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Yasaman Jami-Alahmadi®, James A. Wohlschlegel®* &

Steven E. Jacobsen ® 234°

Patterning of DNA methylationin eukaryotic genomes is controlled by

de novo methylation, maintenance mechanisms and demethylation
pathways. InArabidopsis thaliana, DNA demethylation enzymes are clearly
important for shaping methylation patterns, but how they are regulated is
poorly understood. Here we show that the targeting of histone H3 lysine four
trimethylation (H3K4me3) with the catalytic domain of the SDG2 histone
methyltransferase potently erased DNA methylation and gene silencing

at FWA and also erased CG DNA methylation in many other regions of the
Arabidopsis genome. This methylation erasure was completely blocked
inthe ros1dml2 dmi3triple mutant lacking DNA demethylation enzymes,
showing that H3K4me3 promotes the active removal of DNA methylation.
Conversely, we found that the targeted removal of H3K4me3 increased the
efficiency of targeted DNA methylation. These results highlight H3K4me3 as
apotent anti-DNA methylation mark and also pave the way for development
of more powerful epigenome engineering tools.

DNA methylation is a conserved epigenetic mark usually associated
withgenesilencing'? In plants, DNA methylation patterns are often sta-
blyinherited between sexual generations, and many epigenetic alleles
with important phenotypes have been described that have identical
DNA sequences but differ in their methylation and expression states™*.
DNA methylation in plants is established by the RNA-directed DNA
methylation (RADM) pathway in all sequence contexts (CG, CHG (H=A,
T, C) and CHH) and is maintained by different DNA methyltransferase

systems>* . Although cytosinesinall sequence contexts can be methyl-
ated in plant genomes®, DNA methylationin the CG sequence context
is usually the critical type for the maintenance of gene silencing®**'°.
Loss of DNA methylation can occur passively upon replication in
the absence of functional maintenance by DNA methyltransferases.
Alternatively, active demethylation in plants involves a family of gly-
cosylases including REPRESSOR OF SILENCING 1 (ROS1), DEMETER
(DME), DEMETER-LIKE 2 (DML2) and DML3"""*, ROS1, DML2 and DML3
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function in vegetative tissues, while DME mostly functions in repro-
ductive tissues”.

In contrast to sites of gene silencing marked by DNA methylation,
sites of active chromatin in plants are associated with various posi-
tive epigenetic marks including trimethylation of H3K4. A number of
histone methyltransferases in Arabidopsis control methylation at the
H3K4 position,and SET DOMAIN PROTEIN 2 (SDG2) appears to be one
ofthe major enzymes depositing histone H3 lysine four trimethylation
(H3K4me3)"". The removal of H3K4 methylation is controlled by H3K4
demethylases, which include the Jumonji domain containing protein
JMJ14-18"7"°, as well as LYSINE SPECIFIC DEMETHYLASE LIKE (LDL1-3)
and FLOWERING LOCUS D (FLD)**%,

We previously found that targeting the Sss1/MQ1 bacterial
CG-specific DNA methyltransferase to the FLOWERING WAGENIN-
GEN (FWA) gene with deactivated CRISPR/Cas9 (dCas9) caused the
establishment of DNA methylation and gene silencing®. Sssl was able
to directly install CG methylation in a manner that did not require
the RADM pathway normally responsible for the establishment of
DNA methylation in plants®. We also found that Arabidopsis plants
highly expressing Sssl showed widespread ectopic CG DNA methyla-
tion throughout the genome**. However, many genomic regions were
refractory to methylation establishment, most notably promoters of
protein coding genes containing positive epigenetic marks such as
histone acetylation and H3K4me3**%, These results were consistent
with the general lack of DNA methylation in promoters of expressed
genes”?*and raised the possibility that one or more positive epigenetic
marks might actively resist DNA methylation. In this article, we dem-
onstrate that the targeting of H3K4me3 to specificlociactively erases
DNA methylation by recruiting DNA demethylases. We also show that
targeting H3K4me3 demethylation greatly facilitates the establishment
of DNA methylation and gene silencing. These results facilitate our
understanding of epigenetic pathwaysin plants and outlineimportant
principals for efficient chromatin engineering.

Results

Targeting SDG2 catalytic domain erases CG DNA methylation
The previous findings of an anticorrelation of H3K4me3 and CG DNA
methylation®*** prompted us to directly test whether the establish-
ment of H3K4me3 might antagonize CG methylation. SDG2 encodes
the major H3K4me3 methyltransferase in Arabidopsis*". To test
whether SDG2 could be used for H3K4me3 targeting, we fused the
catalytic domain of SDG2 (SDG2cd) with the artificial zinc finger
ZF108 (SDG2cd-ZF), which was designed to target the Arabidopsis
FWA gene”?°. FWA serves as a valuable endogenous reporter gene
becauseitis silenced in the wild-type Col-0 background by dense CG
DNA methylation in its promoter region, while in fwa epialleles, this
DNA methylation has been heritably lost, resulting in FWA overexpres-
sionand an easy to score late-flowering phenotype®***'. An SDG2cd-ZF
fusion driven by the UBQIO promoter was transformed into wild-type
plants totest whether it could remove FWA DNA methylation and cause
activation of FWA expression. Indeed, we found that many SDG2cd-ZF
transgenic lines showed alate-flowering phenotype accompanied by
the activation of FWA expression and an almost complete removal
of DNA methylation as measured by bisulfite amplicon sequencing
(BS-PCR-seq) (Fig.1a-c). The variation of FWA activation, removal of
DNA methylation and the late-flowering phenotype across different
transgenic lines was notably correlated with the protein expression
level of SDG2cd-ZF (Fig. 1a-c and Extended Data Fig. 1a). To validate
that the loss of FWA DNA methylation was triggered by SDG2-mediated
deposition of H3K4me3, we performed H3K4me3 chromatin immu-
noprecipitation followed by sequencing (ChIP-seq). As expected,
we observed a robust peak of H3K4me3 at the FWA promoter in the
SDG2cd-ZF plants (Fig.1d). These results suggest that the targeting of
H3K4me3 to FWA can powerfully reduce DNA methylationand induce
FWA expression.

To further confirm that the H3K4me3 deposition and removal of
DNA methylation are dependent on the catalytic activity of SDG2, we
generated an H1I866K missense mutation version of SDG2cd-ZF based
onasimilar mutation reported in the yeast H3K4 methyltransferase®>*,
Itisworth noting that the HI866K mutation of SDG2cd-ZF completely
blocked H3K4me3 deposition and DNA methylation removal at the FWA
locus (Fig.1d,e and Extended Data Fig. 1b), indicating that the catalytic
activity of SDG2is required for DNA demethylation.

SDG2cd was also cloned into the dCas9-based SunTag system
(SunTag-SDG2cd) together with guide RNAs directed to the FWA
promoter®>**. In this system, dCas9 is fused to 10 repeats of the GCN4
peptide, and separately asingle-chain antibody that recognizes these
repeats is fused to GFP and SDG2cd. We found that while SunTag-
SDG2cd activated some FIWA expression and removal of DNA methyla-
tion in the Col-0 background (Fig. 2a and Extended Data Fig. 2a,b), it
failed to induce a late-flowering phenotype in either first transgenic
(T1) or T2 generations that we examined (Extended Data Fig. 2c,d). We
previously found that dCas9 expression levels were much higher when
introduced into the rdré background that reduces transgene silenc-
ing®. We therefore also transformed SunTag-SDG2cd into rdr6, where
we found that dCas9 expression was markedly increased (Extended
Data Fig. 2b). As a result, the activation of FWA and removal of DNA
methylation by SunTag-SDG2cd in rdr6 T1 lines was much higher
(Fig. 2a and Extended Data Fig. 2a), and some of the T2 lines showed
anintermediate late-flowering phenotype (Fig. 2b,c). These plants also
showed analmost complete loss of FIWA DNA methylation (Fig.2d) and a
robust peak of H3K4me3 at the FWA promoter (Fig. 2e). Together, these
results suggest that H3K4me3 targeting antagonizes DNA methylation.

SDG2cd-ZF-mediated DNA demethylation across diverse
regions

It is known that ZF108 (ZF) binds not only to FWA but also to thou-
sands of off-target sites throughout the Arabidopsis genome®*, which
allowed us to examine the effects of targeting H3K4me3 to many other
sites. Analysis of ChIP-seq data showed a substantial accumulation of
H3K4me3 in SDG2cd-ZF plants at the majority of the 6,091 sites with
arobust ZF ChIP-seq peak (Fig. 3a,b).

We compared the methylation profiles of SDG2cd-ZF and
wild-type plants using whole-genome bisulfite sequencing (WGBS)
and found aninverse correlation between the levels of H3K4me3 and
DNA methylation at these ZF off-target sites, especially for CG meth-
ylation (Fig. 3b,c). Most ZF binding sites (5,212 out of 6,091, or 85%)
showed increased H3K4me3 in SDG2cd-ZF (Supplementary Table 1).
Among them, 1,287 out of 5,212 ZF binding sites had pre-existing DNA
methylation levels in Col-0 (using 20% CG methylation as a thresh-
old), and around 65% of these (834 out 0f 1,287) showed lower DNA
methylation levelsin SDG2cd-ZF compared with Col-0. These results
suggest thatinduced H3K4me3 antagonizes CG methylation broadly
throughout the genome. Around one third of Arabidopsis genes contain
CGmethylationintheir transcribed regions (gene body methylation).
In cases where the ZF peak corresponded to a region of gene body
methylation, there was a consistent loss of methylationin afocal region
corresponding to the H3K4me3 peaks introduced by SDG2cd-ZF
(Fig. 3b,d, Extended Data Fig. 3a and Supplementary Fig. 1), showing
that H3K4me3 targeting erases gene body methylation. In addition,
we occasionally observed ectopic intragenic transcription initiating
at H3K4me3 peaks that extended toward the 3’ end of the normally
transcribed region (Fig. 3b and Extended Data Fig. 3a), but there were
also many examples where there was no change in gene expression
(Extended DataFig. 3a, right panel). This result suggests that H3K4me3
isnotalways sufficient to drive expression and that expression changes
are unlikely to be driving the loss of DNA methylation. In cases where
the ZF peak corresponded to transposable elements or DNA methyl-
ated intergenic regions, the peak of H3K4me3 was associated with
the removal of CG, CHG and CHH DNA methylation and often, but not
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Fig.1| Targeting SDG2cd using ZF triggered gene activation by H3K4me3
deposition. a, Dot plots representing the leaf number of fwa, Col-0 (WT) and
two T2lines of SDG2cd-ZF. b, Quantitative reverse transcription PCR

(qRT-PCR) indicating the relative messenger RNA levels of FWA in fwa, Col-0 and
two T2 transgenic lines of SDG2cd-ZF (n = 4 biological replicates). ¢, BS-PCR-seq
showing CG, CHG and CHH DNA methylation levels at FWA promoter regions in
fwa, Col-0 and two T2 transgenic lines of SDG2cd-ZF. Pink vertical boxes indicate
ZF binding sites. d, Genome browser view depicting FLAG-ZF ChIP-seq, and
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always, associated withincreased expression (Extended Data Fig. 3b).
These data suggest that the antagonism between H3K4me3 and DNA
methylation is notlimited to normal transcriptional start sites (TSSs)
butalso occurs at many sites in the genome including sites of gene body
CG DNA methylation and transposable elements.

H3K4me3 targeting recruits DNA demethylases

We next sought to investigate the mechanism by which H3K4me3
gain results in the loss of CG DNA methylation. Theoretically, the loss
could be either due to a failure of CG methylation maintenance or
caused by the active removal of DNA methylation by DNA demethy-
lases. Arabidopsis expresses three DNA demethylases in adult plant
tissues called ROS1, DML2 and DML3 (refs. 11,12). To test whether the
demethylases were responsible for the H3K4me3-mediated loss of CG
methylation, we transformed SDG2cd-ZF into the ros1-3dml2-1dml3-1
(rdd) triple mutant®. We found that none of 40 SDG2cd-ZF Tl lines in
this background showed reduced DNA methylation at the FWA locus
as measured by an McrBC-qPCR assay (Fig. 4a), indicating that the
presence of demethylasesis required for methylationloss. To rule out
the possibility that this resultis attributable to SDG2cd-ZF transgene
silencing caused by hypermethylationin the rdd mutantbackground,
we performed westernblot analysis to examine the protein expression
levels of SDG2cd-ZF in both the rdd mutant and Col-0 backgrounds.
While the overall expression levels of SDG2cd-ZF in the rdd mutant

background were slightly lower compared with the Col-0 background
(Extended DataFig.4a), several T1linesin the rdd mutant showed higher
or comparable expression levels of SDG2cd-ZF compared with the
Col-Obackground (Extended DataFig. 4b). Evenin these highly express-
ing SDG2cd-ZF lines, the removal of DNA methylation was completely
blocked in the rdd background (Fig. 4a,b and Extended Data Fig. 4b).
Toexamine whether the removal of DNA methylation was also blocked
by the rdd mutant across ZF off-target sites, WGBS experiments were
conducted in the rdd mutant compared with SDG2cd-ZF in the rdd
background. The rdd mutant effectively blocked DNA methylation loss
inall contexts (CG, CHG and CHH) within gene bodies, transposable
elements and intergenic regions at ZF off-target sites (Extended Data
Figs.3a,band 4c).

Previous studies have shown that the histone acetyltransferase
IDMI1 (Increased DNA Methylation1) plays arole in DNA demethylation
atasubset ofloci targeted by ROS1°*¥. To investigate whether IDMl s
necessary for SDG2cd-ZF-mediated DNA demethylation at the FWA
locus, weintroduced SDG2cd-ZF into the idmI mutant background.In
contrast to the rdd mutant, the idm1 mutant failed to block the removal
of DNA methylation at FWA locus (Extended Data Fig. 4d), suggesting
that IDML1 is not required for the DNA demethylation at FWA locus in
SDG2cd-ZF transgenic lines. Together, these results indicate targeting
of H3K4me3 at FWA and other genomic sites leads to DNA demethyla-
tionviaitsactive removal by ROS1/DML2/DML3 demethylase enzymes.
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Fig. 2| SunTag-SDG2cd also triggered gene activation and H3K4me3
deposition. a, Relative McrBC-qPCR values for the fwa, rdr6 and T1 transgenic
lines of SunTag-SDG2cd in both the Col-0 and rdré backgrounds, respectively
(n=12Dbiological replicates). A lower value indicates a relatively higher level of
DNA methylation. b,c, Dot plotsindicating the leaf number (b) and qRT-PCR
assays showing the relative mRNA levels of FWA (c), in fwa rdré6, rdr6,and T2
transgenic lines of SunTag-SDG2cd with no guide control (Ctrl) and SunTag-
SDG2cd targeting the FWA gene in the rdré6 background (n = 4 biological
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replicates). d,e, Bisulfite PCR-seq results depicting the relative CG, CHG and

CHH DNA methylation levels of the FWA promoter (d) and genome browser view
showing H3K4me3 ChIP-seq signals at the FWA locus (e), in rdr6 and T2 transgenic
lines of SunTag-SDG2cd with no guide or SunTag-SDG2cd targeting the FWA
geneinthe rdr6 background. The numbers in parentheses indicate the data range
of the ChIP-seq signals (RPKM). Data are presented as mean values + s.e.m.ina
andc.

We nextinvestigated whether SDG2cd-ZF was able to cause activa-
tion of FWA gene expressionin the rdd mutant background, despite the
lack of DNA methylation removal. We found that SDG2cd-ZF was still
capable of inducing some FWA activation in rdd, albeit at much lower
levels compared with the wild-type background (Fig. 4c). Similarly, at
the ZF off-target sites, SDG2cd-ZF was still able to induce intergenic
transcription in a small number of gene body methylated protein
coding genes in the absence of DNA demethylation, as well as induce
expression of some methylated transposable elements (Extended
DataFig.3a,b), although oftento alesser extent thanin the Col-0 back-
ground. Consistent with these results, ChIP-seq experiments continued
toshow strong enrichment of H3K4me3 at FWA and ZF off-target sites
in the rdd genetic background (Fig. 4d,e). These results suggest that
H3K4me3 depositionat FWA and other sites can stimulate transcription
viatwo different mechanisms, one thatis dependent on DNA methyla-
tion removal and one that is independent. In addition, these results
show that, despite the presence of high levels of H3K4me3 at DNA
methylated sites in the rdd mutant, maintenance of CG methylation
appears to operate normally (Extended Data Fig. 3a,b). This further
underscores that H3K4me3 antagonizes CG DNA methylation by the
activeremoval of methylation, rather than by affecting DNA methyla-
tion maintenance mechanisms.

Tofurther verify the involvement of DNA demethylasesin the DNA
methylation losses induced by SDG2cd-ZF, we transformed Myc-ROS1
into an SDG2cd-ZF transgenic line and performed Myc ChIP-seq. We
observed astrong enrichment of ROS1signal at FWA as well asat the ZF
off-target sites (Fig. 5a,b and Extended Data Fig. 5a,b), suggesting that
H3K4me3 deposition recruits ROS1toinitiate DNA demethylation. Itis
worthnoting that the ROS1 peaks were broader thanthe H3K4me3 peaks

(Fig.5aand Extended DataFig. 5a,b), which may explain why the regions
ofreduced DNA methylation were often wider than the corresponding
H3K4me3 enriched regions (Extended Data Fig. 3a,b). Consistent with
previous work showing an interaction between ROS1 and the histone
variant H2A.Z*, as well as the known colocalization of H3K4me3 and
H2A.Z atgene promoters®®, wealso found astrong enrichment of H2A.Z
over FWA and the ZF off-target sites in the SDG2cd-ZF transgenic lines
(Fig.5a,b and Extended DataFig. 5a,b). Finally, because histone acetyla-
tionis normally co-localized with H3K4me3***, and H3K14 acetylation
(H3K14ac) has been shown to be involved in recruitment of the SWR1
complex to deposit H2A.Z***, we performed H3K14ac ChIP-seq. We
foundaprominent enrichment of H3K14ac at FWA and ZF off-target sites
inthe SDG2cd-ZF plants (Fig. 5a,b and Extended Data Fig. 5a,b). These
results show that SDG2cd-ZF-mediated H3K4me3 deposition promotes
the targeting of H3K14ac, H2A.Z and ROS1, together with demethylation
of DNA, suggesting that H3K4me3 recruits asuite of activities that have
been linked to active DNA demethylation.

The association of SDG2cd-mediated H3K4me3 with the recruit-
ment of ROS1 prompted us to test whether ROS1is normally associated
with peaks of H3K4me3 in the promoters of genes in wild-type plants.
We therefore performed Myc-ROS1 ChiIP-seq in wild-type plants. We
identified ROS1 peaks at loci previously reported to be enriched with
ROS1 by ChIP-qPCR (quantitative PCR) (Supplementary Fig. 2)*. It
is worth noting that we indeed observed strong enrichment of ROS1
at H3K4me3 peaks near the TSSs of genes (Fig. 5¢,d). ROS1 was also
partially overlapped with other gene-adjacent sites corresponding
to sites of DNA methylation and the RdDM factor Pol V (Fig. 5¢,d),
suggesting that ROS1 s also recruited to these sites where it acts to
antagonize DNA methylation as previously reported*°. As expected
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logz(SDGQCd—ZF/Col-O) H3K4me3

the correlation of CG, CHG and CHH DNA methylation levels with log, H3K4me3
ChIP-seq signalsin SDG2cd-ZF versus Col-0 over ZF off-target sites (n = 6,091).
Statistical tests were two-sided, and P values were reported without adjustment
for multiple comparisons. d, Violin plot representing the relative CG DNA
methylation levels of Col-0 and SDG2cd-ZF across ZF binding genes with
strongincreased H3K4me3, spanning the intergenic, promoter, gene body and
downstream regions of genes. The Pvalues were calculated using two-sided
t-test.

from previous work**¥, we also observed enrichment of H2A.Z and
H3K14ac near H3K4me3 peaks at the 5’ end of genes and transposable
elements, but not the intergenic regions (Fig. 5¢,d and Supplementary
Fig.3).Itisworth noting that ROS1 ChIP-seq signals at TSSs were higher
at genes with higher expression levels and higher H3K4me3 levels
(Fig. 5c,e). These results suggest that ROS1 recruitment to H3K4me3
sites in promoters may normally serve to protect genes fromaberrant
hypermethylation and that SDG2cd-ZF-mediated recruitment of DNA
demethylases may use this natural pathway. These results are also

consistent with the virtually perfect non-overlap of H3K4me3 and DNA
methylation throughout the genome in wild-type plants®**, as well as
the anti-correlation between H2A.Z and DNA methylation*.

To furtherinvestigate the effect of H3K4me3 on DNA methylation
atendogenous genomic loci, wereanalysed previously reported WGBS
and H3K4me3 ChIP-seq data from the sdg2 mutant****, We found that
CGDNA methylationwas mildly increased at regions showing reduced
H3K4me3 in the sdg2 mutant compared with Col-0 (Extended Data
Fig. 6a left panel and 6b). It is worth noting that H3K4me3 was mildly
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Fig.4|SDG2cd-ZF-mediated DNA demethylation is dependent on DNA
demethylases. a, Relative McrBc-qPCR values of FWA in rdd, Col-0, fwa rdré

and SDG2cd-ZF transgenic lines in the Col-0 (n = 24 biological replicates) or

rdd mutant (n =40 biological replicates) backgrounds. A lower value indicates a
relatively higher level of DNA methylation. b, BS-PCR-seq showing CG, CHG and
CHH DNA methylation levels at FWA promoter regions in rdd, Col-0 and three
T1transgenic lines of SDG2cd-ZF in the rdd mutant background (left panel) and
Col-0 background (right panel). Pink vertical boxes indicate the ZF binding sites.
¢, QRT-PCRresultsindicating the relative mRNA levels of FWA in fwa rdré, rdd,

Col-0 and four representative SDG2cd-ZF T1 transgenic lines in the rdd mutant
or Col-0 backgrounds (n =4 biological replicates). d, Genome browser view
showing H3K4me3 ChIP-seq signals at the FWA region in the rdd mutant and
SDG2cd-ZF transgenic lines in the rdd mutant background. FLAG-ZF ChIP-seq
indicates the ZF binding site, and the numbers in parentheses indicate the data
range of the ChIP-seq signals (RPKM). e, A metaplot showing the normalized
H3K4me3 ChIP-seq signals in the SDG2cd-ZF transgenic lines in the rdd mutant
background versus the rdd mutant at ZF off-target and shuffled sites (n = 6,091),
respectively. Data are presented as mean values + s.e.m.inaand c.

redistributed to RADM regions in the sdg2 mutant, and this was asso-
ciated with substantial reduction of DNA methylation at these sites
(Extended DataFig. 6aright panel, and 6c,d). These results are consist-
entwiththe gain-of-function findings of SDG2cd-ZF, further confirming
the antagonisticrelationship between H3K4me3 and DNA methylation.

Removal of H3K4me3 facilitates targeted DNA methylation
Because of the antagonism between H3K4me3 and DNA methyla-
tion, we hypothesized that the targeting of H3K4me3 demethylation

might facilitate more efficient installation of DNA methylation at gene
promoter sequences. We therefore searched for proteins that could
potently target H3K4me3 demethylation. We recently reported that ZF
fused to the H3K4me3 demethylase JUMON]JI14 (JMJ14) caused some
loss of H3K4me3 and partial silencing of FWA and other ZF bound
loci®. We also found that ZF fusion with TELOMERE REPEAT BINDING
FACTORI1(TRB1), TRB2 and TRB3 caused partial silencing of FWA and
other ZF bound loci at least in part through recruitment of JMJ14 and
H3K4me3 demethylation®. Because these ZF fusions showed only
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Fig. 5| ROS1accumulated at target genes with higher level of H3K4me3.

a, Genome browser view of CG DNA methylation, and H3K4me3, H2A.Z and
H3K14ac ChIP-seqsignals in Col-0 and SDG2cd-ZF transgenic lines at FWA, as
well as Myc ChiP-seq signals at FWA in Col-0 and transgenic lines of Myc-ROS1 or
Myc-ROS1xSDG2cd-ZF. b, Metaplots indicate the normalized Myc-ROS1, H2A.Z
and H3K14ac ChIP-seq signals in SDG2cd-ZF versus Col-0 over ZF off-target and
shuffled sites (n = 6,091), respectively. c, Genome browser view showing ChIP-seq
signals of Myc-Col-0, Myc-ROS1, H3K4me3, H3K14ac, H2A.Z, Pol V,RNAseq and

WGBS signals of Col-0 over representative ROS1binding sites. d, Metaplots and
heat maps depicting the normalized ChlIP-seq signals of Myc-ROS1, H3K4me3,
H2A.Z, H3K14ac and Pol V over ROS1bound genes (n = 7,173). The arrowheads
highlight the enriched ChIP-seq signal of Pol V. e, Metaplots and heat maps
presenting the normalized ChIP-seq signals of Myc-ROS1and H3K4me3 for

10 groups of genes sorted by gene expression levels. The numbers in parentheses
indicate the data range of the ChIP-seq signals (RPKM) inaand c.
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Fig. 6 | Co-targeting of TRBIP1and MQlv resulted in synergistic DNA
methylation establishment. a, qQRT-PCR assay indicating the relative mRNA
level of FWA in fwa and four T2 transgenic lines of TRBIP1-ZF (n = 4 biological
replicates). b, Genome browser view showing H3K4me3 ChIP-seq signals over
the FWA region in the fwa and TRBIP1-ZF transgenic lines, as well as Myc ChIP-
seq signals at FWA in the Col-0, and transgenic lines of Myc-JMJ14 and Myc-
JMJ14xTRBIP1-ZF. FLAG-ZF ChlIP-seq signal indicates the ZF binding site.

¢, BS-PCR-seq measuring the CG, CHG and CHH DNA methylation levels of
FWA promoter regions in fwa, Col-0 and transgenic lines of TRBIP1-ZF.

d, qRT-PCRassay indicating the relative mRNA levels of FWA in fwa rdré, Col-0
and T1transgenic lines of dCas9-MQlv, TRBIP1-dCas9-MQlv (n =12 biological

replicates). e, Relative McrBC-qPCR values at FWA in fwa rdré, Col-0 and T1
transgenic lines of dCas9-MQlv, TRBIP1-dCas9-MQlv. A lower value indicates a
relatively higher level of DNA methylation (n =12 biological replicates). f, BS-PCR-
seq showing CG, CHG and CHH DNA methylation levels at FWA promoter regions
in Col-0, fwa rdré and four T1transgenic lines of dCas9-MQlv, TRBIP1-dCas9-
MQlv. Pink vertical boxes indicate ZF binding sites. g, Genome browser view
showing H3K4me3 ChIP-seq signals at the FWA region in fwa rdr6, dCas9-MQlv
and TRBIP1-dCas9-MQlv transgenic lines. The numbers in parentheses indicate
the data range of the ChIP-seq signals (RPKM) inb and g. Data are presented as
meanvalues +s.e.m.ina,dande.

moderate efficiency in gene silencing®*, we looked for other factors
capable of inducing gene silencing using a list of proteins found to
co-immunoprecipitate with TRBs by immunoprecipitation mass spec-
trometry (IP-MS)*. We identified a small coiled coil domain protein
At4g35510, which we named TRB INTERACTING PROTEINI (TRBIP1),
that showed very potent gene silencing of FWA and an early-flowering
phenotype when fused with ZF and introduced into the unmethylated

fwaepiallele background (Fig. 6aand Extended DataFig. 7a). Toinves-
tigate the silencing mechanism of TRBIP1, we generated FLAG-TRBIP1
transgenic plants and performed IP-MS. TRBIP1showed asimilar set of
interacting proteins to TRBs (Supplementary Table 2), includingJMJ14,
suggesting that TRBIP1 functions similarly in silencing FWA expression
by removal of H3K4me3. H3K4me3 ChIP-seq confirmed that TRBIP1-ZF
caused very efficient removal of H3K4me3 (Fig. 6b and Extended Data
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Fig. 7b), to a greater extent than that observed previously for JMJ14-
ZF or TRB-ZFs**, which may be due to the small size of TRBIP1 or its
ability to recruitJMJ14 in a transient or repeated manner. BS-PCR-seq
analysis showed that, like J]MJ14-ZF and TRB-ZFs*"**, TRBIP1-ZF did
not establish DNA methylation at the FWA promoter region (Fig. 6¢).
Inaddition, Myc ChIP-seq in Myc-JMJ14xTRBIP1-ZF lines showed that
JMJ14 was strongly recruited to FWA and ZF off-target sites (Fig. 6b and
Extended DataFig. 7c). Together, these results show that TRBIP1-ZF tar-
gets efficient gene silencing,JMJ14 recruitment and H3K4me3 removal.

Totest whether forced H3K4me3 removal could increase the effi-
ciency of targeted DNA methylation, we combined the targeting of the
CG specific Sssl/MQ1 bacterial methyltransferase with TRBIP1. We pre-
viously showed that whenanamino acid variant of MQ1 with improved
specificity (MQ1v) was fused with dCas9 (ref. 46), it mediated rather
inefficient targeting of DNA methylation and silencing at FWA>. To test
whether the addition of TRBIP1 could improve this efficiency, we cre-
ated TRBIP1-dCas9-MQlv and compared this fusion with the original
dCas9-MQlv. Constructs were transformed into the unmethylated fwa
epiallele background that also contained the rdr6 mutation toreduce
transgene silencing®. We found that the addition of TRBIP1 triggered a
strong and consistentincrease in DNA methylation, reduced H3K4me3,
robustly silenced FWA and triggered an early-flowering phenotype
(Fig. 6d-g and Extended Data Fig. 7d). To ensure that this effect was
not due to differences in protein expression levels, we compared the
expression of TRBIP1-dCas9-MQlv with dCas9-MQlv and found that
they were very similar (Extended DataFig.7e). These datashow that the
removal of H3K4me3 can enhance the deposition of DNA methylation.

Discussion

This work shows that targeting H3K4me3 to specific regions of the
Arabidopsis genome resultsin DNA demethylation at these loci thatis
dependent onthe ROS1 class of DNA demethylases. This demethylation
was associated with the recruitment of ROS1, together with the histone
variant H2A.Z and histone acetylation. At most locations in the genome,
H3K4me3 targeting caused aloss of DNA methylation that was not asso-
ciated with anincrease in transcription, showing that the loss of DNA
methylation was not anindirect effect of stimulation of transcription.
Furthermore, we found that the targeting of H3K4me3 caused robust
recruitment of the ROS1 demethylase enzyme. ROS1 was also found
to be naturally present at H3K4me3 sites in the promoters of protein
coding genes, which may help to explain the lack of DNA methylation
in the majority of gene promoters. The nearly ubiquitous presence
of H3K4me3 at active gene promoters likely serves in part to prevent
protein coding genes from gaining methylation and being silenced over
time?®®. H3K4me3 is thus a powerful anti-DNA methylation mark that
isinvolved in shaping methylation patterns throughout the genome.

Although the ROSI class of demethylases are specific to plants,
the antagonism of H3K4me3 and DNA methylation in Arabidopsis
described here is reminiscent of mammalian methylation systems,
in which the de novo DNA methylation factor Dnmt3L is recruited
to unmethylated H3K4 sites and repelled by H3K4me3**, There-
fore, H3K4me3 serves as an anti-DNA methylation mark in a variety
of eukaryotic systems, even though the mechanisms for this can be
very different.

An understanding of the antagonistic relationship between
H3K4me3 and DNA methylation should facilitate the development
of more sophisticated tools for the manipulation of DNA methylation
patternsin plant genomes. Indeed, we demonstrated that combining
an H3K4me3 removal factor with a DNA methyltransferase produced
more efficient DNA methylation establishment in Arabidopsis. Tar-
geted genome methylation can be used to modulate gene expres-
sion and create novel epialleles for plant research and agricultural
biotechnology***°*. The concepts outlined in this work may prove
useful in designing more efficient methylation targeting systems in
crop plants for the development of epialleles forimportant plant traits.

Methods

Plant materials and growth conditions

Allplantsused inthis study were Columbia-0 (Col-0) ecotype and were
grownonsoil under long-day conditions (16 h of light and 8 h of dark) at
approximately 25 °C. The rdré6-15, fwa rdr6-15*, idm1 (SALK_062999C)
and rdd (ros1-3, dmi2-1, dmi3-1)* mutant lines were described previ-
ously, and the transgenic lines were generated using floral dipping by
Agrobacterium.For all the transgenic lines, we obtained more than 36
individual T1transgenic lines.

Plasmid construction

For the construction of SDG2cd-ZF, the coding sequence (CDS) of
SDG2cd (from the 1,571st to 2,335th amino acids) was cloned into
PENTR/D-TOPO vectors (catalogue number K240020, Thermo Fisher),
then to the destination vectors MDC123 by using the LR Clonase Il
Enzyme mix (catalogue number 11791020, Thermo Fisher), which
contains the UBQ10 promoter, as well as ZF108 and 3xFLAG fused in
the C terminal of the SDG2cd, with hygromycin and basta resistance
in plants, respectively. For the construction of SDG2cd(H1866K)-ZF,
ENTR-SDG2cd was used as template to generated the HI866K site muta-
tion version of ENTR-SDG2cd(H1866K), and it was then cloned into
the destination vector MDC123 containing ZF108 and 3XFLAG. For the
construction of SunTag-SDG2cd, Previous SunTag vector was digested
by BsiWI (catalogue number ERO851, Thermo Fisher)”* and used for infu-
sionreaction withSDG2cd (catalogue number 639650, Takara). For the
construction of TRBIP1-ZF, The CDS sequence of TRBIP1 (AT4G35510)
was cloned into pENTR/D-TOPO vectors (catalogue number K240020,
Thermo Fisher), thento the destination vectors MDC123 by the LR reac-
tion (catalogue number 11791020, Thermo Fisher). For the construction
of TRBIP1-dCas9-MQly, the CDS of TRBIP1and MQlv were amplified®,
respectively, and ligated with SV40 linker by overlapping PCR.

Flowering time measurement

Flowering time was determined by the total number of leaves, which
included both rosette and caulinar leaves on each plant. The position
ofeachdotinthe dot plots represent the leaf counts of different plants.

Statistics and reproducibility
The western blot experiments in the Extended Data Figs. 1a, 2b, 4a,b
and 7e were independently repeated twice with similar results.

McrBC-qPCR

Relative DNA methylation level at FWA locus can be quantified by
McrBC-qPCR. McrBC (catalogue number M0272L, NEB) is a restric-
tion endonuclease that recognizes and cleaves DNA sequences with
5-methylcytosine. Equal amounts of DNA were incubated with either
McrBC or water (asa control) at 37 °C for 4 h, followed by inactivation
at 65 °C for 20 min. The DNA was then used as a template for gPCR
to amplify the FWA locus using a specific pair of primers (forward
TTGGGTTTAGTGTTTACTTG and reverse GAATGTTGAATGGGATAA-
GGTA). A lower relative McrBC-PCR value indicates a higher level of
DNA methylation.

BS-PCR-seq

Four-tofive-week-old Arabidopsisleaf samples were collected and pre-
pared for cetyl trimethyl ammoniumbromide-based DNA extraction.
Atotal of 2 ug DNA of each sample was used to performbisulfite treat-
ment by following the manual of the EpiTech Bisulfite kit (catalogue
number 59104, QIAGEN). Next, the PCR reactions were performed
using the converted DNA as atemplate to amplify threeregions located
at FWA promoter:region1(chr4:13038143-13038272), region 2 (chr4:
13038356-13038499) and region 3 (chr4:13038568-13038695). A special
polymerase Pfu Turbo Cx (catalogue number 600410, Agilent) was
used, and the primers were listed in Supplementary Table 3 (ref. 45).
The PCR products from regions 1-3 of each sample were pooled and
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purified using AMPure beads (catalogue number A63881, Beckman
Coulter), which were then subjected to library construction using
Kapa DNA Hyper Kit (catalogue number KK8502, Roche) and TruSeq
DNAUD indexes for lllumina (Illumina). The BS-PCR-seq libraries were
sequenced on llluminaiSeq100.

ChIP-seq

The ChIP-seqwas performed as described previously®. About 2-3 g of
leaf tissue were collected and ground with liquid nitrogen. The result-
ing powder was subsequently resuspended in 25 ml of nuclear isola-
tion buffer (50 mM Hepes, 1 M sucrose, 5mM KCI, 5 mM MgCl,, 0.6%
Triton X-100, 0.4 mM PMSF, 5 mM benzamidine, 1 Protease Inhibitor
Cocktail (catalogue number 11873580001, Sigma)) containing 1% for-
maldehyde and then agitated to facilitate crosslinking at room tem-
perature for 10 min. Freshly made 1.7 ml 2 M glycine was added to end
the crosslinking procedure. The resuspended samples were filtered
through a single-layer Miracloth (catalogue number 475855-1R, EMD
millipore) and centrifuged at 2,880 x g at 4 °C for 20 min. The pellets
wereresuspended with extractionbuffer 2 (0.25 M sucrose, 10 mM Tris—
HCIpH =8.0,10 mM MgCl,,1% Triton X-100, 5 mM B-mercaptoethanol,
0.1 mMPMSF, 5 mMbenzamidine, 1Protease Inhibitor Cocktail) in2 ml
Eppendorftube, which was centrifuged again at 12,000 x g at 4 °C for
10 min. The pellets were further resuspended with extraction buffer
3 (1.7 M sucrose, 10 mM Tris—-HCI pH = 8.0, 2 mM MgCl,, 0.15% Triton
X-100, 5 mM B-mercaptoethanol, 0.1 mM PMSF, 5 mM benzamidine,
1x Protease Inhibitor Cocktail) and centrifuged at 12,000 x gat 4 °C for
1h.Thenthepellets were resuspended with 400 pllysis buffer (50 mM
Tris-HCIpH =8.0,10 mM EDTA, 1% SDS, 0.1 mM PMSF, 5 mM benzami-
dine, 1x cOmplete, Mini, EDTA-free Protease Inhibitor Cocktail (cata-
logue number 11836170001, Sigma)), diluted with 1.7 ml ChIP dilution
buffer (1.1% Triton X-100, 1.2 mM EDTA, 16.7 mM Tris-HCI pH = 8.0,
167 mM NacCl, 0.1 mM PMSF, 5 mM benzamidine, 1 Protease Inhibitor
Cocktail) and sheared by Bioruptor Plus (catalogue number B01020001,
Diagenode) for 23 cycles (each cycle consisting of 30 sonand 30 s off).
The lysate was centrifuged with max speed at 4 °C for 10 min, and the
supernatant was carefully transferred to new tubes. This procedure was
repeated twice, and the supernatant wasincubated with the respective
antibody at4 °C overnight. About 25 pl magnetic Protein Aand Protein
GDynabeads (catalogue number10002D and 10004D, Invitrogen) was
added, and the mixture was incubated at 4 °C for 2 h. Next, the beads
were washed at4 °C for 5 minwith low-salt solution (150 mMNaCl, 0.2%
SDS, 0.5% Triton x-100,2 mM EDTA, 20 mM Tris—-HCI pH = 8.0) (twice),
high-salt solution (500 mM NacCl, 0.2% SDS, 0.5% Triton x-100, 2 mM
EDTA,20 mM Tris-HCIpH = 8.0), LiCl solution (250 mMLiCl, 1% Igepal,
1% sodium deoxycholate,1 mM EDTA, 10 mM Tris-HCIpH = 8.0) and TE
solution (10 mM Tris-HCIpH =8.0and 1 MM EDTA) at 4 °C for 5 minwith
eachsolution. The beads were eluted with 500 pl elution buffer (1% SDS,
10 MM EDTA, 0.1 MNaHCO,) at 65 °C for 30 min, and reverse crosslink-
ing was performed at 65 °C overnight. Then 1 pl of 20 mg ml™ Protease
K, 10 pl of 0.5 M EDTA pH 8.0 and 20 pl 1M Tris pH 6.5 were added for
the proteindeactivationat 45 °Cfor 4 h,and the DNA wasisolated with
550 pl phenol/chloroform/isoamyl alcohol (25:24:1, catalogue number
15593049, Invitrogen) and 500 pl chloroform using phase lock gel (cata-
logue number 2302820, VWR) and precipitated with 50 plof 3 Msodium
acetate, 2 pl GlycoBlue (catalogue number AM9516, Invitrogen) and 1 ml
0f100% ethanol at—20 °C overnight. The DNA was precipitated by max
speed centrifuge at4 °C for 30 min, and the DNA pellet was washed with
700 pl 70% ethanol and eluted with 10 pl nuclease-free water, which was
subjected to library construction using the Ovation Ultra Low System
V2 kit (catalogue number 0344NB-A01, NuGEN). The libraries were
sequenced on an Illlumina NovaSeq 6000 sequencer.

WGBS
The plant DNA was extracted using DNeasy Plant Kit (catalogue number
69106, Qiagen). A total of 500 ng plant DNA was used for WGBS. The

DNA was sheared at 4 °C for 2 min using Covaris. Then fragmented
DNA was subjected to end repair and adapter ligation following the
manual of the Kapa DNA Hyper Kit (catalogue number KK8502, Roche).
The TruSeq DNA UD indexes (catalogue number 20022370, [llumina)
were used as adapters. Next, the DNA ligation product was purified
with AMPure beads (catalogue number A63881, Beckman Coulter),
followed by DNA conversion using EpiTech Bisulfite kit (catalogue
number 59104, QIAGEN). The converted DNA and the universal prim-
ers from Kapa DNA Hyper Kit were used to construct the libraries and
subsequently sequenced on lllumina NovaSeq 6000 sequencer®.

RNA sequencing

Plant RNA was isolated from 4-week-old Arabidopsis leaves using the
Direct-zol RNA MiniPrep kit (catalogue number R2052, Zymo Research).
To construct the RNA-sequencing (RNA-seq) library, 1 pg total RNA per
sample was used following the instructions provided in the TruSeq
Stranded mRNA kit (catalogue number 20020594, lllumina). The librar-
ies were then sequenced on Illumina NovaSeq 6000 sequencer.

Quantification and statistical analysis
ChIP-seq analysis
The ChIP-seq raw reads were filtered and trimmed using trim_galore
(v0.6.5), and then mapping to the reference genome (TAIR10) was done
with Bowtie2 (v2.1.0)** with default parameters. The duplicated reads
were removed using Samtools (v1.9)**, and the tracks were generated
using deeptools (v3.1.3)°*. MACS2 (v2.2.1) was used to call the peaks™.
To calculate the enrichment of H3K4me3, H3K14ac and H2A.Z in ZF
transgenic lines versus control lines, the histone ChIP-seq signals were
firstnormalized to their respective inputs using bigwigCompare (deep-
tools_v3.1.3). Then the normalized histone ChIP-seq signals of the ZF
transgenic lines were adjusted by subtracting the signals of the control
lines, whichwere subjected to metaplot and heat map analysis over ZF
off-target sites and shuffled sites®. A similar method was also applied to
analyse the enrichment of Myc ChIP-seq signalsin Myc-ROS1xSDG2cd-
ZF versus Myc-ROS1 and Myc-JMJ14xTRBIP1-ZF versus Myc-JMJ14.
Upon examining the genome browser, we found that some regions
in SDG2cd-ZF did not have clear H3K4me3 peaks, while still being
retained by the peak-calling pipeline. It is worth noting that the major-
ity of these regions were located in hypermethylated pericentromeric
areas. To ensure accuracy of the analysis, in Fig. 3d and Supplementary
Fig.1, we removed these regions to generate the violin plots and heat
maps.

WGBS and BS-PCR-seq analysis
Analysis of WGBS data was conducted following the pipeline out-
lined previously®. The raw paired-end sequencing reads from each
sample were mapped to Arabidopsis reference genome TAIR10 using
BSMAP (v2.90)°¢, which allowed up to two mismatches and one best
hit. To ensure data quality, reads containing more than three consecu-
tive methylated CHH sites were excluded. The methylation level for
each cytosine was determined by calculating the ratio of methylated
cytosines (C) to the sum of methylated cytosines and unmethylated
cytosines: C/(C+T).

To perform BS-PCR-seq analysis, the methylation data withinthree
predefined FWA promoter regions were retained to make plots using
customized R scripts.

RNA-seq analysis

The raw reads were mapped to the reference genome of Arabidopsis
TAIR10 using Bowtie2 (v2.1.0)*2. RSEM (v1.3.1) was used to calculate
the gene expression level using default settings®, and Trinity (v2.8.5)
was used to call differentially expressed genes (DEGs) with log, FC>1
and FDR < 0.05as a cut-off*®, The track files were generated using Sam-
tools (v1.9) and deeptools (v3.1.3)****. Region-associated DEG analysis
was performed using the online tool available at https://labw.org/rad
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(ref.59).Briefly, the up-and down-regulated DEGs of TRBIP-ZFs versus
fwawere used as inputs, and FLAG-ZF ChIP-seq peaks were used as

targeting regions to run the program.

Reporting summary

Furtherinformation onresearch designis available in the Nature Port-

folio Reporting Summary linked to this article.

Data availability

The high-throughput sequencing data generated in this paper have
beendepositedinthe Gene Expression Omnibus (GEO) database (acces-

sion number GSE245961). Source data are provided with this paper.
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Extended Data Fig. 1| The catalytic activity of SDG2 is required for the
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Extended Data Fig. 3| SDG2cd-ZF reduced DNA methylation at ZF off-target
sites in the Col-0 wild type background but not in the rdd mutant background.
a-b Genome browser views showing H3K4me3 ChlIP-seq signals, CG, CHG, and
CHH DNA methylation levels, and RNA-seq signals at gene body regions (a), TEs
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Data collection  No software was used for data collection.

Data analysis RNA-Sequencing analysis
The raw reads were mapped to the reference genome of Arabidopsis TAIR10 using Bowtie2 (v2.1.0). RSEM (v1.3.1) was used to calculate the
gene expression level using default setting, and Trinity (v2.8.5) was used to call DEGs with log2 FC > 1 and FDR < 0.05 as a cut off. The track
files were generated by using Samtools (v1.9) and deeptools (v3.1.3). Region associated DEG analysis (RAD) was performed by using the
pipeline as described previously (43). Briefly, the up- and down-regulated DEGs of TRBIP-ZFs versus fwa were used as inputs, and FLAG-ZF
ChIP-seq peaks were used as targeting regions to run the pipeline.

ChIP-seq analysis

The ChIP-seq raw reads were filtered and trimmed using trim_galore (v0.6.5), and then mapping to the reference genome (TAIR10) with
Bowtie2 (v2.1.0) with default parameters. The duplicated reads were removed by using the Samtools (v1.9), and the tracks were generated by
using deeptools (v3.1.3). MACS2 (v2.2.1) was used to call peaks. To calculate the enrichment of H3K4me3, H3K14ac, and H2A.Z in ZF
transgenic lines versus control lines, the corresponding histone ChIP-seq signals were first normalized to their respect inputs by using
bigwigCompare, the normalized histone ChIP-seq signals of the ZF transgenic lines were further normalized to the control lines by using
bigwigCompare, which were subjected to the metaplot and heatmap analysis over ZF off-target sites and shuffled sites. The similar method
was also applied to the enrichment of Myc ChIP-seq signals in Myc-ROS1xSDG2cd-ZF versus Myc-ROS1, Myc-JMJ14xTRBIP1-ZF versus Myc-
JMJ14. Upon examining the genome browser, we found that some regions in SDG2cd-ZF did not have clear H3K4me3 peaks, while still being
retained by the peak-calling pipeline. Notably, the majority of these regions were located in hypermethylated pericentromeric areas. To
ensure accuracy of the analysis in Fig. 3d and Supplementary Fig. 1, we removed these regions to generate the violin plots and heatmaps.




WGBS analysis

The analysis of WGBS data was conducted following the pipeline outlined previously. The raw paired-end sequencing reads from each sample
were mapped to Arabidopsis reference genome TAIR10 using BSMAP (v2.90), which allowed up to 2 mismatches and 1 best hit. To ensure
data quality, the reads with more than 3 consecutive methylated CHH were excluded. The methylation level for each cytosine was determined
by calculating the ratio of methylated cytosines (C) to the sum of methylated cytosines and unmethylated cytosines: C/(C+T).

To perform BS-PCR-seq analysis, the methylation data within three predefined FWA promoter regions were retained to make plots by using
customized R scripts. R version 4.1.3.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
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- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The high-throughput sequencing data generated in this paper have been deposited in the Gene Expression Omnibus (GEO) database (accession no. GSE245961).

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
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Reporting on race, ethnicity, or  N/A
other socially relevant
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Population characteristics N/A
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Ethics oversight N/A

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size No formal sample size calculation was performed. The sample sizes for RNA-seq, WGBS, ChIP-seq, and BS-PCR experiments were selected
based on widely accepted field standards. Specifically, for RNA-seq, we included 3 biological replicates per condition, as recommended by
Schurch et al. (2016). For WGBS and ChIP-seq, 2-3 biological replicates were used, following ENCODE consortium guidelines (Landt et al.,
2012; Ziller et al., 2013). These sample sizes are considered sufficient to ensure reliable and reproducible results in similar studies.

Data exclusions  No data exclusion in the study.

Replication Two replicates for ChIP-seq. Two replicates for BS-PCR. Three replicates for RNA-seq samples. Three technical replicates for gRT-PCR. All
replicates were performed independently and produced high reproducible results.

Randomization  For all experiments, treatment and control samples were grown side by side, each replicate on separate plate. Allocation of samples were not
random, because it is not relevant to the study. Randomization was not applicable in this study because the experiments were designed to
investigate specific molecular mechanisms or targeted biological processes, rather than assess randomized groups or conditions. The samples
and experimental conditions were predetermined based on the biological context and the study objectives, such as analyzing gene expression
changes, DNA methylation and histone modification patterns. These targeted analyses do not involve variability that would necessitate
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randomization, as they focus on controlled and reproducible experimental setups.

Blinding No blinding used because it was largely not relevant to our study. All data were collected based on the genotype of plants, while blinding the
samples during the experiments will increases the risk of mislabeling and wrong results.
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Plants

Antibodies

Antibodies used Anti-FLAG Millipore Sigma Cat# F1804; RRID:AB_262044
Anti-FLAG M2-Peroxidase (HRP) Millipore Sigma Sigma-Aldrich Cat# A8592, RRID:AB_439702
Anti-Histone H3 Abcam Cat# ab1791, RRID:AB_302613
Anti-trimethyl-Histone H3 (Lys4)- Millipore Sigma Cat# 04-745, RRID:AB_1163444
Anti-Myc-tag (71D10) rabbit mAb Cell Signaling Cat# 2278S, RRID:AB_1658203

Validation anti-FLAG M2 (Sigma): the antibodies have been validated by the manufacturer, https://www.sigmaaldrich.com/catalog/product/
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Anti-H3K4me3 (04-745, Millipore Sigma): the antibodies have been validated by the manufacturer, https://www.emdmillipore.com/
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Anti-Myc-tag (71D10) (2278S, Cell Signaling Technology) the antibodies have been validated by the manufacturer, https://
www.cellsignal.com/products/primary-antibodies/myc-tag-71d10-rabbit-mab/2278

Plants

Seed stocks rdr6-15, fwa rdre-15, idm1-1 and rdd (ros1-3, dml2-1, dmi3-1) mutant lines

Novel plant genotypes  SDG2cd-ZF in WT background, SDG2cd-ZF in rdd background, SunTag-SDG2cd in WT background, SunTag-SDG2cd in rdr6
background, TRBIP1-ZF in fwa background, TRBIP2-ZF in fwa background, TRBIP1-dCAS9-MQ1v in fwa rdr6 background.

Authentication The seeds stocks have been used frequently by multiple previous studies. The novel transgenic lines were compared with a well
designed corresponding control lines to avoid secondary effect.
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Data deposition
|Z| Confirm that both raw and final processed data have been deposited in a public database such as GEO.

|Z| Confirm that you have deposited or provided access to graph files (e.g. BED files) for the called peaks.

Data access links The high-throughput sequencing data generated in this paper have been deposited in the Gene Expression Omnibus (GEO)
May remain private before publication.  database (accession no. GSE245961 with secure token: wjsbkomaxvidxyh).
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ChIPseq-SET6-input-SDG2-ZF_rdd-Repl_S28_L001.bw
ChlIPseq-SET6-input-rdd-Rep1_S27_L001.bw
ChlIPseq-SET6-myc-ColO_S11_L001.bw
ChIPseq-SET6-myc-JMJ14_S15_LOOL.bw
ChIPseq-SET6-myc-JMJL14xTRBIP1-ZF-Repl_S16_L0OO1.bw
ChIPseq-SET7-H3K14ac-SDG2-ZF_rdd-Rep2_S50_LO03.bw
ChIPseq-SET7-H3K14ac-rdd-Rep2_S49_L003.bw
ChIPseq-SET7-H3K4me3-SDG2-ZF_rdd-Rep2_S46_L003.bw
ChIPseq-SET7-H3K4me3-rdd-Rep2_S45_L003.bw
ChlIPseq-SET7-input-SDG2-ZF_rdd-Rep2_S52_L003.bw
ChlIPseq-SET7-input-rdd-Rep2_S51_L003.bw
ChlIPseq-SET7-myc-ColO-Rep2_S41_L003.bw
ChIPseq-SET7-myc-JMJL14xTRBIP1-ZF-Rep2_S42_L003.bw
ChlIPseq-SET7-myc-ROS1-Rep2_S37_L003.bw
ChIPseq-SET7-myc-ROS1xSDG2-ZF-Rep2_S47_L003.bw
ChIPseq-SET8-H3-TRBIP1-ZF-Repl_S64_L004.bw
ChIPseq-SET8-H3-fwa-Repl_S63_L004.bw
ChIPseq-SET8-H3K4me3-TRBIP1-ZF-Repl_S66_L004.bw
ChIPseq-SET8-H3K4me3-fwa-Repl_S65_L004.bw
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ChIPseq-SET9-H3K4me3-TRBIP1-ZF-Rep2-R2_S14_L004.bw
ChlIPseq-SET9-H3K4me3-fwa-Rep2-R2_S13_L004.bw
ChlIPseq-SET9-input-TRBIP1-ZF-Rep2--R2_S30_L004.bw
ChlIPseq-SET9-input-fwa-Rep2-R2_S29 L004.bw
ChlIPseq-SET1-H3K4me3-Col0-Repl_S28 L002_R1_001.fastq.gz
ChlIPseq-SET1-H3K4me3-Col0-Repl_S28 L002_R2_001.fastq.gz
ChlIPseq-SET1-H3K4me3-Col0-Rep2_S29 L002_R1_001.fastq.gz
ChlIPseq-SET1-H3K4me3-Col0-Rep2_S29 L002_R2_001.fastq.gz
ChIPseq-SET1-H3K4me3-SDG2-ZF-Rep1_S30_L002_R1_001.fastq.gz
ChIPseq-SET1-H3K4me3-SDG2-ZF-Repl_S30_L002_R2_001.fastq.gz
ChIPseq-SET1-H3K4me3-SDG2-ZF-Rep2_S31_L002_R1_001.fastq.gz
ChIPseq-SET1-H3K4me3-SDG2-ZF-Rep2_S31_L002_R2_001.fastq.gz
ChIPseq-SET1-H3K4me3-SDG2-ZF-Rep3_S32_L002_R1_001.fastq.gz
ChlIPseq-SET1-H3K4me3-SDG2-ZF-Rep3_S32_L002_R2_001.fastq.gz
ChlIPseq-SET1-input-ColO-Rep1_S43 L002_R1_001.fastq.gz
ChlIPseq-SET1-input-ColO-Rep1_S43 L002_R2_001.fastq.gz
ChlIPseq-SET1-input-ColO-Rep2_S44 1002_R1_001.fastq.gz
ChlIPseq-SET1-input-ColO-Rep2_S44 1002_R2_001.fastq.gz
ChlIPseq-SET1-input-SDG2-ZF-Repl_S45_L002_R1_001.fastq.gz
ChlIPseq-SET1-input-SDG2-ZF-Repl_S45_L002_R2_001.fastq.gz
ChIPseq-SET1-input-SDG2-ZF-Rep2_S46_L002_R1_001.fastq.gz
ChlIPseq-SET1-input-SDG2-ZF-Rep2_S46_L002_R2_001.fastq.gz
ChlIPseq-SET1-input-SDG2-ZF-Rep3_S47_L002_R1_001.fastq.gz
ChlIPseq-SET1-input-SDG2-ZF-Rep3_S47_L002_R2_001.fastq.gz
ChIPseq-SET10-H3K4me3-TRBIP1-dCAS9-MQ1v-Repl_S22_L004_R1_001.fastq.gz
ChIPseq-SET10-H3K4me3-TRBIP1-dCAS9-MQ1v-Repl_S22_L004_R2_001.fastq.gz
ChIPseq-SET10-H3K4me3-TRBIP1-dCAS9-MQ1v-Rep2_S26_L004_R1_001.fastq.gz
ChIPseq-SET10-H3K4me3-TRBIP1-dCAS9-MQ1v-Rep2_S26_L004_R2_001.fastq.gz
ChlIPseq-SET10-H3K4me3-dCAS9-MQlv_S23_L004_R1_001.fastqg.gz
ChlIPseq-SET10-H3K4me3-dCAS9-MQlv_S23_L004_R2_001.fastq.gz
ChlIPseq-SET10-H3K4me3-fwaxrdr6-Repl_S21_L004 R1_001.fastq.gz
ChIPseq-SET10-H3K4me3-fwaxrdr6-Repl_S21_ 1004 R2_001.fastq.gz
ChlIPseq-SET10-H3K4me3-fwaxrdr6-Rep2_S25 1004 _R1_001.fastq.gz
ChlIPseq-SET10-H3K4me3-fwaxrdr6-Rep2_S25_ 1004 _R2_001.fastq.gz
ChlIPseq-SET2-H3K4me3-SunTag-SDG2_rdr6-Repl_S7_L0O03_R1_001.fastq.gz
ChIPseq-SET2-H3K4me3-SunTag-SDG2_rdr6-Repl_S7_L0O03_R2_001.fastq.gz
ChlIPseq-SET2-H3K4me3-SunTag-SDG2_rdr6-Rep2_S8 L0O03_R1_001.fastq.gz
ChlIPseq-SET2-H3K4me3-SunTag-SDG2_rdr6-Rep2_S8 L0O03_R2_001.fastq.gz
ChlIPseq-SET2-H3K4me3-noguideSDG2_rdr6_S6_L0O03_R1_001.fastq.gz
ChlIPseq-SET2-H3K4me3-noguideSDG2_rdr6_S6_L003_R2_001.fastq.gz
ChIPseq-SET2-H3K4me3-rdr6-Repl_S4 LO03_R1_001.fastq.gz
ChIPseq-SET2-H3K4me3-rdr6-Repl_S4 LO03_R2_001.fastq.gz
ChIPseq-SET2-H3K4me3-rdr6-Rep2_S5_L0O03_R1_001.fastq.gz
ChIPseq-SET2-H3K4me3-rdr6-Rep2_S5_L0O03_R2_001.fastq.gz
ChlIPseq-SET2-input-SunTag-SDG2_rdr6-Repl_S25_L003_R1_001.fastq.gz
ChlIPseq-SET2-input-SunTag-SDG2_rdr6-Repl_S25_L0O03_R2_001.fastq.gz
ChlIPseq-SET2-input-SunTag-SDG2_rdr6-Rep2_S26_L003_R1_001.fastq.gz
ChlIPseq-SET2-input-SunTag-SDG2_rdr6-Rep2_S26_L003_R2_001.fastq.gz
ChlIPseq-SET2-input-noguideSDG2_rdr6_S24_L003_R1_001.fastg.gz
ChlIPseq-SET2-input-noguideSDG2_rdr6_S24_L003_R2_001.fastqg.gz
ChlIPseq-SET2-input-rdr6-Repl_S22_L003_R1_001.fastq.gz
ChlIPseq-SET2-input-rdr6-Repl_S22_L003_R2_001.fastq.gz
ChlIPseq-SET2-input-rdr6-Rep2_S23_L003_R1_001.fastq.gz
ChlIPseq-SET2-input-rdr6-Rep2_S23_L003_R2_001.fastq.gz
ChlIPseq-SET3-H3K14ac-Col0-Repl_S11_LO03_R1_001.fastq.gz
ChlIPseq-SET3-H3K14ac-Col0-Repl_S11_LO03_R2_001.fastq.gz
ChlIPseq-SET3-H3K14ac-Col0-Rep2_S12_L003_R1_001.fastq.gz
ChlIPseq-SET3-H3K14ac-Col0-Rep2_S12_L003_R2_001.fastq.gz
ChlIPseq-SET3-H3K14ac-SDG2-ZF-Repl_S15_L0O03_R1_001.fastq.gz
ChlIPseq-SET3-H3K14ac-SDG2-ZF-Repl_S15_L0O03_R2_001.fastq.gz
ChlIPseq-SET3-H3K14ac-SDG2-ZF-Rep2_S16_L003_R1_001.fastq.gz
ChlIPseq-SET3-H3K14ac-SDG2-ZF-Rep2_S16_L003_R2_001.fastq.gz
ChlIPseq-SET3-input-ColO-Rep1_S29 L0O03_R1_001.fastq.gz
ChlIPseq-SET3-input-ColO-Rep1_S29 L0O03_R2_001.fastq.gz
ChlIPseq-SET3-input-ColO-Rep2_S30_L0O03_R1_001.fastq.gz
ChlIPseq-SET3-input-ColO-Rep2_S30_L0O03_R2_001.fastq.gz
ChlIPseq-SET3-input-SDG2-ZF-Rep1_S31_LO03_R1_001.fastq.gz
ChlIPseq-SET3-input-SDG2-ZF-Repl_S31_LO03_R2_001.fastq.gz
ChlIPseq-SET3-input-SDG2-ZF-Rep2_S32_L003_R1_001.fastq.gz
ChlIPseq-SET3-input-SDG2-ZF-Rep2_S32_L0O03_R2_001.fastq.gz
ChlIPseq-SET4-H2AZ-Col0-Rep1_S20_L002_R1_001.fastq.gz
ChlIPseq-SET4-H2AZ-Col0-Rep1_S20_L0O02_R2_001.fastq.gz
ChIPseq-SET4-H2AZ-SDG2-ZF-Rep1_S21_L002_R1_001.fastq.gz
ChIPseq-SET4-H2AZ-SDG2-ZF-Rep1_S21 _L002_R2_001.fastq.gz
ChlIPseq-SET4-H2AZ-SDG2-ZF-Rep3_S22_L002_R1_001.fastq.gz
ChIPseq-SET4-H2AZ-SDG2-ZF-Rep3_S22 L002_R2_001.fastq.gz
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ChlIPseq-SET4-input-ColO-Rep1_S31_L002_R1_001.fastq.gz
ChlIPseq-SET4-input-ColO-Rep1_S31_L002_R2_001.fastq.gz
ChlIPseq-SET4-input-ColO-Rep2_S32_L002_R1_001.fastq.gz
ChlIPseq-SET4-input-ColO-Rep2_S32_L002_R2_001.fastq.gz
ChIPseq-SET4-input-ROS1-Repl_S26_L002_R1_001.fastg.gz
ChlIPseq-SET4-input-ROS1-Repl_S26_L002_R2_001.fastg.gz
ChlIPseq-SET4-input-ROS1xSDG2-ZF-Rep1_S36_L002_R1_001.fastq.gz
ChlIPseq-SET4-input-ROS1xSDG2-ZF-Rep1_S36_L002_R2_001.fastq.gz
ChlIPseq-SET4-input-SDG2-ZF-Rep1_S33_L002_R1_001.fastq.gz
ChlIPseq-SET4-input-SDG2-ZF-Rep1_S33_L002_R2_001.fastq.gz
ChlIPseq-SET4-input-SDG2-ZF-Rep3_S34_L002_R1_001.fastq.gz
ChlIPseq-SET4-input-SDG2-ZF-Rep3_S34_L002_R2_001.fastq.gz
ChlIPseq-SET4-myc-ColO-Rep1_S19 L002_R1_001.fastq.gz
ChlIPseq-SET4-myc-ColO-Rep1_S19 L002_R2_001.fastq.gz

ChIPseq-SET4-myc-ROS1-Repl_S14 L002_R1_001.fastq.gz
ChIPseq-SET4-myc-ROS1-Repl_S14 L002_R2_001.fastq.gz
ChlIPseq-SET4-myc-ROS1xSDG2-ZF-Rep1_S24 L002_R1_001.fastq.gz
ChlIPseq-SET4-myc-ROS1xSDG2-ZF-Rep1_S24 L002_R2_001.fastq.gz
ChlIPseq-SET5-H2AZ-Col0-Rep2_S33_L0O03_R1_001.fastq.gz
ChlIPseq-SET5-H2AZ-Col0-Rep2_S33_L0O03_R2_001.fastq.gz
ChIPseq-SET5-H2AZ-SDG2-ZF-Rep2_S34_L003_R1_001.fastq.gz
ChlIPseq-SET5-H2AZ-SDG2-ZF-Rep2_S34_L003_R2_001.fastq.gz
ChlIPseq-SET5-input-ColO-Rep2_S35_L003_R1_001.fastq.gz
ChlIPseq-SET5-input-ColO-Rep2_S35_L003_R2_001.fastq.gz
ChIPseq-SET5-input-SDG2-ZF-Rep2_S36_L0O03_R1_001.fastq.gz
ChlIPseq-SET5-input-SDG2-ZF-Rep2_S36_L003_R2_001.fastq.gz
ChIPseq-SET6-H2AZ-SDG2-ZF_rdd-Rep1_S20_L0O01_R1_001.fastq.gz
ChlIPseq-SET6-H2AZ-SDG2-ZF_rdd-Rep1_S20_L0O01_R2_001.fastq.gz
ChIPseq-SET6-H2AZ-rdd-Rep1_S19 L0O01_R1_001.fastq.gz
ChlIPseq-SET6-H2AZ-rdd-Rep1_S19 L0O01_R2_001.fastq.gz
ChIPseq-SET6-H3K4me3-SDG2-ZF _rdd-Repl_S18 L001_R1_001.fastqg.gz
ChIPseq-SET6-H3K4me3-SDG2-ZF _rdd-Repl_S18 L001_R2_001.fastqg.gz
ChIPseq-SET6-H3K4me3-rdd-Rep1_S17_L0O01_R1_001.fastq.gz
ChIPseq-SET6-H3K4me3-rdd-Repl_S17_L0O01_R2_001.fastq.gz
ChlIPseq-SET6-input-Col0_S21_L001_R1_001.fastq.gz
ChlIPseq-SET6-input-Col0_S21_L001_R2_001.fastq.gz
ChlIPseq-SET6-input-JMJ14_S25_L001_R1_001.fastq.gz
ChlIPseq-SET6-input-JMJ14_S25_L001_R2_001.fastqg.gz
ChlIPseq-SET6-input-JMJ14xTRBIP1-ZF-Rep1_S26_L001_R1_001.fastq.gz
ChlIPseq-SET6-input-JMJ14xTRBIP1-ZF-Rep1_S26_L001_R2_001.fastq.gz
ChlIPseq-SET6-input-SDG2-ZF_rdd-Rep1_S28_L001_R1_001.fastq.gz
ChlIPseq-SET6-input-SDG2-ZF_rdd-Rep1_S28_L0O01_R2_001.fastq.gz
ChlIPseq-SET6-input-rdd-Rep1_S27_L001_R1_001.fastq.gz
ChlIPseq-SET6-input-rdd-Rep1_S27_L001_R2_001.fastq.gz
ChIPseq-SET6-myc-Col0_S11_L001_R1_001.fastq.gz
ChIPseq-SET6-myc-Col0_S11_L001_R2_001.fastq.gz
ChIPseq-SET6-myc-JMJ14_S15_L001_R1_001.fastq.gz
ChIPseq-SET6-myc-JMJ14_S15_L001_R2_001.fastqg.gz
ChIPseq-SET6-myc-JMJ14xTRBIP1-ZF-Rep1_S16_L001_R1_001.fastq.gz
ChIPseq-SET6-myc-JMJ14xTRBIP1-ZF-Repl1_S16_L001_R2_001.fastq.gz
ChlIPseq-SET7-H3K14ac-SDG2-ZF_rdd-Rep2_S50_LO03_R1_001.fastq.gz
ChlIPseq-SET7-H3K14ac-SDG2-ZF_rdd-Rep2_S50_L0O03_R2_001.fastq.gz
ChIPseq-SET7-H3K14ac-rdd-Rep2_S49 L003_R1_001.fastq.gz
ChIPseq-SET7-H3K14ac-rdd-Rep2_S49 L003_R2_001.fastq.gz
ChIPseq-SET7-H3K4me3-SDG2-ZF _rdd-Rep2_S46_L003_R1_001.fastg.gz
ChIPseq-SET7-H3K4me3-SDG2-ZF _rdd-Rep2_S46_L003_R2_001.fastq.gz
ChIPseq-SET7-H3K4me3-rdd-Rep2_S45_L003_R1_001.fastq.gz
ChIPseq-SET7-H3K4me3-rdd-Rep2_S45_L003_R2_001.fastq.gz
ChlIPseq-SET7-input-SDG2-ZF_rdd-Rep2_S52_L003_R1_001.fastq.gz
ChlIPseq-SET7-input-SDG2-ZF_rdd-Rep2_S52_L003_R2_001.fastq.gz
ChlIPseq-SET7-input-rdd-Rep2_S51_L003_R1_001.fastq.gz
ChlIPseq-SET7-input-rdd-Rep2_S51_L003_R2_001.fastq.gz
ChlIPseq-SET7-myc-ColO-Rep2_S41_L003_R1_001.fastq.gz
ChlIPseq-SET7-myc-ColO-Rep2_S41_L003_R2_001.fastq.gz
ChIPseq-SET7-myc-JMJ14xTRBIP1-ZF-Rep2_S42 1 003_R1_001.fastq.gz
ChIPseq-SET7-myc-JMJ14xTRBIP1-ZF-Rep2_S42_L003_R2_001.fastq.gz
ChlIPseq-SET7-myc-ROS1-Rep2_S37_L003_R1_001.fastq.gz
ChlIPseq-SET7-myc-ROS1-Rep2_S37_L003_R2_001.fastq.gz
ChIPseq-SET7-myc-ROS1xSDG2-ZF-Rep2_S47_L0O03_R1_001.fastq.gz
ChIPseq-SET7-myc-ROS1xSDG2-ZF-Rep2_S47_L0O03_R2_001.fastq.gz
ChIPseq-SET8-H3-TRBIP1-ZF-Repl_S64 1004 _R1_001.fastq.gz
ChIPseq-SET8-H3-TRBIP1-ZF-Repl_S64 1004 _R2_001.fastq.gz
ChIPseq-SET8-H3-fwa-Repl_S63_L004_ R1_001.fastq.gz
ChIPseq-SET8-H3-fwa-Repl_S63_L004_R2_001.fastq.gz
ChIPseq-SET8-H3K4me3-TRBIP1-ZF-Repl_S66_L004 R1_001.fastq.gz
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ChIPseq-SET8-H3K4me3-TRBIP1-ZF-Repl_S66_L004 R2_001.fastq.gz
ChlIPseq-SET8-H3K4me3-fwa-Repl_S65_L004 R1_001.fastq.gz
ChIPseq-SET8-H3K4me3-fwa-Repl_S65_L004 R2_001.fastq.gz
ChIPseq-SET9-H3K4me3-TRBIP1-ZF-Rep2-R2_S14 1004 _R1_001.fastq.gz
ChIPseq-SET9-H3K4me3-TRBIP1-ZF-Rep2-R2_S14 1004 _R2_001.fastq.gz
ChIPseq-SET9-H3K4me3-fwa-Rep2-R2_S13 1004 _R1_001.fastq.gz
ChlIPseq-SET9-H3K4me3-fwa-Rep2-R2_S13 1004 _R2_001.fastq.gz
ChlIPseq-SET9-input-TRBIP1-ZF-Rep2--R2_S30_L004_R1_001.fastq.gz
ChIPseq-SET9-input-TRBIP1-ZF-Rep2-R2_S30_L004_R2_001.fastq.gz
ChIPseq-SET9-input-fwa-Rep2-R2_S29 L1004 _R1_001.fastq.gz
ChIPseq-SET9-input-fwa-Rep2--R2_S29 L004_R2_001.fastq.gz
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Genome browser session Available at GEO
(e.g. UCSC)
Methodology
Replicates 2
Sequencing depth ChlIPseq-SET1-H3K4me3-Col0-Repl_S28 1002 34936342 19691885 150 PE

ChIPseq-SET1-H3K4me3-ColO-Rep2_S29_L0O02 38490339 29587724 150 PE
ChIPseq-SET1-H3K4me3-SDG2-ZF-Repl_S30_L002 47725950 38399503 150 PE
ChIPseq-SET1-H3K4me3-SDG2-ZF-Rep2_S31_L0O02 36578859 29152566 150 PE
ChIPseq-SET1-H3K4me3-SDG2-ZF-Rep3_S32_L002 50683439 41880615 150 PE
ChIPseq-SET1-input-Col0-Repl_S43_L002 42857857 35675467 150 PE
ChIPseq-SET1-input-Col0-Rep2_S44_L002 41777637 35657968 150 PE
ChIPseq-SET1-input-SDG2-ZF-Repl_S45_L002 45414658 39916436 150 PE
ChIPseq-SET1-input-SDG2-ZF-Rep2_S46_L002 38468103 32822196 150 PE
ChIPseq-SET1-input-SDG2-ZF-Rep3_S47_L002 42507063 37646214 150 PE
ChIPseq-SET10-H3K4me3-dCAS9-MQ1lv_S23_L004 43443684 20426444 150 PE
ChIPseq-SET10-H3K4me3-fwaxrdr6-Repl_S21_L004 49828479 25645326 150 PE
ChIPseq-SET10-H3K4me3-fwaxrdr6-Rep2_S25_L004 48373358 24251811 150 PE
ChIPseq-SET10-H3K4me3-TRBIP1-dCAS9-MQ1v-Repl_S22_L004 51974835 26867737 150 PE
ChIPseq-SET10-H3K4me3-TRBIP1-dCAS9-MQ1v-Rep2_S26_L004 39751228 22853058 150 PE
ChIPseq-SET2-H3K4me3-noguideSDG2_rdr6_S6_L003 28752690 14001658 150 PE
ChIPseq-SET2-H3K4me3-rdr6-Repl_S4_L0O03 33757209 17620946 150 PE
ChIPseq-SET2-H3K4me3-rdr6-Rep2_S5_L003 50727153 30571411 150 PE
ChIPseq-SET2-H3K4me3-SunTag-SDG2_rdré-Repl_S7_L003 34018551 19227805 150 PE
ChIPseq-SET2-H3K4me3-SunTag-SDG2_rdré-Rep2_S8_L003 38373436 20107356 150 PE
ChIPseq-SET2-input-noguideSDG2_rdr6_S24_L003 57014877 40285556 150 PE
ChIPseq-SET2-input-rdr6-Rep1_S22_L003 64361592 47134981 150 PE
ChIPseq-SET2-input-rdr6-Rep2_S23_L003 68683440 52026943 150 PE
ChIPseq-SET2-input-SunTag-SDG2_rdr6-Repl_S25_L003 54532320 40364446 150 PE
ChIPseq-SET2-input-SunTag-SDG2_rdr6-Rep2_S26_L003 68149684 51223468 150 PE
ChIPseq-SET3-H3K14ac-ColO-Repl_S11_L0O03 41418247 22473314 150 PE
ChIPseq-SET3-H3K14ac-ColO-Rep2_S12_L0O03 36908967 19241649 150 PE
ChIPseq-SET3-H3K14ac-SDG2-ZF-Rep1_S15_L003 51202860 28229933 150 PE
ChIPseq-SET3-H3K14ac-SDG2-ZF-Rep2_S16_L003 44728549 24324705 150 PE
ChIPseq-SET3-input-Col0-Repl_S29_L003 50411344 37539572 150 PE
ChIPseq-SET3-input-Col0-Rep2_S30_L003 61385626 46423104 150 PE
ChIPseq-SET3-input-SDG2-ZF-Repl_S31_L003 57889292 43964016 150 PE
ChIPseq-SET3-input-SDG2-ZF-Rep2_S32_L003 61370161 47162359 150 PE
ChIPseq-SET4-H2AZ-Col0-Rep1_S20_L002 47629570 27249358 150 PE
ChIPseq-SET4-H2AZ-SDG2-ZF-Repl_S21_L002 38375021 16374217 150 PE
ChIPseq-SET4-H2AZ-SDG2-ZF-Rep3_S22_L002 30149682 12290991 150 PE
ChIPseq-SET4-input-Col0-Repl_S31_L002 33273778 28303414 150 PE
ChIPseq-SET4-input-Col0-Repl_S32_L002 37496935 27549269 150 PE
ChIPseq-SET4-input-ROS1-Repl_S26_L002 34408865 26412604 150 PE
ChIPseq-SET4-input-ROS1xSDG2-ZF-Repl_S36_L002 38169834 31807247 150 PE
ChIPseq-SET4-input-SDG2-ZF-Rep3_S34_L002 25826379 17536208 150 PE
ChIPseq-SET4-input-SDG2-ZF-Rep_S33_L002 33609039 23281311 150 PE
ChIPseq-SET4-myc-ColO-Repl_S19_L002 77486774 34812366 150 PE
ChIPseq-SET4-myc-ROS1-Repl_S14_L002 30135549 12992580 150 PE
ChIPseq-SET4-myc-ROS1xSDG2-ZF-Repl_S24_L002 46829138 23023300 150 PE
ChIPseq-SET5-H2AZ-Col0-Rep2_S33_L003 47665823 21462218 150 PE
ChIPseq-SET5-H2AZ-SDG2-ZF-Rep2_S34_L003 53615581 28103163 150 PE
ChIPseq-SET5-input-Col0-Rep2_S35_L003 21480929 13224251 150 PE
ChIPseq-SET5-input-SDG2-ZF-Rep2_S36_L003 42542455 29899785 150 PE
ChlPseq-SET6-H2AZ-rdd-Rep1_S19_L001 11348222 6399582 150 PE
ChIPseq-SET6-H2AZ-SDG2-ZF _rdd-Rep1_S20_L001 17475775 11823941 150 PE
ChIPseq-SET6-H3K4me3-rdd-Rep1_S17_L0O01 17738930 8282901 150 PE
ChIPseq-SET6-H3K4me3-SDG2-ZF_rdd-Repl_S18_L0O01 16672831 10775433 150 PE
ChIPseq-SET6-input-Col0_S21_L001 26717822 23531759 150 PE
ChIPseq-SET6-input-JMJ14_S25_L001 11464571 8153524 150 PE
ChIPseq-SET6-input-JMJ14xTRBIP1-ZF-Repl_S26_L001 24587909 20064070 150 PE




Antibodies

Peak calling parameters
Data quality

Software

ChIPseqg-SET6-input-rdd-Rep1_S27_L001 22777868 17644762 150 PE
ChIPseqg-SET6-input-SDG2-ZF_rdd-Rep1_S28_L001 27442288 22425356 150 PE
ChIPseqg-SET6-myc-Col0_S11_L001 46971740 10666018 150 PE
ChIPseqg-SET6-myc-JMJ14_S15_L001 24832632 6904089 150 PE
ChIPseqg-SET6-myc-JMJ14XTRBIP1-ZF-Repl_S16_L001 37224404 13829359 150 PE
ChIPseqg-SET7-H3K14ac-rdd-Rep2_S49_L003 22359520 9962166 150 PE
ChIPseqg-SET7-H3K14ac-SDG2-ZF_rdd-Rep2_S50_L003 58582858 34159191 150 PE
ChIPseqg-SET7-H3K4me3-rdd-Rep2_S45_L003 16633914 7279057 150 PE
ChIPseqg-SET7-H3K4me3-SDG2-ZF_rdd-Rep2_S46_L003 55641724 31761398 150 PE
ChIPseqg-SET7-input-rdd-Rep2_S51_L003 36035182 24628191 150 PE
ChIPseqg-SET7-input-SDG2-ZF_rdd-Rep2_S52_L003 85241671 67945330 150 PE
ChIPseqg-SET7-myc-Col0-Rep2_S41_L0O03 74686694 30749305 150 PE
ChIPseqg-SET7-myc-JMJ14XTRBIP1-ZF-Rep2_S42_L003 38622007 12072848 150 PE
ChIPseqg-SET7-myc-ROS1-Rep2_S37_L003 43663667 21810187 150 PE
ChIPseqg-SET7-myc-ROS1xSDG2-ZF-Rep2_S47_L003 56714018 32242760 150 PE
ChIPseqg-SET8-H3-fwa-Repl_S63_L004 30513471 28253253 150 PE
ChIPseq-SET8-H3-TRBIP1-ZF-Repl_S64_L004 27295347 24902427 150 PE
ChIPseqg-SET8-H3K4me3-fwa-Repl_S65_L004 32065146 27900637 150 PE
ChIPseqg-SET8-H3K4me3-TRBIP1-ZF-Repl_S66_L004 27753518 22487628 150 PE
ChIPseqg-SET9-H3K4me3-fwa-Rep2-R2_S13_L004 17898069 13691730 150 PE
ChIPseqg-SET9-H3K4me3-TRBIP1-ZF-Rep2-R2_S14_L004 16739918 11612468 150 PE
ChIPseqg-SET9-input-fwa-Rep2-R2_S29_L004 40053656 33839630 150 PE
ChIPseqg-SET9-input-TRBIP1-ZF-Rep2--R2_S30_L004 46478573 37721657 150 PE

Anti-Histone H3 Abcam Cat# ab1791, RRID:AB_302613

Anti-trimethyl-Histone H3 (Lys4)- Millipore Sigma Cat# 04-745, RRID:AB_1163444
Anti-trimethyl-Histone H3 (Lys27) Millipore Sigma Cat# 07-449, RRID:AB_310624
Anti-Myc-tag (71D10) rabbit mAb Cell Signaling Cat# 2278S, RRID:AB_1658203

MACS2: '-f BAM -g 1.3e+8 -q 0.05 --extsize 147"
Allidentified peaks in the study were called with a gval threshold of 0.01 ( FDR 1%).

Bowtie2 (v2.1.0),
Samtools (v1.9)
MACS2 (v2.1.1)
deeptools (v2.5.1).
bedtools (v2.26.0)
Rstudio version 4.1.3
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