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Changes in chromatin accessibility between

Arabidopsis stem cells and mesophyll cells

illuminate cell type-specific transcription
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2 Data Processing in the article

2.1 Methods in the article

The promoters of CLAVATA3 (CLV3) and Rubisco small subunit 2B

(RBC) genes were used to drive the expression of the nuclear-targeting
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fusion (NTF) gene in stem cells and mesophyll cells respectively. The
transgenic plants CLV3p::NTF;ACT2p::BirA and RBCp::NTF;ACT2p::BirA

were constructed.

1. Sequence read mapping and processing

¢ Sequencing reads were mapped to the Arabidopsis genome (ver-
sion TATR10) using Bowtie2 software with default parame-
ters. The mapped reads in.sam format were converted to.bam

format and sorted.

e Samtools was used to filter the reads, retaining only those
with a mapping quality score of 2 or higher and map-
ping to nuclear chromosomes, removing reads mapping
to the chloroplast or mitochondrial genomes. The num-
ber of mapped reads in biological replicates was also made the

same for further analysis.

2. Peak calling (detection of transposase hypersensitive sites, THSs) The
“Findpeaks” function of the HOMER package was used to detect
THSs with the parameters “-minDist 150” and “-region” . An
additional parameter “-regionRes 1”7 was used when comparing the
accessibility between cell types to increase the resolution and number
of detected THSs.

3. Genomic distribution analysis of THSs The PAVIS web tool was used
to determine the distribution of THSs relative to genomic features,
with the “upstream” region set as 2000 bp upstream of the annotated
transcription start site (TSS) and the “downstream” region set as

1000 bp downstream of the transcript end site.

4. Identification of THSs enriched in a specific cell type The HTSeq’ s
htseq-count script was used to obtain the number of reads (counts)
at each THS in the stem cell and mesophyll ATAC-seq data for each
cell type. The counts were processed with DESeq2, and THSs with an
adjusted and a log fold change of 1 or more in a specific cell type were
identified as THSs enriched in that cell type
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3 Data Processing

AR FrARIE, BRI, WZERH: M stem cell 2JHPYAHAE.

3.1 Data source and Environment Preparation

1 conda create -n atac

2 conda activate -n atac

3 conda install anaconda::python-3.7
4 conda install -c bioconda bowtie2

5 conda install -c bioconda samtools
6 conda install -c bioconda deeptools
7 conda install -c bioconda bedtools
8 conda install bioconda::sambamba

3.2 Data fetch

Search the GEO ID in ENA to get the link of the SRR files.Use "wget
<URL> outdir ’ to download.

3.3 Quality-Control

1
2 #!/bin/sh
3 #PBS -N QC
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#PBS -o /home/bioinfo2/PB22071455/bioinfo2024/atac/log/qc.
log

#PBS -e /home/bioinfo2/PB22071455/bioinf02024/atac/log/qc.
err

#PBS -q batch

#PBS -1 nodes=1:ppn=1

#PBS -1 walltime=12:00:00

# ¥ ¥ condaif i
source ~/.bashrc
cd /home/bioinfo2/PB22071455/bioinfo2024/atac

conda activate atac

less /home/bioinfo2/PB22071455/bioinfo2024/atac/data/data.
txt |while read id;
do
fastp -i ./data/${id}_1.fastq.gz -o \
./result/fastqc/${id}_1_clean.fastq.gz\
-I ./data/${id}_2.fastq.gz -0 \
./result/fastqc/${id}_2_clean.fastq.gz

done

less /home/bioinfo2/PB22071455/bioinfo2024/atac/data/data.
txt |while read id;

do

fastp -i ./data/${id}_1.fastq.gz -o ./result/fastqc/${id}
_1_cut.fastq.gz\

-I ./data/${id}_2.fastq.gz -0 ./result/fastqc/${id}_2_cut

.fastq.gz\
-f 6 -t 1-L

done

#BUT 45 2 J5 B fastqce
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less /home/bioinfo2/PB22071455/bioinfo2024/atac/data/data.
txt |while read id;

do

fastqc ./data/${id}_1.fastq.gz -o ./result/fastqc

fastqc ./data/${id}_2.fastq.gz -o ./result/fastqc

fastqc ./result/fastqc/${id}_2_clean.fastq.gz -o ./result/
fastqc

fastqc ./result/fastqc/${id}_1_clean.fastq.gz -o ./result/
fastqc

fastqc ./result/fastqc/${id}_2_cut.fastq.gz -o ./result/
fastqc

fastqc ./result/fastqc/${id}_1_cut.fastq.gz -o ./result/
fastqc

done

RFastQC Report

®IPer base sequence content

Fig. 4 rawdata QC
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3.4 Alignment

3.4.1 bwa

Run the alignment ratio pbs(view.pbs) to get the report of alignment.
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#!/bin/sh

#PBS -N align

#PBS -o /home/bioinfo2/PB22071455/bioinf02024/atac/log/
align.log

#PBS -e /home/bioinfo2/PB22071455/bioinfo2024/atac/log/
align.err

#PBS -q batch

#PBS -1 nodes=1:ppn=1

#PBS -1 walltime=24:00:00

# ¥ & condaIfiE
source ~/.bashrc
cd /home/bioinfo2/PB22071455/bioinfo2024/atac

conda activate atac

bwa index -a bwtsw /home/bioinfo2/PB22071455/bioinfo02024/
atac/index/Arabidopsis_thaliana.TAIR10.dna.toplevel.fa

#4 Jk sam

less /home/bioinfo2/PB22071455/bioinfo02024/atac/data/data.
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txt |while read id;

20 do

21 #cleandata

22

23 bwa mem -v 3 -t 4 \

24 /home/bioinfo2/PB22071455/bioinfo2024/atac/index/

Arabidopsis_thaliana.TAIR10.dna.toplevel.fa \

25 ./result/fastqc/${id}_1_clean.fastq.gz ./result/fastqc/${
id}_2_clean.fastq.gz\

26 -0 ./result/bwa_sam/${id}_clean_bwa.sam

27

28 #cutdata

29

30 bwa mem -v 3 -t 4 \

31 /home/bioinfo2/PB22071455/bioinfo2024/atac/index/

Arabidopsis_thaliana.TAIR10.dna.toplevel.fa \

32 ./result/fastqc/${id}_1_cut.fastq.gz ./result/fastqc/${id
}_2_cut.fastq.gz\

33 -0 ./result/bwa_sam/${id}_cut_bwa.sam

34

35 done

36

37 #sam-bam

3s less /home/bioinfo2/PB22071455/bioinfo02024/atac/data/data.
txt |while read id;

30 do

40 #cleandata

1

12 samtools view -@ 4 ./result/bwa_sam/${id}_clean bwa.sam -
bF 12 -q 10 -0 bam\

13 -0 ./result/bwa_bam_samtools10/${id}_clean_samtoolsi0.bam

44 #cutdata

45
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146 samtools view -@ 4 ./result/bwa_sam/${id}_cut_bwa.sam -bF
12 -q 10 -0 bam\
a7 -0 ./result/bwa_bam_samtools10/${id}_cut_samtoolsi0.bam

48

40 done

Use the default parameters of bwa to conduct the process.
For SRR5874657__clean

83161602 + 0 in total (QC-passed reads + QC-failed reads)

83161602 + O primary

0 + O secondary

0 + O supplementary

0 + O duplicates

0 + 0 primary duplicates

82780352
82780352
83161602
41580801
41580801
82453508
82661296
119056 +

+

+

+

+

+

+

+

0
0
0
0
0
0

0

mapped (99.54% : N/A)

primary mapped (99.54% : N/A)
paired in sequencing

readl

read2

properly paired (99.15% : N/A)
with itself and mate mapped

0 singletons (0.14% : N/A)
14606 + O with mate mapped to a different chr

3826 + 0 with mate mapped to a different chr (mapQ>=5)

iz

83161602 + 0 in total (QC-passed reads + QC-failed reads)
This indicates that a total of 83,161,602 reads were processed, all of
which passed quality control (QC). There are no QC-failed reads (i.e., all

reads are of good quality).
83161602 + 0 primary
This shows that 83,161,602 reads have been aligned as "primary” align-

ments. Primary alignments are the best alignments for each read (the most

confident mapping).

10
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0 + 0 secondary

There are no ”secondary” alignments. Secondary alignments occur
when a read maps to multiple locations, and the best alignment is con-
sidered primary, while the others are secondary.

0 + 0 supplementary

There are no "supplementary” alignments. Supplementary alignments
are used for reads that are split into multiple parts (e.g., spliced alignments
for RNA-seq) and need more than one alignment record. 0 4+ 0 duplicates

No duplicate reads were found. Duplicates can arise during sequencing
or sample preparation, where the same fragment is read multiple times.

0 + O primary duplicates

There are no primary duplicates, meaning there are no high-confidence
duplicate reads in the dataset. 82780352 + 0 mapped (99.54% : N/A)

A total of 82,780,352 reads (99.54% of the total) successfully mapped
to the reference genome. This indicates a high alignment rate.

82780352 + 0 primary mapped (99.54% : N/A)

All 82,780,352 reads that were mapped are primary alignments, with
the same 99.54% mapping rate.

83161602 + 0 paired in sequencing

All 83,161,602 reads are paired-end reads, meaning each read comes
from one end of a DNA fragment, and its pair comes from the other end.

41580801 + 0 readl

Of the paired-end reads, 41,580,801 are from the first read of each pair.

41580801 + 0 read2

The other 41,580,801 are from the second read of each pair.

82453508 + 0 properly paired (99.15% : N/A)

82,453,508 read pairs (99.15%) are considered "properly paired,” mean-
ing both ends of the read map to the reference genome and are in the correct
orientation.

82661296 + 0 with itself and mate mapped

82,661,296 read pairs had both ends successfully mapped to the refer-
ence genome, showing both reads in a pair are aligned.

119056 + 0 singletons (0.14% : N/A)

11
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119,056 reads are singletons, meaning only one of the paired reads
mapped to the reference genome while the other did not. This is 0.14% of
the total reads.

14606 + 0 with mate mapped to a different chr

14,606 read pairs have one read mapped to one chromosome, and the
other read mapped to a different chromosome.

3826 + 0 with mate mapped to a different chr (mapQ>=5)

3,826 read pairs have one read mapped to a different chromosome, and
the other also maps to a different chromosome, but the mapping quality
(MAPQ) of these alignments is greater than or equal to 5. MAPQ is a

score that indicates the confidence of the alignment (higher is better).

3.4.2 bowtie2

1 #!/bin/sh

3 #PBS -N align

4 #PBS -o /home/bioinfo2/PB22071455/bioinfo02024/atac/logs/
align.log

5 #PBS -e /home/bioinfo2/PB22071455/bioinfo02024/atac/logs/
align.err

¢ #PBS -q batch

7 #PBS -1 nodes=1:ppn=4 # &% & 444

s #PBS -1 walltime=24:00:00

0 # JRETE AR

11

12 # M condafiE

13 source ~/.bashrc

14 cd /home/bioinfo2/PB22071455/bioinfo2024/atac
15 conda activate atac

16

# G E %7

—
3

12
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bowtie2-build /home/bioinfo2/PB22071455/bioinfo02024/atac/
bowtie2_index/Arabidopsis_thaliana.TAIR10.dna.toplevel
.fa \

/home/bioinfo2/PB22071455/bioinfo02024/atac/bowtie2_index/
TAIR10_index

# Xt (RN %)
while read id; do
bowtie2 -x /home/bioinfo2/PB22071455/bioinfo2024/atac/
bowtie2_index/TAIR10_index \
-1 ./result/fastqc/${id}_1_clean.fastq.gz \
-2 ./result/fastqc/${id}_2_clean.fastq.gz \
-S ./results/${id}.sam -p 4
done < /home/bioinfo2/PB22071455/bioinfo02024/atac/data/
data.txt

while read id; do

#sam#bam, JTE A T2

samtools view -@ 4 ./results/${id}.sam -bF 12 -q 2 -0 bam
-0 ./results/${id}_samtools10.bam

#sort

sambamba sort -t 2 \

-0 ./results/${id}_sorted.bam ./results/${id}_samtoolsi10.

bam

#PCR%K &
sambamba markdup -r -t 4 ./results/${id}_sorted.bam ./
results/${id}_samtools10_rdup.bam

#t R B A
samtools view -@ 4 -b ./results/${id}_samtoolsl10_rdup.bam
12345 > ./results/peakcall/${id}

_samtools10_rdup_chr.bam

13
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41

42 done < /home/bioinfo2/PB22071455/bioinfo02024/atac/data/
data.txt

bowtie2 ZEH

41580801 reads; of these:
41580801 (100.00%) were paired; of these:
405333 (0.97%) aligned concordantly O times
26927499 (64.76%)  aligned concordantly exactly 1 time
14247969 (34.27%,) aligned concordantly >1 times
405333 pairs aligned concordantly O times; of these:
52170 (12.87%) aligned discordantly 1 time
353163 pairs aligned O times concordantly or discordantly; of these:
706326 mates make up the pairs; of these:
524458 (74.25%) aligned O times
66967 (9.48%) aligned exactly 1 time
114901 (16.27%) aligned >1 times

99.37}% overall alignment rate

3.5 Filterl

1 #!/bin/sh

2 #PBS -N 1filter

3 #PBS -o /home/bioinfo2/PB22071455/bioinfo2024/atac/log/1
filter.log

4+ #PBS -e /home/bioinfo2/PB22071455/bioinfo02024/atac/log/1
filter.err

5 #PBS -q batch

¢ #PBS -1 nodes=1:ppn=1

7 #PBS -1 walltime=24:00:00

14
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# 0BT AR IR

# ¥ & condaIf g

source ~/.bashrc

cd /home/bioinfo2/PB22071455/bioinf02024/atac/result/
bwa_bam_samtools10/

conda activate atac

#LE

less /home/bioinfo2/PB22071455/bioinf02024/atac/data/data.
txt |while read id;

do

#cleandata

sambamba markdup -r -t 4 ${id}_clean_samtools10.bam\

${id}_clean_samtools10_rdup.bam

#cundata
sambamba markdup -r -t 4 ${id}_cut_samtools10.bam\
${id}_cut_samtools10_rdup.bam

done

# 7 AL

less /home/bioinfo2/PB22071455/bioinf02024/atac/data/data.
txt |while read id;

do

#cleandata

#bam-bw
#foan > HEF -0 4 A WA SAR

samtools sort -Q@ 4 -0 bam \

-0 ${id}_clean_samtools10_rdup_sort.bam\

15
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-T ${id}_clean_samtools10.temp\
${id}_clean_samtools10_rdup.bam

## 5 bam X 7 index

samtools index -@ 4 \
${id}_clean_samtools10_rdup_sort.bam
##R A b -t 4 AW MEA
BAMscale scale -t 4 --bam\

${id}_clean_samtools10_rdup_sort.bam

#cutdata

#fban X HF -0 4 EA AR
samtools sort -@ 4 -0 bam \

-0 ${id}_cut_samtools10_rdup_sort.bam\
-T ${id}_cut_samtools10.temp\
${id}_cut_samtools10_rdup.bam

## % bam L4 # 7 index

samtools index -@ 4 \
${id}_cut_samtools10_rdup_sort.bam
#HIRJE A bW -t 4 AR
BAMscale scale -t 4 —--bam\
${id}_cut_samtools10_rdup_sort.bam

done

16
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3.6 Visualization(IGV)
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Mesophyll-unique THSs
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3.7 Datapre for peakcall

1 #!/bin/sh

3 #PBS -N callpre

1+ #PBS -o /home/bioinfo2/PB22071455/bioinfo02024/atac/log/
callpre.log

5 #PBS -e /home/bioinfo2/PB22071455/bioinfo2024/atac/log/
callpre.err

¢ #PBS -q batch

7 #PBS -1 nodes=1:ppn=1

s #PBS -1 walltime=12:00:00

o # JuE PR BRI

11

12 # M condafiF

13 source ~/.bashrc

18
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cd /home/bioinfo2/PB22071455/bioinfo02024/atac

conda activate atac

#2 Rl A A

less /home/bioinfo2/PB22071455/bioinf02024/atac/data/data.
txt |while read id;

do

#cleandata

samtools view -@ 4 -b \

./result/bwa_bam_samtools10/${id}

_clean_samtools10_rdup_sort.bam 1 2 3 4 5 > ./result/
peakcall/${id}_clean_samtoolsl10_rdup_chr.bam

#cutdata
samtools view -@ 4 -b \
./result/bwa_bam_samtools10/${id}
_cut_samtools10_rdup_sort.bam 1 2 3 4 5 > ./result/
peakcall/${id}_cut_samtoolsl10_rdup_chr.bam

done

#sort

less /home/bioinfo2/PB22071455/bioinf02024/atac/data/data.
txt |while read id;

do

#cleandata

samtools sort -n -@ 4 -0 bam\

-0 ./result/peakcall/${id}
_clean_samtools10_rdup_chr_sortn.bam\

-T ${id}_clean_samtoolsl10.temp \

./result/peakcall/${id}_clean_samtools10_rdup_chr.bam

19
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ﬂ/%l\“{q:

40 #cutdata

42 samtools sort -n -@ 4 -0 bam\

43 -0 ./result/peakcall/${id}_cut_samtoolsl1O_rdup_chr_sortn.

bam\
a2 =T ${id}_cut_samtools10.temp

45 ./result/peakcall/${id}_cut_samtoolsl10_rdup_chr.bam

46 done

\

ORI

83161602 + 0 in total (QC-passed reads + QC-failed reads)

282453508 + 0 properly paired (99.15% : N/A)

Bwalbtydfg, #H{TiLiEfF Samtools: flagstat

28358710 + 0 in total (QC-passed reads + QC-failed reads)

228358391 + 0 properly paired (100.00% : N/A)

Sample

Stem cell 1

Stem cell 2

Stem cell 3

Mesophyll 1

Mesophyll 2

Mesophyll 3

Total Reads

84,687,848

99,733,636

151,660,970

112,729,532

99,938.322

100,129,164

458,468,644

Fig. 10 i yEHI G

Aligned Reads

(% Total)
83,764,750
(©98.91)
98,616,619
(98.88)
150007865
(98.91)
111140046
(98.59)
98,759,050
(98.82)
98,807,459

Nuclear Mapped Reads
(% Aligned)
37,320,926

(44.55)
50,803,200
(51.52)
62,102,802
(41.40)
18853716
(16.96)
25,991,861
(26.32)
18,863,677
(19.09)
338,256,664
(77:70)

MAPQ>2
(% Unfiltered)

32,043,992
®827)
45516812
(89.59)

54,111,447
(87.13)
15014714
(79.64)

264,369,677
(78.16)

HIBJE ISR Z PR Z A 30% mapping FIEFA E. HRE2AIESR

V2R
FFE o

3.8 Peakcall

3.8.1 Genrich

1 #!/bin/sh

> #PBS -o /home/bioinfo2/PB22071455/bioinf02024/atac/log/2

peakcall.log

3 #PBS -e /home/bioinfo2/PB22071455/bioinfo02024/atac/log/2

peakcall.err
4 #PBS -q batch
5 #PBS -1 nodes=1:ppn=1
¢ #PBS -1 walltime=12:00:00

20
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# 0BT AR IR

# ¥ & condaIf g

source ~/.bashrc

cd /home/bioinfo2/PB22071455/bioinf02024/atac/result/
peakcall

conda activate atac

less /home/bioinfo2/PB22071455/bioinf02024/atac/data/data.
txt |while read id;
do

Genrich -t ${id}_cut_samtoolslO_rdup_chr_sortn.bam -o ${id
}_cut2.narrowPeak -j -v
Genrich -t ${id}_clean_samtools10_rdup_chr_sortn.bam -o ${

id}_clean2.narrowPeak -j -v

done

Genrich -t SRR5874660_cut_samtoolsl0_rdup_chr_sortn.bam,
SRR5874661_cut_samtools10_rdup_chr_sortn.bam,
SRR5874662_cut_samtools10_rdup_chr_sortn.bam \

-0 leaf_2cut.narrowPeak -j -v

Genrich -t SRR5874660_clean_samtoolsl10_rdup_chr_sortn.bam,
SRR5874661_clean_samtools10_rdup_chr_sortn.bam,
SRR5874662_clean_samtools10_rdup_chr_sortn.bam \

-0 leaf_2clean.narrowPeak -j -v

Genrich -t SRR5874657_clean_samtoolsl10_rdup_chr_sortn.bam,
SRR5874658_clean_samtools10_rdup_chr_sortn.bam,
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SRR5874659_clean_samtools10_rdup_chr_sortn.bam \

31 —o stem_2clean.narrowPeak -j -v

32

33 Genrich -t SRR5874657_cut_samtools10_rdup_chr_sortn.bam,
SRR5874658_cut_samtools10_rdup_chr_sortn.bam,
SRR5874659_cut_samtools10_rdup_chr_sortn.bam \

3a -0 stem_2cut.narrowPeak -j -v

-j ZRCH Genrich 347 ATAC-seq B4

3.8.2 MACS2 peakcall

b1

Homer "findpeaks’ is used by the article with parameters ’ “-minDist

150” and “-region”’

. However, the output lacks the p-value and g-
value and significance that the "*.narrowPeak’ files have(R pack-
ages ’ChIPseeker’ can not be conducted without the ’*.narrow-
Peak’ files). So after using the Homer ’findpeaks’, I use the MACS2 to
conduct the peakcall with similar parameters.

MACS2 parameters:

-t FEEH AR BAM 3.

-f BAM: $5Ef A S BAM,

-g 125000000 HEHFREFMA RN SHTFPEGIF (Arabidopsis), £
FRHH R/ INR LS 125,000,000 FREERS -

—min-length 150: &5 HOMER Y] -minDist 150 K{l, &%ERx
/MK 150 bp.

~keep-dup all: {RE T EZA AL GEFTE ATAC-seq i, #5
PR AR E).

—outdir . /results/macs2: F5EHH HZE.

1 #!/bin/sh
3 #PBS -N macs2_peakcall

4 #PBS -0 /home/bioinfo2/PB22071455/bioinf02024/atac/logs/

macs2.log
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5 #PBS -e /home/bioinfo2/PB22071455/bioinfo2024/atac/logs/
macs2.err

¢ #PBS -q batch

7 #PBS -1 nodes=1:ppn=4

s #PBS -1 walltime=24:00:00

o # ¥ JEcondaIfiF

10 source ~/.bashrc

11 cd /home/bioinfo2/PB22071455/bioinfo02024/atac

12 conda activate atac

13

14 # Peak Calling f{f J MACS2

15 while read id; do

16 # £ ] MACS2 #1T Peak Calling, #ril %| ./results/macs2
X

17 macs2 callpeak -t ./results/peakcall/${id}
_samtools10_rdup_chr.bam \

18 -f BAM \

10 -g 125000000 \

20 -n ${id}_peaks \

21 --nomodel --shift 37 --extsize 7 \

22 --min-length 150 --keep-dup all \

23 --outdir ./results/macs?2

24 done < /home/bioinfo2/PB22071455/bioinfo2024/atac/data/

data.txt

3.8.3 Homer peakcall

Output:

.narrowPeak:

1

2 1 2398 2858 SRR5874657\_peaks\_peak\_1 85 . 3.50024
9.92767 8.55716 238

3 1 2922 3263 SRR5874657\_peaks\_peak\_2 307 . 6.68227
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32.5758 30.7821 167

homer.txt:

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

# HOMER Peaks
# Peak finding parameters:

tag directory = ./results/tagdir/SRR5874657_tagDir

total peaks = 24185

peak size = 136

peaks found using tags on both strands
minimum distance between peaks = 150
fragment length = 70

genome size = 119145877

Total tags = 14393670.5

Total tags in peaks = 4697693.0
Approximate IP efficiency = 32.64Y
tags per bp = 0.120367

expected tags per peak = 16.370

maximum tags considered per bp = 12.0

H O H O H H OH H OH O OHF OH H OH O OH O H

effective number of tags used for normalization =

10000000.0

**

Individual peaks have been stitched together into
variable length regions

Peaks have been centered at maximum tag pile-up

FDR rate threshold = 0.001000000

FDR effective poisson threshold = 1.874920e-05

FDR tag threshold = 36.0

number of putative peaks = 76151

size of region used for local filtering = 10000
Fold over local region required = 4.00

Poisson p-value over local region required = 1.00e-04

H OH O H OH H OH OH OH

Putative peaks filtered by local signal = 44605
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29

*

30 Maximum fold under expected unique positions for tags =

2.00

**

31 Putative peaks filtered for being too clonal = 3

32

33 # cmd = findPeaks ./results/tagdir/SRR5874657_tagDir -
minDist 150 -region -regionRes 1 -o ./results/homer/
SRR5874657_homer_peak.txt -style factor

34 #

35 # Column Headers:

36 #PeakID chr start end strand Normalized Tag Count region
size findPeaks Score Fold Change vs Local p-value vs
Local Clonal Fold Change

s7 3-3 3 14201502 14201776 + 1622.2 0.611 829.000000 5.65
0.00e+00 0.79

ss 5-131 5 14913711 14914275 + 1564.6 0.550 364.500000 5.79
6.26e-162 0.81

39 2-45 2 3377995 3378405 + 1341.6 0.554 490.500000 6.76 1.36
e-245 0.82

So the homer.txt should be converted into .narrowPeak files for further
analysis.

3 homer.txt S0, homer 4 B 0] PAFEAL Ky .bed {4

1 pos2bed.pl peakfile.txt > peakfile.bed
2 bed2pos.pl peakfile.bed > peakfile.txt

.bed AR PAFH bedtools BLAZ4E

AT TR XA

Al chatGPT # 5 R 155 AL, FIAE , A 5T 552 narrowPeak
it ChIPseeeker 43#7DAJ% intervene [ venn &, H B B IEMAIT T -

1 # Load required library
2 library(dplyr)

3
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4+ # Function to convert HOMER file to .narrowPeak format
5 homer_to_narrowpeak <- function(homer_file,

narrowpeak_file) {

7 # Step 1: Read the HOMER file, skipping comment lines (
those starting with '#')
8 homer_data <- read.delim(homer_file, header = FALSE,

comment.char = "#", stringsAsFactors = FALSE)

10 # Step 2: Assign column names to HOMER data

11 colnames (homer_data) <- c("PeakID", "chr", "start", "end
", "strand", "Normalized_Tag_Count",
12 "region_size", "findPeaks_Score",

"Fold_Change_vs_Local", "
p_value_vs_Local",
13 "Clonal_Fold_Change")
14
15 # Step 3: Convert p_value_vs_Local into numeric and
calculate additional columns
16 homer_data$p_value_vs_Local <- as.numeric(
homer_data$p_value_vs_Local)
17
18 # Handle missing or non-numeric p-values
19 homer_data <- homer_data %>%
20 mutate (
21 # Calculate 'score' as -10 * loglO(qvalue), using p-
value as qvalue here
22 score = ifelse(!is.na(p_value_vs_Local) &
p_value_vs_Local > O,
23 -10 * loglO(p_value_vs_Local),
2 NA), # Assign NA if p-value is invalid
or missing

25
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26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

# signalValue is typically fold_enrichment (Fold
Change vs Local)

signalValue = as.numeric(Fold_Change_vs_Local),

# Calculate p-value as -loglO(p-value)
pValue = ifelse(!is.na(p_value_vs_Local) &
p_value_vs_Local > O,
-log10(p_value_vs_Local),
NA),

# qValue (can be same as p-value for simplicity)
qValue = pValue, # We assume g-value as -loglO(p-

value)

# peak: Calculate center of the peak (summit is
assumed to be 0)

peak = (start + end) / 2 - start

# Step 4: Convert start to O-based by subtracting 1

homer_data$start <- homer_data$start - 1

# Step 5: Prepare the data in the .narrowPeak format
narrowpeak_data <- homer_data %>%
select(chr, start, end, PeakID, score, strand,

signalValue, pValue, gqValue, peak)
# Step 6: Write the output to the .narrowPeak file
write.table(narrowpeak_data, narrowpeak_file, sep = "\t
", quote = FALSE, row.names = FALSE, col.names =

FALSE)

# Print success message
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53

54

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

print (paste("Conversion successful! The .narrowPeak file

is saved at", narrowpeak_file))

# Example file paths

homer_file <- '/home/bioinfo2/PB22071455/bioinfo02024/atac/
results/homer/SRR5874657_homer_peak.txt'

narrowpeak_file <- '/home/bioinfo2/PB22071455/bioinf02024/
atac/results/homer/SRR5874657 _homer_peak.narrowPeak'

# Run the conversion function

homer_to_narrowpeak(homer_file, narrowpeak_file)

# Another example with a different file

homer_file <- '/home/bioinfo2/PB22071455/bioinf02024/atac/
results/homer/SRR5874658_homer_peak.txt'

narrowpeak_file <- '/home/bioinfo2/PB22071455/bioinfo02024/
atac/results/homer/SRR5874658_homer_peak.narrowPeak'

# Run the conversion function

homer_to_narrowpeak(homer_file, narrowpeak_file)

# One more example with a third file

homer_file <- '/home/bioinfo2/PB22071455/bioinfo2024/atac/
results/homer/SRR5874659_homer_peak.txt'

narrowpeak_file <- '/home/bioinfo2/PB22071455/bioinfo02024/
atac/results/homer/SRR5874659_homer_peak.narrowPeak'

# Run the conversion function

homer_to_narrowpeak(homer_file, narrowpeak_file)

A

HEEYE homer ARG HNF, HIZA A bed SCAFRMBATH 1 ke
FIPAEAE M - FIEAS bed SUAEHIE LA . bed ST intervene ) venn

p=

B, SRR 0, RN IEA bed CAET . HEE OB, WIHHEER
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homer T, {5il>.

4 Venns

1 #!/bin/sh

2 #PBS -N vene

3 #PBS -o /home/bioinfo2/PB22071455/bioinf02024/atac/logs/
venn.log

1+ #PBS -e /home/bioinfo2/PB22071455/bioinfo02024/atac/logs/
venn.err

5 #PBS -q batch

¢ #PBS -1 nodes=1:ppn=1

7 #PBS -1 walltime=12:00:00

o # JUEPTE MR

1 # M HEcondaifiE
12 source ~/.bashrc
13 cd /home/bioinfo2/PB22071455/bioinf02024/atac

14 conda activate atac

16 #HEGenrich cut F1 cleanfy & &

17 intervene venn -i /home/bioinfo2/PB22071455/bioinf02024/
atac/result/peakcall/stem_2clean.narrowPeak)\

18 /home/bioinfo2/PB22071455/bioinf02024/atac/result/
peakcall/stem_2cut.narrowPeak)\

19 /home/bioinfo2/PB22071455/bioinfo02024/atac/result/
peakcall/leaf_2clean.narrowPeak\

20 /home/bioinfo2/PB22071455/bioinfo02024/atac/result/
peakcall/leaf_2cut.narrowPeak)\

21 ——save-overlaps\

22 —-output ./venn/clean_cut.pdf

23
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21 #HKGenrich cut F1 cleanfy & &

25 intervene venn -i /home/bioinfo2/PB22071455/bioinfo2024/
atac/result/peakcall/stem_2clean.narrowPeak)\

26 /home/bioinfo2/PB22071455/bioinfo02024/atac/result/
peakcall/leaf_2clean.narrowPeak\

27 ——save-overlaps\

2s —-output ./venn/stem_leaf.pdf

29

30 intervene venn -i /home/bioinfo2/PB22071455/bioinf02024/
atac/result/peakcall/stem_2clean.narrowPeak)\

31 /home/bioinfo2/PB22071455/bioinfo02024/atac/results/macs2/
SRR5874658_peaks_peaks.narrowPeak\

32 /home/bioinfo2/PB22071455/bioinfo02024/atac/results/homer/
SRR5874658_homer_peak.narrowPeak\

33 ——save-overlaps\

JETR AR R EL T, Br AR AR AT AT PR R A -

3 stem_2clean
3 stem_2cut
[ leaf_2clean
= leaf_2cut

leaf 2clean

-y

Fig. 11 BOAS KL ECA KO UIiREEAL PG Venn 45253
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3 stem_2clean
=1 leaf 2clean

stem_2clean leaf_2clean

Fig. 12 T41IA KM PI4IHE venn Z52R

5283 2215

9L

Fig. 13 JEi5C venn &
JEe SCH A A B 40 HE peak [F) venn .

ARSI Genrich ¥4 B E f/NERIEE (JFRI83C homer BEE: T fie/MEA]
PH) o ATRE I A I B A AR A . R R ST B BRI X5
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£33 stem_2clean
[ SRRS874658_peaks_peaks
B SRRSB74658_homer_peak

874658 peaks_peaks

SRR5874658_homer_peak

Fig. 14 Genrich,homer, MACS2 5%

ZAARETHE, homer 3 # T fie/ME[REE 150bp, K peakcall #2554
fx/b. MACS2 F1 Genrich [JZ5RMEET, (A 10% WA —FE5RM
TR,

5 ChlIPseeker

JE jupyter Pig 423t ChIPseeker fil Genomicfeatures

1 conda install bioconda::bioconductor-chipseeker

2 conda install bioconda::bioconductor-genomicfeatures

PREEHC B AT JE 8 jupyter,
A jupyter:
S IR IR e e B D

1 conda create -n jupyter jupyter

2 conda install anaconda::python
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s #EAIEANHE

5 jupyter notebook --generate-config

7 jupyter notebook password

s TR

9 cd .jupyter

10 1s

11 vi jupyter_notebook_config.py
12 #HSOME A R

1 #RJE— AT E— 4

14 c.ServerApp.ip="x*"

1817 jupyter B4

1 #!/bin/sh

2 #PBS -N jup

3 #PBS -o jpt.log

1+ #PBS -e jpt.err

5 #PBS -q batch

¢ #PBS -1 nodes=1:ppn=1

7 #PBS -1 walltime=12:00:00

s source ~/.bashrc

9 cd /home/bioinfo2/PB22071455/
0 #jupyter [ T Bk E ML E

11 conda activate jupyter

13 jupyter lab

WPRZIAA— BAEZATG , cat jpt.err RIRIBURAE, SHBZELITER
R

/home/bioinfo2/PB22071455 /miniconda3/envs/jupyter/share/jupyter/lab

[I 2024-11-05 16:54:36.567 ServerApp] jupyterlab | extension was suc-
cessfully loaded.

[I 2024-11-05 16:54:36.760 Server App] nbclassic | extension was success-
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fully loaded.

[I 2024-11-05 16:54:36.817 ServerApp] The port 8888 is already in use,
trying another port.

[T 2024-11-05 16:54:36.828 ServerApp| The port 8889 is already in use,
trying another port.

[I 2024-11-05 16:54:36.828 ServerApp] The port 8890 is already in use,
trying another port.

[T 2024-11-05 16:54:36.828 ServerApp] The port 8891 is already in use,
trying another port.

[I 2024-11-05 16:54:36.829 ServerApp] The port 8892 is already in use,
trying another port.

[T 2024-11-05 16:54:36.830 ServerApp] Jupyter Server 1.23.4 is running
at:

[I 2024-11-05 16:54:36.830 ServerApp] http://localhost:8979/lab

WSS Sk 8979,

H gstat -nu PB22071455 #f & F i 7 S & .

TEHTH AL A -

ssh -NL localhost:9000:comput&8:8979 PB22071455@nebula.ustc.edu.cn

Hr, 9000 2 B & XL Hfinds , JaSedsEE 2 M bE 4 i A localhost:9000.

comput8 g5 S ALE , 8979 AR AR [0l ik .

MABMZ GS—HEE,

F ) Y A h iy A localhost:9000,

#57. R kernel.

1t jupyter FREEHIZAT

1 conda activate jpt

2 conda install r-base=4.3.3

s #¥y AR A\r-base¥f g i :

4+ R

5 IRkernel::installspec(name='ir433',displayname ='R 4.3.3')

BRI A2 —4~ R kernel JHATIAER G545 11217 R I F AL
H5L R 1 kernel J5 Bz fT R AU :
MR Peak 731 R 157 A
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: # WRFFNE
3 library('ChIPseeker')

4+ library("GenomicFeatures")

¢ # A% TxDb ¥ %, 5% GFF3 X{F% 4
7 ara_TxDb <- makeTxDbFromGFF("~/bioinfo02024/atac/gff3/
Arabidopsis_thaliana.TAIR10.51.gf£f3")

o # WETFEFA MACS2 R E

10 setwd("~/bioinfo2024/atac/results/macs2/")

11

2 # REGZ XK T A B narrowPeak X4

v # FRELFERGERER, RRIATEN narrovPeak XIHEH

5l

14 files <- list.files(pattern = "*.narrowPeak")

15 files_list <- as.list(files)

16

v # AEA SR R AL

18 names(files_list) <- c(

19 "SRR5874657 _peaks", "SRR5874658_peaks", "
SRR5874659_peaks",

20 "SRR5874660_peaks", "SRR5874661_peaks", "
SRR5874662_peaks"

21 )

22

s # X peak HATHERE

24 peakAnnoList <- lapply(files_list, annotatePeak, TxDb =

ara_TxDb, tssRegion = c(-1000, 1000), verbose = FALSE)

25

o # JEURRFEGA PNG X

27 png(filename = "Distribuation.png", width = 700, height =

600) # WE PNG #rth X KB AR
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28

29

30

31

32

33

# WAL S MR peak v TSS Z [ BE & #2A

plotDistToTSS(peakAnnolList, ylab = "Opening sites (%)
(6'->3')", title = pasteO("Distribution of opening
loci relative to TSS"))

# XA, REER
dev.off()

TR R A BT EAER R, SRR RS SE R Z A
@RIZRLL, LB RABERRK.

10

11

12

13

14

16

17

18

19

# R A
library('ChIPseeker')

library("GenomicFeatures")

# €12 TxDb X%, % GFF3 XIFRE
ara_TxDb <- makeTxDbFromGFF ("~/bioinf02024/atac/gff3/
Arabidopsis_thaliana.TAIR10.51.gff3")

# XETIFEFXHN MACS2 £ R EX
setwd("~/bioinfo2024/atac/results/macs2/")

# FREZ XK T A M narrowPeak X4

# ERELHERGUER, HRIFAFEN narrowbPeak SUHFHH
5|

files <- list.files(pattern = "x.narrowPeak")

files_list <- as.list(files)

# BN R AL IR

names(files_list) <- c(
"SRR6874657_peaks", "SRR5874658_peaks", "

SRR56874659_peaks",
"SRR5874660_peaks", "SRR5874661_peaks", "
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20

21

N
N

N

3

24

N

5

27

28

N

9

30

SRR5874662_peaks"

# 4T7F PNG WA, WEE GRS FE AN
png(filename = "Heatmap_stem.png", width = 30000, height =
8000, res = 1000)

# M E MER peak £ 1kb i H KBy #
peakHeatmap(files_list, weightCol = "V5", TxDb = ara_TxDb,
upstream = 1000, downstream = 1000)

# XARE, RERRK
dev.off()

222 peak FrEfr ERIPRRER, X H AP — 0 EdRtEAN Bl

1

2

10

11

12

13

14

15

# TR A
library('ChIPseeker') # This will now work after
installing GenomeInfoDbData

library("GenomicFeatures")

# Q& TxDb %, {6 GFF3 XHHAZ
ara_TxDb <- makeTxDbFromGFF ("~/bioinfo02024/atac/gff3/
Arabidopsis_thaliana.TAIR10.51.gff3")

# LETIEE XN MACS2 £RE X
setwd("~/bioinfo2024/atac/results/macs2/")

# REZXfF KT A B narrowPeak X fF4

# FRELFHRGRBE, HRIA T EZH narrowPeak X IRHH
5

files <- list.files(pattern = "*.narrowPeak")

files_list <- as.list(files)

37




ATAC-seq X

o # NFEANXHEEFEALR

17 names(files_list) <- c(

18 "SRR56874657_peaks", "SRR5874658_peaks", "
SRR5874659_peaks",

19 "SRR5874660_peaks", "SRR5874661_peaks", "

SRR5874662_peaks"

=

20 )

21

2 # XXHFIRY WEANXHRTER

23 peakAnnoList <- lapply(files_list, annotatePeak, TxDb =
ara_TxDb, tssRegion = c(-3000, 3000), verbose = FALSE)

24

n # WEF I SCHRATER I £ KA

26 peakAnno <- annotatePeak(files[[4]],

27 tssRegion = c(-3000, 3000),
28 TxDb = ara_TxDb,
29 annoDb = "org.At.tair.db") # {#Jf

Arabidopsisty ¥ F F B # ¥ &

n # FHE R Ar B R A PNG X #
32 png(filename = "Pie_stem.png", width = 800, height = 600)
# BCEPNGH S fHfm B RRF

33

s # 4 K H{R7F annotation pie [
35 plotAnnoPie(peakAnno)

36

s # KARE, REAR
38 dev.off()

221l peak HITEHE

L o# METRAE
2 library('ChIPseeker')

3 library("GenomicFeatures")
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s # QlH TxDb X%
6 ara_TxDb <- makeTxDbFromGFF("~/bioinfo02024/atac/gff3/
Arabidopsis_thaliana.TAIR10.51.gff3")

s # WEIIEEFAN MACS2 £ REX

o setwd("~/bioinfo2024/atac/results/macs2/")

10

u # RBOZ MK T PR By narrowPeak SUfF4

po# ERELFHERNG LER, #ERTA % E M narrovPeak SUHFHIH
B Hi

13 files <- list.files(pattern = "*.narrowPeak")

14 files list <- as.list(files)

15

6 # AR A AL AR

17 names(files_list) <- c(

18 "SRR5874657_peaks", "SRR5874658_peaks", "

SRR5874659_peaks",
19 "SRR6874660_peaks", "SRR5874661_peaks", "
SRR5874662_peaks")

20

n # RECES TR, @8 1kbay Eife T i X

22 promoter <- getPromoters(TxDb = ara_TxDb, upstream = 1000,
downstream = 1000)

23

% HEA X K raghi e

25 tagMatrixList <- lapply(files_list, getTagMatrix, windows
= promoter)

26

o # G E P AT

2s plot_obj <- plotAvgProf(tagMatrixList, xlim = c(-1000,
1000), conf = 0.95, resample = 500, facet = "row")

29
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so # % EPDFf H UM R B R R~
s1 pdf ("Frequency.pdf", width = 10, height = 8)

i3 # 8| T EE
31 plotAvgProf (tagMatrixList, xlim = c(-1000, 1000), conf =
0.95, resample = 500, facet = "row")

s # XHRE, REER
37 dev.off()

Distribution of opening locl relative 1TSS

Distibuon of opening fci reltive 10 TSS

jjiieit

lll.l! g‘

‘Opening s (%) (553

(a) ATAC-seq IfJ peak 431fi (b) ChIP-seq K peak 4317

Fig. 15 Main caption for both images

M ChlIPseeker 5 3EH], ATAC-seq {5718 IR ITH) peak T2 AHE
1kb JuH M. peak JuFIAEFEL TSS (FesBIGAIA0) (I8, B/l
TR IR EOE A, RO T KZHAET TSS Elif.

ChIP-seq £, peak LHA70AfifE 10kb JEFESN, T4 TF, TF i1y
B, B sGRREoE.
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[ Upstream (<2kb from TSS) @ 3 UTR

I 5°UTR [ Downstream (<1kb from TTS)
1 Exons 1 Intergenic

[ Introns

Stem cell (1 geskiilial N
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