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Abstract The phylogeny inference among different species aims to reveal the evolutionary history of certain species, as
well as the evolutionary relationship among them, it is an essential branch in the today’s research of science life, The
progress in molecular biology supplies a large volume of data to the field of phylogeny inference,and the research of evo-
lutionary relationship among different species at molecular level is receiving considerable attention. In the past decade,
much progress in this area has been achieved by means of bioinformatics,and a variety of algorithms have been devised
to reconstruct the phylogenetic tree of species. In this paper, the development of measuring the evolutionary distance and
reconstructing algorithm for phylogeny were reviewed and commented, and the challenge of researchers in this field
faced was then pointed out,in the end, perspectives in this realm were also proposed.

Keywords  Bioinformatics, Phylogenetic analysis, Evolution of gene, Parsimony approach, Maximum likelihood ap-

proach, Neighbor joining approach

1 8|8

FRERFFMRRG KR ¥ (phylogeny) , EBF LR Y
FhROTE BREGHEAL G 1, LA R Fb 2 [ LR % ERAE YR
BE¥H—NEBEL S BERELEOI AMIA LT #i 5
Z IR S MR A R R, TR RATR AP, R
RAEFENIIRE, HITY 2R TR NRBE AT

AR — R B K AR, TR B 2 (A
PEAL B UE B — B SRR R 2 50 BT A — KRR, K R A
Rk 7 L e s N ik /2l p ZA AL R I NN Z ok » &
R, HEH FTRIESHIANLCOKBEARN. TR

SR B #9.2009-09-02  R45 H . 2009-12-09

FE SR PR Oy AR o 4 T R 8 A 00 2 1 s A I 5
KR, FEAT Y2 HBLAT, A AW T B4R A
BIZERHE AR B EER BT ST WP Z RIS AR R —F Bt
TR (BRI 50 07 B AR AE R B IR AR K. BT
TEBEALT R A, MR G54 7T BRI S kAL , A E M Sh iy F B
B RIS B AT REAR R, (B AD R th 52 @A R Bg R s i R
B 5 LI IR B 7T LLTRAT BB X A~ EE . R UR
FEI(ERELEHE L, iE R — I3y, B LR R R
SERRHIER AT R Z B B R R . 7E 20 A, BEE
DFHEWERNRR ERRRITHRBEAS TKF BERAE L
ZHy 30 BAERTE R, BRI FEARE LR, ZRYFEE
Y5 50E (K in DNA.RNA MIE B EFFD MR EC 28

AXZEFKBRBFES No. 60675016, 606330300 % B,

Hetig WL, FERRFEAERIRG A YE S, E-mail: treaton@tom. com; BiSI4E  #HER, 1-H4 IW, EEH R AERIRM L KF

b,

0470



REZ, X HARNGTFRPHRI R B R R T T
BE. BETAMIEEANEY S THaSE YR RRET,
i ELAE 53 T B BUR L AL B BREBUA 5 » B 72 57K F
LB B R B H T RAMN G 55— HH, E
RPN R R, TR R SERER I RE - KRR
T A A 20 B B MR EG SX AR R B A 5 F R AT
MEUNRERTITRE T ATEE. AREX TR
HATUE Y, A TEMRERENENRYMNRELEFTC
ZERMEFIRANOEN. LHEELENLHED, 20
AR R GOTFE RN ENRE R ES T,
RREREFHRBUS B R MR, SR SRR T4 FAKRN
REREWER T BRI M T - EHERANRE
REWFEME.

£1 FHAN-BREREIRE
%4 k'S 7% T &AL

http: //evolution. ge-
netics. washinton. edu/
phylip/

NJ,MP,

L EEEBEAE

PHYLIP

ftp://onyx. si. edu/

PAUP MP # [& Simthsonion #F & Ft
paup
http: //bicinfo, weiz-
MEGA  mann, ac. il/databases/ NJ,MP £EFEZEWHZEREIEMNIAY¥
info/
ftp: //sunmbh, ism. ac. )
MOLPHY . ML B A E 3 4 R KA
jp/pub/molphy
PAML http. //abacus. gene. ML H A A
ucl. ac. uk/software/
http: //www. tree-puz- HBEMAGEES0TH
PUZZLE zle, de . ML SRz
http. //atge. lirmm. fr/ FEERMALRHAEYEE
ML
PHYML ) yml/ SR FHAZRE
MrBayes http: //mrbayes. csit. Bayesian FEMWMAZLLH T FHLH
fsu. edu/ %
MACS http: //www. agapow. Bayesian HEET A%
net/software/
http: //www-ab, infor-
SplitsTree matik. uni-tuebingen. NJ HEFERAF

de/

T NJ #5408, MP 48 8 K 8 249 32, ML 35 B KU #R 5 , Bayesian
18 UM g v oy

MREDERFTEESFRIPRTRERT ANE S
TRMBRFATTEEE : (D4FKF R B8
BGQORFEEFTWEMAE L, A SCHE X W07 #1745
B, BEET TRV RS R E M5 S8 RS i
B RO e Y LB RS SR IBF R . BB 2 W&
BRI TKF L2 E R R Z BB R R % 8
STHHREMALRENN —LEEBHE  BREHLT RS
REFRMRRET .

2 GFKRELHHUER

SRS FEWFEFRIN YRR B A R H A T4
Yo, £Y5r T FEAYE DNARNA fIBEA A, X
Se ke Yy Fr 3 b BB CE R L RIRGE , A F YRR 1S
B Bk, Yah Z B AR R AT LUR A 4 F 22 (B AR (L o
FRFIRN , WA 43 FAHUE AT LU 2 5 TR 2 R 35 A% B
FISAERR T 5 Z A A D, X L6 40 F 454 b AR
I, REE TN Z A LT, FUREEEXE

. 48 o

BrgEal LI R 0K b, o ml LU e 25 bk e h et A A
HXEER.

HEYRFRISGERRIE “REW . ZRENEEEMN
BRNEWER, AP RSN I BRI FHZ AT RS
L AT LR XA B BT R e RY . T E
I FRSHIERER, BRTTTAN L TERERFRMRE
o, FIRA Y 5 TR E R RO M LR R AR BRTE
FEH®. ATFHRREREEQFE SN EYS TR
HITWENRBENFR, TR HERNEEAREE T
o, NI BT TR HNER A ZANRERT
KEWTIERD, BRMEEYEEOAGHRR, HEER
ABKER, F TG MEFRLEBRATRERETS
¥r.

FEFFIKFE L A0 7 51 69 8 AL A B 7E FF 51) 2 [ A RS2
REMBHERE BERBREZRNER, A —KEYFF]
S S — &S YFS R ERRE BEA R ZEK
. MERFINE, B TRERTMTNELEE
AR H A% E A AR LE RS, BICR [R49)#h 2 6] A R SR A
HHRGEE. S THERMDIEREBML, BRI AR
REAAKFIGEE RS, AXFEHEET 2 FRFIIK
RE RTINS, FERIERBGEE R B TR A RRE
KB FEE B R EERR, M 453FKF ERERE T
FHFTFI R R B AT BE MR
2.1 BEEYFIIRAHLER

T 8 BT HOR  BLLLRT , T 2N P AR R P
AR RHE, S TKE M Z AN RERETRRE
ERAMARANERNEEERFF, A AR 2 6 58
A FERERSERES R, Bl —&FHHA R 55
— & PR EE T EERNBERIRERENZ AR
HALBER . BT RRFIIH S THAERAEREBIBLLI
bR SE R EMBRENERHIL, GECITROEA BB
=EinFriia: SN

ALK B BRI A R 0 R R 2
TR ERE S S B P Z B R RS B, XM E R
REMFZEEFIZ EEZER, 2R H G Y2 6
BT, R 2 I B B R

T RFF S E B AT LURF S Z 18 8 L xd 8 4 E AR
HEMZIE KA B &, Wu S A AR B R F5) i s
ERMEMTRBNRERZERRY  RETUAGEITHER
FHERSTH) 2 B HALIE R, i Ranwez % AR B K
AR ENFF T3 2 B MR B BEE ™ AT LA
HeMIRe XPAFFIMHEMEE, I O FAEXT
—MFRA LZ complexity RIEE R L& , /I TR M — & FFIFF
WA — AP RENRERES . QEARAT
BT ERFFHRS T B #ITRER TR . BIE,
Hoppenrath % A 42t ] rDNA FF 51 o 15 8% 43 B 3 2 89
REREXRRY.

BT MR B AL 1 8 Hr , OF R 3 B Aot 1 B S B |
BRARKS, B 4 AR EE R BN RER TR, ¥
GBI s YA, B F BT U R B R R R R
—BHHR. R, A YR B o T R R R KR
BEEDBHMARE, X FIREFEAER—SHTF



WA, B, B R R E RS R R OfEE, haxt
ARERFERR WS, R, LRFIFEEHER
BEARMUY L L E 2B LER.

2.2 BFEREYFIBRHLER

HTHAREFFIHITRERE SN EEARENE,. &
YWENNEY S TFHREE R, ARNEY S FHROEE—
FER PG R, B IR 2 45550 k81 5 0 2 18] Mk 1k 5%
RE-MERNEDL, MHEEEGREERNERE . BHT
R BE R EYTF], X EBRPA BRI HE & FEF R
BHOTRZRKEME TG, ATHHEELAEYFNFH
ARG B AN PR AT B 2 E R . (DOXEA R
BFFI oA A L HRBANBITIEENEREL TR R
JERREE X B — B SR BR YR R G AT, SR 14,
ISR AR R IX PR . (2)5cR A H Xt 8 k4 Jixt 1~ &
BEFFATEFFILLN, REHE A W T R PEGESR, 1B
HEBFFH LI HER  EREX M EREMRERT
B, CHR012, 16 DR T iXFp k. I James % A M 200
HEPRE 6 MNRIEEE, R EFI A LR E K E BB
AT THRIFHD,

WA Bk BT 245 895 Tt fuf5 82 E i A
BREF EERASMEREEERBRENTREN . BAEE
I A R BEREH A EG, T XREREATAR
FPFep AL (5 B, X i Bk L RS R B LR S
FIEREMAEMER, BEXANMRETENE R ER
BT,

2.3 2EFEAFTIGHHLER

FEA S E BTSRRI & R, P A KR T/,
REYMWLERAFHNCEENTFH X, 2RFNATEE
EEMAENHLER, X IARESFAE L IR
HHIRICHREE T KB BIETE R, A0 BETENER
HRR, TENNEERENEERIANER, UREITHE
REEYRFEEREABORINA, EREXFHME
ZHADERANNK, BRBEHNFAREENEBI2E
HAKY E. BE. XA EHNHREZER BRI RN
EYFERERIFNAE, BT2ERHANREE TR
BEEA A = KK,

(DLERFEH P gene order(gene rearangement) {2 & ,
XEFBERAT AREEGZEEHEEESRFEELE
BRERENTZE IR, 3L HE R P 2 B B A 40
R R, 2EEHPERASRFEAREY P H—
REBEH TG, OIEEEEE R R R =
KA, BEEHFITELGEBITENREARZEREAFILEE
HEFIFHERBE XM ERBREEE RGN —TH
AR T REANMTENR/NERECkE LK,
B4R iEE . B1F 1938 48, Dobzhansky #1 Sturtevant 5t & 31
AREM R RBHEEAPEEEFIRTFEHENIR, 3 H
BRFBTXFEOHRED ., ZEERK—BREN, T
REFAWFHEAR R BT GBR ] AR E HFR 7
ERFFR S RAAEX 218 . B8R T JLE, X H AR A4
BURBA B MR, HHl gene order (F R E LB A THRHE
Yo GEE ) TN AL s MR R SR R AL
KE,

HFEEIFFEH ARG BB RAREA S
EEMRBERZEN, BB EE A 55 E IR
FAHXMH BT TRERA R EMENR
R SR, R R T E NS 2 A B dR R B
kFRARFANEEAZ BN BELER, A —Z2EHEHFT)
FAZEEBFEERE T B— R eERARFSZLR 55—
FKEBERMUFIFBENELHFBBRIERE. TEXLR5E
PR B IR R NP, 56 F Infal A5 i+ S fp ik 4k
BE B Ia &, BRI A B BRI s, KEBBERA
B R RIS RO

(D) 2FF M gene content HF B . XEFEMAR
FERAPREZNORIEFEEDER S EFNAFRE
BUOE Y LR 20 AR e B R R B 2 JB) R A (LR B L T
g MRS EEZE T2 AL, gene con-
tent A /& Snel A 1999 SEBF MM R R E T
RAMEAEREMN, KB FRAT .

; ———lc
Dist_contenta,s =1 minCIA[;1BD [¢))

K, (A BIgREREEA A f1B PREARNEE, (C
FEFH A B hREEFMEE. B gene content
B, R M AL ERNA T P RHEERBEL, FnTiI18M
fol, BE LB B e, R 2, ik BE B AR . H 81, gene content
5 RE LRI AT ArREgles s (i MR
Gk R,

JG% Gu 1 Zhang X T ZiEH R AP EEF IR H K
F R EN B3 T extended gene content A, 8 T —
FEFREVUAE LR B AT it L BE B B B, Huson % AR
BEREAMBEEREEHRE T —HETFTRAURKS
TR R R,

GeFERAPHRSLEMNFER. XHEEAETE
ERH T 85 BRI, B e Xt 2 B R HFFIHAT L2
BOEHXHERD ER—EN EEHRE R EFRFS
PRI B4 VS B X , SR AT R LB (K B e R R A P e
B E-ESE 4, SR H X R A EERX E ST E N
F&LER AT AU, i —FaT LR TSR
#2315 gene order {5 B Y breakpoint FE B I8, Alexander
& R A X RO 3 B R A B DR A b Ak B B A Y AL R
BiEEY Henz EANBAXF T ESINEREDNEER
HF5| Z R FE L% R5; Deng 4 AR IL B LRItk &
EEA ERAXMERHETRER G HN.

ER=FETFLEFHAFTHME B, gene content TBL
HEARFEEAD LA EAKBENELER, BN LR
HER ERNSH ERYEH BRI B EHLEN;
gene order R B2 B EHFURF W ELF R, L IEERB
B EHE O RBESE M, T4 LA E B R B R R
HAFFEREAE FHERER, AEEA MBRNEARS
WAL,

3 ReEREMENHEZE

RERERNEM—AREWE R YR Z B H R

B, W R RR 2RI, B R0 N RSN S

KA RAFRES T, W RBREN S T Z KB
L 49 .



B, WEZENESEREYSTZEMHLLR. HEL
BERY L REREMAT LIS A R RITCARAR , A A R
TR — MR R, RRERA T A MR, Y
AT ENA RN SER TR I TARR B R RS
), Tork YR 2 [ B HEAL T 1), FURSE T A1 6 fy
TR, BFHTRPHRERE MR ET S BB K
%, BEF AR EMETERN .
3.1 EFENAFFNRAEEHENEE
EF RSN RGER TR BN BT SRS R 6
e, DA ED 6 s B AR AR R4 PR BB AR , PR T 2 %
B2 EMAREE T XR. XEFERHEHHAE X~
A BARACKTAE SR R HEATIRAY LRI T 3 Mk
(DETFRABALM I, XA E J6H Camin Al
Sokal $#2H#17, J5 3 Hein % A3 skt 47 THS ™. &
A4 TR R R Ockham #2200, KRR A
BN R M B BT E BRI 0 A Bk A AR B 0 22
F, AR RE A TR R B N P S ER /N
ARSI e R R R 2 L R, B &
9 30 4FBHIE] o , R TH R T B 9T — S M R g S 2 B LT
(ERXF T 28T NP-EER Xt S8 Ty
WRBAR, BABARLA, B, BARAERAE % R
SY ST BE SRR BRI 0 I BB R B e o R A B RS B
4.
OETFRABMRENO T E, XH %R R Felsen-
stein B H0, BT R B R A HEAARY , (78 PRI
BB S E SR MM MBERR. TEA RIFN%IT
HER, B AR M A I8 RO MR R, A ARS8 BB AR A 45 .,
E5BARAHEA L, BARSREE B T R R F 2 53 L
B 9 151, BRSSO % B 012 A s AL IR RS . (B2
ETRAMRENREREREW T EBESH S THKE
FHERMRER KWW HINGH TR BEE K R4
NP0 , 3t TR SR R RERI . B 45h, 5%
Ry o o R R B S, S BUHZE R B8R T oS
FEAERAE.
OETFNUHGHERT I . XF 7 AR ERMER
KB WA, AR R A R AR U R M BT I E T
07 4 B A S L RO T B4 S LA B KSR ME SR A AR AR A
HERGRER BT, R ITEE 2RI H T
EZRGED BRH TFREM IR ERER, 3L
BEHRAFSE, RIS R A G ARRE 2t ], B
T 00 SR 7 o B L L BB
ETERFINRERTRIEN F A G EE S ARE
RSB B REALABEY , BB 5 SR A A e A MR SR B R LR
3.2 ETEENRSGREMENEE
EFEBNREL TN ENEIER BN HES  H—%
RGEREMEN L. SRR R 8/ 9 5 2 (mini-
mum evolution, 5 ME) XKk B e — R
SERERFEREH YR ERLIES, RERTFXAES
SERE, RAIRKEE TS AT A%, ER MR
REMF 2B A BB, RS MR B RLER
B, - ETEERENRER TR ERE RS Kidd
#1 Sgaramella-Zonta £ U4, Z kW Bz R I R— B EH
« 50 e

BN X KERBMNRER . RENETERRENY
R A TR R AL, i R E R/ NE L REK
B 3 T E B R EYR R EER3, X R R AL
B. N TR, AR T —8)8 2 ME R,
M—BEBE SRR IT 4R, SR B — 8 RO MEI , 338 V3t & S 28 R v B
ERENT L EATWERER, —~HIRA 3 M%n
JoHE. '

ETHERAERENAERENNAINTZRBER UPG-
MA #: (unweighted pair-group method using arithmetic avera-
ges) B F4F 1k (Neighbour Joining, NDMI , 454k R —Ff
RS #EHE:, i Saitou Fl Nei HEiR . REN K
Bl TR BUE T A B/ AR, HBRRBUERIE B/t
et B R EMTTEREIRE R, T EERERR, B g,
CHNEATRELEEM. MAGHRATENSIRERE,
0 Studier I Keppler 7E NJ H 348 H (058 ZAE BRI dk it
77 k39, Bruno 2 A2 T Weihgted NJ 3 3:14), Gas-
cuel B T BION] B3, Desper & A2 4 T FASTME &
¥, B Criscuolo 28 A SR T — iR JLBE B 46 B P FFTE
BRAC BRI PUE NJ Bkl

BTHEENFEERE R TENNFEENER,
EhnaLEE; FEATENEE LEY U LR TERFS
K EINA %, — BREEE T3 B Wb 22 () Wy 2 fL BE B 48
B, LA AR P R R KB HE N ENZANRERE
B,

HFRIE EAENTIERETHFRKENRARE
PREZBE THB MWL, X—FEEBR TEMBEK
i, BT ERB R TIHERENERRE. LY TFHA
ERRBTHE, \HBMFF LS AETFLERNARFTIN
gene order Fl gene content {§ B, IREHIEEF FEYWEF A
BR B, R R HEE R AR R R, Rt h T
HENEARNER, A A EERLEKF LR R R
KB EREREWENE LT, NN ETFRITFS]
BB, BIERE N B, U R EHE&RMBGERS, &R
R R AW E R TN R R .

EFFXF LR XR, FFRT ARRRE
WHFRE, BB TFEYRENE M4 MBI
B R BEHE, 725 F KV LT ah Z R B R
HFARRREH AN R. FETERLHEMN, FlIRREN
A sr-F WAL B 3R A —B, BATRT IR B L8 R R
E57 NIMARWHAEH=EA—RAHLER  XEER
AT (51 8 A B 20 I 49 b 22 18] B 3£ 4K 56 % , B gene content 1
gene order [ BAY A3 B AL R P R R R f LS
%, AETRG Y Z AN RERET XK, RATBERIREH
R . ARCLRBAMA HY# ZRBHELE L, SR
Z B R R & R AR, G R RO A BEEW
R ERGERENERNEETR T E, RE4HREREE
RN M—RRE LA TR RN, BR_Rd FiHETRE
HE R — ST RS I AR K BE B A R, X R B B
B P, T B BB A M R Al TR 22 W) R T A T R
BRI F B R EELERIERBIBERORFTN, R
B, A E R AR — R R, B X R BB RR R
i, AR L RBRMERE, XRERRINELEIREMBLY



ROERBWEMARE.,

A5 R4 BRE A M ARERT R Y AL R —
EMROIAR, REFE—EARTE R SHRR, A K
BN RERAF s 2 B X R R R, BRI B — B S S
FEH TRRHRYMZ BRI PR R, IS0 7
XA ERN B R R T REFRZR.

BEE MR EIR R R, ARTES TP LY
TB] R R AL 56 R EK) T ARHE SE MR A R, X8 4 22 ) 4k 56
REZEREMEBEMEL RN EYRR. Fe, BEHE
WEJHB N ER, B I T EARARABRER T4
Prnfh Z B RE R T R R WAL BT F0R BB — 25357 Y
R .

2% X W

[1] Nei M, Kumar S. Molecular Evolution and Phylogenetics[ M].
New York:Oxford University, 2000

[2] Lin J,Gerstein M. Whole-genome trees based on the occurrence
of folds and orthologs: implications for comparing genomes on
different levels[]J]. Genome Research, 2000,10,808-818

[3] WuJ Y,XuX,J XL X. FlyPhy: a phylogenomic analysis plat-
form for Drosophila genes and gene families[J]. BMC Bioinfor-
matics, 2009,10,123

[4] Ranwez V, Gascuel O. Improvement ofdistance-based phyloge-
netic methods by a local maximum likelihood approach using
triplets[J . Mol Biol Evol,2002,19.1952-1963

[5] Otu H H,Sayood K. A new sequence distance measure for phy-
logenetic tree construction| ] ]. Bioinformatics, 2003, 19 (16):
2122-2130

[6] QiJ,Wang B, Hao B I. Whole proteome prokaryote phylogeny
without sequence alignment: a K-string composition approach
[J7. Journal of molecular evolution, 2004,58(1):1-11

[7] Hoppenrath M, Bachvaroff T R, Handy S M, et al. Molecular
phylogeny of ocelloid-bearing dinoflagellates (Warnowiaceae) as
inferred from SSU and LSU rDNA sequences[ ] ]. BMC Evolu-
tionary Biology,2009,9(1):116 i

[8] Huynen M A, Bork P. Measuring genome evolution[J]. Proc.
Natl Acad Sci USA,1998,95:5849-5856

[9] Bapteste E, Boucher Y, Leigh J, et al. Phylogenetic reconstruc-
tion and lateral gene transfer[J]. Trends Microbiol, 2004, 12,
406-411

[10] Choi T G,Kim S H. Global extent of horizontal gene transfer
[J]. Proc. Natl Acad Sci USA,2007,104(11) ;44894494

[11] Bratke K A, McLysaght A. Identification of multiple indepen-
dent horizontal gene transfers into poxviruses using a compara-
tive genomics approach{J]. BMC Evolutionary Biology,2008,8:
67

[127 Rokas A,Williams A L,King N,et al. Genome-scale approaches
to resolving incongruence in molecular phylogenies[ J]. Nature,
2003,425,798-804

[13] Alexander F A,Stefan R H,Barbara R H, et al. Genome BLAST
distance phylogenies inferred from whole plastid and whole mi-
tochondrion genome sequences[ J]. BMC Bioinformatics, 2006,
7:350

[14] Bininda-Emonds O R P,Gittleman J L, Steel M A. The (super)

tree of life; procedures, problems, and prospects[ J]. Annu Rev

Ecol Syst,2002,33:265-289

[15] Delsuc F,Brinkmann H, Philippe H. Phylogenomics and the re-
construction of the tree of life[ ] ], Nat Rev Genet, 2005,6:361-
375

[16] McLysaght A, Baldi P F, Gaut BS. Extensive gene gain associa-
ted with adaptive evolution of poxviruses{]]. Proc. Natl Acad
Sci USA,2003,100:15655-15660

[17] James T Y,Kauff F,Schoch C L,et al. Reconstructing the early
evolution of Fungi using a six-gene phylogeny[ J]. Nature, 2006,
443(7113).818-822

[18] Dobzhansky T, Sturtevant A. Inversions in the chromosomes of
Drosophila pseudoobscura[ J7]. Genetics, 1‘938, 23:28-64

[19] Bafna V, Pevzner P, Sorting by reversals; Genome rearrange-
ment in plant organelles and evolutionary history of X chromo-
some[ J]. Mol Biol Evol,1995,12,239-246

(207 Belda E, Moya A, Silva F J. Genome Rearrangement Distances
and Gene Order Phylogeny in {gamma}-Proteobacteria[ J ]. Mol
Biol Evol,2005,22:1456-1467

[21] Luo H,Shi J, Arndt W,et al, Gene Order Phylogeny of the Ge-
nus Prochlorococcus[J]. PLoS ONE, 2008,3(12) ;e3837

[22] Murphy W J, Larkin D M, Wind AE D, et al. Dynamics of mam-
malian chromosome evolution inferred from multispecies com-
parative maps[J]. Science, 2005,309(5734) ;613-617

[23] Goodman D, Ollikainen N, Sholley C. Baculovirus Phylogeny
Based on Genome Rearrangements[ ] . LNBI, 2007,4751:69-82

[24] Caprara A. Sorting by reversal is difficult[C] // Proc. 1st Ann
Int Conf on Research in Computational Molecular Biology,
1997.1997.75-83

[25] Snel B,Bork P,Huynen M A, Genome phylogeny based on gene
content[J]. Nat Genet,1999,21,:108-110

[26] Hughes A L, Friedman R. Poxvirus genome evolution by gene
gain and loss[J]. Mol Phylogenet Evol,2005,35(1):186-195

[27] Gubser C,Hue S,Kellam P, et al, Poxvirus genomes:a phyloge-
netic analysis[J]. J] Gen Virol, 2004,85,105-117

[28] Iwasaki W, Takagi T. Reconstruction of highly heterogeneous
gene-content evolution across the three domains of life [J].
Bioinformatics, 2007, 23 :1230-i239

[29] Snel B,Bork P, Huynen M A, Genomes in flux: the evolution of
archaeal and proteobacterial gene content [ J]. Genome Res,
2002,12(1):17-25

[30] Kunin V, Ouzounis C A. GeneTRACE-reconstruction of gene

. content of ancestral species[J]]. Bioinformatics, 2003, 19, 1412-
1416

[31] Gu X, Zhang H M. Genome phylogenetic analysis based on ex-
tended gene contents[J]. Mol Biol Evol,2004,21:1401-1408

[327 Huson D H, Steel M. Phylogenetic trees based on gene content
[J]. Bioinformatics,2004,20(13) ; 2044-2049

[33] Henz S R, Huson D H, Auch A F, et al. Whole Genome-based
Prokaryotic Phylogony[J]. Bicinformatics, 2005,21:2329-2335

[34] Camin J,Sokal R. A method for deducing branching sequences in
phylogeny{ J1. Evolution, 1965,19.311-326

[35] Hein J. A heuristic method to reconstruct the history of se-
quences subject to recombination[]J]. ] Mol Evol, 1993, 36 396-
405 .

(T#% 66 )

0510



Piscataway: IEEE Computer Society,2007;1-5

[6] Won-lk Kim, Bong-Ju Lee, Jae-Su Song, et al. Ping-Pong avoi-
dance algorithm for vertical handover in wireless overlay net-
works [C]/IEEE VTC’07. Piscataway; IEEE Computer Socie-
ty,2007:1509-1512

[7] Stevens-Navarro E, Lin Yuxia, Wong VW S. An MDP-based
vertical handoff decision algorithm for heterogeneous wireless
networks [ J]. IEEE Transactions on Vehicular Technology,
2008:1243-1254

[8] Chen L-J,Sun T,Chen B,et al. A smart decision model for verti-
cal handoff [C]// ANWIRE’04. Piscataway IEEE Inc. ,2004.1-5

[9] Hassawa A, Nasser N, Hassanein H. Tramcar:; a context-aware
cross-layer architecture for next generation heterogeneous wire-
less networks [C]//ICC’06. Piscataway: IEEE Inc. , 2006, 240-
245

[10] Song Qing-yang,Jamalipour A. A quality of service negotiation-
based vertical handoff decision scheme in heterogeneous wireless
systems [J]. European Journal of Operational Research, 2008,
191.1059-1074

(117 B, BRIl —Frde T QoS W B4 mSCTP HE YKtk
#rek [13. b 72 51841, 2008,25(2) . 9-13

(127 i il Sk, —METRERMMEEYHRAK
H,F2£4,2008,30(6):1198-1201

(137 e, #4088 TR, —FbEF M0N0 UM Yo dl B 2 B 44
s (). s F 23R, 2007,30(10) : 1989-1993

(14] A%, BRE. —HFHLRREFERBEE - A DT HEE

0. s T R4 - BRBIERR, 2003,31(3):1-5

[15] K& AREFEFEGRREFE) [M]. 08. HHREH
FfAt, 2004 :515-521

[16] XM, 5%, B X, 5. —Fh ABC HEIHEA P %EILH
[OL]. s EHL 16 CHEL. http: //www. paper. edu. cn/paper.
php? serial_number=200909-109

[17] Blake S. An architecture for differentiated services. RFC 2475,
1998. [OL]. http: //www. ietf, org/rfc/rfc2475. txt

[18] Odlyzko A. Paris metro pricing: The minimalist differentiate
services solution [C]//NJ,USA. IEEE/IFIP IWQ0S’99. Piscat-
away: IEEE Inc. ,1999. 559-561

[19] Maillé P, Tuffin B. Pricing the Internet with multibid auctions
[J]. IEEE/ACM Transactions on Networking, 2006, 14 (5);
992-1004

[20] B%tn, R BHRERERNAGE=H [M] )M 4
ME T RKFEH R, 2001.76-79

[217] Cao X R, Shen H X, Milito R, et al. Internet pricing with a game
theoretical approach; concepts and examples []J]. IEEE/ACM
Transactions on Networking,2002,10(2);208-216

[22] B0, EiE, O, NS SR [M]. b ARESH R
3,2003,1-9

(23] EBER. HEVEERIT S EZRD M1 b5 BFT
H kAt , 2005, 86-113

[24] Zhu Fang,McNair J. Multiservice vertical handoff decision algo-
rithms [ J]. EURASIP Journal on Wireless Communications and
Networking, 2006:1-13

(E&F 51 7D

[367] Hein J. Reconstructing evolution of sequences subject to recom-
bination using parsimony[J]. Math Biosci, 1990, 98;185-200

[37] Jin G H, Nakhleh L, Snir S, et al. Efficient parsimony-based
methods for phylogenetic network reconstruction[ ] ]. Bioinfor-
matics, 2006,23:e123-e128

[38] Sridhar S,Lam F,Blelloch G E, et al. Direct maximum parsimo-
ny phylogeny reconstruction from genotype data[ J]. BMC Bioin-
formatics, 2007,8:472

[39] Foulds L R,Graham R L. The steiner tree problem in phylogeny
is np-complete[J]. Adv Appl Math,1982,3,4-49

[407] Felsenstein J. Evolutionary trees from DNA sequences: a maxi-
mum likelihood approach[J]. J] Mol Evol,1981,17.368-376

[41] Saitou N,Nei M. The number of nucleotides required to deter-
mine the branching order of three species with special reference
to the human-chimpanzee-gorilla divergence[J]. J] Mol Evol,
1986,24:189-204

[42] Kidd K K, Sgaramella-Zonta L. A. Phylogenetic analysis: con-
cepts and methods[J]. Am ] Hum Genet,1971,23;235-252

[43] Sokal R R,Sneath P H A, Numerical Taxonomy[ M. San Fran-
cisco, CA: W. H. Freeman and Co,1963

.660

[44] Saitou N, Nei M. The neighbor-joining method: a new method
for reconstructing phylogenetic trees[ J]. Mol Biol Evol,1987,4.
406-425

[[45] Studier J A,Keppler K J, et al. A note on the neighbor-joining
algorithm of Saitou and Nei The neighbor-joining method;a new
method for reconstructing phylogenetic trees[ J]. Mol Biol Evol,
1988,5,:729-731

[46] Bruno W J,Socci N D, Halpern A L. Weighted neighbor joining:
a likelihood-based approach to distance-based phylogeny recon-
struction| ] . Mol Biol Evol, 2000,17.189-197

[47] Gascuel O. BIONJ: An improved version of the NJ algorithm
based on a simple model of sequence data[[J]. Mol Biol Evol,
1997,14:685-695

[487 Desper R, Gascuel O. Fast and accurate phylogeny reconstruc-
tion algorithms based on the Minimum-Evolution principle[J]. J
Compt Biol,2002,19.687-705

[49] Criscuolo A,Gascuel O. Fast NJ-like algorithms to deal with in-
complete distance matrices[ J ]. BMC Bioinformatics, 2008,9:166

[50] Bryant D, Moulton V. Neighbor-net; an agglomerative method
for the construction of phylogenetic networks[]]. Mol Biol
Evol,2004,21(2) . 255-256



