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BS-Seeker?2

a versatile aligning pipeline for bisulfite sequencing data



SOFTWARE Open Access

BS-Seeker2: a versatile aligning pipeline for
bisulfite sequencing data

WA il rim 2 Detlbm Cimime s WAlmibmmm Ve Clhainm b el Vi imms iame Crim Bibnmm] £ Thapm oy 1O
Weilong Guo ~, Petko Fiziev", Weihong Yan', Shawn Cokus®, Xueguang Sun”, Michael Q Zhang ~,

Pao-Yang Chen’ and Matteo Pellegrini’

* Corresponding authors: Pao-Yang Chen paoyang@agate.sinica.edu.tw
Matteo Pellegrini matteop@mcdb.uda.edu v Author Affiliations

“©
> "5

’11 . : . - > .
S-Seeker2‘is now used word-widely
"
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RRBS | Reference Genome |
T' to 3-letter | WGBS | Input
remove adapter J (4 instances)
RRBS [[+czTI-czTI+GZAI-GzA]]

to 3-4etter\, (D build index
and alignment

to 3-letter
and alignment

@ alignment

Inside
Index for RRBS Galaxy
post-process
Each instance report 2 best hits - o
(2 instances for directional 4 for un-directional) /4
@ call methylation > BAMISAM |
N .| (aligned reads) [
Pe——— r
Output
l l Genom
(details for all CGmap i
itee) (details for C/G) (mC level)

BS—Seeker 2 ##E 2 HriR iz &

FH AR
#1 BIIWGBShHRZE B

bs seeker2-build.py -f genome.fa --aligner=bowtie2

# ZH--aligner 1] £ F 1 Hbowtie (BRIL) Blbowtie2

#2 FFFI LX)

#2.1 Bl Freads

# -1 %1 \ ] N gzip J5 fastaBl fastq LA

bs_seeker2-align.py -1 test.fq -o test.bam -g genome.fa

# 2.2 Xl reads

bs seeker2-align.py -1 R1.fq -1 R2.1q -o test.bam -g genome.fa
# 24 --aligner 1] 1 F 1 Fbowtie (ERIN) Bbowtie2 R LL X,

# AR FH--btek--bt2 oK S ke 28 — 3, In--bt2-p i B LR,
# --bt2-end-to-end H1--bt2-local 1% B 15 X A4 Jay B R # bE X

#3 REAKFHE:

bs_seeker2-call methylation.py -1 test.bam -o output --db
<BSseeker2 path>/bs utils/reference genomes/genome.fa bow
tie/  #4 ATCGmap, CGmap 1 Wiggle W A{f



BS-Seeker2 A5 TIME

DNA HEAL R F R R R R MM T Xz —, AT Sk 7F7E. DNA H A 08 0 2 K Z4HDNA )
i, MRMIEAL KPS AR E B AT Y, ERERAFE . KE IR AR PN E 7 1 & 5 B 24
H. BHEl, DNARIALHEFTH I 3 E0 7 S ERTE: WGBS (whole genome bisulfite sequencing) FIRRBS
(reduced representation bisulfite sequencing) - HH, WGBS JE LAMethylC-seqfIPBAT ( post-bisulfite adaptor
tagging) NTF.

H T L X BS-seq#i¥s -4 i DNA FF AL S 1) 329 T2 : BS-Seeker2. bismarkfIBSMAP. BSMAPXH
“wild-card” S B& AT LU X, TTBS-Seeker2 FIBismark Ul % FH “threee-letter” Sl , 14 38 PRI ZH AN > K 48 B R =i 2
AT EEXE, 787 21 i BT L 72 H i F bowtie B bowtie2 .

bowtie2H local alignmentflend-to-end alignment§ > X452, TMibowtiel X Hend-to-end #3, Hbowtie24bH
KR T 50bp B2 438 5 B PRI S R gapIE URT LU, B BAE R BEXS 1 28 F bowtie2,  F£48 Fend-to-end i =X,

Step 1: EILRFI

# I WGBSIRZE 51, iHbowtie2, & NRRBSHZE G|, WIS r RIF]
bs_seeker2-build.py -f ~/genome/wheat IWGSC/IWGSCvl1.fa --aligner=bowtie2

“ £ EINRIN G LS BN NS5 A AT
“ —-aligner” I WUR R G LSOV ke R EEXS TR, 5 A8 E 2 BRI Jybowtie

T EE B A&, BS-Seeker2 ANEE HL BT Fbowtie2F)index, 752 H OIS 2 Findex. 211 J5 indexERIA PR
{71EBS-Seeker2 []bs_utils/reference_genomes/Hx I, -dZE ] HEHikE H3 (8i-db=) .



Step 2: JF%I Euxt
adthfindex e, A ATA A 4% JE O BAR AT EEX . RIBEREOR, IR I B S NRIFATEEXS, AR T RCR K5 S .

# ffreadssy A/ ( 4M reads)

zcat clean.run_1.fastq.gz | split -1 16000000 - R1

zcat clean.run_2.fastq.gz | split -1 16000000 - R2

# Ao B U 1) Brreads B 46 5 F5 IRAT BEXY,  HAI AR R] ufastq. fasta. qseqil s 407 51 4% =0 M Hgzip [ 48 SO
bs_seeker2-align.py -1 R1 aa.fq.gz -2 R2 aa.fq.gz\

-g ~/genome/wheat IWGSC/IWGSCv1.fa\

--aligner=bowtie2 \

--bt2-p 8 --bt2--end-to-end --bt2--very-sensitive --bt2--dovetail \

—-temp_dir="pwd" -m 0.1 --XSteve -o aa.bam

# 7 NI FPreads, WHSECN -i

# -g ZHUE AT 5 & Lindex I -f fi A —F

# Bs-seeker2 F1] H --bt2 8¢ --bt 1] 15 H J5 Z £ 1% 18 45 bowtie2 Mbowtie,  1--bt2--local I A] 15z & Abowtie2 Jm s b X 1 24
#--bt2-p 8 BIHATI6 2R (RIILLEXS BIER A, BUAVUZAE, Bi--bt2-p 2)

# M HSH--temp_dir B IImN SRR, 127 W 84T 4 5 Im i SO H s B 3hiE

#-m 0.1 BJ125bp readsfx 2 7] S0 VF 12 mismatch, AH%5T-m 12, {HERESL FreadsKEAF, H&GH A7 H

BS-Seeker2{g & ZH( -a [ 1] L FRadapter/ 51, H ' R 7 ffadapter/ 5515 A SRR AT

bs_seeker2-align.py -1 test.fq -o test.bam -g genome.fa -a adapter.txt



BS-Seeker2% HHAbam 3L H R E S unique best hit, W1ELXT B F THRIELE R log CHEE HEXTE.,

AR ESH “-M XX  (8--multiple-hit=XX) 7 >R F # 1L I FImultiple hitsHJread 115 5.
A it 2 A VA AT L AL B Hread 1B 2, AITEEZEL “-u XX (Bi--unmapped=XX)”

Je 3R 5 R/ N Hireads L X 52 HY 45 bam SCIE & Ik
samtools merge merge.bam ‘s ??.bam’
# PP A B ST AT 1 48 T SR T
samtools sort merge.bam -o sort.bam
# PR XS:1: 113 BS-Seeker2F1] FH CHAL i1 H 25/ AE B A BT Hireads failed in bisulfite-conversion
samtools view -h sort.bam | grep -v 'XS::1' | samtools view -bS - > sort rmSX.bam

# B fEcall methylationPIEH, WEZSE “x” (8( “--rm-SX” ) AR IFICA XS:1:1 Fread

R, RIEE R !

R, ST Xl Fr s, FEX AR A A H S SO T 0w iR = AEE G “BE % Bk, R
HIRBS-Seeker2 F1HE [RI BB —F, HIRHE 7 X LB, (B I 34K R T-80bp, 1A FH B i 452 =X X0 4
M matedE AT HEX, 5 &I A bam 3.

# B A 2 X mate 1

bs_seeker-align.py -1 mate_1.fq -o mate 1.bam

# mate 2% Ny HL S SO 4 R AT EEXS
Antisense.py -1 mate 2.fq -o mate 2.anti.fq
bs_seeker-align.py -1 mate 2.anti.fq -o mate 2.bam
# R LS SCPE S IRAE—

samtools merge merge.bam mate 1.bam mate 2.bam



Step 3: EHREEAL R P EMAKFHE
Rfsort_rmSX.bamik Y27y B Ja, F597 All 4T call methylation, A F TH2 & &R

bs_seeker2-call methylation.py -1 chrl A.bam -0 chrl A\
-d ~/xywheat3/BSseeker2-2.1.3/bs_utils/reference genomes/IWGSCvl.fa bowtie2/ --rm-overlap --sorted

“_d VIETNR NG EE S EUNS RN H R 5] 5L 5 A7 U AE

“_rm-overlap” 24, LRI Frreads B A A X R TH 5 — Ik

“sorted”Z 1, KT EARIXHECEL T TR, B TEITERE. HFAREESE, BS-Seeker2i Abam X145,
B X tbam S 4T sort, 4 bai U R 5

F, MFRRBSK VL, CCGGHL R _ERIXEE 2 5 PR G B IFA e, & H B KPR F N L IZAE . &
. “--rm-CCGG” ] AE B A W) 45 R PR BRCCGGHL K .

SO NATCGmap (At ) , CGmap (HMERg ) FWiggle X AF

H A3 s fhicAs 9 v2.1.5
B T #HbE: http://pellegrini-legacy.mcdb.ucla.edu/bs seeker2/
BAFVEG VR . https://github.com/BSSeeker/BSseeker2/

b 3A P9 25358934 B http://guoweilong.github.io/bsseeker2 doc zh.html, B2 VEGH N 0] & Fh LN uh & &
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CGmapTools

CGmapTools
improves the precision of heterozygous SNV calls and
supports allele-specific methylation detection and
visualization 1n bisulfite-sequencing data



Bioinformatics, 38(3), 2018, 381-387

doi: 10.1093/bioinformatics/btx595

Advance Access Publication Date: 18 September 2017
Original Paper

Genome analysis

CGmapTools improves the precision of
heterozygous SNV calls and supports allele-
specific methylation detection and visualization
in bisulfite-sequencing data

Weilong Guo'*, Ping Zhu?*", Matteo Pellegrini®,
Michael Q. Zhang®®, Xiangfeng Wang’ and Zhongfu Ni’

Y& : CGmapTools improves the precision of heterozygous SNV calls and supports allele-specific
methylation detection and visualization in bisulfite-sequencing data

BE+%: https://academic.oup.com/bioinformatics/article/34/3/381/4160682



Fetch .\
Bismark
BS-Seeker2 ATCGbz

ATCGmap CGmap wiggle

Coverage Methylation

_ = SNV Analysi ° Analysis
,7 calling Py
Coverage it . bi
é In bine A site ") region ) bin
Allele-specific '

DNA methylation Overall Methylatl.on DMS DMR Single

Effective CcGma
coverage coverage Statistic Bulk mC P

Coverage Remove In Region Multiple

Statistics _ sites , CGmaps

Join samples Profiling mC heatmap

by site Lollipop plotin in fragmented
local region region

CGmapTools#iE 7 itz E



CGmapTools ZEL 7 HrimtE

DNA FIALAE V2 AV R h B8 E AR R A M, BEE I A i B DL AR SR TR T K, DNA
FIALHI W ORI , AT = Rl . 385 o A AT AR AL DNA FH B A0 Bl By 0 =5 A8 R 1) 1) 7L

BERT, O —LLE X DNA FEALEEE 0 19 TR & K, HE DA TR IR A TARES 7 1170 B 755K
HHFTARATREEEGE—FMANRHAR, SBEEOIERTBRAEXE, HEs TRKERTEERFBKETT.

11 CGmapToolsHE & # $& T BS-seqdfa 11 11 A & SNVHIFEHERE,  SCHRPEERF - DNA F JR AL 54080 7 A S n H04k
RN, A AIBS-seq L X 8 /FBS-Seeker2 € X 1 Hl TA#EDNA H AL {5 2 1) CGmapMATCGmap3XAF#E R,
CGmapTools AEAEATRHEX A D, T80T BaEE AR R, FETHEHZITB AR EELE.

Tip 1: G&—RIEIEHK
# CGmapTools FESZ FXF ATCGmap A CGmap KA BEAT B340 T

hBrain v:gr?szmzms hOocSZBZsillzms # S FF M BAM #%20AE BR CGmap FE AT
0 - 400 %% cgmaptools convert bam2cgmap -b x.bam -g gn.fa --rmOverlap -o WG
. # 1A 0] LLRF Bismark 4587 45 8% 3 4 CGmap #57\
2 @ sl cgmaptools convert bismark2cgmap -1 bismark.dat -o output. CGmap
c 30 c
2 o || 200 SN = ... 2 samtools{Jbam 3 A Msam A )5 &, CGmapToolsiZit 1 #r
. 04 [t kIR 30 CGbzMIATCGbz, L EA LU 4R
09 5.6G 500 = som AR ER &l
0 - 0 - v MR TR M RSP ERE R, B AR AR
S 4% N % N s N N N N
B § 0 § O @ § S 8 O cgmaptools fetch cgbz -h
O < 8 O < 8 cgmaptools fetch atcgbz -h
< <



CGmap 3 NN A

nfofk ZER B CG/CHG/  CX &ML REMH ik
CHHEEA 7 G SR £ = G E =
chrlA G 466 CHH CA 0.1 1 10
chrlA C 467 CHG CT 0.5 2 4
chrlA G 469 CHG CA 0.9 9 10
chrlA C 471 CG CG 1 5 5
ATCGmap3XX AN E
ufafk R fLE  CG/ICHG/  CX 1E % Pikse: H AL
CHHE. #:XX v T ¢ G N A T C G N K
chrlA G 225 CG CG o o0 o0 o0 o0 0 0 0 3 0 1
chrlA G 226 CHG CcC o o0 o0 o0 o0 2 0 0 1 o0 0.33
chrlA C 227 CHH CA o o0 o0 o0 o0 0 0 3 0 0 na
chrlA A 228 - - o o0 o0 o0 o0 3 0 0 o0 O na

TE: CGmap3CFIL8%1, B& I ANAA MmN S, Brels —FIGIRERTEE; ATCGmap XX AH3k1651, W& T (5 .



Tip 2: XA RN & IFFRERASTDIN)FIH L (STDOUT), B LM THKNEZEHE
Fetch .\

Fetch
ATCGmap

Bismark
BS-Seeker2

cgmaptools -h
Program : cgmaptools (Tools for analysis in CGmap/ATCGmap format)
Commands:
-- File manipulation
convert + data format conversion tools
fetch  + fetch a region by random accessing
refill refill the missing columns
intersect  intersect two files
merge2  + merge two files into one
mergelist + merge a list of files
sort sort lines by chromosome and position
split ~ + split file by chromosomes
select  + select lines by region/site
Note:
Commands contain sub-commands are marked with "+"



Tip 3: #RHEEZERFEMAFATHRL TR

SCRFRE T AR IDNA AL AT AT AT AAL, AN FECRISEAY(CpG AFCpGEE)  ANA) 2 A2 [X 35 (A 22 [A]
X3 Bl IS« AFEE DR AFRFEARSE.

# bin-wise DNA H Z: 4L 73 #r

cgmaptools mbin -h

# region-wise DNA F 340 43 Hr

cgmaptools mfg -h

# site-wise DNA H 24 7041 “Fe#EHEE”  (lollipop plot)
cgmaptools lollipop -h

# read-wise DNA H 343 M “HEEA &7 (tanghulu plot)
cgmaptools tanghulu -h

# sample-wise DNA H 340 7 #7 T E R 528

cgmaptools heatmap -h

# context-wise DNA H E: AL 75 7

cgmaptools mstat -h

A
1]
T

cgmaptools -h
-- Coverage analysis

oac +* overall coverage (for ATCGmap)
mec  +* methylation effective coverage (for CGmap)
Note:

Commands support figures generation are marked with "*"
Commands contain sub-commands are marked with "+"



3.1 : mbin

Z LR HEERAR I binK PR FHEAKT, FHAERIL SR oA E

zcat sample.CGmap.gz | cgmaptools mbin -B 5000000 -c¢ 10 -f pdf -p sample.mbin -t sample.mbin > sample.mbin.log &

cgmaptools mbin -h
-i FILE .CGmap or .CGmap.gz. FrER% =01 %A S
-B BIN_SIZE %€ XbinffIR/N, ERIk: 5000000
0.5 -c COVERAGE  coveragef& -5 @ WA T 204, BRIA: 10
-C CONTEXT, --context=CONTEXT
o AERER, Ira AT Lot
0.31 % E: CG, CH, CHG, CHH, CA, CC, CT, CW
-cXY=COVERAGEXY %tk Fit5 — 4 M Yo fo ph 7 s e
-f FIGTYPE, --figure-type=FIGTYPE
0.1- BB E 2R png, pdf=F
. -H FLOAT R, AL e, BRI
| d\(x&\<\wx\3\(1 “a d\a d\ag\ag\(%\(ANu?\(sg\(oc%\(s%b&\&“@%1 d\a “‘1%00 -W FLOAT IE ’ ﬁfj 3@* ’ %@Agﬁﬂ‘
-p STRING 25 H I R & ETER
-t STRING, --title=STRING &} %

0.4 1

0.2 4

Average methylation level




3.2 : mfg

cgmaptools bed2fragreg
cgmaptools mfg
cgmaptools fragreg #step by step

—— hBrain_FcM55yNeun — hFPGC_11wE1  — hMPGC_19wE2
~— hBrain_Hs1832 — hFPGC_Uw160 — hOocyte_AmpMinus
— hES_H9 hIPS_Imr30

100 —
®m Target region
Flanking region

80 - .

60

40 —

DNA methylation level (%)

20 —

0% 20% 40% 60% 80% 100%

Al T2l Z FE A fE genebody, B3I,
% -2 4 o B H ALK A KX CG,
CHGAICHHZ: % context B 3& 4L 7K -0 A i

o

3.3 : lollipop

# gene-wise DNA methylation analysis

cgmaptools lollipop
# Description: Plot local mC level for multiple samples

VCAN
chr1: 82,801,248 — 82,805,248 B ‘13;2
i ¢
1
o, [ ]
_? _——_—— - < o
AML l
0 S )| in IR
NM_004385 i
hyper-DMR
hyper-DMR
[ [ [ |
82802000 82804000

BN AR — il (B ) B E
Hova FE AN EACER ALK
AT X R R SR AT R AR i B AN R



3.4 : tanghulu

CGmapToolsFASM S #rhE [Evague allele

cgmaptools tanghulu

~ chr11: 1978490-1978641 (152bp)
| ' Known
imprinting region

H19
dbSNP 130 gnp 1 rs2525883™~,

O-0-0-0-0-0-0-0-0—C
0-0-0-c-0-0-0-0-0
~-0-0-0-0-0-0
0-0-0-0-0-0-0-0-0-T-O
: O'o'l . I_—g—o—o—o—o ® Methylated
oo 0000 90000 OUnmethylated

chrd: 152549831-152549983 (155bp)

FAM160A1 5’'UTR

dbSNP 130 oo
. 'SNP ID: rs62327201
0-0-0-0-0-Cc-0-0-Q

O-0-0-0-¢-0-0-0-0-0-0
Brain O-O-O-c-O0-O0-O-0-O0-O0-0O-0

0 0o

Hs1570 *ess 28 Cese

Zeng2012 | o o olis o oenbn o o o

C
Brain § 33833333
e AN s it
Zeng2012 L

O-0-0-0—-0-0-0—C -0—-0-0-0-0—-0

aran | 0 3883868838333

000 060 00000

FCN o—m¥+¢—<>0—o
Zill2013 [ 3 2 Sl B S On = o )

O-0-0-0-0-c-0-0-0
O-O0-0-0-O0-c-O0-O0-0
O0-0-0-0-O0-c-O0-0-0

90— 0000

AmpPlus oo o6 Cooos

Okae2014 000 060 O 0000

® Methylated O Unmethylated



3.5 : heatmap

RIRS_ieRdbR N WO 111 00 DI O | . e
nEs] ABRSiaRE 10 1 R | O - 2
RS ASENGSRITI | P O s
R O 00 1 O -+~
hBrain_Migfay Lis || ||| | FENIEEEEED 1] e
hBrain_AdFront Wen = | e
hBrain H§1570_zeng!| | | | TENINIE ORT U e
heedinBEERL 0] PO 000 R .
R 1 (O O | N =~
S8 W (INENEE 0 (s
GEE NS BRI NN
ARG et P MMM | OO0 OO O 7.+
hOocytel AmpPlus Okae | ' || [l T '}l | [Elsar

F % 0% 100%
0% 50% 100% Average

Chromosome-wise DNABRE XS

cgmaptools heatmap
# Description: Plot methylation dynamics of target
# region for multiple samples



3.6 : mstat
Z LT HEB¥ I HE SR A % context ] FH ALK, Bl context?E FF 24k fa s ue A By o5 BE A7)

zcat sample.CGmap.gz | cgmaptools mstat -c¢ 10 -f pdf -p sample.mstat -t sample.mstat > sample.mstat.log &

C CG CHG CHH CA CC CT CH Cw Lo
(0.80, 1.00]) T
o 0.8
(0.60, 0.80] 5
% 0.6- I
(0.40, 0.60] &
(0.20, 0.40] % 0.4 -
5
(0.00, 0.20] g 0.2 l ' ' . l
< .
[0]
00 C cG CHG  CHH CA cc cT CH cwW
CHH cc
T A b, FrcontextH FR LA FIIEEIE 1) 9 A
cc 114 CG contextf] i Bk,
CHG cw HCGH ) s g 28 0 4= A | R 3Rb .
CcG CG CG
CA

b, Bumsng & & context 3 34K KF
B BRI H < 7E ) context AN, HEALMmERE, KcontextPr 4 ELAF




Methylation Overall Coverage Distribution of Overall Coverage je9

3.7 : oac EZLEKGIHEEFARTARERZERER
o ZEHE: oac stat
zcat sample. ATCGmap.gz | cgmaptools oac stat -f pdf -p \
enr7a ] sample.oac stat > sample.oac_stat.log &
_ HALDR NS G ORTamEE S EE R, A0 E RN
cnroa | %E‘th, M AreadsF, HAA1e9 (1G) o
- | 4 T FE: oacbin
enrsa- zcat sample. ATCGmap.gz | cgmaptools oac bin -B 5000000 -f pdf \
enean | 1 -p sample.oac_bin -t sample.oac_bin > sample.oac_bin.log &
cnran ] 1 X 17.5
m": 15.0
chr3A - ¢ L o.4 8; 12.5
-
chr2a % 7.5 1
chrlbD [ 8
chrlB 5.0 |
chrlA + 2.5
00 0.0 T
o %\\(\?\O ARE: ’IR\G ARE: (53\( d\‘(\\‘b‘?\‘ <‘3?\< (X\(%&?\(‘ (‘6

o 2 4 6 10° 10t 102 103 104



chrUn

chr7D

chr7B 4

chr7A 4

chréB

chr6A 1

chr5D A

chr5B 1

chr5A A

chraD A

chr4B

chraA A

chr3B 1

chr3A A

chr2D A

chr2B 1

chr2A 4

chrlD A

chrlA 4

Methylation Effective Coverage

Distribution of Effective Cover:

ages

Cumulative Effective Cover:

age

Globa! _

r1.6

14

rl.2

r1.0

0.8

r0.6

r0.4

0.2

F0.0

107

k105

103

10!

[ 1 2 3 4 5

10!

102

10°

10°

100

10

102

10°

104

ZLAEKBGIHEERNAEREREELERR
ZE: mec stat

zcat sample.CGmap.gz | cgmaptools mec stat -f pdf -p S.CG.mec.stat \
-C CG > S.mec_stat CG.log # -C € context

HoA e E Y\ Sl Areads®l, A N1e8; L FiUEBHINE R, B
WMNEEEE, P yreads RAEL, AR I AE cut-offfH .

A T E: mec bin

zcat sample.CGmap.gz | cgmaptools mec bin -B 5000000 -f pdf -p \
sample.CG.mec.bin -t S3.CG.mec.bin -C CG > S.mec_bin_CG.log

S3.CG.mec.bin

3.8 : mec

12

10

Methylaiton effective coverage
(o)}

o0 %@N\?\( “('l <'1Q<\(3 6‘\(5?\(“%(%(“%5 “(‘3‘(\(‘3?\(6%(6“&%1 P‘“ﬂ N"\Q«\)“



coverage and methyletion level

global coverage

mC levels of

mC contributions of

sample oac mec different contexts different contexts mC
CG CHG CHH CG CHG CHH CG CHG CHH
cs_leaf2 42809 43752 3.8224 0.9449 0.6310 0.0267 0.5825 0.3752 0.0423  0.3583
cs leaf6  8.0879  5.0275 5.1391 4.4660 0.9440 0.6292 0.0280 0.5853 0.3689  0.0458  0.3515
cs leaf8  6.1224 4.0165 4.1703  3.7402  0.9295 0.6226  0.0234  0.5688  0.3897  0.0415 0.3321
cs leaf9  7.1110 4.4376 4.6160 4.1591 0.9270 0.6293  0.0226 0.5685 0.3896  0.0419  0.3246
cs_leafl0 6.5924 42749 44393 39792 09355 0.6428 0.0226 0.5678  0.3925 0.0397 0.3362

Ve 78 05 0 A B BT B 7 7 5 S W overall coverage (oac) AR A5 W IE 7 o 15 /S U methylation effective coverage (mec) o 6
2 8FIMKCG. CHGHMCHH% context H E:Ab /K. 92 11 H4CER I H AL g g v % context I o EL s o 1251 43R I Ak 1 Bl mas g oy
FITA T g £ EE A3



Tip 4: RAZE S BB

B o 35 ] 2 7 1 I -4 3 R 4 P 64 0 P 848 (WGBS A1 B 28 N 82 I 7 4k FR AL I - 3038 (RRBS), 1%
TAER Y 7 3hA R BiAt.(dynamic fragment) ¥ 5RBE,  SEILEHE BA 2L T

#1H5 DMR

cgmaptools intersect -1 A.CGmap.gz -2 B.CGmap.gz | cgmaptools dmr -o DMR A vs B.gz
# 715 DMS

cgmaptools intersect -1 A.CGmap.gz -2 B.CGmap.gz | cgmaptools dms -o DMS A vs B.gz

Dynamic Fragment Strategy

Maximal distance b/w two adjacent
common cytosines, s = 100 bp

Sample 1
g p<0.01 (#test)
&
Maximal fragment size, S =1000 bp S>1000 bp AmC=0.1
Sample 2 —@m9 o=@ 00000
| fragment | thresholds to select DMR

. . (Differentially Methylated Region)
Minimal cytosine number

iIn one fragment,n =5



Tip 5: BS-SeqBEMEMATIHESNVHE FHiE

FIHATCGmap XAFHIME S, 8t 5] Awildcard I 2E Y, 254G DU S 28 R — I3 A B 28 % 11 T BayesWC AT
BinomWCH SNV calling B, 4115 M\DNAH AL E 45 11 H heterozygous SNV ¥precision A Z HI80%4¢ 151 £]99% .

# BayesWCHE Y

cgmaptools snv -1 WG.ATCGmap.gz -m bayes -v bayes.vct -0 bayes.snv --bayes-dynamicP
# BinomWCH Y

cgmaptools snv -1 WG.ATCGmap.gz -m binom -0 binom.snv

Precision Recall

heterozygous Heterozygous

M BayesWC BinomWC ™ bisSNP M BsSnper W BayesWC BinomWC M bisSNP B BsSnper

~—

S - CGmapTools
l | FUMSNVRIIS EEE S
- Bayes + Wildcard = BayesWC
] I Binom + Wildcard = BinomWC
C10 C20 C30 C40 C50 ° oo C20 C30 C40 C50

precision
0.70 0.75 080 0.85 0.90 0.95 1.00
|
recall
0.4 0.6

0.2




RIMEABERRTA genotype, AR FIHTZE A heterozygous SNV

Wildcard symbol table for ambiguous genotypes

Ambiguous GN symbol

Possible genotypes

Hete- or Homo-zygous

sure to be SNV if reference is

Y
R
AY
C,Y
G,Y
TY
AR
C,R
G,R
TR

TT/TC/CC
AATAG /GG
AT /AC
CT/CC
GT/GC
TT/TC
AAAG
CA/CG
GA/ GG
TA/TG

not sure
not sure
heterozygous
not sure
heterozygous
not sure
not sure
heterozygous
not sure

heterozygous

A G
T,C
ATCG
ATG
ATCG
AC,G
T,C, G
ATCG
ATC
ATCG

. RS E CHkTable1, @EFE X: Y=T/C,

R=A/G.



Tip 6: SCiFAllelefr ) EAL S HT A AT AL

I A 1 B ) 22 & SNVAIE NN, 73 # Allele-specific DNA methylation (ASM), i@ id Tanghulu( “HE&i 7 )
% ASMIX 33k )5 B _EDNA FF AL PR S I T B R
# A P ) 22 A SNVAS B iH B85 7+ W DNA T 44k (ASMD

gawk '{if(/ /) {print}else{print "chr"$0;} }' bayes.vct > bayes2.vcf
cgmaptools asm -r genome.fa -b WG.bam -1 bayes2.vcf > WG.asm

S 1004 @ e Human s Mouse w l= == . 2 ==
g e R » .
. = X = Brain Oocyte
ZE- *Eﬁﬂ):' n ° ® ES = PGC ] [ | [
L 80- PGC H B2 BER PGC B
w
chr11: 1978490-1978641 (152bp) o Oocyte N il §E B i
Known < | .
H19 . s . ) 60— loocyte .
dbSNP 130 - imprinting region 7 M T B
SNP ID: rs2525883 ™~ 3
2 4 ES = cs O
0-0-0-0-0-0-0-0-0-C Q40+
@
6-0-6-6-0-0-0-00 £ o l= .= == ===. .
0-0-0-0-0-0-0-0-O-T-O =1
Q
0-O-T-0-0-0-0-0 2 5
® Methylated » i || BN EHER
000000000 O » Brain Brain
sooooe ooeee OUnmetyated O * A NN NN FII =
o0 00000 0000 o)
oo 0000 0000 Qo ] A 4; & ® FEOCCW—NW 5O CoW—NW SN
o0 00000000 g %1, : : : : : gz §§Z_lﬁzéég oze §§Z_:‘2|ng§§§
> 0 2 4 6 8 10 Sgﬂ“E—'_U?_ gEgiel @
Percentage of ASM events (%) ae ae

CGmapToolsHFASM 53 #rHE [Evague allele

AF1.5%BXIERASM region, B EEEE—LEETF

-log,,(P value)

O =2NWHO,



H 7T B R AR N v0.1.1 ap 100/g

P T EHE:  https://github.com/guoweilong/cgmaptools Q Q
BAFFELNULEA: https://cgmaptools.github.io/

HEF CGmapTools HEBS-Seeker2 L X J5 73 HT

Fetch @ Fetch
N 3 % & CGmapTools: DNAFEEAL %3 S WA AT BUAL T2
B5-Sockor? 5 TPBS seq U it BLAE A SNVIRIRHIERE, %
FFBERT - DNA H LA S 400 0 A A T AAL
ATCGmap g CGmap wiggle 1 gt — KI5 5
. Coverage Methyation 2 e AATHER A SR T RS
,”—calling Y Analysts 3 ZRPERE R
é Coverage A site () region ) bin 4 A2 e B A D380 B
Dﬁ!tl\erl'::ﬁ;gtfilgn Overall Methylatl:on DMS DMR Single 5 BS-EGC{;&?E:@EE 1+ﬁSNV%ﬁ ﬁ¥£ .
coverage chf\Zig;z Statistic Bulk mC CGmap 6 i%ﬂ‘Allele&{:ﬂ‘ﬁ% E/(] EFI %/f%éj\*ﬁ:%n ﬂ%ﬁ“’t
Coverage Remove In Region Multiple 7 T‘E@E%Eﬁ'\ EF’ %’f’tﬁj\*ﬁ‘ﬂ] ﬂ%ﬂ’f’tI/E\‘

Statistics Join samples sites Profiing mC ﬁg{‘;ﬁ; ﬁﬁl,:&ﬁffﬁ:ﬁ@, 404?%5%}?

by site Lollipop plotin in fragmented
local region region

3 P9 254 H https://cgmaptools.github.io/zh/CGmapTools_zh.html, 58 2 VE4H N 25 7] S Ff L vk & 5



