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K H E VIR R ¥ (whole-genome bisulfite sequencing, WGBS) HI T4 43 K ZHDNA FF 3%

OB o BORT DAFE 2 2 DR AH V0 [l PR 1 B R 0 P A R s e Bl (CiEs) 1 B4Rk, ZDNA
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Zymo Gold Kit)
ss DNA 5
fragments
Random Hexamer with 3' NNNNNN — X —
Tagging Sequence Tagging Fl;aN’f(s,;nn-tz:rs'::d
Sequence v
3' - 5’
Terminal-Tagging Oligo (TTO) .,
3'-end blocked 5" S— 3' tagging |__ Single-tube
workflow
(2.5 hr)
3' — 5'
P5
-—
PCR Primers ~— PCR amplification
P7
Index/Bar Code (optional)
5' E— a3’
3' e— T 5
PS Adaptor-tagged EpiGnome library P7
Read 1 Bar Code
1 (optional)
Sequencing
lluminaZFE iz
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Bismark

genomic fragment ...c:.cgg(l:ét (gt:.taaa(}-gct...
fter bisulfit . i
BismarkLt x4 el 'IﬁGCATGT Tfuxn(ﬂi
C-to-T G-to-A read conversion
1. Bismark &% ERE B FFIFSTiHT C-T | 1
ﬂ] G—A 2*435?}@0 TTGGTATGTTTAAATGTT TTAACATATTTAAACATT
@ .

2 BSR4 reads RGNS CoTHD AN R
G—>A 2FpEER *ifﬂ'é‘l«)\): B2% reads 1H3 5 |

7 4 FOREIROLLS | RECH AR N ,ﬁ
tlm , LR RREASE EAIE Caaddatiliitida  SoEEgtatanattiotya.
I%E Eﬁ E{‘t{j}-\l—\__‘\o forward strand C-to-T converted genome forward strand G-to-A converted genome
M (2) (3) (4) read all four alignment

outputs simultaneously
to determine if the
sequence can be

: : : mapped uniquel
determine unique best alignment PP iy



Bismark

1. Bismark Genome Preparation ( #37Z=5] )
bismark genome preparation

2. Bismark Compare ( 3H{TELXT )

bismark

3.Bismark Duplicate ( HiEES )

deduplicate bismark

4.Bismark Methylation Extractor ( FRE{L(E2I2HY )

bismark methylation extractor



Bismark

bismark genhome preparation . BT Sk

bowtie2 index
bismark --bowtie2 -N 0 -L 20 --quiet --un --ambiguous --bam --parallel 20 \
-0 ${obj path} bowtie2 index \
-1 test.file.R1_1.clean.fq\

-2 test.file.R1 2.clean.fq ke es

test.file.R1 1.clean bismark bt2 pe.bam FrEXISFAIREMRIEE
test.file.R1 1.clean bismark bt2 PE report.txt N>FFIREVHIEEE BT

deduplicate bismark -p --bam test.file.R1 1.clean bismark bt2 pe.bam \

--output_dir ${obj_path} s Tt
test.file.R1 1.clean bismark bt2 pe.deduplicated.bam
test.file.R1 1.clean bismark bt2 pe.deduplication report.txt AEY EERNFEFSEIIE

bismark methylation extractor -p --comprehensive --no_overlap --CX --bedGraph --counts --parallel 20 \
--buffer size 20G --cytosine report \

--genome _folder bowtie2 index \
test.file.R1 1.clean bismark bt2 pe.deduplicated.bam \

-0 ${obj path}

#EJIAE AR HTML RS TUE
bismark2report .
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Cytosine Methylation

Deduplication

Cytosine Methylation after Extraction

Total C's analysed 591822890
Methylated C's in CpG context 24216991
Methylated C's in CHG context 17584254
Methylated C's in CHH context 24691550
Unmethylated C's in CpG context 32419452
Unmethylated C's in CHG context 68737272
Unmethylated C's in CHH context 424173371
Percentage methylation (CpG context) 42.8%
Percentage methylation (CHG context) 20.4%
Percentage methylation (CHH context) 5.5%

% Methylation
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Bismark report html

CpG context

CHH context

CHG context
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+ 0 0

+ 0 0

+ 0 0

+ 0 0

+ 0 0

% 0hBG-2 FDLM210063278-1a_1.clean.fq_ambiguous_reads 1.fq.gz 313.36MB + 0 0
8 0hBG-2 FDLM210063278-1a_1.clean.fq_unmapped reads_1.fq.gz 1.40GB + 0 0
| OhBG-2_FDLM210063278-1a_1.clean_bismark_bt2_pe.bam 4.54GB + 0 0

| 0hBG-2_FDLM210063278-1a_1.clean_bismark bt2_pe.deduplicated.bam 3.85GB + 0 0
8 0hBG-2_FDLM210063278-1a_1.clean_bismark bt2_pe.deduplicated.bedGraph.gz 444.84MB + 0 0
% ohBG-2_ FDLM210063278-1a_1.clean_bismark bt2 pe.deduplicated.bismark.cov.gz 416.92MB + 0 0
| OhBG-2_FDLM210063278-1a_1.clean_bismark _bt2_pddeduplicated.CX _report.ixt 2.71GB L 0 0

| OhBG-2_FDLM210063278-1a_1.clean_bismark_th_pe.deduplicated.cyt;sine_context... 2KB * 0 0

| OhBG-2 FDLM210063278-1a_1.clean_bismark bt2 pe.deduplicated.M-bias.txt 25KB * 0 0
®.| 0hBG-2_FDLM210063278-1a_1.clean_bismark _bt2_pe.deduplicated.M-bias R1.png 5KB * 0 0
®.| 0hBG-2_FDLM210063278-1a_1.clean_bismark_bt2_pe.deduplicated.M-bias_R2.png 7KB N 0 0
| OhBG-2_FDLM210063278-1a_1.clean_bismark _bt2 pe.deduplicated_splitting_report.txt 876 Bytes N 8 8

| O0hBG-2_FDLM210063278-1a_1.clean_bismark_bt2_pe.deduplication_report.txt 367 Bytes : 0 0
& 0hBG-2_FDLM210063278-1a_1.clean_bismark_bt2 PE_report.html 3.02MB . 0 0
| OhBG-2_FDLM210063278-1a_1.clean_bismark _bt2 PE report.txt 2KB + 0 0
% ohBG-2 FDLM210063278-1a_2.clean.fq_ambiguous_reads 2.fq.gz 325.91MB " ) )
8 0hBG-2 FDLM210063278-1a_2.clean.fq_unmapped reads_2.fq.gz 1.48GB + ) )
| CHG_context_0hBG-2_FDLM210063278-1a_1.clean_bismark _bt2 pe.deduplicated.txt 6.52GB + 0 0

| CHH_context_0hBG-2_FDLM210063278-1a_1.clean_bismark_bt2_pe.deduplicated.txt 33.90GB + 0 0

| CpG_context 0hBG-2_FDLM210063278-1a_1.clean_bismark bt2 pe.deduplicated.txt 4.28GB + 0 0
+ 0 0

+ 0 0

+ 0 0

+ 0 0
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test.CG.txt

chrBase

chrl.48

chr1.49

chrl.232
chrl.233
chrl.246
chrl.247
chrl.258
chrl.259
chrl.366
chrl.367
chrl.432
chrl.433
chrl.435
chrl.436
chrl.557

T MmO mxXT™ XTI ™ ™I

RN

test.file.R1 1.clean bismark bt2 pe.deduplicated.CX report.txt

coverage

EENV, BN BV, e Cle <IN BEN V) I ) e F "N N\ ° 2N \S]

NN

test. CHG.txt test. CHH.txt
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BT JE
\
library(methylKit)

setwd("D:/methlkit/")

file.listl <- list("BG-2.CG.txt","BG-4.CG.txt","VA-1.CG.txt","VA-5.CG.txt")

m1 = methRead(file.listl,assembly = "csi",sample.id = list("BG-2","BG-4","VA-1","VA-5"),treatment = c(1,1,0,0),context =" CpG")
filtered.m1 = filterByCoverage(m1,lo.count = 4,lo.perc = NULL,hi.count = NULL,hi.perc = 99.9)
write.table(getData(filtered.m1[[1]]),file = "BG-VA-CG/BG-2.CG filter.txt",row.names = F,quote=F,sep="\t")
write.table(getData(filtered.m1[[2]]),file = "BG-VA-CG/BG-4.CG filter.txt",row.names = F,quote=F,sep="\t")

[2]]
write.table(getData(filtered.m1[[3]]),file = "BG-VA-CG/VA-1.CG filter.txt",row.names = F,quote=F,sep="\t")
write.table(getData(filtered.m1[[4]]),file = "BG-VA-CG/VA-5.CG filter.txt",row.names = F,quote=F,sep="\t")

chr start end strand  coverage numCs numTs

chr1 1360 1360 - 10 10 0

chri 1505 1505 - 11 10 1

chri 3933 3933 - 10 8 2

chri 4352 4352 - 10 10 0

chr1 4517 4517 - 10 8 2

chri 4547 4547 + 10 8 2

chr1 4560 4560 + 10 10 0

chri 4700 4700 - 11 11 0

chri 4708 4708 - 11 11 0

chri 4714 4714 - 10 10 0

chri 5756 5756 - 11 11 0

chr1 5835 5835 - 10 10 0

chr1 5870 5870 - 10 10 0

chri 6221 6221 - 10 9 1



tiles=tileMethylCounts(filtered.m1,win.size=100,step.size=100) #100bpE [
#tiles2=tileMethylCounts(filtered.m1,win.size=1000000,step.size=1000000) #IMB&E[] =

X nE

584

chr

chrl

tiles. I=getData(tiles[[1]]) chl
write.csv(tiles.1,file = "BG-VA-CG/tiles.BG-2.CG100bp.csv",row.names = F) chrl
tiles. I=getData(tiles[[2]]) chrl
write.csv(tiles.1,file = "BG-VA-CG/tiles.BG-4.CG100bp.csv",row.names = F) shul
tiles. I=getData(tiles[[3]]) chul
write.csv(tiles.1,file = "BG-VA-CG/tiles.VA-1.CG100bp.csv",row.names = F) shul
tiles.1=getData(tiles[[4]]) chel

write.csv(tiles.1,file = "BG-VA-CG/tiles.VA-5.CG100bp.csv",row.names = F)

meth1 = unite(tiles,destrand =F)

write.table(getData(methl),file = "BG-VA-CG/meth100bp.txt",row.names = F,quote=F,sep="\t")

chr

chri
chri
chri
chri
chri
chri
chri
chri
chri
chri
chri
chri
chri
chri
chri

start
7101
9201
9301
9501
10601
16501
23201
23301
29901
31701
31901
32001
32901
35101
35201

end
7200
9300
9400
9600
10700
16600
23300
23400
30000
31800
32000
32100
33000
35200
35300

strand

®ook ok ok ok sk ok R sk sk bk b b

coveragelnumCs1 numTs1

10
60
113
68
1
18
43
58
65
41
93
19
37
46
35

9
46
106
58
10
17
37
56
58
36
66
15
18
1
0

1
14
7
10
1

1
6
2
7
5
27
4

19

45
35

coverage2numCs2 numTs2 coverage3numCs3 numTs3 coverage4numCs4 numTs4

12 10 2 10 10 0 12 10 2
50 38 12 44 39 5 31 24 7
121 116 5 82 76 6 55 54 1
77 71 6 58 54 4 70 64 6
28 23 5 29 19 10 10 10 0
19 19 0 17 17 0 11 11 0
47 35 12 36 30 6 10 9 1
72 69 3 47 47 0 33 33 0
30 28 2 32 30 2 24 24 0
11 9 2 11 1 0 44 43 1
10 10 0 10 4 6 76 67 9
10 7 3 1 2 9 13 4 9
33 12 21 28 0 28 39 0 39
36 0 36 31 0 31 71 1 70
39 0 39 42 0 42 59 0 59

start
1301
1501
3901
4301
4501
4601
4701
5701
5801
6201
7101
7201
7401
9201
9301
9501

end

strand
1400 *
1600 *
4000 *
4400 *
4600 *
4700 *
4800 *
5800 *
5900 *
6300 *
7200 *
7300 *
7500 *
9300 *
9400 *
9600 *

coverage numCs
10
11
10
10
30
11
21
11
20
10
10
10
10
60
113
68

10
10

10
26
11
21
11
20

10

46

106
58

nunTs

—

—

O =N H OO OO0 RO NEO



DMRs

getCorrelation(methl,plot = TRUE)

clusterSamples(meth1,dist = "correlation",method = "ward",plot = TRUE)
PCASamples(methl,adj.lim = ¢(0.5,0.5))

myDiff = calculateDiffMeth(methl1)

m1Diff50p.all = getMethylDiff(myDiff,difference = 50,qvalue = 0.05,type = "all")
m1Diff50p.hyper = getMethylDiff(myDiff,difference = 50,qvalue = 0.05,type = "hyper")
m1Diff50p.hypo = getMethylDiff(myDiff,difference = 50,qvalue = 0.05,type = "hypo" )
CpGallFramel <- getData(m1Diff50p.all)

CpGallFrame2 <- getData(m1Diff50p.hyper)

CpGallFrame3 <- getData(m1Diff50p.hypo)
write.csv(CpGallFramel,file="BG-VA-CG/CGallFrame_all.csv")
write.csv(CpGallFrame2,file="BG-VA-CG/CGallFrame hyper.csv")
write.csv(CpGallFrame3,file="BG-VA-CG/CGallFrame hypo.csv")

chr

12 chrl
208 chrl
209 chrl
211 chril
212 chrl
213 chrl
214 chrl
414 chril
451 chril
660 chrl
661 chrl
662 chrl
663 chrl
664 chrl
710 chrl
855 chrl
900 chrl
934 chrl
949 chrl
950 chrl

start

32001
112101
112201
112401
112501
112801
112901
249101
265901
354801
354901
355001
355101
355201
378701
484801
512101
524601
529401
529501

end strand
32100 *
112200 *
112300 *
112500 *
112600 *
112900 *
113000 *
249200 *
266000 *
354900 *
355000 *
355100 *
355200 *
355300 *
378800 *
484900 *
512200 *
524700 *
529500 *
529600 *

pvalue gvalue meth.diff
0.000159 0. 001864 50, 86207
1.63E-12 1. 10E-10 53. 65766
5. 31E-12 3. 28E-10 53.125
6. 72E-13 4. 7TBE-11 69. 23077
4, 12E-14 3. 56E-12 75. 67568
1. 42E-45 2. 25E-42 76. 92308
9. 20E-14 7.50E-12 61. 37681
1. 20E-11 6.99E-10 -53.1778
6. 91E-13 4. 91E-11 55. 81738
5. 7T4E-36 4. 61E-33 —-66. 6667
2.14E-20 4. 15E-18 —-80. 3571
6. 56E-21 1. 33E-18 —-57. 3626
2. 22E-28 9. T4E-26 -80. 3842
8. 94E-40 9. 68E-37 -72.638
3. 80E-10 1. 71E-08 59. 35551
8. 01E-17 1. 00E-14 B84, 50226
2.18E-10 1. 03E-08 73. 32029
4. 20E-20 7. 87E-18 89. 53333
4. 40E-08 1. 30E-06 -54. 2842
2.01E-20 3.91E-18 -74. 4186



*dist.to. TSS.csv

prom exon intron
1 0 0 1
DMGs I
3 0 0 0
. N 4 0 0 0
#iEEZ genomation; FREEERIbed (& ° 0 0 0
module load TransDecoder/5.5.0 z 0 0 0
gff3 file to bed.pl protein-coding.genes.gff >bed/protein-coding.genes raw.bed 2 i 0 L
sed 's/;LOC\S*\t/\t/g' protein-coding.genes. raw.bed [sed 's/ID=//g' >protein-coding.genes.bed 11 1 0 0
T I R
library(genomation) . ; : :
gene.obj = readTranscriptFeatures("protein-coding.genes.bed",up.flank=2000,down.flank=2000) - : : :
18 1 0 0
19 0 0 0
diffAnnl = annotateWithGeneParts(as(m1Diff50p.all,"GRanges"),gene.obj)
getTargetAnnotationStats(diffAnnl,percentage=TRUE,precedence=TRUE) .
write.csv(diffAnn1@dist.to. TSS,"BG-VA-CG/CG all dist.to.TSS.csv") members.csv
write.csv(getMembers(diffAnn1),"BG-VA-CG/CG _all members.csv") g e To st to. featims feature, nan gl e strend
| 5228 2 -5156 Cs_ont_1g000100.1 +
5228.1 3 —-5056 Cs_ont_1g000100.1 +
diffAnn2 = annotateWithGeneParts(as(m1Diff50p.hyper,"GRanges"),gene.obj) oeee . et r00i00 1
getTargetAnnotationStats(diffAnn2, percentage=TRUE, precedence=TRUE) st : el 000100 1
write.csv(diffAnn2@dist.to. TSS,"BG-VA-CG/CG_hyper dist.to. TSS.csv") o : ol e 000a7o 1
write.csv(getMembers(diffAnn2),"BG-VA-CG/CG_hyper members.csv") sron2 o TR
3102. 2 12 -1137 Cs_ont_1g000410.1 +
3102.3 13 -1037 Cs_ont_1g000410.1 +
diffAnn3 = annotateWithGeneParts(as(m1Diff50p.hypo,"GRanges"),gene.obj) szt . e it 1
getTargetAnnotationStats(diffAnn3,percentage=TRUE,precedence=TRUE) Sl > ol oo 1+
write.csv(diffAnn3@dist.to. TSS,"BG-VA-CG/CG_hypo_dist.to. TSS.csv") o o eeolo o oo 11

write.csv(getMembers(diffAnn3),"BG-VA-CG/CG_hypo members.csv'")
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Jiang, X., Song, Q., Ye, W. et al. Concerted genomic and epigenomic changes accompany stabilization of Arabidopsis allopolyploids. Nat
Ecol Evol 5, 1382—1393 (2021). https://doi.org/10.1038/s41559-021-01523-y
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ViewBS
HEEES

samtools faidx genome.fasta

#BismarkZ55REbgzip/E4E
bgzip ../A.1.clean_bismark bt2 pe.deduplicated.CX report.txt ./
#EE BlitbizE R index 344

tabix -p vef A.1_bismark bt2 pe.deduplicated.CX report.txt.gz

#oJ AL

ViewBS MethCoverage --reference reference.fa \

Genex2kb

--sample VA.clean bismark bt2 pe.deduplicated.CX report.txt.gz,VA \
--sample GT.clean bismark bt2 pe.deduplicated.CX report.txt.gz,GT \
--sample BG.clean_bismark bt2 pe.deduplicated.CX report.txt.gz,BG \

--outdir MethCoverage --prefix BS seq_allsam

05-

Methylation level
o o o
N w o

o

o
=

2kb

Gene

2kb

Percentage of methylation levels(%)

HESH%F

. 2kb | Gene | +2kb |
+lengthx2000
-2k n +
(x,y)

winLen=100
winNum=2(

python groupbyf,

60

40 A

20 A
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Gene FEAN =B

Csivd_gene_model.gff3

Int_59005470.1

Cs_ont_5g005480

Cs_ont_5g005500.2

|
chr5:3,589,210-3,619,483
| |
- 30 kb -
3,590 kb 3,600 kb 3610 kb
| | | | | |
p- 1
| . LI | | 1 |
al | J . .
p-1m
BG-4.CG filter.bedGraph |I ” || II“ ” | |I | I I
i i o II HI Il - | | wl
p-1g
| | | T 8 1 1 o 1 | | |
1 | L 11 | I |
p- 10
I | (1 0 T Y e 1 Y |l |
1| A | | 1
p-10
BG-2.CHG filter.bedGraph Il IIHII l |
. A " s o il ||| 1 4 I”Il . ' |
p- 100
BG-4.CHG filter.bedGraph | I | u i
PRI (1Y " .|ll|l || 1l II”I L - A - ~ |
p-1m
VA-1.CHG filter.bedGraph IJ I [|l u"“ll " ‘
.I ' | | Ly . N
p- 1
VA-5.CHG filter.bedGraph | l_l l" |_|_I_|_| “ I
1. Al Ly i | A . . R
p- 10
BG-2.CHH filter.bedGraph
& M 1 Y
p-1:
BG-4.CHH filter.bedGraph
wd
p-1
VA-1.CHH filter.bedGraph
. 1.1
p-1m
VA-5.CHH filter.bedGraph
> i il 1

Cs_ont_5g005520.1
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