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Construction of Molecular Phylogenetic Trees
Using a Genetic Algorithm

Y osHIHISA KAwAMOTO,t HIDEO MATSUDA?
and AKIHIRO HASHIMOTO!

This paper presents a new method to construct phylogenetic trees based on the comparison
of DNA or amino acid sequence data obtained from organisms. Several distinct methods have
been proposed and they are distinguished by the difference of the ways to compare sequence
data. Our method is based on the maximum likelihood method which constructs a phyloge-
netic tree as follows; generate possible alternative trees, compute the likelihood of the trees
based on the statistical substitution frequencies of DNA bases or amino acids, and selects the
optimal tree which has the maximum likelihood. The number of alternative trees is however
increased combinatorially with the growth of the number of sequence data. Thus the exhaus-
tive search is impractical and some type of heuristic search method is required. We developed
a method to search for the maximum likelihood tree using a genetic algorithm. From the
experimental results on phylogenetic trees of amino acid sequence, our method shows better
performance than almost all the results of the other methods.
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GGTGEFEAGISKDGQTREHALLAYTLGVKQLIVAVNKMDS - -VKWDKNRFEEI IKETSNF
SPTGEFEAGIAKNGQTREHALLAYTLGVKQMIVA INKMDEKSTNYSQARYDEIVKEVSSF
STTGGFEAGI SKDGQTREHALLAYTLGVKQMIVATNKFDDKTVKYSQARYEEIKKEVSGY
AGTGEFEAGISKNGQTREHILLSYTLGVKQMIVGVNKMDA - - IQYKQERYEETIKKEISAF
ADVGGFDGAFSKEGQTKEHVLLAFTLGVKQIVVGVNKMDT - - VKYSEDRYEEIKKEVKDY

S.acidocaldarius AKKGEYEAGMSAEGQTREHIILSKTMG INQVIVAINKMDLADTPYDEKRFKEIVDTVSKF

S.cerevisiae

* * * * * *

GGVGEFEAGISKDGQTREHALLAFTLGVRQLIVAVNKMDS - - VKWDESRFQEIVKETSNF

* * * * * * * * *

1 B T7— 5Bl (M)
Fig.1 Example of molecular sequence data (partial).
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Fig.2 Phylogenetic trees expressed as unrooted trees.
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Fig.3 Molecular phylogenetic tree.
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Fig.4 Stepwise addition method.
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G
B
E
B
F F
G
D
A A
E C P
Cc Distance Matrix
pistance Matrix A
A B 0.4673
B 0.4548 Cc 0.3543 0.3687
C 0.3656 0.3585 D 0.6467 0.5936 0.5481
D 0.6495 0.6053 0.5532 E 0.4243 0.3621 0.3258 0.5507
E 0.4119 0.3676 0.3155 0.5232 F 0.4431 0.5241 0.4111 0.7035 0.4811
P 0.4435 0.5138 0.4246 0.7085 0.4709 G 0.9037 0.8414 0.8051 1.0300 [0.7758 | 0.9604
G 0.8621 0.8709 0.7817 1.0656 [0.8280 |0.9211 A B c D E r
A B c D E F
Ln Likelihood = -4468.9
Ln Likelihood = -4470.4
(b) a reference tree
(a) a rugged tree
B D
G F
B
G
D
F
E
E
c C
A A
Distance Matrix Distance Matrix
A
A
B 0.4565 B 0.4443
c 0.3672 0.3559 C 0.3743 0.3624
D 0.6593 0.5096 0.5587 D 0.6481 0.5070 0.5662
E 0.3579 0.4044 0.3151 0.6072 E 0.3556 0.3924 0.3225 0.5963
F 0.5048 0.4936 0.4043 0.6964 0.4527 F 0.5135 0.5016 0.3797 0.7055 0.4617
G 0.8520 0.8985 0.8092 1.1013 0.7672 0.9468 G 0.8467 0.8835 0.8135 1.0873 0.7652 0.9528
A B c D = r A B c D E r

Ln Likelihood = -4461.9

a tree constructed by crossover

(c)

e
Fig. 6

K#ELTWA, F7o, BHF—4% & LTI, GenBank
BIUPIR D5, #>/37EET (elongation fac-
tor) EF-la »7 3 / BEFI % 15 BEOEWIIOW
TEHYHLZbNY (LUTF, EF-la &8Y) &, M

Ln Likelihood = -4457.9

(d) a tree constructed by mutation

LA B LU REBE RO KA
Example of crossover and mutation.

BB 2EERFOVEDTH S o AFEHED
BEBLV o AFOREY FRENEX THAGD
w721 MRS L2 ERA L/

GA I X 2EFROEFTIE, SHEAOBEKERX
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Tl MHALEIZLD TEI O RO
Tablel Comparison of tree-construction methods based on
the log-likelihood scores of the resulting trees.
I3 R HEALK (EF-lat HELE (o N1
'J‘Jﬂ’m) —6301.2 —1657.0
ITRER il —6301.8 —1655.7
ksc}\ﬂuit’n) —6267.7 .. —6270.3 —1653.7 .. —1657.0
B CRAGREER - 810 —6309.6 —1658.7
AL GEXN k) —6260.6 .. —6998.8 —1663.5.. —2291.8
KAk (GA) —6260.7 —1652.0
-1600 )
.8—6000- '8 [‘ “. " '
o._ | f«v«»«wg‘wq’_ 0—200()# RETTTION I
g 6500 F;,[Mj 4:“4 rlf h‘h‘fv £ 4 ‘ bk i p
£ 7000} || ’ { 2 2400
= H ] 3
c- | ‘ — Best
- 7500 —-Average 5 -2800
—8000 ....Wors - Average
6 50 100 150 -3200 Worst
Generation 0 200 400 600. 800 1000
Generation

(a) EF-1a

(b) o N

T MELEOH R

Fig. 7 The improvement of log likelihood scores.

BLURRERORERODIENVEETH L. B
DWW THE, 7 IV BREHOKRL D KEODEY 2 ¥
IWEEZLNDLDT, EF-la 122W\WTi2 20, o H
FIZOWTIZA IZFREL. $7:, KABLOER
EEOEERIZOVTIY, BARMRBREFEN RV
KADEEFEL 0.1 5 0.7 $T, BREROR
AEXRE 0.1 25 06 FT, #RFR 0.1 FOELLX
FLHDIIOVTFRERYITY, FRICESVTE
EXiTo7:. FHERTIE, # LVEEH 1000 B4
RETHEITT/OTIL%FETL, F0ER, BHEA
MM OMBREELRKE -7, ZABLURRER
DREER (FHFH, EF-la T2 05 8L0°0.2, o
HFTIR05BLU0.1) #HVAIEEL. 20
LOBIIRDE, 7075 L%ETL 742, EF-la
T 138 KB T RTOM\EKA 1 DD 5 F R %BH -
WRL7Z2OTEITERFTZTHYD, o HFTIE 900
HREZTTETE2ITOW- 72,

K1 T, RREHEOKE L B IMECHERL
e EDBREFEOERONBAEMBIIITS>E 0% 2
25, CHEBRKEHEOS A I BRI/ O F 56
PHERBHB LN DL, BRAEDE ST 5
& EOETOBRFIEFIERVIKES 5 - 0NEFEY
Y LICEZT2BEFTLLOTH S,

RK1DPOoF02EH1, HA0FEIZELY ¢ BT

TREOSHBLENORECERET B LN, EF-la T
ERMNETHRFE LRI BLOBOAVLO L
DRPLEDLD, ZRUANTRIBOFEL Y & B
ENRELRT VS,

X743, AR THEEES D L) 0%
ftLizht, SHROMBEEORSMH (Best), F
¥)fE (Average), BIRfE (Worst) I2DWTRL7: D
DTHAH. 7 (a)ld, 130 HHLE THEAEORSE
ﬁtﬁ%QTuEL,mswﬁEff«TWMWW H
HOBMHAMBHPBRL7: 2 L2 R LTV 2, Jhud,
AKFEORBRE~NOIEMEFEL TVELDTIIR L,
TLAMKREA 20 & V%2 L2k 2B ER~
DMK L Db DL EXSND. —F, @ 7(b)
TiE, 877 HH CHBAE O R ESMA —1652.0 (=
ELTWDD, 20%LIESTEHTFIILV. 208
HE LT, o YT 20 BORF» SR s 3
BEHAHM ZIEFZLTHE Y, 15 ORI % fF - Twn
% EF-la YXTHEROMISKEVZ L& 5
s

BB, CHOLOMELGLIDIZEL - ERRIE,
L EROBREHLIDI., BABEBR T — 27 25—
>3 JP4 (CPUIEZ 1Ty 7 100 MHz % PowerPC
604) To CPUKMT, EF-la T3 192, o B
FTRHIBIBLELZ-THES,
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6. &b

Fait, PFREMEENT 57200 -FETH A
BAEICREGTVTY XL (GA) 2HARA, fit
ROFFEINRBVERLFLIILICEIILL.

BAEIR, 52 5NRF S BB R % R R
i, SFELCOHEL BN TS DNAEES
T IBOBBREEY L LICGHESN AN ELE
WL D HBT A HET, FFREBEBEOB TR
LEBRMLBTEL LTHSRTYAS, L L, 20
KE, B0k FREWOBI R 5 & & FHH O
MALEIHAT A LD S, EROBABERDLH
ETAZLEFho>TVA.

—7%, GA 3, #evREtRENOR TN 2R
EThsH ZOGCGARPBREFCHEATAILT, &AL
EOREE#HVOD, HROFELHTE ) HER
BOKEWRYBLIENTREL R o/,

S%DBEE LTI}, AFEIIBVWTIIGAILLS
BEFRO—Rew e @m & U CPERICHER ISR A D2 -
TWa 7o, BIR - XL - BRERIIODVWTHHERD
BRELEO-Fa—= 7 eitve, RMELm LS
®HIENBITFOND.
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