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Fig.1 The layer graph for motif finding
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Table 1 Pass probabilities of some normal motifs

l d P p' p'pu
11 2 1.1e-5 6.0e-6 8.0c-4
12 3 7.2¢-4 3.7e-4 6.8¢-3
13 3 1.le-4 5.6¢-5 2.3e-3
14 4 3.3e-3 1.6¢-3 0.015
15 4 6.7¢-4 3.1c-4 5.4e-3
16 4 1.2¢-4 5.2¢-5 1.9¢-3
16 5 0.01 5.1e-3 0.027
18 5 5.7¢-4 2.4e-4 4.2¢-3
18 6 0.024 0.012 0.043
28 8 6.7¢-5 2.0e-5 6.8¢-4
30 9 1.3e-4 4.4e-5 9.3¢-4

SEABOLI BRT =3 M6, X B %
A% AR, HAM R X MY 7ER—A
gt GXAMMERIT A po)o L, *i>3
I, CRISA 1 (#)3dt MEZEm] LU A p'pose X HL:
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SR IZ U WA BRI, Ak 2
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comp=(N-L+ )T+ 2, (N-L+1) (') Z°C.,  (20)

KA ERERIREA, O TRE M



126 oWy

il

2
=5

Eird 20054F

WV EA, BATHEIAT IS5 o A i
AT R DRI TEED, B N-1+1

U -1 TR, JEAER 2 ANEE L A3E:

comp =NT z (Np'/po)=12
i—2

<NWTe 2 (Np'Upa)” 1)

R, R Np'lp,,<t, Q1) 2 SR A0
Wit —ANEEL BEIN BRI B i O(NR?T),
XA n 2 IREG MW Np'lpy>1, A
?ig%rﬁmiﬁﬁqgf% 0((Np'/p2d)"‘2N2n2T), iXIEEL: n H/‘J
i R

FRGRRAEIEITA IS o M 1 LU
BRI, (RS L, BT o RO KK A
MEZIRHREL, T HAIX SR 2 H A Se AL 1),
R, o BSEPREEERNT 1, JfHREAE @ i
WK o IXFE, AN AR T LLRRAR . LUK i
TS0, B A R A A S SRS, A
a=C. . KL, Q0> FTLLE

ii-1) i

comp = NT ; (N(p’/pzd)T |7 (22)

BAR, KB p'pu<l, BISAAERA §, AT
AR i>i, 1

iti=1)
Np'lpy) © <1 (23)

B, 20 R AT S 4
SEEALATE L OOVRT), SR~ n 1% A
B AR plp> 1, TS AR 0 LA
B 0(gupy T Nt A SRR

FUHE Np'po <1 LEFIE p'/p,<<1 MJELR AT
2o AT, KB Nppy<<l, ATHLATLL
Wi, BEMEAE I n 2 TR
R AT LR B, VR 2 08 0 AR S T A A%
Np'lpo<<1 [F)o 1 HIRAMTRIA 3T R, X3k 1
RIS AN S Np'ipo <) ISR, T2 %,
(WAFELE, BEVLI AR IR T fe S Fr S n 1H 22 0
KX JEr AR A S s,
Ppo<l, ol UAEHEIEI R A2 P55 n (1)
Z UKD . X e A4 CRISA & T4k %
Hst R I 1) A SR

2TV, h T RO MR
FEPRSE AR REVE, PN A 2/ fEfi
JERE g, T B S RN AR S )
P EARIE RS, TEC S w1 I R s A
PAJ S Z ORI, FEA RN 2R — MR
frEls BRI -LXHEMEAAN, AEmE—1
PrEACERRE, Hds L —BUr e A . XL
WAFTFRS AR /N, BTN I i N 7 51 IR 26 1 i
Ko sePr b, CRISA Bk EEWN AL TFRILE T
TEINIIREA 5 AT LRI, Xibhs
PE ), BRI NAEL A 20 K, i N B
Pautdr 749 12 Ko

5 MR

FRATTR FHASALL 54 R0 TSR 2B e 5 558 43 il
XPEEEAT TR BB = A s
SR E—d A BT, AR T
KRN N, = — AN LBENLT 51 B
VLA AR R IR . 2 )5, BENLESE & ANMFEA
JPA, ERAFEARFAT, BENLERE— A E «,
I<wx<N-I, FIBEA)—ASSEBI RN « FFEG TR 1A
BlAE o XA S RN A 1, o= AR T U2 A
B P BEHLE R y(y <d)MBREE, I F A [R] ) i ik
L. ERTE R, AT S HCh
n=20, N=600, X8 2EFruENNEH S5, %2
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XP AR ) 8, SR o B () AN S 5
ARGFK, BRI C . Keich Fil Pevzn-
erL 2 Buhler™#XT BB T 2047, JLo b 3EAAH
o X B IATR Buhler 45 H I IAT, K-
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Table 2 The performance of MITRA and CRISA

No. (L,d)-k E(l.d) TIME/MEM Pass Prob.
MITRA-C MITRA-G CRISA
1 (11,2)-20 5.4e-17 60/5 60/5 2/0.02 8.0e-4
2 (12,3)-20 3.2e-7 60/5 240/100 6/0.02 6.8e-3
3 (13,3)-20 8.1e-16 120/5 120/40 2/0.02 2.3e-3
4 (14,4)-20 4.2¢-7 240/5 600/210 100/0.02 1.5e-2
5 (15,4)-20 2.2e-15 300/5 300/100 5/0.02 5.4e-3
6 (16,5)-20 2.3e-7 1500/5 1200/400 1750/0.02 2.7e-2
7 (18,6)-20 7.1e-8 15000/5 2400/650 14600/0.02 4.3e-2
8 (28,8)-20 1.6e-58 -/- 240/50 3/0.02 6.8¢-4
9 (30,9)-20 1.6e-58 -/- 300/90 4/0.02 9.3e-4

Note: for all tests listed in the table, n = 20 and N = 600. E(l,d) is the expected number of random motifs

appearing at least once in each sequence.

TIME/MEM is the compute time (in seconds) and maximum

memory occupied (in megabytes). MITRA-C and MITRA-G are the two realization of MITRA with a little
difference. Pass Prob. is the pass probability. Blank entries '-/-' means that the algorithm failed to solve the

problem in reasonable time period. MITRA is performed on machine with a Pentium [l 750 MHz processor
and 1 GB of RAM, and CRISA is performed on machine with a Pentium [l 733 MHz processor and 256 M

of RAM, whose compute time is averaged by 10 runs.
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REf PR UFFRBIFEA P AAAE B, iy e =Rk
o I E KRB R TG, (HE MITRA F 15
[ 5z, 17 CRISA 114 & {X X T+ PatternBranch-
ing, T HI=FIGEL. XHEFATLAEL, 6
T BATTASBE R AR 7] (00 Z5 s i e 45 v 3304 770
X, RPEERAE R IB R SO R 1), RImIX
Folr E A5 1) 48 B B R B s N S B A TR R 22 1]
PR R

Table 3 The performance of CRISA and some other

algorithms
Algorithm E;I;?E}Slt I?IEEI(IS (;\:/}JI—IIJZ ) Reference
PROJECTION No 120 667 [5]
MULTIPROFILE ~ No 60 1000 [9]
MITRA Yes 300 750 [8]
PatternBranching No 3 1000 9]
CRISA Yes 5 733 —
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T, BANERE T s A b
PIF 5% CRISA HEAT TR, IXSOFEARLE S A5

— A E LR IR E. coli [F) CRP 455
MRS, 18 %4, MA&MKE N 105 4
Bl 30,

— YA EREREN AL S R 4% 1 PDR3 (W)7 41, —
WA 7 4%, REATFHIRIKEER 500 kLU,

— YA I RE DNA 4838 47 25 USRI 15 5 (117
F, L1 4%, BRI 550 ANMBREEN,

HA 5 P LB K B T SCPD $idis 209, X
B, 7T USRI 15 5 0 LL{E DNA JP A1) BAMEE E
L, BRI, BRGS0 e R ) MR AR
H, FHHT VRS, DAk X s T AN Y
[

Table 4 Result of CRISA on E.Coli CRP sample

Sample N,n Reference motif (L, d)-k CRISA motif
CRP 105, 18 TGTGANNNNGNTCACA (20,7)-16 TTTGTGANNNAGTTCACATT
TTGTGANNNAGTTCACATTT
TGTGANNNAGTTCACATTTT
PDR3 500, 7 TCCGYGGA (10,1)-7 TTCCGCGGAA
USR1 550, 11 T(A/G/T)GCCGCCTA (13,2)-11 TNGGCGGCTAAAT

FH, CRISA motif F1 1) N LIRFE %A & L
BAT — P E R AR I — s B, A
WP LRSS BB AP R LG
F, A CRISA HVAAE CRP FEARLIP RN T =
B, BATSERS B AR,
H#E T3 %80, % PDR3 FEA4], CRISA
KI5 2% B G5 M i HUEXT
USRI FEA4], CRISA RILIIBA S5 S 12 (1]
FEEW W R 22 o AT & T HEI AR, KR
B STHRU T 25 th I 2 25 B X O3 2% S8 ) B 1 1)
B, 1A SCPD H3R A3 1 JsUUn B W R, — 16
AN E T e #5&  (complement), [l
BATIA N X A5 5 W% A2 B tH I AE 00 1) B E 1,
i, ZEMAR T, CRISA 59 B #& 1) 1 S 491 1 47
H 5 SCPD Hirbr A% 5 B4 — 3, B,
FATIA CRISA EEPT KIS PTE 1 .

6 1 i’

A, FAHRE T R = AN Bl
B SC AR I, A IR D B AR, 3k
AVSEBL T —FloBr PR BEAR e R A —— R &
#y% (criterion search algorithm, CRISA) K #k
— 4] DNA o R . AR CRISA #E47 T
RN, JER 07 B A X kAT 1 s,
WA I 2 R B, X 48 K 2 Hopd Xk I n) /L
CRISA 32 #R BE % X0 1Ty R Ay 1 3 T AR A B 5 o

P I, X IR g5 IR T SR I A Rk .
ZJ5 s AR S s A= ) Es 0 R i AT T
R, 45 BRI SLVLRERE VA Mk 21y 51 o A7 A R A
A, XU EEA S S

CRISA BIEAAAE — AN, T 3RAT
FIPE 2 ST &I T Hamming B0 83471, PR
AT FHIELAAHAN 7 MBRER R, X —0
i B b AR TR 2 e Ak . TR
W EBE A S RN /B ERERR, PIx
— B S R EIRM N A . SO, R
ARV AT LA ELAT 4N / M 3 2 A e = R )
L HES SRR 2 AR A . X —AMER
BFF 51 i

FVER 53— A ) 2 CRISA 4 & In) fit, B
P BIH AR R I . — AR
TR EEEEZ) AN MBI A T RD
B, % e RIARRE —ANAS A I, IR A AR K
RIRR) TG AT B 2 . T CRISA B
% T 1 A A SR 246 R 0 PR ASE X IR i) 8L
DRI AR IS & T AT XA RO XK R IRATT R —
A AR
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A FAST MOTIF FINDING ALGORITHM FOR DNA SEQUENCE

LI Dong-dong,

WANG Zheng-zhi,

DU Yao-hua, YAN Chun

(Department of Automatic Conirol, National University of Defense Technology, Changsha 410073, China)

Abstract: Motif finding is an important research field in bioinformatics. Many algorithms on motif

finding have been developed at present, but among these algorithms only few can find the correct motif

surely, such as MITRA. In this paper, a new exhaust search algorithm named CRISA (criterion search

algorithm) is proved. It can accomplish the exhaust search with less computation resource. This target is

achieved based on the criterion describing the relations between three similar segments deduced in this

paper. Using this criterion as pruning rule, CRISA can reduce the search space effectively in the deeply

first search process. Theoretical analysis on CRISA is done in this paper, and the results show that under

some rather loose conditions, the computational complexity of CRISA is a polynomial function of the

length and the number of the input sequences. Then, some tests using simulated and biological data have

been done and the results show that it is more efficient than other exhaust search algorithms obviously,

and its search speed is even faster than that of many non-exhaust search algorithms.
Key Words: Motif finding; Criterion; Depth first search



