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Abstract: Finding common pattern, motifs or signals, in a set of DNA sequences is an important problem in
computational biology. Recently, some biologists extremely focus on the (1,d)-(K-k) motif finding problem when the
number of sequences K is 20 and the number of sequences with instances k is 16, (I,d)-(20-16) problem for short.
For solving this problem, this paper introduces a novel sample-driven algorithm (SDA), called color coding motif
finding algorithm, CCMF for short. It uses color coding technology to converse a (I,d)-(20-16) problem to some
(1,d)-(16-16) problems, then uses divide-and-conquer and branch-and-bound approaches to solve this (I,d)-(16-16)
problem. Using the conversion process can reduce 4 845 combinations to 403 colorings, while increasing the
running rate enormously. The experimental results on synthetic and real datasets show that the CCMF algorithm can
accurately and efficiently find all (I,d)-(20-16) patterns and instances. Its comprehensive performances in finding
motifs are superior to those of other existing algorithms. It is applicable for real biological purpose. The color
coding technology can also be used to improve the performances of other similar (I,d)-(K-k) problems when k is less
than K.

Key words: color coding technique; motif finding; coloring; (I,d)-(K-k) problem; algorithm optimization
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Colorings? : 1 o |Cy|= C5, =210
2 C, |C=C%xC,=180 ; 3 (3.1)
Ceay ICenl=Ci=10 ; (3.2) Cia Ceal=3 ,
Colorings? mc  210+180+10+3=403 ]
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20 16
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CCMF 1.

1. Algorithm CCMF(Sy).

Input: A set of 20 sequences S,o={X1,..-, X0} ;
Output: All motif patterns, instances and their positionsin S,

Goo<—Generate-Graph(Sy);

Colorings? «Build-coloring(Ggo,16);
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For i=1tomc
G, <—coloring Gy with ith coloring from  ColoringsZ ;

Cset«—Find-Motif( G4 );
Return Merge-Motif(Cset)
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O(1);Find-Motif()
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Tablel Successful rate comparison of CCMF and other algorithms

1 CCMF

(1,d) PatternBranching PROJECTION Voting Gemoda CBMF CCMF
(10,2) 0/20 0/20 15/20 20/20 20/20 20/20
(11,2) 0/20 12/20 19/20 20/20 20/20 20/20
(12,3) 0/20 0/20 12/20 20/20 20/20 20/20
(13,3) 0/20 10/20 18/20 20/20 20/20 20/20
(14,4) 0/20 1/20 10/20 20/20 20/20
(15,4) 0/20 0/20 19/20 20/20 20/20 20/20
(17,5) 0/20 3/20 1/20 20/20 20/20

Table2 Average running times comparison of CCMF and other algorithms (s)

2 CCMF ( )
(1,d) PatternBranching PROJECTION  Voting Gemoda CBMF CCMF
(10,2) 11.77 54.60 0.54 275.33 463.28 158.74
(11,2) 16.47 11.96 1.15 28.89 276.28 47.18
(12,3) 13.93 2.48 10.72 19396.64 8439.56  3292.98
(13,3) 19.40 45.61 19.47 336.33 521.44 149.20
(14,4) 14.43 97.06 148.96 >1000 hours 156889.59 28179.22
(15,4) 20.03 124.60 28362  10282.44 5943.15  2036.03
(17,5) 19.17 84.57 69.29 94644054 7110514  9673.71
PatternBranching ,
PatternBranching 20 , ,
M PatternBranching , (I,d) ,
(1,d)-(20-16)
PROJRCTION k ,
,PROJRCTION M 16
, (1,d)-(20-16) ,
Voting , 16 . ,
Voting , (1,d)-(20-16) ; l,d ( I1=17,d=5 ),
Voting , y 3
Gemoda Gy , , (1,d)-(20-16) ,
, Gemoda ,
(14,4)-(20-16) , 1000
Gemoda ,CCMF CBMF (1,d)-(20-16) ,CCMF
CBMF Gemoda,CCMF CBMF ,
CBMF CCMF 20 Gao (1,d)-(20-16) , , G
. Gy , , .CBMF
4 845 , 4 845 Gyo 16 , 16 ,
16 ;CCMF Colorings? 403 , 403 ,
, (CH 16 ,CBMF
CCMF  4845/403~12 2 ,CCMF
CBMF 12 CBMF Gao , 16
, CCMF Gao G, Gjg , 2 ,
,CCMF CBMF , (14,4) (17,5)
CCMF
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3.2
CCMF , 4 CCMF
4 E.coi CRP (2],
, 105 . 3 scpD!? . sCcPD
, . SCPD 3
3 20 600
, 20 16
3 )
Table3 Experimental results of CCMF on real biological data
3 CCMF
Name (1,d) Reference motif pattern CCMF
TTTTGTGAAATGGGTCACAT
CRP (20,8) TGTGANNNNGNTCAC  TTTGTGAACTAGTTCACACT
TGTGAAAAAGTTGACATTTT
AAAAACCAA
RAPLEBF1  (9,1) [A/G][A/C]ACCCA AAACCAAAA
ATATATAAA
TATA,TBP  (9,1) TATA[ATIAIAT] TATATAAAA
UASPHR (8,1) CTTCCT TTCTTCTT
Note: N means [A/C/T/G].
3 ,CCMF CRP 3 , , ,
; 3 ,CCMF )
SCPD . ,CCMF
.CCMF
4
(1,d)-(20-16) , SDA : (CCMF
).CCMF SDA (1,d) ,
(I,d)-(20-16) .CCMF 3 ,
CCMF ) )
,CCMF (1,d)-(K-k)

, Pro. Buhler J.,Tompa M.,Styczynski M.P,Chin FY.L. Leung H.C.M.,
PatternBranching,PROJECTION,Gemoda Voting
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