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1st Editorial Decision 06 July 2016

Thank you for submitting your manuscript for consideration by the EMBO Journal. It has now been
seen by three referees whose comments are shown below.

As you will see from the reports, our three referees all express great interest in the findings reported
in your manuscript, although they also raise a number of technical and conceptual concerns that you
will have to address in full before they can support publication in The EMBO Journal. You will see
that the referees generally agree that your findings on the crosstalk between H3K9me?2 and
H3K4me3 on gene bodies is intriguing but that the current manuscript falls short in sufficiently
analysing the available data and discussing it in the context of your previously published work. In
addition, you will see that all three referees find that the manuscript need to be extended, both in
writing the introduction and at the level of experimental downstream analysis. We realize that these
are challenging experiments of a potentially uncertain outcome but if you would undertake the effort
to revise the manuscript as requested by the three referees we would be happy to look at a revised
manuscript. Given the need for extensive revision we could also offer to extend the deadline for
submitting the revised manuscript to 6 months from now (rather than the usual 3).

Based on the overall interest and the constructive comments from the referees, I would thus like to
invite you to submit a revised version of the manuscript, addressing the comments of all three
reviewers. I should add that it is EMBO Journal policy to allow only a single round of revision, and
acceptance or rejection of your manuscript will therefore depend on the completeness of your
responses in this revised version. In addition, I would ask you to provide us with a preliminary
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point-by-point response at this stage already, outlining the additional experiments and analysis that
you would be able to include in a revised manuscript.

When preparing your letter of response to the referees' comments, please bear in mind that this will
form part of the Review Process File, and will therefore be available online to the community. For
more details on our Transparent Editorial Process, please visit our website:
http://emboj.embopress.org/about#Transparent Process

Thank you for the opportunity to consider your work for publication. I look forward to your
revision.

REFEREE REPORTS
Referee #1:

In the manuscript entitled "The gene-body chromatin modification dynamics mediates epigenome
differentiation in Arabidopsis" Inagaki et al identify a mutation in the histone demethylase LDL2
suppresses the developmental phenotype associated with hyper H3K9me?2 accumulation in ibm1
mutants. The ibm1 1d12 double mutant suppresses the growth phenotype, but does not alter the
H3K9me2 accumulation seen in ibm1. This phenotype suppression in the double mutant is found to
act through the retention of H3K4mel in gene bodies, this tying together the dynamic regulation of
two chromatin marks: H3K9me and H3K4mel. RNA-seq gene expression analysis was performed
and a model was proposed for gene regulation through this dynamic chromatin regulation. Lastly,
the suvh456 triple mutant was investigated, as it has very low levels of H3K9me, and it was
demonstrated that H3K9me and H3K4mel seem to be mutually exclusive marks the are
coordinated: when one goes up, the other goes down, and vice versa.

I found the overall conclusions of this manuscript very interesting, but I also found that some of the
conclusions were not supported by the data. Therefore, in my eyes this publication currently does
not meet the standards of EMBO Journal. I have listed these inconsistencies below.

1. In Figure 1B I noticed that the number of "genes" analyzed was very high for Arabidopsis
(33,602). The accepted number of genes for this organism is ~27,000. This makes me believe that
transposable elements (TEs) are littering this "gene" database, as many annotated "genes" in
Arabidopsis overlap TEs. When TEs are separated and investigated (such as in Figure S8), the
largest change in H3K4mel and H3K9me is observed. Therefore, I wonder how much the
H3K9me/H3K4mel dynamics are actually occurring on real (non-TE) genes? This is important, as
throughout the paper, and in the manuscript title, "gene body" dynamics are referred to, but I'm not
convinced that these are real gene body dynamics and not TE-body dynamics. An analysis of clean
genes (not overlapping the TE annotation) should be performed.

2. On page 4 the authors write that the Type II mutants "suppressed the ibm1-induced
developmental phenotypes with keeping the ectopic DNA methylation", and then reference several
figures. However, in none of those figures, or throughout the entire manuscript, is DNA methylation
analyzed. Thus, this claim is unsupported.

3. On page 6 the authors write that down regulated (DG) genes showed ectopic accumulation of
H3K9me, but most of the up regulated genes (UGs) did not. The authors then go on to explain how
the DG and UG sets are thus different (direct vs. indirect targets of LDL2). However, upon
inspection of Figure 1G, it is quite clear that both UG and DG gene sets do have increased levels of
H3K9me, and thus their claim and theory are unsupported.

4. In addition to the UG and DG sets, it seems that there are many genes for which expression does
not go back to wild-type levels in the double mutant. These genes are never discussed but important.

Is there any explanation for their regulation?

5. Do the TEs that lose H3K9me but do not gain H3K4me1 become expressed? This is an important
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question as the answer will demonstrate if H3K4mel changes are required for expression, a
consequence of expression, or independent of expression. This point may have been made in the
manuscript text, but I was not able to follow.

6. Please include references to the data availability and access for the large datasets. Also, the
number of replicates is never shown and bioinformatic analysis section of the Methods is
underdeveloped and needs to be expanded.

7. The Introduction section of this manuscript is too short and does not properly prepare the reader
for the rest of the manuscript. The Introduction reads as a second Abstract, and key aspects of the
first section of Results (such as ectopic DNA methylation and the developmental defects of ibm1)
are never touched upon.

8. The two parts of the paper, first dealing with LDL2, and the second with SUVH456, seem very
disjointed. Can a mutant combination between the two be created or is there any other way to
connect the two halves of the manuscript?

9. It would be helpful to include an analysis of the 1d12 single mutant. It is unclear what this protein
is doing in a wild-type cell, since it is only analyzed in a double mutant background with a second
mutation that has strong molecular and phenotypic consequences.

Referee #2:

The cross-talk between different histone modifications is an important topic in the epigenetics field
although the molecular mechanism underlying this phenomenon is still largely unknown. Previous
papers from the same lab showed that mutations of IBM1, which encodes a H3K9me2 demethylase,
can induce ectopic H3K9me2 in genic regions of Arabidopsis on a genome-wide basis. The ibml
mutant shows severe developmental abnormality. Through a forward genetic screen, Inagaki et al.
have now obtained 1d12 mutation which reverses the ibm1 developmental defect but has no effect on
H3K9me?2 patterns of ibm1. These results suggest that the 1d12 mutation recovers ibml
developmental defects downstream of H3K9me2. Interestingly, the author found increase of
H3K4mel levels in a subset of genes in ibm11d12 double mutant compared to ibm1 single mutant.
Based on these results they defined a cross-talk between two histone modifications: H3K9me2 and
H3K4mel, in intragenic regions of the Arabidopsis genome. These observations are interesting and
of scientific significance but the molecular mechanism remains unknown. Several issues need to be
addressed before this work can be further considered.

Major concerns

1), In previous reports, the authors claimed there is no correlation between ectopic gene body
H3K9me?2 induced by the ibm1 mutation and transcription. For the marker gene BONSALI, although
intragenic CHG DNA methylation and H3K9me2 increase in the ibm1 mutant background,
BONSALI transcript levels remain unchanged. In this manuscript, the authors concluded that down-
regulated genes (DGs) may be the direct targets of IBM1 whereas the up-regulated genes (UGs) may
be due to indirect effects, although there are more UGs in ibm1 and the number of recovered UGs
by further 1d12 mutation is significantly higher than that of DGs. In addition, the authors previously
showed that the major targets of IBM1 are transcribed, low-copy protein coding genes (that may be
the reason why the ibm1 mutant shows severely developmental defect) whereas in this manuscript
the majority of the claimed direct targets of IBM1 are transposon genes. These apparent
discrepancies in results generated by the same group at different times need to be addressed and
clarified. To identify the direct targets of IBM1, we feel it is necessary to perform a ChIP-seq.
experiment to map the genomic occupancy of IBM1. The data would help readers to understand the
biological function of IBM1 and illuminate the significance of the cross-talk between H3K9me2 and
H3K4mel.

2), Although the author showed that the H3K4me1 levels decreased in a subset of genes in ibm11d12
double mutant compared to the imb1 single mutant, it was disappointing that no attempt was made
to address the biological function of LDL2. More specifically is the LDL2 a bona fide H3K4mel
demethylase? Whether the K436A mutation indeed compromised the presumed LDL2 demethylase
activity is questionable. There could be trivial explanations; the mutant phenotype could be caused
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by a change in protein stability and/or cellular localization. At least three experiments should be
conducted to address these issues, a) In vitro/in vivo assay to detect the demethylase activity of
LDL2, b) ChIP-Seq. to compare H3K4mel levels between 1d12 mutant and WT. ¢) Western blot to
analyse possible changes in the LDL2 (WT) and LDL2(K436A) protein levels in transgenic plants
(Fig. S1E).

Minor concerns,
1), The use of abbreviations e.g. UGs/UTGs and DGs/DTGs has to be consistent between figure
legend and labelling in the figure (cf. Fig 1G).

2), The INTRODUCTION is too short and should be expanded. The authors have published several
papers on IBM1 and not all readers are familiar with their considerable historical data. The authors
should provide more background in the INTRODUCTION section.

3), All data shown in the manuscript were not tested for statistical significance. This should be
rectified.

Referee #3:

Histone H3 lysine 9 methylation (H3K9me) is a repressive epigenetic mark that is found not only at
promoter regions of transcriptionally silent genes but also on internal regions (gene bodies), where
its biological significance is not well understood. As the authors have previously shown, mutations
in IBM1, a histone H3 lysine 9 (H3K9) demethylase, result in ectopic H3K9me?2 methylation at
gene bodies and severe developmental defects in Arabidopsis. In the present study, they carried out
a forward genetic screen on the ibm1 mutant to identify mutations that suppress the developmental
defects in ibm1. This screen identified LDL2, a putative H3K4 demethylase as a mediator of the
ibm1-induced developmental defects.

Further work using mRNA-seq and ChIP-seq to examine transcription and histone modifications on
a genome-wide level in various mutant combinations led the authors to propose a model for
differentiation of bi-stable epigenetic states at gene bodies through the activities of two histone
demethylases: transcription induces loss of H3K9me?2 through the action of IBM1, and H3K9me2
induces loss of H3K4me through the action of LDL2.

This study provides new and interesting information on how dynamic changes in histone
modifications in gene bodies influence transcription. There are four LDL genes in the Arabidopsis
genome and currently only functional information about one (LDL4 or FLD). This study adds new
information on this important, conserved group of histone methyltransferases and will be interesting
for epigeneticists working not only on plants but other systems as well.

1. Mention the name of the genes responsible for Type I mutations (CMT3 and SUVH4) in Results,
not just in Materials and Methods.

2. The paper is quite short (only 3 figures in the main text). I recommend moving some important
supplementary information into the main text. For example, show in the main text Venn diagrams
currently in Fig S2, S3, Fig, SA histone H3 methylation patterns in regions around DGs.

3. The experiments with suvh456 triple mutants, which are defective in three H3K9
methyltransferases that act redundantly to silence transposable elements, seem tacked on (e.g they
are not mentioned in the Abstract). More effort could be made to integrate these results into the
whole 'story' by adding something to the Abstract and Perspective section. Some results from the
suvh456 experiments - e.g. Fig. S7 part A and Fig. S8 part A - could be shown in the main text.

3. The acronyms - DGs, UGs, DEGs, TEGs - get confusing. Except for DEGs, write out 'down-
regulated' and 'up-regulated'. Refer to TEGs as 'TE genes'.

4. Although the authors aim 'To understand the molecular basis of the LDL2-mediated

developmental defects' (p. 5), aside from identifying numbers of differentially expressed genes by
mRNA-seq, there is no further insight into the developmental aspects purportedly being addressed in
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the study. Why are developmental defects of imb1 mutant suppressed in imb1 1d12 if ectopic
H3K9me is not removed in this double mutant? What is basis of development defects in ibm1?
Further discussion of these points is needed; perhaps a GO analysis of the DEGs would help to shed
some light on these questions.

1st Revision - authors' response 04 October 2016

Point-by-point response to the referee’s comments.
(The referee’s comments and our responses are shown by black and blue, respectively.)

Referee #1
We are glad to hear that this referee regards “the overall conclusions of this manuscript very
interesting”. We also thank the constructive comments. We addressed every point raised by this

referee.

In the manuscript entitled "The gene-body chromatin modification dynamics mediates epigenome
differentiation in Arabidopsis" Inagaki et al identify a mutation in the histone demethylase LDL2
suppresses the developmental phenotype associated with hyper H3K9me2 accumulation in ibm1
mutants. The ibm1 1dI12 double mutant suppresses the growth phenotype, but does not alter the
H3K9me2 accumulation seen in ibm1. This phenotype suppression in the double mutant is found to
act through the retention of H3K4mel in gene bodies, this tying together the dynamic regulation of
two chromatin marks: H3K9me and H3K4mel. RNA-seq gene expression analysis was performed
and a model was proposed for gene regulation through this dynamic chromatin regulation. Lastly,
the suvh456 triple mutant was investigated, as it has very low levels of H3K9me, and it was
demonstrated that H3K9me and H3K4mel seem to be mutually exclusive marks the are

coordinated: when one goes up, the other goes down, and vice versa.

I found the overall conclusions of this manuscript very interesting, but I also found that some of the
conclusions were not supported by the data. Therefore, in my eyes this publication currently does

not meet the standards of EMBO Journal. I have listed these inconsistencies below.

1. In Figure 1B I noticed that the number of "genes" analyzed was very high for Arabidopsis
(33,602). The accepted number of genes for this organism is ~27,000. This makes me believe that
transposable elements (TEs) are littering this "gene" database, as many annotated "genes" in
Arabidopsis overlap TEs. When TEs are separated and investigated (such as in Figure S8), the
largest change in H3K4mel and H3K9me is observed. Therefore, I wonder how much the
H3K9me/H3K4mel dynamics are actually occurring on real (non-TE) genes? This is important, as
throughout the paper, and in the manuscript title, "gene body" dynamics are referred to, but I'm not
convinced that these are real gene body dynamics and not TE-body dynamics. An analysis of clean

genes (not overlapping the TE annotation) should be performed.

Our response: It is true that the 33,602 “genes” include TE genes. Importantly, however, change in
expression by ibm 1 was mainly found in cellular genes. Within 443 DGs, 432 were cellular genes, 3
were TE genes, 6 were non-coding genes, and 2 were pseudogenes. Within 1220 UGs, 1155 were
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cellular genes, 47 were TE genes, 5 were non-coding genes, and 13 were pseudogenes. We agree
with the referee that these are important points and we included the information above in the revised
manuscript. In addition, in order to make distinction between cellular genes and TE genes clearer,
we used different colors for each of them in Figures such as 2(A), 3, 5, and 6. Through these
improvements, it became clearer that genes, rather than TEs, are major targets of IBM1.

2. On page 4 the authors write that the Type II mutants "suppressed the ibm1-induced
developmental phenotypes with keeping the ectopic DNA methylation", and then reference several
figures. However, in none of those figures, or throughout the entire manuscript, is DNA methylation

analyzed. Thus, this claim is unsupported.

Our response: In the original version, DNA methylation status of the Type II mutants has been
described briefly in Materials and Methods, from the bottom paragraph of page 11 to page 12. In the
revised manuscript, we added results of whole genome bisulfite sequencing of ibm [-/d[2 and sibling
ibmI-LDL?2 plants, because DNA methylation status is an important part of the story. The results
show that ectopic DNA methylation of ibm/ does not recover in ibm1-IdI2 mutant, even in genes
whose expressions are decreased in ibm/ and recovered in ibm1 [dI2 (new Fig 2E). That is
consistent with our ChIP-seq results for H3K9me2 (new Figure 2A-C) and further support our
conclusion that LDL2 functions downstream of DNA/H3K9 methylation.

3. On page 6 the authors write that down regulated (DG) genes showed ectopic accumulation of
H3K9me, but most of the up regulated genes (UGs) did not. The authors then go on to explain how
the DG and UG sets are thus different (direct vs. indirect targets of LDL2). However, upon
inspection of Figure 1G, it is quite clear that both UG and DG gene sets do have increased levels of

H3K9me, and thus their claim and theory are unsupported.

Our response: Large proportion of genes (~4,000) accumulates ectopic H3K9me?2 in ibm 1. What we
meant in this part was that increase of H3K9me2 in UGs is not overrepresented than that in the total
genes (actually they are much underrepresented; new Fig 2CD). In the revised manuscript, we

clarified these points, with adding statistical tests in the legend of Figure 2.

4. In addition to the UG and DG sets, it seems that there are many genes for which expression does
not go back to wild-type levels in the double mutant. These genes are never discussed but important.

Is there any explanation for their regulation?

Our response: That is true that not all UG and DG go back to wild-type level in ibm1-IdI2 double
mutant. Interestingly, GO analyses revealed that UGs as well as genes up-regulated in ibm/ and not
fully recovered in ibm1 IdI2 are enriched in defense-related genes. We believe the results
convincing, as they are reproducibly seen in triplicate samples. We briefly discussed that at the

beginning of Perspective part (p.11).

5. Do the TEs that lose H3K9me but do not gain H3K4me1l become expressed? This is an important
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question as the answer will demonstrate if H3K4mel changes are required for expression, a
consequence of expression, or independent of expression. This point may have been made in the

manuscript text, but I was not able to follow.

Our response: We thank the referee for the very constructive suggestion. We analyzed relationship
between H3K4mel and transcriptional de-repression in TEs loosing H3K9me?2 in suvh456 (shown
in new Figure 6E). Very interestingly, almost all of TEs without gain of H3K4mel remain silent,
further supporting our interpretation that H3K4mel functions upstream of transcriptional de-

repression.

6. Please include references to the data availability and access for the large datasets. Also, the
number of replicates is never shown and bioinformatic analysis section of the Methods is

underdeveloped and needs to be expanded.

Our response: We deposited the sequence data to a database and added the accession number in the
manuscript in the Materials and Methods section. Number of replicates in each experiment is added
in the Materials and Methods section. We also added more detailed information of the bioinformatic

analyses in the Materials and Methods.

7. The Introduction section of this manuscript is too short and does not properly prepare the reader
for the rest of the manuscript. The Introduction reads as a second Abstract, and key aspects of the
first section of Results (such as ectopic DNA methylation and the developmental defects of ibm1)

are never touched upon.

Our response: As suggested, we described the background and key aspects, such as properties of

ectopic DNA methylation and H3K9me?2 induced by ibm I, more thoroughly in the Introduction.

8. The two parts of the paper, first dealing with LDL2, and the second with SUVH456, seem very
disjointed. Can a mutant combination between the two be created or is there any other way to

connect the two halves of the manuscript?

Our response: We added explanation about the relationship of results in these two parts, so that the

connection becomes clearer.

9. It would be helpful to include an analysis of the 1dI2 single mutant. It is unclear what this protein
is doing in a wild-type cell, since it is only analyzed in a double mutant background with a second

mutation that has strong molecular and phenotypic consequences.
Our response: We agree that analyses of 1d12 single mutant are important. We added ChiP-seq and

RNA-seq results of the /dl2 single mutant and control WT plants. Although the effect of /di2

mutation is not large as in ibm/ mutant background, some TEs are affected in both H3K4mel and

© European Molecular Biology Organization



The EMBO Journal Peer Review Process File - EMBO-2016-94983

transcription, supporting the idea that targets of LDL2 are transcription units with H3K9me2.

Referee #2:
We are glad to hear that this referee regards our manuscript as “These observations are interesting
and of scientific significance”. We also thank the referee for constructive comments. We addressed

most of the points raised by this referee.

The cross-talk between different histone modifications is an important topic in the epigenetics field
although the molecular mechanism underlying this phenomenon is still largely unknown. Previous
papers from the same lab showed that mutations of IBM1, which encodes a H3K9me2 demethylase,
can induce ectopic H3K9me? in genic regions of Arabidopsis on a genome-wide basis. The ibm1
mutant shows severe developmental abnormality. Through a forward genetic screen, Inagaki et al.
have now obtained 1d12 mutation which reverses the ibm1 developmental defect but has no effect on
H3K9me?2 patterns of ibm1. These results suggest that the 1d12 mutation recovers ibm1
developmental defects downstream of H3K9me2. Interestingly, the author found increase of
H3K4mel levels in a subset of genes in ibm11d12 double mutant compared to ibm1 single mutant.
Based on these results they defined a cross-talk between two histone modifications: H3K9me2 and
H3K4mel, in intragenic regions of the Arabidopsis genome. These observations are interesting and
of scientific significance but the molecular mechanism remains unknown. Several issues need to be

addressed before this work can be further considered.

Major concerns

1), In previous reports, the authors claimed there is no correlation between ectopic gene body
H3K9me?2 induced by the ibm1 mutation and transcription. For the marker gene BONSALI, although
intragenic CHG DNA methylation and H3K9me2 increase in the ibm1 mutant background,
BONSALI transcript levels remain unchanged. In this manuscript, the authors concluded that down-
regulated genes (DGs) may be the direct targets of IBM 1 whereas the up-regulated genes (UGs) may
be due to indirect effects, although there are more UGs in ibm1 and the number of recovered UGs
by further 1d12 mutation is significantly higher than that of DGs. In addition, the authors previously
showed that the major targets of IBM1 are transcribed, low-copy protein coding genes (that may be
the reason why the ibm1 mutant shows severely developmental defect) whereas in this manuscript
the majority of the claimed direct targets of IBM1 are transposon genes. These apparent
discrepancies in results generated by the same group at different times need to be addressed and
clarified. To identify the direct targets of IBM1, we feel it is necessary to perform a ChIP-seq.
experiment to map the genomic occupancy of IBM1. The data would help readers to understand the
biological function of IBM1 and illuminate the significance of the cross-talk between H3K9me2 and

H3K4mel.

Our response: We agree with the referee that Chip-seq of IBM1 is informative. We added the results

in the revised manuscript. The results show that IBM1 is localized within the body of expressed
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genes but not in non-expressed genes or TE genes (Fig 2EF). The results further support our model
that IBM1 removes H3K9me?2 from transcribed genes (Figure 4F).

Although we thank the referee for this and other constructive suggestions, “apparent
discrepancies” mentioned here are based on misunderstanding, we are afraid. The strongest point
raised by this referee here is “in this manuscript the majority of the claimed direct targets of IBM1
are transposon genes”, but we have not claimed that. What we claimed is opposite. Results in this
manuscript, as well as those in our previous manuscripts, indicate that transcribed genes, rather than
transposon genes, are targets of IBM1. The ibm [ mutation affects DNA methylation of transcribed
genes (Miura et al 2009) and H3Kme?2 of transcribed genes (Inagaki et al 2010), rather than TE
genes. In this manuscript, we show that the ibm/ mutation mainly affects transcription of cellular
genes, rather than TE genes (please see our response to point #1 of referee #1). It is true that ectopic
H3K9me?2 induces transcriptional repression in only a subset of genes (described here as DGs,
which do not include the BONSALI gene), but effects on TEs are much less than that on genes. The

results we describe in this manuscript and those in previous papers are fully consistent.

2), Although the author showed that the H3K4mel levels decreased in a subset of genes in ibm11d12
double mutant compared to the imb1 single mutant, it was disappointing that no attempt was made
to address the biological function of LDL2. More specifically is the LDL2 a bona fide H3K4mel
demethylase? Whether the K436A mutation indeed compromised the presumed LDL2 demethylase
activity is questionable. There could be trivial explanations; the mutant phenotype could be caused
by a change in protein stability and/or cellular localization. At least three experiments should be
conducted to address these issues, a) In vitro/in vivo assay to detect the demethylase activity of
LDL2, b) ChIP-Seq. to compare H3K4mel levels between 1d12 mutant and WT. ¢) Western blot to
analyse possible changes in the LDL2 (WT) and LDL2(K436A) protein levels in transgenic plants
(Fig. S1E).

Our response: We agree with the referee that biological function of LDL2 in wild type background
should be examined. As we described in the response to the point #9 of referee #1, we added ChiP-
seq and RNA-seq results of the /d/2 single mutant and control WT plants. Some TEs are affected in
both H3K4mel and transcription, supporting the model that targets of LDL2 are sequences with
H3K9me2. Some genes are affected when they acquire H3K9me?2 in ibm [ background, but they are
not affected in IBM1 wild type background, most likely because they do not have H3K9me2. We
also tried LDL2 demethylase assay as we did before on IBM1 (Inagaki et al 2010 EMBO J.), but we
have not been able to detect the demethylase activity in that system so far. We did not include that in
the manuscript because the results do not lead us to any solid conclusion; it is very possible that

additional host factor(s) are necessary for reconstruction of the demethylation system.
Minor concerns,

1), The use of abbreviations e.g. UGs/UTGs and DGs/DTGs has to be consistent between figure
legend and labelling in the figure (cf. Fig 1G).
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Our response: We corrected the inconsistency. We thank the referee for pointing that out.

2), The INTRODUCTION is too short and should be expanded. The authors have published several
papers on IBM1 and not all readers are familiar with their considerable historical data. The authors

should provide more background in the INTRODUCTION section.

Our response: We thank the referee that he/she appreciates our previous works on IBM1. We added
explanation for properties of the ibm/-induced ectopic DNA methylation and H3K9me2 more
thoroughly in the INTRODUCTION.

3), All data shown in the manuscript were not tested for statistical significance. This should be

rectified.

Our response: We added statistical analyses for the results in new Figs 2C, 2D, S3 (described in the
main text), S6B, S7A, and S8A.

Referee #3:
This referee is very positive. Nonetheless, the comments are very constructive and helped us to

improve the manuscript very much.

Histone H3 lysine 9 methylation (H3K9me) is a repressive epigenetic mark that is found not only at
promoter regions of transcriptionally silent genes but also on internal regions (gene bodies), where
its biological significance is not well understood. As the authors have previously shown, mutations
in IBM1, a histone H3 lysine 9 (H3K9) demethylase, result in ectopic H3K9me2 methylation at
gene bodies and severe developmental defects in Arabidopsis. In the present study, they carried out
a forward genetic screen on the ibm1 mutant to identify mutations that suppress the developmental
defects in ibm1. This screen identified LDL2, a putative H3K4 demethylase as a mediator of the
ibm1-induced developmental defects.

Further work using mRNA-seq and ChIP-seq to examine transcription and histone modifications on
a genome-wide level in various mutant combinations led the authors to propose a model for
differentiation of bi-stable epigenetic states at gene bodies through the activities of two histone
demethylases: transcription induces loss of H3K9me2 through the action of IBM1, and H3K9me?2
induces loss of H3K4me through the action of LDL2.

This study provides new and interesting information on how dynamic changes in histone
modifications in gene bodies influence transcription. There are four LDL genes in the Arabidopsis
genome and currently only functional information about one (LDL4 or FLD). This study adds new
information on this important, conserved group of histone methyltransferases and will be interesting

for epigeneticists working not only on plants but other systems as well.
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1. Mention the name of the genes responsible for Type I mutations (CMT3 and SUVH4) in Results,

not just in Materials and Methods.

Our response: As suggested, we added the name of genes for Type I mutations (CMT3, SUVH4, and
HOGT) in Results.

2. The paper is quite short (only 3 figures in the main text). I recommend moving some important
supplementary information into the main text. For example, show in the main text Venn diagrams

currently in Fig S2, S3, Fig, 5A histone H3 methylation patterns in regions around DGs.

Our response: As suggested, we moved substantial parts of the results in Supplemental Figures to

main Figures.

3. The experiments with suvh456 triple mutants, which are defective in three H3K9
methyltransferases that act redundantly to silence transposable elements, seem tacked on (e.g they
are not mentioned in the Abstract). More effort could be made to integrate these results into the
whole 'story' by adding something to the Abstract and Perspective section. Some results from the

suvh456 experiments - e.g. Fig. S7 part A and Fig. S8 part A - could be shown in the main text.

Our response: As suggested, we added information related to those results to Abstract. In Abstract of
the previous version, we described suvh456 results as “Furthermore, mutations of H3K9 methylases
induced drastic increases in H3K4mel in the bodies of diverse transposable elements”. To this
sentence, we added ““, and H3K4mel increase appears to be a prerequisite for transcriptional de-
repression of these TEs” in the revised manuscript. The added part corresponds to the new analysis
shown in new Fig 6E. In addition, results on suvh456 in supplemental Fig S7 and S8 are moved to

main Figures, as suggested.

3. The acronyms - DGs, UGs, DEGs, TEGs - get confusing. Except for DEGs, write out 'down-
regulated' and 'up-regulated'. Refer to TEGs as 'TE genes'.

Our response: As suggested, we refer to TEGs as ‘TE genes’. We also corrected the inconsistency of
DGs/DTGs and UGs/UTGs.

4. Although the authors aim 'To understand the molecular basis of the LDL2-mediated
developmental defects' (p. 5), aside from identifying numbers of differentially expressed genes by
mRNA-seq, there is no further insight into the developmental aspects purportedly being addressed in
the study. Why are developmental defects of imb1 mutant suppressed in imb1 1d12 if ectopic
H3K9me is not removed in this double mutant? What is basis of development defects in ibm1?
Further discussion of these points is needed; perhaps a GO analysis of the DEGs would help to shed

some light on these questions.
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Our response: We thank the referee for the very constructive comment. We did GO analysis of DGs
as well as UGs. Very interestingly, the analyses revealed that pathogen response genes are highly
enriched in UGs. We added this and other discussion related to the pathway to the developmental
abnormalities in the first paragraph of the Perspective part (p.11).

2nd Editorial Decision 01 November 2016

Thank you for submitting a revised version of your manuscript. It has now been seen by two of the
original referees and their comments are shown below.

As you will see the referees both appreciate the data and clarifications that you have provided to
address the original concerns, but where ref #3 is now fully supportive of publication ref #1 lists a
number of remaining criticisms - mostly linked to manuscript structure and data presentation - that
you will have to address in a final revised version. In particular, you will see that the referee finds
that the manuscript remains very densely written and that figures are presented out of order in
several cases. Further to that, we had to notice that the manuscript is still very short (although the
number of figures has increased) and that a more extensive presentation and discussion of the
findings would make the data and conclusions more accessible for the readers. Since some of these
points were already raised in the first round of review I would strongly encourage you to take them
to heart at this point and extensively rewrite the manuscript. In addition to the text/presentation
changes, referee #1 also requests that the statistical significance for the findings presented in figure
2D and 3 should be tested and discussed in the manuscript.

Based on the comments from the referees, I would like to invite you to submit a revised version of
your manuscript in which you address the above concerns.

REFEREE REPORTS
Referee #1:

This is a review of the revised manuscript entitled "The gene-body chromatin modification
dynamics mediates epigenome differentiation in Arabidopsis" submitted to the EMBO Journal by
Inagaki et al. In this revision the authors respond to the points raised in the original version, and the
data quality is improved compared to the original version of the manuscript. However, they have left
this second version of the manuscript highly disorganized and very difficult to read.

For example, the figures are referred to in an out-of-order fashion throughout the manuscript. On
page 6, Figure panels 2A-B, E, F-G are discussed, but 2C-D isn't discussed for a full page later and
in a different context. This creates problems for the reader, as the terms UG and DG are used in the
figures before they are ever defined in the text.

The main paragraph on page 8 is very difficult to understand / read. Every sentence refers to a figure
at rapid-fire speed, and there are large skips or breaks in logic. In addition, the references are mostly
to different figures. This is a critical paragraph of the manuscript and I suggest ordering the data in a
linear and logical manner, rather than skipping between multiple figures and points without any
explanation of logic.

Several paragraphs are very difficult to read because of disconnected sentences. For example, on
page 6 the middle paragraph starts and ends discussing LDL2 function, but in the middle there is a
sentence "Transcribed genes are affected by ibm1 mutation, and the IBM1 protein localizes to these
transcribed genes, but not to silent genes or TEs." This sentence is then used as evidence that LDL2
mediates developmental phenotypes induced by gene-body heterochromatin in the ibm1 mutant. I
think that this is very circumspect evidence for how the developmental phenotype is suppressed in
LDL2.
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Figure 2D is a weakness of the manuscript. It shows virtually no overlap between genes that have
hyper H3K9me?2 in ibm1, and the UG or DG genes. The overlap that is shown is likely not more
than what is expected by chance (and this statistical test should be done). Therefore, this means that
the UG and DG genes are indirectly up or down regulated, and are not direct targets of IBM1. But
for the rest of the manuscript they are considered direct. The statistical test should be performed to
determine if these genes are just random overlap of the datasets, and if so, they should not be
considered and treated as direct targets.

Figure 3 is a weakness of the manuscript. I see only a slight difference in the ibm1/1d12 double
mutant compared to the ibm1 single mutant. Please perform a statistical analysis the shows that the
difference discussed in the manuscript text are real.

As a general note, [ suggest not using axes in scatter plots that are based in "change" such as in
Figure 6. The authors plot change between two datasets vs. change in two other datasets. This is

very difficult to parse what the authors are trying to show with the data, and the display should be
simplified to make the large dataset understandable.

Referee #3:

The authors have addressed my comments in a satisfactory manner. I have no further suggestions for
improvement.

2nd Revision - authors' response 14 November 2016

Point by point response to the comments by Referee #1

We are glad to see that the referee #1 regards that “In this revision the authors respond to the points
raised in the original version, and the data quality is improved compared to the original version of
the manuscript.” We also thank the referee for specific comments for further improving the
manuscript. We have incorporated most of the comments.

On page 6, Figure panels 2A-B, E, F-G are discussed, but 2C-D isn't discussed for a full page later
and in a different context.

We added the discussion about Fig 2C and 2D. Thank you for the suggestion.

The main paragraph on page 8 is very difficult to understand / read. Every sentence refers to a figure
at rapid-fire speed, and there are large skips or breaks in logic. In addition, the references are mostly
to different figures. This is a critical paragraph of the manuscript and I suggest ordering the data in a
linear and logical manner, rather than skipping between multiple figures and points without any
explanation of logic.

We agree that this is an important paragraph. We have separated this paragraph into two paragraphs
and added more explanation, so that readers can follow this part more easily. We have also changed
the order of explanations.

For example, on page 6 the middle paragraph starts and ends discussing LDL2 function, but in the
middle there is a sentence "Transcribed genes are affected by ibm1 mutation, and the IBM1 protein
localizes to these transcribed genes, but not to silent genes or TEs." This sentence is then used as
evidence that LDL2 mediates developmental phenotypes induced by gene-body heterochromatin in
the ibm1 mutant. I think that this is very circumspect evidence for how the developmental
phenotype is suppressed in LDL2.

We agree that the description about IBM1 protein localization in the middle of this paragraph have

made the logic unclear. We have removed the description about IBM1 protein localization from this
part and described this observation only in the first paragraph of Discussion.
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Figure 2D is a weakness of the manuscript. It shows virtually no overlap between genes that have
hyper H3K9me?2 in ibm1, and the UG or DG genes. The overlap that is shown is likely not more
than what is expected by chance (and this statistical test should be done).

The statistical test have been done and described in legend of Figure 2D in the previous version of
the manuscript. The differences were highly significant (P<107%).

Figure 3 is a weakness of the manuscript. I see only a slight difference in the ibm1/1d12 double
mutant compared to the ibm1 single mutant. Please perform a statistical analysis the shows that the
difference discussed in the manuscript text are real.

We added a new panel in Figure 3 (panel C), to show that a large number of genes lost H3K4mel in
ibm1 and that the affected genes were much enriched in genes accumulating H3K9me?2 in ibm1. We
also show in that panel that the number of genes with H3K4mel loss was much reduced in the 1d12
ibm1 double mutant. We have added the statistical test in the legend of Figure 3.

I suggest not using axes in scatter plots that are based in "change" such as in Figure 6.

Although we agree it desirable to use the data as close to the original as possible, we are showing
the changes in Figure 6, because the scatter plot can only show relationship of two parameters.

3rd Editorial Decision 07 December 2016

Thank you for submitting the revised version of your manuscript, which has now been seen once
more by ref #1 whose comments are included below.

As you will see, the referee is now overall satisfied with the statistical analysis conducted but still
has a few remaining suggestions that would improve data presentation for the reader. I would
encourage you to incorporate the suggestions made by the referee in a final version of the
manuscript and [ would like to emphasize that this would in our view strengthen the paper.

REFEREE REPORTS
Referee #1:

The manuscript by Inagaki et al has improved from the previous version. However, two of my key
points need further work:

1. The written presentation of the data in the manuscript is generally good, with the exception of the
entire page 8. This page is simply not readable. Almost every single sentence on page 8 refers to
primary data, and are no connecting sentences that provide the reader with an understanding of the
logic behind why the analysis was done. Page 8 reads like a bullet list of facts. I suggest adding a
sentence or two between each figure reference to explain to the reader the logic of why an analysis
is being done, and what the result means.

2. The presentation of Venn diagrams is still very difficult for the reader to understand. In 3C, I
suggest making two Venn diagrams. The point that the authors are trying to make has nothing to do
with the 123 genes in the center of the Venn diagram, but rather should be two Venn diagrams: one
showing the overlap between Hyper H3K9me?2 and decreased H3K4mel in ibml, and the second
Venn diagram being Hyper H3K9me?2 and decreased H3K4mel in ibm1/1d12. Then the reader can
compare and see that one is more than the other. The authors never even mention the 3-way overlap
of 123.

3. In addition, in figure 5 and 6 the authors use inconsistent Y-axis scales, which makes their data

seem to have a larger effect. For example, in 6F once all the Y-axes are set to 50, I think the
H3K4mel, me2 and me3 may look very similar.
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Other improvements to the writing:

1. In the abstract: "Here we show that H3K9me-directed removal of H3K4..." should read "Here we
show that H3K9me-associated removal of H3K4..."

2. In the abstract: "The 1d12 mutation suppressed the developmental defects..." would be improved
by writing "The 1d12 mutation suppressed the expression and developmental defects..."

3. In the first paragraph of the introduction, it is unclear whether the claims made about H3K9me are
specific to H3K9me2 or all H3K9me states.

3rd Revision - authors' response 14 December 2016

Point-by-point response to the comments by Referee 1

1. The written presentation of the data in the manuscript is generally good, with the exception of the
entire page 8. This page is simply not readable. Almost every single sentence on page 8 refers to
primary data, and are no connecting sentences that provide the reader with an understanding of the
logic behind why the analysis was done. Page 8 reads like a bullet list of facts. I suggest adding a
sentence or two between each figure reference to explain to the reader the logic of why an analysis
is being done, and what the result means.

In the top paragraph of page 8, we have added explanation about the results for the effect of ibm 1
single mutation to H3K4mel, before moving to the results of the ibm/ IdI2 mutant. We separated
the second paragraph into three paragraphs, each describing explanation for the amount of the
modifications in DGs, H3K9me2/3 in DGs, and conclusion, so that the story becomes easier to
follow. We also added more explanation in each of them. In addition, we put different panel names
to different graphs in Figure 4 and 6, so that the results to see can be pinpointed easily. We thank the
referee for the suggestion.

2. The presentation of Venn diagrams is still very difficult for the reader to understand. In 3C, 1
suggest making two Venn diagrams. The point that the authors are trying to make has nothing to do
with the 123 genes in the center of the Venn diagram, but rather should be two Venn diagrams: one
showing the overlap between Hyper H3K9me?2 and decreased H3K4mel in ibm1, and the second
Venn diagram being Hyper H3K9me?2 and decreased H3K4mel in ibm1/1d12. Then the reader can
compare and see that one is more than the other. The authors never even mention the 3-way overlap
of 123.

The Venn diagram of the three circles gives more information than two separate diagrams of two
circles, with less space. Most readers can easily deduce the latter from the former, we believe. The
two Venn diagrams suggested by the referee do not show that most of the genes with decrease in
H3K4mel in ibm1 IdI2 are included in the genes with decrease in H3K4mel in ibm ! single mutant.
Although that is what expected, we would like to show that information to the readers, because that
may be related to the nature of genes with decrease in H3K4mel in ibm1 Id]2. We changed
expression in the main text to incorporate this point. We thank the referee for the suggestion.

3. In addition, in figure 5 and 6 the authors use inconsistent Y-axis scales, which makes their data
seem to have a larger effect. For example, in 6F once all the Y-axes are set to 50, I think the
H3K4mel, me2 and me3 may look very similar.

The most important message in Figure 6FG is the difference of r in the three modifications, which is
reflected in the shape. When comparing different modifications, shape (or relative value) is more
important than the absolute value, because the absolute value can change depending on the antibody
used. We selected those scales depending on the dynamic ranges of the datasets, to make the shapes
easier to see. We therefore would like to keep the figures as they are.

Other improvements to the writing:
1. In the abstract: "Here we show that H3K9me-directed removal of H3K4..." should read "Here we
show that H3K9me-associated removal of H3K4..."

We changed the expression as suggested.
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2. In the abstract: "The 1dI2 mutation suppressed the developmental defects..." would be improved
by writing "The 1d12 mutation suppressed the expression and developmental defects..."

This part is just after description of suppressor screening, which is done by observing developmental
defects and silent mark. We therefore would like to refrain from adding “the expression and” in this
part, because that might be confusing.

3. In the first paragraph of the introduction, it is unclear whether the claims made about H3K9me are
specific to H3K9me2 or all H3K9me states.

The first part of the abstract and introduction is about H3K9me in general. In mammals, Drosophila,
and fission yeast, H3K9me3/2 are both silent marks. In plants, H3K9me?2 is very well characterized,
but not much evidence is reported for the function of H3K9me3. We therefore uses H3K9me for
describing eukaryotic silent mark in general, and use H3K9me?2 for specifically describing effects of
Arabidopsis mutations such as ibm [ and suvh456. We do not want to describe the details of
H3K9me3 in this part, because it is still controversial, and it is irrelevant to the contents of this

paper.

4th Editorial Decision 16 December 2016

Thank you for submitting the final revision of your study, I am pleased to inform you that your
manuscript has now been accepted for publication in The EMBO Journal.
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