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ABSTRACT

Transcription factors (TF) regulate gene expression in living organisms and influence
multiple biological processes. Chromatin immunoprecipitation sequencing (ChIP-seq)
is a technology that have been widely used to find transcription factor binding sites
(TFBSs) of a specific TF among the DNA sequences of a genome. However, the
accuracy of the TFBSs identified by ChlIP-seq has not been systematically evaluated.
In this regard, this thesis utilized TFBS information provided by the TRANSFAC
database to validate the TFBSs identified by using ChiP-seq only with multiple false
discovery rate (FDR). Moreover, in this thesis, a method incorporating de novo motif
discovery was proposed to improve the performance of the predicted TFBSs.
ChlIP-seq data sampled from different cell lines was collected from ENCODE
database. In general, ~60% of the peak regions identified by using the ChIP-seq only
with a strict FDR cutoff (FDR = 0) contained at least one TFBS of the specific TF
across multiple cell lines. In addition, by our proposed method, the prediction
accuracy was improved and better than the results using ChlP-seq alone, though it
was observed that the improved levels were affected by the used FDR cutoffs and
discovered motifs. In conclusion, this thesis identified the accuracy problem of the
ChlP-seq platform by observing from the data in a large scale, and address this issue
by proposing a method incorporating de novo motif discovery. The observed results
can serve as an important foundation for developing bioinformatics tools on TFBS

prediction in future.

Keywords:
Transcription factor ; transcription factor binding site ; motif discovery ; Chromatin

immunoprecipitation sequencing
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Estimated New Cases*

Males Females

Prostate 233,000 21% Breast 232,670 29%

Lung & bronchus 116,000 14% Lung & bronchus 108,210 13%
Colorectum 71,830 8% Colorectum 65,000 8%

Urinary bladder 56,390 T% Uterine corpus 52,630 6%
Melanoma of the skin 43,890 5% Thyrold 47,790 6%
Kidney & renal pelvis 39,140 5% Non-Hodgkin lymphoma 32,530 4%
Non-Hodgkin lymphoma 38,270 4% Melanoma of the skin 32,210 4%
Oral cavity & pharynx 30,220 4% Kidney & renal pelvis 24,780 3%
Leukemia 30,100 4% Pancreas 22,890 3%

Liver & intrahepatic bile duct 24,600 3% Leukemia 22,280 3%
All Sites 855,220 100% All Sites 810,320 100%

Estimated Deaths

Males Females

Lung & bronchus 86,930 28% Lung & bronchus 72,330 26%
Proslale 29,480 10% Breast 40,000 15%

Colorectum 26,270 8% Colorectum 24,040 9%

Pancreas 20,170 7% Pancreas 19,420 T%

Liver & intrahepatic bile duct 15,870 5% Ovary 14,270 5%
Leukemia 14,040 5% Leukemia 10,050 4%

Esophagus 12,450 4% Uterine corpus 8,590 3%

Urinary bladder 11,170 4% Non-Hodgkin lymphoma 8,520 3%
Non-Hodgkin lymphoma 10,470 3% Liver & intrahepatic bile duct 7,130 3%
Kidney & renal pelvis 8,900 3% Brain & other nervous system 6,230 2%
All Sites 310,010 100% All Sites 275,710 100%

Bl 1.1 % ® 2014 = fx 13 B Cancer Statistics, 2014 > 4 g < 1;%[2]
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ATCC® No.
CRL-5866™
CRL-5868™
HTB-57™

CRL-2B69™
CRL-2871™
CRL-2B6E™
CRL-5878™
CRL-5800™
CRL-5810™
CRL-5870™
CRL-5875™
CRL-58B&™
CRL-5891™
CRL-5896™
CRL-5893™
CRL-5308™
CRL-5918™
CRL-5921™
CRL-5335™
CRL-5941™
CRL-5342™
CRL-5817™
CRL-5938™
CRL-588B9™
CRL-5328™
CRL-5930™
CRL-5945™
CRL-5843™
CRL-5375™
CRL-5838™
CCL-185™

HTB-53™

HTB-178™
CRL-2170™
CCL-257™

CRL-5869™
CRL-58BE™

CRI-58598™
CCL-199™

CRL-5216™
CRL-1B48™
CCL-256™

CRL-2049™
CRL-2062™
CRL-2066™
CRL-2177™
CRL-5334™
CRI-5382

MCI-H1373
MCI-H1335
SK-LU-1
HCCZ935
HCC4D0B
HCCE2T
MCI-H1581
MCI-HZ3
MCI-H522
MCI-H1435
MCI-H1563
MCI-H1651
MCI-H1734
MCI-H1793
MCI-H1838
MCI-H1975
MCI-H2073
MCI-HZ2085
MCI-HZ2228
MCI-HZ2342
MCI-HZ2347
MCI-H2066
MCI-HZ2286
MCI-H1703
MCI-HZ2135
MCI-H2172
MCI-HZ 644
MCI-HE35
UMC-11
MCI-H720
A543
A42T
MCI-HE89&
SW1573
MCI-H1G688
MCI-H1417
MCI-H1672

MNCI-H1836
HLF-a
NCI-HE10
NCI-H252
NCI-HZ126
DMS 79
DMS 52
DOMS 114
SW1271
NCI-H2227
MCI-H1963

Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human
Human

Human

Human
Human
Human
Human
Human
Human
Human
Humamn
Human
Human

Humamn

Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma

Adenocarcinoma

#denocarcinoma, large cell, non-small cell

Adenocarcinoma, non-small cell
Adenocarcinoma, non-small cell
Adenocarcinoma, non-small cell
Adenocarcinoma, non-small cell
Adenocarcinoma, non-small cell
Adenocarcinoma, non-small cell
Adenocarcinoma, non-small cell
Adenocarcinoma, non-small cell
Adenocarcinoma, non-small cell
Adenocarcinoma, non-small cell
Adenocarcinoma, non-small cell
Adenocarcinoma, non-small cell
Adenocarcinoma, non-small cell
Adenocarcinoma, non-small cell
Adenocarcinoma, non-small cell
Adenocarcinoma, non-small czll
Adenocarcinoma, non-small cell
Cancer, non-small cell lung
Cancer, non-small cell lung
Cancer, non-small cell lung
Carcinoid

Carcinoid

Carcinoid, atypical

Carcinoma

Carcinoma

Carcinoma, adenosquamous.

Carcinoma, alveolar cell

Carcinoma, classic small cell lung cancer

Carcinoma, classic small cell lung cancer

Carcinoma, classic small cell lung cancer

Carcinoma, classic small cell lung cancer

Carcinoma, epidermoid

Carcinoma, non-small cell lung cancer

Carcinoma, mucoepidermaid pulmonary

Carcinoma, non-small cell lung cancer

Carcinoma, small cell lung cancer
Carcinoma, small cell lung cancer
Carcinoma, small cell lung cancer
Carcinoma, small cell lung cancer

Carcinoma, small cell lung cancer

Carcinoma, small cell lung cancer
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CRL-2195™ SHP-77
CRL-5328™ NCI-H2170
HTB-182~ MNCI-H520
HTB-59™ SW a0
CRL-5807™ MNCI-H358
CRL-5815™ NCI-HT2T
CCL-196™ LA-&
CRL-1642™ LLf2 [LLC1)
CRL-1453™ KLM 205

Human
Human
Humamn
Human
Human
Human
Maouse

Mouse

Mouse

Lung
Lung
Lung
Lung
Lung
Lung
Lung
Lung

Lung

Carcinema, small cell lung cancer, large cell, variant
Carcinoma, squamous cell

Carcinoma, squamous cell

Carcinoma, squamous cell

Carcinoma, bronchioalveolar, non-small cell
Carcinoid

Adenoma

Carcinoma, Lewis lung

Carcinoma, squamous cell

Bl 2.1 ATCC * i 4p B ‘w5 &

ATCC % 3 1925 » 22 Bt 25 FRY w > d W14 R~ F

Frg o f 42 £- FRRP2 P RESTRY < o 2FE g

TSGR L RS SRS %R R ot 0 T a AP

FIM PR Y G R Dz ko frd o

2.4.1 A549 ‘m*s tx

ke BT o

Species Homo sapiens, human
Tissue lung
Disease Carcinoma

Age

58 years

Gender

male

Ethnicity

Caucasian

% 2-1 AB4Q e kT

%0210 5 ABAY m¥ thenF I 0 T f T1iE B 0t DG MR

FF AR ERE BB LG AT
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2.4.2 HeLa-S3 w*z tk

Species Homo sapiens, human
Tissue Cervix
Disease Adenocarcinoma
Age 31 years
Gender Female
Ethnicity Black

% 2-2 Hela-S3 m* & 3 3

% 2-2> 5 Hela-S3 e fhiehfil » ¥ g Ilig B w2 R85 M0+ 7 57 >

;];;,J;;u'?;%,; B - sk > B85 3Lk fERL 2 AL

2.4.3 GM12878
Species Homo sapiens, human
Life stage Adult
Gender Female
Disease E pstein-Barr Virus
Ethnicity Caucasian

% 23 GMI12878 " th 7 3t

% 2-3> i GMI12878 ‘w2 thenF i > in B mve e s EF MY A RS

}?’}'%'%:‘Iill’%ﬁ%%éé &—Lb:k:‘,_’_o
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2.4.4 K562

Species Homo sapiens, human

Tissue Bone marrow

Disease chronic myelogenous leukemia (CML)
Age 53 years

Gender Female

42440 5 K562 fmoe phenF L o 7 F B B dn e LG BT A 8 Reholn

% 2-4 K562 in*e k7 3

A FIER A ARG s 0 - B0 S 0 E 85 53 Kk o

2.4.5 Ishikawa

Species Homo sapiens, human
Age 39 year

Gender Female

Disease Endometrial adenocarcinoma

Ethnicity Japanese

# 25 5 Ishikawa 0% $hen T 0 B B a0 A BT g R OR 0

5 39 f 0 p oA AL

% 2-5

Ishikawa ‘& $& 35 3
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2.4.6 MCF-7

Organism Homo sapiens, human

Tissue mammary gland, breast; derived from

metastatic site: pleural effusion

Disease adenocarcinoma
Age 69 years

Gender female

Ethnicity Caucasian

% 2-6 MCF-7 ,?;m’?éﬁ\?t—ém

# 2-6> & MCF-7 P then il 0 ¥ —g IS B PR A BT A KRS 5 yﬁ«

gﬁgrsg\ ) jﬁsfﬂ{a"b% ’ «E‘éfé»\g» 69}%Eﬁ‘3” A'—Q'H'—o

25 @# % cna1 E

% 7 187 ChIP-seq § & 4 47 > & * 7 Bowtie2 ~ MACS {- Homer » % §I &4 7 2%

A e 7 e

2.5.1 Bowtie2
Bowtie2[14] & - B & (A P-F 3 »xig * R 2 B ehR 7w pb1 B F 30
P (f FLEE B )L FIEGE B g g A ok o Arg) e E&if‘u{#u ENI A il

R E G REI AP AT s R E B Y A e B o

10
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2.5.2 MACS

A FRFEITHR AP A RFH 2 AT E D &2 DNA S (8% e
g m MACS[11] & - * %~ 45-& 5% 7| i d] > 5 02 AL ) 2 4 47 & (4= Hlumina
2 @ gh Solexa) » MACS # ﬁd AR A ChIP # Eiend B > % Rt L3RR & meh
FEaid oo ¥ MACS B4k * 7 % Jp 4 v (Poisson distribution) » &c 3 »cedf 45 4
Flle B 7 ek 304 0 EE M E DRI E[11] -

T MACS - B oeds 0% E(peak) i Bk o R A LT H R e

#L> 2 MACS % - B3t 2B g ik o

2.5.3 7p >4 1w (Poisson distribution)

A [15] 8- fEA g S H gm o A B engdcds A 52 >+ 1838
# o W#cE 7 .Siméon-Denis Poisson % # o

A AR N H RN ST 2 B A F o 4o ] PEIRAE S
dr E AR & AR Rl ik s 2 AR SR & B8k s DNA B 5 h
REEEZ > L PP HILLEFRREAN TP FFXFE g FiER
B G OEIEATS > FPEEF A E - B E

B G e % e
-4 Ak

P(X=kj=ekl

PlA L H PR ﬁl“mﬁip\“ﬁ:#‘ﬁiililij’% &

11
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2.5.4 = % 4 & &L (position frequency matrix,PFM)

FREM S R R EETI AR AP A - B ERAAT
C-~G ez Riggrde sk » i Rg - Be ki Maded M &2
GHEET S NS L koL R @ 8 £ 4L (position weight matrix,
PWM) > 32 § 7 o 0 Sk A § 977 - $h0 ¢ R A= B famrd o
Ao IPBE XD RE - BELRT IR RaF - BEERE
B GBI R T E - B A AT S IR ant b
Fd el eF > NPT G0 REEFS B e B4 o £ WA FE R_Gary
Stormo *+ 1982 & #-i= ¥ £ B L Z Lt 43 F DNA chig & =[9] - &

TE R b A AH -

(H}

12
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Jin
s
gt
o+
d
pre

PRSP BB P S A 52 2 o Beni A2 > 11 2 97 * o ENCODE

FHE - TRANSFAC FH B frgd A Flumd i o

3.1ENCODE F# &

ENCODE: Encyclopedia of DNA Elements

Hypersensitive cH

Sites

cE:‘\

W

2 ﬁ!; ,.> - RNA
0 LS {polymerase

CH

WGBS Computational
= Nase-seq | | cpip.seq | | RRBS predictions and || RNA-seq || SHP-sea
(Enre) [ j[ == e
Gerles
* | —
/\_—-
Long-range regulatory elements Promoters Transcripts

(enhancers, repressors/
silencers, insulators)

3.1 ENCODE F#L & » 4 f <+ j[12]

ENCODE ¥ ¢ % BFR A £ 4 71 5 “T(NHGRI) B A= crm £ 77 7 3 B » 5
BN AAT RS ST AR PR A T B R g R A
BoRDFHRE -

ENCODE _t #f{cdsreh ChIP-seq 5 £ F 7 Jp chim " R TR 2 & i fm % $R 3%
FEmnkh o FLER RN AE IR LB @ 0 4T AP % * ENCODE %

K F %447 > B 3.1 5 ENCODE F# E B+ ©

13
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3.2 TRANSFAC F i E

i

TRANSFAC F#L R ¥ fcih 7 B 4% 4 47 e 455 22 MIRNA» 2 2e gk 3

g

B S g 8 R T e A A F] 0 A R AR T TR

v
=l

FogRe G R %Y FIET 0 4 & TRANSFAC FTHE @ § ik 4

‘m

CaRL

""—"‘\

TG S e S AT HREE R g S ik i 17441 H e bken

>
e
oy
e
i
™
i
e
IB;
f&-
£
picd
B
gsi;
—h
‘1
;
eic
&
ke
e

o

3.3

o

¥ 3k 7] % 7 (Reference Genome)

AR Y AT e K TG WA < B A FFOR B (USCS
Genome Browser)™ §* - A Flie 3 GRCh37 wF ¥ & @i VA F TR A h i
% HG19 -

ChlP-seq 4 7 & » 24 ip % & * 3] A sgen g4 A 5o (hgl9) » 4= A 90T e
ChIP-seq 7 AL 24 it e 4 dg A Fliw e §7 w pb o L #47 1F ] e SAM A s T 6 0

AT E Y o

14
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3.4 R AR

ChIP-seq data
(ENCODE)

Mapping(Bowtie2)
Peaks calling(MACS)

l Cutoff FDR

Data Peaks
Peak Accuracy Analysis

" (Precision & Sensitivity)
Motif discovery

consensus
Q SR
consensus

B 3.2 7 i AL

F S AzAc Rl 3.2 1 0 g A A PR ENCODE enfiB 2 @ o T gl
#r 4 470 ChIP-seq kL » 4% 7 2014 £ (5 ® % = & £ 5 ChIP-seq T 44T R

3.3 #1r o

15
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Assay Showing 100 of 100 experiments

Experiment status
released

revoked 2
organism
Homo sapiens 100 ®
Tarast of sssi ChIP-seq of K562 (Homo sapiens, adult 53 year)

Target: SF1

|

ranscriplion factor
histane: B8

histone modification a2
eontrol 20
G BTG prokain 15 ChlIP-seq of K562 (Homo sapiens, adult 53 year)

Target: MTAZ

Biosample type

inencriakzed col ne 100® Project: ENCODE
Life stage ChiP-seq of MCF-T (Homo sapiens, adult 69 year)
Target: ESRRA

chld 18 Lab: Michi jer, Stanford
embryonc 1 Froject: ENCODE
unknawn 1

ChiP-seq of GM12878 (Homo sapiens, adult)
Available data

fasig a8
bam
Run type s
single-ended 5y ChlP-seq of A549 (Homo sapiens, adult 58 year)
nairad_andad 20 Target: BRCAT

o [ v

Experiment

Experiment

eleased
Experimant
ased
Experiment

Experiment

Experiment

Bl 3.3 ENCODE 7k £ T L T F o

¥ 12 3] ENCODE 1 ChIP-seq T #* » #% %

AR EVR— (i et ¥

i B e BT R R34 k45 A4 @ F] 5 2014 & (5 ¢ ChIP-seq T ¢ §

0% et re el F S T R B AEN kT

B 45 4 F) T AN

00 RS e e B

#qeFF i

ARID3A  ChlIP-seq of GM12878 (Homo sapiens,
adult)

ATF7 ChlP-seq of K562 (Homo sapiens, adult
53 year)

BACH1 ChlIP-seq of A549 (Homo sapiens, adult
58 year)

BHLHE40 ChlIP-seq of GM12878 (Homo sapiens,
adult)

BMI1 ChlIP-seq of K562 (Homo sapiens, adult
53 year)

BRCAl ChlP-seq of A549 (Homo sapiens, adult

ChlIP-seq of GM12878 (Homo
sapiens, adult)

ChIP-seq of K562 (Homo
sapiens, adult 53 year)

16
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58 year)

CBX5 ChlP-seq of K562 (Homo sapiens, adult
53 year)
CEBPB ChlP-seq of GM12878 (Homo sapiens,
adult)
CHD1 ChlP-seq of A549 (Homo sapiens, adult ChlP-seq of HeLa-S3 (Homo
58 year) sapiens, adult 31 year)
CREB3L1 ChlIP-seq of K562 (Homo sapiens, adult
53 year)
CREM ChlP-seq of GM12878 (Homo sapiens,  ChlP-seq of K562 (Homo
adult) sapiens, adult 53 year)

4031 AT 2 B YR

BE Ak 31w 0 AP T F R e bR A F S S 3 9 7
2014 # ENCODE 7 # & & 4 ChIP-seq F#14,£ 1 68 T #érF] 5 4 20 i e

B 2R B TR A R A W A T 4 32

3a 7 AR M B

ChlP-seq of A549 (Homo sapiens, adult 58 year) Gk
ChlIP-seq of GM12878 4o A
ChIP-seq of T47D (Homo sapiens, adult 54 year) ELp:
ChlP-seq of NB4 (Homo sapiens, adult 23 year) R A
ChlIP-seq of MCF-7 (Homo sapiens, adult 69 year) 3 ’ﬁlﬁﬁ:
ChlIP-seq of HeLa-S3 (Homo sapiens, adult 31 year) —+ ¥ 58 %

ChIP-seq of Oci-Ly-3 (Homo sapiens, adult 52 year) # * &

ChlIP-seq of GM12878 (Homo sapiens, adult) RE T i &
ChlP-seq of Ishikawa (Homo sapiens, adult) +EF PR ”E—h”f}i-‘fﬁ;
ChlIP-seq of LNCaP clone FGC (Homo sapiens, eilEd) E;Tu%

17

d0i:10.6342/NTU201603094



adult 50 year)
ChlIP-seq of DOHH2 (Homo sapiens, adult 60 year) # % &

ChlIP-seq of Caco-2 (Homo sapiens, adult 72 year) =% ’%E%

ChlP-seq of Oci-Ly-7 (Homo sapiens, adult 48 year) # % &

ChlIP-seq of SUDHL6 (Homo sapiens, adult 43 i

year)

ChIP-seq of H54 (Homo sapiens, adult 36 year) A A
m e iz

ChlIP-seq of Karpas-422 (Homo sapiens, adult 73 i
year)

ChlP-seq of K562 (Homo sapiens, adult 53 year) Fmre 4o o

i
ChlP-seq of HL-60 (Homo sapiens, adult 36 year) ¥ AL wi o n
P
ChlIP-seq of U-87 MG (Homo sapiens, adult 44 AR EA
year) KORED
ChlP-seq of Ishikawa (Homo sapiens, adult 39 +F PR

year)

% 32 & e AT A B o

Flpt AP R g Pl e B S g B TS o T A PE S BB e e R
(A549 ~ GM12878 ~ K562 ~ HelLa-S3 -~ Ishikawa ~ MCF-7)12 2 % -5 & B ‘o %2 $R 3%
3 0 4p I # & ]+ > 4e CEBPB(CCAAT/enhancer-binding protein beta) -
NR3C1(Glucocorticoid receptor) ~ SP(Transcription factor Spl) ~ MAFK(Transcription

factor MafK) » A & 4430 i3t 45 F] 5 32 17 A 47 o
18
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#qE&FF Wik

CEBPB A549 Ishikawa  HelLa-S3 MCF-7 K562
MAFK A549 MCEF-7
NR3C1 A549 Ishikawa GM12878

SP A549 K562

4 33 APk i e & TS kB ik TR
3.4.1 B 7wk

#_ENCODE F#L & » T 4 F i i inim®e tht B 4 )5 enFpl o i3t ji

ENCODE F# £ i F R A & a » fasta #&3% > 4Bl > 2 ¥ 2 5 7] Chip-seq

R

o A S dreads £ A AR 0 BT R GRE B TR W RED] A SR 5 AT
2 hgl9 - i&if e * Bowtie2 5 w1 £ fdll » v RER (SR w PRk R T

N i

@V -ST534: 308 COTCEACEE : 4: 1101:1273:2113 1:N:0:CACCTGAL
WGGGGTTTCACCATGTTAGTCAGGCCGN THNCH ANCHNNNNNGCTTGNGA

+1

#1:BDADBFFHABFHCHCCCFRHCH I A ### ### ### # 4 FFH#FHHFHEF L
@HWT-ST534:308:COTCBACKE : 4: 1101:1492:2149 1:N: 0:CACCTGA .
TTCTTGAGGATATTCATTCTAATARATAAGTGTCTCCTTTTTCTTICTTCT

+l

@ CFFFFFOGGGHITILIGHITI T ITTIDHERARIGI JITTITHITIT L

@V -ST534:308: COTCBACKE : 4: 1101:1515: 2117 1:N: 0:CACCTGA .
NTACAATGATALAATATTTCAAATTCTGGTATTGALTTTTATCCCCTCAT L

3.4.2 fdiEE

B 7w pb{s o B4o% F 5% & (peak calling) » 45 ) e Eie ™ 1R 2 4

.
2

= 4L
b

= 5
W

Lo ¥ 2 =¥ B A wREOPE S (8 iR P g ARRET] E4F S DNA B
m MACS ¥ s splt w pben P B - BHF A F > R{E5d 1 2 AL onigy

§ 19 51 MACS i 1A -
19
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chr start end length summit  tags  -10¥LOG10pwvalue)  fold_enrichment FDR(%)

chrl 11087 11523 437 243 32 S0.28 6.08 2.36
chrl 29093 29609 al7 258 38 141.47 19 0.9
chrl 38500 36876 377 220 23 744 9.92 1.74
chrl 96372 96514 443 196 25 103.35 12.14 127
chrl 124008 124322 315 132 13 041 8.27 2.35
chrl 143932 144249 318 90 17 55.79 5.66 2.2
chrl 412222 412507 286 115 13 2008 10.33 2.21
chrl 564419 565955 1537 340 1355 13384 2.33 0.94
chrl S6E00T SET054 1048 657 921 126.34 2.51 1
chrl 679457 579963 07 298 30 108.55 1191 12
chrl 713358 714250 893 438 83 24463 10.06 0.33
chrl 714802 715352 55l 302 5l 230.12 20,71 0.4
chrl 873781 874632 852 640 54 15491 8.89 0.33
chrl 878427 879045 619 392 40 161 5.45 0.8
chrl 894528 894817 290 207 13 4.4 8.27 2.22
chrl 919868 920258 391 224 31 176.29 279 0.7
chrl 935816 936692 ) 457 115 6E87.74 34.78 0.02
chrl 944190 944415 220 89 1z 22.27 9.31 2.23

34 5 MACS #j & 5 bed 4 ¢

B34 5 MACS ithh% 7 0 f B I enTT oL > B 5 - Al d-
W F - RGBS EIR AR AT Y B EA S T 2 A LB

R e s B B AR ERE RS S AL RRL o
VR TS AR BRI s T A A NS B R A

reads 4% Bk P35 B 5 EC %;afi.»a{— LA et 20 4 Fl 5 MACS 798 ek (g
FDR & » F152 FDR E 2 S F A M pF > $P B A hE g M5 ’FDR?“%)’T&

&_false discovery rate shig® » 72 3k ¥~ 4 FDR {0 & 7 gzigdt FDR

BT el E e p 0 R B id Rk o

20
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3.43 &% FDR

L RERA P FDR &7 e @ erlic p 12 HOBEFER > A4S

TRANSFAC 7L B e3> k §T o5 BB JiAzeig (7 5 2L CEBPB i i #4657+

14 7 & ] » TRANSFAC F

f B frd @EF]F 5 o B oW AR TE B TRANSFAC TR E P hiz B >

R0O00D1
ROO00Z
RO0036
ROO113
ROO136
ROO137
ROO138
ROO139
ROO140
RO0141
ROO159
RO0Z237
R0O0238
R0O0Z39
RO0681
RO0682
RO0683
RO0684
RO0686
RO068T
RO068S
R0O0945
RO0%46
R0O0947
RO0948
R0O0949
RO0955
R0O0956
R0O0957

chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl
chrl

27998807
27998804
229569923
173386530
161194256
161194195
161194195
161194167
161194136
161194102
11908197
159684531
1596844383
159684428
149804175
149804103
149304098
149804120
149804101
149804158
149304163
948765 948782
948765 948782
948765 948782
948766 948782
948766 948782
59249822
59249801
59249778

27998820

27998821

229569942

173886539

1611942754

1611942234

161194223

1611941774

161194160

1611941254

119082144

159684548

159684460

159684437

149804179

149804114

149304136

149804129

149804107

149804198

149304180
[5GF-14
IRF-1  IRF-2
GAF [RF-1
[SGF-14
IRF-1  IRF-9

59249832

59249807

59249787

—

BB T A o SR RSB TS

HREW B p L g b o T B 350

[SGF-34
IRF-84
SEF-L+
Tf-LFlv

C/EEPalpha El

NF-EAl Tf-LF1l4

e

17441 > #4128 e B T hfe 8 PR iAo 3 T B f e e ID

HWF-lalpha-4 HWF-1lalpha-B HNF-lalpha-Ct
C/EBPbeta-FL HHF-lalpha-4 HNF-lalpha-B HHF-lalpha-CL

C/EBPalpha-izoforml C/EEPbeta
HATF-24

HiNF-& HiNF-E4

HiNF-4 HiNF-C HilF-E+

HilF-Cu

HilF-44

HiNF-D HiNF-M MIZF TFIID  THF4
HiNF-D4

[RF-34
[SGF-3 ISGF-3  ISGF3e

[SGF-3  ISGF-3alphat
Spld

NF-1C+

4P -1 dpZ:jdp2d

] 3.5 TRANSFAC F#L B & iz § &7 8 i chfk 7

21
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Aipw oty b5 2 TRANSFAC R AT % - AR AizB =)

piu)

T kAP & 3t & CEBPB # 4%+ & TRANSFAC L #7iz » chiz ¥

B3 5o F® RS CEBPB #4- %]+ & TRANSFAC F# R4z £ 5 400

ROO138  chrl 161194195 161194223 C/EBPalpha E4

ROD238  chrl 159684433 159634460 C/EEPbeta-FL HNF-lalpha-4 HNF-lalpha-B HNF-lalpha-Ct
RO0DZ39  chrl 159684423 159634437 C/EEPalpha-izoforml C/EBPbeta C/EEPdeltal
ROB091  chrl 186649672 186649696 (C/EBPbeta)2 C/EBP  C/EBF delta:C/EBPbeta  C/EBPalpha
R14528 chrl 206946629 206946643 C/EEPalpha C/EEPbetal

R14529 chrl 206945806 206945827 C/EEPalpha C/EEPbetal

R14533 chrl 206946215 206946235 C/EBPalpha C/EEPbeta

R15892 chrl 173886436 173886467 C/EEPalpha C/EBPalpha-isofornlft

k20409 chrl 226012953 226012990 NF-Th4  NF-TA:C/EBPalpha NF-TBL

R21769 chrl 152880874 152880895 C/EBPalphat

k21802 chrl 153330241 153330260 C/EEPalpha C/EEPbetal

k23180 chrl 209875049 209378074 C/EBP= lphat

R23181 chrl 209873027 209873052 C/EEPbetal

k25581 chrl 159684421 159654444 NOC1:C/EBPbeta NOC1:RBPJE.

R26696 chrl 203198853 203198877 C/EBP  C/EBPbetal

] 3.6 CEBPB % TRANSFAC ol Batief chiz i

FET kAP 400 BB 22 A ] e MACS ﬂig?J dFRE T R AL
B~ 5% FDR & (%) A % % FDR(0%)~FDR(0.5%)FDR(1%)~FDR(5%)+~ FDR( &
éi£)> ¥ & ENCODE # 3|7 ChlIP-seq F#L ¢ > #%73 CEBPB iz B # 4 ]+ ilm
*z &5 ChIP-seq of A549 (Homo sapiens, adult 58 year) ~ ChlP-seq of K562 (Homo
sapiens, adult 53 year) ~ ChlIP-seq of HeLa-S3 (Homo sapiens, adult 31 year) ~
ChIP-seq of MCF-7 (Homo sapiens, adult 69 year){= ChlP-seq of Ishikawa (Homo
sapiens, adult 39 year)iz 7 i 'w e tho #7102 g4 ChIP-seq Tl 4 %] 38 &% 5 FDR
£ 22 TRANSFAC F LB vt > 2 i & “F iz ChiP-seq 7“7 3| e & >

A 7 I & TRANSFAC #iedkeniz ¥ 2. ¢ o
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3.4.4 ¥ & =4 Hx(Consensus, annotated motifs)

& 5 f2 ChIP-seq & & 57+ 3 42 /& » 34 "= TRANSFAC F & #3e § crie
& ]+ criconsensus 4 ! % »CEBPB % TRANSFAC F#L1E ¢ X% ;“ saconsensus 1D
4 u|£_V$CEBPB_01-V$CEBPB_02-V$CEBPB_03+V$CEBPB_04-V$CEBPB 06
1= VSCEBPB_07 » iz &t consensus %4 d ¥ 3 iniz ¥ » Bifipdt =8 chi s

= e PWM #5185 o

] 3.7 2. TRANSFAC F # & 4z » 3 CEBPB =1 consensus - /2 V$CEBPB_01
i ID 5 &) erconsensus = RNRTKDNGMAAKNN: #, & % # &%)+ CEBPB
% £ 7] DNA 115 71 4 [AG][ATCG][AG]T[GT][AGT][ATCG]G[AC]AA[GT][ATCG][ATCG]
e S St B 2 2 e PEM {F 3 0 consensus 0 iz B VSCEBPB_011D
£11CONSeNsUs =+ - 5 14 &k L ¥ (bp) » e A fi.#u#u iz 1% 7 consensus £_MACS ﬁi%l
M g s e 4 P e B E 0 ¥ S consensus 0 iE - koRE T
ChiP-seq F#lenv 17 & > Flpt = MACS ﬁi%l D bed A Pl g E o BRSNS

g R el A EEE L R S

VSCEBPB_O1  RNRTEDNGHAAKNN

VSCEBPB_02  NENTTGCNTAATNN

VSCEBPB_03  ATTRCGCAAY

VSCEBPB_O4  RTTGCGCAA

VSCEBPB_06  KATTGCATHAY

VSCEBPB_O7  ATTGCGYAAT

&

b= W, T= T, C= 'C", 6= 6", b

U= "0", ¥ = "iC", R = "iG", W = "4T",1

S = 06", ¥ => "CT", K = "6T", V= "ACG", 1
H = "ACT", D = "MGT", B = "CGT",¥ = "ATCG", W => "ATCG"<

B 3.7 = TRANSFAC F# ¢ % 4 CEBPB % & =45 jic

23
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=hgl9_chrl_11203_11620_+ ¥
tectcacggtecteteccagegcecoccctgctgpocpactageycaacte
cagpectctottocttagasteptogccagcpccococtectegcpcogpe.l
gcactrcageecoctottrcttactetatagtepteocacecorcctect
gcagctageeacattgcageetoctcttectcaaretetartegcagcal
cgcccacctectggrapctegpgacacteocegpecctottectCCAACH L
GTACTGGCGGATTATAGGAALCACCCRGAGCATATOCTGTTTGRTCTC AL
gtagactcctaaatategrattcoteretttaaaartaaaaaataaatatd
glittaatttgteaacteattaccatcagaattietactettetetatoccal
ccagcaatetctareaal

=hgl9_chrl 31176_31511_+ H
CAATATCTGAGTGOCTTARGGTACTCAGGACACAACA AAGGAGALATGTC L
CCATGCACAAGGTGCACCCATGCCTGOGT AL AGCAGCCTGGCACAGA G4
BAGCACACAGGCTCAGgpatctectattcattcttteteteacoctegpel
aagccatgaateogarcttcartcacoccatttotaateopatttaattet s
gottecoctecctocttttoageectetagaraaaagatetcaaaptattd
ttetaatctgectegpcetegtegctoatecctotaatoctagcacttte
ctagoctoacecrararractecttearcccaaral

B 3.8 & B4t B ke 7

RPN KPR ] AP B AV XA iy o 5T AT

hglQ Bt » =1 [ 3.8 > & 4 t %% A F48 hgl9 e % — £ 4 4 48 (chrl)=h

11203(start) ] 11620(end)=7i= % » 2 {5 5% i # TRANSFAC 7 #2 & 3% § ¢ CEBPB

B4 F] 5 chconsensus 0 B AR LGB R BB F]Y > A FFF LG R ETEE

fe pattern o

24

d0i:10.6342/NTU201603094



=held_chrl_L617461_1618239_+ chrl 382 (1617843 ]rc ACATGATGARATCT
=held chrl 1617554 1618161 _+ chrl 304 (1617858 ]rc ACATGATGAAATCT
=hel® chrl 1695553 1696419 + chrl 284 1695837 GCATTGTGCAAGGG Y
=hel9_chrl_1695553_1696419_+ chrl 519 [ 1696072 ]rc ATGTTGGGCALGTG
=hel9_chrl_2165706_2166506_+ chrl 442 2166148 GGATTGCGALAGTTL
=hegl9_chrl_2165706_2166506_+ chrl 479 2166185 GAATTATGCAAGCTL
=hgl9_chrl_2165789_2166402_+ chrl 359 2166148 GGATTGCGALAGTTH
=hel9_chrl_2165789_2166402_+ chrl 396 2166185 GAATTATGCAAGCT L
=hel9_chrl 2425470 2426327 _+ chrl 424 2425894 GOGTTGCGCAAGCA L
=held chrl 2425659 2426144 + chrl 235 2425894 GOGTTGCGCAAGCA L
=held chrl 7360865 7361571 _+ chrl 476 (7361341 ]rc ATATTTAGALAGTG

Bl 3.9 % & i icd) Bl enid @ 2 35 1] ehi i
KR 3.9 AT g B hipt i BehR Y R §F R & TRANSFAC
PR ATs § dhconsensus o AU 45 B chig it motif A R ek gt MR B
Fosh e motif A i 4e Tore 1 G LR > Fpt A A1 fe etk MACS ﬁ%l
D frer@FE e FDR T BEFRE P Ah 3o g Y RE S [16]% WA

B4 > #hAHZ mavm_q_w‘.rr‘;fpm °

3.4.5 TOP500 #-F 45 ## (De novo Motif Discovery)

i A * 1 eTFBS[14] % & De novo motif discovery » 2% 2 B~ 7 975 4 (&
g1 500 %4ris 500 #(* P-value #:3)) > k¢ i 4p B (positive) B 7| fv f 4p B
(negative) & 71 » A i A & § & A5 500 a5 50 B R oy AR A
16500 &Rk F (Fad— 8 F A ARSS Pl A B Rl A fo 4 &0 CEBPB
® 7 B w*e $k(A549 ~ HeLa-S3 ~ Ishikawa ~ MCF-7 ~ K562) e B 4% ficfe i % #F
FAEM AN PR TR 2 DR RO T R geR 0 47 2 W i

e kv i o
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* %~ %1 TRANSFAC Tl B 3% #ene o473 & & 8L e
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CELOTRIEREA o E RSP FHELT LR E AL kTR S E(RR
B~BrR): £ & 42 £33 7 & * ChIP-seq T 5 #3475 & & dmek

F 843 SEEE L kTR T R EIFR AR R R H 449 © kg
BAFARE L9 F LA KA ISR S EmAE & 451 HAHERE

BRI BT T & % R4 BAER o

41 9% g g HRiE
% 2 2 %k $= 1 4 Sensitivity (T &) ~ Precision (# 7z & )£ F-score i {7

VR o Fak 4Tt Sensitivity (h# & 5 & TRANSFAC T I el 45 %] site 44

& ¥ 3| e site #c p ",% " 45 F) 5 44 site #i P o Precision sh#_& ¥ MACS ﬁi%l RIP - S=x

% (& ¥+ 5] TRANSFAC Tl B 47+ % o B p o uﬁ%] d e E AR P o

& T E
- i EHE o) TRANSFACK #H R B BB F 2 8
Sensitivity = .
TRANSFAC F#EREEFa faf
.. 4% TRANSFAC i § &9 EE B
Precision =

mE{Ed B

* CEBPB # 471+ 5 6] > F15 & f4ehd § X LAk k@ - CEBPB # 4 7]
+ P R nlmre gk St ig % CEBPB #40%]+ » 2 V7 o pRF AL

% Sensitivity £# Precision + ¢ § 7% F o
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T A% B e FDR 8T - 4 {8 &9 Sensitivity #& 4 e Precision e gg % v i § o

TRAT AV RFGEOFDR ET 0 3 ¥ L e TS g E o
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w
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o
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@ _|
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=
=
%
[
@
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o
o
prg
- Fy
.
o |
o
T T T T T T
0.000 0.001 0.002 0.003 0.004 0.005

Precision
Bl 4.1 CEBPB #4x %]+ en % w2 $ 7 = FDR g 0 Sensitivity ¥ Precision ' #&
B> H-ifsmtbtd 23+ enghs w i FDRO ~ FDRO.S ~ FDR1 ~ FDR5 #2

No_filter -
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4.3 L L etk T AT B TR L AR R

% 41> 5 Btk @R A TRANFAC FALE ¥ enipdicfes fo v
PR 2 BT > APT UFRAFKE P FDR BT 0 M BT iR

Hep BT e SR FDR a6 A8 R AR TR SR T hlien 4 Rk o

4o o

site FDRO FDRO0.5 FDR1 FDR5 No_filter
A549 13/400 35/400 46/400 78/400 78/400
HeLa-S3  39/400 104/400 128/400 128/400 128/400
Ishikawa  15/400 25/400 34/400 62/400 68/400
MCF-7 8/400 37/400 52/400 71/400 71/400
K562 39/400 79/400 80/400 82/400 91/400
Union 63/400 133/400 162/400 172/400 172/400

# 4-1TRANSFAC F#L ¢ CEBPB ihix% &% [r w2 th? AL H Pl iz B #cp

(33 eni= % #cp /3% #Kp)

M ABREaRNA T NP S N B RS e RS T B J I g 8
¥ " 2 v
B p £ gl R A T ARk T B RFRE L b

T L
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FDRO FDRO.5 FDRA1 FDRS No_filter
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B 4.2 CEBPB #& 4% %]+ 1 A549 ‘m?2 tx ™ 7 [ FDR & $> Sensitivity 82 58

12 ABAQ ime $h CEBPB #45 %] % 6| » B 4.3 5% % » FDR i ¢ Sensitivity
SR AR BN FDR @ o 4p 40 Sensitivity # 4%+ > F 5 F 5 HFDR & -
BT K Bl S i $ 5] 0 TRANSFAC B enfi g 7] 5 = %

Bep o4 FHIICRS o A A 6 etk B LT -
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4.4 1% © coinB S FACTIVEE 4 ¢ L TR TR B

EF s 373

Fe 4-2 5 53T B lmre then MACSﬁi%Jﬂ'.év’vbedﬁ; s AR P g B Ecp > &
& 8} ¥ T TRANSFAC AL ek @licp » 547 115 182 2% & FDR
EFRE N T o T E AE B S BIF RE  RE R R AL

o EA PR ChIP-seq TR e A2 & » BEHAF BTG %F =3 > &

poan enF R ¢ RIS > TG e R AT R LT s o

000 % R a0 A s TRANSFAC FALE # i3 it 45 %5 PFM
B g Consensus — A2 4e i R #F3t 0 4 CEBPB iz B ig4r7] 5+ > AP * 1 2 B
TRANSFAC F3#t & 53 Consensus » # & TRANSFAC FHL E 1 ID 4 %] 4
V$CEBPB_01 * V$CEBPB_02 - V$CEBPB_03 + V$CEBPB_04 + V$CEBPB_06

V$CEBPB 07 » % %4 2\ 79 fZ - F2 48 -

peak FDRO FDRO.5 FDR1 FDRS No_filter

A549 18/4,854 41/17,352 54/27,767 86/64,270 86/64,822
HeLa-S3 37/10,200 115/98,572 140/148,212 140/156,644 140/156,644
Ishikawa  8/1,674 22/9,641 31/14,303 56/42,344 73/57,649

MCF-7 7/1,868 35/23,674 53/44,021 81/98,863 81/98,863

K562 40/23,932  87/61,850 89/70,995 91/74,995 94/90,754

union  110/31,841 300/136,204 367/190,327 454/236,440 474/251,190

# 4-2 TRANSFAC Fi# L ¢ CEBPB chix % &7 b fm¥e th ¢ L4 T] cd B p

(# 15 ) TRANSFAC F 4 B e 8 #ic p /% 8 8P )
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ETAS

T Ay ChIP-seq 7 > @ * TRANSFAC F L& e consensus 4 & 45 % !

—x\

B¢ 0 £ F G 5 aF- ke consensus > F] L A AR ho % M B PG
&= TRANSFAC F#LE ¢ 4z f 7 consensus > fj*uil« # #5 ChIP-seq 2.3 - Z ¥
H AR o

F1#* TRANSFAC F #& & e consensus 2 #fy 16 > AP % B P /8 7 i
£ 4p 02 £F1consensus v o T4 AP E 4R o B2 2R % TRANSFAC 32 2 ¢ » MACS

NEn ST site g B3 5 o R HF W AR 30T i g 0140 consensus

..__V

7]+ MACS mﬁﬂ VR T G R A o AT AR 1 % A F i consensus £

peak FDRO FDRO.5 FDR1 FDR5 No_filter

A549 3,044/4,854 4,514/17,352 6,724/27,767 13,558/64,270 13,635/64,822
HeLa-S3  6,353/10,200 21,183/98,572 28,972/148,212 29,811/156,644 29,811/156,644
Ishikawa 1,128/1,674 2,461/9,641 3,360/14,303 7,215/42,344 9,635/57,649
MCF-7 1,315/1,868 6,257/23,674  10,342/44,021 19,465/98,863 19,465/98,863

K562 11,517/23,932  12,863/61,850  14,232/70,995 14,951/74,995 17258/90,754

# 4-3 TRANSFAC F#L & ¢ CEBPB if3consensus 3| 7 I w¥e theivd & #cp

(7 % TRANSFAC s consensus “# & B P /44, E#P)
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B] 4.5 A549 ‘m*z $x 4+ 3] TRANSFAC & 5 #ic P «hPrecision ¥2 73 &% TRANSFAC

consensus =1 Precision +“ ##&

W45 8d £ 422435 k> 7 g higet @Y (BE logl0) - # R
iE2 4 3% & TRANSFAC & consensus s & fcp 2.8 % o1 % & ChIP-seq 7 #
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45 1% AW @ T 0B S| FAT T - R 4 EFER

;4 Precision # M chR 48 > % * 1 TRANSFAC 7L <7 consensus & 3 4c
Brr g o £ ki@ * Top 500 = motif discovery (De novo method) % #art iz » B 8

1 #_Denovo method = ix 45 Ti4p i shmotif » kg & BRP - B fRGR

'R

il

MR- H A S Rt 1 eTFBS 1 & A F 54 motif> a2 2 = 5

Z, & motif %’Kf;'ri WigE B o ¥ 7 L iTfik > De novo methodz = /% & %) *

it

eTFBS_1(i# * eTFBS rankl 7 motif) ~ eTFBS _2(i# * eTFBS rank2 &» motif) ~
eTFBS_3(i¢ * eTFBS rank3 v motif)~eTFBS_12(i¢ * eTFBS rank = = < motif)-

eTFBS_123(## * eTFBSrank # = “imotif) & 4 -

A549 FDRO FDRO05 FDR1 FDR5 No_filter
Chip-seq 0.260143  0.242149
eTFBS_1 0.261228  0.245034
eTFBS_2 0.260895  0.245754
eTFBS_3 0.261135  0.244098
eTFBS_12 0.260605  0.243461
eTFBS_123 0.260159  0.242409

% 4-4 i CEBPB 7 A549 m*z k¢ ¥ De novo method =7 Precision
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HelLa-S3 FDRO FDRO5 FDR1 FDRS No_filter

eTFBS_1 0.223057  0.206318  0.202076  0.202076
eTFBS_2 0.220524  0.203537  0.199222  0.199222
eTFBS_3 0.222264 0.20622 0.202418  0.202418
eTFBS_12 0.220041  0.202909  0.198469  0.198469
eTFBS_123 0.219008  0.201579  0.197061  0.197061

% 4-5 3 CEBPB = HelLa-S3 xm*z & ¢ ¥2 De novo method = Precision

Ishikawa FDRO FDRO05 FDR1 FDR5 No_filter
Chip-seq 0.255264  0.234916
eTFBS_1 0.301021  0.28645  0.235544  0.236268
eTFBS_2 0.357715  0.349602  0.325935  0.323826
eTFBS_3 0.270317  0.253141
eTFBS_12 0.301021  0.28645  0.235544  0.236268
eTFBS_123 0.268124  0.250995 _

% 4-6 % CEBPB % Ishikawa =% £ ¥ ¥ De novo method 7 Precision
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MCEF-7 FDRO FDRO5 FDR1 FDR5 No_filter

Chip-seq 0.264298  0.234933 _
eTFBS_1 0.328926  0.309077  0.286763  0.286763
eTFBS_2 0.292795  0.267046  0.234945  0.234945
eTFBS_3 0.301015  0.279739  0.255902  0.255902
eTFBS_12 0.289521  0.262723
eTFBS_123 0.28368 0.257819

% 4-7 i CEBPB # MCF-7 ‘=% $& ¥ ¥7 De novo method 7 Precision

K562 FDRO FDRO05 FDR1 FDR5 No_filter
Chip-seq 0.207961  0.200456  0.199352 -
eTFBS_1 0.215464  0.208308  0.207031  0.196988
eTFBS_2 0.196287
eTFBS_3 0.215907 0.20842 0.206964  0.196882

eTFBS_12 0.208434  0.201129  0.200035
eTFBS_123 0.208967  0.201451  0.200268

% 4-8 3 CEBPB - K562 ‘@%# $k ¥ 7 De novo method £ Precision

# 4-4 34 4-8 §_CEBPB %% I im? $&£ ¢ »ChlIP-seq T = £ De novo method
g1 precision vt #i s ¥ U —Fﬁ- 41 & fm Pz $& Ishikawa f= MCF-7 = precision 3% = vt i
5@ A = ke $R(AS49 ~ Hela-S3 ~ K562)82 785 &2 » e Rt &2 2 P
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£ s % 4-6(Ishikawa)fr# 4-TMCF-7)£ 11 kX H B > 4w 4.7 2B 48 AP ¥
rp A egE LT 0 e De novo method 77 2 precision st % §_k et ChiIP-seq
T LA s Ar L F P A P e ET R Ae S B e tkG 45 12 TRANSFAC 74t
B consensus Ap 1 & $iz B shmotif » 7 rs dE p it ik § enge g o F) 2 precision
A0 £ 4 E;L%.%LL FORA o X7 #F 5 45 Fl4p 12 consensus = motif o iE i A £ 0
P ez B e > {1 % JASPAR[18] ek o kg 5 iz dt consensus £ motif

£ 4p 02 o (H 4 % $x i precision B F 54 (- )

Te G0 TTec .an Tl

nnnnnnnnnn

(4.8.1)V$CEBPB 01  (4.8.2)V$CEBPB_02 (4.8.3)V$CEBPB_03

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

(4.8.4)V$CEBPB_04 (4.8.5)V$CEBPB_06 (4.8.6)V$CEBPB_O7

@ 4.8 TRANSFAC F#1 & ¥ CEBPB #t X% 4 motif

E [Goochhs LT

1 2 3 4 5 & 7 & 49 10 1 2 3 4 5 & 7 & 49 10

(4.9.1)Ishikawa_eTFBS 2 (4.9.2)MCF-7_eTFBS_1

B 4.9 % Ishikawa = MCF-7 ¢ Precision # & = motif

J M 484497 % 2 - & Ishikawa f= MCF-7 & i % k¥ » eTFBS 45 7|
7 ¥ TRANSFAC 7 #L & consensus 4p iz & %% £ motif- precision i& - # e = >
#7141 * De novo method 97 ;2 » 3 3 i& precision p¥ » B~ 43t 35 3 e motif 2_7
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AR A F)F A Eoahconsensus 0 @ B s enimie bk G R G 8 IRAR I e
consensus ° F] 7 € % ﬁa—ﬁ 4= k4% TRANSFAC 7L 2 consensus F & K & (& 3
A F o WAL P AR P amotif o - AV s A F L AR T 5 500 6%
B 7|2 i motif discovery » ¥ it E_iz ks motif Aw 500 iE4Zi § A TP %
PN L B A BERA T LA A RG] P A U IE V- T i A e
FlF BEEFF 2 By 3 8% b G om AR B AR § B LR TR TR N
PEoAR g T kenA A H R E T Fr chig 4T3 chmotif o 1288 A der (- )

1 4 AB49 wie ther K562 fwfe th4 dchmotif § & Apin > o A ¥ -

B #4 F] 5 chconsensus » # WISINA L T L Ak KePET gy b Al Aeihd A5 o

2
1
1 2 3 4 5 =) 7 3 1 2 3 4 5 =) 7 3
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B 4.10 5 A549 e k2 K562 w2tk H ¢ eTFBS 45 7| < motif
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