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Reviewer #1 (Remarks to the Author):

In the manuscript entitled “A fine-scale Arabidopsis chromatin landscape reveals chromatin 

conformation-associated transcriptional dynamics”, the authors utilized a chemical-crosslinking 

assisted proximity capture (CAP-C) method to generate a high-resolution chromatin contact map in 

Arabidopsis, enabling the identification of chromatin interactions at the gene level. Subsequent 

analysis of these local interactions revealed their association with Pol II activities, which were 

dynamically reprogrammed in response to cold stress. PPI network identified by CAP-C showed co-

regulation of the interactors during cold treatment. This study represents the first application of 

the CAP-C method in plants and provides valuable insights into fine-scale chromatin interactions. 

Nevertheless, I have the following main concerns:

The terms “chromatin loop” and “chromatin contacts” are not clearly defined. In this manuscript, it 

appears that “chromatin loop” refers to chromatin contacts with statistical significance (according 

to line 447 in the method section). However, I could not find any information on “chromatin loops”, 

such as the number of loops and the distance range of loops, furthermore, whether the statistical 

modeling of FIT-HiC is suitable to call loops at 200-bp resolution is not justified. On the other 

hand, the term “chromatin contacts” is used to describe “observed CAP-C reads” (among which the 

vast majority of sequencing reads come from stochastic chromatin contacts). These two concepts 

are used interchangeably without giving any reasons, for instance, Figs 3 and 4 are based on 

normalized CAP-C reads; while Fig 5 and Fig6 are likely based on chromatin loops. Fig6c makes me 

confused: it depicts both intra- and inter-chromosomal PPI. Were they “loops” identified by FIT-

HiC? If yes, I don’t think 200-bp resolution works for inter-chromosomal or long-distance intra-

chromosomal (e.g., several Mbs) contact calling; if the answer is no, does it mean that PPIs were 

only observed CAP-C reads, which can be stochastic?

Other comments:

Fig2a and 2b illustrated some short chromatin loops (<500 bp or so). In such a distance range, I 

am curious to know how CAP-C reads were analyzed so that one can differentiate ligation products 

from unligated genomic DNA.

The y-axis values of some plots are inconsistent: Fig3e,3f, 4d, 4e have the same y-axis and these 

panels describe “normalized interactions per bin” over exon/intron junctions. But the values in fig3 

(between 1.5 and 1.7) are much lower than those from fig4 (between 0 and 10). Furthermore, the 

curves in Fig4d and 4e have negative values, by y-axis definition, this is not possible.

Fig2e and 2f have chromatin interactions that I could not understand well. In both panels, there 

are way more interactions within the locus of interest; on the contrary, the contacts between the 

locus of interest and its flanking regions appear extremely sparse. Are such extraordinarily strong 

chromatin contacts within gene body representative?

From lines 110 to 156, the authors clarified that CAP-C can identify local chromatin organizational 

features, including interactions between individual gene loci, enhancers and promoters, and 

promoter-promoter interactions. While two examples were presented in Fig2 for each feature, they 

were not sufficient to illustrate interactions on a genome-wide scale. It would be beneficial to 

provide genome-wide information on chromatin contacts, such as how many loops were identified, 

the numbers of E-P and P-P interactions, and so on. Furthermore, systematic characterization of P-

P and E-P contacts would be appreciated.

Concerning the association between local chromatin contacts and Pol II activities, the authors 

claimed that “the regions with high Ser5P Pol II densities exhibited more chromatin contacts than 

those with low Ser5P Pol II densities (Fig. 3e). Notably, this disparity was most prominent at the 

first exon-intron junction, which is critical to Pol II elongation activity (Fig. 3f)” (line 193 to 195), 

in which the signal of Ser 5p Pol II peaked across the 5’SS or the 1st 5’SS regions. In references 2 

and 20, which discuss Pol II activities, splicing intermediate within the spliceosome complex that 

coprecipitated with Ser 5P Pol II at 5’SS were reported, indicating that the signals at 5’SS contain 

both nascent RNA and splicing intermediates. Could the presence of splicing intermediates mislead 

the accurate signal of nascent RNAPII transcription? Similarly, in the subsequent section that 

demonstrates the dynamics of chromatin conformation-associated Pol II activities during cold 



response (Fig4f,g and Supplementary Fig. 4b,c), the authors should consider excluding possible 

effects of splicing kinetics during cold treatment.

In Fig6a and 6b, it is striking that promoter-promoter interacting genes were exclusively co-

upregulated or co-downregulated during cold treatment. I am skeptical that not all promoter-

promoter interacting gene pairs are present in the plots, instead, it is clear that a filter has been 

applied so that only a subset of gene pairs are shown. Besides, perhaps “22C or 3-hour cold 

treatment” (line 701) should be “3-hour vs. 22C”, and “3-hour or 12-hour” (line 703) should be “3-

hour vs. 12-hour”. Further analysis of these genes “showed that for many gene pairs where one 

gene was involved in stress response, its co-regulatory gene partner was mainly involved in either 

cellular metabolic processes or developmental processes” (line279 to 281). Generally, stress 

responses are considered antagonistic to plant growth and development. The authors should 

discuss the potential reasons behind this observation.

Reviewer #2 (Remarks to the Author):

I don’t understand why this manuscript could be considered for reviewed in a nature journal. The 

Cap-C method has already been published in nature biotechnology. This is just applying it to plant? 

Is that acceptable now?

I also don’t understand why the author would choose Arabidopsis, which has a small genome and 

no meaningful long-range chromatin interactions. Yes, Cap-C has very good resolution, which is 

very useful for large animal genome, and this has been nicely demonstrated in the first nature 

biotechnology paper. But plants, Arabidopsis in particular do not have such chromatin loops. That’s 

why the author couldn’t find anything meaningful interaction from their Cap-C at this super high 

resolution. They then turned to making a “promoter-promoter-interaction” (PIP) network and 

“transcription-initiation-cluster” (TIC). But those are just highly expressed genes in the 

transcription factories that got crosslinked together. These “interaction” has no regulatory function. 

Why would anyone bother to examine those?

The last sentence of the abstract said "...contributed to transcriptional reprogramming, enhancing 

our understanding of chromatin conformation-associated gene regulation". None of the result in 

this paper can demonstrate that such chromatin interaction has any regulatory function.

There are too many papers describing this type of chromatin interaction in plants. But no one can 

confidently say that those interaction has any regulatory function. Very few exceptional cases in 

some large plant genome, in which a few real enhancers can be positioned hundreds of kb away 

from the target gene, like b1 and tb1. Those rare cases have been extensively studied and people 

have published those many years ago. Now, if anyone wants to claim that they find new long-

range chromatin interaction that can control gene expression, they can't just show there is an 

interaction by sequencing. because adjacent accessible chromatin or transcribed genes can be 

cross-linked in such experiment and detected as if they are interacting. if we want to make such 

functional claim, we must produce evidence. So for, no one is able to do so. lots of people tried to 

use CRISPR to remove those so-call distal enhancers" and found no meaningful effect on gene 

expression. That's why we wont consider the plant chromatin interaction would have the same 

function as those in the animal nucleus.
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REVIEWER COMMENTS#

#

Reviewer #1 (Remarks to the Author):#

#

In the manuscript entitled “A fine-scale Arabidopsis chromatin landscape reveals chromatin 

conformation-associated transcriptional dynamics”, the authors utilized a chemical-crosslinking 

assisted proximity capture (CAP-C) method to generate a high-resolution chromatin contact map 

in Arabidopsis, enabling the identification of chromatin interactions at the gene level. Subsequent 

analysis of these local interactions revealed their association with Pol II activities, which were 

dynamically reprogrammed in response to cold stress. PPI network identified by CAP-C showed 

co-regulation of the interactors during cold treatment. This study represents the first application 

of the CAP-C method in plants and provides valuable insights into fine-scale chromatin 

interactions.  
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Nevertheless, I have the following main concerns: The terms “chromatin loop” and “chromatin 

contacts” are not clearly defined. In this manuscript, it appears that “chromatin loop” refers to 

chromatin contacts with statistical significance (according to line 447 in the method section). 

However, I could not find any information on “chromatin loops”, such as the number of loops and 

the distance range of loops, furthermore, whether the statistical modeling of FIT-HiC is suitable 

to call loops at 200-bp resolution is not justified.  



Response:#!"#$%&'(#$%"#?"*+",")#./)#$%"#6/00"'$-7#!"#&3/2/4+E"#./)#$%"#6/'.5-+'4#$")0-#&'1#

%&*"#62&)+.+"1#/5)#0&'5-6)+3$#&-#./22/,-7##

FG>HFI-#5'+J5"#&1*&'6"-#+'6251"#&#@+H.5'6$+/'&2#@)+14"#2+'(");#&$$&6%"1#$/#1"'1)+0")-#*+&#

KF2+6(# F%"0+-$)9K17# L%+-# 2+'(")# 6/''"6$-# 3)/8+0&2# 6/'$&6$-# /'# $%"# -&0"# 1"'1)+0");# )"156+'4#

)&'1/0#DMG#6/22+-+/'-;#0+'+0+E+'4#5'2+4&$"1#4"'/0+6#DMG#2+4&$+/'#3)/156$-;#&'1#"'%&'6+'4#

-3"6+.+6+$9#+'#+1"'$+.9+'4#6%)/0&$+'#3)/8+0+$+"-7#F/'-"J5"'$29;#/'29#DMG#.)&40"'$-#6)/--2+'("1#

&'1#)"&6$"1#,+$%#$%"#2+'(")#&)"#6&3$5)"1#+'#/5)#2+@)&)+"-7#We termed the read pairs that contain 

the bridge linker in the middle as the valid “chromatin contacts”7#N5)$%")0/)";#,"#&--"--"1#

$%"#)"3)/156+@+2+$9#/.#6%)/0&$+'#6/'$&6$-#+'#/5)#FG>HF#2+@)&)+"-7#!"#./5'1#$%&$#$%"#)"3)/156+@+2+$9#

+-#*")9#%+4%#@"$,""'#$,/#@+/2/4+6&2#)"32+6&$"-#OSupplementary Figure 1b,#Rebuttal Table 1 and 

Rebuttal Figure 1P7# !"# +225-$)&$"1# $%"# )"3)/156+@+2+$9# ,+$%# @/$%# E//0H+'# )"4+/'-# &'1#

6%)/0/-/0"H,+1"#0"&-5)"0"'$-#OSupplementary Figure 1b,#Rebuttal Table 1 and Rebuttal 

Figure 1P7#L%"#%+4%#)"3)/156+@+2+$9#-%/,'#-533/)$-#$%"#&1*&'$&4"-#/.#FG>HF#/'#$%"#-3"6+.+6+$9#

&'1#-"'-+$+*+$9#+'#0"&-5)+'4#$%"#6%)/0&$+'#+'$")&6$+/'-7##

N5)$%")0/)";#$/#.&6+2+$&$"#6/03&)+-/'#,+$%#3)"*+/5-#-$51+"-2, 3, 4#+'#Figure 2;#,"#/'29#5-"1#

N+$HQ+HF# O$%"# 2&$"-$# )"+032"0"'$"1# *")-+/'# N+$Q+FR5P# $/# +1"'$+.9# %+4%29# "')+6%"1# 6%)/0&$+'#

6/'$&6$-#O$")0"1#&-#stable chromatin contactsP7#L%"#N+$HQ+HF#6/035$"-#&665)&$"#"03+)+6&2#'522#

0/1"2-#/.#-$&@2"#6%)/0&$+'#6/'$&6$#3)/@&@+2+$9#,+$%/5$#&'9#1+-$)+@5$+/'#&--503$+/';#6/))"6$-#./)#

@+''+'4#&)$+.&6$-#&'1#+1"'$+.+"-#6%)/0&$+'#6/'$&6$-#,+$%#$%"#%+4%#6/'.+1"'6"7#L%5-;#+$#+-#6&3&@2"#/.#

+1"'$+.9+'4# %+4%29# "')+6%"1# 6%)/0&$+'# +'$")&6$+/'-# Ostable chromatin contactsP# ,+$%# 1+..")"'$#

1+-$&'6"-5, 67#G-#-%/,'#+'#Figure 2;#$%"-"#-$&@2"#6%)/0&$+'#6/'$&6$-#+1"'$+.+"1#.)/0#/5)#FG>HF;#

,")"#5-"1#$/#@"#6/03&)"1#,+$%#3)"*+/5-#6%)/0&$+'#6/'./)0&$+/'#-$51+"-2, 37#!"#%&*"#3)/*+1"1#

'",#-5332"0"'$&)9#+'./)0&$+/'#/'#$%"#'50@")#&'1#$%"#1+-$&'6"#)&'4"#/.#$%"-"#-$&@2"#6%)/0&$+'#

6/'$&6$-#ONew Supplementary Data 7P7#

#

Rebuttal Table1. HiCRep7 reproducibility at 200-bp resolution (measured 

by the stratum-adjusted correlation coefficient). 
#

## Chr1 Chr2 Chr3 Chr4 Chr5 

CAP-C 22°C Rep1 vs Rep2 S7TU=V# S7TRW=# S7TURV# S7TURW# S7TRTT#

CAP-C 4°C 3h Rep1 vs Rep2 S7T<VX# S7T<Y=# S7TUWT# S7T<R=# S7TUTU#

CAP-C 4°C 12h Rep1 vs Rep2 S7TWY<# S7TWVY# S7TWSY# S7TWY=# S7TWVW#





loops. Fig6c makes me confused: it depicts both intra- and inter-chromosomal PPI. Were they 

“loops” identified by FIT-HiC? If yes, I don’t think 200-bp resolution works for inter-

chromosomal or long-distance intra-chromosomal (e.g., several Mbs) contact calling; if the 

answer is no, does it mean that PPIs were only observed CAP-C reads, which can be stochastic?  

Fig2a and 2b illustrated some short chromatin loops (<500 bp or so). In such a distance range, I 

am curious to know how CAP-C reads were analyzed so that one can differentiate ligation 

products from unligated genomic DNA.   

#
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Rebuttal Table 2: Statistical significance assessment for peaks compared to the background 

in Rebuttal Figure 4 

Peak compared to the whole region. 

Peak compared to the region before the peak. 

Peak compared to the region after the peak. 

Average Chromatin Contacts Peak Value t df p value 

CAP-C 22°C 1.630166 -12.142 34 6.5E-14 

CAP-C 4°C 3h 1.422726 -11.562 34 2.5E-13 

CAP-C 4°C 12h 1.446476 -11.623 34 2.2E-13 

Fig2e and 2f have chromatin interactions that I could not understand well. In both panels, there 

are way more interactions within the locus of interest; on the contrary, the contacts between the 

locus of interest and its flanking regions appear extremely sparse. Are such extraordinarily strong 

chromatin contacts within gene body representative?##

#
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Average Chromatin Contacts Peak Value t df p value 

CAP-C 22°C 1.630166 -12.142 34 6.5E-14 

CAP-C 4°C 3h 1.422726 -11.562 34 2.5E-13 

CAP-C 4°C 12h 1.446476 -11.623 34 2.2E-13 

Average Chromatin Contacts Peak Value t df p value 

CAP-C 22°C 1.630166 -10.864 16 8.57E-09 

CAP-C 4°C 3h 1.422726 -9.842 16 3.43E-08 

CAP-C 4°C 12h 1.446476 -10.363 16 1.67E-08 
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Supplementary Fig. 6 b, cP7#

#

In Fig6a and 6b, it is striking that promoter-promoter interacting genes were exclusively co-

upregulated or co-downregulated during cold treatment. I am skeptical that not all promoter-

promoter interacting gene pairs are present in the plots, instead, it is clear that a filter has been 

applied so that only a subset of gene pairs are shown. Besides, perhaps “22C or 3-hour cold 

treatment” (line 701) should be “3-hour vs. 22C”, and “3-hour or 12-hour” (line 703) should be 

“3-hour vs. 12-hour”. Further analysis of these genes “showed that for many gene pairs where 

one gene was involved in stress response, its co-regulatory gene partner was mainly involved in 

either cellular metabolic processes or developmental processes” (line279 to 281). Generally, 

stress responses are considered antagonistic to plant growth and development. The authors should 

discuss the potential reasons behind this observation. 
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Reviewer #2 (Remarks to the Author): 

#

I don’t understand why this manuscript could be considered for reviewed in a nature journal. The 

Cap-C method has already been published in nature biotechnology. This is just applying it to plant? 

Is that acceptable now?
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#

I also don’t understand why the author would choose Arabidopsis, which has a small genome and 

no meaningful long-range chromatin interactions. Yes, Cap-C has very good resolution, which is 

very useful for large animal genome, and this has been nicely demonstrated in the first nature 

biotechnology paper. But plants, Arabidopsis in particular do not have such chromatin loops. 

That’s why the author couldn’t find anything meaningful interaction from their Cap-C at this super 

high resolution. They then turned to making a “promoter-promoter-interaction” (PIP) network 

and “transcription-initiation-cluster” (TIC). But those are just highly expressed genes in the 

transcription factories that got crosslinked together. These “interaction” has no regulatory 

function. Why would anyone bother to examine those? 
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The last sentence of the abstract said "...contributed to transcriptional reprogramming, enhancing 

our understanding of chromatin conformation-associated gene regulation". None of the result in 

this paper can demonstrate that such chromatin interaction has any regulatory function.  

There are too many papers describing this type of chromatin interaction in plants. But no one can 

confidently say that that interaction has any regulatory function. Very few exceptional cases in 

some large plant genomes, in which a few real enhancers can be positioned hundreds of kb away 

from the target gene, like b1 and tb1. Those rare cases have been extensively studied and people 

have published those many years ago. Now, if anyone wants to claim that they find new long-range 

chromatin interaction that can control gene expression, they can't just show there is an interaction 

by sequencing. because adjacent accessible chromatin or transcribed genes can be cross-linked 

in such experiment and detected as if they are interacting. if we want to make such functional claim, 

we must produce evidence. So for, no one is able to do so. lots of people tried to use CRISPR to 

remove those so-call distal enhancers" and found no meaningful effect on gene expression. That's 

why we won’t consider the plant chromatin interaction would have the same function as those in 

the animal nucleus. 

#
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Rebuttal Figure 15 (New Supplementary Figure 12). Gene expression detection of gene pairs 

connected by promoter-promoter interactions in response to cold in wild-type and T-DNA 

insertion mutants. 
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Reviewer #1 (Remarks to the Author):

For the plots in Fig6a and b, my concerns still remain. In fact, the authors’ rebuttal letter confirms 

that the correlation was calculated based on a selection strategy, in which only up- and down-

regulated genes forming PPIs were selected. With such a selection strategy, of course, there will be 

a strong positive correlation because all the data points are restricted to the first and the third 

quadrants. Therefore, the conclusion (line 289, in comparison to the plot shown in FigS10) doesn’t 

make sense. Instead, the author should revise the analysis pipeline, for instance, to select ALL the 

PPI-paired genes, in which at least one gene in each pair is considered up-regulated, then, to 

check fold changes of the other gene. As a control, dummy PPIs can be randomly generated, 

followed by the same analysis.

At the moment, I feel that Fig6 is misleading. Among a large number of PPIs, one can always spot 

some gene pairs with concordant expression changes. Whether such coordinated expression 

change is over-represented in PPI-gene pairs and whether PPI occurs independently from gene 

expression control is still in question.

The “tandem orientation” (line 150) perhaps refers to PPI, not E-P contacts. (It is hard to 

determine the “orientation” of a putative enhancer.).

Reviewer #2 (Remarks to the Author):

In the revised manuscript, the authors employed CRISPR/Cas9 to delete a region took part in 

"promoter-promoter" interaction located upstream of the AT1G80940 gene in Arabidopsis 

protoplasts (rebuttal fig 13). RT-qPCR showed a down-regulation in the expression of AT1G80940, 

as well as a concurrent down-regulation of the nearby AT1G80950 gene, whose promoter interacts 

with AT1G80940. They also conducted a similar experiment on another pair of genes. The authors 

aim to utilize these findings as supporting evidence for their assertion that promoter-promoter 

interactions can play a role in gene regulation.

My concern is that only a fraction of the protoplasts would carry this deletion. The gel image 

provided in Rebuttal Fig 13b and 13f also suggests that only a very small proportion of the 

protoplasts have undergone editing (comparing the faint edited band at the bottom with the strong 

unedited band at the top). If this is the case, it implies that the down-regulation of this gene would 

only occur in a minor percentage of cells. Therefore, I find it puzzling how the RT-qPCR results 

indicate a significant decrease in gene expression from 1-1.5 to less than 0.2 (rFig 13d and h). 

This raises doubts about the reliability and reproducibility of the findings. Alternatively, is it 

possible that something has transpired within the unmodified cells, such as Cas9 binding to the 

site, hindering other transcription factors from accessing the open chromatin of the promoter? In 

any case, it appears necessary for the authors to establish a stable transgenic line for the 

CRISPR/Cas9 experiment and conduct proper RNA-seq analysis to obtain more robust results.

Also, one can not talk about chromatin interaction without considering open/accessible chromatin 

(ATAC-seq). I suggest the author to read this Arabidopsis Hi-C paper and think about how to 

present their finding in a sensible manner (https://doi.org/10.1093/nar/gkad710).
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For the plots in Fig6a and b, my concerns still remain. In fact, the authors’ rebuttal letter confirms 

that the correlation was calculated based on a selection strategy, in which only up- and down-

regulated genes forming PPIs were selected. With such a selection strategy, of course, there will 

be a strong positive correlation because all the data points are restricted to the first and the third 

quadrants. Therefore, the conclusion (line 289, in comparison to the plot shown in FigS10) doesn’t 

make sense. Instead, the author should revise the analysis pipeline, for instance, to select ALL the 

PPI-paired genes, in which at least one gene in each pair is considered up-regulated, then, to 

check fold changes of the other gene. As a control, dummy PPIs can be randomly generated, 

followed by the same analysis. At the moment, I feel that Fig6 is misleading. Among a large number 

of PPIs, one can always spot some gene pairs with concordant expression changes. Whether such 

coordinated expression change is over-represented in PPI-gene pairs and whether PPI occurs 

independently from gene expression control is still in question. 
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provided in Rebuttal Fig 13b and 13f also suggests that only a very small proportion of the 

protoplasts have undergone editing (comparing the faint edited band at the bottom with the strong 

unedited band at the top). If this is the case, it implies that the down-regulation of this gene would 

only occur in a minor percentage of cells. Therefore, I find it puzzling how the RT-qPCR results 

indicate a significant decrease in gene expression from 1-1.5 to less than 0.2 (rFig 13d and h). 

This raises doubts about the reliability and reproducibility of the findings. Alternatively, is it 

possible that something has transpired within the unmodified cells, such as Cas9 binding to the 

site, hindering other transcription factors from accessing the open chromatin of the promoter? In 

any case, it appears necessary for the authors to establish a stable transgenic line for the 

CRISPR/Cas9 experiment and conduct proper RNA-seq analysis to obtain more robust results. 
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Reviewer #1 (Remarks to the Author):

Upon thorough examination, I am pleased to affirm that the authors have attended to the issues I 

raised and have made appropriate revisions to their manuscript. I have no more concerns.

Reviewer #2 (Remarks to the Author):

i have no further concerns. Just one suggestion, the Sup Fig 14 is very nice. Maybe the author can 

consider put one of its sup panel, say move panel A and D from Sup Fig14 to their main figure 6?



REVIEWERS' COMMENTS

Reviewer #1 (Remarks to the Author):

Upon thorough examination, I am pleased to affirm that the authors have attended to the issues I 
raised and have made appropriate revisions to their manuscript. I have no more concerns.
Response: 

We are grateful for the Reviewer's confirmation that all concerns have been addressed. We are also very 
grateful for their suggestions in helping us improve our manuscript.

Reviewer #2 (Remarks to the Author):

i have no further concerns. Just one suggestion, the Sup Fig 14 is very nice. Maybe the author can 
consider put one of its sup panel, say move panel A and D from Sup Fig14 to their main figure 6?

Response: 

We appreciate the reviewer’s positive feedback on our response letter, particularly regarding 
Supplementary Figure 14. Due to the figure size of the main figure 6, we would keep the original 
arrangement of figures. 


