E%ﬂc% S5 R R

Progress in Biochemistry and Biophysics

P' } J 2015 42(1): 73~81

www.pibb.ac.cn

3

mf

Jan

ANERE

(O =R R PEE ST EURR R, B 6505005

Research Papers [ iEaE iE

RRBHFFIFBIES
5t F IS IT

PSR

BAER Y T
DRI 5 O 5 S, MM 450044

D PUNIRAFETH BB, A8 610065: 20 H RS RO AR B s %, B W] 650091)

WE RN, B NS TS SRR ORI

A G T B NS SR B 28— N TP 0 s eI 4L a4
SKIRFEBEA, S HT BRI B B X AT SERAE, BRI 15 B R R SR 3 1) 7T fE
BT 960 M AEF SRR, Herh 57% 5 925 CAN I EA Feo AR RTE e &, 4k

‘TE&/H; L5 R FEER R

W12 HE X kI,

Y R 2 BN (> 80%) i 17 T DXCss &« b3l - W77 KB, 32D S T N TS AR SRR s, I St A
MW7 B P9 2 18 B AT RS UM AT, B AR DR e SO A6 A7 i (TSS) BRI BN B 7, BEAAOH FR) 9 AN 1A 2 [k i 8 4

1T, 60%7cA7EE B 7L 200 bp LAY,
M. X

R, 65% FIBLARN R AERT 25 £ 100 bp LAPY, RIS 5] B8 A ) T e S5 PR3 ) 4 B[R] 4
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SR, S5 45 SR A W R DR G A DX sl (o 5
5'-UTR X3t 15 4 S sk 2 oot

W £ ¥ (intron) & A HT 44 mRNA 3 %4 mRNA
I R B IR B (AR i 41, e AR BE DR
Py Le AR . AR — BT N, W& A 2
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T THFRARIRN, ARG EE g« by
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XA ) S 5 A

Z ISR, WL HL L RN 1
T —NE TR E SRR TR MR
Cfos FERHE — W& & TBP. TRE #l CRE
W& B 5% TR 7 4 A A AUy N Plpn RN
HSD3B2 B35 — W& 7R R ILT YY1 BBF 1
SEA AL 0 N APPSR — W & T R B
[Xl - E4BP4/NFIL3 ¥ 44 7 4100, Jir 3 JATT w5 %)
i B LR 4% S0 TATA box. GC box F1 CAAT
box 7ENFER 1 H B ST o0, R LA
TR — N E Fh BAR S R, S5
TH—NE TS 5 EGR.

& % [M (housekeeping genes, HK genes) & &
YARN LT A g AR IR D, 0 3
BT W SRS ST T, B BT BRATTERARE N
TR s P i E R . AR SCRL R I A HK
BEPRUR B FRA S S — WA )AL I TR
FRBLAA, motif)BEAT Ao Hr, R H F AT BE A7 AT
MG WA, Harmig &Moot K2 35T
BT SL H A0, i HE AN AREAAR 1R U ) e A5
XS BU TS 2, — Bt L Sk A
s TR — R T2 i, Wit LR
PR PR IR E, S B AT T
B, M EA S BEEA. R 20
W E, RIS R A R, AL R
LR, ASCERG IR W LR 5%, AR
RS IR E A A S AR, &
ZEAESE LA MA FEAE U AL A5 PR e A F I B T R
ORI AL, FEWIZL A TG, Yu 260
2 18T ORI B (P ABEAA o P i 257 AR A4 ) P 2 1)
R, ARARA VB TS SR B RIS 5 43 A . AR SO
FE 5 B 8 A 2 L S M 38 1) 15 S5 40 1 8 5
A, TR HBCAEAE F A T RS A 1] B 2 /N T 15 Se ik
B, XFEEAFA AR L
1 8lE5FH%E
1.1 ERERF5EE

HR 4 HuGEIndex (http://www .biotechnologycenter.
org/hio/) 25 Hi 11 N HK 3& K] ID, A NCBI (http:/
www.ncbi.nlm.nih.gov/ )& 8 A HH FE U AT TR 1) 5
KFH). BT E RS — NG P &A%
WHEIeAl, PIUEA SO EE TSS B 1000 bp 22
H—NNE TR IWEN RS TR H. ik
FEE S, T EA AR YA, I —

ZIPHMER B FIEH). WIBRTCA & FZepifr
MIBEDH, JL3RA 414 4 HK LN IR 30 741, [
I NCBI 04l e rh 25 th (10 N BE DR 1) 4238 )3 21
FPANR )1 e o4 bk SOPE AR IEE. | T
S8 e s R AT I QTR I A, AR SO
JA BT P HH R E A P B R 5 7).
1.2 REUBERRIAIEER

P15 3K H U-Score, S-Score Fll Z"-Score —
Rl vk B $2 LS 3 1 3 410 b o B0 AR A (over-
represented motif), 2R JE¥EAE =P IE FAHILH
B A oot AT 0. R
gt

a. U-Score &iil&. S, 1 S, /0 & x A HK
FEF N AL N 5 30 e A0 (R ). KR |
] DNA J¥ 51 (I-mer) w 7E S, A1 S, 7 1) H IRk 43
AR () F na(w)s i Ay 23 90 o BT A 20
l-mer ££ S; A1S, I BLAHL S IREL w 7E S, M S,
BRI A ni(w)/ng F1 no(w)/ny. THE

U(W): nl(W)/YL]—nz(W)/nz (1)
\/nl(W)+nz(W) (1_ ni(w)+no(w) ) (L+L)
ni+n, n+n, \n;

2 Uw) > 1.64 (P <0.05), K wfE S, Hid
L.

b. S-Score i il & . WIHR w S, ik H B,
BN 1% LR e ELAE S, T, i AR BEALY A1
B ik, ¥ S, I REST SRR R
SEAAE, BENLITEL(shuffled)fE A —AHBEVLES.
Ak FT L 4 o B ALk R R 2, K S
JPANFTEL 1000 K. A Naw)Ew w £E S, BT
WHL Nw)(i=1,2, == , 1000)R 720 | ZBEHLIT 51
1w HELIIREG No) B V(o) 2 3R 7 Nao) 13

1000

{ERITT %, Nao= 2, Ni@w)1000, V(w)= Y, (Niaw)-
Naw)) (1000-1). 5
S(w)= N (w)—]Qf (W) , (2)

VV (w)

2 S(w) > 1.64 I (P < 0.05), IAK wfE S, ik
HEL.

c. Zn-Score Gitl . 1T DNA FAIRHIE 2 (7]
IR, A B TR A& — m B Markov %,
REZN Q={A, C, G, T}. p M 7 535K 7R Markov
VR O AV 2. W w=wa0,*+w, 7E S, T
MEZER Po)suw: * w, )7 (01 * 10,05 W) * 7 (W 10115 10),
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o wwnor w,) T 7w wissy wi) (G=m1, ==eee , D) oA MI1/FT M2/ 3 5] A& M1 AT M2 1 [ HANT 3.

939 B NGwesw,)/n T N(wi_ e w)/ NG,y wi) 1l
w0 A STRRALBKE, NORROLE S I

T IREL ]Kf,,,(w)ﬂ] am(w)ﬁ%ujj Markov BL T R 4
IR AL N) AR U7 22, AR vF 5 v L S
k(6] .

2ouy= N0 Nolw) 3)
VV,(w)
2 7(w) > 1.64 (P < 0.05), K wE S, il
L.
1.3 RBUASERIEIEEAR
b SR R A AR R AR [RIASEAA 2 ] (R AR O A7 2
(RERR N FROE A 22 T (R A7 8 ] Ak R g R A4
A (1 ) o P20 )t B A — s AR 7, BTt 4y
PR D SR U 7 e s P A X
a. il M OUBAA B PR AL S, VSRR ML
M2 7E S, 3L ILZR Py

-1
Poe=1- ;a c.c, i, @)
Hrh, g MG 3R SRS, TR R 453
t BT 23 9 3R SIS, L M1:M2 ) 3k B 4%
B W Poce 19 95% 0B s N BIME by 24 Py < b I,
N MLM2 78 S A J 2 s T AE S, vh
M B8R, B ML:M2 oA SR H IR AR XS
(co-occurred motif pair).
b. A Mann-Whitney U-test & 46 3t Hi B A4
X M1:M2 {E S\ F1 S, IR A2 % 5. Mann-Whitney
U-test [NGETTH & U A
U=nny+n,(ni+1)/2-R, 5)
o A1y 23902878 MLM2 75 SIS, H IR
PIIREL, R MLEM2 76 SR E Rk, Bk
/E}%:

_ U-nin, 2 (6)
Vnna(n+na+1)/12

A BEAH B AR (R A A 2 1) B AT 88030 1) 2 1)

B, BEAT LR, 2 Z< -1.64, R P,<0.05

I, ACh MEM2 18 S, e o 2 /N TIAE S, i)

PRE . 455 MEM2 78 S, PR ILHI L, B M1:M2

P Sy ok tBL, RISV A AR A e s A A2 AR 0
(combinatorial transcriptional regulatory motif pairs).

T3 5% K17 DNA XUEE R A5 P, AL

GEE AT AR W EE BT, BIBLARS M1:M2, ML

M2, ML:M2', M1:M2' BA AT P, 1 Py, fH,

R R

2.1 FRNBYE ST RIRIER R

WETLRI, TR AW IR A 8 S DR - 45 6 7 15
(1A% O BOIE 3 B . (6~ 10 bp)!, A v 32 2%
g6 LR, KIMLEA RN 6 % IRIEHEE
BTN, 6 ZHRILA 4=4 096 ML, A 1.2
HOT VR 218 AN AR ok AR AAA, A K
218x218=47 524 MEEFAARXS, HE 1.3, 15
21 960 X 71 HK HE A P 9 71 IR 4 s AR o0 . 4
IXEEREAASHT ) TRANSCompel $4k 22 LAK SCRR[ 1, 20]
w1 A EAE PR AT, R 57.29%
HesmaiRys, 0 & 12 S SR T A B4
M. 3 e X1 SP1 25, 43l & NFL:
SP1. SP1:HNF4. P53:SP1. AP1:SP1. STATI:SP1
HI NF-KAPPAB:SP1. SP1 /& CpG &Ko 4E &
T AR IR CpG By & L R iR R A I L B A
ff, HK KK v CpG & KB4 oK F ALY, 4
SP1 5 HK M mRiEf k. LA 6 X0l
YYL:NFIl. E2F:E2F. AP2ALPHA:EGR1. AP2ALPHA:
AREB6. AP2:ER 1 HNF4:COUP. ZyHr &L, K&
SP1:HNF4. YYI:NF1 L\ & HNF4:COUP [ K 12
[F] /2 P H (antagonism) fE I 4b, Hgx 9 X #45% [Kr
2 [8] #B 52 W3 [A] (synergism) /F H . H1 T P53:SP1,
APL:SP1. STATI:SPI. NF-KAPPAB:SPl. AP2ALPHA:
AREB6. AP2:ER 1 HNF4:COUP [#) 4 & Wifhk %) 1%
/B(<20), 1fii AP2ALPHA:EGRI1 7%t SR A0 4 35
J& NFL:SP1 (1) 45 & /7 %), Atk NF1:SP1. SP1:
HNF4. YY1:NFl. E2F:E2F 4% & 4R 045 S5 m LA
SR A A e S T R AR, DU A
TR X IX U 2H 5 55 IR 7 F B e ATT 0 N R A A o)
& 1).
2.2 HEEMERRE XIS

YR8 1k Bl AAETRNST 3 ANX
W, BT M1:M2 7] B HELAE 6 i X 3 (& 1a):
a. 2 MEAAE BIF(U-U); b, 1 ANE B, 551
ANESNETF(U-E); c. 1 AMELG, 51 AMNMERNS
T(U-I); d. 2 MEBEAMNET(B-E); e. 1 NEAMNE
Ty L NMEWNE T(E-D; £ 2 NMEBEWN &1 (D).
FIH 2R Z, = (m=Qpo) IV Qpd1=-po) KH5E M1:M2
EX IR D IS, b, m & MIM2 76 D
B IREL, Qpo  MLIM2 15 D I EE B 5L
po A D A MEM2 7275 5T A0 B4, Q A2
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Table 1

Extracted motif pairs and corresponding TF pairs

TF pairs

Motif pairs (Mps)

NF1:SP1

YYI:NF1

SP1:HNF4

E2F:E2F

CGGCGC:GGGCAG,
CGCGCC:GGGGCG,
GAGGGG:GGCGCG,
CCGGCC:GCCCCa,
CGGGGC:GCGCCQG,
CCCGCC:GCCGCQG,
CCCCGC:CGCGAGC,
GCGCAG:GGGGCQG,
GCGGGG:GCGAGAEG,
CCCCCA:GCCGCQG,
CCCTTC:CGCCGC,
CCCCCA:CGCCGC,
GCCGGG:GGGGCQG,
CTCCGC:GGCCAQG,
GCGGCG:GGTGGG,
CGGGCC:GGGCAG,
CGCCCC:CGCGAGC,

CCGCCC:CGCGCC,
CCCGCC:CGGCGC,
CGGGGC:GGCGGQG,
CCGGCC:GCGGGA,
GCGGCG:GGGCGQG,
CGCGCC:TGGGGG,
CCCacee:.ceceacee,
CGCCCC:GGCCAGQG,
CCCTTC:CGCGCC,
CCCGCC:GCGCAG,
CGCGGC:GGGTGG,
GCCCCG:GCGCAG,
AGGGGA:CGCGCC,
CTCCGC:GCGCAG,
GAGGGG:GCGGCG,
CCCTGC:CGCGCC,
GCCCCG:GCGGCQG,

GGCGCG:GGCGGQG,
CCTCCC:CGCGCC,
CCACCC:CGCCaC,
CTCCGC:CGCCGC,
CCcaee:caececc,
TGGGGG:GCGCCQG,

GCGGCG:GCGGGQG,
GCCCCG:GGGGCQG,
CCGCCC:CTGCGC,

GCCGCG:GCGGAG,
CGCCTC:GGCGGQG,

CACCCC:GCGCCQG,
CCCGGC:CGGGGC,
CGCCTC:GGCCAGG,
GCGGGG:GGGGCQG,
CCGGCC:GGGCGQG,
CCGCCC:GCGGAG,

GCCCCG:GCGGAG; CGGGCC:GCGGGG, GCCceea:aaeecal/

CGGCGC:GGGAAG, CGCGCC:GGGAAG, GCGCCG:GGCTGAG,
GCCTGG:GGCGCG, CTTCCC:GCCGCG, GCGCCG:GGAAAG,
CGAGGC:CGCGCC, CTTTCC:GCCGCG, CGCCGC:GGCTAG,

CCCGCC:GGGAAG//

GGCCTC:GGGCGG, GAGGCC:GGGGCG, CCCGCC:GGCCTC,
CAGGCC:GGCGGG, CGCCCC:GGCCTG, GAGGGG:GGGGCG,
CCGCCC:GCCCGG, CCGGGC:GCGGAGG, GCGGAG:GGCCCG,

CCCCTC:CCCcaee//

CGCCCC:CGGCGC,
CCCCGC:GCGCCQG,
CGGCGC:GAAGGG,
CCCACC:GCGCCQG,
GCGGCG:GGCGGA,
CCCACC:CGCGCC,
GCGCCG:GTGGGAG,
CCCCAC:CGCGCC,
CCCCaC:Geececea,
GCAGGG:GCGCCQG,
CCCTTC:CGCGGC,
CGCGGC:GTGGGG,
CCCCTC:GCGCAG,
CCCCGC:GGCAGAG,
CCGGCC:GGCAGGA,
CGCCTC:GCGCCQG,
CTCCGC:GGCGGQG,

CCAGCC:GGCGCQG,
GGAGCC:GGCGCQG,
CGCGCC:GGAAAG,

GAGGCC:GCCCCQG,
CCGGGC:GGGGCG,
CGGGCC:GGGGCQG,

CCCCGC:GGCGCQG,
CGCCCC:CGCCaC,
CCTGCC:GGCGCQG,
CGCGCC:.GCCCCa,
CCCCTC:CGCGGC,
CGCCGC:GGGAGG,
CCTCCC:CGCGGC,
CGCGGC:CGGGAGC,
CCCCAC:CGCCaC,
CCGGCC:GGGAGG,
CGGGGC:GCAGCQG,
CCCGCC:GGGAGQG,
CACCCC:GGCGCQG,
CGCGCC:GCGGAG,
CGCCTC:GGCGCQG,
GCCGCG:GGAGGG,
CGCCCC:GCGGAG,

CTTCCC:GCGGCQG,
CCGGCC:GGGAAG,
CGGGGC:GCCTAG,

GCCCCG:GGCCTQG,
GCCCGG:GGCAGGG,
CGGGCC:GGCAGAG,

CGCGCC:GCGCAG, GCGAGG:GGCGCG, CAGCGC:CGCGCC, GCGAGG:GCGCCG, CGGCGC:GCGCAG//

*Reversed and complementary motif pairs were not listed.

M1:M2 7F HK FEF A I 8. M1:M2 7552 X
P Z,> 1.64(R1 P<0.05)i, A4 M1:M2 #i% X
SCRA e, BV ) TR X D 4

Bl 10 S T 2RI PRI A0 7 8% DX S5 11 H IS
B BT EUE KT 80% IR B4 X i 4
U-U X35, 25 90%[FRA s U-1 X, HA/b
BOAA R I U-E(4.16%)« E-1(2.92%)H1 1-1 [X 1§,
(0.73%), AT RIWLF B-E I BAA.  tkst,
L9457 T5% IR0 Qi 2 — AN LA B3, [ I 2
U-U F1 U-1 X35 i A AR 02 73%, 110 40 e
U-E Xk (A, A 32 AN i i 4 U-U X
AT U1 XI5 50 35 4 P2 R S 1) 1 B0 X 4
BT T (R 2),  RIMEFAIBAARN #H i U-U X 35
F1U-I X3k, Hrp NF1:SP1 il U-I X4, SPI:

HNF4, YY1:NF1 &l U-U X3k, 1f] E2F:E2F P}y
AN IR IR ZE A K. LI DR b7 e i
P B, RO i d U-1 X3 e i 7 1
e 5 W 2 AR RS s E B A EAEA.
FERIZE, NF1 A SP1 2 W 2 A PRI A2, 1 SP1
A1 HNF4, YY1 FI NF1 Z 8 R $ids e, Rt HE
W E3 5 W7 2 TR BA e s B RIVE vl BARS N
FER L SR %, 5 HK LR ) s ik —5. SPI:
HNF4 1 YY1:NF1 A4t 4 U-E F1 E-T X3k,
T BUERANE T, AN RN S R ] REAF
e AN AR R, (AXMER Z APtHEM. ik
Hh, BEARXTAE E-E AT 1T XSS AS Bl 1) 12k, 2
EN HK JER T, A0S 7 A & AR s 8 8+
IR BEPER /N,
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(@)  Upstream region  Exonl Intronl (bé
| | a 2100
1 ] 1 b E 80
I I S 60
>
L] f e c 2 40
L [ ! d Z 20
I I d;._) —
| ,_l | e = 0
. T UU UE Ul EE EI I
I f [l f Location
Fig. 1 Frequency of motif pairs in different locations
Table 2 The Z-value of motif pairs in different locations
TF pairs Zuy Zux yAT Tir /e 7 Loc-num
NF1:SP1 69.21 2.96 73.3 —-49.55 0.27 -61.92 3
SP1:HNF4 38.74 6 36.24 -16.35 8.86 -45.3 4
YY1:NF1 28.21 2.61 26.04 -14.24 2.23 -30.83 4
E2F:E2F 9.59 -1.1 9.78 -9.35 -4.12 -3.79 2

*Loc-num: the numbers of preferred locations corresponding to TF pairs.

2.3 THEAERRIRXTYEE B HHE T XA AR A T —200~ 300 bp 2 1], FATT40EK
SRR T P AR R AL B EAT 20, ORI 20 AT T RIATE-200~ 300 bp Z [A] KT HL(E] 2b). &5

95% AL T HE K E3iF—1 000 bp I FiF 3050 bp  ARIKIN, BUARTEIZLE X a] ) —Le A7 B H I T U,

DA, AR I LA XA -150~-100 bps  TWI-125. —65. —54. —12. 69. 136 Fll 235 bp %.

-50~0 bp, 100~ 150 bp F1 200~ 250 bp (/& 2a). b, IR 2 AL E AR FiE-65 bp, ARAATE
@ st ® g
< 16
2 Z 14
£ g1z
o G
5 1.
g 508
= 2 0.6}
£ 8 0.4
0.2
0 L L L L 1
-200 -100 0 100 200 300
Position Position
(© 0.14}
g 0-12¢
‘g 0.10}
S 0.08}
2
S 0.061
=
8 0.04}
o JHEL At
0 nmﬂmnﬂmmmmmmmml I} mmmmmlﬂmm.
1 2 3 4 5 6 7

Position

Fig. 2 Positions of motifs relative to TSS
(a) Positions of all extracted motifs relative to TSS. 7: —1 000~ -950 bp; 2: =350~ =300 bp; 3: 300~ 350 bp; 4: 950~ 1 000 bp; 5: 1 600~ 1 650 bp; 6:
2 250~2 300 bp; 7: 2 900~2 950 bp. (b) Positions of motifs relative to TSS in region —200~-300 bp. (c) Positions of motifs in U-I location. "0"
denote the TSS. The windows is 50 bp in (a) and (c). /: =1 000~ -950 bp; 2: =750~ -700 bp; 3: =500~ -450 bp; 4: —250~-200 bp; 5: 0~ 50 bp; 6:
250~300 bp; 7: 500~ 550 bp.
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KA B I 3 546 I, 1154 bp F1 69 bp {7 &
IR I IR BB LE R, A ik 3213 IR
2390 K. IXUeyE R AL TSS Bk, AT
e KT 4 A

HHEZN T e s AR T A AL, TR
ATDRF U-1 X3 (R A4 3 TSS BR @ itk — 22 73 4t
ZERIIE 2¢. A1 95% AR TR F3iF 1000 bp
FIRUF 750 bp LA, REE NS AE, 4
KEBI T TSS Tl 500 bp LLP, 78 TSS PRI
ISR Z . RN S TR FUEX
HR AR 2 ) A AR AR FH I — AN Db B4 R AR A PR
TSS ANHEAIE.

MM Zy = (q=Qf) 1V Of (1) K AL TR RS
M1:M2 [P AN 2 0] (1) 5] B BE 2 (TR PR A4 0] R
B d R, b @ U752 M1:M2 7 HK 5E[A

(2)

Frequency of Mps/%
N
S

T IREL, g, B Qf, 3 il ok MI:M2 7E HK
FEPRR B 1A BE Bk d (SR bR IR BRI 8L, f,
 MLUM2 E SR AR R d A, 35 ey
SEMIEE d N, 24 Z,>1.64 I (log(Z) > 021, P<
0.05), TAA M1:M2 fhff- 75 BEH 2 Va N B, Z,
FOK, RIX PRI, K 3a BoR TR
UGS (I EE 85 o ARl WP LA, KB
73 (> 80%) AR X B 25 /) T~ 500 bp, H HA & T
0% R B 5 /T 100 bp, 1M AT ANE 20%1)
BRAASK P 28K T 500 bp, X 3 WIAH B4 A4 2 1]
PRBSELIT . A A 21 5 T AR AR 1) R B 43 AT R A
PR SRR B 7 AR RS ARL, (Rt AT — e 22 ).
%41, Bikx NF1:SP1 F1 SP1:HNF4 () & /N T
200 bp MLLET &, 7372 65.15%F1 63.01%.

®
1.2

1.0
0.8 i
0.6
0.4
0.2

NF1:SP1

lg(Z,)

0
1 2 3456 7 8 9101112131415

1 23456 7 8 9101112131415

@>500 bp
W 400~ 500 bp
B 300~ 400 bp
0200~ 300 bp
B 100~ 200 bp
‘ B0~ 100 bp
§ 9 10 11 12 13
1.2}
Lo SP1:HNF4
_ 08
%0.6
04
02
0 L
12345678 9101112131415
12
Lol E2F:E2F
_ 08}
%0.6-
0.4
02
0 L

1 2 3456 7 8 9101112131415

Fig. 3 Distance distributions of motif pairs
(a) Distance distributions of all extracted motif pairs. /: All; 2: NF1:SP1; 3: SP1:HNF4; 4: YY1:NF1; 5: P53:SP1; 6: E2F:E2F; 7: AP2ALPHA:EGRI;
8: AP1:SP1; 9: STAT1:SP1; 10: NF_KAPPAB:SP1; /1: AP2ALPHA:AREBG; [2: AP2:ER; 13: HNF4:COUP. (b) Distance preferences of motif
pairs corresponding to 4 TF pairs in distance region 0~ 500 bp. 1: ~ 0 bp; 2: ~ 35 bp; 3: ~70 bp; 4: ~ 105 bp; 5: ~ 140 bp; 6: ~ 175 bp; 7: ~210 bp;
8: ~245bp; 9: ~280 bp; 10: ~315bp; 11: ~350 bp; 12: ~385 bp; 13: ~420 bp; 14: ~455 bp; 15: ~490 bp.
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FH B O BE 28 3 AT 500 bp LR, kAl
FEANT 4 A1 A R BT AE 500 bp LAY (1) 25
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Abstract A lot of researches suggest that there are transcriptional regulatory elements in the first introns of
genes. However, the ways about introns participating in transcriptional regulation are not still understood. In this
paper, we extracted combinatorial transcriptional regulatory motifs in regions from upstream sequences to the first
introns in human housekeeping (HK) genes by statistical methods, analyzed the characteristics of distances and
locations of motifs, and discussed the potential and ways of introns involving in transcriptional regulation. 960
potential transcriptional regulatory motif pairs are extracted in HK genes, and 57% of them are in accordance with
12 known interacting transcription factor pairs. The location preferences of the over-represented motif pairs have
been studied. The results show that about 80% and 90% of the motif pairs in HK genes occur in upstream-upstream
and upstream-intron regions, respectively. This results further support the conjecture of the introns could
participate in transcriptional regulation of genes, and it was speculated that there are transcriptional synergism
between introns and upstream promoter. Extracting motifs are mainly focus on vicinity of transcriptional start sites
(TSSs), and the space distance between two motifs in one motif pairs is short. The preference analyses on distance
of the motif pairs show that 60% of the motif pairs in HK genes are shorter than 200 bp, and 65% of characteristic
distances are within 100 bp. This is conductive for synergism of transcription factors. These results will be helpful

for understanding the mechanisms of the transcriptional regulation for HK genes in human.

Key words human housekeeping genes, combinatorial transcriptional regulation, motif pairs, introns, location
preference, distance distribution
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