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Fig. 2 Visualization of the regulatory networks inferred by our method

TFs are represented by green circles and their target genes by red circles.



2010; 37 (9) IS 55

ChIP-chip . EERIREEMRIAEEEEQER BIEMLE

* 999 -

GCR1 5 GCR2, ARG80 5 ARGS1, SWH4 5
SWI6 %5 #83 [l 45 — S L [K], eAT 102 O e
0 AT W [R1 R 424 FH R s R 16

T VAL TN SE B, BRI T &5 R
5 YEASTRACT %/ i i (1) ChIP-chip SE46
e, UL SISO T LR, g5 IR
W], ORI A G R AT A I IR SCRF, X AT
—ERRE BIE T EE TR R ERAR
e IR HE AR

2.1 5 YEASTRACT #RER S HTELER

e T 18 i YEASTRACT %4k e %) J5 v 1)
FRIPE e AT VR . YEASTRACT 42 43 By L 31 1%
RER SRR OC R B, WR T sk K10
HFRIERI R WG R, BN KRZ2DH—
ANSZG U 1) SO, 46 AN B S DR T 21 1) H
b3 R 5 H AR FE R 8 YEASTRACT £ 4 1 56
WEH 23 EL(E 3).

100+ “%6 *
skolarg mbpl yapl aCCZ swid sfpl & rapl &
arg81 basl & suml
goL fkh2eroxl skn7 ¢ meml
3 #aro80 ohsﬂ ®abfl 4 ume6
(=}
o * el %) erebl
29 dal82 .
2 § & ¢ixrl
s B gal80
S99 40p .
o swi6
g stbS tye7 hap2
g2 digl® "~ pdrl
3 20+
g5 &cst6
[=W
0 e oe o
stb4 hirl leu3 spt10 hmsl
0 5 10 15 20 25 30 35 40 45 50 55 60 150
Number of targets

Fig. 3 Comparison with YEASTRACT
We compared all the predicted results with YEASTRACT, the x axis denotes the number of targets predicted by our algorithm, the y axis represents the

percentage of targets supported by YEASTRACT.
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Table 1 Listed TFs and their targets predicted by our method

TF

ORF

LEU3 (0%)
HMS1(0%)

BAP2 BAT1 OAC1 ILV2 ILV3 ILVS LEUI
BUDI9 LOC1 PGA2 RPL2la RPL23a
RPS25a RPS28b RPS29b SSS1  YSY6

CKAl HHF1 HHF2 HHTI
GAL1 GAL7 GALIO FUR4

SPT10(0%)
GALS0(50%)

LEU4 ALDS ISU2 YALO009C
RPL35b RPL4la RPPla

HHT2 HTB2 HTAI

YMRO046C

RPS12 RPSI3 RPSI19a RPS19b RPS22b

HTA2 RLI1 RPL34b MNIl TIF1l YNLO10w ARO7

* The percentage in bracket denotes the percent supported by YEASTRACT.
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Table 2 List of SWI6’s targets and computational evidence

TF ORF YEASTRACT Maclsaac et al.™ Pham et al.! Other computational evidence ~ All evidence
SWI6 CHA1 * *
SWI6 AGALI * *
SWI6 AXL2 * *
SWI6 PUP3 * * * *
SWI6 SWI4 * * *
SWI6 TOS6 * *
SWI6 PLB3
SWI6 CWP1 * *
SWI6 CWP2 * * *
SWI6 EXGl1 * * *
SWI6 YOXI1 * * * *
SWI6 YMR144W
SWI6 SKM1 * * *
SWI6 SRLI * * * *
SWI6 YOR248W * *

DIG1 H A 2 4~ H A5 2 Kl GPA1 1 SST2 4
YEASTRACT ¥:ilF, {HAK{E YEASTRACT 145 5
BOUE M B bR FE R 4 5 AN 4 4S5 Maclsaac
A1 Pham J7 3% T 43 B 1) 45 R 8 & (3R 3). A1)

FUST & R #R08 52 BHE 5 B R R, s ¥
DIG1 ¥ SHE A I FE R 223820, Bt AR ATTHED
FUSI 1Rf5 m] e DIG1 4%



2010; 37 (9) SIMAESE: 425 ChIP-chip £1E. EFEEFREREANFZEILEIEEWE R FIZE ML <1001 *

Table 3 List of DIG1’s targets and computational evidence

TF ORF YEASTRACT Maclsaac et al.' Pham et al.! All evidence

DIG1 AGA2 * * *
DIG1 BARI1 * * *
DIG1 FUS1

DIG1 GPA1 * *
DIG1 MFA1 * * *
DIG1 SST2 * *
DIG1 STE2 * * *
DIG1 TEC1 * *

2.2 58RE ChIP-chip #iExT Lt i, EAEBESABONMSEE. MRS KL,
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Fig. 4 Comparison of results of RAP1 with high quality ChIP-chip data and YEASTRACT
Circle nodes are for genes with relations supported by YEASTRACT, otherwise rectangular nodes. Solid nodes are for the genes with relations

supported by high-quality ChIP-chip data.
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Table 4 List of some enriched Gene Ontology(GO) annotations

Regulators Functional description” GO annotations? P value
GALBO  Repression of GAL genes (3/4) Galactose catabolic process P=1.17x10"
SFP1 Ribosome biogenesis, regulates G2/M transitions (55/60) Metabolic process P=4.93x107"
RAPI Transcription (126/149) Translation P=9.77x 107
GCR1 Glycolysis (13/23) Glucose catabolic process P=1.46x10"
GCR2  Glycolysis (8/10) Glucose catabolic process P=9.93x10™"
TYE7 May function as a transcriptional activator in Tyl-mediated gene (3/6) Ty element transposition P=3.9x10*
expression
DIGI Inhibits pheromone responsive transcription (7/8) Response to pheromone P=2.02x10™"
ARG80  Regulation of arginine-responsive genes (3/6) Arginine biosynthetic process P=2.03x107
ARG81  Regulation of arginine-responsive genes (6/9) Arginine metabolic process P=1.14x108

SUM1 Transcriptional repressor required for mitotic repression of (16/37) Sporulation resulting in formation of a  P=6.81x 107"

middle sporulation-specific genes; general replication initiation  cellular spore

factor; telomere maintenance

OPI1 Phosphorylation transcriptional regulator

STBS5 Regulate multidrug resistance and oxidative stress response forms  (2/3) Pentose-phosphate shunt, oxidative branch

a heterodimer
BASI1 The purine and histidine biosynthesis

YAP1 Regulation of meiotic recombination

MBP1 Transcription factor involved in regulation of cell cycle (5/9) Cell cycle process

progression from G1 to S phase

(3/5) Cellular lipid metabolic process P=7.01x103
P=5.14x107

(9/16) Heterocycle metabolic process P=2.72x10"

(7/11) Response to stress P=0.0002
P=2.87x103

Y Functional description of regulators is from the Saccharomyces Genome Database

2 Gene Ontology analysis was done using GO Term Finder in SGD in Aug 31, 2008; 5952 genes were included in the background set with P-value

cut-off < 0.01.
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Table 5 Jaccard similarity score (JSS) of different algorithms

Algorithm
Trs ReMoDiscovery!® GRAME! SVMst Pham et al." COGRIM™ Our algorithm

RAPI 0.221 782 0.260 204 0.036 53 0.263 291 0.313 131 0.285 36

SFP1 0.229 73 0.126 761 0.043 165 - 0.297 297
GCRI1 - 0.072 727 0.032 895 0.071 429 0.05 0.134 328
SWI4 0.147 059 0 0.020 08 0.181 818 0.296 0.180 808
ACE2 - 0.142 857 0.058 824 0.093 75 0.148 936
LEU3 - 0.222 222 0.190 476 0.064 516 0.307 692

"-" Denotes the TF is not included in the algorithm.
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Reconstruction of Gene Regulatory Networks by Integrating
ChIP-chip, Knock out and Expression Data®
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Abstract Uncovering the underlying regulatory mechanism has become a major research in bioinformatics
studies. The availability of various kinds of high-throughput biological data makes the reconstruction of regulatory
networks on a genomic scale possible. Since each single data source provides only partial and noisy information of
the regulatory relationships, methods combining diverse data sources are expected to get more reliable networks.
Here a method was presented to infer the regulatory networks by combining ChIP-chip, TF (transcription factor)
knock out and expression data. Since ChIP-chip and TF knock out data provide direct physical binding and
functional evidences of relations between TF and target genes, combining these two data is expected to obtain high
prediction accuracy. However, the overlap of these two data is low. Based on the assumption that co-regulated
genes often have high expression similarity, the method reduced the effect of the low overlap of these two data to
some extent. The results show that most inferred regulatory relations are validated by YEASTRACT, high quality
ChIP-chip data and literatures, which demonstrate our method is powerful and reliable. Moreover, the comparison
between our method and others also shows that it has better performance.
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TF

documented

percent

the number of

target gene

target genes

HIR1
GALBO

SFP1

STB4

RAPI

SKO1
PDRI1

SPT10

CINS

GCR1

TYE7
LEU3

CSTé6

GCR2
TEC1

0%
50%

95%

0%

96%

100%
25%

0%

83%

65%

33%
0%

18%

70%
71%

60

149

23

ADKI1, HTB2, SLP1,YNRO18w,YSY6
GAL7,GAL10*,GAL1* FUR4

CDC60*,CNS1*,CYB2*,DIA1* ERB1* HPT1* NOP58* PPT1* RPB5* RPL12a*,
RPL13a* RPL14a* RPL16a* RPL16b* RPL17a* RPL19b* RPL1b* RPL20a* RPL20b*,
RPL22a* RPL23b* RPL24a* RPL24b* RPL25 RPL27b* RPL28* RPL2b* RPL30*,
RPL31a* RPL33a* RPL35a* RPL40a* RPL42b* RPL6b* RPL8a* RPL8b* RPPO*,
RPP2a* RPS11b* RPS15* RPS16b* RPS18a* RPS1b* RPS23a* RPS26a* RPS27b*,
RPS29a* RPS31* RPS4a* RPS5* RPS6b*,RPS7b* RPS9a* SDH4* UTP6*,YBL028c*,
YERO079w,YHR020w*,YLR076¢,YOR309¢c*

IMP2,PCS60,YIL166¢,YMRO034c

ADHI*,AIP1* ALD4* ARO4,BUD27*,CAF40* CAR2* CPA1* CTS1*,ENB1* ERG5*,
EXG1,FAA1* FAS1* FBA1* FRS2* GCN4* ,GPD1*,GPD2*,GPM1*,HIS4* HMS2*,
HOM6* HSP12* KES1* LCB3* LEE1* MSN4* NMD5* OMA 1*,PAU6,PDC1*,PDC6,
PFK2* PGI1* POP5* PRO1*,PRY1* PRY3* QDR2*RKII* RNR2* RNR4* RPL10*,
RPL11b* RPL12a* RPL12b* RPL13a* RPL14a* RPL14b* RPL15b* RPL16a* RPL16b*,
RPL17a* RPL17b* RPL18a* RPL19a* RPL1a* RPL1b* RPL20a* RPL20b* RPL21a*,
RPL21b* RPL22a* RPL23a* RPL23b* RPL24a* RPL24b* RPL25* RPL26a* ,RPL26b*,
RPL27b* RPL28* RPL2b* RPL30* RPL3 1a* RPL32* RPL33a* RPL33b* RPL35b*,
RPL37a* RPL37b* RPL38* RPL40a* RPLAOb* RPL42a* RPL42b* RPL43a* RPLS*,
RPLG6b* RPL8b* RPL9a* RPLOb* RPPO* RPP1b* RPP2a* RPSOa* RPSOb* RPS10a*,
RPS13* RPS14b* RPS15* RPS17b* RPS18a* RPS19a* RPS19b* RPS1a* RPS1b*,
RPS2* RPS20* RPS21b* RPS22a* RPS23a* RPS24b* RPS25b* RPS26a* RPS26b*,
RPS27a* RPS29a* RPS29b* RPS3 1% RPS4a* RPS4b* RPS5* RPS6a* RPS7a* RPS7b*,
RPS8a* RPS8b* RPS9a* ,RPSOb* RSN 1*,SCP1*,SGM1*,SST2* TDH3* TEF2* TEF4*,
TPI1* ,VMAG*,YDLO32w*, YHR 122w* YKL 151c*, YNLO10w*,YOR292¢*,YOR302w*,
YOR338w*,YPL142¢,YPL199¢

FSH1* HXT11*SOL1*,SPI1*
RPL11a,RPS24a* YFLO65c, YHR 138¢

CKA1,HHF2,HHT2,HTB2,HTA2,HHF1,HHT1,RLI1,HTA1,RPL34b,MNI1,TIF11,
YNLO10w,ARO7

ACO1* ALD6* RPS12,VPS25* YLLOO7c* ZEO1*

AAT2ADHI1* BMHI*,CDC19* ENO2* FBA1*,GPM1*0LA1,PDC1* PFK1* PFK2,
PGI1*PGM1,PYC1*RPS19a*,SAM4,SBP1* TDH2* TDH3*,TPI1*,YAL004w,
YDR417¢,YMRO46¢

ADHS5*,ERP2*,SDS23,Y AR009¢, YBRO12w-a,YER 138¢
ALDS5,BAP2,BAT1,ILV2,ILV3,ILV5,ISU2,LEU1,LEU4,0AC1,YAR009c,YMRO046¢

KARS*,PCH2,SST2,YBRO12w-a,YBRO89w,YDL096¢*, YFRO17¢,YJRO11¢,YKLO77w,
YLR462w,YLR463c,YLR464w,YLR465¢,YRF1-1,YRF1-2* YRF1-4,YRF1-5

ADH1*,FBA1*,GPM1*,PGI1*PHDI,TALI,TDH2* TDH3*TPI1* YKL153w
FUS1*PYC1* TEC1*,YARO10c* YBROI2w-b* YPRO91c,YRF1-6

To be continued
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TF target genes
percent target gene

DIG1 25% 8 AGA2,BAR1,FUS1,GPA1*MFA1,SST2*,STE2,TECI

BASI1 94% 16 ADE12* ADE13* ADE16* ADE3* ADE4* ADES5,7*,GCV1*,GCV2* GCV3* HIS1*,
HIS4* , HSC82* MTD1* RPL22a* RPS19a, SHM2*

SWI6 40% 15 AGA1,AXL2,CHA1,CWP1,CWP2* EXG1,PLB3,PUP3* SKM1,SRL1* SWI4* TOS6*,
YMRI144w,YOR248w,YOX1*

ARO80 75% 4 ARO10*,AR080* HMLALPHAI1* KRE11

HAP2 33% 9 COX9*,GPX2* MIM1,RPS22b,RPS29b,SUN4,TRX1,YDR417¢,YHB1 *

HMS1 0% 18 BUDI19,LOC1,PGA2,RPL21a,RPL23a,RPL35b,RPL41a,RPP1a,RPS12,RPS13,RPS19a,
RPS19b,RPS22b,RPS25a,RPS28b,RPS29b,SSS1,YSY6

MCM1 85% 27 AGA1* AGA2* BAR1* CHS2*,CIS3*,CLN3* FDH1*,GPA1*,GPI17,GRE2,GYP8*,
HTZ1*KIN3* LSM4* MFA1*NFU1*PIR1*PIR3* PLB3* RPA34* SFG1*,SIM1*,
STE2*,YALO37w,YFL034w,YMLO053c*,ZDS2*

RPN4 67% 3 CTS1,RPN2* RPN3*

ARG80 100% 6 ARG1*,ARG3* ARGS,6* ARG8*,CPA1*,YOR302w*

ARGS1 89% 9 ARG1*,ARG3* ARGS,6* ARG8* BUD27*,CPA1*,YDL152w* YOR302w* ARG8 1 *

UMES6 77% 35 ACS1* AGP1* BCY1* CARI*,CAR2*,FET3,GSM1*,ICE2* INO1*,IRC15* NDJ1*,
PANG6*,PRX1*,PST1*,PUT3,RIM4*,SPO13* ,SPO16* SRT1*,SWI1* TID3*TSL1,
UBI4* XBP1,YBR184w* ,YCRO61w* YCR062W,YHB1,YIL091c* YIL127¢c,YLR297w*,
YNL305¢,YOL131w*,YOR338w*, ZIP1*

FKH2 83% 6 DBP2,HHF1* HHT1* PES4* RPS1b* UTP4*

SUMI1 92% 37 BNAI1*BNA2* BNA5* CDA1*,CDA2,CRR1*,DALI1* DAL4* DTR1* ,GAS2* HSP82*,
HXT14* LOH1*MAMI1* NRT1*,0SW1* PFS1* PHM6*,SPO19*,SPO75*,SPO77,
SPR3*,SPS18*,SPS22* SPS4* SSP1* TNAI* YDR042c* YFLO40w*,YFRO12w,
YFRO032¢*,YGL138c*,YJL043w*  YKL177w*,YKRO15¢*,YOR365¢c*,YSW1*

ACE2 100% 15 AMNI1* BAT2* BUD9*,CTS1* DSE1* DSE2* DSE3* EGT2* GAT1* HMS2* NIS1*,
PRY3* RPA14* SCWI1* YHBI*

CBF1 100% 5 ATP7* ERG20*NCE103*PST1*,YIL127c*

SPT2 0% 4 HPF1,TAL1,YGP1,YIL169¢

DALS2 50% 4 CAR2* DAL4* NTF2,THI2

HSF1 75% 12 CPR6* ENO2* ,FES1* GLK1,HSC82* HSP82* HYP2,ILS1*,0ST1,PGK1*,UBI4* YLR217w*

OPI1 100% 5 CDS1* FAS1*FAS2* INO1* ITR1*

REBI 67% 12 CSR1* HOM2* HSC82* MIC17,0RM1,0ST1*,SEC20,SEC61* TKL1* YDRI154c*,
YGR235¢*,YIP1

SWI4 100% 23 AGA1*,CIS3*,CLN1*,CLN2* CWP1*,CWP2* EXG1* FTR1* HTA1*,LAP4* PCL1*,
PLB3*,PRY2*PTR2* SRL1* SVS1* TOS6* TSL1*,UTHI1* YHB1*,YOR248w* ,YOX1*,
YPS3*

STBS 33% 3 GND1,SOL3,YKL177w*

To be continued
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ABF1 76% 21 ADOI1,AURI1* BGL2* BSD2* FAS1* HSP60* HXK2 KRE1* LAC1* LPD1* MRPL36%*,
NSE4* PRC1*PRE7,RTN1*,SLA1*,SOD1*,SSC1*,STE14* TAHI11,YLR349w
SKN7 80% 10 AHP1* ,ASF1*,CWP2* DDR48* EXG1*,0CH1*,PRY2,RPA14* SUR2,UTHI*
YAPI1 100% 11 AHP1*GPX2* GRE2*,GSH1* MCH4* ROX1*,SOD1* TRX2* TSA1* YLR108c*,
YNL134¢c
IXR1 50% 6 EXGI1,GPA1,PRM4,SCW4,YAL064w,YJRO15w
MBP1 100% 9 ALG14*,CDC45*,0PY2* RADS51* RFA2* RNR1*,SWE1* YBRO71w* ,YMR 144w*
ROX1 83% 6 BUD20*,CYB5* FET4* SMF3* TIP1,YEL047¢c*
PUT3 100% 3 HPF1* MCH5* PUT2*
NRG1 100% 3 FRE4* TPO4* YALO18c*
RFX1 100% 9 CIT2*,GUP2* RNR2* RNR3* RNR4* SMF3* YDL129w* ,YMR279¢* ,YOR378w*

*Genes supported by YEASTRACT.



