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|. Abstract Il. Mycorrhizae are symbioses between fungi and plants |ll. Genomics of mycorrhizal fungi Mycorrhizal Fungi Eco-Group Portal
Mycorrhizal fungi play critical roles in host plant health, soil community structure and chemistry, and . 80% of land plants do it. GIS Frome Etyootosm [0\Project Lst HlLogn (http://jgi.doe.gov/Mycorrhizal fungi/)
carbon and nutrient cycling, all areas of intense interest to the US Dept. of Energy (DOE) Joint _ _ _

Genome Institute (JGI). To this end we are building on our earlier sequencing of the Laccaria bicolor « Many and diverse fungi do it. et L — ) 0 m I

genome by partnering with INRA-Nancy and the mycorrhizal research community in the MGl to * Including familiar edible

sequence and analyze 2 dozen mycorrhizal genomes of numerous known mycorrhizal orders and mushrooms such as porcini, D

= Within the framework of the JGI Mycorrhizal Genomics Initiative, we are sequencing a phylogenetically and
ecologically diverse suite of mycorrhizal fungi (Basidiomycota and Ascomycota), which include the major clades
of symbiotic species associating with trees and woody shrubs. Analyses of these genomes will provide insight
into the diversity of mechanisms for the mycorrhizal symbicsis, including endo- and ectomycorrhiza.

several ecological types (ectomycorrhizal [ECM], ericoid, orchid, and arbuscular). JGI has developed
and deployed high-throughput pipelines for genomic, transcriptomic, and re-sequencing, and
platforms for assembly, annotation, and analysis. In the last 2 years we have sequenced 21 genomes
of mycorrhizal fungi, and resequenced 6 additional strains of L. bicolor. Most of this data is publicly
available on JGI MycoCosm’s Mycorrhizal Fungi Portal (http://jgi.doe.gov/Mycorrhizal_fungi/), which

matsutake, chanterelles.
e Oh, and truffles too.

provides access to both the genome data and tools with which to analyze the data. These data allow transcriots enes per
_ ina i i i ' i . Phylogeny Ecology P J P
us to address long stan_dlng Issues in mycorrhizal evolutlon and ecol_ogy. For example, a major () TN~ ' #4  Names Assembly length # genes per gene family
observation of mycorrhizal evolution is that each of the major ecological types appears to have | T T, BN _
evolved independently in multiple fungal clades. Using an ecogenomic approach we provide Simple model is that plant 1 Amanita muscaria Koide v1.0 40,699,759 18,153 | Agaricales ECM ND 2.05
preliminary evidence that 2 clades (Cantharellales and Sebacinales) of a single symbiotic ecotype . . Bol
. 4 . A Do 2 Boletus edulis v1.0 46,637,611 16,933 | Boletales ECM 3.70 2.42
(orchid) utilize some common regulatory (protein tyrosine kinase) and metabolic (lipase) paths, the contributes p_hOtOSynt_h ate and _
latter of which may be the product of HGT. Using a phylogenomic approach we provide preliminary fungus contributes soll 3 Cenococcum geophilum 1.58 v2.0 177,557,160 14,748 | Dothideomycetes | ECM 2.17 1.95
ewde_nce that a particular ecotype (ericoid) may have evolved more than once within a major clade nutrients, but can be much 4 Hebeloma cylindrosporum h7 v2.0 38,226,047 15,382 | Agaricales ECM 392 1.82
(Leotiomycetes). more complex. _
5 Laccaria amethystina LaAM-08-1 v1.0 52,197,432 21,066 | Agaricales ECM 2.99 2.09
6 Laccaria bicolor v2.0 60,707,050 23,132 | Agaricales ECM ND 2.58
IV. Ecogenomics of mycorrhizal fungl V. Phylogenomics of mycorrhizal fungi 7 Meliniomyces bicolor E v2.0 62,384,847 18,619 | Leotiomycetes | ECM/ericoid 257 201
Ectomycorrhizal Ericoid and : .. : : i it i iCcOi
VA 4 maior tvbes of y Orehid VA MyCOFFhIZBJ symb|03|s arose in multlple clades 8 Meliniomyces variabilis F v1.0 55,857,776 20,389 | Leotiomycetes ericoid 2.35 2.24
mlyclorrhizjal sgr?wbioses ) — Esad 18T 9 Qidicdendron maius Zn v1.0 46,426,256 16,703 | Leotiomycetes ericoid ND 2.15
| MycoCosm © Pucciniomycotina 10 Paxillus involutus ATCC 200175 v1.0 58,301,126 17,968 | Boletales ECM ND 2.78
- : z 11 Paxillus rubicundulus Ve08.2h10 v1.0 23,011,005 22 065 oletales . :
@ Ustilaginomycotina Boletal ECM 305 238
‘ ‘ . / TEn Video Tutorials @ Agancomycoting z ] .
| B X o Pezizomycstes < 12 Piloderma croceum F 1598 v1.0 59,326,866 21,583 | Atheliales ECM ND 2.01
b ¢ - f// Ve @ Eurctiomycetes '® 13 Pisolithus microcarpus 441 v1.0 53,027,657 21,064 | Boletales ECM 2.92 2.38
Pecizomygeting J§ Rotmsam s O 14 Pisolithus tinctorius Marx 270 v1.0 71,007,534 22,701 | Boletales ECM ND 2.24
| Dikafya f__—u Lacanoromycetes —
| . - =S 15 Rhizophagus iregulare DAOM 197198 v1.0 91,083,792 30,282 ND 2.77
. -
: : : / Ascomycota —8 Sordariomycete e 16 Scleroderma citrinum Foug A v1.0 56,144,862 21,012 | Boletales ECM 3.23 2.20
IV.B. Orchid symbioses of Cantharellales and Sebacinales are convergent. Does o t\ R, N
1.Do Blastp-MCL clustering of all 397639 mycorrhizal proteins in 21 genomes. T e > Glomeromycota (D 18 Suillus brevipes v1.0 51,712,595 22,453 | Boletales ECM 3.45 2.74
. . . f
2.Filter for genes found in both Tulasnella and Sebacina, and nowhere else. L/\_ T 16 Suillus lubeus UH-SluLmand w10 37014302  18.316 | Boletales ECM 2.8 5 00
3.Found 344 genes in 50 families. o 200 i
g z:\ PRNGTIION, 20 Tricholoma matsutake 945 v3.0 175,759,688 22,885 | Agaricales ECM 2.10 2.84
50 clusters, MCL inflation parameter: 2.0, page: | 1 GO "r\ ®: Entomophithoramycoting ]
- = — — — — = — \ @ Kickxellomycotina 21 Tuber melanosporum from Genoscope 124,945,702 7,486 | Pezizomycetes ECM ND 1.42
0 - 1+ - a - a - 0 - 0 - 1+ - 0 - FUI'iI;Ii. .
Cluster ‘Enalns;ﬁa vi.0 T.mnlananpurum from Genoscope T.matsuﬁn E.Iutnus‘%.ﬂ 5. hruvi# S. vurrnifﬁa vi.0 S.clh‘lnﬁ'ﬂ.n ' Blastocladiomycota 22 Tulasnella calospora AL13/4D v1.0 62,392,858 189,658 | Cantharellales orchid 1.94 2.35
FilteredModels1 5 Genoscope_genes = FilteredModels2 =  FilteredModels1 =  FilteredModels1 -\ FilteredModelsi 5 FilteredModels1 = -2 Chytridiomycota
: Totals: 0 Totals: 0 Totals: 0 Totals: 0 : Totals: 0
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2786 ) Leotiomycetes species tree | V.B. Leotiomycetes clade has both ericoid symbionts and non-symbionts. Did ericoid symbiosis arise once?
3123 0 1.Do Blastp-MCL clustering of all 2156 Leotiomycetes proteins in 3 ericoid (Oidiodendron, Meliniomyces), 2 pathogen, and 1
a1 ) _E: Melbi2 hydrocarbon-phagic (Amorphotheca) genomes.
6442 0 = Mehsal 2.Find orthologs and build clustalW-RaxML species tree, and then build gene trees.
6449 0 —E:g'f';':'rei 3.Browse for ericoid-enriched gene family expansions.
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