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Abstract: This paper first introduced the traditional algorithm for phylogenetic tree construction, and then reviewed the swarm
intelligence algorithms used to construct phylogenetic trees in recent years, such as ant colony algorithm, genetic algorithms
and particle swarm optimization. Finally, this paper introduced the application of phylogenetic networks, and the future deve-
lopment prospect.
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initialization

Neighbor joining

define T to be the set of leaf nodes, one for each given sequence and put
L=T.

iteration ;

pick a pair of i, j in L for which distance from i to j is minimal.

define a new node k and set d,, = (d;, +d;, +d;)/2,for all M in L.

add k to T with edges of lengths d;, = (d; +r, —r;)/2,dy =d; - d,
joining k to i and j respectively.

remove i and j from L and add k.
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while not(all species grouped)
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find i,/ pair that have the largest value in the pheromone matrix.
if (i orj) already grouped change index by group index
group i, j pair into a new species k
compute the distance between current species and ancestor
delete the value of i, j pair
end
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HIfER , BRY TR A B LR BR 00 &, S 808 A R Y a Fh 25
FIW . TS5 A NNI, vl RGBT A vl BE 10 45 5 (2 r B i fE
AR ARG FRA B/ MR M B AR TN

</ N/ sy &

(a) NNI is performed

on the specified edge (b) the two possible outcomes

E11 NNIDFEER
Fischer 45 A% {5 g v e 1 WAL 77 6 450 , T 401 1)
XA PEETE N A VA&, Y5 T R G K AW B AT B
He—1 B —15 4 ( prune-delete-graft) T 41 3%, 45 5 N PDG"
PDG T 7 P 12 Firoi o 28 SR i NNT %
FEMAME IS E IR R AR 25 ) GAS I S H6X — i,
TES RN R AT BT AR

a b
( f
e
(a) the first paraent T, (b) the second paraent T,.A subtree con-
taining the species a and b is marked
insertion point b a
a b
[ f
c f
e e
(c) the copy T, With the speciesin  (d) the result of the recombination

removed. An edge is selected
as insertion point

which is finally found by attaching
the chosen subtree to the selected edge

F12 PDGHIEHAR
BRI A YRR T AR AN AR 2 A, i T
DI E) — 20 i 2 A A, S RN AR AE R R AEFA rp H 7= A —
B, I BAERC A B R R I S5 RR&A SR
REWRMR, NI R KIS THENRE, SR KESH
TR, 75 25 X R TLT A 300 N SEHE R AL T
AR R G R AR R T LI AR 2 B

2.4 KTFEHEX
2.4.1 BFBEEEFEA

PSO ST 1995 4F, By Kennedy il Eberhart ) #2 tH1 ,
J TR BE— Mk, HUEBDR IR X 2 2R 4 28 Yy o
R AR SR T . PSO B EETHER R W LI &
AR RER LM — MY R A M BEEE . AT ACO
I P SR 8 32 3 P B TR ATL AR AR O, 15 2R R R 25 B 4B 1Y
WA HEME o A agent JE— R0 F, & LR L8441 A
SEAE) < AL DK P Y w7 B AR B E R 5 1 e A T
W WA R 9 A agents B9 T4,

WL TR AR GE R, BRI B O H AT
3 0 B U A 7 T in e RIS e B AT R BN 2 R AL 0r
BRTT N o X B YAV R T R BLE 7 R R
B, B SEAE I 10 B3, R A Ik F s I E T E) .
AFE b, — REEERA T B, A SR e k% A
CRNLE, UARRFE TR E . B, — 850 B
FI FATEPRFE W S48 A 1A B AT 55, 0 S0 5 4003 A 1) & A
gl DK BBk T RE B AR A 2 =3 4R . a)
BT JERT AR, LR TR H ATAIRES ; b) I A1EE 43 ( cogni-
tion modal) , F/RKE T2 B By [ b7 A KL 05 3 1Y 4 SR Y
KAS) G R FB IR /N5 ¢ ) L2338 43 (social modal ) , {4 BLKL ¥
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W5 BAL . A SR eE TR T A
2.4.2 MERARANWGETHEL L
Lv 2 N0 PSO B I T R 46 & LE M ORI 2, IR 410 T g
BOR PR AL :, 28045 W], PSO 1 & T H /0T 40
(L. Zot AT, PSO 1538t £ 5 = AH L RE 0% 5 Pt i 1)
TR (EIL 255 FEB I 3 BRI A1
Li 2 A9 PSO M R 45 & AR IR B35 44 0 PSOML,
TEB BRI M AT R R 7 DR S B0 B i 1o X S M55
TR SCBUAG o R F DS J7 3 f 4 e 40 i 58 e A
(EARAS e NNI) | T 55 A F 545 4 R (SPR) [ TBR p-ECR,
PR Rl B R NNT I SPR PR it % 8 bk b 19 25 B4 T A
rJ“*J TBR AR S5 A T F M — 2 ids , AT B i 148 ¢
FT — 0 SRIGAETHE ¢ R T — o (9 4E 3500 46 3200 10 o 25 22 9

S REE T o

—AE L, AR, aniE 13 TR
i a i h g
TBR -
b f
d ¢ e
E13 TBRHEAR

11} p-ECR $AR Y B ARE : — UK p-ECR B 3 FIRH —IRIL

2 p AT, BRI S8 A I 0 A R DR T S AR A —
BRI — UM AE R 3T — 28 I3 5 B B3

M— WA e84 & — D R B P I 5 fU8UR — S50 1 T
AR B 14 iy T, F0 Ts Rl —4> 2-ECR B3/ Y. 78
T EPLI&Q@'W ﬁel*ﬂezft’EETgﬂnmf:ftéET;o

d
contract d
) &y b

C € c €

reﬁne > € < reﬁne e,

14 —A2-ECRIRBHE R

Sy p-ECR 2R, Li % AR T p-ECRNJ 3 4%
%o p-ECRNJ () EZEAUEFIF NJ 5838 p-ECR J= A B AN
ORF] ﬁ,%m}}\iﬂtm T WA p 45300, Bl R fg U )1 S 0 2
fbiE S NI 5ok SE 8, p-ECRN (25 SR

a) AR B o BEAILEERE p 2530 —UUSCAR , DT 7 A AR ik T
IR T o

b) 4ifbB Beo GG T AP IR: (a) T2 B9, 45—
N RAGHTT S IEATANA A T AR 015 55 AR 55, 43
ST B B R SR TR — B s, S TR
MR AR SR SO AR I N RS 05 (b) NJ 2D 3R, By s el
PrER T WP IR B E R M,

3 p-ECRNJ( )™

like = — 1000000000. 0( a very small real number) ;

while (%, >0)

randomly select p edges in T to contract all at once and produce unre-

contract

e & el.

solved tree T
while (s, >0)
select one unresolved node x in T™
root T* at x;
collapse very subtree rooted at the sons of x into a supernode respective-

estimate the initial the distances dijbetween nodes or supernode in T*

accordingto the formula (4) ;
Initialize r as the remaining nodes in 7" ;
while (r>2)
compute matrix () by formula (1) ;
agglomerate i, j with min; ;,Q,;
create the new node C;
estimate the length of (C, i) and (C, j)
according to formula (2) ;
replace i and j with C, r=r-1;
estimate d;, for each remaining node k according to (3) ;
optimize the branches in 7" and compute the likelihood f(T* ) of T
if ((T") > hke) Tp«T" ; likef(T" ) ;
keor—Feer —
return T

B 15 254 T —A> 2-ECRNJ Wy &I, Hod B8 6 5 %R
AR S, T SRR I T A5 Bk R A, T SE 2R Rk 4R
RF5 32, LR MR 1453 3, BB 48 B8 P9 119 s R 22 5838

A1 R
1110
8

contrﬂchon

7 44/%

51110

><NJ S collapsm

E15 —A2-ECRNJfER

M2 G, R T — Mk R G R AW R g & X5 ik
PSOML, PSOML | F PSO fyFEAZ5H9 555 i p-ECRNJ J774:4%
Bk TRZS . FEEE Y PSO KR 5 HoA 7 6 AR L, T L)
SRR D AR BB AT A5 R

DU A& SCHK[ 43 % PSOML B3k ik, ml LG £ p-
ECRNJ f, 28 p Kol of ' Sh A P88, {4 PSOML AJ LA
HE—NEERDE R, b op,, ®p, s HFRRRFE
2238 3 W B D3 BB 1 07 B R AR T B R 8. B
v, WEMF— BT 1K ol RRR 3 B 1 BB 2 5K,
B A, B 10 0 3R ) P 38 38 ) B 7 R
FRTB B I OO B 1 AE BORE B

&yl 4 PSOML™!

input: n sequences

output: an evolutionary tree of the n sequences

1) initialization

initialize parameters: the number M of particles in swarm, the maxi-

mum velocity v, and the maximum generation times k

max max 3
initialize each particle in swarm;

evaluate very particle;

initialize p;, and p,;

2) if the termination conditions are met, goto 8) ;

k+l

3) calculate lhe speed v ;" of every particle i.

4) calculate v**! of every particle i;

5) if the fitness values of v ,l»”l
k+1 |

is larger than that of p;, the replace p;
with v;
6) lf the fitness values of p; is larger than that of p,, then replace p,
with Pis
7) goto3);

8) stop the algorithm and output p,.

F 1451 7 PSOML 55 GARLI LI HL . MR 1 i
MRS R e 12 R4 I PSOML #51 T GARLI; -
BB a5 R, IR A PERE RS BR AR 1T A2 1k o 7E%K
PEAE“101 _sc¢” F1“500_ZILLA” I, GARLI {7 PSOML; #R i 1
HoAb B Ak b, PSOML Lt GARLL #24f . 7E-F-Hyia 7 e J5 i,
AR PSOML [t GARLI 1, (HEA )8 T 18] — £t .
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# 1 PSOML Fil GARLI Jrik A A R Bdii & L iAo #r

—-22434.993 -22473.081 26.933  00:28:32 -21884.302 -22136.810 252.507 00:57:19

—-65235.077 -65235.401  0.324  01:49:03 -65204.796 -65515.682 473.173 08:22:13

—-43519.006 -43666.686 138.421 01:15:14 -43313.709 -43520.770 284.947 05:44:31

Hed GARLI PSOML

% bestresull  mean best S. dev mean time  best result mean best S.dev  mean time
1 -3918.480 -4412.513 604.677 00:05:14 -3843.046 -3847.477 2.964 0:07:01

2 -1080.739 -1080.740 0. 000 00:02:07 -1080.722  -1080.722 0.000  00:02:15
3 —-7409.052  -7410.554 2.008 00:08:25 -7390.299 -7392.758 1.738 00:06:46
4 -2833.833 -2833.845 0.012 00:08:25 -2830.424 -2831.607 1.157  00:20:30
5 =7177.114  -7177.170  0.0396  00:23:33 -7027.554 -7027.557 0.000  00:37:36
6

7

8

9

—-70626.732 -71621.925 1272.949 02:42:18 -70570.837 -70929.878 202.302 13.45.27

0 -136208.720 - 137121.387 1304.878 03:33:30 -135929.584 -135949.933 27.374 08:43:46

1 -117099.012 -117572.576 641.812 02:59:01 -117036.819 -117055.354 18.535 11:03:08

2 -19714.968 -19734.399 13.849  07:25.08 -19586.526 -19835.149 343.674 13:13:15

3 RERESWHIHAE

3.1 REREMLE

WHE ARG RER SRR ATt 5, X —
EAR I 7 (58 7 R B 0 38 R By, SR T, 3 A AL iR
BRI AL OUN 2% . 5 RGERERAHLL, M2 a2
BEA K F- ( population-level relationships ) | 5& £ B 41 i) 78 o
A A FR SBR[ P A A 2 O S B R R 4 B
73T M2 R ST, HE W 05 A D — R iR AR 2y 1 AU
VERIR R e s AR R A K RS R 5 A4
i RGN EEA S T B AR D 2 B MO 2 L, B
TEEY =0 TR, T RAEY /TN s 2 2
it BRI AR BT T

TERGERE RS, 5T S AR R, R BT Z E
LR R (TERG R AR IDTRIFR A 033 , R G R A M 28 T]
PLOF R ZFAREZE RS RGE & ARG 0SS — 38,58 — 2K R
Pror M2, Je ARG R AR I A A TS, B 23R4
PREE N TR Z B RARFEES, I8 16 (a) TR 5 5 =282 IR
gl BT WUR S, A2 58 JE R K- B s T 41
PP S, N 16 (b) TR .

root root

(a2 PI%% (b)PIRPI%%
K16 REREMIS

Por MRt T — DR E IR R K FATE AR RS
2L, INERAT SRS B AR B A S AHEEZTT , DR R 2% 4
BET A BT AL SC R A TR — A 2 B RR G
A3 2R B AN A AL i PR K P e A% B o 2 26 1 RO R 478, BT
A RO TR S

Huson 45 N iR T 943 90 4% o] e s i (9 8 4, 9
— AL AR EP JE G 5 R & R RDIR IS IA T —AMRSFI)
BT . 5% SplitsTree3 BYJE &, N4 T —~ 44 4 SplitsTreed
FORERE , B — AR 108 P 27 1 2 HE DRI AN ) 216 78 28 48 e A I 25 )
LHME LEEYER T B & 17 J& i SplitsTreed 2 17 25 1Y 5
Viday AU E S

ZARGRAERI—A PR R 25 N A REA PS04 L
EACHE CRRA ROARTT 50 1719 /R A PIAE SN IR B H 1

Tridca) $5 g SO0 N AP PR R AR H R XA O T
FA S/ WRAR K A — A PR 0 285 B Ol B A — A de A T 2R
AR 45 5 b ) BT 75 35 24 H s SO N AR R 45 1 A2
BER OB E N LRI S B XL T, B
ZINPRLER A ) AR 0 28 4 8 1) — A s A T 25 AR 1)
%o Chen S NAESCHR[ 46 [ G 7 — MR Z KRG AL
BB — BT A e T L AR 190 26 1) DRk [ 5 28030k AR5
HFH S5 At JEAR — & AR — A7 B B0 R PP Al g A
9 frc TR PR 19 285 9 R B H B R S IR 1 I e st )
AR [ E SR FL . AT T7E ANST C Hpse B 7 indaek, Jf i
#| CMPT FiI MaafB 7. SCHR W], CMPT A LR 44 i 5
8 T BIRURFLS 15 W' 2 1 S8l 19 B 47 75 PIRN AR
FE , MaafB ] L7 B S 114 RF ] P Ay e fme e 1T 284 R 190 45 1) B 4
{f9 T 5o 5351, Chen I Collins %5 A thy 75 it Jy 1 i 1 7
B SE LA

B17 HA5HBML%
3.2 BEFRGBZUEREREN

R 1R T4 P IR 46 AR BB 220 080 1 b B 2R )
RN ERE Th BE R LU 2R 58 T 3RAE T S k. Jvlr,
KEGG f B 15 2 iy s R BT AR AL 2R 28007 3 D9 S g (T
FIEPH 5 B R RS B R SR T —ANMRIE A, 1D
LAKE DR 217 B (genes ) FIL2E B fs K (ligand ) A4 EE A B 5
S PR I 24 ( pathway ) 46 35 R4 LA 99 28 0 066 R kL 0K, SR 5 AR
PEIIRESE R IEATIAGN 422 (brite) . V#2243 FIH] KEGG Qi
BRARIEAT T B AR

H T, EL A7 e —Se R F R G0 & A T R AL BRAR I B A 15
S I Tohsato 25 A 4 Hy—Fh 3 T2 A HURI SR AL i
BRI A 3 (Rt b S BT B 43 S AR A2,
TRRERTFHTE A 4% 32 5% % 0 52 2% 19 138 3% 4% Ho ot o, Liao %
R R AR P T TR U — MRS R EY
Fi (organism ) {8 7T LA 2 75 2 — A 56 T FR I B 420 A9 — o 7l 1 4t
Profile , 1) ] BRI A BLPAAR A2 1 20t AR 3ol 52 6 25 A 5 M 47
16stRNA FIT Sy 1 A AR 77 E— 5 22, Heyrnans %6 150
KEGG R 4 T2 Ay A [7) 0l =2 190 4 40 P L, 1 B
AR MBI ) BB £ o PR B AR B LU XTI, 1A Heymans (9 8L
R, Oh 25 A 1 PR P B A% keernel FRIARE &, 452 T 1R
S A B AR T A R | 26 ) SR R T e i
B TR TE BB AR AT A P B

X R A N U B A2 1 B o ) R A7 A 5, o L
6 TR =2 1) AR AR W R, 8K 055 < A M T I i
FERLE , 5 J 6 AR 001 0 1 4 T 2R 45 2 A W, 3 ) Tree-
View ™™ HRw ok . 923045 FAE W], il 1 A D7 2 i
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48 Kk HE W BRI T NCBI 20253k
4 HERIE

RO EM B R A W 15 B b — RO %l S
S TR, B MR H B G, R RE A 2R 58 A A A A Bt 12
TREPI IS, G, e —Fh Sl i R R A, A
LEGEN A TGN RS R AWM ETT L. BG4 T
RGP BEA D, R RS T IR b BU Ay A 45 WU
B G AR AURL T RS TE N I & R R SR A B 7
o HHT, WORESETE B W FIAE X 82 22, A R 2 T T 2846 TSP
AR R T % s AT D7 2 S R W AR S d i — AN I AR S
AP SO i 77 1] T B A i — I, IRER B — R AT IR R S
J L B ERAIC S AR 5 1A R R ORI Aol 4 5 v ol
I, NGB — D RGE R EM G SRR . BHER IR RS
SR — B N — 2R B A A A R, TR SR A
SERAR RN, W3 1 OB A R R R SRR O . 1t
REE I RBAE T W RN R0 27, LA B P00 1 g 57
e, 1M PSO AL R G0 AR 1Y) S B IR 2 1 B
BTk, BRSNS RO T . VR BUB NS Y
7 R ATE T B AR R & TR R

ARTCH 3 TN RGERAE T BB T i —— R SR A M 2%
DA R T R AR A R G R AR R S R R T TS 4. AR
Yoy T2 o BT B E R © 22 O T H R AR YA i — AR
BRI 1, R A ST M s DR o 26 e Ak RN S8
IRE R HE T, S A AN RO RS R 2 [ AR OC R
SET A AR R R R WIS A B A BRI A,
TSGR i A T2 LG B, DRI A A T R R
RGER AR R B SO T e i NCBI 732 vk T ) 4 f) A
SR, A S AT B 22 5, T HLBUA YT cousin
pair A WA A AR AL U SGTE = SR Y Rl o0 5, R A 1
SR JRUCEIRTE TR AR s FLOC, i S0 I i 20 i R Kk
AR SRR T R RS R G R R S 2
YRR A SR PSR

KB I 2 G5 S A 43 © A T30 A b kA7
Joshi 25 X150 iy AR 43T BB RN 11 SHLIFFSE T HIV
Feol gtk . SCHRLS8 ] R FIARNE B ShHIL BT A ok 2 5t & A
H) DNA J781, i T A — GBS — A5 AR e 4o sd 42 14 T
REPEE R HY, AT IO P 33 A A R PR BOR R
TR RAZ R AN B S LRI

HT T T AU X LS 0, R 0 5 U T/ N A
Fift o FESORTR L5, THE I RIS AN 2 Bk, 24 5 51 R H 3
T, S KRR 2 60 5 2y 20 A8 i e AR AR T R
e, AR G R AR R R IF AT SR O IE T 2 AT 4 B, Blazewicz
SN B AR T W T — 6 TR, 3 T IR AT B LA
MRS W R T R K R MR G R R MR A il —
Lo TR AR IR RS IR S DA, R R E T
HAH & B RT3
SE Lk
[1] LUO Wen-jian,CAO Xian-bin, WANG Xu-fa. An immune genetic al-

gorithm based on jmmune regulation[ C]//Proc of Congress on Evolu-

tionary Computation. [ S.1. ]:IEEE Press,2002 :801-806.
[2] BODLAENDER H L,FELLOWS M J, WARNOW T Y. Two strikes

againsl perfect phylogeny[ C]//Proc of the 19th International Collo-

quium on Automata, Languages and Programming. Berlin: Springer-

Verlag,1992 :273-283.

[3] CUTELLO V,MORELLI G,NICOSIA G,et al. Immune algorithm with
aging operators for the siring folding problem and the protein folding
problem[ C]//Proc of the 5th European Conference on Computation
in Combinatorial Optimization. Berlin ; Springer-Verlag,2005 :80-90.

[4] SOKAL R R, MICHENER C D. A statistical method for evaluating
systematic relationships[ J]. University of Kansas Scientific Bulle-
tin,1958,38(22) :1409-1438.

[5] SAITOU N, NEI M. The neighbor-joining method; a new method for
reconstructing phylogenetic trees[ J]. Molecular Biology and Evolu-
tion,1987,4(4) :406-425.

[6] FITCH W M, MARGOLIASH E, Construction of phylogenetic trees
[J]. Science,1967,155(760) :279-284.

[7] DAY W,JOHNSON D,SANKOFF D. The computational complexity of
inferring rooted phylogenies by parsimony [ J]. Mathematical Bios-
ciences,1986,81(1) :33-42.

[8] ROCH S. A short proof that phylogenetic tree reconstruction by maxi-
mum likelihood is hard[ J]. IEEE/ACM Trans on Computational
Biology and Bioinformatics,2006,3(1) :92-94.

[9] SNEATH P H A. Numerical taxonomy[ C]//Bergey’ s Manual of Sys-
tematic Bacteriology. 2005 :39-42.

[10] ROHLF F J. Classification of Aedes by numerical taxonomic methods
[J]. Annals of the Entonological Society America,1963,56(6) :
798-804.

[11] LI Jing-yan. The pdaric method for constructing molecular evolutionary
trees from sequences data[ J]. Zoological Research,1992,13(4) .
387-396.

[12] FITCH W M. Toward defining the course of evolution; minimum
change for a specified tree topology[ J ]. Systematic Biology,1971,
20(4) :406-416.

[13] PEARSON W R,ROBINS G,ZHANG Tong-tong. Generalized neigh-
bor-joining ; more reliable phylogenetictree reconstruction|[ J ] . Molec-
ular Biolgy & Evolution,1999,16(6) :806-816.

[14] DURBIN R,EDDY S R,KROGH A, et al. Biological sequence analy-
sis: probabilistic models of proteins and nucleic acids [ R ]. Cam-
bridge: Cambridge University Press,1999.

[15] FELSENSTEIN J. Evolutionary trees from DNA sequences: a maxi-
mum likelihood approach [ J]. Journal of Molecular Evolution,
1981,17(6) :368-376.

[16] PENNY D. Towards a basis for classification: the incompleteness of
distance measures incompatibility analysis,and phenetic classification
[J]. Journal of Theoretical Biology,1982,96(2) :129-142.

[17] BONABEAU E, DORIGO M, THERAULAZ G. Swarm intelligence :
from natural to artificial systems[ J]. Journal of Artificial Societies
and Social Simulation,2001,4(1).

[18] ENGELBRECHT A P. Fundamentals of computational swarm intelli-
gence[ M |. Hoboken ; Wiley,2005.

[19] BENI G, WANG Jing. Swarm intelligence in cellular robotic systems
[ C]//Proc of NATO Advanced Workshop on Robots and Biological
Systems. Berlin ; Springer, 1993 :703-712.

[20] BONAHEAU E, DORIGO M, THERAULAZ G. Swarm intelligence:
from natural to artificial systems [ M ]. Oxford: Oxford University
Press, 1999.

[21] DORIGO M,MANIEZZO V,COLORN A. Ant system: optimization by
a colony of cooperating agents[ J]. IEEE Trans on Systems,Man,
and Cybernetics-Part B, 1996,26(1) :29-41.

[22] COLORN A,DORIGO M,MANIEZZO V. Distributed optimization by
ant colonies| C]//Proc of the 1st European Conference on Artificial
Life. 1991 :134-142.

[23] DORIGO M,GAMBARDELLA L M. Ant colony system:a cooperative



% 3 Eii

. ARR AR KiRE

- 655 -

learning approach to the traveling salesman problem[ J]. IEEE Trans
on Evolutionary Computation,1997,1(1) :53-66.

[24] KOROSTENSKY C, GONNET G H. Using traveling salesman prob-
lem algorithms for evolutionary tree construction[ J |. Bioinformatics,
2000,16(7) :619-627.

[25] ANDO S, IBA H. Ant algorithm for construction of evolutionary tree
[ C]//Proc of Congress on Evolutionary Computation. San Francisco:
Morgan Kaufmann Publishers,2002 ;1552-1557.

[26] GONNET G, KOROSTENSKY C, BENNER S. Evaluation measures
of multiple sequence alignments[ J]. Journal of Computational Bio-
chemistry,1999,7(1-2) :261-276.

[27] KUMNORKAEW M, KU Hong-ming, RUENGLERTPANYAKUL P.
Application of ant colony optimization to evolutionary tree construction
[ C]//Proc of the 15th Annual Meeting of the Thai Society for Bio-
technology. 2004.

[28] PERRETTO M, LOPES H S. Reconstruction of phylogenetic trees
using the ant colony optimization paradigm[ J]. Genetics and Mo-
lecular Research,2005,4(3) :581-589.

[29] VITTORI K, DELBEM A C B, PEREIRA S L. Ant-based phyloge-

netic reconstruction ( ABPR) :a new distance algorithm for phyloge-

netic estimation based on ant colony optimization[ J]. Genetics and

Molecular Biology,2008 ,31(4) :974-981.

CHEN Ling, QIN Ling, LIU Wei, et al. A phylogenetic tree con-

structing method based on ant colony partitioning[ C]//Proc of the 1st

[30

—

International Conference on Information Science and Engineering.
2009:758-761.

[31] QIN Ling, CHEN Yi-xin, PAN Yi, et al. A novel approach to phylo-
genetic tree construction using stochastic optimization and clustering
[J]. Bioinformatics ,2006,7 (4) :S24.

[32] CATANZARO D, PESENTI R, MILINKOVITCH M C. An ant colony
optimization algorithm for phylogenetic estimation under the minimum
evolution principle[ J ]. BMC Evolutionary Biology,2007,7 (1) :
228.

[33] LEWIS P O. A genetic algorithm for maximum-likelihood phylogeny
inference using nucleotide sequence data [ J ]. Moleculor Biology
Evolution,1998 ,15(3) :277-283.

[34] REIJMERS T H, WEHRENS R, DAEYAERT F D, et al. Using ge-

[l

netic algorithms for the construction of phylogenetic trees: application
to G-protein coupled receptor sequences| J ]. BioSystems, 1999 ,49
(1):31-43.

[35] MATSUDA H. Construction of phylogenetic trees from amino acid se-

[

quences using a genetic algorithm[ C]//Proc of Genome Informatics
Workshop. 1995 :19-28.

POLADIAN L, JERMIIN L S. What might evolutionary algorithms
(EA) and multi-objective optimisation (MOO) contribute to phyloge-

(36

—

netics and the total evidence debate? [ C]//Proc of Genetic and Evo-

lutionary Computing Conference. 2004.
[37

[

SKOURIKHINE A. Phylogenetic tree reconstruction using self-adap-
tive genetic algorithm[ C]//Proc of the 1st IEEE International Sympo-
sium on Bioinformatics and Biomedical Engineering. 2000 :129-134.

[38] FISCHER S W,LINDBERG M P. Phylogenetic inference using gene-

[

tic algorithm-based least squares methods[ D ]. Aarhus: Aarhus Uni-
versity ,2006.

[30] %54, MEMH, B &5, F & T4 kR XA HE A
SR AM[T]. AP RF IR B KAHFR,2008,40(1) :36-39.

[40] KENNEDY J, EBERHART R. Particle swarm optimization[ C]//
Proc of IEEE International Conference on Neural Network. Piscat-
away ; IEEE Service Center, 1995 :1942-1948.

[41] DORIGO M, Di CARO G. The ant colony optimization meta-heuristic
[M]//New Ideas in Ptimization. London: McGraw-Hill, 1999 ; 11-

32.

[42] LV Hui-ying, ZHOU Wen-gang, ZHOU Chun-guang. A discrete par-
ticle swarm optimization algorithm for phylogenetic tree reconstruction
[ C]//Proc of International Conference on Machine Learning and Cy-
bernetics. 2004 :2650-2654.

[43] LI Jian-fu, GUO Mao-zu. A new approach to evolutionary tree recon-
struction combining particle swarm optimization with p-ECR[J]. In-
ternational Journal of Computational Intelligence Research,
2008,4(2) :187-195.

[44] SHI Y, EBERHART R C. Empirical study of particle swarm optimiza-
tion[ C ]//Proc of Congress on Evolutionary Compution. 1999 ; 1945-
1950.

[45] ZWICKL D J. Genetic algorithm approaches for the phylogenetic ana-
lysis of large biological sequence datasets under the maximum likeli-
hood criterion[ D ]. Austin ; University of Texas,2006.

[46] CHEN Zhi-zhong, WANG Lu-sheng. Algorithms for reticulate networks
of multiple phylogenetic trees[ J ]. IEEE/ACM Trans on Computa-
tional Biology and Bioinformatics,2012,9(2) :372-384.

[47] WU Yu-feng. Close lower and upper bounds for the minimum reticu-
late network of multiple phylogenetic trees [ J |. Bioinformatics,
2010,26(12) :140-148.

[48] HUSON D H, BRYANT D. Application of phylogenetic networks in
evolutionary studies [ J |. Molecular Biology Evolution, 2006, 23
(2):254-267.

[49] CHEN Zhi-zhong, WANG Lu-sheng. HybridNET: a tool for construc-

ting hybridization networks[ J]. Bioinformatics,2010,26(22) :2912-

2913.

COLLINS L, LINZ S, SEMPLE C. Quantifying hybridization in reali-

stic time[ J ]. Journal of Computational Biology,2011,18(10):

1305-1318.

TOHSATO Y, MATSUDA H, HASHIMOTO A. A multiple alignment

algorithm for metabolic pathway analysis using emzyme hierarchy

[50

—

[51

-

[C]//Proc of International Conference on Intelligent Systems for
Moleculor Biology. Menlo Park : AAAI Press,2000:376-383.
LIAO Li, KIM S, TOMB J F. Genome comparisons based on profiles

of metaholic pathways[ C]//Proc of the 6th International Conference

[52

[

on Knowledge-based Intelligent Information and Engineering Systems.
2002 :469-472.

HEYMANS M, SINGH A K. Deriving phylogenetic trees from the
similarity analysis of metabolic pathways[ J]. Bioinformatics, 2003,
19(1) :138-146.

OH S J, JOUNG J G, CHANG J H, et al. Construction of phyloge-
netic trees by kernel-based comparative analysis of metabolic networks
[J]. BMC Bioiformrffics,2006,7 :284-295.

[55] RAH, Hik, RIUE, — A TRMBEME R AL ARG A T
#[J]. & F $4R,2009,37(8) :1633-1638.

PAGE R D M. TreeView: an application to display phylogeneic trees
on personal computers[ J]. Computer Applications in the Bios-
ciences,1996,12(4) :357-358.

JOSHI Y, VADHIYAR S. Analysis of DNA sequence transformations
on grids [ J ]. Journal of Parallel and Distributed Computing,
2009,69(1) :80-90.

KATARIYA P R, VADHIYAR 8 S. Phylogenetic predictions on grids
[ C]//Proc of the 5th IEEE International Conference on e-Science.
Washington DC:IEEE Computer Society,2009.

BLAZEWICZ J, FORMANOWICZ P,KEDZIORA P, et al. Adaptive
memory programming; local search parallel algorithms for phylogenetic
tree construction [ J ]. Annals Operations Research, 2011, 183
(1):75-94.

MILLONAS M M. Swarms, phase transitions, and collective intelli-
gence[ M |// Artificial Life III. Reading: Addison Wesley,1994.

[53

[

[54

[l

[56

—

(57

[

[58

[

[59

[

(60

—



