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Abstract Finding motifs is a significant computational problem in bioinformatics, many models and algorithms have
been proposed to solve this problem. By reason of the complexity of DNA sequence data, there exist lots of subtle motifs
which are much more difficult to be found than strong signals. Up to now, the planted (Z,d) motif problem and the ex-
tended planted (I,d) motif problem are two suitable models for finding subtle motifs. This paper generalizes and analy-
zes the methods and strategies of motif discovery and the motif model as well as points out their advantages and disad-
vantages. Based on the above work, this paper further assays some main present subtle motif discovery algorithms
through experiments and make a reference for the users of motif discovery. This paper also provides discussion on some

unresolved problems and development trend in this field.
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He K ZRFFIEGHHEARPMN SN EES. PETN
M HABIR SSRGS AXRARTX — nPCHEXF
RFTIHE . BT E R PRI FE S B A B Y SE PR T
NS94, B (BB 2 s, NAFTHFE RO 0 MB,
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nPC=

5.1 #AEBESHETLR ‘

ER(ESHE AR S FWER R, KEREEAER
s g S — SR 7 A B A R A B 8 R Y
HEFEERESE., MR 2R, TAEEHRIAT 20 4EA
(8, BB H £ IBEF s BB BRI 3RE , MotfCut #3715
EERRSKEMEREREE FEMBERERS,
T NFAE#E5 T Pattern Branching 8 &, Voting Bk 7Fig
TR R T R T K B AR 52 AT M BE R ECRIAL
R L R BN A A . X 5 Voting BIBTTHS R+
BIEEFESSIEHEHELRR.

#2 EBRESHAGOMEE L LRI BORNTERE+
BFEFER 20 Arb RN EF R0

.53 MC PrB PaB RP UPNT Vit
%21 20 20 20 20 20 20
B ] 703. 3.2 1.4 9.3 0.7 0.01
k=3 147 157 253 145 139 148
nPC 0. 97 0. 99 1 0. 99 0. 99 0.77
nCC 0. 98 0.99 1 0. 99 0, 99 0. 87

MEEHEREBE LR AXRTHHRA MC %
MotifCut, PrB £ % Profile Branching, PaB f{ & Pattern
Branching, RP f£% Random Projection, Vt {3 Voting B,
5.2 BAUDBEHRESHYBEXE

R SCER( 6] RIGEITHERL, 7] LIS 4 38 0 [ XERY (10,
2),(12,3) . (14,4) . (15,4) . (16,5 F(17,6) XA HiE g+
BHEFHITHA—-T—BFIINBESHHEES DN E
(10,2) = 6. 1e—008,E(12,3) = 3.19e—007,E(14,4) =
4, 2¢—007,E(15,4)=2,17e—015,FE(16,5)=2. 33e—007,F
(17,6)=0.88, MEEKXT | Wif, EFRBHBES L

FMAAEBESHTRHEEFEREBREEME, X TX
s HE R ERERM RS 1, AT LAY BB M ik &
FESHCRI6 A A Q7,60 BT ILEARORAIFE) .

®3 AHEABRS GHEREIRE ENSRVHBITHRT

I,d MC P:B PaB RP UPNT Vit
10,2 1019 3.8 1.4 56.9 1.7 0.6
12,3 357.6 16.5 5.8 218.8 12.4 12.3
14,4 4644 18.4 5.5 466.9 112.9 167
15,4 1163 26. 4 7.1 127.1 7.9 314. 5
16,5 1116 16. 4 4.9 1008 953.4 8.1

17,6 5275 27.5 6.5 35658 6280 28,1

RIMEK A A EZIARTEEE P HEREHEENIE
eI AT M B, NEFTUHEEH . T I Md W
B, B T L BBE SRR S AH Y MR Kk, (RS A R 7
AWK, B EAER LB R T R R E O B R iR 3
SHEAERPEN. LREXRY, 2 T8 E K E E (Profile
Branching #l Motif Cut) ZEiZ T A FI R Zh R F @RI R AL
FT—BFFImE .

F4 FHEABRESCOFREEE LSRR RN L GR%
PEFFIS 20 4 TR E A B0

I,d MC PrB PaB RP UPNT Vit
10,2 1 5 19 4 20 20
12,3 0 0 20 o} 20 20
14,4 V] 0 3 o} 19 20
15,4 0 13 20 11 20 20
16,5 0 0 o} 0 20 0
17,6 0 0 0 0 5 0
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HATHEERE nPC

0.0

T —r T — T T
(15.8) 110,2) (12.3) (14.4) (18.5) (17.8)
WA (1, 4 ) HEm

B 1 TEHARBES (DA R L TR R THRE R AC

1.0% % L —=—UPNT

004 ————— —e—RP
s —a—patB

0.8 4 —v—ProfB

N —e—Voting
-
g 0s]

—<4- MotifCut

0:2 %

T T T -t T o
154) (10,2) (12,3) 114,4) 18,5 17.8)
A (1,0 ) BEM

B2 HEHEABESCOEREEEFNLBREELNA MR
¥ nCC

ME 1A 2 £ H BT RECHIAL R R BN
RIS UFE W, fEF REMEE IR, FERNHERHE T
M EHIREQT.OME LW AREHNANTNER., X
MESNEE AT EN R EERNEL,

5.3 SBESFIKEET 1000bp A5

Yt 1000bp (] DNA {5 S BR8P, 3L R #H#
HBTE L5 M =4 R & skt 1000bp KM F51 &
WIFEME B RS —4 MultiProfiler 33047 T 5%, %
MultiProfiler ¥ BRI X[ 17 P HAEKFFIEF AL P
MR B HRE. M 5 i 6 B (Hh MP % MultiProfiler)
ALLER, FEEEA FEERE (5, ONBABRESER,
i B nPC 5 aCC HEE R . ERFMEFELTERK, mmed
EIEERTS: 51

e

F5 EHAQS,OFES 1000bp K FFEIEE EASLHXTRE

¥k PrB PaB MP Vit
nPC 0. 81 0.88 0. 88 0.79
nCC 0. 89 0.94 0. 94 0. 83
R 20/20 20/20 20/20 20/20
Bt 8 519.13 194, 41 1432, 94 1860, 35
WA 157, 31 254, 09 147. 83 145. 55

6 TEHAS, OIFES 1600bp KFFFIBIEE L AYTRN R

53 PrB PaB MP Voting
nPC 0.63 0. 83 0.83 0.75
nCC 0. 77 0.91 0.91 0.86
i 8} 1329, 62 503.72 3745. 03 2837. 85
R 17/20 20/20 20/20 20/20
W 151, 72 254,58 149. 94 147,19

BRI, BT B 3 P R (PWM 8t PSSM B HY) Y
BRAAERAGITREECEYERERRTRA,.BR
REHERAERE I d BRNEFERBE CRBHNBRRK,
M OVEERT. CHERL9JIR i EOMM B B RE b A Tl 4532
IR e [ 7E 8 LI BE S RFEREE, BRET (
BRMEIENATERARBEEREE. HREIERNR
FRIAMBEREFER LFRMEXL.

BT —FUFFIFREF ML R ER, Bk PMP
MEHEITERC 2 LB, H R E T EMP AL R g5k
HF AR E A R, T EMP AL DL R 4518 1k
EFERC 2L E N GE A YR L, R R T X FAE
RNBETHESBEHRMESR.

ZRE 7 DNA Al ERETFESARE 20 £—
HEAYEBFOEIEE R ENNE, X —EE, A B
FH@ERRELF A EER LRI, (BRI
TF{e B 20> 9 i U] A0 2 1) S SR gk — 181 R, T A= ) 2 R A1
HE MR TR R .

BRI ELBRFESAMICEAH T — U AHE
THE 8, B LR L 7E DNA Folh H{N A REE R E
ZRHSE SR GBI EREE ., 2000 LUK, A5 XT55
ESEFERAEES T 8 AE, X EERAN
EHE R AHP, R E SR MG LEEER.

7% 3B TR PR B P A 2 R ) R B 1L R B A S
HAEHIT T RENSTRMRNAEYS. B TEYERELH
G RNERBEREITRAN, A XBEBLAHR TERED
X se R IR NEFERES. AUMERR
B, 7S SR AR EE L, A MR B R B 1A
PIREERMAEBIE M RE . T H, BT DNA Folf R 4%
ME &4, 2B ARS MR T B R, & A RE
EEANTHETRULFER. HAlfE DNA FHlH55EE
FaERFEA LN ERRE.

(DT PWM 3% PSSM E =78 Cis-regulatory 48 E 8
BRERPRTHEES (HE B HEETEZHe R A
BERBENRFES. HTEYFERMm TERS I RAS
) PWM 5 PSSM MR, R T RSN EFERE
BN A RO BT IR

(OEAEFRIB(PMP) Z2—M4 3 BE S EFERN
SR, BARAE W K A HEFE 4 DNA ol h W FES T
ERIEE, BRALAY TN E BEER NS HERE
PISCIERL, VAT RE (EMP)ERMIE S BT
PMP BRI R, R B2 BT, (HRERPRT AT
EUH .

(VR T4 LA B SR () B G5k B —Fp
B P B 40 B B P RV B R P AR B 5, RN R op
ARENTFEFRAABR T BEE . ARHAAGEHAR
ARBMRIT BEE, WAIFRIMRBERVASEFE
RINER—NEENHR I,

Bt 4k ¥ &% M Tompa, Benjamin Raphael, James
King, H. C. M. Leung, A. Price, U. Keich, Eugene Fratkin %
MBLHR BT HER R AT B0 R A, A B A
(I, d)YMotif % ¥ 8 (PMP) #9 4 % Sing-Hoi Sze % F #5% &
A AEL,

2 £ X |
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