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Statistical analysis of the distribution of transcription factor binding
sites in upstream regions of Saccharomyces cerevisiae genes
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Abstract: [Objective] The research was to study the distribution of these transcription factors binding
sites in upstream regions of eukaryote genes. [Method] The data of binding sites for transcription factors in
the Saccharomyces cerevisiae genes database SGD database was mined and analyzed. Based on the structure
of the transcription factors and the function of the genes they regulate, two superclass basic domains and
beta-scaffold were formed and compared. [Result] The results revealed the distribution of transcriptional
regulatory sites and most of them lay between 100 and 500 bp upstream of the transcription start site
(TSS), showing the relationship between the binding sites, the structure of the transcription factors and
the function of the genes they regulate. [Conclusion] These results may reveal the existence of class-specif-
ic features in the sits distribution bound by each family of TFs. ,which can help people make sure which re-
gion contains the transcription regulation information, and make a better algorithm for the discovery of
transcription factor binding sites.
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DNA JE4 i X (1) 8 2 fig 2 —-, F7E 20 it 42
80 AEARR 90 AEARH LA AN TE B B HEA RN
FETEZ A e R 1 45 5 0 5 B s I 70 i U0 i
SR AL T I 7 51 (5~ 25 bp), YT I K AEE A= 1
Az A it AR PR TG R R AR B sk R RO I 4
B AL R TR LT Sy R A TN 4% i A ) S5 A BT, —
Xt AH B AE A B9 2 20 Ctrans-) FBL R Ceis-) P8 72 o0 4
55T 0 E A s D 2 A TR B ) VR A S A X e
AT J7 ) P 98 5 AE B R B s e H b Ak AR
BB,

SFEYFER MR LR mEEEAR.C
LR R T VF 2 5 SR £ BToRE v U B2 B (Sac-
charomyces cerevisiae) 23 [H 28 25 ¥4 AH % & B8 ) —
il A% A W, W LR 2 b i e s M A ML 2
AREZUFIRET . B A B K ALT 5 B0 19 LR
FTH B AR B A e A %o e st IR 7 4 6 o7 1 33 il
N0 ) B35 R T LA R B 2 L AT R T 5 vk TR
Bor R B T RSP Y T VA R EE T R I A A 1Y
FEFEE

BARCAHME X F RN TR M
S N T SR IR T 45 5 6 B o3 A R I Bk = 4 T 1Y
WE5E X T 45 A A 8 B F AR 2 25 18 51 7% 5%
PP 1 ELAR S A X3 R 5 AR 35 PR A 17
¥4 % SGD (Saccharomyces Genome Database) H?
PEBOBCHE  TF 5 % TR 1 245 6 7 8 30 7 S A 067 s
(transcription start site, TSS) iy 0 55, DA #1 H 48 7~
e SR PR A 6 N SR 0 A AR B LA DR ) I A AL
PR HERL AR A

1R

1.1 kiR

P 35 D 2H 08 R SGD 2 B 48 58 i3 N 4 4
JF 30 0 5 ) ML R R R DR 2H O P L 0 6 MU R R
(¥ 53 A W 2% st i 2 A R AR B L Sk
C12JFr 43l 6 117 A s B3 B HC e 8] 71 1) ik A
w2 IO ik 45 R 5% Sk N 14 4 (Cadl, Cind,
Skol, Yapl. Yap7, Gend, Swid, Swi6, Cbfl, Phdl,
Sok2,Pho4 . Ino2, Inod) Il B L% s A+ 8 4
(Meml, Rlml, Hap2, Hap3, Hap4., Hap5. Roxl1.
Spt2) FEATHFFE . £ SGD %l e v 2 4 AH I i) 7% 5%
PR 7 JT ] 42 1 R DR AR 90 SCRIR (17 J 45 o e B B 5 (A
TEE G AL R S TR R B SR T A S A s R
FhEFRIG AL S FF 800 bp XN, H T 55| H

SR S o A F 90 A 1) WLIP J5E PR 2 Pir A 3 PR L i
2 kb LA bk 22 N S 7455 WAL 1 IR TR
55 SR G R IR
L2 J5 ik
1.2.1 #HFZATESHFIRBELEHFRRAGLE
e E At R SRR IR A7 s 3 2 000 bp Kl
5320 20 4> 100 bp (9 X (8] . 8 T 4 A 5% 3¢ 576 A
[ei] X [A] 1) 285 5 57 B8 P53 A T 2 100 A DG
1.2.2 #FRATHRE W 11 hprigfh s
T 45 ¥4 , % B GeneRegulation W 34 I 9 Tran-
scription Factor Classification 43 28¥r i) Chttp://
www. gene-regulation. com/pub/databases/trans-
fac/cl. html) , Xf I 86 5% 5 K 1 47 B2 40 Hr .
1.2.3 ABEHaeRE MRIEH P 7 P kK
(M f £ B AR (S 2 W B U b0 2 R EUHRE
YRCYS F1 SGD 4 2 v (9 B8 ) o 4 56 B R 1 i
45 &AL AT R PR R B DI RE 2R AL R T
ST 2 2K I B h S A S T 10 AN
5 HEAT R R S5 A 6 553 AT 25 R 1 LR
1.3 HEHITHSHAZE

FI SPSS 13. 0 B A X Bir 45 B dhe 0 A7 22 57 kA
5%, K F Mann-Whitney U ¥ 56 4 40 [A] % 5% [N T 45
G L I 53 A 2 55 R T Kruskal-Wallis H 75 £ 55
2 40 1) 5 % F 7 45 6 6 ) 0 A 1Y 22 5 OF R Bk 2
Bt R 254 56 2 BEVL T 04 7 25 20 e 3 A7 ®k
ik
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2.1 HREFEEHNANSH

TEFT L B 22 DN SRK 7 R 256 K A
SR AT [R] B R 45 22 > 3 D R 2R G8  (R AN A B Y L g
BIgs A S RGOSR A 2R, £ 175
BT RS DR R TR 3 S ke 0 7 A5 b AN ] X Y
e, R1BR.KRE/HZHEFA8/204
85 % LA B AT TSS E¥iF 1 000 bp X3,
HAE 1000 bp LLAME A 45 G 00 80H JA D08
55 L FE 2 000 bp LAAMEY X IR A 25 & 07 s i
B/

e NGRS Y R S R U EA RS S D
H5R 14 R —58 4 89. 0% B4 &7 w21
1 000 bp AW, & 1 IR, 7% F45 & 0 50F A
S 3550 1l 43 A A K B X T R AR A A R R
YA SR TE TSS 3 100 bp DL . 11 K 3K 43
(61 %0) 6 5k P 1 &5 45 A 5540 A 76 28 14 2 % X L U
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100~500 bp, 5 3CHRL6 JMIZE R EEA —B(74%0) 5000 LAAh, A A B S R FAE B A 456 68
TE B 1 1 2 W AR A0 A7 45 5 6 s, JEHAE 1000 bp
x1 EXETEERRERLBENSESASYE

Table 1 Number of the binding sites for every factor in the upstream of TSS

5 g A ) Hfi? 45 1555 X 8] /bp Short distance from TSS
Superclass Transeri-ption 0~ 100~ 200~ 300~ 400~ 500~ 600~ 700~ 800~ 900~
factor 100 200 300 400 500 600 700 800 900 1 000
Cadl 2 3 1 2 2 1 1 0 1 0
Cin5 8 17 12 11 13 4 10 1 2 1
Skol 0 0 0 3 0 1 2 2 0 0
Yapl 0 8 4 2 2 1 0 0 0 0
Yap? 8 17 17 12 6 5 2 2 3 0
BB [ T Gend 8 16 38 22 9 6 6 6 4 3
Basic Swid 0 12 32 26 16 14 5 9 5 2
domain Swi6 0 9 16 16 9 12 2 4 3 2
factors Cbfl 5 38 35 37 28 20 7 3 3 5
Phdl 2 2 4 5 9 5 14 12 3 3
Sok2 2 0 3 14 6 12 10 10 3 8
Phod 2 3 1 8 4 3 1 0 0 0
Ino2 1 9 7 7 1 2 2 1 1 0
Inod 0 8 2 6 2 0 1 2 1 0
Meml 2 11 17 13 6 3 2 1 2
Rlm1 0 0 3 2 2 0 1 1 1 0
Hap?2 2 3 3 4 1 1 2 0 1 0
B’%}ﬁiﬁ'% Hap3 1 3 6 3 1 1 1 0 0
Seaffold Hapd 2 14 8 3 3 3 0 0 1 0
Hap5 2 3 7 4 3 3 2 0 1 0
Rox1 0 1 1 0 1 1 0 0 0 0
Spt2 1 4 3 2 4 1 1 0 0 0
4 by K 00 5’5%? KB X 38 /bp Long distance from TSS it
Superclass Transcrr 1000~ 1100~ 1200~ 1300~ 1400~ 1500~ 1600~ 1700~ 1800~ 1900~ No.
ption factor 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 of all
Cadl 0 0 1 0 0 0 0 0 0 0 14
Cin5 5 7 3 1 3 3 1 0 1 5 108
Skol 0 2 0 0 0 1 0 0 0 11
Yapl 0 0 0 0 0 0 0 0 0 0 17
Yap? 0 0 1 0 0 0 0 0 0 73
Gend 2 0 0 0 0 0 0 0 0 150
R 2 A 1A 5 Swid 2 6 0 1 2 0 0 0 1 0 133
Basic domain .
factors Swib 1 2 1 0 4 0 0 0 0 0 81
Cbfl 0 5 0 1 0 0 0 1 0 0 188
Phdl 3 5 4 2 5 2 2 1 0 0 88
Sok2 5 8 5 3 3 2 1 0 0 0 105
Pho4 0 1 0 0 0 1 1 0 0 0 28
Ino2 1 0 1 0 0 0 0 0 33
Inod 1 0 0 0 0 0 0 0 0 0 23
Meml 2 1 1 1 0 0 2 0 0 0 73
Riml 0 0 0 0 1 0 0 0 0 0 11
Hap2 0 0 1 0 0 0 0 0 0 23
Bib’flﬁ% Hap3 0 0 0 0 0 0 0 0 0 16
Scaffold Hap4 0 0 0 0 0 0 0 0 1 0 35
Hap5 0 0 2 0 0 1 0 1 0 0 29
Rox1 0 1 0 0 0 0 1 0 0 1 7
Spt2 1 0 1 0 0 0 0 0 0 18

XH RS AR R 3 M RN TR WS H 24P fE TSS LifF 100 ~500 bp,
At DLREAT HU . R B A AR AT & BRI B H=F A W 22 5 NI G — 2R T A
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Fig. 1 Distribution of the binding sites of transcriptional factor
2.2 HREFEMELEEALRANXER SR WOR X B A AR R 28 T (R 5 S IR -, 4G
2.2.1 #FBEFREZR XMVL22MHERNT SO EA BEER(P=0.004),
P OG5 SRR Z5 R F PRI R — 2R R S o AT
12 LAl 25 19 5% 5 H F- (Basic Domains) For 36 T, Bl B 4 R T 1) S R B PR T L BB -

1.1 2% 5= 4 2 $ 4% I F (Leucine zipper fac-
tors ,bZIP)

%5 Cin5.Skol.Yapl,Yap6.Yap7

1.1.1 J& . oo (AP-1(-like) components)

135 Gend

112 . H&A e a& b (ZIP only)

155 Swid ,Swi6

1.2 28, MEWE-FR-1RE 7 (Helix-loop-helix
factors ,bHLH)

f34% Cbfl,Phdl, Sok2

1. 2.1 /% . Hairy K%

£ 45 Pho4

1.2.2 j&: INO Kk

145 Ino2 . Ino4

2 % B LA SEIH T (beta-Scaffold Factors
with Minor Groove Contacts)

2.1 Z%. MADS box %%

4% Mceml,Rlm1

2.2 2. CCAAT %k

5 Hap2.,Hap3.Hap4.Hap5

2.3 25 HMG %k

45 Rox1,Spt2
2.2.2 AR MESEEG SR EF WFHA
R IS B S IR 25 5 6 e I 0 A L AR R AT R RIR: 36

I-URE R - R 2 B S TR 1) 285 B 7 1 40 A A TE B
BEZEF(P<<0.001), -2 H T i MADS box
F e CCAAT %Ki HMG Kk 3 Kz A i3
PR 7 (P=0.006) ,

FHE— 2 E 5 HL A AL S5 4 1 3 SR TR 7 =2 1D 45
AL R 53 A B EE ZIP only KR Swid 5
Swi6,INO Z % H 4 Ino2 5 Inod, MADS box % %
% Mcml 5 Rlml, CCAAT %K% # % Hap2.
Hap3.Hap4 5 Hap5, HMG K & H #) Roxl 5
Spt2, Ky g 45 R R s DL [F]— G0 235 1 AR AL 1) B 5k
R[] ¥ JC B 3P 22 55 (P=>>0. 05), 2 B 7E 45 /4 4
0L B[] — G T 1) % i TR 1 ) 5 5 6 s (9 43 A
B2 5.

2.3 HREFHEENRERREREND

HR 4 R A58 R R ZE T RE L X Lk 22 A5 S A
TR 1 264 DR AT 20 28 A4 AR B K
(1) B30 N 225 (2) 40 BE (3) | % 5% R 42 (4) .
RNAGrRNA (tRNA) (5) fLi% 45 (6) 6 FKTEE. 45
VLI 2, X S IR 125 65 0 mi AE 6 4156 X 1 i )
AT HEE, 25 R 6 Al 25 55 1 3 (P =0. 001) ;
YEREFIA B0, 45 M /R 6 £ Rt g & (P =
0.001), ZHEMEREE RN (5. (3 (DHHT
BEXEF(P=0.063),(3).(4),(2), (DM TR
FHEF(P=0.592),(2). (1), (6) L0 JC W % 22 5+
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Fig. 2 The binding sites distribution
classified by gene function
(1) Biosynthesis; (2)Stress responsives (3)Cell wall; (4) Transcription
and regulation; (5)RNA; (6) Transporter; (7) Others
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PER) DNA I, i B: 55 56 7 32 B /E 78 40 BE B
(100~500 bp) , X AN B Al i 0] LA 3 26 4% 58 [H 7
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