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>140 bp (MVEHEN, KHfed CCAA EAMHE, L
WeIPHE & Gy Co LA, LL140bp Ko 7t
(1) J R AT A S [ 1R Bl )V B o] e P A
A, X EAERENINE .

2 #RIANTTE

21 ##

T RFIE R4 H TSR s 2 I %, &4
WETFRPERIAZ, KA 234 40 XIXLEEE P
TFMIER, SZK M7 (microroarry analysis) $
BT R SR e s Rk Bds . S e T Eh AR
MBI Fe—3, 3L 1) 67 AN il sk b
(LS A% >30 mRNA/hr) A 71 MG A% 5% 5 [
(B 3% <10 mRNA/hr)  (YIDB, http://www.
imb-jena.de/RNA.htmD) £ 4 73 HrFEA . ARSI 1T
HEBRWRENE 15 B 4 X 1 W [ 1 250 E
F s BT DIEA A s DR SR A S i B s 1E R 458 7T
AR FRFEAS o B FRAT S FE B Y 30 F1 10
VA TR SR AT IR, 5 SR R LI i A i
() DR LT 8 A0 A B R R KT, AR A A 5%
(1) 35 DRI A A RORE AR B 1 R 1 o 3K 150 B FRAT IR
I IREART IR A E B, Prisas R )
SEAZHE R ISR (M . BT I 1) R 2RI IR 7 41 3%
B8 BWFIX . BTIAREOR AT B T A S R i
DX AN 7 R RV AR e s IR e, AR SOR 4
FIF X EeEE R, A, SR R X — M s i
FETTA AT REAT A 251 R A e sk B R T
P IRIE R, 380 43 A4 O A 8 ) L s A sy 3 T
(1) _E i DX R BESE DR AH (1 ARG X A5 3 T e
VI O #F 5 TRANSFAC H(f) “Ry 3647 7 Do
X, CaemEeEf 2R aes 3 Fli sk T
RAP 1. ABF 1 fl TAF prilfjic h R A I T)
a5,

22 FiE
22,1 TRV ATZERE L G

R I R AU S SRR i X R
P RIS E S FRATTIR 20 B 22 B TR 1) JEA
P EE AL R 2 AR REHL L BRI o 0T 5%
MAF R s s o 25 (M1, M2), b M1 A7 F B
X, M2 TA&F, AT SIEER PR
AT AT I M1 FNEE B AN T SO K M2 22 (R
TRIEHD RS K SCEATR R e, O T ik
SRR AHOCTE ], XE N “UEfRILE” Al

“TEFEVCHL” b Wik — &L LKA M1
BHANEFhA M2, B M1L,M2) 153 R 25 /)
T4 T 140 bp I, BR (MLM2) iT R UL
(short-range match); 4 (M1,M2) [ BE 25 K
T 140 bp, (HE/DNTET 1kb B, B (M1,M2)
JCFEUCAL  (ong-range match).

S CHR91 T, FRATIHTEL (shuffling) 67 4%
o e SR IR P A — 4R R IR B X O RRBE Y, T e
AT ELAF— 2R ) & B, 193] — bl
BUPFIAL, XA BEHLT 54117 51888 42 675
B IXFEEAE N R, SN ASBEYLUT AL,
BB 67 57510, LAE, FRATH FIFE
T RSN SI4L, FF FAEIX BB 51 40 7
H1 AR TR 7 e SGE FE UL A FEC R . 3 —
Wy X TR A SRR AL S Rl — N BEAL T A1
4 S*, W (M1,M2) 7E S TP REUCHEL I e 510 50k
u, WFEVCELFHNE A v (uto <67); W (M1,
M2) 7E S* Ha FEVCHC 5 S0 ECh w*, g R UL RC
TR v* (w+v* <67). MR wu* H ov<v*,
MFR S IEFEVCEC— LT S*; Wi u<u* H o>0%,
WFR S EFEVCHE— T S*. S IEFEVCHL—Bu T
S*, FoRAIXETF S*,  MIM2) #F S LT
B 140 bp LA R S FEVUEC— 2L T S*, Il
FRMIXT T S*, (M1,M2) £ S b 5 U1 1 5 i
i) 140 bp LA I o UEFE DU —B0H T F0 3z F2 VT i —
S0 [ 2 (6 S* St A2 EANAHZE ) o
2.2.2 R R AT R B AT 1 1 TR S A T
[L733)

HA e s W IR FH ) SEA% T RO B BAT B W R
BENLEERRAE, BIX LSRRI AR / AR U BC ) &
IR SR L DV ERON 2 ) Sl AN [R) T BE LIS L. X
R FH 5 B AL AR A0 7 V2R B IO R 5%
R E T I S R X . D E R R (M1,
M2), A SEIER AN S, N ANBELT SN S,
(=1,2,-*,N)o B IM=#({S|S IT FLVCH — L T S,
i=1,2,++,N}), OM=#({S]S iz F2 VT fic — &4k T S,
=1,2,- N} b “#” FRoRxEASRKITEMAD
e, IM R OM 43 5 oR S I FEVC R — 2 T bt
HUF BN IASBOR S S FEVT L — Sk T 1 BEN L 51
HIANE TR RN, 2% (1, M2
1 AR VT PC 1) g U s BE RO 5 48 2 — B0 T s
VERCHIBENLIT 505, B AT I AE P=1-IM/N; i)
MK RVER, ZAE M1,M2) IEFEUCELT)
PR SR RS PRI 1 08 2 — 30 T I FR VLT B AL
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AR, KA P=1-OM/N. % TIEFEUCHDL, FRAlT
B P<0.05, B} M1,M2) ki, #isk S IrFEULid
—HALT 95% UL EBENLT A, AN (i1,
M2) N TR FRE AR R s ASion -z 2 DS e i
THOL, B TIEE H BN, ATPRRAEFTEL T IR
FEA R IR T BETE IS LUK, BT LA T RE DT
BC IRt %, FRATTH PR B/ — 28 (<0.02 8K
0.01), PAGRIESSRIIER . K 1 kDB
FATFFERL N=30. 100 A1 1 000, FERAEIX = Fhi
LR, PAEESEEL/NF A e M BE,  IFE N=1 000
IR PAEAE ARS8 1) P AL

PR H A 0 5 B g 1) P () Y R SEAZ AT R AT 2
i, FAG T IR LA T R AT 51 b 147 B o)
Al 8, W EE B A B AR E 2= 4%, LAk
HF 5 6 R B [0 1 FH AN R P /) 4 FH 1¥) DNA 7281 45
FIRFAE o FRATDO DY FAZAF R AT T IR 2 #r

PERE F L 8 1T RE R R RE R RE e S W [R) 1 R
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31 ERENEMERMNEEREERY

XF TR EAEH, P<0.05 I ] BE ¥ DY A%
BRI IR 1, TR WA 20 RrphE— 474l
G T AR RER GEREDRIVERD SER IR
DEIINIE S o a0 o (AN i Y Y WS ST 7B 2 e
Hes AL b DIV A U 7 A7 5 2R 1 U R
B SRR I B B P . fil
PR IARMEZE . LU T RE- S5 AR R 0L i 5 45 1
KA o BT ATIX S5 BB 7s T B IR AR I 32 A
Ko HSHEICRRII0TEIRAN L, BATHI I T %
MR B AR AE RS, 3K T S W dne s B B A )
HIORERE

Table 1 Potential synergistic tetranucleotide pairs within shortrange and related information

(nearest distance <140 bp, P<0.05)

M1 M2 P s_match up_mean  dis_mean std F1 F2
CCAA TAAA 0.006 34 31 71 32 R/T R/A
AATT 0.006 27 31 87 34 A
TTCA 0.001 31 28 85 32 R/A/T
TATT 0 36 34 89 28 R/A/T
TGGT 0.029 17 25 96 31 R/A/T
GAAT 0.003 28 29 81 30 R/A/T
CACG 0.019 14 22 82 23 R/A/T
GAAA TAAA 0.022 42 34 78 34 R/A/T R/A
AAAT 0.003 45 30 83 31 R/A
TATT 0.002 44 34 85 30 R/A/T
TTAT 0.001 44 33 83 27 R/A
ATAT 0.026 32 33 89 34 R/A/T
GAAT 0.016 34 33 83 28 R/A/T
TTCA 0.002 38 28 81 30 R/A/T
TGAA TTCA 0.005 36 41 91 26 R/A/T R/A/T
TTAT 0.013 42 43 92 30 R/A
TGTA TTCA 0.012 34 40 94 33 R/A/T R/A/T

The bold denotes positive regulatory motif. "M1" and "M2" denote the motifs in upstream regions and introns

"

respectively.

average of the distances between M1 and translation start site.

nearest distances between M1 and M2 and "std"

is the standard deviation.

's_match" denotes the number of matched genes within 140 bp range. "up_mean" represents the

"dis_mean" represents the average of the
"F1" and "F2" represent the

transcription factors which may bind to motif M1 and M2, respectively. "R", "A" and "T" represent RAPI,

ABF1 and TAF, respectively. Similar notes in hereinafter
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Table 2 Potential synergistic pentanucleotide pairs with shortrange and related information
(nearest distance < 140 bp, P<0.05)

M1 M2 P s_match up_mean  dis_mean std F1 F2
ACCAA TTAAA 0.012 11 20 57 28 R/T
TATTT 0.016 14 20 81 21 R/A
TTTAA 0.012 11 20 57 28
AAATA 0.016 14 20 81 21 R/A
ATAGT 0.019 8 28 80 32 A
ATACC AATAT 0.037 10 47 97 23 R R/A/T
ATATT 0.037 10 47 97 23 R/A/T
AAATT ATAGT 0.023 12 46 104 27 A A

AR B A K AT R VT 0 e T B PR A
140bp LL'F, (HMFE 1 F1E 2 W LLEH, &L
B AAE 110 bp LR o fedln BE B bR v 22
AR/, ¥7E 35bp LLN, 2R WH 55 dm 8 5 1) 43 A LE.
AT . BRI KU, K1 SRAES TS
2 SCHRR[10]H B 2 IR DAL AT R X o i IX I DU %
T CCAA {HAHER, 'E1E 84 bp W[l M/ #r
WAFRNT . RN SR IE P A4l X R,
CCAA JLHIIL 313 UK, I0Ai T 62 J% ian I s B ]
(B3 Dx, SPIREAIE N BN 5 AN R ALY
B oy M, BRI B TR T ACCAA GGR
2). AR, CCAA ZHFIFEU FIEH M LT RN
1 B — AN W R . A RE & CCAAT
box MIFIfE. sz b, CCAA HIEEThfE O 4ptse
I BT UESE2B, gbAh, M up_mean {HE, LUFHIJL
AN FERZATIRAE T 5 P 0 7 B D0 — 2 18 2 A
fIE, CCAA pREE PRI Midit; TGAA F1 TG-
TA T —2%, XA SERZ T RIRAEL, H AT
H TGWA. X FE AT B RFAE 1] §E 5 i sk P L)
HRo MNERTAER 2IETTULE, RS E
%2 N VUAZFF R A ZE A
32 KEMEERMEZEERIT

3 HIH T O B IR A 0 DY A T R
XF, X HEIRATH P<0.01, BPZEsR S g fE UG Al — 2L
T 99% UL EIBENLTHI41. 3K 3 T LA
XTI R FH 10 SR T RN (%) e 3 B 2 1) 145
fHAE I AE 250~400 bp Ju H N s FF H B0 BE & 1 AR

HEZERERK, RWHE AL s A BN 7 . MeANEAT
—AMEAFE R I GO R F 0 SR T IR
P, BN O3 ER GC FE MFE SRR AR T
P, Al BE 25 30 3 45 47 1 1 FE 25 22 4E 200 bp LA
b RPN, WS TE R R R
P IRE e R b AR OR B 3, i HLax 2
W B [7) R P A A s R DR e e o o E I o

7 P<0.01 FIBIEIEH AN, WA E2 IR
PR, I O RO FAZ T RRAEFT L T I BE AL
JPA R EA LA RN Rk E M2 . At
TAGE T 34 PAEHA K L8 (<0.05) 14
W3 4.
33 AMEERMILRSEKA

X T A AR FH PR S A TP RO 1R i oA
AT W R 22 5o SRR B IRIVE I IR b3 ook
AT, MY FEAER B E & GC. £ 3 H
I T P<0.01 (&SR, F5E b, 78 PR L
(P<0.015) [ TRz, KARUFIAE IR i
TG E & GC I, il W GCGC. GGCC.
GAGG 5. MWW FkE, Hrhii el
28l 5 FAER, A TAAA.
GAAT. ATAT %, 1 H-— 28 0 F4E 7 71 Hh i i i
Bl SRR K W E A W, W TAAA
AAAT 5 AATT % TAAAATT, %%, W& T
X AP (module) 5 L IX A AT fig 7] i
KA PRI FAE



Table 3 Potential synergistic tetranucleotide pairs within longrange and related information

R B35 P95 1 R] BE A A RE AR e e i [ 485 25V

(nearest distance >140 bp, P<0.01)

M1
CGGC

ACCC

TCCG

TGGA

CGGG

CGCT

M2
TAAA
AAAT
AATT
TTAT
TATT
ATTA
TTCA
TATC
GAAT

TAAA
AAAT
AATT
TATT
TTAT
ATTA
ATAT
TATC

TATC

AAAT

TAAA
AAAT
TTAT
ATTA
TTCA
GAAT

TATC

o o o N

0.004
0.001
0.006
0.009

0.004
0.003
0.006
0.007
0.009
0.006
0.006

0.003

0.009

0.002
0.001
0.005
0.003
0.002
0.008

0.008

I_match
52
52
53
51
50
50
51
51
53

50
53
50
50
50
54
55

55

46

47
47
47
47
49
49

56

up_mean
201
201
199
202
203
203
202
202
199

233
235
225
235
235
235
217
219

207

176

226
226
225
225
220
219

189

dis_mean
266
264
302
276
269
291
280
329
294

300
305
338
309
315
332
331
355

335

251

293
294
303
322
296
321

314

std
95
88
127
103
95
119
88
137
105

103
99

119
97

104
127
113
122

142

86

91
93
95
113
95
115

142

F1

R/A

R/A/T

R/A/T

R/A

R/A

F2
R/A
R/A

R/A
R/A/T
R/A/T
R/A/T

R/A/T

R/A
R/A

R/A/T
R/A
R/A/T
R/A/T

A

R/A

R/A

R/A

R/A
R/A/T
R/A/T
R/A/T

A

"l_match" denotes the number of genes matched by the motif pair within long range. Similarly in Table 4.

Table 4 Potential synergistic pentanucleotide pairs within longrange and
(nearest distance >140 bp, P<0.05)

related information

M1
GCCTA

M2
TAAAA
ATTAT
ATAAT

P
0.044
0.048
0.048

I_match
38
38
38

up_mean
281
281
281

dis_mean
429
413
413

std
199
169
169

F1

F2

>

281
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N T EDULH TP S RN A e S S
DRI R o3 AR TRAT TRt PR SR A T OGS 1 ik
PNV R I o T a7 1 %75 T YBLOS7C (£ 45
o KEIEDP PRI HAT . RAVHKRE
FRIPRE T RE R TR, Al R RIZ i B AAORS
FRIBRE TR G IR A A I A DU IR Ch T

fAf AR UL, FRATTEbRTE T VU AT IR X ) o 1K
A PURZEF B 6 ) CCAA FIT TAAA XN T % R4 1
AR, it 69 bp, 1 CGGG Al TAAA
XN KRV AR, i g5k 222 bpe PN
W A7 R X AR N B ) e ok I IR 45 T A R 2
TAAA.

-+-(-178)CGGG"---(~25)CCAASCACACC---[42]---(+48) TTAAASATTTT- -

Fig.1 The illustrations of motifs and potential synergistic motif pairs in YBLO87C. Square bracket and the bold

number in it denote the 1% exon and its length. Motifs are denoted by upper cases. The number in a round bracket

indicates the position of the base on the right of the bracket. The position of the first base of the 1% exon (i.e. the

translation start site) is "+1", and its adjacent position upstream is "—1". The underlined bold bases are two synergistic

motif pairs. The symbols (L or S) on the shoulders of motifs indicate the types of synergy (longrange or shortrange).

ORI P R FOO 0 30 e 41 e 222
St AHRRUER, B FIAE DO I R AT IR GC
TR, MNE TR TN AT WA,
1M H XA R Z 2RI PRy BRI AL A% |
B, REEEIER B2 5 W& 11 GC &
eI 30k 38%F1 33%, TTAHN Y AT & &
3N 62% A1 67% . W HEIX LEBE K AN BT
(P H e SEABENLIT, AL 5% B 7 it 22 o AN
S IE AN K I AL IR A N 22 5o IX B U0 L
RN TP I AL E 2 EBERL s B RAE
SRR b Wit X fh EAME LV r 5 2 5 )
[ FH (10 % 53 ERL 7 R 4 FTL A G

4 i e

FUZSEN KN & 1 AP AR e SR AL R BL SR
CAHOBOREZ (SR e s, — LSRRy ) R
W, N7 5 R L R A B [ R 4 A ),
(B RXAH B R A T LA B Z . BT AR SE
WP A A DR e s 42 v FR 4 D A B e ke A
FE, 0T S fiAt A DR (1 R 42 L B — TR R (1
TAE. BATRTHIRIWIFIRR NN & TR AT RES
SRR TN LS E U VR Eat S SN
3] S 2% SCHR 1010 retr MU Si 3k DR 267 s P 21
AL BT HE— 20587, WS TR R R
IR EEAT e R ORI . i HAR S T
RE PR B [l 42 oo LU B

VEAN AT B 25 RK R, S N R RE 3 [R] 4
I SEAZ TR )P By i B A ) 110 bp (e
F 104 bp)s 1M N R B [ 1 P 110 S A% IR

(1)1 34 f 3 B B #8250 bp (B fi & 251 bp) e
R, 7E 110~250 bp §i [ P 50 F2 FH AR B F) 4
AN, IX RPN A AR B FR AT
P11 P i1 s v R e N S N R TGN
SRR XS, AT 1 DX I 4% oA 0 R
A, IF HHEA & A MRAE . X i 89 - AT LA
140 bp A R Bir IR LRI B R VE FH 1R 20 9t i
V=P

BLAZ AR D B R T R A
TATA-box, SRR BFAZREARBE DR 2 /Mo o o 9 B
MR BE D B P oA k= TATA-box, HAH
I (¥ Ty fie 22 1 Rapl B [ 3066 -k 5¢ 9. 78
FRATNT e B AN S BE I RV BE AL KD 1) bt
o Coig 2 B EN ST, #REH R A S
TH RN TATA Joff, &880 214 £ 11 Rapl
G F AR, XM ERAT 2 AR .

FEDR s 2 — AN 2R e, DR 4
AT IR (BN R #nT RE S e sl r
A S EIRATIAEIX L BE PR [ A S R £
PO AL, PRI P AR SR DR (R A S 57 (8 A 4 7 )
IR R A . AR EEH RGN F T S A B
I (AR08 EHCR, HZZIA
PN B PR S 7 T D) BETERFAE . XTI 48
LR A>T R 52 2% 428 P 468 DG R (A S AEAEREAT o
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POSSIBLE SHORT- AND LONG-RANGE TRANSCRIPTIONAL SYNERGISTIC
REGULATION BETWEEN UPSTREAM REGIONS AND INTRONS IN YEAST GENES

ZHANG Kun-lin*!,

ZHANG lJing',

LUO Jing-chu?

(1. Department of Statistics, The Center of Applied Statistics, Yunnan University, Kunming 650091, China;

2. Center of Bioinformatics, College of Life Science and National Laboratory of Protein Engineering and Plant Genetic
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Abstract; Based on the mechanism of DNA looping and bending obtained in experiment and with

the cutoff of 140 bp, the short and long range potential transcriptional synergy in highly-transcribed yeast

genes was studied. By comparing with random sequences, tetra- and penta-nucleotide pairs whose nearest

distance were within the range of 140 bp and over 140 bp were extracted. The position distributions and

base constitutions of these extracted oligonucleotide pairs were analysed,

the result showed that the

average nearest distances were less than 110 bp for the short-range synergistic oligonucleotide pairs and

CCAA was a noticeable upstream instance.

For the long-range synergistic oligonucleotide pairs,

the

average nearest distances were within the range from 250 bp to 400 bp and majority of the

oligonucleotides located upstream regions were GC-rich positive regulatory elements.
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