChain: 22-418 
HNITEILSSNPDYSQYNNFLSQTKLADEINSRQTITVLVLNNAAFSSITSSHPLSVVKKILSLL
ILLDYFDNTKLHQLTNGTTLSTTLFQTTGNAVNNIGSVNITDLKGGKVGFGSAAPGSKLDSSYS
KSVKQIPYNISVLEITAPIIAPGILTAPPPSSSVNLTALIEKAGCKTFASLISSNGLIKTFQST
ADKGLTIFAPNDEAFKAKGVPDLTKLSNAELVSLLQYHAAAKYLPIGSLKTTKDPISSLATNGA
GKFDYTVTTAGDSVTLHTGVDSSRIADSILDSTPLAIYSVDSVLLPSELFATSPSPAPEPAGAP
SPTPASAPSPADAPTPLPASPPAPAGESPDGAPADAPSTAAEKSTGKSAGVNVKATGVFTVAVT
ALSAFVVSFVFMS 
>Medtr7g101080.1  _ fasciclin_like arabinogalactan protein _ HC 
_ chr7_40783637_40782599 _ 20130731 ; MatureChain: 28-256 
QPAISPAPSGPLNITKVLEKAGQFTTFIKLLKATQVSDRINSQLNNSNQGLTIFAPTDNAFSSL
KSGTLNSISTQNQLQLLQFHILPTLYTISQFQTASNPLHTQAGNSDDGEYPLNVTTSGNQVNVT
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TGVIDTTVSNTIYSDNQLAVYQVDQVLLPMALFGQGPTAAPAEAPAPTKPEKSVRASDAPKGSS
DSPADDSSAVGLNGYIVNGATLFVAVFANVVVSCLWM 
>Medtr7g106760.3  _ fasciclin_like arabinogalactan protein 16 
precursor _ HC _ chr7_43481765_43477708 _ 20130731 ; 
MatureChain: 24-448 
LPPTTTVQINSNSILVALLDSHYTELAELVEKALLLQKLEEAVGNHNITIFAPRNQALERDLDP
EFKRFLLEPRNLRSLQTLLMSHILPSRIASHHWPPTHLHHHTLSNHRLHLTTNPTGAKTVDSAE
ILKPDDVIRPDGVIHGIQRLIIPRSVQEDFNRRRNLRDISAILPEGAPEVDPRTNRLKKPAPVP
AGAPPVLPIYDALAPGPSLAPAPAPGPGGPRHHFNGERQVKDFIQTLLHYGGYNEMADILVNLT
SLATEMGRLVSEGYVLTVLAPNDEAMAKLTTDQLSEPGAPEQIIYYHIIPEYQTEESMYNAVRR
FGKISYDTLRLPHKVVAQESDGSVKFGHGDSSAYLFDPDIYTDGRISVQGIDGVLLPPEEENED
ESSTPIRRVKTPLVKVASKPRRGKLLQLACSMVGSFGRVCS 
>Medtr7g106760.1  _ fasciclin_like arabinogalactan protein 16 
precursor _ HC _ chr7_43481515_43477779 _ 20130731 ; 
MatureChain: 24-448 
LPPTTTVQINSNSILVALLDSHYTELAELVEKALLLQKLEEAVGNHNITIFAPRNQALERDLDP
EFKRFLLEPRNLRSLQTLLMSHILPSRIASHHWPPTHLHHHTLSNHRLHLTTNPTGAKTVDSAE
ILKPDDVIRPDGVIHGIQRLIIPRSVQEDFNRRRNLRDISAILPEGAPEVDPRTNRLKKPAPVP
AGAPPVLPIYDALAPGPSLAPAPAPGPGGPRHHFNGERQVKDFIQTLLHYGGYNEMADILVNLT
SLATEMGRLVSEGYVLTVLAPNDEAMAKLTTDQLSEPGAPEQIIYYHIIPEYQTEESMYNAVRR
FGKISYDTLRLPHKVVAQESDGSVKFGHGDSSAYLFDPDIYTDGRISVQGIDGVLLPPEEENED
ESSTPIRRVKTPLVKVASKPRRGKLLQLACSMVGSFGRVCS 
>Medtr7g106760.2  _ fasciclin_like arabinogalactan protein 16 
precursor _ HC _ chr7_43481765_43478342 _ 20130731 ; 
MatureChain: 24-448 
LPPTTTVQINSNSILVALLDSHYTELAELVEKALLLQKLEEAVGNHNITIFAPRNQALERDLDP
EFKRFLLEPRNLRSLQTLLMSHILPSRIASHHWPPTHLHHHTLSNHRLHLTTNPTGAKTVDSAE
ILKPDDVIRPDGVIHGIQRLIIPRSVQEDFNRRRNLRDISAILPEGAPEVDPRTNRLKKPAPVP
AGAPPVLPIYDALAPGPSLAPAPAPGPGGPRHHFNGERQVKDFIQTLLHYGGYNEMADILVNLT
SLATEMGRLVSEGYVLTVLAPNDEAMAKLTTDQLSEPGAPEQIIYYHIIPEYQTEESMYNAVRR
FGKISYDTLRLPHKVVAQESDGSVKFGHGDSSAYLFDPDIYTDGRISVQGIDGVLLPPEEENED
ESSTPIRRVKTPLVKVASKPRRGKLLQLACSMVGSFGRVCS 
>Medtr8g087450.1  _ fasciclin domain protein _ HC _ 
chr8_36147816_36149210 _ 20130731 ; MatureChain: 23-292 
QSPAAAPKAPEKPAPTKPAPAKPTPSTPAPAPAKPLVPALPQSPTTNPDASGNQDIIKILRKAK
SFNTLIRLLKTTQIINQVNAQLVTTKNGGLTILAPDDGAFSELKAGYFNSLGERQQKELIQYHV
LPEYVSSSNFDSLSNPVLTLASDSPQGFQINVTAYGNSVNISTGVVDTTITGIVYADKTLAIYH
VNKVLIPLDFIKPKAKAPAPAIAKAPKAEKENSSADDDDQTQAHKDSSDAISLNNMHGISVLVS
IGVSLLAAGVTTML 
>Medtr8g087460.1  _ fasciclin domain protein _ HC _ 
chr8_36150681_36151957 _ 20130731 ; MatureChain: 29-316 
QLSPIQSPTTSSPSPPLPSTTASTPLPATTATAPSPGLSTVPLVPTTPAGAPSPTITVPKGPTI
DIINILQKAKRFSVLIRLLKTTQLINQLNSQLVSSPSGSGGLTIFAPEDSAFSKLKAGFLNSLT
DRQKVELLQFHSLASFVSISNFDTLTNPVQTQAGDDARLQLNVTTYGGSQVSMATGAVNATVTG
TVYTDSKLAIYQVDKVLMPLDLVLPAKAPALAPAPAKGLLPKAGKTNSSVADDGSGAGSDDGDG
KDLPADISAAGSVMWVNAVVVFGMGLVGGVVL 
>Medtr8g087470.1  _ fasciclin domain protein _ HC _ 
chr8_36154070_36155160 _ 20130731 ; MatureChain: 29-316 
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QLSPIQTPSTSSPSPPLPSTTASPPLPATTATAPSPGLSTVPLVPTTPTGAPSPTITVPKGPTI
DIINILQKAKRFSVLIRLLKTTQLINQLNSQLVSSPSGSGGLTIFAPEDSAFSKLKAGFLNSLT
DRQKVELLQFHSLASFVSISNFDTLTNPVQTQAGDDARLQLNVTTYGGSQVSMATGAVNATVTG
TVYTDSKLAIYQVDKVLMPLDLVLPAKAPALAPAPAKGLLPKAGKTNSSVADDGSGAGSDDGDG
KDLPADVSAAGSVMWVNAVVVFGMGLVGGAVL 
>Medtr1g083260.1  _ formin_like 2 domain protein _ HC _ 
chr1_37055541_37051517 _ 20130731 ; MatureChain: 26-909 
QRTHILSVGALINAAGSFHVHTLQDNYYMKEQENEKKQVQKISGLDENEEKQGFIVEKFRSLLG
LKSFHKRVPSKSNGDSDSDSDQFLTPSPSPSQNIEAEVEAPAPAPTPSQVMHFHPHSYHQKHHF
HWNQPPKKLHHDDRGRTKRILVAVFVSVGVAAFVISLGLILFCRKKFTNHKKKKPKRTMPLCSS
NTKGKTKGKVSLNPGLDLFYLDALGEDVEQHACTLTKTSDNNVSSSFTKEIVSVHEEELVIKNE
HECVDKIVHEDCDSSEDESFHSFVDSQSNTRLSNASAGSLSDTQSLLLSPQNSFSLLPNQLPSS
PQNTNDSHQPPYSPKQKDQDIENETFVQCPQTSNSSPPPPPPPPPTPPLKMPLFTLHSLTTSSR
VSSHSPLSLTSHTLSSPVNSETSSRSNLSPEKDSFSPSSSNPTKSPPPPPCPPPFPRGNSNKNA
KTPPPPPYQFPQSPLGKDGTPLAKLKPLHWDKVRAAPNRTMVWDKLRSSSFELDEEMIESLFGY
NLQSSINNDESKSKTPSPSKHVLDPKRLQNITILSKALNVTAEQVCDALMQGKGLSLQQLEALV
KMVPTKEEEGKLFNYKGNINELGSAEKFVRAVLCVPFAFQRVETMLYKETFDDEVVHLRNSFSM
LEEACKELRSSRLFLKLLEAVLKTGNRMNVGTIRGGARAFKLDALLKLADVKGTDGKTTLLHFV
VQEIVRSEGIRVSDSIMGKISQKSNKNRTEEEKEEDYRKMGLELVSGLSTELYNVKKTATIDLD
VLASSVSNLYDGMVRLKQLVENELHEDEMCHNFVMSMKLFLQYVDGNLKELRGDEDRVIARVKE
ITEYFHGDVSKEDNPLRIFVIVRDFMGMLDNVCKELRRSKTPRTPNPLAPFR 
>Medtr4g081410.2  _ formin_like 2 domain protein _ HC _ 
chr4_31560742_31567076 _ 20130731 ; MatureChain: 26-990 
VSSIEKKETQDGLVRELFDSASGLLDEHTAKVFRTTCCEDFIHLKKEVEYHDLCLPLELFASTN
KVSSTVRPFAQTDIQKLLNACHPQIKEIFLHYLRKNNLLLHVLGEEDDSKIWHVTNTGYLFSTS
SIPRRNPGRVLLQHISEPPSLGPTVGSPTPSLTPSPEPSLPPSPEPSLSPSPAPAPLPPKPLSP
PLSPASFFPKLTPPAAADISAPPSSDTSGKEDNHSNKTTVVLSVVITISVIFIAAALFFLCFRK
AGRRRQNDERPLLSLSMNDYSFGPSNHAFGNTTKGEKLGFQSSSNNLGDNKKTSLQGNQSMGAF
AVVGSPFELNPPPGRVGTIHSGMPPLRPPPGRMNPLPHEPPSFTPFGNTAVSAAAPPPPRQSGV
ASARPPATPSPPQSLLAGAKPVPPRPPLHPALPGAKPSPPPPPAPLGAKPGPPPPPPPAPPSAK
PGPPPPPPPAPSGAKPGPRPPPPPPKSGVAPPRPPIGPKAGGPKATENAEAGAEGGADTSKAKL
KPFFWDKVPANSDQSMVWNQIKSGSFQFNEEMIETLFGYNAVNKNNGQRQKESSSSQDPSPQYI
QIVDKKKAQNLLILLRALNVTMEEVCDALYEGNELPSEFLQTLLKMAPTSDEELKLRLFNGDLS
QLGPADRFLKAMVDIPSAFKRMEVLLFMCTFKEELTTTMESFAVLEVACKELRNSRLFHKLLEA
VLKTGNRMNDGTYRGGAQAFKLDTLLKLSDVKGTDGKTTLLHFVVQEIIRSEGIKAARAAKDSQ
SLSNIKTDELHETEDHYRELGLEMVSHLSTELENVKRGSVLDADSLTATTIKLGHGLVKAKDIL
NKNLKNVEDDRGFRETVESFVKNAEADVKKLLEDEKKIMALVKSTGDYFHGNATKDDGLRLFVV
VRDFLIMLDKVCKEVRDAQKKPAKPIKQETSRGLSSSDTRPSPSDFRQRLFPAIAERRIDDDSS
DEESP 
>Medtr4g081410.1  _ formin_like 2 domain protein _ HC _ 
chr4_31561450_31566634 _ 20130731 ; MatureChain: 20-984 
VSSIEKKETQDGLVRELFDSASGLLDEHTAKVFRTTCCEDFIHLKKEVEYHDLCLPLELFASTN
KVSSTVRPFAQTDIQKLLNACHPQIKEIFLHYLRKNNLLLHVLGEEDDSKIWHVTNTGYLFSTS
SIPRRNPGRVLLQHISEPPSLGPTVGSPTPSLTPSPEPSLPPSPEPSLSPSPAPAPLPPKPLSP
PLSPASFFPKLTPPAAADISAPPSSDTSGKEDNHSNKTTVVLSVVITISVIFIAAALFFLCFRK
AGRRRQNDERPLLSLSMNDYSFGPSNHAFGNTTKGEKLGFQSSSNNLGDNKKTSLQGNQSMGAF
AVVGSPFELNPPPGRVGTIHSGMPPLRPPPGRMNPLPHEPPSFTPFGNTAVSAAAPPPPRQSGV
ASARPPATPSPPQSLLAGAKPVPPRPPLHPALPGAKPSPPPPPAPLGAKPGPPPPPPPAPPSAK
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PGPPPPPPPAPSGAKPGPRPPPPPPKSGVAPPRPPIGPKAGGPKATENAEAGAEGGADTSKAKL
KPFFWDKVPANSDQSMVWNQIKSGSFQFNEEMIETLFGYNAVNKNNGQRQKESSSSQDPSPQYI
QIVDKKKAQNLLILLRALNVTMEEVCDALYEGNELPSEFLQTLLKMAPTSDEELKLRLFNGDLS
QLGPADRFLKAMVDIPSAFKRMEVLLFMCTFKEELTTTMESFAVLEVACKELRNSRLFHKLLEA
VLKTGNRMNDGTYRGGAQAFKLDTLLKLSDVKGTDGKTTLLHFVVQEIIRSEGIKAARAAKDSQ
SLSNIKTDELHETEDHYRELGLEMVSHLSTELENVKRGSVLDADSLTATTIKLGHGLVKAKDIL
NKNLKNVEDDRGFRETVESFVKNAEADVKKLLEDEKKIMALVKSTGDYFHGNATKDDGLRLFVV
VRDFLIMLDKVCKEVRDAQKKPAKPIKQETSRGLSSSDTRPSPSDFRQRLFPAIAERRIDDDSS
DEESP 
>Medtr8g027995.1  _ formin_like 2 domain protein _ HC _ 
chr8_10328257_10323250 _ 20130731 ; MatureChain: 23-1071 
NEPRRFLHQPFPQNNNLSPSSPPSSPPPSPNPKYPFSTTPPNTSSSSSTPPFFPTYPSTPPPPS
PSSFASFPANISSLTIPQTQKPKSSSSKLLAVAITAVIAAVAVVAISAFIYCRRSRNKRFLADD
KTLRSDSSIRLFPRDGGVATIAKSRNVSSTSSEFLYLGTIANSRADELPDPRGAGGGGRNPRKM
DSPELQPLPPLMRQGSMFDEGNGGATVTVGEDDEEEFYSPRGSLNGNGSGSRRVFAGISAENLV
GRSSSESTSSSSSYSSSSASPDRSHSISLSPPVSLSPRRSQPKSPENVVTPAPTQPLLVSDVGR
SSLSSSRASSNRHVQSCSSMSSSPEKIFAGECKSPSLSPLNLSPTKNLDGSFVKVEKTQSCNEE
GSSSPRLSNASSGKSSSSSSSAFTLPSPEKMMTMMNLHSNHGLDQSPTISDVSDRFRHSPLSSL
PLSPTLLSSPERDIMSTQPPPPPPQPASRKHWEIPDLLTPIAESPAILNQNGVSQRKHWEIPVL
STPITPSNRVSAPPPPPPPPPPPPPLTMPMKQRKQWEVPSPTTPVGQQVVCRPPELKPPSRPFV
LQTPSNTLVSPVELPPSFEENEEVSKPKLKPLHWDKVRASSDREMVWDHLRSSSFKLNEEMIET
LFVVNTPNPKPKDATPRSVLTPPSHEDRVLDPKKSQNIAILLRAVNVTVEEVCEALLEGVTDTL
GTELLESLLKMAPSKEEERKLKEHKDDSPNKLGSAEKFLKAVLDVPFAFKRVEAMLYIANFESE
VEYIRKSFQTLEVACEELRNSRMFLKLLEAVLKTGNRMNVGTNRGDAHAFKLDTLLKLVDVKGA
DGKTTLLHFVVQEIIRTEGARHSDTSTNQTPSATLIDDAKCRRLGLQVVSSLSSDLANVKKAAT
MDSEVLTSEVSKLSKGITHIAEIVKLNQTVGSDETVRKFAESMNKFMRMAEEEILRIQAQESVA
LSLVKEITEYFHGNLSKEEAHPFRIFMVVRDFLTVLDRVCKEVVNINERTMISSAHRFPVPVNP
MLPQPLPGLHGKRHYSSSDDDSSSP 
>Medtr1g007880.2  _ ABIL1_like protein _ HC _ chr1_609028_606935 
_ 20130731 ; MatureChain: 21-342 
GKIATQPLPRMASNYDEVFMHQTLLFDDSLTDLKNLRTQLYSAAEYFELSYTNDDQKQILVETL
KDYAVKALINTVDHLGSVAYKVSDLLDEKVTEVFGEDLRLSCIEQRIKTCQGFMDHEGHTQQSL
VISTPKHHKRYILPVGETLHGTNSTKSKYIGCHLDDEDDWHHFRNAVRATIRETPTSTSSKGNS
PSPSLQPQRVGAFSFTSPNMAKKDLEKRTVSPHRFPLSRTGSMSSRSTTPKTGRSTTPNSSNRA
TTSPSNARVRYPSEPRKSASMRLSSDVNNIRDIDQHPSKSKRLLKSLLSRRKSKKDDTLYTYLD
EY 
>Medtr1g021630.1  _ cysteine_rich receptor_kinase_like protein _ 
LC _ chr1_6507333_6502386 _ 20130731 ; MatureChain: 21-676 
ATTDATGKFRYICDQGNDDGNYTTNSTYHTNLKTLLSTLTSNKDINYGFYNSSYGVNTDKVNAI
GLCRGDVKPDDCQNCLQNSTALLTQLCQNRKEAIGWYDDEKCMLRSSHRLIFGINEMGPAMIAW
NLQNATKEVEDEFDKGLKNLLYNLKNLAASGESDLKYAVGSDVIGPNNNQTIFALVQCTPDLSE
TLCDECLDKSIKEIPNCCDNRIGIGGRFLRPSCYLRYETNSLFYQQTQDSPSSSSSSPSPTPSP
ASVPSFSAPPPFAENTTSSPGKSNNSTTIGIALGVPIAIVVMVFIFICIYLRLRKPKKTCEEVQ
EEEEDDIIDITTEQLQLDFNTIRIATNDFSDSDKLGKGGFGAVYKGRLFNGQEVAVKRLSMNSG
QGDSEFKNEVFLVAKLQHRNLVRLLGFCLEGRERLLVYEFVCNKSLDYFIFDQAKRAQLNWGKR
YLIILGIARGILYLHQDSRFRVIHRDLKASNILLDEHMNPKIADFGMARLFGVDQTQENTNRIV
GTYGYMAPEYVMHGQFSVKSDVFSFGILVLEIVSGAKNSSIRDGENTEYLSSFAWRNWREGTAT
NIIDSTLNNDSRNEILRCIHIGLLCVQENIVNRPTMASIVVMLNSDSVTLPMPFEDLKSLSDSS
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AKESVNGASNTEPFPR 
>Medtr1g021635.1  _ cysteine_rich receptor_kinase_like protein _ 
LC _ chr1_6517643_6514070 _ 20130731 ; MatureChain: 22-674 
DVDQGKNFQYFCDQNNDGGIYTTNSTYHTNLNTLLSILTSNKEINYGFYNSSYGINSDKVNAIG
LCRGDLKPNDCRNCLQNSTVFLTQRCQNRKQAIGWYDDDRCMLRYSSRSIFGLYDTRPYYEAWS
LKTAINEDEFDKVRKNLLDNLRNRAASGDSDLKYAVGSDEVGPNNNQTIYGLAQCTPDLFKTFC
DDCLVQSINEIAICCNNRMSARVVRPSCYLRYETDSLFYQPTQDSPSSLSPSPTSVPSLAAPPP
FANNTTSYPGKSNNYGSTIGIAIGVPIALVAMVFIFICIYLKVRKPKKRFEEVQEEEDDDKIEI
TEGLQFHFNTIRIATNDFSDSDKLGQGGFGVVYKGRLSNGLEIAIKRLSMNSGQGDLEFKNEVF
FLAKLQHRNLVRLLGFCLEGSERLLIYEFVHNKSLDYFIFDQAKKAQLNWERRYTIILGIARGI
LYLHEDSRVRVIHRDLKASNILLDKRMNPKIADFGMARLFGVDQTQENTNRIVGTYGYMAPEYA
RHGQFSTKSDVFSFGILVLEIVSGTKNSYIRDGENTEYLSSFAWRNWKEGTAANIIDPTLNNDS
LNEIMRCIHIGLLCVQENVASRPTMASVVVTLNSPSVTLPIPLQPAFHIGPQDMKSSGHSSAQE
SVNGASNTQLFPR 
>Medtr1g069340.1  _ receptor_like Serine_Threonine_kinase ALE2 _ 
HC _ chr1_29953415_29947213 _ 20130731 ; MatureChain: 25-756 
KLVSMSVSFASSEPSKVWLVKSSSGTSSAHMPSQPFQAPSKTPGPKHPHHPRQYHRVKPYAVSP
SPSEGQECGLSCRDPLTTTPFGSPCGCVFPLKVGLLLDVAPLVVFPVLRELEIELAFGTYLKQS
QVRIMGVSADIQNQERTIVDIYLVPLGEKFSNTTVVLISRRFWHKKVPLNRSLFGDYTVLYTNY
PGMPSSPPHGTITGSGPLPSGSAAGILPFTANFINKNEEMTLRTIIIISASSIILFLGLVGAFF
IIFKLRKLRRPSGAVHPPFTSSLNKSSAMESMLSSRITSSSSMSHTSNLATSALSVKTFSLSEL
EKATNKFSSQRLLGEGGFGRVYHGRLDDGTDVAVKQLRRDIHQSGDREFIVEVEMLCRFHHRNL
VKLIGICTEGHKRCMVYELIRNGSVESHLHGVDRINHPLDWEARKKIALGAARGLAYLHEDSNP
RVIHRDFKASNVLLEDDFTPKVSDFGLAREATEGSHSIPTRVVGTFGYVAPEYAMTGHLLVKSD
VYSYGVVLLELLTGRKPVDMSQPLGEENLVVWARPLLKSREGLEQLVDPTLAGTYDFDEMTKVA
AVASMCVHLEVTKRPFMGEVVQALKLIFNDNDGMDRYSRKESSDQESDFRGDLSDSSWRCDEPE
DITCRLGFRQPLASSFITMDYSSGPLEELENRHFVASGFVADDMSLASRLGNRSGPLRTSRRSN
LSFYRFNGSQSDPAVLPSKRVRNEGYWP 
>Medtr1g105615.1  _ cysteine_rich receptor_kinase_like protein _ 
HC _ chr1_47604247_47607685 _ 20130731 ; MatureChain: 28-506 
QDPNFLYQVCSKNNFTSNSTYQTNLKTLFSSLSSKAKTDQNIQFFNNTVAGKNHSETVYGLYMC
RVDIPSNLCTSCVGNATQRLSTDKECTVSVAAVMWYDECMVRYSNKSFFSTVATGPGYVLPSPT
NMTNQGSFNRLLYDTLNKTSDEASSSSKNFATREAKINIFQNLYCLAQCTQDIEERECRSCLYG
LINSDLPRCCAGTQGGRVLYPNCVVRFEIYPFYRSLTLPPTPAPAGLVPSPNSAGKSRIAIIVA
IPIVVASTIVFAVCFYYRRRKARTSRSNILLQENFGRESTTLEGLQFDLATIATATNNFSHENK
IGKGGFGEVYKGTLRDGRDIAVKRLSTSSTQGSIEFKNEILLIAKLQHRNLVALIGFCLEEQEK
ILIYEYVPNGSLDHFLFGAQQQKLSWSERYKIIGGTALGVLYLHDYSRLKVIHRDLKPSNILLD
EHMNPKISDFGMARIVDIGQDRAKTTRIVGT 
>Medtr1g105615.2  _ cysteine_rich receptor_kinase_like protein _ 
HC _ chr1_47604242_47607699 _ 20130731 ; MatureChain: 28-506 
QDPNFLYQVCSKNNFTSNSTYQTNLKTLFSSLSSKAKTDQNIQFFNNTVAGKNHSETVYGLYMC
RVDIPSNLCTSCVGNATQRLSTDKECTVSVAAVMWYDECMVRYSNKSFFSTVATGPGYVLPSPT
NMTNQGSFNRLLYDTLNKTSDEASSSSKNFATREAKINIFQNLYCLAQCTQDIEERECRSCLYG
LINSDLPRCCAGTQGGRVLYPNCVVRFEIYPFYRSLTLPPTPAPAGLVPSPNSAGKSRIAIIVA
IPIVVASTIVFAVCFYYRRRKARTSRSNILLQENFGRESTTLEGLQFDLATIATATNNFSHENK
IGKGGFGEVYKGTLRDGRDIAVKRLSTSSTQGSIEFKNEILLIAKLQHRNLVALIGFCLEEQEK
ILIYEYVPNGSLDHFLFGAQQQKLSWSERYKIIGGTALGVLYLHDYSRLKVIHRDLKPSNILLD
EHMNPKISDFGMARIVDIGQDRAKTTRIVGT 
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>Medtr1g105650.1  _ cysteine_rich receptor_kinase_like protein _ 
HC _ chr1_47634426_47637645 _ 20130731 ; MatureChain: 30-661 
QNPTHLYQICSMNKTTSNSTYKSNIITLFSYLSSNATTNNEFYNTVPSRNISNSVYGLFMCRGD
VSSPLCIQCVANATQRLSSDADCSLSKQAVIWYDECMVRYSNTSFFSTMATRPGVFMMNSLNIT
NQETFMPLLFDTMNKTADNAANSSVGAKKYATKEASISGFQTLYCMAQCTEDLSQQDCRTCLSD
AIGALPQCCDGKQGGRVLFPSCNVRYELYPFYRNLAPSPSPAPSAAPALVPPSTSTPTLGGSSG
ISSGTIVAIVVPISVATLLLIVGVCFLSKRAWKKKHDSAAQDPKTETDISTVESLRFDLSTLEE
ATNKFSEANKLGEGGFGEVYKGSLPSGQEIAVKRLSKHSGQGGEQFKNEVELVAQLQHRNLARL
LGFCLEREEKILVYEFVANKSLDYILFDPEKQRLLDWTRRYKIIGGIARGIQYLHEDSRLKIIH
RDLKASNILLDGDMNPKISDFGMAKLFGVDQTQGNTSRIVGTYGYMSPEYAMHGEFSIKSDVYS
FGVLVMEIISGKKSNSFYETGVADDLVTYAWKLWKNGTPLELVDHTVRESYTPNEAIRCIHIGL
LCVQEDPEDRPTMATVVLMLDSFTVTLPVPKQPAFFLHSGTDSNMPTIQISQSTTN 
>Medtr2g016620.1  _ LRR receptor_like kinase _ HC _ 
chr2_5124647_5122806 _ 20130731 ; MatureChain: 25-437 -- SKETCHY 
TSSSSPSLPLPPTPSPTSPPSSPTTSKTTLDPKQITALQSLNIPTSKDPCTQPSYHNATLCDSS
KPFRHLISLTLSNCTSHLSLSFTALKSLSTLTSLNLINCPISPFHFPQELITSLKTFTFINSFN
KISGVWLSQLHNLTDLTISNVQVKASGPYVILGHMNYLNSLTISNANLTGFLPGHIHSNLTHVD
FSGNQLKGNIPFSITMLESLESLNLSSNKLVGEIPSSIGDLISLKNLSLASNSFSGSIPDSFSS
VPDLVHLDLSSNQLNGTIPKFISQLKNIKYLNLANNNLHGAVPFNQSFIKGLEVFKVGGNSNLC
YNHSILSSKLKLGISHCDKYGKPVSPPAAKDSSEDDSSDDDYDDSDDDDGSSKHKKDQHHGPNK
FVLGVAIALSSIVFLIVFLIVCSKCCRGR 
>Medtr2g039290.3  _ receptor_like Serine_Threonine_kinase ALE2 _ 
HC _ chr2_17223213_17211976 _ 20130731 ; MatureChain: 20-1225 
QGSEGSIISPSPAFLPGVHPEGEAPGPIHNGQSWRSTASSPSDPDGSVISPSPAILPMDPFSSE
APSLLHPNGTILQPPVALPPATSAPPPQKIKGIESTVSPSPSPSTKSISPPYKSAPAPSTAERN
LPPSIQPIPPQMKTPTVSPPISTPTAPDPVATPPGNLPKTSPISQPIDHGSLPPNVDNRNESKS
HNPEPVSPAPVATPSTNEPKVSPISHSTNNGSFPPPQPMSPAPVFNIPKHLPVNQSTEPRSLPP
TVHRRNSSISHTLEPVSQAPVAEPPANFPKNSSVSQPSQHGSVPPNVHNTTIHKGHIHTPEPVM
PPPISTFPVDPPLIHPVIPAAPPNEVPAPVISPTLTPSRSFNGKNGGEPVSAPLNKKPKSPPAI
VNSPAQAPSVNKARPFHHAPEPLTSPPKSPFNKEDHSPASSPSTTFHKHQHTRNTITSPAPASS
YFVSPPTSKHQDKPIPPSFLPTNRRRHNAPAPMNRGSADSPFTFPIQSPVSQVSPAPSPSFKTF
PHSTKIPFHPPKISPQRSFSKSPKKPILPRVQALPPPPPNEDCLSFVCSEPYTNSPPGVPCMCI
WPMRVGLRLNVPLYTFFPLVSELASEISSGVFMKQSQVRIMGANAATDQPDKTDALIDLVPLGE
QFDNTTAFLTSDRFWHKKVVIKSSYFGDYEVLYISYPGLPPSPPLPPSSVNMIDGGPYSNNGNN
GRTIKPLGVDIQKRQHRSGLSKGIIAIIALSSFLAIVLCSAAVFALIKFRDHVSESQPTSTPRV
FPPSLTKTPGTAGPSNAGASASTSFRSSIAAYAGSAKTFSMNEIEKATDNFHPSRILGEGGFGL
VYSGNLEDGSKVAFKVLKREDHHGDREFLSEVEMLSRLHHRNLVKLIGICTELSFRCLVYELIP
NGSVESHLHGVDREKSPLDWSARIKIALGAARGLAYLHEDSSPHVIHRDFKSSNILLENDFTPK
VSDFGLARTAADEDNRHISTRVMGTFGYVAPEYAMTGHLLVKSDVYSYGVVLLELLTGRKPVDF
SQPPGQENLVAWARPLLTSREGLEVIIDPSLGSNVPFDSVAKVAAIASMCVQPEVSDRPFMGEV
VQALKLVCNECDEAKEAGSTSSNKDGSSSDFYTVTEQLPDNFQSHSAAANYDFGVDIENGLSTS
EIFSSSARFERQVSGSFRRHSYSGPLRTGRSKRLWHIIRKLSGGSVSEHGDSLR 
>Medtr2g039290.1  _ receptor_like Serine_Threonine_kinase ALE2 _ 
HC _ chr2_17223213_17211980 _ 20130731 ; MatureChain: 20-1447 
QGSEGSIISPSPAFLPGVHPEGEAPGPIHNGQSWRSTASSPSDPDGSVISPSPAILPMDPFSSE
APSLLHPNGTILQPPVALPPATSAPPPQKIKGIESTVSPSPSPSTKSISPPYKSAPAPSTAERN
LPPSIQPIPPQMKTPTVSPPISTPTAPDPVATPPGNLPKTSPISQPIDHGSLPPNVDNRNESKS
HNPEPVSPGSFLHPSLASPPPSPSAKSLSPPYKAVPAPSTAERNFPPPMQPIPPQSKAPIVRPP
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ISTPIAQAPVAIPPATKTSPTSQPIDHGSLPPSVDKRNESKSHNLEPVSPGSFLQPPVALQPPT
SAPPPQKTKGSESSISPSPSQSTKPLTPPDKAVPAPSTAERSFPPPMRPIPPQRKAPAPVATPP
GNLPKTSPISQPIEHGSLPPKVDKRNESRNHNLEPVSPAPVATPSTNEPKVSPISHSTNNGSFP
PPQPMSPAPVFNIPKHLPVNQSTEPRSLPPTVHRRNSSISHTLEPVSQAPVAEPPANFPKNSSV
SQPSQHGSVPPNVHNTTIHKGHIHTPEPVMPPPISTFPVDPPLIHPVIPAAPPNEVPAPVISPT
LTPSRSFNGKNGGEPVSAPLNKKPKSPPAIVNSPAQAPSVNKARPFHHAPEPLTSPPKSPFNKE
DHSPASSPSTTFHKHQHTRNTITSPAPASSYFVSPPTSKHQDKPIPPSFLPTNRRRHNAPAPMN
RGSADSPFTFPIQSPVSQVSPAPSPSFKTFPHSTKIPFHPPKISPQRSFSKSPKKPILPRVQAL
PPPPPNEDCLSFVCSEPYTNSPPGVPCMCIWPMRVGLRLNVPLYTFFPLVSELASEISSGVFMK
QSQVRIMGANAATDQPDKTDALIDLVPLGEQFDNTTAFLTSDRFWHKKVVIKSSYFGDYEVLYI
SYPGLPPSPPLPPSSVNMIDGGPYSNNGNNGRTIKPLGVDIQKRQHRSGLSKGIIAIIALSSFL
AIVLCSAAVFALIKFRDHVSESQPTSTPRVFPPSLTKTPGTAGPSNAGASASTSFRSSIAAYAG
SAKTFSMNEIEKATDNFHPSRILGEGGFGLVYSGNLEDGSKVAFKVLKREDHHGDREFLSEVEM
LSRLHHRNLVKLIGICTELSFRCLVYELIPNGSVESHLHGVDREKSPLDWSARIKIALGAARGL
AYLHEDSSPHVIHRDFKSSNILLENDFTPKVSDFGLARTAADEDNRHISTRVMGTFGYVAPEYA
MTGHLLVKSDVYSYGVVLLELLTGRKPVDFSQPPGQENLVAWARPLLTSREGLEVIIDPSLGSN
VPFDSVAKVAAIASMCVQPEVSDRPFMGEVVQALKLVCNECDEAKEAGSTSSNKDGSSSDFYTV
TEQLPDNFQSHSAAANYDFGVDIENGLSTSEIFSSSARFERQVSGSFRRHSYSGPLRTGRSKRL
WHIIRKLSGGSVSEHGDSLR 
>Medtr2g039290.2  _ receptor_like Serine_Threonine_kinase ALE2 _ 
HC _ chr2_17223213_17211976 _ 20130731 ; MatureChain: 20-1459 
QGSEGSIISPSPAFLPGVHPEGEAPGPIHNGQSWRSTASSPSDPDGSVISPSPAILPMDPFSSE
APSLLHPNGTILQPPVALPPATSAPPPQKIKGIESTVSPSPSPSTKSISPPYKSAPAPSTAERN
LPPSIQPIPPQMKTPTVSPPISTPTAPDPVATPPGNLPKTSPISQPIDHGSLPPNVDNRNESKS
HNPEPVSPGSSDGNFGFHHPGSFLHPSLASPPPSPSAKSLSPPYKAVPAPSTAERNFPPPMQPI
PPQSKAPIVRPPISTPIAQAPVAIPPATKTSPTSQPIDHGSLPPSVDKRNESKSHNLEPVSPGS
FLQPPVALQPPTSAPPPQKTKGSESSISPSPSQSTKPLTPPDKAVPAPSTAERSFPPPMRPIPP
QRKAPAPVATPPGNLPKTSPISQPIEHGSLPPKVDKRNESRNHNLEPVSPAPVATPSTNEPKVS
PISHSTNNGSFPPPQPMSPAPVFNIPKHLPVNQSTEPRSLPPTVHRRNSSISHTLEPVSQAPVA
EPPANFPKNSSVSQPSQHGSVPPNVHNTTIHKGHIHTPEPVMPPPISTFPVDPPLIHPVIPAAP
PNEVPAPVISPTLTPSRSFNGKNGGEPVSAPLNKKPKSPPAIVNSPAQAPSVNKARPFHHAPEP
LTSPPKSPFNKEDHSPASSPSTTFHKHQHTRNTITSPAPASSYFVSPPTSKHQDKPIPPSFLPT
NRRRHNAPAPMNRGSADSPFTFPIQSPVSQVSPAPSPSFKTFPHSTKIPFHPPKISPQRSFSKS
PKKPILPRVQALPPPPPNEDCLSFVCSEPYTNSPPGVPCMCIWPMRVGLRLNVPLYTFFPLVSE
LASEISSGVFMKQSQVRIMGANAATDQPDKTDALIDLVPLGEQFDNTTAFLTSDRFWHKKVVIK
SSYFGDYEVLYISYPGLPPSPPLPPSSVNMIDGGPYSNNGNNGRTIKPLGVDIQKRQHRSGLSK
GIIAIIALSSFLAIVLCSAAVFALIKFRDHVSESQPTSTPRVFPPSLTKTPGTAGPSNAGASAS
TSFRSSIAAYAGSAKTFSMNEIEKATDNFHPSRILGEGGFGLVYSGNLEDGSKVAFKVLKREDH
HGDREFLSEVEMLSRLHHRNLVKLIGICTELSFRCLVYELIPNGSVESHLHGVDREKSPLDWSA
RIKIALGAARGLAYLHEDSSPHVIHRDFKSSNILLENDFTPKVSDFGLARTAADEDNRHISTRV
MGTFGYVAPEYAMTGHLLVKSDVYSYGVVLLELLTGRKPVDFSQPPGQENLVAWARPLLTSREG
LEVIIDPSLGSNVPFDSVAKVAAIASMCVQPEVSDRPFMGEVVQALKLVCNECDEAKEAGSTSS
NKDGSSSDFYTVTEQLPDNFQSHSAAANYDFGVDIENGLSTSEIFSSSARFERQVSGSFRRHSY
SGPLRTGRSKRLWHIIRKLSGGSVSEHGDSLR 
>Medtr3g075440.1  _ LRR receptor_like kinase family protein _ HC 
_ chr3_34342818_34340379 _ 20130731 ; MatureChain: 26-628 
KLTLHPSDTKALSTLQNNLGLNLDTTTNNLCNKEGVFCERRLTNNESYALRVTKLVFKSRKLSG
ILSPTIGKLTELKEISLSDNKLVDQIPTSIVDCRKLEFLNLANNLFSGEVPSEFSSLIRLRFLD
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ISGNKLSGNLNFLRYFPNLETLSVADNHFTGRVPVSVRSFRNLRHFNFSGNRFLEGVPLNQKLL
GYEDTDNTAPKRYILAETNNSSQTRPHRSHSPGAAPAPAPAAPLHKHKKSRRKLAGWILGFVAG
AFAGILSGFVFSLLFKLALILIKGKGKGSGPAIYSSLIKKAEDLAFLEKEDGLASLEKIGQGGC
GEVYKAELPGSNGKMIAIKKIIQPPKDAAELAEEDSKLLHKKMRQIKSEIDTVGQIRHRNLLPL
LAHISRPDCHYLVYEFMKNGSLQDMLHKVERGEAELDWLARHKIALGIAAGLEYLHTSHSPRII
HRDLKPANVLLDDEMEARIADFGLAKAMPDAQTHITTSNVAGTVGYIAPEYHQILKFNDKCDIY
SFGVMLGVLVIGKLPSDDFFTNTDEMSLVKWMRNVMTSENPKEAIDARLLGNGFEEQMLLVLKI
ASFCTMDNPKERPDAKNVRIMLYQIKH 
>Medtr3g093710.1  _ receptor_like kinase _ HC _ 
chr3_42815002_42818320 _ 20130731 ; MatureChain: 27-635 
ADLNSDRQALLEFASAVPHAPRLNWNESSSICTSWVGVTCNSNHTRVVGIHLPGIGLTGSIPEN
TIGKLDALRVLSLHSNGLGGNLPSNILSIPSLQFAHLQKNNFSGLIPSSVSPKLVALDISFNSF
SGSIPSAFQNLRRLTWFYLQNNSISGPIPDFNLPSLKYLNLSNNKLNGSIPNSIKTFPSSAFVG
NSLLCGPPLLNYCSSISPSPSPSPASTQIQKATVAHKKSFGVAAILALVIGGIAFLSLLALVFF
LCFLKKKNNKRSGILKGKSSSCAGKAEVSKSFGSGVQAAEKNKLFFFEGSSYTFDLEDLLKASA
EVLGKGSYGTAYKAVLEEGVTMVVKRLKEVMVGKKEFEQQLDIVGRIGRHPNVMPLRAYYYSKD
EKLLVYSYMPEGSLFFLLHGNKGAGRTPFDWNSRVKVALGAAKGIAFIHTEGGQKFTHGNIKST
NVLITEEFDSCISDVGLPPLMNAPATMSRTNGYRAPEVTDSKKITQKSDVYSFGVLLLELLTGK
VPMRYPGYEDVVDLPRWVRSVVREEWTAEVFDEELLRGQYVEEEMVQMLQIALACVAKTPDMRP
RMDEAVRMIEEIKNPEFKNRTSSESEYSNVQTP 
>Medtr3g093930.1  _ leucine_rich receptor_like kinase family 
protein _ HC _ chr3_42916167_42919917 _ 20130731 ; MatureChain: 
35-989 
VNPSLNDDVLGLIVFKADIKDPKGKLTSWNEDDESACGGSWVGVKCNPRSNRVVEVNLNGFSLS
GRIGRGLQRLQFLRRLYLGNNNLTGSINANIATIDNLRVLDLSNNNLSGVVPDDFFRQCGSMRV
VSLARNRFSGNVPSSLGSCAAIATIDLSFNQFSGNVPKGIWSLSGLRSLDMSDNLLEGEVPEGV
EAMKNLRSISLARNSFSGKIPDGFGSCLLLRSIDFGDNSFSGSVPSDLKELVLCGYFSLHGNAF
SGDVPDWIGEMKGLQTLDLSQNRFSGLVPNSLGNIWSLKTLNLSGNGFTGNLPESMVNCTNLLA
LDVSQNSLSGDLPSWIFRWDLEKVMVVKNRISGRAKTPLYSLTEASVQSLQVLDLSHNAFSGEI
TSAVSGLSSLQVLNLSYNSLGGHIPAAIGDLKTCSSLDLSYNKLNGSIPSEVGGAVSLKELSLE
NNFLIGKIPISIENCSSLKTLILSKNRLSGSIPSAVASLTNLKTVDLSFNNLTGNLPKQLSNLP
NLITFNLSHNNLKGELPAGGFFNTISPSSVSGNPFICGSVVNKKCPVKLPKPIVLNPTNFSPDS
GPGSPTPTLAHKRNILSISALIAIGAAAFIVIGVIGITVLNLRVRSTTSRSPAALAFSAGDEYS
RSPTTDANSGKLVMFSGEPDFSSGAHALLNKDCELGRGGFGAVYQTVLGDGRSVAIKKLTVSSL
VKSQEDFEREVKKLGKVRHQNLVELEGYYWTSSLQLLIYEFVSRGSLYKHLHEGSGESFLSWNE
RFNVILGTAKALSHLHHSNIIHYNIKSTNILIDSYGEPKVGDYGLARLLPMLDRYVLSSKIQSA
LGYMAPEFACKTVKITEKCDVYGFGVLVLETVTGKRPVEYMEDDVVVLCDMVRGALDEGRVEEC
IDERLQGKFPVEEVIPVIKLGLVCTSQVPSNRPEMGEVVTILELIRCPSGSEGQEELSG 
>Medtr4g074080.1  _ receptor_like kinase _ HC _ 
chr4_28154907_28162503 _ 20130731 ; MatureChain: 28-674 
QKDDSQPLLALKSSVDIHNKLPWPEKKNDDVCTWVGVKDCYKGKVRKLVLEYFNLTGKLDSNIL
NRLDQLRVLSFKGNSLSGQIPNLSNLVNLKSLYLNDNDFSGQFPVSVSVLHRVKVIVLSGNRIS
GEIPASLVKVPRLYVLYLQDNLFTGSVPRFNQTGLKYLNVSNNKLSGEIPVTAALNRFNASSFS
GNLELCGEQIHRKCKSSTVLPPLAPSPSVSPIGGNGKTTSSKSNRTKLIKIIGGSVGGLVLLIC
LIIIMWLICKNRRKRVGSSAARRGKSSVDVAEGENVVGGEGEGRGSNYEAKQGGFAWESEGIGK
LVFCGAGDREMGYSLEDLLKASAETLGRGIMGSTYKAVMESGFIVTVKRLKDARYPGLEEFRAH
IDLLGKLRHPNLVPLRAYFQAKEERLLVYDYFPNGSLFSLVHGTKTSSGGKPLHWTSCLKIAED
LATGLLYIHQNPGMAHGNLKSSNVLLGADFESCLTDYGLTVFLNPDTMEEPSATSFFYRAPECR
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SFQRPQTQPADVYSFGVLLLELLTGKTPYQDLVQAHGSDIPRWVRSVREEETESGDDPASSGNE
ASEEKLQALLNIAMACVSVVPENRPTMREVLKMIRDARGEAHVSSNNSSDHSPGRWSDTVQSLP
RDEHLSI 
>Medtr4g085480.1  _ Serine_Threonine kinase, plant_type protein, 
putative _ HC _ chr4_33344910_33346941 _ 20130731 ; MatureChain: 
29-460 
LEHIATSEYEALGLATEPKRETLEIIIGGGGGGSAPAPSPESSCPPPPPPPCPPTLSRLDRARR
VLLKFKSNIYDPTGYTSNWNENTDTCNFHGILCGIFPNTNDRAVAGLDFNQKKFQGKNCDTIPL
KGILDQIEELTFFHVNSNSFYGSIPKEITNYKYFYELDLSNNKLVGEFPKEVLDSKQLVFLDLR
FNQLTGSVPSQLFKKDLDVIFINNNKFSQCLPENFGSTPARYLTFAHNNFVGEIPRSIGNANKT
LTEVLFLGNKFEGCLPYEIGYLKKATVFDVSQNSLTGPIPASFGCLEKIQFLNLAHNKFYGTVP
ESVCVLSGIKNNGNLSLAGNYFTKLEPACWSLLKSKILDVSNNCIPGLPNQRSKQECYEFQCKI
KPCSNPQSLSYVPCKPHWGNKQNNAPASQEMATEPVTYKSLNPHRLRP 
>Medtr4g113100.1  _ LRR receptor_like kinase _ HC _ 
chr4_46475886_46479891 _ 20130731 ; MatureChain: 26-655 
EPVQDKQALLAFISQTPHSNRVQWNASDSVCNWVGVQCDATNSSVYSLRLPAVDLVGPLPPNTI
GRLTNLRVLSLRSNGLTGEIPTDFSNLTFLRSIYLQKNKFSGEFPASLTRLTRLTRLDLSSNNF
TGSIPFSINNLTHLSGLFLENNTFSGSLPSITANLNGFDVSNNNLNGSIPKTLSKFPEASFAGN
LDLCGPPLKTSCSPFFPAPAPSPDNIPPADKPKKKSKKLSTGAIVAIVVGSILFLAILLLLLLL
CLRKRRRRTPAKPPKPVVAARSAPAEAGTSSSKDDITGGSAEAERERNKLVFFDGGIYSFDLED
LLRASAEVLGKGSVGTSYKAVLEEGTTVVVKRLKDVVVTKKEFEMQMEILGKIKHDNVVPLRAF
YYSKDEKLLVYDYMAAGSLSALLHGSRGSGRTPLDWDNRMRIALGASRGVACLHASGKVVHGNI
KSSNILLKGPDNDASVSDFGLNPLFGNGSPSNRVAGYRAPEVLETRKVTFKSDVYSFGVLLLEL
LTGKAPNQASLGEEGIDLPRWVQSVVREEWTAEVFDAELMRFHNIEEEMVQLLQIAMACVSIVP
DQRPSMQDVVRMIEDMNRGETDEGLRQSSDDPSKGSEGHTPPPESRTPPRSRTP 
>Medtr4g126270.1  _ receptor_like Serine_Threonine_kinase 
ALE2_like protein, putative _ HC _ chr4_52511256_52521195 _ 
20130731 ; MatureChain: 24-980 
TQGSPGLIIFPSPANLHGYPFPIETPGSSHQRDSHRTIAPSSPSISNGPFSHPPIGSSPPYEVV
PSPSTVQGNVTPPKKAPAVRPPVSTVTAPGSVPSPLSTPSRIIHPVKGGAPVAAPLYKTPKPLP
AKIHSPVLTPSVSNYKHHHKRNIITVPAPAPSYIVSPPISKPRDRAIPPSLSPKTGGQRHHVPL
PWKSVSPLSSPIHSNKSQFAPAPSPSIKFGSHPTKISPSGSSSKSPKTLPPPPPNEDCLSTACT
EPYVTSPLGAPCRCVWPLRVGLRLSISLYTFFPLVSELASELASGIFMKQSQVRIMGANAANQQ
PDKTVVIIDLVPLGEKFDNTTAFFTSDMFWHKKVVIKASYFGYYDVLYVNYPGLPPSPPLPPSS
ITVIDGGPYTTYGKNGSTIKPFGVDIQKKQNRGDLGKGFIVIIAFSVFVAVVLCTAAVWFMFKF
RVHVSQRASIPRPSPPSLTKASVTATGSLIGDGRVGSVSSSFEHGIPAYKGSARTFSMDDIEKA
TDNFHASRILGEGGFGLVYSGVLGDGTKVAVKVLKSKDHQGDREFLAEVEMLSRLHHRNLIKLI
GICAEEDSFRCLVYELIPNGSLESHLHGVEWEKRALDWGARMKIALGAARGLSYLHEDSSPCVI
HRDFKSSNILLEDDFTPKISDFGLAQTATDEESRHTSMRVVGTFGYVAPEYAMTGHLLVKSDVY
SYGVVLLELLTGRKPIDMSQAPCQENLVAWACPFLTSREGLEAIIDPSIGLDVPFDSVAKVAAI
ASMCVQQEVSNRPFMSEVVQALKLVCNETEEAKKDGGSRSFSQEHEDLSVVDIERGLSASELFG
SSSRIERVEHEKSRRKSYSGPMGNGRSKQLWQIMRKLSGAEGARSKHFIMAPKAIASPIPDSLY
PTLSVFTLAIGLILTASFFIYEATSSRKTRNLAQELTTGAIASVFLGFGSLFLLLACGVYV 
>Medtr5g042440.1  _ LysM_domain receptor_like kinase _ HC _ 
chr5_18654547_18659757 _ 20130731 ; MatureChain: 31-632 
QNNTGYTCPNNNNNNNNTYPCQTYVYYKATPPNYLDLATISDLFQLSRLMISKPSNISSPSSPL
LPNQPLLIPLTCSCNFINTTFGSISYSNITYTIKPNDTFFLVSTINFQNLTTYPSVQVVNPNLV
ATNLSIGDNAVFPIFCKCPDKTKTNSSFMISYVVQPHDNVSSIASMFGTSEKSIVDVNGERLYD
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YDTIFVPVTELPVLKQPSTIVPSPAPRGNSDDGDDDDDKSGIVKGLAIGLGILGFLLILVIVFW
FYREVLFKKEKKGKGLYFGDKGYKGNDEKKKKMDVNFMANVSDCLDKYRVFGFDELVEATDGFD
ERFLIQGSVYKGEIDGQVYAIKKMKWNAYEELKILQKVNHGNLVKLEGFCIEPEESNCYLVYEY
VENGSLYSWLHEDKNEKLNWVTRLRIAVDIANGLLYIHEHTRPKVVHKDIKSSNILLDSNMRAK
IANFGLAKSGINAITMHIVGTQGYISPEYLADGIVSTKMDVFSFGIVLLELISGKEVIDEEGNV
LWASAIKTFEVKNEQEKARRLKEWLDRTMLKETCSMESLMGVLHVAIACLNRDPSKRPSIIDIV
YSLSKCEEAGFELSDDGFGSERLVAR 
>Medtr5g068210.1  _ LRR receptor_like kinase _ HC _ 
chr5_28839823_28842750 _ 20130731 ; MatureChain: 26-604 
DLISDKYSLLEFSSTLPHALRLNWNNSTPICTSWIGITCNQNETNVISIHLPGIGLKGAIPNNS
SLGKLDSLRILSLHSNELSGNLPSNILSIPSLQYVNLQHNNFTGLIPSSISSKLIALDLSFNSF
FGAIPVFNLTRLKYLNLSFNNLNGSIPFSINHFPLNSFVGNSLLCGSPLKNCSTISPSPSPSPS
TTRNQKSTTSKKFFGVASILALSIGGIAFLSLIVLVIFVCFLKRKSNSSEDIPIGKTKNEDSIS
KSFESEVLEGERNKLLFFEGCSYSFDLEDLLKASAEVLGKGSYGTTYKAKLEEGMTVVVKRLRE
VLVGKKEFEQQMEVVGRIGRHPNVLPLRAYYYSKDEKLLVCDYMLGGSLFSLLHGNRGEGRTPL
NWNSRMKIALGAAKGIASIHKEGGPKFIHGNVKSTNVLVTQELDGCIADVGLTPLMNTLSTMSR
SNGYRAPEVIESRKIATQKSDVYSFGVILLEMLTGKIPLGYSGYEHDMVDLPRWVRSVVHEEWT
AEVFDEEMIRGGEYVEEEMVQMLQIALACVAKVVDNRPTMDEVVRNMAEIRHPELKKSTSSESE
SNV 
>Medtr7g082310.1  _ LRR receptor_like kinase _ LC _ 
chr7_31550481_31552209 _ 20130731 ; MatureChain: 24-439 
QDEANYMSQLLKALTPTPSVKLWPSSSLSGTLPNLTYIDLHNNSLTGSLPSMFALFSLETIYLG
HNNFTSIPGHCFQLLLGMQTLNLSNNLNLKPWLFPEAEDLGYSELMHTLDLEATNILGPLPSDV
FDWFPRLHTVSLSHNNIRGTLPLSLGKSVVRFLSQAWLNNNAFTGTIPNMSNSTHLFDLQLHSN
GLIGLVPSSLFSLPSLTNISLDNNNLEGPIPMFHKRVKATWESNNFCRSNVGPCDPQVMVMLEI
FAALGHPEFSRIKGNDVCTDGVFLRCRRGKIVSVDFRGQYLNGAISPAFSNLTSLVNLTLTNNN
FTGSIPKSLTTLPQLQLLDVSRNNLSGQIPKFSSKVKLITRGNAFLGLNVSRQGEGEKAAASRN
GGPSKTKVLIPLWIVEITNTDHQAILNFDFLL 
Medtr7g104360.1  _ purple acid phosphatase superfamily protein _ 
HC _ chr7_42290323_42293494 _ 20130731 ; MatureChain: 27-427 
YNRPPPRKTIFVPHDHDDSSPQQVHISQVGQDKMRISWITESPTPATVHYGPSPSANALSATGI
TTSYHYALYESGEIHNVVIGPLRPNTVYYYRLGDSEKTYNFKTAPAHFPIMFGVVGDLGQTEWT
VSTLKHLGDSNYDMLLLPGDLSYADFLQNLWDSFGRLVEPLASQRPWMVTTGNHDVEKIPVVHE
EPFTAYNARWQMPFEESGSDSNLYYSFDVSGVHVIMLGSYTDFAPDSSQYKWLQGDLQKINRGK
TPWVVVLVHAPWYNSNQAHQGEAESVDMKTAMEGLLYNALVDVVFTGHVHAYERFTRVYKDKGD
NCGPVHITIGDGGNREGLATRYQDPKPEISIFREASFGHGVLEVVNASHALWSWHKNDNEEPVV
SDSVWLTSLSSNPACKA 
>Medtr7g115740.2  _ lectin receptor kinase _ HC _ 
chr7_47870184_47872190 _ 20130731 ; MatureChain: 26-592 
ISFNYEGFKYDDVKLEGDASLLDSYIQLTSTSRYQSNAFSVGRVTFFEPLQLWDKTSRKITDFT
TKFSFVIYSNETGFGDGLAFFIADPELPFVGYTKEGGGLGLVDKYQILNSTEHSFLAVEFDTHQ
NGWDPYGIHVAATGLMFEMNTIKSWSFNSSLEIQDDKLSSPISTTPSPSPIPNSLKISSNKRTV
WAGLGVGVGIASIFLILGCFCFLMWKRAKEKKEDSNFDMKMDDEFQKGTGPKKFCYNKLVSATN
NFEETQKIGQGGFGGVYKGYLKDIDSNVAIKRISRESKQGIKEYATEVKIISQLRHRNLVQLIG
WCHMKKDFLLIYEFMQNGSLDSHLYRGKSILTWQVRYNIAMDLASALLYLHEEWEQCVIHRDIK
SSNIMLDDSFNAKLGDFGLARLVDHEKVSQSTTIIAGTMGYIAPEYFTTGKATKESDIYSFGIV
SLELASGRKPIDRKAKEGQVAIFDRVWDLYRLGRLLEVVDTKLGGAFDEEQMERLVVIGLWCAN
PNYSCRPSVRQVIQVLKFEASLPILSEEMFESTYPTTTMSTIFDPVSFPSEAYNS 
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>Medtr7g115740.1  _ lectin receptor kinase _ HC _ 
chr7_47870184_47872190 _ 20130731 ; MatureChain: 26-668 
ISFNYEGFKYDDVKLEGDASLLDSYIQLTSTSRYQSNAFSVGRVTFFEPLQLWDKTSRKITDFT
TKFSFVIYSNETGFGDGLAFFIADPELPFVGYTKEGGGLGLVDKYQILNSTEHSFLAVEFDTHQ
NGWDPYGIHVGINFNSMVSQKTKPWLIDIRNKKTYYYCKIQYNSSAYTLKVSFTGNIVNDKPVK
TYLSYNVDLRDYLPERVIFGFSAATGLMFEMNTIKSWSFNSSLEIQDDKLSSPISTTPSPSPIP
NSLKISSNKRTVWAGLGVGVGIASIFLILGCFCFLMWKRAKEKKEDSNFDMKMDDEFQKGTGPK
KFCYNKLVSATNNFEETQKIGQGGFGGVYKGYLKDIDSNVAIKRISRESKQGIKEYATEVKIIS
QLRHRNLVQLIGWCHMKKDFLLIYEFMQNGSLDSHLYRGKSILTWQVRYNIAMDLASALLYLHE
EWEQCVIHRDIKSSNIMLDDSFNAKLGDFGLARLVDHEKVSQSTTIIAGTMGYIAPEYFTTGKA
TKESDIYSFGIVSLELASGRKPIDRKAKEGQVAIFDRVWDLYRLGRLLEVVDTKLGGAFDEEQM
ERLVVIGLWCANPNYSCRPSVRQVIQVLKFEASLPILSEEMFESTYPTTTMSTIFDPVSFPSEA
YNS 
>Medtr8g016330.1  _ receptor_like Serine_Threonine_kinase ALE2 _ 
HC _ chr8_5511011_5505857 _ 20130731 ; MatureChain: 18-856 
NQQLHEFSDTNLPHFRTRSHLSIAVPPTVSSSHVRSSIAQPPDKSSSGVPRSIAFPHSKSPDKA
PRKVWKHGSLGSPISHHKHHHHSRIKNENRTPGTNSPIQAPSYSSQGPSVFKAQPPFSSPKSKF
IHAPAPSPAFWSGHLDVPYPSPRISPLGSPLNKIKTPPPAYTLVLPPPPPNKDCLSVTCSEPLT
YTPPGSPCGCVWPLQVKLRIGISIYKCFPLVSKLADEIAASAMLNHTQVRIMGADAANQQLDKT
NIIINLVPKGVKFDNTAAFLIYKKFWHREILIDDSLFGAYEVLYVHYPGLPPSPPSIPSGVSSI
DDGPNPGRDNNGMMMKPLGVALPNKEKEGSNGRMIFIIVLSSITAFVLFLGLAWLCLLKYSCCT
HQHEHVSDSLMSTSSKQLRVSGSLNHGIMSGSGSRSFNSGMIAYTGSAKNFTLNDLEKATNNFD
TSRILGEGGFGLVYKGVLNDGRDVAVKILKREDRRGGREFLAEVEMLSRLHHRNLVKLIGICIE
KQTRCLVYELVPNGSVESHLHGADKESDPLDWNARMKIALGAARGLAYLHEDSNPYVIHRDFKS
SNILLGHDFTAKVSDFGLARTALEDGNKHISTHVMGTFGYLAPEYAMTGHLLAKSDVYSYGVVL
LELLTGRKPVDLSQPAGQENLVTWVRPLLTSDEGLQTIIDPFVKPNISIDTVVKVAAIASMCVQ
PEVSQRPFMGEVVQALQLVCSEFEETNYVRSGSFQKESLVTNVEGKFFEVSDERVEFSEYQKTL
HAYQSGDEKLRLSDSELLSTSGQEFESFRRQSTSGPITTEKKRHFWKNLRGLSKGSTSEHGFST
KLWPGSH 
>Medtr8g072590.1  _ Serine_Threonine kinase domain protein _ LC 
_ chr8_30683239_30686420 _ 20130731 ; MatureChain: 22-659 
VHAPPPNKATKLIPTKLFATPDGTIYFVANYENGRTRILWSFSTGSPTYSSYQAPGATDFLECE
DDWSLYMQDEYYGKLIILQSIGEVVDLAPMISYKGEATIGSKKITSFQVDAKTGSVSTNSKNFA
GLRNLNASKPLLINIYRKDLFLKYDGPTSGSGFWNLTVAEFDAVLLCQHLTTFHIEDLNFKMPY
PCKKKQKVFKLNKNFLLESLISESSHGAYHGKDTLSMPASDRMIQLQPNYDRFFNNHDGNMAMP
PTPFPQQNDYKRKDKLRQPLTEISDLPGHAYLNKKSGWPTPSPTMFVILLVVVSHYCYLVVKGI
KYKYIPKDTNREVSMNFNEGVDGEIIGELFVSKKEIGRGRRRTNATAVLHDGQSVAVKRLLKSR
HSVALNEIKKLVSDHHQNIVRLYGVEYDEDFIYLALERCTCNLNDLVQVESGKDTTEYLWKKND
HPSPLLLKLMRGIVAGVVHLHKLGIIHGNLKPQNVLIIKDRSLSVKLSDMAITRHVPGKSVFAK
SYCTGWHAPEQQQGTETRAVDIFSLGCILFFCLTKGSHPFGDDHLWRESNILNDRKDLSLVEFI
PEAEDLISCLLNPDQNLRPNAAEVLQHPFFRNSQKRVSFLLDTGDKTELIDDPIVVKEHQIF 
>Medtr0341s0020.1  _ cysteine_rich receptor_kinase_like protein 
_ LC _ scaffold0341_9012_4034 _ 20130731 ; MatureChain: 21-663 
ATTDATGKFRYICDQGNDDGNYTTNSTYHTNLKTLLSTLTSNKDINYGFYNSSYGVNTDKVNAI
GLCRGDVKPDDCQNCLQNSTALLTQLCQNTKRSNWMNATKEVEDEFDKGLKNLLYNLKNLAASG
ESDLKYAVGSDVIGPNNNQTIFALVQCTPDLSETLCDECLDKSIKEIPNCCDNRIGIGGRFLRP
SCYLRYETNSLFYQQTQDSPSSSSSSPSPTPSPASVPSFSAPPPFAENTTSSPGKSNNSTTIGI
ALGVPIAIVVMVFIFICIYLRLRKPKKTCEEVQEEEEDDIIDITTEQLQLDFNTIRIATNDFSD



	
   274	
  

SDKLGKGGFGAVYKGRLFNGQEVAVKRLSMNSGQGDSEFKNEVFLVAKLQHRNLVRLLGFCLEG
RERLLVYEFVCNKSLDYFYFLLGMSNADQAKRAQLNWGKRYLIILGIARGILYLHQDSRFRVIH
RDLKASNILLDEHMNPKIADFGMARLFGVDQTQETQIELWELSNGYMAPEYVMHGQFSVKSDVF
SFGILVLEIVSGAKNSSIRDGENTEYLSSFAWRNWREGTATNIIDSTLNNDSRNEILRCIHIGL
LCVQENVASRPSMASVVVMLNSDSVTLPMPLEPAFHMDWSDFQDTNPPSSAQELSVNGASNTEL
FPC 
>Medtr1g071720.1  _ Lipid transfer protein _ HC _ 
chr1_31856691_31855319 _ 20130731 ; MatureChain: 27-190 
QISTPCTTSMISSFTPCANFITGSTNYNGLITPSSSCCDSLQSMMSTSMDCACLLITANVPFQL
PPINRVLSFFLPQSCNLNGLHAQCKASGSPLPAPGPAIFGSNVPSLPPINASPLSSQVDETIEV
ADSPKYVIQHSAIAPAPTKLAPMKHSRPRKLQEFNK 
>Medtr1g071720.2  _ Lipid transfer protein _ HC _ 
chr1_31856691_31855319 _ 20130731 ; MatureChain: 27-189 
QISTPCTTSMISSFTPCANFITGSTNYNGLITPSSSCCDSLQSMMSTSMDCACLLITANVPFQL
PPINRVLSFFLPQSCNLNGLHAQCKASGSPLPAPGPAIFGSNVPSLPPINASPLSSQDETIEVA
DSPKYVIQHSAIAPAPTKLAPMKHSRPRKLQEFNK 
>Medtr1g103420.1  _ Lipid transfer protein _ HC _ 
chr1_46817645_46816110 _ 20130731 ; MatureChain: 27-217 
QINTPCNPSTISTLFTPCMGFLTGSSANGTSPTTECCGALKSLTSSGMNCLCLLVTASVPFKIP
INRTLAISLPRACNMPGVPVQCKASASPLPAPGPVALGPSHSPASSPSGFIPTPSPQASSDLPA
SPTSSPLAPQQDTNVPLLTPPSPSVSTTGSGRSSLTPSSAITSYNVSPTVLLIALGFVALKYY 
>Medtr1g103450.1  _ Lipid transfer protein _ HC _ 
chr1_46824422_46825180 _ 20130731 ; MatureChain: 25-154 
QSNCTDALMSLMPCLGYVRGNSPTPTAGCCTQLANVVKSQPECLCLIIGSDLGSSLGINKTLAL
ALPAACNVETPPVSQCETVANPPAGSRTVPPTAGGSSGVNSDSKMGQPEPRRKIHKPFWLKDFH
LK 
>Medtr2g008580.1  _ Lipid transfer protein _ HC _ 
chr2_1540285_1539002 _ 20130731 ; MatureChain: 25-207 
ARDAPSPSADCSTIVVIMADCLSFVSNDSTITKPSGACCSGLKTVLKTSPTCLCDSLKNSANLG
VVLNVTKAATLPAACGLSAPPLSNCGCEFFCVYRPCWCCYSWYVSLCHLQIIGGSISPPSPPAA
HAPGGTTPSTAPAATTPAATTPAEAPSNVKSAASTLLPISAGSLIVCLLSLFLGL 
>Medtr3g079210.1  _ Lipid transfer protein _ HC _ 
chr3_35630248_35627567 _ 20130731 ; MatureChain: 20-206 
FHGDGVSAAALAQSPAPETAVLAPSPADDGCLMALTNMSDCLTFVEDGSKLTKPDKGCCPELAG
LIDGNPICLCKLLGSNTADSFGIKINVNKALKLPTICGVTTPPVSACSAIGVPVSLPPSLSGDA
MSPNMAMSPKGLALSPSTSSDSSGVLSPSGSKIGGASSIQASALTLIFALSTLSVTIFF 
>Medtr3g085210.1  _ lipid transfer protein _ HC _ 
chr3_38516744_38512453 _ 20130731 ; MatureChain: 25-192 
AEDLASKCGSVVQKVIPCLDFATGKAPTPKKECCDAANSIKATDPECLCYIIQQTHKGSPESKS
MGIQEDKLLQLPTVCHVNGANISDCPKLLGLSANSPDAAIFKNASKANPTPSSAAATTATPTTP
TPASTGGSSNLRPVMINNVMTVILAIVLAAVPAGFISIYT 
>Medtr3g106740.1  _ Lipid transfer protein _ HC _ 
chr3_49328816_49329721 _ 20130731 ; MatureChain: 25-130 
NCPPSPKPTPSPTPVPPSPKGQCPKDTLKLGVCADLLGLVNVVIGNPPSGSKCCALIKGLADLE
AALCLCTALKANVLGINLNVPITLSLLLSACQKTVPPGFQCP 
>Medtr4g101780.2  _ Lipid transfer protein _ HC _ 
chr4_42100716_42109572 _ 20130731 ; MatureChain: 24-148 
QSTDIPSCATNLIPCADYLNSTKPPSSCCDPIKKTVETELTCLCNLFYAPGLLATFNINTTQAL
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ALSRNCGVTTDLTTCKHNGSAPAPTSGGSPPATTGGNKAAASRVSFTGFSFILLLASMMFN 
>Medtr4g101780.1  _ Lipid transfer protein _ HC _ 
chr4_42100716_42102691 _ 20130731 ; MatureChain: 24-141 
QSTDIPSCATNLIPCADYLNSTKPPSSCCDPIKKTVETELTCLCNLFYAPGLLATFNINTTQAL
ALSRNCGVTTDLTTCKHNGSAPAPTSGGSPPGKKFLHILLNLIFTSCIHTLHQS 
>Medtr4g109250.1  _ Lipid transfer protein _ HC _ 
chr4_45346628_45345071 _ 20130731 ; MatureChain: 21-177 
APTPTTSCRSIMNDMMVECLPYFVDHNNNSQPCCSAFESVAATASGCICDIHMDINNFPMNVTK
MMKLPAVCGLSLPCHFDAPESYAFENLISSSSQSPSQSSPKPQPNHAPSSPASVPVQVADNPGS
FYPFSFGFLAMIIFILFFKVDEDEIAHPN 
>Medtr4g115360.1  _ Lipid transfer protein _ HC _ 
chr4_47647810_47644558 _ 20130731 ; MatureChain: 28-234 
CGTCGKPPKKHKPGKKPIVKPPIVKPPVTIPPTLPIPPVLPHLPIPPTLPIPPVLPHLPIPPTL
PIPPTLPIPPTLPIPPTLPIPPVLPHLPVPPVLNPPSSGGSTPSPTSPCPPKNKPAKDTCPIDT
LKLGACVDLLGGLVHIGLGDPVVNKCCPVLQGLAEIEAAACLCTTLKLKLLNLNIYVPLALQLL
LTCGKTPPPGYTCSL 
>Medtr4g115360.2  _ Lipid transfer protein _ HC _ 
chr4_47647727_47644963 _ 20130731 ; MatureChain: 28-234 
CGTCGKPPKKHKPGKKPIVKPPIVKPPVTIPPTLPIPPVLPHLPIPPTLPIPPVLPHLPIPPTL
PIPPTLPIPPTLPIPPTLPIPPVLPHLPVPPVLNPPSSGGSTPSPTSPCPPKNKPAKDTCPIDT
LKLGACVDLLGGLVHIGLGDPVVNKCCPVLQGLAEIEAAACLCTTLKLKLLNLNIYVPLALQLL
LTCGKTPPPGYTCSL 
>Medtr5g070360.1  _ Lipid transfer protein _ HC _ 
chr5_29804370_29802224 _ 20130731 ; MatureChain: 23-190 
ALTHQAPAPSVDCTNLVLTMADCLSFVTNGSTTTKPEGTCCSGLKSVLKTAPSCLCEAFKSSAQ
FGVVLNVTKATSLPAACKVSAPSATKCGLSEVTEAPASAPAGGLSPQSSTASPTSSGAASGLNG
PVSELSPVPAPSPGNTASGLFPISMGSLLVCLLVATMSLF 
>Medtr7g073100.1  _ Lipid transfer protein _ HC _ 
chr7_27296169_27296615 _ 20130731 ; MatureChain: 27-148 
VITCRDAAITLMGCLPYVAHPTPSPPQNCCAAVLDVTGQAITREDRQAVCSCLKGLMNGIPGLD
LTALASLPKVCGANIGYEISPDMDCSKYVSHHQPYFSISYGVYICACFKNQKKQVIDL 
>Medtr8g446830.1  _ Lipid transfer protein _ HC _ 
chr8_18323481_18325978 _ 20130731 ; MatureChain: 26-195 
DSSKEKQECTAQLTGLASCLPYVEGEGKTPAPDCCDGLKTLLKTNKKCLCVIIKDRNDPDLGGI
VINVTLALNLPTVCNAPANISKCPELLHMDPNSAEAQVFYTLNNGSSNISPSAAPSPSDGASSQ
ARSTTQKNDAFRKEKRLIGLEFLAIGVLVWFLFGSAAGNFFI 
>Medtr1g012710.1  _ protease inhibitor_seed storage_LTP family 
protein _ HC _ chr1_2608833_2607695 _ 20130731 ; MatureChain: 
25-151 
CGSCKPTPSPKPKPKPKPSPPPPSSTPCPPTPSTTPPTPSTSQKCPSDTLKLGVCADVLGLVNV
IVGSPASSKCCALLQGLVDLDAAICLCTAIKANVLGINLNVPITLSLLLSACEKSVPSGFQCS 
>Medtr1g097720.1 | Lipid transfer protein | HC | chr1:44059772-
44059512 | 20130731 
MAQVKIGTGLVLVILVMLCAGAPMAPSRCTNVLVNLSPCLDYITGKSSTPTSGCCTQLANVVKS
QRLCQVLDGALNHCYVSCTKDK* 
>Medtr1g101320.1 | Lipid transfer protein | HC | chr1:45765339-
45765713 | 20130731 
MELSTIRSYNVLRIIGILILLSSSPFVFAYIECSTVSQLFSSCSVFINYGTPDPSPGSRCCDAM
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SGLSIIANSGGGNKQSVCRCVMSLIQNYIQNATAIGTLPGLCGISLGFTIIPNSNCLVYD* 
>Medtr1g101360.1 | Lipid transfer protein (LIM1/2/3/MEN-8) | HC 
| chr1:45783929-45783546 | 20130731 
MAGPVSMRCQVALVLVLVVALGTKMEMGEAQTTCPTQLSNLNVCAPFVVPGSPNTNPSPDCCTA
LQSTNPDCLCNTLRIASQLTSQCNLPSFGCVLN* 
>Medtr1g103490.1 | Lipid transfer protein | HC | chr1:46837798-
46839766 | 20130731 
MAQVKISKGLVLVILAMLCADAMAQSSCTNVLVNLSPCLDYITGKSSTPTSGCCTQLASVVKSQ
PQCLCQVLDGGGSSLGIKVNQTQALALPSACNVQTPPTSQCKTANSPAGARTVPSTDDGSSDGN
SIKLSIPRLFVVFAATYLCYNFQDILAY* 
>Medtr2g008560.1 | Lipid transfer protein | HC | chr2:1536456-
1535394 | 20130731 
MASKFSLILCIIFGICALDFTNGASSSPSGECSKLVLAMTDCFSFLTNGSTLTQPEGSCCNGLK
TIVNTAPSCLCGAFKGNAHLGVVLNVSKALTLPFACKVSAPSISNCGLPNASAAAPGVSISPWP
ASSPTTSAEAPAAAPPSGKSAASTLLPISVGSLLVCLLSLFSGL* 
>Medtr3g046350.1 | Lipid transfer protein | HC | chr3:15314030-
15314383 | 20130731 
MSGRNYVPLFVSVMVLCMVMTTLHASQIDDISCSEAISSLLPCLPFLEGSLPATPSSDCCTGAT
NLFNKANTIPARKSVCQCLQNASPKLWIHSERAKQLPKLCHINLFFPIDKCNS* 
>Medtr3g046443.1 | Lipid transfer protein | HC | chr3:15334099-
15334482 | 20130731 
MLGKMSQNIFVLVMVLCMLMATLHARKIDDDISCSAESIPAVFMALYQCLPFLEGSPPATPSSD
CCVGATNLFQKANTTYSRRYICQCIKNIVSAGVPLVSERAKQFPQLCHISEQVPIDPKIDCNS* 
>Medtr3g046515.1 | Lipid transfer protein | HC | chr3:15378643-
15379005 | 20130731 
MAGKKFISLSMLVMILVMLVTKFDARQIDDVSCTSALFSLLPCLPFLQGVGPATPTSYCCAGAN
DLNQKADSTQSRRDVCNCLKPAASRFGVKSDRSTQLPKLCNITLNVPFDPSVDCNA* 
>Medtr3g046530.1 | Lipid transfer protein | HC | chr3:15389565-
15390140 | 20130731 
MAGKKFISLSMLVMILGMLVTKFDARQIDDVSCTSALFSLLPCLPFLQGVGPATPTSYCCAGAN
DLNQKADSTQSRRDVCNCLKPAASRFGVKSDRSTQLPKLCNITLNVPFDPSVDCNTVQ* 
>Medtr3g046540.1 | Lipid transfer protein | HC | chr3:15393902-
15394477 | 20130731 
MAGKKFISLSMLVMILGMLVTKFDARQIDDVSCTSALFSLLPCLPFLQGVGPATPTSYCCAGAN
DLNLKADSTQSRRDVCNCLKPAASRFGVKSDRSTQLPKLCNITLNVPFDPSVDCNAVQ* 
>Medtr3g046580.1 | Lipid transfer protein | HC | chr3:15406938-
15410926 | 20130731 
MAGKKFISLSMLVMILGMLVTKFDARQIDDVSCTSALFLLLPCLPFLQGVGPATPTSYCCAGAN
DLNQKADSTQSRRDVCNCLKPAASRFGVKFDRSTQLPKLCNITLNVPFDPSVDCNTIVSQKPQP
PKWQPKDNLDGIGSSKAFEAPVGNNDVEDIPTPHEVATDLPVQTDITVSADAQHSDPQNVNVSA
AIQHSDDDVIQSAAAHHSDDVSPQNVTKGQHDFEFIPYLHDDIRKDTLPSTTIHVLEEISDTAE
AQEEDITAAAEPLFTDVMELEAQTQTHSTNVELFTEEANNVPARVAPLQHHDETQTHVLSPVKQ
MTLDISSIVAPEGSKIDPVLQKDLDFMHTWLSKAAATEGVSEITLPVRCGSGTTQEKAIGKERL
EVDEGGELLPLHKTWK* 
>Medtr3g046590.1 | Lipid transfer protein | HC | chr3:15414469-
15415045 | 20130731 
MAGKKFISLSMLVMILGMLVTKFDARQIDDVSCTSALFLLLPCLPFLQGAGPATPTSYCCVGAN
DLNQKADSTQSRRDVCNCLKPAASRFGVKSDRSTQLPKLCNITLNVPFDPSVDCNTVQ* 
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>Medtr3g056640.1 | Lipid transfer protein | HC | chr3:22662869-
22662286 | 20130731 
MMVKKFISFSMVVMVLGMLVTTLDARQIDDVSCTSALFSLLPCMPFLQGVGPATPTSYCCAGAN
DLNQKANTTQIRRDVCNCLKPAASRFGVNPDRSKQLPHLCNITLSVPFDPSVDCNTVQ* 
>Medtr3g464110.1 | Lipid transfer protein | HC | chr3:25757731-
25758252 | 20130731 
MLRKKIICLSMLVMVLGMLVATLDARQIDDVSCSSALFSLLPCLPFLQGVGPATPTSYCCAGAN
DLNQKANTTQIRRDVCNCLKPSASRXFSLLPCLPFLQGVGPATPTSYCCAGITDLNQKANTTQI
RRDVCNCLKPAASRFGVNPDRLKQLPTLCNITLNVPFDPSVDCNT* 
>Medtr3g083760.1 | Lipid transfer protein | HC | chr3:37789330-
37787885 | 20130731 
MMVSNNSVTALLFLLLAGFVSSDLTEDRKDCADKLVTLASCLPYVGGSANTPTIDCCTNLKQVL
NNTKKCICILIKDSNDPKLGFPMNATLAVQLPNACHIPSNISECVGNGIDLEPRSVLLLKVSDL
LHLSPKSPEAKVFEGLGNSTKTNSSTPISSGSAEKGSSSSSEEKSGGGLGRRWLVAEVVCAILP
FLFISHFFILT* 
>Medtr3g106750.1 | Lipid transfer protein | HC | chr3:49331065-
49331877 | 20130731 
MASNTKLFSATILVLSLLAYSTFTEAKGSCSPSPKPKPKPSPQGHCPKDTLKLGVCADVLGLVN
VVVGNPASGSNCCAIIKGLADLDAALCLCTAIKANVLGINLNVPLTLTWILGACQKTIPPGFQC
A* 
>Medtr4g027800.1 | Lipid transfer protein | HC | chr4:9812808-
9811604 | 20130731 
MANMKIACVVLMMCMIVAPMADAAISCGTVTSALGPCIGYLKGGPGPSPACCGGVKRLNGAAAT
TPDRQAACNCLKQAAGAISGLNTAAASALPGKCGVNIPYKISTSTNCATIRA* 
>Medtr4g027840.1 | Lipid transfer protein | HC | chr4:9831935-
9832433 | 20130731 
MASMKVACVVLMMCMIVAPMADAAISCGTVTSALGPCIGYLKGGPGPSPACCGGVKRLNGAAAT
TPDRQAACNCLKQAAGAISGLNTAAASALPGKCGVNIPYKISTSTNCATVREGVPPFGVLYAAL
PCFTQEAVFRT* 
>Medtr4g069210.1 | Lipid transfer protein | HC | chr4:26015723-
26017178 | 20130731 
MEACNKVMIVGMLFAIANAMFANGELTVCNLTRKERMACESYIVHHDPSPTCCYAITKADFQCF
CEYKKNGWIVFYGILPRITLEIPVKYCDPLHLHVDLWAMPLDDFEHDVADCHTGDVVGEVPQSS
CFERGGPSVPVSIVKETREYVVGSGELGRVNGPKVPWLISPSKVDVVPIMERTPSVVASVGQTL
MSLATSMWMLQCGSYLL* 
>Medtr4g077180.1 | Lipid transfer protein | HC | chr4:29568981-
29569791 | 20130731 
MATSNTCLTLTILVVFGTLLYNTNQVSGQCGGSLPALISECSKFVQKSGPKIAPSPGCCAAIRS
FDVPCACKLITKEAEKFVSVPKAISVARSCGVKLPAGMQCGSIRIPPKAI* 
>Medtr4g101280.1 | Lipid transfer protein | HC | chr4:41833903-
41833046 | 20130731 
MASKTCSSLAIFLTINLLFFSLVSACGSYSCNPTPNPTPKPKPRPNPNPNPNPTPSSGTCPRDA
LKLGVCANVLSGLLNLTLGKPPVTPCCSLLNGLVDLEAAACLCTALKANILGINLNLPISLSLL
LNVCSRKVPHDFQCA* 
>Medtr4g101310.1 | protease inhibitor/seed storage/LTP family 
protein | HC | chr4:41841657-41842329 | 20130731 
MNSSKSSTLVLFSIINMLFFAMANGCFFCPKPNPNPNPFPYPNPSPSTKSCPRDALKLGVCANL
LNGPIGAVIGSPPEHPCCSILEGLVDLEVAVCLCTAIKANILGIDINIPISLSLILNACEKTPP
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TDFQCS* 
>Medtr4g101330.1 | Lipid transfer protein | HC | chr4:41847596-
41846675 | 20130731 
MASKTCSSLAIFLTINILFFTLVSSCGTCGSGPNPNPKPKHKPSPNHSGGSSHSGGSSPYGGST
PSGGSSPSGGSSPSGGSGTASCPRDALKLGVCANVLNGLLNVTLGQPPVTPCCTLLNGLVDLEA
AVCLCTALKANILGINLNLPISLSLLLNVCSKQAPRDFQCY* 
>Medtr4g113405.1 | Lipid transfer protein | HC | chr4:46617359-
46618354 | 20130731 
MSNVFVISALLFALMLFKTSNAFPYTISTPRTRYCRTIISYMMVECLPYFINDDNSQQPNTPCC
IAVQSIAANDTNNCFCDIIIDNDDDSPMDLTKATNLPTICGVSPPCHANAPSPGPSQAPEDVTI
LYWFLIGLAIYFVVALLLWFLIPFCL* 
>Medtr5g006940.1 | Lipid transfer protein | HC | chr5:1143135-
1141543 | 20130731 
MDHFASLYRLTVVLAVVTAMAAPAYAQITTPCNMSMISSTISPCLSFLTNSSGNGTSPTADCCN
AIKTLTSGSKDCMCLIATGNVPFALPINRTLAISLPRACNLPGVPLQCKTSGSPLPAPGPASFG
PSLSPASTPSLSPQASSILPSPVTPSLSPQPETTNPLSPSANPDIPSATPGSGRSDLTPSSAGS
SSYSLLLSVLVMGFSILKHY* 
>Medtr5g006950.1 | Lipid transfer protein | HC | chr5:1146399-
1147714 | 20130731 
MAHSKMNMNLVLVVIAMMCAGATAQSSCTNVLVSLSPCLNYITGNSSTPSSGCCSNLASVVSSQ
PLCLCQVLGGGASSLGISINQTQALALPGACKVQTPPTSQCKTTNAASPADSPAGTEAESPNSV
PSGTGSKSTPSTGDGSSSGNSINLSIPLFLILAAAYASVF* 
>Medtr5g011980.2 | Lipid transfer protein | HC | chr5:3537211-
3534586 | 20130731 
MDNCRMYIMRMMVVLLIILVININVISIVDAQMLPPCAGDKMLPCTDYLNSTHPPDICCNPIKE
IFEATHDYTCFCQISTPGLLESFGVKLALAVKVVNSCGVKFDPTSCKASAPGLSPSLMQPPATR
GSDGGGAGMITFTGHYFILFIWACMLFH* 
>Medtr7g072810.1 | Lipid transfer protein | HC | chr7:27158009-
27158386 | 20130731 
MASSMLIKVTCLSVMCLVLAIPLANAGPYCRDVVETILPCIEYITTPGASTLPAPCCNGMKSLN
GEPQYVCRCLKETFFVLPGLNLAALAALPKNCGVNLPYQITPDMNCDKYISHYHPSFFNFI* 
>Medtr7g072900.1 | Lipid transfer protein | HC | chr7:27220239-
27220592 | 20130731 
MASSMLLKVTCLAMICLVLGIPLANAAPSCPAVAQTLTPCLPHVSNPGPSPPQPCCNRVKTLNS
QAKTTQDRHHVCGCLKSLMAGIPGLNLPAFASVAKDCGVDIGYIISPNTDCSK* 
>Medtr7g072930.1 | Lipid transfer protein | HC | chr7:27227863-
27228312 | 20130731 
MATSMFVKVTCLTVICLVLGISMTNAALSCPQVQLTVVPCLGYLRNPGPSVPAPCCNGLRGLNN
QAKTTPERQSVCRCLKTTAQSLSGLNVPALATLPKKCGVNLPYKISTAIDCNTYVHLSLNQPSF
LISYTLYILLRKFPHYFQNSL* 
>Medtr7g072960.1 | Non-specific lipid-transfer protein, putative 
| LC | chr7:27235957-27236400 | 20130731 
MATSMFVKVTFLIVICLVLGISMTNAALLCPQVQLTVVPCLGYLRNPSPSVPAPCCNGIRALNN
QAKTTPDLSGLNFAAAAAVPRKCGVNLPYKISPAIDCNTYVHLSQNQPSFFISYIYIHFVKFCQ
IKKLA* 
>Medtr7g072993.1 | Lipid transfer protein | HC | chr7:27249081-
27249494 | 20130731 
MASSMFVKVTCLAMICLVLGIPLANAAPSCPEVQQTLAPCVPYVTHPGPPISPPPPCCNAVKTL



	
   279	
  

NGQSKTTQDRRDVCGCLKSMMGGIPGLNLPAIASLPKDCGVDIGYIISPNMDCNKYISHHQPSF
SISYVHYYA* 
>Medtr7g073130.1 | Lipid transfer protein | HC | chr7:27304401-
27304784 | 20130731 
MASSMLVKVTCLAMICLVLGIPLASAAPSCPAVQQTLTTCLLYATNPHGPPPEPCCNGIKTLHG
QSQTPLDRRDVCGCLKSMMTNLKLNLPAVATLPKECGVDLGYVISPDMDCSKYVHLSPSTLFF* 
>Medtr7g073150.1 | Lipid transfer protein | HC | chr7:27312621-
27313022 | 20130731 
MASSMFVKITFLAMICLVLGTPLANAALSCGQIQLTVAPCIGYLRTPGPSVPAPCCNGIRSVYY
QAKTTADRQGVCRCLKSTTLSLPGLNLPALAGAPAKCGVNVPYKVAPSIDCNTYFSLTHPSFCH
LYFVV* 
>Medtr7g073170.1 | Lipid transfer protein | HC | chr7:27322859-
27323614 | 20130731 
MASSMLFKVTCLAVICLVFGIPLANADLSCGQVLSTLYPCLGYIRNPGASVPAPCCNGIRIVND
EAKNTSDRQSVCRCLKSTIVLPGINLDALANLPTNCGVNLPYKITPDIDCNKIPY* 
>Medtr7g082590.1 | Lipid transfer protein | HC | chr7:31659374-
31658860 | 20130731 
MMNMKVVCALMLMVVLMVEVATIAEAQNCDPNELLPCAGAIIFNSTPSAECCSKLREQTPCFCE
YIRDPDYSQYVNSPRAREVASACNVVIPNNC* 
>Medtr7g094650.1 | Lipid transfer protein related | HC | 
chr7:37733712-37734227 | 20130731 
MKKIEIFKIMAMALTLLAIVPKIESEGRPTTPTNQRPLCASQFALVNYACGRLPFTPGVPPAPL
EPPPAPDDDGGDDDDGGDDDGGNDEGHKNHHRDHGHGHGHGHKHGHKHRRHQTAEQENCCRWAR
EVDNQCVCELLVRLPPFLVRPLHLYTLNIGEDCEITYSCGGPI* 
>Medtr7g095230.1 | Lipid transfer protein | HC | chr7:38109826-
38108564 | 20130731 
MAQRSIEMLLSMLFVMVALRGVTVAQTDSNCANVLISLSPCLDYITGQTSTPSSGCCSQLASVV
GSQPQCLCEVVDGGASSIAASLNINQTRALALPMACNIQTPPINTCPGSTTSSSLPAPAGVSIS
NIPNSPSGYFTSTTGSSGSIRGSTSSYRTSSSVKLQCSLLVLVIIANLTFTFMTMT* 
>Medtr0071s0070.1 | Lipid transfer protein | HC | 
scaffold0071:47776-47200 | 20130731 
MAGKKFISLSMLVMILGMLVTKFDARQIDDVSCTSALFLLLPCLPFLQGAGPATPTSYCCVGAN
DLNQKADSTQSRRDVCNCLKPAASRFGVKFDRSTQLPKLCNITLNVPFDPSVDCNTVQ* 
>Medtr1g014120.1  _ plastocyanin_like domain protein _ HC _ 
chr1_3115335_3114127 _ 20130731 ; MatureChain: 22-184 
AKDILLGGKTDAWKVPSSESDSLNKWASSVRFQVGDHLILKYEAGKDSVLQVSKEDYDSCNISK
PIKHYNDGNTKVRFDHSGPYYYISGEKGHCEKGQKLTVVVMSLKGGSRPIVAFSPSPSPAEVEG
PAASAVAPAPTSGAAVLQGGGVFVAVGVFVAMWLF 
>Medtr1g105130.1  _ plastocyanin_like domain protein _ HC _ 
chr1_24984621_24985495 _ 20130731 ; MatureChain: 23-155 
ADHVVGDEKGWTVDFNYTQWAQDKVFRVGDNLVFNYDNTKHNVFKVDGKLFQSCTFPSENEALS
TGKDVIQLKTEGRKWYVCGKANHCAARQMKLVINVLEEGAPSPSSSAHSIVSSIFGVIMVATIA
IATFF 
>Medtr1g105120.1  _ plastocyanin_like domain protein _ HC _ 
chr1_24990496_24991335 _ 20130731 ; MatureChain: 23-155 
ADHVVGDEKGWTVDFNYTQWAQDKVFRVGDNLVFNYDNTKHNVFKVDGKLFQSCTFPSENEALS
TGKDVIQLKTEGRKWYVCGKANHCAARQMKLVINVLEEGAPSPSSSAHSIVSSIFGVIMVATIA
IATFF 
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>Medtr1g090420.1  _ plastocyanin_like domain protein _ LC _ 
chr1_40507541_40508971 _ 20130731 ; MatureChain: 26-220 
TQFIVGDSAGWVIPPFPTYYTNWTNSHFIREGDSLEFDFNARFYNLIQVSQSEYEHCTALEPLK
VFNSSPVNFPLKERGIYYFICSVSNYCTLGQKVIINVHQIPPQNPPTPSASPPQHQVPKISPQL
SPNGSAPQPSGGTSNPPAPINVPSPTPVGGNVGCPPTPSSIHGVKSNIDVALLVCAMFGTFLGF
WMM 
>Medtr1g104800.1  _ plastocyanin_like domain protein _ HC _ 
chr1_47218566_47220241 _ 20130731 ; MatureChain: 23-185 
AVYKVGDSAGWTTLGNIDYKKWAATKNFQLGDTIIFEYSAKFHNVMRVTHAMYKSCNASSPIAT
FTTGNDTIKITNHGHHFFFCGVPGHCQAGQKVDINVLKVSVAASPAPSSSPSALASPAEATVPA
SNVPAPSPSNAAPQKFIALKMMLAFLAMQFLAVNF 
>Medtr2g083250.1  _ plastocyanin_like domain protein _ HC _ 
chr2_34952102_34954240 _ 20130731 ; MatureChain: 24-261 
YEFVVGGQKGWSAPSDPNANPYNQWAEKSRFQVGDSLVFNYQSGQDSVIQVTSQQDYENCNTDA
SSEKSSDGHTVIKLIKSGPHYFISGNKNNCLQNEKLLVIVLADRTNKNSNQTTSPPSPSPSVAP
SPSPLSSHSSDALTPIPPPSPLNGSSTPPSPVLDGSSPPPSPLDGSTLTPPPVQQVGSSPPPLG
TDVTNPITPTQSPVSEPPPPNAASSILVSFGCSVGALMVSLLVFSK 
>Medtr3g099580.1  _ plastocyanin_like domain protein _ HC _ 
chr3_45650942_45649884 _ 20130731 ; MatureChain: 24-186 
TVHTVGDKSGWAIGSDYNTWASDKTFAVGDSLVFNYGAGHTVDEVKESDYKSCTTGNSISTDSS
GPTTIPLKKAGTHYFICAVPGHCTGGMKLSVKVKASSSASSAPSATPSPSGKGSPSDGTPAATT
TTTPSTQSASSSTSISPIVALFFTVSWILISYILV 
>Medtr3g099680.1  _ plastocyanin_like domain protein _ HC _ 
chr3_45702791_45703579 _ 20130731 ; MatureChain: 24-220 
TNHIVGDGLGWTVDSDYTTWASDKTFVVGDSLVFNYEAGWHTVDEVRESDYQSCTTRNSISTDG
SGATTIPLKKAGTHYFICAVPVHCISGGMKLSVKVQDSSSSSSSSSSSSSAPSAAPSPSGKGSP
SSDDTPAATTTTTTIPTIAAPSPSGKGLPSDDTPAATTTTTPTMQSASSATCISPIVAFFFIVS
WILIN 
>Medtr3g099980.1  _ plastocyanin_like domain protein _ HC _ 
chr3_45886634_45887385 _ 20130731 ; MatureChain: 24-218 
TNHIVGDGLGWTVDSDYTTWASDKTFVVGDSLVFNYEAGWHTVDEVNESDYNSCTTRNSISTDG
SGATTIPLKKAGTHYFICAVPVHCISGGMKLSVKVQDSSSSSSSSSSAAPSAAPSPSGKGSPSS
DDTPAATTTTTTIPTIAAPSPSGKGLPSDDTPAATTTTTPTMQSASSATCISPIVAFFFIVSWI
LIN 
>Medtr4g078410.1  _ plastocyanin_like domain protein _ HC _ 
chr4_30315365_30314687 _ 20130731 ; MatureChain: 23-187 
KEFHVGGKDGWVVNPSEDYNQWARTHRFRVNDTLHFKYVKGNDSVLVVKKEDYDSCNTNNPKQK
LDNGNSKFKLSDSGFYYFISGNADNCKHDEKMIVQVMAVRPNVTPNVTAVPPSQPPASASPPKI
PLTYVDSPAPSPSKASSVGVVVWVVLMLFGGYVGFVY 
>Medtr4g081100.1  _ plastocyanin_like domain protein _ HC _ 
chr4_31394809_31394041 _ 20130731 ; MatureChain: 30-222 
YDFIVGGQKGWSVPSDSNNPFNQWAEKSRFQVGDSLVFNYQSGKDSVLYVKSEDYASCNTGSPI
TKFSDGHTVFKLNQSGPHFFISGNKDNCLKNEKVTVIVLSDRSNNNNSSNTNQTSNATPPSPQS
SSPPSPAPSNQEGQSPPPDTNQTPPPTATSDHDHPPRNGAASNFVSLAGSVGTFMASALILSKY
L 
>Medtr4g114870.1  _ plastocyanin_like domain protein _ HC _ 
chr4_47332652_47334953 _ 20130731 ; MatureChain: 26-370 
QTRHVVGDTTGWTIPTNGASFYTNWASNKTFTVGDTLVFNYASGQHDVAKVTKTAYDSCNGANT
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LFTLTNSPATVTLNETGQQNFICAVPGHCSAGQKLSINVVKASASPVSAPTPSASPPKATPAPT
PVPAKSPAPTKAATPAPAPSTTASPTPAPAPATGRVTYTVGDTIGWIIPSNGTAAYTTWASGKS
FKVGDILVFNFQLNAHNVEEVTKEKYDSCNSTSPIATFSNPPVRVTLNKTGTHYYICGVPGHCS
AGQKLSINVGSGSSSPATSPSPSASSPSPSTGATPPSASGSPSPGSPVTPSSQSPGGSVSPPPE
NSGAASLGVAGLFVTVLSIAATFFC 
>Medtr4g124280.1  _ plastocyanin_like domain protein _ LC _ 
chr4_51319065_51320408 _ 20130731 ; MatureChain: 23-238 
YTYNVGAKDGWTVKPSQDYNYNFWASNIRFQINDTLFFKYQKGSDSVLVVNKQDYDSCNINNPI
HNMDNGDSSFLLDKSDHYYFISGKDLNCVNGEKFNLVVLSPHHHHYHEHHGPSLSPAVAPVHPP
TSPSPWNAPTPDAHGTAVPTPSARDMTTLTSSGVHNGNAPAIAPASNDHGHNSPAPSPARSDST
RLTGSVGVIVMVVLVLGSFTFFHG 
>Medtr4g130800.1  _ plastocyanin_like domain protein _ HC _ 
chr4_54504136_54505468 _ 20130731 ; MatureChain: 27-270 
TDYLVGDSENSWKFPLPTRHALTRWASNYQFIVGDTITFQYNNKTESVHEVEEEDYDRCGIRGE
HVDHYDGNTMVVLKKTGIHHFISGKKRHCRLGLKLAVVVMVAPVLSSPPPPPSPPTPRSSTPIP
HPPRRSLPSPPSPSPSPSPSPSPSPSPRSTPIPHPRKRSPASPSPSPSLSKSPSPSESPSLAPS
PSDSVASLAPSSSPSDESPSPAPSPSSSGSKGGGAGHGFLEVSIAMMMFLIF 
>Medtr5g088990.1  _ plastocyanin_like domain protein _ HC _ 
chr5_38643152_38645471 _ 20130731 ; MatureChain: 31-240 
YKNYTVGDSLGWFDNLEKPTVNYQKWVAKKQFSLGDFLIFNTDNNHSLVQTYNFTTYKQCDYDD
AQDKDTIQWSSVDPSNTDIHPVTVAVPLLKEGATYFFSSDYDGEQCKNGQHFKINVTHGQGLPK
SLQKPSEDSPSPASPISGDDESAPDTNVPSNFNNPKEDSDDEKTSDKDKDKEESSSLSMLKYVK
FHNKLYGCLVLLGTFFFF 
>Medtr6g013170.1  _ plastocyanin_like domain protein _ HC _ 
chr6_4145489_4142683 _ 20130731 ; MatureChain: 27-175 
GPKLHKVGGSKGWKENVNYTTWSSQEHVYVGDWLKFVFDKRYYNVLEVNKTGYDYCIDMTFIRN
LTRGGRDVVQLTEAKTYYFITGGGYCFHGMKVAVDVQEHPTPAPSPSLSDTAKSGGDSILPSMY
TCFGIIVANVVYVSLVLVGIL 
>Medtr6g083240.1  _ plastocyanin_like domain protein _ HC _ 
chr6_31158404_31157789 _ 20130731 ; MatureChain: 25-176 
KTFTVGDGLGWTIPSVGSQFYVNWATNKTFTSRDTLVFNYQLNAHAVAWVTKSDFDSCNGTNAL
AVMTKPPAKVFFNLSTVGQQYFICTFPGHCSAGQKLSIFVDEVYVLPTSSPTAPVPSPVQEPAP
TATTSPAPATGMYFTLLLILIFFF 
>Medtr7g086090.1  _ plastocyanin_like domain protein _ LC _ 
chr7_33397154_33395401 _ 20130731 ; MatureChain: 24-243 
KDFVVGDERGWKLGVDYQYWAANKVFRVGDTLTFNYVGGKDNVVRVNGSDFQSCSIPWRAPVLT
SGHDTILLTTYGRRWYISGAAHHCNLGQKLFINVQPPQFGWSPVPSPSASPSPSPVPTPEAAPP
SNAPWAASVQTSEITSSPVPSPSPTPAHEAAPSSNAPWAAGAQTSEITWSPVPSPTPSPEVAPP
SNAPWTAARRSLLPKKLFKMIHRNLIAV 
>Medtr7g086100.1  _ plastocyanin_like domain protein _ LC _ 
chr7_33400207_33399140 _ 20130731 ; MatureChain: 24-231 
KDFVVGDESGWTLGVDYQAWAANKVFRLGDTLTFKYVAWKDNVVRVNGSDFQSCSVPWAAPVLT
SGHDKIALTTYGRRWYISGVANHCENGQKLFINVLPKQDGWYPAPSSPSASPSPSPVPAPEAAP
PSNAPWAASVQTSELTWSPVPSPSPTPAPEAAPPSNAPWVASVQASEINWSPVPSPTPAPQAAP
PSNAPWTAPRRSLLQK 
>Medtr7g086140.1  _ plastocyanin_like domain protein _ HC _ 
chr7_33411040_33410034 _ 20130731 ; MatureChain: 24-161 
TDHIVGDDKGWTVDFDYTQWAQDKVFRVGDNLVFNYDPARHNVFKVNGTLFQSCTFPPKNEALS
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TGKDIIQLKTEGRKWYVCGVADHCSARQMKLVITVLAEGAPAPSPPPSSDAHSVVSSLFGVVMA
IMVAIAVIFA 
>Medtr7g086160.1  _ plastocyanin_like domain protein _ HC _ 
chr7_33416902_33415916 _ 20130731 ; MatureChain: 24-162 
ATDYIVGDDKGWTVDFDYTQWAQDKVFRVGDNLVFNYDPSRHNVFKVNGTLFQSCTFPPKNEAL
STGKDIIQLKTEGRKWYVCGVADHCSARQMKLVITVLAEGAPAPSPPPSSDAHSVVSSLFGVVM
AIMVAIAVIFA 
>Medtr7g086190.1  _ plastocyanin_like domain protein _ HC _ 
chr7_33424961_33423956 _ 20130731 ; MatureChain: 24-161 
TDHIVGDDKGWTVDFDYTQWAQDKVFRVGDNLVFNYDPARHNVFKVNGTLFQSCTFPPKNEALS
TGKDIIQLKTEGRKWYVCGVADHCSARQMKLVITVLAEGAPAPSPPPSSDAHSVVSSLFGVVMA
IMVAIAVIFA 
>Medtr7g086220.1  _ plastocyanin_like domain protein _ HC _ 
chr7_33436997_33436074 _ 20130731 ; MatureChain: 23-160 
ADHIVGDDKGWTVDFNYTQWTQDKVFRVGDNLVFNYDNTKHNIFKVNGTLFKDCTFPPKNEALS
TGKDIIQLKTEGRKWYVCGVADHCSAHQMKFVITVLAEGAPAPSPPPSSNAHSIVSSMFGVVMV
AIVAMATIFA 
>Medtr7g086230.1  _ plastocyanin_like domain protein _ LC _ 
chr7_33442422_33441805 _ 20130731 ; MatureChain: 24-176 
KDFVVGDEKGWTTLFDYQTWTANKVFRLGDTLTFNYVGGKDNVVRVNGSDFKSCSVPLTAPVLT
SGQDKIIITTYGRRWYISSVTDHCENGQKLFITVQPKQDGWSPVPSPSPSPSLDLVTPEAPPSN
APWPASSVPRRSLLPKKLFQIFNRD 
>Medtr7g086280.1  _ plastocyanin_like domain protein _ LC _ 
chr7_33452672_33452025 _ 20130731 ; MatureChain: 24-176 
KDFVVGDEKGWTTLFDYQTWTANKVFRLGDTLTFNYVGGKDNVVRVNGSDFKSCSVPLTAPVLT
SGQDKIIITTYGRRWYISSVTDHCENGQKLFITVQPKQDGWSPVPSPSPSPSLDLVTPEAPPSN
APWPASSVPRRSLLPKKLFQIFNRD 
>Medtr8g007020.1  _ plastocyanin_like domain protein _ HC _ 
chr8_1180101_1181060 _ 20130731 ; MatureChain: 22-187 
TDFTVGDANGWTQGVDYTKWASGKTFKVGDNLVFKYGSFHQVNEVDESGYKSCSTSNTIKSYDD
GDSKVPLTKAGKIYFICPTPGHCTSTGGMKLEVNVVAASTTPTPSGTPPPTKSPSTTPSAPSET
NSTTPSPPKDNGAFSVSNGVSLLMGSFFVSAMILGLMG 
>Medtr8g007035.1  _ plastocyanin_like domain protein _ HC _ 
chr8_1186900_1188335 _ 20130731 ; MatureChain: 22-199 
TDFTVGDANGWNLGVDYTKWASGKTFKVGDNLVFKYGSSHQVDEVDESDYKSCTSSNAIKNYAG
GNSKVPLTKAGKIYFICPTLGHCTSTGGMKLEVNVVAASTTPTPSGTPPPTKSPSTTPSTTPST
TPSTTPSAPSETNSTTPSPPKDNGAVGVSNGVSLLIGSFFVSAMILGLMG 
>Medtr8g463180.1  _ plastocyanin_like domain protein _ HC _ 
chr8_22214467_22212599 _ 20130731 ; MatureChain: 22-303 
FKFFVGGKDGWTLNPSENYNQWAGRNRFQISDTIVFKYKKGSDSVLEVKKEDYEKCNKTNPIKK
FEDGETEFTLDRAGPFYFISGKDQNCENGQKLTLVVISPRTPKSSPSPSAGGLSPPSPSPTTTT
PSPSGSPPSPVAIPPASSPVPTSGPTASSPSPVVSTPPAGGPMASSPSPVVSTPPAGGPMASSP
SPAGGPPALSPAGGPSTAAGGPPAPGPGGAATSPGPGGAGASGPGGAAAAPGSPGSNSTAPSGN
SGSFVAPSNFLVYSVTLAVGALFLSY 
>Medtr8g094990.1  _ plastocyanin_like domain protein _ LC _ 
chr8_39691782_39690137 _ 20130731 ; MatureChain: 23-277 
YKFNVGGNHGWAVKSSRHYYNNWATRTRFRINDILFFKYNNGFDSVLVVNKHDYDSCNIKNPIH
KMSDGDSTYKFDKVSLFYFISGNLVNCQNGQKLKVVVYSPRHHHGPSLSPAVAPVHSPSSSPSW
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NSPAQPPARNAPSPNVAPTHSTTQPPVWNAPSPSAAPARSPTQPPTWNASSPSATPPRSPTQPP
TWNAPPPSDIIWTAPARSPVQPPAWNAPTQLPRNSPSPDNESSSNEDDDDDTFNILSICNNIE 
>Medtr8g095013.1  _ plastocyanin_like domain protein _ LC _ 
chr8_39703739_39705150 _ 20130731 ; MatureChain: 23-299 
YKFNVGGNHGWAVKSSRHYYNNWATRTRFRINDILFFKYNKGSDSVLVVNKHDYDSCNIKNPIH
KMHDGDSIYKFDKVGLFHFISGNLVNCQNGQKLKVAVYSPRHHHHHSPSLSPTVAPVHSPSLSP
SWNSPARSPTQPSARNAPSPSAAPTRSPTQSPAWNSPSPSAAPARSPTQPPAWNAPSSSVAPSR
SPTQPPAWNAPSSSVAPTRSPTQPPAWNAPSPSAIVWTAPAHSPVQSPAWNAPSSSAAPTQSPR
NAPSPNNESISNEDDDDDDSF 
>Medtr8g095020.1  _ plastocyanin_like domain protein _ LC _ 
chr8_39710343_39711774 _ 20130731 ; MatureChain: 21-315 
SSYMFNVGGRNGWGVRRSPEHYNAWSSRTRFQINDTLRFKYNKGSDSVLVVNNQNYDSCDTKNL
IYKMDDGESTFSLNKTGPFYFISGVNCQNGEKFKVVVISPHHNHEHQGPSSSPMVAPVYSPAPS
PSWNSPTYSPAQPPAWNAPSPSFAGWTAPAQSPSWNAPSPSETAPVRSPSQSPTWNAPSPSEAA
PVHSPTNSPPVNAPSPSEVAPVQFAKNSPVVNAPEPSATKENAPSPSATEKTDSPPSAQSETPP
PSTNNDSPAPPPNQSDSTRLSGYVNGGLVVALVLGSFTF 
>Medtr0334s0010.1  _ plastocyanin_like domain protein _ HC _ 
scaffold0334_3468_6498 _ 20130731 ; MatureChain: 26-200 
ADHTVGGTTGWSVPSGASFYSDWAASNTFKQNDVLVFNFAGGHTVAEVSKADFDNCNINQNGLV
ITTGPARVTLNRTGDFYFICTIQGHCSSGQKLSVKVSASTPSPPSPTPPTSTPPTSTPPTSGTT
PTPPTNGGTPSPSSPTGPDATPPSPGSATTLVATFPVLIAVIMNLLV 
>Medtr1g098580.1  _ cupredoxin superfamily protein, putative _ 
HC _ chr1_44394069_44391772 _ 20130731 ; MatureChain: 22-237 
TTILVDGSSEWKNPTVSIGDSITFKHKQNYNLYIFKNQKAFNLCNFTQANLLTDPSTTSCSYTW
HPSRVGFFYFTFSNDSLKACQDSQKLAIKVTPTKASAPEASSPMPTTPGPSSGGDIQSSPSFPW
PFHPHQGSSPGPAPTPEASSPITVPLVPYKGSGDGMPFINSNPAVPLPTGEVDSATIHPLATSG
HQGQVMIGLVGFHAAVHIMALLLL 
>Medtr1g098580.2  _ cupredoxin superfamily protein, putative _ 
HC _ chr1_44393901_44392417 _ 20130731 ; MatureChain: 22-211 
TTILVDGSSEWKNPTVSIGDSITFKHKQNYNLYIFKNQKAFNLCNFTQANLLTDPSTTSCSYTW
HPSRVGFFYFTFSNDSLKACQDSQKLAIKVTPTKASAPEASSPMPTTPGPAPTPEASSPITVPL
VPYKGSGDGMPFINSNPAVPLPTGEVDSATIHPLATSGHQGQVMIGLVGFHAAVHIMALLLL 
>Medtr1g098580.3  _ cupredoxin superfamily protein, putative _ 
HC _ chr1_44394023_44391916 _ 20130731 ; MatureChain: 22-233 
TTILVDGSSEWKNPTVSIGDSITFKHKQNYNLYIFKNQKAFNLCNFTQANLLTDPSTTSCSYTW
HPSRVGFFYFTFSNDSLKACQDSQKLAIKVTPTKASAPEASSPMPTTPGPSSGGDIQSSPSFPW
PFHPHQGSSPGPAPTPEASSPITVPLVPYKGSGDGMPFINSNPAVPLPTGEVDSATIHPLATSG
HQGQVPILFSHSCFTKVCTH 
>Medtr3g027772.1 | transmembrane protein, putative | HC | 
chr3:8755526-8755723 | 20130731  
QDLSPSLAPAPDPDAGAAGSVTNSVAMIGASIILSMLAIFKN* 
>Medtr3g028260.1 | transmembrane protein, putative | HC | 
chr3:8962413-8963001 | 20130731 
QDLSPSLAPAPGPDAGVAGSVAGSVAMIGASIVLSMLAIFKN* 
>Medtr3g028340.1 | transmembrane protein, putative | HC | 
chr3:8988222-8988674 | 20130731 
QDLSPSLSPAPGPDVGAASSATSYVAMIGASIVLSMLAIFKN* 
>Medtr3g028450.1 | transmembrane protein, putative | LC | 
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chr3:9015269-9015961 | 20130731 
QDLSPSLSPAPGPDAGAAGYVTNSVTMVGVSIVLSMLAIFKH* 
>Medtr3g028460.1 | transmembrane protein, putative | HC | 
chr3:9019158-9019743 | 20130731 
QDLSPSSAPAPGPDVGACGSVTSSVAMIGASIVLSMLAILKN* 
>Medtr3g028465.1 | transmembrane protein, putative | HC | 
chr3:9023312-9023905 | 20130731 
QDLSPSLAPAPGPDAGAAGSVTSSVAMVGISVVLSMLAIFKH* 
>Medtr3g028480.1 | transmembrane protein, putative | HC | 
chr3:9026022-9026583 | 20130731 
QDLSPSLAPAPGSDAGVAGSVTSSVAMIGVSVVLSMIAIFKH* 
>Medtr3g028495.1 | transmembrane protein, putative | HC | 
chr3:9034496-9034963 | 20130731 
QDLSPSLAPAPGPDAGAAGSVASSVAMIGVSIVLSMLAIFKH* 
>Medtr3g028540.1 | transmembrane protein, putative | HC | 
chr3:9101047-9101784 | 20130731 
QNLSPSLAPAPGPDAGAAGSVTSSVAMIGVSIVLSMLAIFKH* 
>Medtr3g028550.1 | transmembrane protein, putative | HC | 
chr3:9108686-9108956 | 20130731 
QDLSPSLAPASGPDVGAAGSVTSSVAMIGASIVLSMLALLKN* 
>Medtr5g008650.1 | transmembrane protein, putative | HC | 
chr5:1861708-1861505 | 20130731 
RDIPLDHQYHQNHVESPAPGPNSSDAVSFGSILGATLFSFIAYYLHIHA* 
>Medtr7g092350.1 | transmembrane protein, putative | HC | 
chr7:36592637-36592855 | 20130731 
ATEVPAAAPAGAGAGGAAAAPGPSSGASADIPIVASLIGASVVSFFALFH* 
>Medtr8g036500.1 | transmembrane protein, putative | LC | 
chr8:13503881-13503663 | 20130731 
HDHHHDHGTAPAPGPSKSHAPKPSKSDAASLGSIFGASIFSFVAYYLHFHV* 
>Medtr4g087890.1 | formin-like 2 domain protein | HC | 
chr4:34465056-34468637 | 20130731 
HSSNHHNRRILHQPLSFPSISLPPTQPPSSSPQTQPKPQQTQPKLPFSSISSSSPPQTPFFPSY
YSPPLPPSPPFLATFPANISSLLLPQHHTRTHNHRHAAAIVISLSLLSLVILSISTVFAFHRHR
HSHKTSSTTVNDDNASRSDSLRLFPPNTATSDSVDQTTNDKSSSMSELFNLGTITTLDDTKATA
ESSCNGNSNDGFPPPYRYVTDSPELHPLPPLPRHNVRTWKNEPKKKEEEEEEEEEEEEKKEKER
VHEEFYSPKGSPSGNKQQHSPSLSPSSSPVVTVAVAATSSRSFNVFHYDKFGSKSFTSRTASYP
LSYSLSRSPSLNLSPIESVQSFPPINPVSPSFSSESCSPMPMEDFGLKWDGNDTQVSKMAPPVP
PPLPPRLWETPVVVSQDGNGDVSVENEENLKPKLKALHWDKVKASSDRAMVWDQLRPSSFQLNE
DMIESLFMANNSNSSGNSALASNPKDNARHQIIHASPMPPENRVLDPKKSQNIAILLRALNVTI
DEVCEALREGNCDTLGTELLESLLKMAPTEEEKSKLKEFKDESPFKLGPAEKFLKVMLDIPFAF
KRMDAMLYIANFDSELEYLKKSFDTLKVACEELKNSRMFMKILEAVLRTGNRMNVGTDRGDAQA
FKLDTLLKLVDIKGTDGKTTLLHFVVQEIVRTECSHVSRASNHSVNNPEYTLQDEVDSMKLGLQ
VVSGLSGELANVKKAAVMDSDALSSDVSKLAKGIKKVAEVVKLNEESPLKETNQKFSEAMKGFL
ERGEEEISRIMAQEKNALSSVKDITEYFHGNSAKEEAHRFRIFMVVRDFLSILDGVCKQVGKAN
ERTLVGSRQYVMPAVTTLTPIFPEFNGKQTSDSSESD* 
>Medtr4g095780.1 | formin-like 2 domain protein | HC | 
chr4:39940525-39944800 | 20130731 
TTLADRRILHQPLLIPATSAPPPEFSPPPPDNTPPSPDIPFFNELPTGPPPPPVANNQNLPSPS
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GSNARIANPTATKPTKPAKKVAIAVSVAFSLFVIFSVVAFFLYKHRIKHSPETETRKLGGENSN
RILEASTLVPPPSTSSFLYIGTVVEPNGTPANEPNRFNKLNPIGNHDRPSPELHPLPPLTKSLV
VDSHSPPAVSSSSSSSEEDNRETRETAFHSPRESSSLNLSHEESYYTPVSRRSHGSPTAPVTAT
PVVPYSKRTSPKSRLSGSSPEMKRVMIPSIKHAPASPSTLFQHGSPRRPKFSSPPPAPNLTHLH
SNDSRDSLTLPPPRPPPPPPPPRVVSVSTSSVPRNYQWTRSMKHGEDSASGNSVNVKKALKEDD
EIEMDEAKPKLKALHWDKVRATSDRATVWDQLKSSSFQLNEDMMETLFGCNSLNSAPKPKEMSV
TRKPVFPTVELETRVLDPKKSQNIAILLRALNVTRDEVSEALLDGNPEGLGAELLETLVKMAPT
KEEEIKLKNYDGDLSKLGPAERFLKQVLDIPLAFKRVEAMLYRANFETEVIYLKKSFQTLEAAS
EELKNSQLFLKLLEAVLRTGNRMNVGTNRGDAKSFKLDTLLKLADIKGTDGKTTLLHFVVQEII
RSEGTTGESASENVQNQTNSQFNEDEFKKKGLQVVAGLSRDLGNVKKAAGMDSDVLSSYVIKLE
MGLDKVRSVLQYVKPDMQGNFFNSTEIFMKDAEEKILKIKADEIRALFLVKEVTEYFHGDTTKE
EAHPFRIFMIVRDFLNILDQVCKEVGRMQDRTVTGSSRSFRIAASASLPVLSRYRARQDTSSDD
ESLSP* 
>Medtr2g018340.1 | fasciclin domain protein | HC | chr2:5778670-
5779378 | 20130731 
SLNLSSPITSSSSSPSSSFLNLTKILYSSHTFFKAASEFHSLGIDSEIDTRYSTTVFVPDDKAF
ANATVSKRYESLSDDNKYFVLKCHMLKEYLPPAVLRKIANDMHLQDTVATEIMGQATYRINITV
MVNGSVAVSNNIVRALVTRTLYDRSPIAVYAVSKVLMPKELPALITSDVTAPNVYCFKFSVVLI
LLVLWI* 
>Medtr2g437700.1 | fasciclin-like arabinogalactan protein | HC | 
chr2:14853943-14855880 | 20130731 
FNLTSLLSTFPELSTFTSLLSSTPPLTADLSHRTSLSLLAVPNTYLTTDPHLHNLSPSALADIL
RYHILLQFLSWSDLQHLPPSGKLVTTLFQTTGRATNNFGSVNITHSPNTNTVTIHSPAPYSSSN
ATVLSQLKMLPYNLTIFTVDSLLIPYGFDLMASETRPSILLNITKTLIDAHNFNVAASMLSASG
VVNEFEAGEGGSGITLFIPVDDAFADLPPSVSLQSLPADQKAVVLKAHVLRAYYPLGSLQSTAN
PLQPTLATEAMGAGSFTLNISTFNGSVAINTGIVQAIITQTVFDQNPIAIFGVSKVLLPREIFG
KNPIVSAKSPPESSAPPPYEDASSPTGFDVQPSHLSSPPGFGEDVSSDVASVYGSECCTSDFML
TGCGFKSSRLHLAEEFARLARFA* 
>Medtr4g053380.1 | fasciclin-like arabinogalactan protein | HC | 
chr4:19402736-19404065 | 20130731 
TTITLSQLSPSPAAAPIHPTLPAPTTPAAAPKPLVPSLPEAPSDSTPDSSGAVDIVGILRKAKS
FNVLIRLMKTTQLINQLNSQLLATKSGGLTILAPDDNAFSQLKAGFLNSLSDGQKLELLQFHVI
SDYVSSSNFDTLTNPVRTLAGAKPGKVELNVISYGGSVNISTGEVNTTIDGIIYTDKRLAIYKV
GKVLLPMDFFSVAKAPTKGLSLAPEPSTMTPKADKEKPLSPDSSDSSVKPTNDNSGAVKVNVYG
RWASLVFGAVLVTMMPQ* 
>Medtr4g059790.1 | fasciclin-like arabinogalactan protein | HC | 
chr4:22059038-22060252 | 20130731 
TTTSLSQLSPATAPIQPTLPAPTTPAAAPKPLVPSLPESPSDSTPDTAGTVDIVGILRKAKAYN
VFIRLMKTTQLINQLNSQLLATKTGGLTILAPDDSAFSGLKAGFLNSLSDGQKLELLQFHVISD
YVSSSNFDTLTNPVRTLAGDKPGKVELNVVSYGGSVNISTGEVNTTINGIIYTDKRLAIYKVGK
VLLPMDFFSVAKAPGKAPSLAPEPSTDTAKAPKPDKDTSSDSSQVINPTVNKSGSIKIVYGKWM
SVGLVLPFAAMIQI* 
>Medtr4g059840.1 | fasciclin-like arabinogalactan protein | HC | 
chr4:22076175-22074615 | 20130731 
QLSPATAPIQPTLPAPTTPAAAPKPLVPSLPESPSDSTPDTAGTVDIVGILRKAKAFNVFIRLM
KTTQLINQLNSQLLATKTGGLTILAPDDSAFSGLKAGFLNSLSDGQKLELLQFHVISDYVSSSN
FDTLTNPVRTLAGDKPGKVELNVVSYGGSVNISTGEVNTTINGIVYTDKRLAIYKVGKVLLPMD
FFSVAKAPGKAPSLAPEPSTDSAKAPKPDKDTSSDSSQVINPTEDKSSSVKIVYGKFVSLGLVL
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AFVMIMMQT* 
>Medtr4g084160.1 | fasciclin domain protein | HC | 
chr4:32804307-32803564 | 20130731 
LPRQTIFEAADILYYSGFDSMSLTLELAESLLEHSPSATIFAPSDSAFKKSGQPSLDLLLFHFV
ILPLPQQSLRRLPAGTKLPTMLTGQSLTVTTSSSDRVTSVNNIKIIGSPIYDNGVLFVYGIDRF
LDPSFQYTGPNKKPSSNSNSSFEQALETLKTTGYSEMGMNLIGDFEDHHWLFRRDVVPYKFIWN
DVVQNNVVQDNASVVVDVFSDEDQNLFDPGEL* 
>Medtr5g098420.1 | fasciclin-like arabinogalactan protein | HC | 
chr5:43093083-43091217 | 20130731 
AAATSGNHNITRILAKHPGFSTFNHYLTITHLADEINRRQTITILAIDNAAMSSLLDKHLSITT
LKNVLSLHVLVDYFGAKKLHQITDGTTLVSSMFQATGSAAGTAGYVNITNLKGGKVGFGAEDND
GLHSYYVKSVEELPYVISVLQISNPLSSADAEAPTAAPSDIDLIGIMSKQGCQSFADLLRVSKA
LPTFKESVDGGLTVFCPTDTAVSGFSAKYKNLTDSQKVSLLLYHGVPVYQSLQMLKSNNGVMNT
LATEGHNKYDFTVQNDGEDVNLETKVNTANIVGTLIDQDPFVVYKISKVLMPRELFKGVKEEKD
LAPAESPKAAKSKAKKKKAAPAADEDADSPADGPDADADSDDQKAADNENGVNGLNQGLRFIMV
FFSLFIGALVL* 
>Medtr6g007913.1 | GASA/GAST/Snakin | HC | chr6:2139621-2140861 
| 20130731 
FDEDFKKVNYVKPSAPTVVIPIITVPPSQPAKTPASSPAPPPTSKTKPTPIVKSWKDCIPLCIY
RCKLHLRKMVCITACMTCCDRCKCVPLDQTYGNRDKCGKCYTDMLTHHDKVKCP* 
>Medtr1g088970.1 | transmembrane protein, putative | HC | 
chr1:39956709-39955720 | 20130731 
KTMHISTISAAPTTLPEAPLFSPAMSPDMEPLFPSPGGVAYSPSDSSLPTIPSSPSPPNPDIST
HQGPVSAFPPSESMPPALGPSSQGSSLLMYSILHLAIMLVCIIQLHGKMSLIIQSLTVRKEAFN
DSACCALHIKI* 
>Medtr7g073280.1 | transmembrane protein, putative | HC | 
chr7:27366686-27373900 | 20130731 
SFLKDLRKLIDSTKDSLIPEEKKLDPNKTAGEEKKNDVNIPPVPTPQPLPKVENNNGENQKETN
NKITNTPPPVPATAPPPPVLVTAPPPPVPATAPPPLPKKDEGKGQVEEKGKNEGIKLAHSTTND
TCEGLHTCRDDGDMVACISKMDSKNFVVLLQNRGGGTIKVKLRSDLESNLGDIVVDKNKTEKVT
IKQIKSESTELTLDAGKGDCVLHVTVVTPVPEASFFLRLPSFDKILTPVNGAYFLIFTVIVFAV
TWACCCIFKKKPRDEIPYQELEMALPESASATVVESAEGWDQGWDDDWDDNVAVKSPVVRHAGS
ISANGLTSRSSNKDGWEDNWDD* 
>Medtr1g077790.1 | plastocyanin-like domain protein | HC | 
chr1:34753995-34753085 | 20130731 
YQFKVGDLNAWGIPTSANPQVYAKWSKFHNFTLGDSLLFLYPPSQDSLIQVTQESYKSCNTKDP
ILYMNNGNSLFNITSHGDFYFTSGENGHCQKNQKIHISVGGTGNVDAEANSPSSSLPASAPSSQ
TVFGSIPVAPSSSNSPHPTSTFHVFIIGSLYALFLALM* 
>Medtr2g088990.1 | plastocyanin-like domain protein | HC | 
chr2:37537716-37538597 | 20130731 
TNHIVGGPIGGWDTNSNLQSWTSSQQFSVGDNLIFQYPPNHDVVEVTKADYDSCQQTNPIQSYN
DGATSIPLTSTGKRYFICGTIGHCSQGMKVEIDTLAAQVSPASPVAAAPSIADSPMISIIPSAA
PAESTVSSAESPEASSPLFEAQVESPTLSPMIPSTEFLAPSSPIAQHSQDVSASSTEKGNLQAF
ISIVLSLVVVFMAF* 
>Medtr2g093980.1 | fasciclin domain protein | HC | 
chr2:40048746-40047457 | 20130731 
ATATATAPAQAASPKHAPAPKAASPTSTKPLVPTLPDTSDSTPDDITKILKKAKTFTILTRLLR
TTQIVDNLNSQLISAKSGGLTILAPDDSAFSHLKAGFFNSLNENKKIELLQFHILPQFVDSNNF
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DSLSNPVETVAGKDPLKLPLNIESFGTSVSLSTGVVNASVTGVVYQDNKLAIYRLDKVLLPLDF
FGTKAPAAAPVAEAIAPKADKTKSSSEEDEDDTTTQDKKSSGANLLGIQGTAYISIGVAFVAVA
MLWS* 
>Medtr2g101300.1 | plastocyanin-like domain protein | HC | 
chr2:43547176-43547831 | 20130731 
ATATATAPAQAASPKHAPAPKAASPTSTKPLVPTLPDTSDSTPDDITKILKKAKTFTILTRLLR
TTQIVDNLNSQLISAKSGGLTILAPDDSAFSHLKAGFFNSLNENKKIELLQFHILPQFVDSNNF
DSLSNPVETVAGKDPLKLPLNIESFGTSVSLSTGVVNASVTGVVYQDNKLAIYRLDKVLLPLDF
FGTKAPAAAPVAEAIAPKADKTKSSSEEDEDDTTTQDKKSSGANLLGIQGTAYISIGVAFVAVA
MLWS* 
>Medtr3g099570.1 | blue copper-like protein | HC | 
chr3:45643508-45642850 | 20130731 
TNHIVGDGLGWTVGPDYNTWTSDKTFAVGDSLVFNYVAGHTVDEVKESDYKSCTTGNSISTDSS
GATTIPLKEAGTHYFICAIPGHCTFGMKLFVKVKPSSAAPSATPLPSGKGSPSDRTPAATTTTT
TPTIQSASSATTISPTVAFFFTVSWILIHHILV* 
>Medtr4g066110.1 | plastocyanin-like domain protein | LC | 
chr4:24910220-24910812 | 20130731 
IDHIVGSRNGWIIPVDGHSFYSDWASNITFKENDVLVFNFVTGRHTVVELNQTYFENCNVNQNI
QFLDTSPSPVRFTLNRTGVFYFTCSIPGHCASGQKLIVNVSASSPALSQGPSSPTSSVSSDIHI
DLVATFSILIAAVAVNFLF* 
>Medtr4g067200.1 | plastocyanin-like domain protein | LC | 
chr4:25360406-25359814 | 20130731 
IDHIVGSRNGWIIPVDGHSFYSDWASNITFKENDVLVFNFVTGRHTVVELNQTYFENCNVNQNI
QFLDTSPSPVRFTLNRTGVFYFTCSIPGHCASGQKLIVNVSASSPALSQGPSSPTSSVSSDIHI
DLVATFSILIAAVAVNFLF* 
>Medtr4g081100.1 | plastocyanin-like domain protein | HC | 
chr4:31394809-31394041 | 20130731 
YDFIVGGQKGWSVPSDSNNPFNQWAEKSRFQVGDSLVFNYQSGKDSVLYVKSEDYASCNTGSPI
TKFSDGHTVFKLNQSGPHFFISGNKDNCLKNEKVTVIVLSDRSNNNNSSNTNQTSNATPPSPQS
SSPPSPAPSNQEGQSPPPDTNQTPPPTATSDHDHPPRNGAASNFVSLAGSVGTFMASALILSKY
L* 
>Medtr5g006040.1 | plastocyanin-like domain protein | HC | 
chr5:739373-738212 | 20130731 
AVHKVGDSSGWTIIGSIDYKKWAATKNFQIGDTIVFEYNSQFHNVMRVTHAMYKSCNGSSPLTT
FSTGKDSIKITNYGHHFFLCGIPGHCQAGQKVDINVLNVSASAAPTKSPSALASPVPVASTQAP
SPNNASPLIVAKGAFGIIGLAMTVLVFSIST* 
>Medtr8g086360.1 | plastocyanin-like domain protein | LC | 
chr8:35820481-35819459 | 20130731 
HKFKVGGKDGWTVKASGHYEVWASRIKFLVSDTLNFKYNKLVDSLLMVNKQAYDSCNVTNPIRK
MHGGDSTFLLDKPGHFYFISGNVKHCVKGEKLSLVVLSHQEHHGPSLSPVPANAPTSGVHDGIA
LVSSGHHMVAPAPHHDHSGFTRLSGSFVVCVVLALILDSFVF* 
>Medtr2g058670.1 | polygalacturonase 11c, putative | HC | 
chr2:24244330-24242502 | 20130731 
QSGVLDIAKFGGKPNSDIGMALTAAWKEACASTTAAKIVIPAGTYQLNGIELKGPCKAPIELQV
DGTIQAPADPSVIKGTEQWFKFLYMDHLTLSGKGVFDGQGASVYKKAQPAAAWSGKGGNSKNFM
NFGFNFVNNSLVHGVTSKDSKNFHVMVFGCNNITFDSFTITAPGDSPNTDGIHMGKSTGVKILN
TNIGTGDDCVSIGDGSKQITVEGVKCGPGHGLSIGSLGKFTTEENVEGITIKNCTLTATDNGVR
IKTWPDAPGTITVSDIHFEDITMTNVKNPVIIDQEYCPWNACSKKNPSKIKLSKITFKNVKGTS
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GTAEGVVLICSSAVPCDGVELNNVDLKFNGAPTTAKCTNVKPIVTGTAPVCQAPGAAPAASTTA
SPAAGKAPAGKSPAK* 
>Medtr2g058840.1 | polygalacturonase 11c, putative | HC | 
chr2:24297949-24299598 | 20130731 
QSGVLDIAKFGGKPNSDIGMALTAAWKEACASTTAAKIVIPAGTYQLNGIELKGPCKAPIELQV
DGTIQAPADPSVIKGTEQWFKFLYMDHLTLSGKGVFDGQGASVYKKAQPAAAWSVFLVQFQQNF
GFNFVNNSLVHGVTSKDSKNFHVMVFGCNNITFDSFTITAPGDSPNTDGIHMGKSTGVKILNTN
IGTGDDCVSIGDGSKQITVEGVKCGPGHGLSIGSLGKFTTEENVEGITIKNCTLTATDNGVRIK
TWPDAPGTITVSDIHFEDITMTNVKNPVIIDQEYCPWNACSKKNPSKIKLSKITFKNVKGTSGT
AEGVVLICSSAVPCDGVELNNVDLKFNGAPTTAKCTNVKPIVTGTAPVCQAPGAAPAASTTASP
AAGKAPAGKSPAK* 
>Medtr2g012670.1 | strubbelig receptor family 3 protein | HC | 
chr2:3236861-3230480 | 20130731 
DTDPVDVAAINSLYVAMNSPPLQGWKPVGGDPCLELWQGVDCVFTNITAIRLGGLNLGGELGSN
LDFPSIIDIDLSNNHIGGAISFTLPPTLRTLSLSGNKLNGSIPDALSLLTQLSNLDLANNNLTG
QLPSSMGSLSSLTTLLLQNNQLVGTLFVLQGLPLQDLNIENNLFSGPIPPNLLSIPNFSKNGNP
FNTTIIPSPPVAAAPSPVAIGRSPEESPWHVAYSPADFTASMPGKVKKSFLAEHVIWIAGAGLL
LFIALGICLLMVWCCKRKPKNKNPQKLDVEAFPKTLHKPTCDATVFETTNQDGKAEKTYRLNEV
PNRRTNSIPKVPDQKEVYVNKVSATSEYNNVSKPSLLQPPPHSLLSIPGEKVIVNPAATTKATE
RQVMTSSVKIYTVASLQQYTNSFSQENRIGEGTLGSVYRAELPDGKMLAVKKLDATTFKDQNDE
PFLQLVSSISKIKHANIAKLVGYCAEYNQRLLIYEYCNNGTLHDALQGDDEHCIKFPWNARIKV
ALGAARALEYLHENFRPPIVHRNFRSANVLLNEKFEVRVSDCGLDHLLSSGTAGQLSGRLLTAY
GYSAPEFESGSYTQQSDVFSFGVVMLELLTGRKSYDRSRPRAEQFLVRWAIPQLHDIDALSKMV
DPRLNGSYSMKSLSRFADIVSSCIQREPEFRPAMSEIVQDLLLTM* 
>Medtr3g071480.1 | LRR receptor-like kinase | HC | 
chr3:32070026-32066014 | 20130731 
LCCSLNDEGKALLKFKEGIFSDPFDALSNWVDDEVGVDPCNWFGVECLDGRVVVLNLKNLCLEG
NLAHELGSLVHIKSIVLRNNSFYGIIPEGIVRLKELEVLDLGYNNFSGPLPKDIGSNISLAILL
LDNNDLLCGFSHEINELVLISESQVDEKQLISARKLPGCTGRSTKWHNRRSKKGLRRLLQSGAP
REDPRNRAAIIPDTPSPSPSPSPFPSPSPSPSPSSSETPQIVKKPASPDRNVSDSPSPLPTPGS
VPQLKSNSNNHHVAIVGGIVGGAAFILILSIVIYLFKTNKVATVKPWATGLSGQLQKAFVTGVP
KLKRSELEAACEDFSNVIGTSPIGNIYKGTLSSGVEIAVASVTVTSLKDWSKTSEVQFRKKIDT
LSKMNHKNFVNLLGFCEEDEPFTRMVVFEYAPNGTLFEHLHVKEAEHLDWATRLRVAIGTAYCL
QHMHQLDPPFAHSDLNTSSVQLTDDYAAKISDLSFLNEIASADIKAAAKKHTDATLASNIYSFG
IILLEIVTGRVPYSMGKDDSLEEWASRYLQGDQPLKEIVDPTLASFQEEQLVQIGALIKSCVNA
DQEQRPTMKQICERLREITKISPEVAVPKLSPLWWAELEIASFDAS* 
>Medtr4g046113.1 | strubbelig receptor family protein | HC | 
chr4:16201157-16193578 | 20130731 
LTDPTDVAALNSLHTSLGSPLLPGWVSSGGDPCGEGWQGIQCNGSFIQKIVLNGANLGGELGDN
LATFVSISVIDLSNNNIGGSIPSNLPATMRNFFLSANLLTGSIPTSLSALTGLSDMSLNNNHLT
GEIPDAFQSLTQLINLDLSSNNLSGELPPSVENLSSLTTLRLQDNQLSGTLDVLQDLPLKDLNV
ENNQFAGPIPPKLLSIPNFRQAGNPFNDNSTATRAPPSRSPVTAPPGAPPAAPFFPVPSSGSGR
VPTKQADGPTVAIGSKSGKSNKHTKRVVLIVIGSVLAFIIFVLALVLFIPRCGRRERVDRRSRR
HQIGAYGGERQQTPSSLGAIVLPPSQTEKVPARDVSRPNDVRQEEPRKVWAVPNAQDKQEKDVQ
RMTAIPRDVLRPNDNRQEEPRRVWAVPIPNAHDKQEKDVQRMATIAKPVDHEIDISTPEVYSVP
PPPPPPPPPPPPPSIPTKKGIVEPTTSHSLPTKRVIVEPTTSHRGTTVDPSLRSSSPPTFAKCF
TIASLQQYTNSFSQENLIGGGMLGTVYRAELPDGKLLAVKKLDKRASVHQKDDEFLELVNSLDR
IRHTNIVELIGYCSEHGQRLLIYEYCSNGSLYDALHSDDEFKASLSWNARIRMALGAARALEYL
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HEQCQPPVVHRNLKSANVLLDDDLSVRVSDCGLAPLIASGSVTQLSGNLQSAYGYGAPEFESGI
YTYQSDVYSVGVVMLELLTGRQSHDRTRPRGEQFLARWAIPKLHDIDALSKMVDPSLNGVYPAK
SLSNFADIISRCLQTEPEFRPAMSEVVLYLLNMMKRESQKNDSNEK* 
>Medtr1g069235.1 | photosystem I reaction center subunit IV A | 
HC | chr1:29816886-29819066 | 20130731 
NSTTSSASSRSTMLMFPLKSNNIGSSSSRLVVRATDEAAPAAPAAPAAPAADAAPTPKPKPPPI
GPKRGSKVKILRKESYWYKGTGSVVAVDQDPKTRYPVVVRFQKVNYANVSTNNYALDEIEEVV* 
>Medtr3g064510.1 | expansin A1 | HC | chr3:29068579-29070728 | 
20130731 
FSPSTSHYSSPSPPATPFNESPPTSPSSTYSEWLSAHATYYSVSDDTRDGVDGACGYGDTHRDG
YGITGAAALSETLFVRGQICGGCFELRCLEEDVPFDKRWCVSGSSVVVTATSFCAPNYGFDAES
DGGYCNPPKQHFVLPVEAFEKIAIWKGGNMPVHYRRIKCIREGGMRFTITGSGIFNSVLISNVA
GIGDIVGVKVKGSRTGWIPMGRNWGQIWHVNALLQNQPLSFEVTSSDGVTITSYNVAPKNWTFG
QTFEGKQFKS* 
>Medtr4g046767.1 | pollen Ole e I family allergens | HC | 
chr4:16591718-16592799 | 20130731 
EELESLHEPTPLHPSANAPLHHRHNHNLSPTTAHTPLHPSHPAKPPTRHHHQHPPAHAPLQPSS
HQHPPSHAPIHHHQPRHPVKPPTHHHHQHPPAHAPVQPPTHRHHHHPPAHPPVHQQHPPAHAPA
QIAVEGVVYVKSCKHAGVDTLSNATSLNGVEGAVVKLQCNNTKHNVVRKGKTDKNGYFYIKGPK
DISIFAVHKCNVVLVSAPNGLKPSNINGGITGARIKHKKSFVSKAHNLILYNVKPLAFEPKCTN
* 
>Medtr2g049670.1 | carbohydrate-binding X8 domain protein | HC | 
chr2:22307554-22304641 | 20130731 
TAIRLREDSSYEFSTTQSDSIPIVNPTTPGTGGNPYPTINPTSPQPPDTSTGGQNPPSPDTDTT
SPTNPYSNPPTSTSPYSNPPASTNPYSNPPASTNPYSNPTSPTTTTPTSPTVTPTTPGTGSSGG
GGGGGGQWCVASESAAETTLKVALDYACGYGADCSQLQQGGACYDPNTLKDHASYAFNDYYQKN
PAPTSCVFGGVASLTSKDPSHGNCHFSSSKTTSMSPPTYVSPPTTMTPPTPMTMTPPSSMTPPS
MTMPDPDGGSSSVYGSPPGGSPNMATSTSYSILLLLTTSLYATLHVQNYV* 
>Medtr7g111600.1 | carbohydrate-binding X8 domain protein | HC | 
chr7:45815016-45812250 | 20130731 
FSTFSGARFLQKSKISKSQIQFLVTNHKIGRKLQDTNPAPTIITVPSTNPVTTVSPTNPGATPV
TVPSTTPPSVPLSPTNPANSPVPVTPITVPGGTTPVNSYPPPSPLSGGTGTVPVTNPPPSSTSP
PSSSGGSWCVAKPGTPQSTLQTALDYACGTKGTDCSQINQGGICYNPNSLQNHASFAFNSYYVK
NPAATSCDFGGVATITNTNPSSGTCIFPSSSGGGAGAGASGGSSTTSSPVGFGPQSSPLDSSHS
TGLRPLLSCMVVVTLLVGGRLGMSP* 
>Medtr8g085390.1 | carbohydrate-binding X8 domain protein | HC | 
chr8:35381752-35384118 | 20130731 
QGGSASWCVVRSDASFNALQTALDYACGAGADCLPLQPDGLCFLPNTIQAHASYAFNSYYQKRA
RAPGSCDFSGTSTIAQTDPSYGSCVYPSSTSGAGGPNTPTTSVPMSNTNMSSPATSSPIFGGLS
PGLSSPFNDNSRAPSKELAKWFLLFFSSLLILSIIS* 
>Medtr1g012630.1 | Lipid transfer protein | HC | chr1:2578840-
2578208 | 20130731 
HDCASCKPTPISPPPPSKTPKACPPPPSTTPKASPPPPSTTASPPPKASTPPPSTPKASPPPPS
MPTASPPPKASTPPPSTPTASPPPPSTTPTASPPTPSTAQKCPSDTLKLGVCADVLGLVNVIVG
SPASSNCCTLIQGLADLDAAVCLCTAIKANVLGINLNVPVTLSLLLSACQKSVPNGFQCS* 
>Medtr1g012690.1 | Lipid transfer protein | HC | chr1:2592421-
2591957 | 20130731 
CGSCKPTPTSPPPPSTTPKASPPPKASTPPPSTTPKSSPPTPSTSQKCPSDTLKLGVCADVLGL
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VNVIVGSPASSKCCTLIQGLADLDAAVCLCTAIKANVLGINLNVPVTLSLLLSACEKSVPNGFQ
CS* 
>Medtr1g012700.1 | Lipid transfer protein | HC | chr1:2600229-
2599711 | 20130731 
CGSCKPTPPSPPPPSKTPKACPPPPSTTPKASPPPTAITPPSTTPKSSPPTPSTAQKCPSDTLK
LGVCADVLGLVNVIVGIPASSNCCTLIQGLADLDAAVCLCTAIKANVLGINLNVPVTLSLLLSA
CQKSVPNGFQCS* 
>Medtr2g026775.1 | Lipid transfer protein | HC | chr2:9742223-
9744709 | 20130731 * 
>Medtr5g011960.1 | Lipid transfer protein | HC | chr5:3531965-
3531118 | 20130731 
QVLPPCGKPLLPCIEYANSTSHSIQDIYPPDICCTAIKDVFDATQETCFCQLVYTPGLFEAFGV
KFTVGYRILRTCGVKFDTSFCNASSPTLPLSSGKPPAATPIGDEGGAGRIALTGLCFIMFIWPF
FLFG* 
>Medtr7g014880.1 | RALF | HC | chr7:4453529-4456208 | 20130731 
ESAQEKQKCAEQLTDLTTCLPYLGGSANSPTSDCCSGLIQSTKNNKKCICIIIKDRDDPDLGLK
INITLALGLPSLCNTPDNFSQCSSLLHLDPKSSEAQAFNQLRQNSNGANSISPATSPSAEGSSQ
HSRNQGTDETVTTKNGAPFKGKSLLYSLVAGLLVLYF* 
>Medtr7g083580.1 | Lipid transfer protein | HC | chr7:32163030-
32163979 | 20130731 
SDVDKKGCSFRTRAAILLECAEYIQILGPEIPPSYACCAVMKTADIPCLCKHIPRNIEVIISMK
KFVDAAHTCGSEIPPPGGMCGSYIIPPSSPEEPPVRPSPPPPESESPPSPEEPSPPEEPPVQHS
PPPPESESPSSPVEPSPPEAPVVQHSPPPPVHNSPPSPVRRSPPTSPVRSPISRSPPKSPIRRP
PRSPRRSPHMP* 
>Medtr4g084950.1 | transmembrane protein, putative | HC | 
chr4:33169619-33168622 | 20130731 
DTPCPYPCYPPPTGSGTVTPTNPTPSVSTAPPAPPQSGLPYPPPSGNNNYPYNPTPPYGNGGGD
DGNNNNNNNGGGVYGAPPPPDPILPYYPYYYRLPPNKPDDSSTSSITVEKKFIRMIATTIMLSL
FLVFGFV* 
>Medtr1g022340.1 | transmembrane protein, putative | LC | 
chr1:7067015-7065822 | 20130731 
QDALQSLIDGAKQSGISQDTLDDAQSALGDASVQQAAEGALADESLADWVQQADELTSKGSTPP
AVEAPANLPADEEEDIAESSKKSPTKAPKLAPNSAPDKAPKLAPNSAPDKAPPAKPPELPRKYK
APSPAPQAHSPNAASPQA* 
>Medtr1g112220.1 | transmembrane protein, putative | HC | 
chr1:50753076-50753390 | 20130731 
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QYPTASPKASVVITIGTGPSIVNSLSPITPPSVSPSLPPSSISSPPAHAPAPHKSGAASHGFSF
AIGTFVVALVAAALII* 
>Medtr2g020370.1 | transmembrane protein, putative | HC | 
chr2:6775699-6774908 | 20130731 
SYSQSDPIPELPTLPTTSSATKTDPSPSSISPFQNLSPEIAPLLPSPGGALPTPTGSDIPTIPS
NPSPPNPDDVIAPGPFYAFAPYGSIQATSNGHRSVAFDIATAAFAGLAALFSLQYMRV* 
>Medtr2g026875.1 | transmembrane protein, putative | LC | 
chr2:9781196-9781735 | 20130731 
KPAPKRPPPPPLQVTCPSLPPPVHAPSTPPSTPPIMVSPSTQPPVVDPFTPPPSTPPSTPPTMV
APATPPPMVAPSTTPTSTPPSTPPTIVAPSTPPPMVDPSTLPCTPSFMVAPLAPPPVAEPLTPP
PSTPATMVAPATQPPMDDPATQLPLK* 
>Medtr3g460760.1 | hypothetical protein | HC | chr3:23867366-
23868679 | 20130731 
QNAPASSPKSSVTAKPPSSVSVSPTNSPASPAKSPTLSPPSQTPAVSPSGSASTPPPATSPPAK
SPAVQPPSSVSPAISPSNNVSSTPPVSSPASSPPTAAVSPVSSPVEAPSVSSPPEASSAGIPSS
SATPADAPAATLPSSKSPGTSPASSSPETSQGPAAADDSGSRSSFGAPVVLSGLALWISLSF* 
>Medtr7g032400.1 | transmembrane protein, putative | HC | 
chr7:11381022-11380648 | 20130731 
AEAPASSPKASAPVAEAESPKTSEAPTTFSDSPPAQSPVVVDVVPPVSGPGAASGASSLKVSAV
VAVAAAGYFAF* 
>Medtr7g032430.1 | transmembrane protein, putative | HC | 
chr7:11396461-11396026 | 20130731 
AEAPTSSPKASAPVAEAESPKTSEAPTTFSDSPPAQSPVVVDVVPPVSGPGAASGASSLKVSAV
VAVAAAGFFAF* 
>Medtr7g032470.1 | transmembrane protein, putative | HC | 
chr7:11404486-11404117 | 20130731 
AEAPTSSPKASAPVAEAESPKTSEAPTTFSDSPPAQSPVVVDVVPPVSGPGAASGASSLKVSAI
VAVAAAGFFAF* 
>Medtr5g043870.1 | hypothetical protein | LC | chr5:19262859-
19262173 | 20130731 
EELETALYKPYGFKPSIPTKPAPIKPIVPVKPDPVKSPVIVKPPVPVTPPTPIKPSLPLTPPAP
ISPPTPVTPPSPVTPPTPVTPTPITPPSPVTPAPVTPLAPVTPTPVKPAPVKPSPFTRNPVSFQ
IPVMPVPVTPIIVTPPSPVTPSTIEPPVPVTSAPVEPPFPVTPSPVESPLPATFAPAPSYLPLS
LHPTQFSRRLMAFQS* 
>Medtr5g035650.1 | transmembrane protein, putative | HC | 
chr5:15513610-15514041 | 20130731 
QYGSGGSDYDANAPSASPRSLSYPTTIIVLLPFVLTFLAAKLNV* 
>Medtr5g035610.1 | transmembrane protein, putative | HC | 
chr5:15501113-15501772 | 20130731 
HDGHVHSPAEAPSSFASSLNCHSVIGGFVPILIAILFARNGL* 
>Medtr5g032670.1 | hypothetical protein | HC | chr5:14074645-
14075917 | 20130731 
QAPGAAPTQPPSATPTPPTPAPVATPPTATPPTATPPTATPPPAAAPTPATPAPATSPPAPTPT
SDAPTPDSTSSSPPAPGPGGPAPGPGSTDAPPSPSAAFSINKPIMAATALSAAIFAIAF* 
>Medtr5g004980.1 | transmembrane protein, putative | HC | 
chr5:230877-229070 | 20130731 
QQAPSTSPNSSPAPPTPPANTPPTTPQASPPPVQSSPPPVQSSPPPLQSSPPPAQSTPPPVQSS
PPPVQQSPPPTPLTPPPVQSTPPPASPPPASPPPFSPPPATPPPATPPPATPPPALTPTPLSSP
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PATTPAPAPAKLKSKAPALAPVLSPSDAPAPGLSSLSPSISPSGTDDSGAEKLWSHKMVGLVFG
CAFLSLLF* 
>Medtr3g089570.1 | pollen Ole e I family allergens | HC 
|chr3:16299572-16301945 | 20130731 
TTVEDPHSVFSDSLCPHRSTSPSHGSSSPPSHGSSSPPSHGGGYYTPTPPSTGCGYSPPHDPST
STPSHNQTPSTPSNPPSSGGYYNSPPSTPTDPPVTLTPPSPSTPIDPGTPTVPTPPFLPSPSPF
PGTCNYWRTHPGIIWGILGWWGNMGNAFGVTNIPGFSPGLTLPQALSNTRTDGLGALYREGTAS
FLNSLVNNKFPYTTDQVKDRFASSLHSNKAAATQAHLFKMANEGKMKPRP* 
>Medtr0522s0010.1 | hypothetical protein | LC | 
scaffold0522:1211-549 | 20130731 
EEFDTALYELDGFKFKPAPVKPIVPVKPAPVNPPVIVKPPVPVTPPTPVKPSVPLTPPAPISPP
TPVTPPAPVTPPTPVTPPSLITPPTTVTPPTAITPPSPVTPTLAPVKPSPFTPNPISIDVPVVM
PVPVNHVPITPTLVTPPAPVTLPPIEPIVPINVAPVESPVVPTYPPLDAPSPSYSPLLARPLSR
RLMNFHY* 
>Medtr3g082080.1 | carbohydrate-binding X8 domain protein | HC | 
chr3:37027399-37028253 | 20130731 
INHGRGSRSYSIKSWKKLKFSSFGYSDLDSSYGTPSSQPLPPFNSLAPQPTSLPPYSPVPNPPH
DVFRPPPSPKTIVTMSPPPPPSPSKHVPSPPKSVIGPPQVYLPPIVYPPPPSTHKKPPQYAIWC
VAKPTVPDPIIQVAMDYACGSGADCKSVQPNGICFQPNTVLAHASYAFNSYWQNTKIGGGTCDF
GGTAMLVTVDPSKFALRTIFDYLC* 
>Medtr5g044530.1 | carbohydrate-binding X8 domain protein | HC | 
chr5:19551318-19554463 | 20130731 
ALYCVCKDGVGDQNLQKAIDYACGAGADCTQIQQNGPCFQPNTIKDHCNYAVNSYFQKKGQAQG
ACDFAGMATPSQTPPTSSTSSCAYPSSGNTGGGTTTTPATNTPVGISPPSTVTPTTPTGTTPST
GTGTPTGTGTGTGTGTGTGTPTGTGTGTGMGTPTGTGTGTGIGTGTGTGTGTGTTTGGPNVFGI
SPTTSSSGNSGFSDPNGEGVQLKKCTYVLLTSLVFTIWLAAAIRD* 
>Medtr3g048280.1 | carbohydrate-binding X8 domain protein | HC | 
chr3:16119332-16121045 | 20130731 
GYSETNKEAHGHVTQVNPQSHKEKLLEFKAPISTTQRDITTPITTIPNLVPTISTSPILNPDSN
PDTYSPSSTVPITAPSTSNSPVSSGASWCIASPSASQRSLQVALDYACGYGGTDCSAIQPGGSC
YNPNSVHDHASFAFNKYYQKNPVPNSCNFGGNAVLTNTNPSKASTIYDHGFKLQSDTTM* 
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Appendix IV. Medicago truncatula proteins identified by Ma et al. 2017 not predicted to 
be AGP. 
 
>Medtr7g072730.1 | Lipid transfer protein | HC | chr7:27134096-
27135394 | 20130731 
MASSMLVKITCMSMLCLVLVIPLSNAGMTCNEVTDTLYPCAGYATTPGDDPPPAGCCGGLKDIK
DKATTTPERQSVCECLKTNVLRIPGVNPDTVAALPEKCDVPLPYQIKADFDCSTYISLTLNPLF
SISYTNIHTHIIPFSAFSLRSNLGKLVQQLAGLVLNE* 
>Medtr2g026930.1 | Lipid transfer protein | HC | chr2:9802063-
9802665 | 20130731 
MGSKGVGSIFIIFLNLLLVSTLVASHTPRRPPPPPCLSTPPPVDTPSTPPHVVTPSTPPPSTPP
PSTPPSTPPSPSPPIITPSAPPPSTPPPTTPPSTPPSIPRTPPSTPPPIPVTPPQNCNLLNLNI
CAKVLNNVVVLNPRNNRCCTLISGLVDLDAAVCVCAALKANIIGISVNINADLKIILNSCGVNT
PAGFTCRR* 
>Medtr2g026920.1 | Lipid transfer protein | HC | chr2:9795993-
9796890 | 20130731 
MGSKGVGSIFIIFLNLLLVSTLVASHTPRRPPPPPCLSTPPPVDTPSTPPPVVTPSTPPPSTPP
PSTPPSPSPPIITPSAPPPSTPPPTTPPSTPPSIPRTPPSTPPPIPVTPPQNCNLLNLNICAKV
LNNVVVLNPRNNRCCTLISGLVDLDAAVCVCAALKANIIGISVNINADLKIILNSCGVNTPAGF
TCRR* 
>Medtr4g094958.1 | LRR receptor-like kinase | HC | 
chr4:39379840-39375516 | 20130731 
MKTTLSLLLTLLSLTLTLNQCFSLTNDGVLLLSFKYAVLNDPLLVLSNWNYSDQTPCSWNGVSC
SIITPNTNNDTPFRVTGLSLPNSQLVSSIPSDLGTIEHLQILDLSNNSINGSLSSNFFQPNSEL
CFLNFSNNLLTGEVPESLTELRNLQFLNFSDNAFTGKLPNNLSNMQNLTVASFKNNYFTGFLPK
DLRTLQILDLSSNLLNGSLTQDFGGDSLRYLNVSYNRFSGEIPREFAEKIPSNATVDLSFNNLT
GEIPESPVLLNQETKVFSGNSDLCGEPMKNPCSIPSSPSSNPQGSSPPALAAMPKNFDNDSPQS
QTTESSEKKQSGLRKGTIIGIVIGDFVGIGILAMVFVYVYKLKRKKDAENAIKNEVATARSENS
SSTLETKGFTRWSCLRKRTEDEESSETQSSSDSDVEISQKNVDAENQKQGENKAGTGSGTGTLV
IVDGERELEVETLLKASAYILGATGSSIMYKAVLEDGTSLAVRRIGENGVERFKDFENQVRVIA
KLVHPNLVRVRGFYWGHEEKLIIYDFVPNGCLANVRYRKVGSSPSHLPWEIRLKIAKGVARGLT
YLHEKKHVHGNLKPTNILLGNDMEPKIGDFGLERIVTGDTSYSKAGGSARIFGSKRSSASRDSF
QDLTCGPSPSPSPSSIGGVSPYHAPESLRNLKPHPKWDVYSFGVMFLELLTGKIVVLDDMGQGP
AVLVEDKNRALRMVDVAIRADMEGKEDALLAYFKLGYSCVTNVPQKRPQMKEVLQVLEKTPSTI
SSSYYYSH* 
>Medtr6g080660.1 | plastocyanin-like domain protein | LC | 
chr6:29008927-29007242 | 20130731 
MRPVWAVKAMFVVVLASILFRCVCGGNHTVGGASAWDLESNMQDWASTESFNVGDDLVFTYTPL
YDVIEVNQQGYNTCTIANAISTHNTGETVIHLTESGTRYFVCGRMGHCQQGLKLEVKVQAQSNN
TGTSPPPSSAPRPHSPPSPPNGDSPPSPPHSDSPPSPPDAHAKAPCDCSCADEGRLGVPLITLV
IILAFAWSSFFVHLSAIN* 
>Medtr6g023760.1 | plastocyanin-like domain protein | HC | 
chr6:8345768-8347436 | 20130731 
MGCKKMILLALLLATLITKEVLATQHNVGGSQGWDPSSDFDSWSSGQTFKVGDQLVFKYTSMHS
VVELSDESAYKKCDISTPLNSLSTGKDVVKLDKPGTRYFTCGTLGHCDQGMKVKITVGNGNGSS
STASSPSSSSSSPSSSSSSTSPPSTTSSASQYFASLMLIVTLSFATIFSLF* 
>Medtr4g007250.1 | plastocyanin-like domain protein | HC | 
chr4:1058046-1054244 | 20130731 
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MAVSYSFLALSFFFFLFTLSPLPVSATDHIVGANRGWNPGINYTLWANNHTIYVGDYISFRYQK
NQYNVFLVNQTGYDNCTLDSAVGNWSSGKDFILFNKSMRYYFICGNGQCNNGMKVSVFVHPLPS
PPPSSSQHNHSSPNSAAPMVLEYLGHKFLMLSFVFVMFGYVLV* 
>Medtr6g007897.1 | gibberellin-regulated family protein | HC | 
chr6:2123510-2126214 | 20130731 
MLQKMVSKSIFLLGIFLVLATKVYSYDEDLKIVVNYVNPTAPPSPIVTPPSPVKAPPTPPLVKS
PPIVKAPSPPLVKTPPYQSPPVKPTPPIVKSPPSPPLVKSPPYQSPPIVKAPSPPLVKPTPPIV
KSPPSPPLVKTPPYQSPPIVKAPPTPPPIVKTPPYQSPPIVKPPVAPSPPPTPIVKSWKDCIPL
CGYRCQKHSRQNTCIRACMTCCDRCKCVPPGTYGNREKCGKCYTDMVTHGNRPKCP* 
 




