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Abstract Chromatin immunoprecipitation followed by sequencing (ChlP—seq) facilitates systematic analysis of chemical
modifications of histone tails. As the cost of next-generation sequencing continues to drop, genome-wide histone modification
sequencing becomes a common approach in a variety of researches in the epigenetic area. However, challenges of efficient ChlP—seq
data analysis are now the main hurdle to interpret the histone modification ChIP-seq data, calling for continued enhancements of
computational approaches. Here we provide a pragmatic overview of available computational approaches for the study of histone
modification ChIP-seq data. We present the latest advances of computational methods for systematically detecting and functionally
characterizing various types of histone modification ChlP-seq data, discuss the software packages currently available for performing
tasks from short read mapping, peak calling to downstream genomic characterization and genome-wide visualization. We also
present that the regulatory roles of histone modifications upon gene expression can be inferred by developing algorithms and
methods specifically for histone modification ChlIP-seq data. Such approaches will facilitate the epigenetic regulatory network
construction and provide explicit biological hypothesis for further experiment testing. We also describe some challenges and
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important directions for histone modification analysis based on ChIP-seq data in future. We envision that the advances of

computational approaches will bring more about a bright future for large-scale histone modification studies.

Keywords Next-generation sequencing; Histone modification; Computational approaches; Peak calling; ChIP sequencing
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UGS SN IR - YN R VA & a SR A i
KO HEH (H3. H4, H2A F1H2B) 1 147 bp
) DNA i, dEpA N EmERTHEA,
A AT IR (1 = B B A P E R R L, R T
N FHEANMMEERNARATSEWE. A5
R B N>R i RO AN [R5 18 4, A4 H
B AL RN B R A Sk HEAT T2 181 (Kouzarides,
2007). EAREF R E R RRE, R 8
WAERE S PR EEEER, (H2R ANk,
K 22 B IK B FEANME 1 1 25 P 2 3 S SR AN AT
PR . BRGIHT 7T SRR A ) 4 FE DR LA
2, 30008 e 8 53 S % TUE (ChIP) R ILEE DNA J
B, X% DNA B s i F i B R ) 4 5
&1 M G4t 57 FH 43 85 (Collas, 2010). DNA F By
B, AR JE R 2422 51 DNA B4 41 5 F7 (Gilchrist et
al., 2009).

TR 2H B AR IR R R R B e 1 S A AR
) (Kurdistani, 2011; Ikegami et al., 2009; Aoki and
Akiyama, 2007). 235K 4751 F T —R 77
B 1 RTFH A S SR A 20 A R v d R R A ) 4H R
BB 16 77 75 (Pepke et al., 2009; Mardis, 2007).
TEIX LR, FATRE AR T LA A AR 4 S A4k
PN — AT 5 7= A2 1 20 5 S 1 508 1
THETE . BATAR U — L 7 4 B e
HE BN ChIP-Seq s B A4 1) VAR 721
FEA b0t JE DR A ) v AW R E A . R
WHITHE AT, BATSE U IR T ChIP 1)
HARRI SR

1 A BB SR T —RUPEA

SR R—MOEIFAE T — B (e 1) A T7 v
(Collas, 2009; 2010). fajFrdthis, DNA FLAriEEES|
SEAEA. G, LR DNA Bl B
SR JEREE AL B P T 20 2 4561 DNA.
A TTEB R B R R, B — O R BTNl 1)
TGRS . ChIP 5 B w5 43 ) 8 L 28 i vl
F— AN B ik AR A 2 R KPR 1T 58 DNA

454 % [ . ChIP-seq (Buck and Lieb, 2004; Horak and
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Snyder, 2002)7&—Fhi4 & DNA Syt ie M i+
Ko DNA e UTHE I B F 4 B B (1R S 1 e
&, BlJ5/2 DNA 2452 FE5 G R . EA ChiP-seq
FE ALl F G R G P UL UE 1) 08 & F ChIP

(ChIP-seq) &K, (H 2 H A kg /T ChiP-seq,
HHENFRIK WA TE R /NT ChIP-seq (Liu et
al., 2010). 1bAt, FTA HIZACTTE, BEE ChiP By
FERSE S 741 . ERAR N R R 2 21 B B I A
HAG K, HRXHREE P F AL A A ChIP &
A E L FEFITEVT 2 SEU 46 R it AR 2
R

J& K, % T ChIP [ /538 & 7 4 #5 4 ChIP-SAGE
(Schones et al., 2011; Schones and Zhao, 2008). .2,
ChIP ZJG#t4T T SAGE (F:RFILFFIHHT).
ChIP-SAGE ¥ 4%i T ChIP-seq, 21 bp % FE51bx
M SRR A, e RIS R, &
AEAE — A 5 DR AL DX 3k 10 A 25 ) B S T 1% X 35
A B BAREA B ROX I FEAR,
{H2 T ChIP-SAGE X TiHi R ¥ e BIRET 7%
A, AR ChIP-seq 2. AT,
A AR BB R SR BR A, DL R 8 &) B0 B8 s i AR
HAR ChiP seq 2R, MR W7 H ChIP-SAGE
(Park, 2009).

%K, ChlIP-seq il ¥ 20T 7T 4k K A AH E H
B E IRV, 8T/ DNA fE—Mnf
2 P B[] e BBl PN A 2E 2 A2 A S T AT )
ChiP-seq HAMREIRZ . Bt R BT ke =1,
(7 B 45 A B2 6 T W9t 9 2 ok Ui DR RF AT 42 52 1) AR
(Johnson et al., 2007). 5 ChIP-chip A2,
ChIP-seq 5% 4= 8 B 1 28 X 7% 28 I 18 1E 5 % o
ChiP-seq 3= Z (1) IR 55 $2 BERT A2 Nlumina A =], AfEH
— AR R TAT UM I 5 B R -8 Solexa
JF &% B AR (Cuddapah et al., 2009; Whiteford et al.,
2009). fij1fi 52, ChIP [¥] DNA E£:2E R A3 bE 5
A PR 172 42~ 200 ng 1 DNA, 4R 5 i@ 7E
[ AR T 58 454 . 30 ~ 6000 15 DNA HAR (1)
FLF %1 (25 ~ 50 bp) FI A B H2 AR T 51 K 3ty
BEATINFR, & R P HoAR & e R 1) Sanger 5792



TR FAMI(MEERR), 2012 4E, %1 4%, %8 60-70 1T
Jisuan Fenzi Shengwu (Online), 2012, Vol.1, 60-70
http://cmb.bioPublisher.com

(¢

7£ CD4 * T 4liffirh, ChIP-seq & Vi FH SR 78 3 (A
4 4L 2R F1&1i(Barski et al., 2007). MM Eift,
SE 7 Bl — AN FE R ZH A w0 5 1 ) s B ) A
e 5 HMHE BB IE . ChiP-seq 1I# />
B S AHE PCR ¥ 38 5 B RIEREF 2228 1)k
SEME, AR E T REAEAS [ R DR 4 X 3 e HL R
B A i (Johnson et al., 2007). & T 4148 (F &1
3BT IR — AR5 1 — AN A 3 R T RN
PIFEA RIS 2 (Liu et al., 2010). SRR LRI
1) AR PP B AL T — A4 7 5 S 3 Y R A R
FHBMRIRE O, TR EMoE dE— D 7 e vE
RILCA S S A X, HRK T B0A 2 Fl
(I 7 ] fig A2 DA AR T A4 52 1 AN B 5 P
k7 . ChIP-chip, ChIP-SAGE Al ChIP-Seq £ AR
ZHER 1.

2 ChlP-seq K40 BB B K B3R BHIR
DNA JCZH A4+ (ENCODE) HAH#ITT
$E > ChlP-seq 525, ENCODE J&— M IME
H W U5 O HAR AR %0 F B (Birney et al.,
2007). FEF|{E ENCODE H iE 76K IR AR k6l i)
YRR AL Z REE, ChIP-seq 7E M ENCODE %k
P vh R AT (R 2H U S R 2 2R R S 4 R
B R S R R A e R R . SR,
MAZFEH R, —A ChIP SZI& IR KL b
T 1 P R S T PR S A TR 4 B 18 (Liu et
al., 2010). RPfsE7EAH R BT aAR BT 6l % IR B, Bt
R EWAE, XHPifk{E ENCODE ML

2% 1 ChIP-chip, ChIP-SAGE and ChIP-Seq [ EL %
Table 1 Comparison of ChIP-chip, ChIP-SAGE and ChIP-Seq

PR A AE Y1) ENCODE (mod-ENCODE)Ti H
] LLUABL(Egelhofer et al., 2011). ZEX T 7T H,
25 7E 47 57 MM H 2R TUORT 209 7F G323 T S0 v
K. D, FHEEHEMBEAE M ChIP-Seq
s, R R AR LA [F] () 4 B B AR T

modENCODE 35 H & 3l i AW e it 17—
AT ER AT R o B R, ki (C.
elegans) F1 5L 8 (D. melanogaster) (Washington et al.,
2011; Muers, 2011). H54fs P 25 (1) 90 [ DA JE 1R 4544
MRNA HI ncRNA %= K 3k 1% 2 e e 8 745 5 A s
HEEBMES. Ira SR AT, AT
BAURATEH .

78 H FAEWFE ARG B (NCBD )3 A
HE R (www.ncbi.nlm.nih.gov/ZR ML K 4H) &4
2 DRI 2L 1) 2L Bl A8 A R Ath 2 W 13 A A2 1 ) B8
M 4EE A FLH YR (Fingerman et al., 2011). %%
F& FE T FE K 2R 3k SC % (Gene  Expression Omnibus,
GEO) )& Mgt A& (&1 %4 (Barrett and Edgar, 2006).
RIS P R, AR . R
PRI 2H B2 555 HoAth NCBI iz 1 = 5 42 1k (Baxevanis,
2008) MM AE T4, o e A 45 R DR o
(Maglott et al., 2011) 1 PubMed (McEntyre and
Lipman, 2001). 2011 “FA7 IS 1100 MEH HUE
& L A .

ChlIP-chip

ChIP-SAGE

Chip-seq

E EREAMR, HMT A HE
Quantification Limited quantitative and depends

on the hybridization efficiency

SE 2

Quantitative

e B

Quantitative

IR BT ChIP Bt 5 Fr BUA R/ IRk T BRI P9 DDl Aoz a5 Wk T G € 5t By B RN R e
Resolution Depends on size of the Depends on restriction enzyme R
chromatin fragments for ChlP sites Depends on the size of the chromatin
fragments and sequencing depth
% H S3E R tiling FEX1 3% Et ChIP-Seq 5t (CNEH
Cost High for whole-genome tiling arrays More expensive than ChlP-Seq  Low
P 1 AAETRE S B TR PR (1 R R 2 X3 BR il A DT P IR 0 7 A HAEAEE R X
Limitation Only pre-selected genomic regions Recognition sites for the Only non-repetitive regions

on a microarray

restriction enzyme
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NIH B br % W & K & iz 3L [ &
Chttp://www.roadmapepigenomics.org/) &%t 4k,
Bl AR S B T S — AN N R R 2
B i A L% 5 (Bernstein et al., 2010) . 7£ A [&] ) ZH
it 2 7 e 3 (R 4 5 67 4L 2 F A A R EL At ) e £
g, nTREARER T AR A SR E R4
1E% . ChIP-seq /3 HT 4B (1B, Bl 5 & P 4 (1 4F
SPENR DMRIE PR R . A, AT
TR B A ] () A0 B SRR, AT A R AS [ () B
WL H s 2 T ) — B

3 T-RAZEABMHERE TR

B AR G- A AR A B ChiP-seq
BRI MR I IGE B, B2 KON VE 28—
I G IR R g . T~ — R L E A
AR 0 B Rl 22 PN o

3.1 F—RAZFABMmHEEN X T A
R — AR 7P G R A ) B A T A
ClMllumina ZE K 2H M1, 454 FLX) BRER €8 25 (3] B
FE sk (SOLID) PA K AH 5 1 i 243 24

HE FMEIHT] ChIP-seq HE /T HIEE—2 &
A FLBIR BN B R 5552 (R E 3RS 1
ChIP-Seq %5 1) read Lbx} 325 FE K 2 41 %% . 0 #i7
(1) 25 S 2 — ANt 255 58 R 20 0 55 5 1 R B 1
FER AR bR BB B 1 28— AR X
HOEW AT e EHAN TR read (Pepke et
al., 2009; Kim et al., 2011; Schones et al., 2011;
Schones and Zhao, 2008; Hirst and Marra, 2010). Lt
X T RR 2 A6 I “ P A1y e ” 5%, BLHE read
TE N )75 8 b B — AN g A R 8 — 12

2 FL R ZH 1) Burrows—Wheeler #3525 5% 11 5 235504

RPNV 2 AT, read FEFRHI E4 “EK” i
K read K J& . SAM/BAM U84 A2 Ebxst T B 7] PA
G — bR AE 1 SRS

R IR IK G b T T L A S RIORS FEE 110 22 S AR Tk
/N, AHR IR L 2 A A E AL AR B A R R
i (Wilbanks and Facciotti, 2010). #£¢H J* AT LAR
i AR AT 7838 50228 A OG0 S0 B DO 0L
R —AN OO D H o 055 (0 ST AT DA B B R 20
M2 R, el DU R H peak calling SRiEAT
A EE . RATIFNZ T V2 WAL EE ChIP-seq
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s 15 read Huxt T H, @15R 2 Fios.
3.2 T—RAZEBBIHEIER Peak calling T &
Peak calling ¥ JE A 1% 5% read 4L NI B2
PR B B I IEe- X3k o WA 2 5 A A VBN
EFAR, EXMNERTH Peak calling T H 45
(BT ) — IR BB (Pepke et al., 2009)) ., — LB L fF
BN A I AL RAS, T HAth I ASE AR i (A4S SR
BSR4 . — L8 peak calling T B 7 51
J¥ ChIP-seq JZ 1 HAth AE AN F2 il I TS SR v DA A « A
WA TN EHI ChIP-seq M PR U, WA 124
J (1] peak calling &5 /e A AT EE 1) J T AN A 198 Fr
PIRPEFIFEARE, F P HE R KL% (FDR) &
e A IE L, BIMEAE R peak-calling BVAEAE
g B ZERZ . — BB, XA T H AT
RPNy, B AP A E RS . 5 — SRS
FEHMRHAE B C, RER BT E A
4347, U H3K4me3 5k h3k27ac, LA ik Bl vy g
PRZE ST AT IR . BRARA K& 1 peak calling /48,
{HAS 2 A B A A AR vT DL 2 T =& 14 8
FB RS RS 25— g o DRI E B AN S B
HTAITZH A MEAMHEDEM, W
H3K36me3, X L f2H & [ EIm 1) peak
calling ¥ KM . * 2 AEH T4 E A 1B
ChlP-seq 51 AJF peak-calling Sy A1 S/ i
T HoAh 77 FIAH G FiE (Pepke et al., 2009; Wilbanks
and Facciotti, 2010; Szalkowski and Schmid, 2011),
K AE R H A W A B R K& B
peak-calling Lijfie (1 i b A5 A £

Zang %5 (2009) 73 # 7 AESE PR 20 S R i)
BEAL read 15> E oA, FERAARATI BRI R 2 2
[AEERE, X RAEA— NS, A ATREEA
. Rashid %A (2011) KT ZINBA (EFhk 7
TR SRR E [ ChIP-seq (3L R4 X 15k,
XL X I AN B T T Sl SIefE S I
%, WG/ CHEE. XuEA (2010)42H T —FhLk
PEG SRR A, 5| N TR, iR T
A8 R A vl B Sk ARG, ATAE T BRI AS
P SRMS AL T FDR ZSAIE M AR SE 8L, 1y 44 4 CCAT

(& T4 ChIP-seq 73#7 T H). H3K4me3 F1
H3K36me3 I FHEHE R, CCAT LLLARTH 72T
WBA S 2 (1) ChIP FE AL . 5K5F (2008)4 H
— AR Perl B AYAKE 1) 43 BT ChIP-seq 4 43 it
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B, MACS K73 #7 ChiIP-seq ¥#E . MACS & —4
TAI SR N AR B I H3K36me3 | iz 43 Aii
RIS Fr . Boyle 25 (2008) #2H T F-seq &l
TR Gt o X 35k, n] AR 2 2R A i A
ChIP-seq (i . IXULHEM HESH WK 3 Fin.

XF peak calling T2 ZFEMEZ BT FH;
RGP 2 1 . IFET ChiP-seq AfF 7t 41
BB I REFEN G2 T ) W A IS A
ORI TR AAMEAARPRE, WX FEr) T
HAERMEAL 22 50 2738 (PG4

4 BT T —RAERBHHEENESHER
BifX ExE TR
Z M E B (DHMSS) ZERFFAN ] 1)
YHMUSRAL, B BEA S I R 2H B B 1 3
MR _ERIRE TR, BAR ChIP-seq KA LLEHK
read KR HET, (HR SRR, WRE &2
PR S8R5 Lex, 78 LA [H 1 ChiP-seq U4
KA A IE R AV AE KRG 5 EAFAEE — kiR
(Taslim et al., 2009). EIRFAM 1A LB AN £
S A AT, ARRAKIBAETE B 2 A Rl DL
RIZ, M gefiiss KAz, Bk, 0%
A BT SR GE T 1) 77325 K AT 5 b AS A [ X 3
FIANTE ChiP-seq %k
IEHT, Xu %% (2008) #2i 7—7F ChIPDIff 1

T3 o X P72 T A\ ChiIP-seq 1R (145 & 1 12115
F 5 DR BRI B ABAT TR T — B 5

F 2 W HTHE QB ChiP-Seq HLXt 4 read LLxt T AMHES

JRATRAETL (HMM) SR HE W AN J2E (R 4H A7 B 2
EABMRA. #5% (20110 R T —AE R
MESE, SReffi e A PR 2H 22 e AL B FB X . AT
JFR T —AN¥A% T B EpiCenter, 7] DL R 4T AH
KIBHRALTE . HeAh, Taslim 5 A (2009) & —
o35 T R AL (B V= 9 25 R 2% 5 — 4k (LOESS)
751, R IEH T8 BOTR SRR 2 M AR
RILLEE ChIP-seq H ¥ (1) 25 5%

5 T—RAFZBBHEIER AT TR

VF 22 I 28 FIUOBR 37 1) T 2L R A 3508 5% 110 0 ik
R 20 2 i A 4 R B4 ChIP-seq 4 AR5 N (1)
AP A AR 2 ) TR e R AR JE oK 2K
v B WA R R A8 (UCSC) .. AHb 2e 4
UCSC & A 2H 0] b 2% R AT AR K R 1) ChiIP-seq £
AT, SZEIVFZ LA OO . Ay R DR 2 R
TR N ELHIE, UCSC & H T4 2 K 20 i T
MACHI R TR, X2 5 Ao T R HE Fr s
B e N TR ] ERR oK, (H R AR A
AR Z ChIP-Seq #i#i . Jy3HF BAM g2\ R
% KW ChIP-seq ¥, 2 5K T JL/NFEPR 200 %
2%, U GBrowse, GenomeView (Abeel et al., 2012),
JBrowse (Skinner et al., 2009)F1 ABrowse. It4h, Hi
FLTH W IGV Al IGB 7E & & JE & KI5 55 11
ChIP-seq 4 2 2 WGW Y T H o ARfIASBE R
T s ) B B AR AT DA X AR AL T A
HH AL TR K 4 Fros.

Table 2 A subset of short read aligners available for histone modification ChIP-seq alignment

AT A Pk

Software tool Web address

T3 042 A

Seed and extend strategy

MAQ http://mag.sourceforge.net/

SOAP http://soap.genomics.org.cn/index.html
SHRiIMP http://compbio.cs.toronto.edu/shrimp/
ZOOM http://www.bioinfor.com/zoom
BFAST http://sourceforge.net/projects/bfast/

1 F M4 75 22 8% Burrows—Wheeler 884 B 1 il — A Ja 8 5 4H.

Using a hash table or more recently a suffix array generated from Burrows—Wheeler transform

BOWTIE
BWA
SOAP2

http://bowtie-bio.sourceforge.net
http://bio-bwa.sourceforge.net

http://soap.genomics.org.cn/index.html
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# 3 3 peak calling HiEEE S
Table 3 Important parameters for each peak calling algorithm
Bk HIESH
Algorithm  Important parameters
CCAT M3 H—HE R ERIME
Minimum score: minimum score of normalized difference
IR/ WEAE I B R M E
Minimum count: minimum number of read counts at the peak
B H W —5
Moving Step: step of window sliding
SlidingWinSize: & 3h & 0K/
SlidingWinSize: size of sliding window
HEhiE: 5] il R ARk
Bootstrap pass: humber of passes in the bootstrapping process
MACS NoLambda: 41RJESE, MACS HAf F I 1 1715 5 M AR Mg X Al A
NoLambda: if True, MACS will use fixed background lambda as local lambda for every peak region
NoModel: &7 & B RY
NoModel: whether or not to build the shifting model
MFold: 7EW] {5 B 51 1) & S 28 MFOLD i Bl A 1 X 3 AN =2 1 5 X 3 AT g
MFold: regions within MFOLD range of high-confidence enrichment ratio against background to build model
PValue: P B At A L e {E G311
PValue: p-value cutoff for peak detection
SICER WindowSize: 3438 K1 20 %5 B 1) 1R/
WindowsSize: size of the windows to scan the genome width
GapSize: islands [B] BB T ) 50 7 8] B
GapSize: allowed gap in base pairs between islands
FDR: #5345 il 5
FDR: false discovery rate controlling significance
ZINBA Select model: $&5E LA = (RBEIBALE o F8 56 42 W] LT 44 KR I )
Specifying select model = FALSE skips the model selection process altogether and may save a

significant amount of time
PiE: PRI BEREE GEFR/AND
Extension: average fragment library length (size selected)
Win Size: MR & FUOR/NGIN 43 s B, L FRAIR 2 24 R 8 A B Sk ) = 2
Win Size: Selecting a larger window size increases speed of analysis but decreases resolution and sensitivity to detect
enrichment
offset: /NI AE 22 A% FE 25 (4 1 0 O BSUREME 9 I 17 315 builder
offset: Smaller non-zero offset distances increase sensitivity but also increase computational builden
FDR: FDR =H IER4RE B AUE ] FDR BAE A2 5 S0 . Xl % 2 S 808 A i peak calls. 450, 4
JE ARSI 1- BB I 0 .
FDR: FDR = TRUE specifies the model to use the FDR threshold rather than posterior probabilities. This typically
results in more liberal peak calls. If false, then uses posterior probability to threshold peaks using 1-threshold.
F-seq BRI HREKERK B
Feature Length: feature length
BRI AR 2
Threshold: standard deviations
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F AMEALE A B ChIP-seq K S Al MLAL i T H 513

Table 4 The list of more visualization tools for histone modification ChlP-seq data

M 2E RSS2 1 B
Web server / Software

WAt/ B
Website / Download Link

UCSC Genome Browser
GBrowse

Ensembl

GenomeView

JBrowse

ABrowse

Artemis

Avadis Genome Browser
IGV

IGB

http://genome.ucsc.edu/
http://www.gbrowse.org/index.html
http://asia.ensembl.org/index.html
http://genomeview.org/

http://jbrowse.org/

http://www.abrowse.org/
http://www.sanger.ac.uk/resources/software/artemis/
http://www.avadis-ngs.com/features/genome_browser
http://www.broadinstitute.org/igv/
http://bioviz.org/igh/

6 T—RAZHBHBHEN T LA
Peak calling 18 i A2 i i 45 5 1 2L £ A4
N TR R E M E X . B EEAT,
W HRERERNAT R RIS F 58 WA E OB X
RV AE AR IR DG HK . JRE T LAMFEVF 2 A 3L,
1411 UCSC, Ensembl (Flicek et al., 2012) 1% %k
s BT VEREE AR BB, AR T
FEPh LR R ZH VTR, G e (0 AR 56 DT ) 15 40
N EIRIX LI R H SO, RF A R AEA)
Wrax. filtn, i AT Y98 11K H3K27ac g7 B
Al I SRR A YE BB RIS B R T
IR RER R V2 LR AT DMHEX — 5, 1 Galaxy
(Goecks et al., 2010) A1 Bedtools (Quinlan and Hall,
2010), —4&r 44k T A 41 CEAS (Shin et al., 2009)
F1 ChlPseeqer (Giannopoulou and Elemento, 2011) 1]
PASCRR R PR R AE I s R4S 5 A B b i
(%) 2 R 2L 7 A4 G 39 i - AN R R S 4R T S S AN 7R 2
peak calling, AT 5 B AE 45 5 B8 b M HR i 2H 1 1

Bt

A, EECMPERA TR A TRERF
= IR B, DRI BOA T T4 E S il
(¥ R LR 11 A2 1 PR TS 7 M D RE AN A 3t AL i 4
e R . Rral, BTTUE R Ry 2 A R H
BARRIILSE AR R, s e, Bahrm
iz b XA X PR ELAM ) D IR R R A
B TR A I BTN ST g Tt T
A B A — A BN T i

66

T REBAERBIHERRE

B 180 ChIP-Seq HUE #7872
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