2005; 32 (12) EMUFESEYYNIEHE Prog. Biochem. Biophys. . 1185 -

ANZE pol I BoFEIIRSA
B EY OFAE”

(WS R R, IPRIERE 010021)
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N, T EAZ B8, 45958580, 18
A5 FH 55 SCHR [ 14 TAH ] 7R 5090 2 L R AR ) 142 1R )N 5
SRR A A N, ARSI SR K B i S A
F Prometheus V%5,

e s AR AT RCRRE AR 08 A7 A2 A BE KT A
SCHR4] FAL B 24 S HTfIA I B SO AR S 1 18 A
JEFC I T AT, 2 T 1k
EAGAL RS, R PAVE R 2 BT AR — > A
AT R, FLAE S5 TSS 1 5755 200 bp, 3 i
100 bp 130 [l Y #BSECIE A (SCHR[16]1) TSS il 4
FHIERRAE). FHERATTR 77506 EPDPI AR f) TSS 33t
AT, NS R T I .

1 HEFTTE

1.1 HE&E

BAME A =303 26— NRHB)
T N A B AR B 1 Sl 35S 82 Wit (The
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iE 50 bp) A KJE BT FA, F LA T AEbIX
S “N” (P51 26 4, B4 1845 AN H8h 77
F1I, BEHLIEE 1000 A7 FE A YIRS, S5l 2k
AT 800 AME A AT I IEAE. 5 AR R B TP
Hik | N 22 5 LK) CDS Al Intron, %504
T 4% B http://www.sanger.ac.uk/HGP/Chr22/, H:
CDS A1 Intron 43 il B AL HK B2 24 300 bp 19 500
H11000 2L 1500 D @oAE AR tE, FRBENLIE
H YT ZREE AT Intron JF 51 1 000 ANE A8 56 47
. = EN I E SCHR27], A NS 22 S fk
M2 LR IR ) 20 a8 1 ¢4, Horp NCBI %
SE5ON “AB016655” 111) 2 1 /7 71 Kl mRNA V1R
ORI, AEASCPEARH. R 19 M A BT
JEHWE R T — e Ak
1.2 FHEHWEIT S

YN ZREEKJE S 300 bp 111 1 000 AN 37 ¢ 51
F 1500 ANEJE B TP S 25/ BT G i o b, 4
RAEW], CDS X 4 FlihE i) 7 A W Sl 52 30t =)
WIFFIE, H GC & =ZEMm T AT & &, Intron [X
4 FREL LS A, oG R A, 3
ANEJE B 77 51 DS b R 3 A 2 AR AR . S8 3l
TIX 4 P AL oA B WA E TR B T X, A
GC Fatl i m T AT &, HBEA ) TSS MFEL
GC & BEZE W IN. £6-30 ~ —20 bp X [A G IE 5> A AT

MR AR, Wiz TATA HE, 78 +1 47
B UR T B TR R SR R T PR T N EA R T
Inr DX (&), diik, P20 A2 73 e ik i U S 3 1
DX EARRE I IEEAAT R, R AL s 1 R
PR AL 2 J M PUE B O T S W)k R
GC &bl s A2, JATE T GC &=
K D, XHEALIBHE N ES 7 X 54 R 3
T X GC &R, IZJE oD EEAR)
R,
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Fig. 1 G+C content distribution of promoter sequence

and non-promoter sequence
The G+C content distributions for 1 000 promoter sequence (denoted as
A), 500 CDS’s (denoted as O) and 1 000 introns (denoted as []) are
given. Sequence length is taken to be 300 and divided into 60 intervals
(each interval contains 5 sites). The percent of bases G and C in each
interval is plotted.
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3BIEAIK,  Cax64 YEE X..

c. ML GC & &R MMRFIE S 5. AL
—250 bp : +49 bp 14} 5 bp MG GC &, & X
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Table 1 Definition of classification parameters (12 ID and 2 non-ID parameters)
Parameter ID type Source of information Increment of diversity
1, 1D,(4%) 6-mer frequency in 250 bp : — 49 bp ID between X, and positive set
I 1D,(4°) 6-mer frequency in =250 bp : — 49 bp ID between X, and negative set
I 1D4(4%) 6-mer frequency in =50 bp : —1 bp ID between X, and positive set
A 1D4(4%) 6-mer frequency in =50 bp : —1 bp ID between X, and negative set
I 1D4(4%) 6-mer frequency in 0 bp : +49 bp ID between X; and positive set
Is 1D(4°) 6-mer frequency in 0 bp : +49 bp ID between X; and negative set
I IDAC¢’x64) tri-nucleotide freq in =29 bp : =22 bp ID between X, and positive set
I IDy(C¢*x64) tri-nucleotide freq in -29 bp : -22 bp ID between X, and negative set
I IDy(Cs%x64) tri-nucleotide freq in -1 bp : +3 bp ID between X; and positive set
i ID,(C5%x64) tri-nucleotide freq in =1 bp : +3 bp ID between X; and negative set
Iy 1D,,(60) G+C in 5 bp interval in —250 bp : +49 bp ID between X, and positive set
I, 1D,(60) G+C in 5 bp interval in —250 bp : +49 bp ID between X, and negative set
I3 — non-homogeneous index H/ in =250 bp : +49 bp —
Iy — frequency of first 56 motifs in =250 bp : -1 bp —

The second column gives the ID type of the parameter, the number in the bracket behind which denotes its dimension. The third column indicates the

increment of diversity of X with positive or negative set. /;; and /,, are non-ID parameters.

212 #R

SR 5 TR 14740 [A) 1142 R DI 2 4 B A 56 4
RN ZRIEEALTT 1000 AN a3 sh 7751, YIZr it
1500 MEE B4 (500 4~ CDS JF 4111 1000

A Intron J7 A1), K54 AL HE 800 4N JE 31 /741,

1 000 /™ Intron /541, 19 A~ 525 56 4UF (1) A 2K 22
CF QRN SRy R A7/ 8 vk v i VA 7% S
H IDQD YUHE, fEBIE & =0 I, ZiHR L 2.

Table 2 The result of promoter recognition by use of IDQD
Predicted sequence Seq number  True positive(TP) False positive(FP) True negative(TN) False negative(FN)
Promoter 800 741 (707) 0(0) 0(0) 59 (93)
Intron 1 000 0(0) 60 (97) 940 (903) 0(0)
Human chromosome 19 (20) 17 (20) 0(0) 0(0) 2 (0)

22 experimentally
verified promoters”

Numbers in bracket are results give by Prometheus. "Twenty promoters of human chromosome 22 can be found in [27].

SCHR[14] X BEFLBEIE 100 /N5 3+ /5 1 F1 100
AN Intron [ 41, FIILAEIEAT Y 5 AN A 37 I A AT
BEAT TP BE ) LEAE,  FRAT TR 2 IR A2 3k AT
Lo, & SUBURYESRAR S, FIRE R IERR AR S, KARC R
Hocetr:
S,=[TP/(TP+FN)]x100%
S,=[TN/(TN+FP)]x100%

(TPXTN)—(FNxFP)

V/ (TP+FN)x(TN+FP)x(TP+FP)x(TN+FN)

CcC=

(7

Pl g RAAER 3 . ATLLEH, AW
IDQD HVEAL T BLA 1 oAb U 5. 55 A FRATTie
BEHLEIL 7 100 /> CDS JeAaeAT 1, 4584
TP=0, TN=97, FP=3, FN=0, Sp=97%, CC
=0.90. X 5 IDQD HEKH T 10 Fr48 XA 4.

FiAh, R TSR IDQD SV Y T fE
71, BAERFEN G E AR ESL T, ISR
e I T 1500 4 Intergenic ¥ 41 (Intergenic ¥
FIBLE N 22 S k), FHTR AR ZEAT
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TSP HR5. BEHLER T 100 4> Promoter J7
HIF1 100 /) Intergenic J741), KH 10 128 XA 5K,
£ €0 =0 I BEAT T, 45204 TP =89, TN =95,

FP=11, FN =5, S5n=89%%, Sp =95%, CC =

0.84, EIAEBIME &= -1 WEEAT WO, 453 Hh
TP=92, TN =94, FP=6, FN =8, Sn=92%,
Sp =94%, CC=0.86 (LLE% 3).

Table 3 Comparison of the promoter prediction by use of different computational methods

Algorithm NNPP TSSW PROSCAN
S%) 32 60 40
S,(%) 34 65 56

cc 0.34 0.27 0.11

DPFinder Promoter 2.0 ~ Prometheus IDQD
38 50 86 93
64 54 88 92
0.18 0.20 0.74 0.85

The data listed in 2 to 7 column are taken from [14]. The last column gives the prediction accuracy of our algorithm. Each value is the

average over ten stochastically chosen groups in test set which are independent of training set.

AITLVE . IR AR A AR i Intergenic
JPg, HE RN AR BE R AN, KL TR
M) T 57 S 0 4 ) [ AL i 1) 3 — 20 AR A
3.3 FITHE R4 H.

22 WEREAMSAIRS

221 HAEHEM K. X EPD F 45 i 1 845 4N
)T 7 B\ e S AR A s (TSS) FIE-2 bp @ +2 bp
(0 {7 4 TSS) (1) 5-mer FEATHEZR, 3T 543 Fh
5-mer, F$iX 543 Ff 5-mer VE A AEN TSS (TSS (1)
AT REAIE ). JEUU a0 R TSS A7 AU T /E ki
M TSS X A (RSE), H4 T Fifkishie, &A1
1 A BRI AE VB AE 1) TSS Ju . 53 415 18 B K30 7
f) TSS 5256 K5 FE 4 100 bp2e 230, HLAE 3E 47 7] Bg
100 bp FPADREAL TR, FRATTH TSS EJiF 100 bp F
LR ) T AR ANMEAE TSS, LA S-mer A% 00 i)
HUARI 250 bp, [ #%HL 50 bp, £33 300 bp K1)
R4, A R B A I — S R B (b T
N” SR A), $bra, 4kekmuidR. 78
TSS Nt L 48 % . EPD 45 1K) 51 4
-9999 bp : +6 000 bp (0 {7 £i4 TSS), XFEFATIY
RAFH] 260 023 AN EE A 300 bp EEITS, HAE
JP4H 1 845 ANKJE 4 300 bp (=250 bp : 49 bp)[¥)
JF B2 k.

222 ZHUE X T XF TSS YL B 45 7 51 2 70

TSS MTIER, Lkl 307755 CDS Fl Intron
Feplm e, HAESMREMZNE N, BRI
J, AT TSS TR I 2000 25 500 BN 22 i 4.

a. [AHT, B 2.1 5 (a) 4

b. RPN R SF PR E S8, A1 5303
=29 bp : =22 bp [ 5E 7 KUK Bl AT =i B A
W o L Cex64 4 n) it X, Fl Cdx16 4 i) i
Xs; —1bp : +4 bp [E AL BRI . 2L, =
5 0 DY B AR, 43 0 58 S Gt x4 4 ) B X
Cox16 YE 5 X,v Cdx64 YE 5 X, Fl Cx256 4 [H]
i Xos

c. EX3IANEIDFEESE, BN IEEM
SRR T | 30 A B4 e H1 A e, 5 AN 2
250 bp : -1 bp 1] GC W%, % —=A~J&-31bp :
+49 bp 1] GC BAL. 1X 3 NS EEBAE R AR
ST 3 AN JCER.

223 &

X1 845 ANFLAEFF IR 260 023 AMELEFF 41 4
AT T VARG 10 728 AT, 45 W3R 4.
F 50 eR B B B FEA O €0=—6, AE xRt 45
&=0 [FI T 45 5.

DL SRR, 7F &=—6 I TSS KTk &
29 86% , MEH 225 &5 3 000 ik 1 4>, 1t
45 O AL TR T e,

Prediction on transcription start sites by use of IDQD

Table 4
TP FN
&H=0 1352 493
Self-consistent
fo =-6 1747 98
10-fold &=0 111 73

cross-validation &=-6 159 25

TN FP Sn/% Sp/%
255 748 4275 73.3 98.4
237207 22816 94.7 91.2

25587 415 60.3 98.4
23 804 2198 86.2 91.5
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3.0 ARSCHAE A 37 AR R 31 AR SR R
ZE0) s NI 2 RIS K ORI o M S
XFNZE Pol IR 21 P S HEAT TR, T 45 2R 3%
], IDQD J7 V& Re 8 B i iRl JE 20 17 B R 5
AL 5, T BUA IR FAR TR 5 3. — e,
FAAE A HEEASIEC O Aok Rs, I HE i) 3O06E
PR AR HERE S (bR B A RERAE ,  IXHE Y
AGEH T XM Z PR, A2 D)k
BEAT 72 ID e PR A 22 S P BE R, AR
AFBSEREA R ID b, B IR TARAEREA R S
AREPE AR, ARAEREAS SR L5 K, L A i 19 1
AP ATARN I PR TR A P A W] BEAR . 3
TAERAR R4 T FrIOREA (U 2558 ) b RS S 1
Z IR RS AT 22555 AN SR Sl I A AT A A
vh XAEAT T ID R DA PR 20 A1 1) 22 501
1, AFEAEMGTHRZE. S8R, XA R ASLN —
ANJEFR, BURAEMEARTE I, AHIEA S 4
IORURIESE S

3.2 75 IDQD ik, MEHUbRHE 2 A U5 G B
(K125, SCHR[251CRE B hnvfE 2 PR PRI (IE R A
HEZREVEUR), T AR SIS XUbs v 22 FEPE YR (IR 2R
PRAE 2 FEPEIEN SR ARUE ZAE IR, M FRATT A SR
ISR, — BOSEEL F R R 1 12402
ERERLEF Pt SHIRE S Sk S RPN 1f S
BRARIIIR 1y BT DG 258 3, BAT A DL
FERTIHR L) 1A I3 R

3.3 JPAIERE BN s ARG I e e R
(1] IR S o K ID AT AR LR A 0 pR B € 185 5, A2
IDQD Fk B D SEARAIE. fEUR AT, 2RI
B DR AE € AT, B & LR ).
P AT 256, X — AN, SRR
(FEZHEMGIE, IESSREAAE 0 ML R
T AEARSA B PO s e, BATIWTIE T IESE
PPt & AGERFP IS € Z AR AR, Wil
2 Fus. A48 AR P AU BN, B IE AR P 51 B ik
by SRAEPI BEEHAE I AR RSP 5140
T 200 &I, EE NS AL, BARERT 2
i R AR RS € IR AR A BN, Bl fAR
JP S ELIA gl/b> 5 de Ae A0 Jo d f  gi AR B 8 17 A2
W, TEFES TN T 500 450, ANREAT I T
FIMNEE R AR I, IERFEASCE 4 E N,
1M HAGAR, i A AR B2 — A K (R 4

ey WA TSS B A SRR AL Ok 1E 4R
FEARELR) 140 £, XAEIE R, Al A0 BE &
Hf, R EEFCE AR, WL & %
) 0 &L, ST FMRS B AR AR L R, AR
W, FEIEFEARKCKT 200, SiREAKECNT 500, H.
B ESMAERARB SN E T, 1 &€ Ml
E BRI TR, 45 RBEFEARZ AR DN T 2%.

&

770 150 300 450 600 750 9001050 120013501 500

Sequence number

Fig. 2 Relation between the choice of &, and the
sequence number in positive and negative sets
& is the best-fit threshold for given number of sequences in positive set
and that in negative set. For 1 500 sequences in negative set the &, value
vs the number of sequences in positive set (from 100 to 1 000) is shown
by []. For 1 000 seuences in positive set the &, value vs the number of

sequences in negative set (from 150 to 1 500) is shown by O .

3.4 MREE ORI SR E RS O, AT R A
2R (VEYN W EPD i i #5 #9 http://www.epd.isb-sib.
ch/current/usrman.html): a. ¥ A 5 S 2K, Ik
FERT 90 % ¥ Bl 32 41 1) e ke 4R A7 1AE 10 bp
L, EFRATIEH 1 845 N AK BB st
A 348 M E TR b BRI M, KK
T 75% R 5 e AU e SR SR A7 1 AE 20 bp 1 [
N, 17408 A e BIRIX R 2K IR T 75% 1A
)17 A IR e s34 A7 s 7E 100 bp YOI, AT
1089 />, BT Kb R 2K, ACBuh T IH ke
100 bp R — N AE TSS (IS, e 3047 50 U Ay
FEIR T, 4 TSS WSk e ittt =%, {7
Rt — I TAE.
& % ¥
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Human pol II Promoter Prediction’

LU Jun", LUO Liao-Fu™
(Department of Physics, Inner Mongolia Unwersity, Huhhot 010021, China)

Based on the characteristics of base distribution in promoter and non-promoter region the method of

Increment of Diversity with Quadratic Discriminant analysis (IDQD) was used to predict the pol Il promoter in

human genome. The prediction has attained accuracy higher than 90%. The transcription start sites have also been

predicted successfully with sensitivity 86% and specificity 91% , better than other top softwares currently
published.
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