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Abstract: Multiple sequence alignment(MSA), known as NP-complete combinatorial optimization problem, is one of
the most important and challenging tasks in bioinformatics. A multi-strategy artificial bee colony(MS-ABC) algorithm is
proposed for MSA, which is composed of multiple strategies, such as the Tent chaotic initialization population strategy,
different neighborhood search strategies and tournament selection strategy. In the MSA-ABC algorithm, the Tent chaotic
initialization population strategy is presented to diversify the initial individuals and to obtain good initial solutions. Then,
the different neighborhood search strategies for different bee species are designed to balance the global exploration and the
local exploitation. Moreover, the food source encoding method is used to adapt discreteness of MSA. The experimental
results demonstrate that the proposed algorithm is more robust and can obtain better alignment quality and biological
characteristics.
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MUSCLE 0.6826 0.9447 0.9284 0.8755 0.9254 0.894 4 0.8752
Clustal £2 0.5901 0.9060 09116 0.8624 0.9010 0.8620 0.8389
*2 BEEBARZFIILEINTC FHERENIREE
TC
Hix
BB11(38) BB12(44) BB20(41) BB30(30) BB40(49) BB50(16) Overall(218)
MS-ABC 0.5912+0.1254 0.8769+0.0302 0.515740.0705 0.6405+0.0986 0.65841-0.0189 0.6225+0.0347 0.650 6+-0.086 5
MSA-GA 0.3167+0.3023 0.635840.1951 0.24584-0.1158 0.608 1£0.1904 0.358 740.2087 0.2989+0.0974 0.356440.1293
MSA-PSO  0.384640.1935 0.8368+0.0906 0.3564£0.1876 0.489240.1075 0.5834+0.0973 0.509540.1003 0.5489+0.1821
MSA-ACO  0.368540.1734 0.80314+0.0783 0.3987£0.1632 0.48644-0.0773 0.508 1£0.0856 0.43984+0.0723 0.5164+0.098 4
ABC-Aligner 0.486440.1123 0.870240.0927 0.4469+0.1276 0.568 740.1285 0.6258+0.1124 0.558440.0998 0.5846+0.1240
MOMSA 0.3895+0.1405 0.814340.1129 0.363840.1192 0.384 1£0.0982 0.534640.0098 0.5146+0.1870 0.5618+0.1014
MSAProbs  0.484240.1271 0.871540.0985 0.4698+0.0948 0.611840.1009 0.6109+0.0109 0.611240.0695 0.6058+0.0953
MO-BFO 0.4321+0.2082 0.814840.1009 0.401340.1311 0.5013£0.2106 0.545940.0945 0.4867+0.1854 0.578440.1528
MUSCLE 0.4409 0.8619 0.4794 0.6227 0.6039 0.5931 0.6003
Clustal £2 0.3622 0.7938 0.4529 0.5791 0.5826 0.5374 0.5513
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BB12 1 BB50 J¥ 41 Lt % 2H H 11 14 B L MSAProbs 5
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FIMUSCLE % MV 3 A1 43 30 11 285 AR B2 47, R ) 02 X
218 NI S5 Hh [ 6 255 4% 7 51l EL X e, MS-ABC 54
VEIRAT P B A AR X 1 5 B AF, H 32 R A 2 MS-
ABCHIATEARE Rt R 2 A58 T & RIR R it
JIR R TR 66 71 (38 . 5T 51 22 18] B AR AR
/INF20 % (KR EE BB 11, MS-ABC S5 75 51| SP - )
{EL R TC P 348 B A b Atk =l M b o 344 (1 2R
U, (553 51 LA 0.728 4 F10.591 2, 3= % A2 /57 41 18] () 41
ALLEE T 5 3 b ko & R () e 0K, Btk 204 4 BB 1 1
X+ MS-ABC 5L SR & — kiR,

% 3R I A2 10 M HE X B354 BAIIBASE 3.0 4%
I T 218 AR S 491 132 47 I 18] 1) bl At e 36 3 T
%1, Clustal 2 F1 MUSCLE J3 %] b X} 535 32 47 B (7]
bl A R 20 S AT I TR) 2 J, 4 Sl 97167 i
13/29”, = B2 KN Clustal £2 f1MUSCLE 5.3 2 F -
Z 17 5 LE o 1w B Ak I B, B AR L R A 2
AT, AR P 41 1) 3 4k B 5 ) 2 33 4b A MOMISA 57



1996 = # 5 *x K #33%
#3 FEEXBAIBASE 3.0 BiEEH 218 NNiK SEAIAYIEITRTE h:m:s
(-7 MSA-ABC MSA-GA MSA-PSO MSA-ACO ABC-Aligner MOMSA MSAProbs MO-BFO MUSCLE Clustal (2
Runtime 01:59:23 01:47:34 02:58:52 02:46:25 03:06:42 23:37:56 03:28:21 02:48:17 00:13:29 00:09:16
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