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A bird’s eye view of the algorithms and software packages for
reconstructing phylogenetic trees
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Abstract: The prototype phylogenetic tree, i.e., evolutionary “tree” or “tree of life”, was first conceived by Charles Darwin in his
seminal book “The Origin of Species”, and its reconstructions have been approached by generations of biologists ever since. In this
article, we briefly reviewed the major algorithms and software packages for reconstructing phylogenetic trees. Specifically we
discuss four categories of phylogeny algorithms including distance-matrix, maximum parsimony, maximum likelihood, and Bayesian
framework, as well as software packages (PHYLIP, MEGA, MrBayes) based on them.
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TESFHERHERT RIS GO R . (AR BURFEAE
e MR, T BREAIS, A NxES
KA W AP R I AR R ARARIE - iR
Wil EORTEAZE IR, (HA A AIE 1 E e
FENLRES . Ry, VR 2 AW AT BE TR AR
/N, B 2T T B0 H R AVRH AR (R SR N A, dn
SRMAED . TIANE 2 AWK LRI AR D 2 X
b, ARME R IR R BURHAE e RIS AR . BB
I3 T AW AN A Je RS I A 1R 4 %
7S da IR S N5 % T F Y NN e = 1Tl ot 4
HARGRK BB TR, TR TR A R &
J&, AT ARG, IR AT A
BETR Fr 5 B4 4R T4 GenBank . EMBL Al
DDBJ & KA AR, AR A TR] IR b
SEMRPR AR O R . AL B
FEGETTEA T LA, W MWL IR R G LR 751 22
SRR ARG WA A I BRI RS, e 22
KAEMGL P EPATR IO RR, (R IF REXTHAR T A /N
FIBRA D TRl A O R A TR A T

H AT VF 2 R 90 5 W R SR 0 A2 DA o I
PeAb Il B K, s KT 203, o RARESE, 1
SEIX LTIV Z AR TS IR, R R R 2
I, RS R H RSN L) NP-complete HfE
B (Foulds & Graham, 1982). IXEMHIELr 2 iR,
I 1) ARV SR PR AR, I RER AR DR AR
ANBEAT B AE B, R I DRAH R i A
BAERE R AR PR NG AW Ttk
Sy ARSI R, B (BE
BT RN, PN AR AL
% G RR R KR A 80155 SRR T4
XTI AR, SR G IR RS AR BN I S LR
B ETE AN B SR R B U

WA (s B R R, AL TSN AR a7
RGRE W BN AT EE B, MERE K E W
VR R AR AR ML, JFEAR3 T T IZ N o X
AR AR P AL RS I BRA At S AL s
BT A, A7 BT FRATTIE 5 3 iR A% 5 v A 43 B AR
i, BEHE—IP U, hBATTN AT ik B o g S
PR BB 5835 R R At AR R AN B

1 HMERFAEWMO—RRERE

AR RSO B AT AN R 5 3G, I ] S 8128
TR R AR B S ARG E AR

ARG .

MR e SO EE BRI
K1 I R, BERTAET 1 OGRS AL
TR B IE LM B

B AR o SO ARG ULATE X
ety B SO — Rl ARGV SR R &R

B CEPE B E O RorPih 2 T8 i B4
RABIBOIR BT o d AR Y R 2B 19 R0 A
BT RUMIANER Y 5, B RARR I HE 1
A A B kA I R R SR R S, AN sy
345 1, AR B AN R R EOE W R AE S0, A4
BORTEFE ST i, WA AR ARtk
R T e e SR O L i s -3 T I B i e
ANy 3. il la iR, 1A A-D AT
Mo TRU 1L 2 AT AL, AR 0 AR A
R b 45 K B AN [R] 2R 48 % & B 0] B3 g A7 AR A
ML FARM (B 1a) F— MR, RE
P HoAth ™y s LRI S, MRS U ME— B4
LA B IR ILAATAT Y A R (B 1) K
Wl T R B R AR, B R TT 1), H
NAEE B AN R 2 2% Wy b on] LAE T AR B op g YR AR 1
& (Gregory, 2008),
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1 REREW
Figure 1 Phylogenetic tree
a: HIRM; b: LM . a:Rooted tree; b: Unrooted tree.
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Figure 2 Phylogenetic tree flowchart
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HA ) DDBI 4.

Fr 51 b $i A — b i A R R 1 R A 2
[ AH SR BE TV B 2 B2 25 P 9 5 AT
AT, SR WM A A M BLAE R — 21,
AN FF R A TIE — LU, N T
FRFER R e A I AR AL BRI . DNA R 417E
pei ol a5 I O EPAN [ SR e U e e
FTEALEROOS o, HEC 5 RARFHNY, 7 g 4 A\
RXIN o F5is I EEX T HAT Blast (Altschul et al,
1990). Clustal (Larkin etal, 2007). Muscle (Edgar,
2004) I FASTA (Lipman & Pearson, 1985) %%,

TSN 2R G0 B W 32 ST 55 2 oKk A
PRI SR RIS TH 2 SO o XA S50 A
BAHE G e /4.

PR H 2 s i R gk 5 MR EAS
JEBEAT VAN, W5 A28 k9% (bootstrap
methods) (Felsenstein, 1985; Penny & Hendy, 1985)
M JIY1%: (jackknife methods) (Shao & Tu, 1996).
H 280 3075 7 AN Js 4 e 51 e B L 328 EBCe i 2 B AT
RGP AU R R BT P8, IXREAEREAS P21 oA
SER LA T AT R R, AT LU R AR, 42X
{0 7 925 B HE A0 D s KAl e 470 SO [) PRI e 471 2
B o A B A A R Bk A 2 A
HIHEW o 2R ORVE 2 SR EAT LA, BT
BT ERIBR AR () 9 41 G548 B 22 BB A O S i SUSE Y
B, B o3 SO BB 2 A2 A G5 A o A B
MIE S E, ZED T 75 H AR B R
R3S e JIVNE RN RO AT “ A n] 207
BEALAIIR, KA B B 25 B — #8001y 91 Biedhs B 2
LD RN Z, RGBT K EHR AT R
RE M JIUNE ™ A 1 B8 /N T i 36 s
(delete-half-jackknifing) (Felsenstein, 1985; Wu,
1986). PSRRI VA ZERAE T, BT X 2
HlldbAr “HEE I BEHLEIN, Bl M2
AHEER), ST A B KRS, T 5 3 2
SR G R R N T R R U

2 MERAZFAENMEREERE

BT TR R G R HEW A v BLoy
PRI, R B WK Ak 1) 7 R AN 3 T B B 1)
%o FETBBREN ARG B W B SRR R
FRIRTREMIAR, M Y d BE S MR b 2 8] kAL
RAMARGRKERAZN, RETEFM G AR E

XA brtE, B R ATV, AR
K& #4932 (maximum parsimony methods) (Mount,
2008) FH NBISRYE  (maximum likelihood methods)
(Myung, 2003) F1DUH-Hi7: (Bayesian methods)
(Holder & Lewis, 2003). P EVEIIELGFLAE i
/NI SR EE Cminimum evolution, ME) (Saitou & Nei,
1986), XISy B okt — B R R R Rl
MR A ER G, SRS T XA R B A b
KA FRGER TP EAT 702K WL AT
IR d /N AN T SRR T (R R S AR R, B
LA W e o BE R R A HE R A R Y
(unweighted pair-group method with arithmetic mean,
UPGMA). 4F#%%:  (neighbor- joining, NJ). #HEAR
#:7): (transformed distance method) F14R$% % Rk
(neighbors relation method) 45 (Takezaki, 1998).
I AR U T B, A3 R G R B AT N
M, BAEARAMEH], W AR R G B
1A T M E R G R G W ENE KSR
2.1 4BEEE
Kidd & Sgaramelh-Zonta (1971) 74 5T
PR R RGO B W BRSNS, I A RER1E
RS A BT 73 SR BE R d /N I SERAR - B 25
VA H AN BEH BRSO e /N AR, L RER I B
(R /NEAG R, AR e SR P R B, 1 B
Wi, W ZNHTREKE
(Zhang & Lai, 2010). 4 #E L ociim i 2 n,
R IPERITH R RS RN, DRt SR TR K
R (Mucherino & Seref, 2009): M-—/NEE
FERETT UG, SR @ HEN, 366 U 3 5 JF A0 R rp e
BRI 1L, JFE AR R S 5, HE R T
B Ja— AR Ie k. b dcE F ) 2 AR R
(Saitou & Nei, 1986). I IHIZE M6 W &L Tk
RERBARIERE. REALT 5 AFREF:
S1: GTGCTGCACGGCTCAGTATAGCATTTA
CCCTTCCATCTTCAGATCCTGAA
§52: ACGCTGCACGGCTCAGTGCGGTGCTTA
CCCTCCCATCTTCAGATCCTGAA
S53: GTGCTGCACGGCTCGGCGCAGCATTTAC
CCTCCCATCTTCAGATCCTATC
S4: GTATCACACGACTCAGCGCAGCATTTGC
CCTCCCGTCTTCAGATCCTAAA
S5: GTATCACATAGCTCAGCGCAGCATTTG
CCCTCCCGTCTTCAGATCTAAAA
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*1 AELAEWMEREERIHRY
Table 1 Frequently-used algorithms and software for phylogeny reconstruction
(http://evolution.genetics.washington.edu/ phylip/software.html)
Jiid: fir EEa SCHRERR AT
Methods Description Characteristics Supporting software
B R EPMT 2N JE T IR AR . 5 PHYLIP; PAUP*; MEGA; MacT; ODEN; MVSP; PAL; gmaes;
Distance BEEAERE, AWEESIFE M, TR, DISPAN; GDA; TREECON; RESTSITE; TCS; NTSYSpc;
methods BEREPIATEY, %k METREE; SeqPup; PTP; PHYLTEST,; Lintre; Phylo_win;
A DAMBE; Bionumerics; qclust; ARB; POPTREE2; Gambit;
¢ DENDRON; BIONIJ; TFPGA; APE; Darwin; sendbs; nneighbor;
weighbor; DNASIS; MINSPNET; Arlequin; PEBBLE; HY-PHY;
Vanilla; GelCompar; Populations; Winboot; SYN-TAX; SplitsTree;
FastME; MacVector; QuickTree
[SONLESIS Wr B kA B, AR RS2 A EEEs,  Phylip; Paup*; Mega; PaupUp; Hennig86; RA; TCS; NONA;
Maximum i 205 B SSE I K Bmidnkmey: mfer  CAFCA; Phylo_win; sog; gmaes; LVB; GeneTree ARB; DAMBE;
parsimony AR S K T 20k L5 R T s ot L P A R AL MALIGN POY; Gambit; TNT GelCompar II; Bionumerics Network;
ot e L APars; CRA
methods PEALK, A Ry OAFArs CRANN
KEWAERART NI R
ML i%. f74£ NP -complete
i 75 o
ESUNDYISTR SAETEWTMARGRAE  WEE R B RE k g PHYLIP; PAUP* (rat) , fastDNAmI; MOLPHY; PAML; Spectrum;
Maximum W . SIRAERAT N SE NP complete 7] 3, SplitsTree; TREE-PUZZLE; SeqPup; Phylo win; PASSML; ARB;
likelihood IR b 2 e TR B4 TR T A4 Darwin; Modeltest; DAMBE; PAL; dnarates; HY-PHY; Vanilla; p4;
methods 230k Hn o I 5% 4 il LA AT T 48 Uk Mac5;DT-ModSel; Bionumerics; fastDNAmIRev; RevDNArates;
%F{%’J}g\ﬁﬂ%ﬁﬁ %%f;; i, i,“ #gi%ggﬁggﬁﬂﬁﬁ rate-evolution; CONSEL; EDIBLE; PLATO; Mesquite; PTP;
gy ]ﬁ He e E - He TR Treefinder; MetaPIGA; RAXML; PHYML; r8s-bootstrap; MrMTgui;
TS RGR LM fif it MrModeltest; BoofPHYML; PARBOOT; Porn*; SIMMAP:
Spectronet; Rhino; TipDate; ProtTest; ModelGenerator; Simplot;
MrAIC; Modelfit; IQPNNI; PARAT; ALIFRITZ; PhyNav; DPRML;
MultiPhyl; NimbleTree; PaupUp; SSA; CoMET; BIRCH; Kakusan4;
GARLI; PHYSIG; SEMPHY; FASTML; Rate4Site; aLRT; McRate;
EREM; PROCOV; DART; PhyloCoCo; PRAP; SeqState; Leaphy;
NHML; SLR; rRNA phylogeny; Bosque; Concaterpillar;
PHYLLAB; NEPAL; EMBOSS; CodeAxe; phangorn; Biot+;
FastTree; nhPhyML; PhyML-Multi; Segminator; raxmlGUI;
MixtureTree; SeaView; GZ-Gamma; Crux
U AR IDURYEHI , Hrh 5T J5 % WE# 647 (4 BAMBE; PAL; Vanilla; MrBayes; Mesquite; PHASE; BEAST;
Bayesian e BRI T, Wr, g ST 7E Hx A 4 MrBayes tree' scanners; p4;A SIMMAP; IMa2; BAli-Phy;
methods HATHEAL R AL R () R, WAL 25 & 2 (1 BayesPhylogenies; MrBayesPlugin; PhyloBayes; PHASE; Cadence;
W, S (MCMC) S 1 R R T%_ NP R Multidivtime; BEST; AMBIORE; PHYLLAB; bms_runner; tracer;
AT A ATTEPLA o ¥ AR “COM- burntrees Biot++; Crux; ANC-GENE
Tk plete ji) i .
AN Z7Cu

*Refers to the commercial software.

PAE 5 AN R REAS RIS AT 50 AN,

BEW AN 7 41 2 T8 () B 5 SO K TG i 3 1) A 2
I HL 220 T e ANl AN A D o R R R SR T 43

FEEAE MR 2. 3. 4 Pim. MWRIEA 1

Qij :(n_z)dij_zdlk_dek 1
k=1

k=1

AT O {5, W& S.

K Qo A3\ n ORI EEF SN 7 n

AFFBIALE I BTAT Al R AR ikt O i/
PSP AN A AR G 2R, P R d AR

* 2 FYEEEEER
Table 2 Pairwise distance matrix
J¥%1 Sequence S S2 S3 S4
S2 9
S3 8 11
S4 12 15 10
S5 15 18 13 5

SI, 82, S3. S4. 85 MR AIERTFH.

S1, 82, §3, 84, S5 refer to Nucleotide and amino acid sequences.

Fa B R A BN O (Al —4l, ’E
v )RR LR P AT I AR R T A AR e

(Studier & Keppler, 1988), #lizk 2. 3. 4 3Kl

2 5 wHEWTH 5 KFIII ARSI H MR

BRI S A il an P 3 R 4 s
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Table 3 Distance matrix after the first clustering

%1 Sequence S1 S2 S3
S2 9
S3 8 11
S§45 13.5 16.5 11.5

SI. S2. S3. S45 MEETFREAIEIRIT 1 .
S1, 82, §3, §45 refer to Nucleotide and amino acid sequences.
F 4 FIRBHEBIWIEEIEN

Table 4 Distance matrix after the second clustering

¥4 Sequence S12 S3
S3 9.5
S45 15 11.5

S12, S3. S45 NEMZTIRBEILRITH .

812, §3, §45 refer to nucleotide and amino acid sequences.

% 5 Studier J #1 Keppler K 73515218 Q EX
Table 5 Q value from Studier J and Keppler K

% Firstround %5 % Secondround % =% Third round

012=-70 012=-40 0 (12) 3=-37
013=-59 013=-37 0 (12) (45) =6
014=-50 Q1 (45) =-31.5 03 (45) =—16.5
015=—46 023=—34
023=-62 02 (45) =-28.5
024=-50 03 (45) =-375
025=-50
034=-56
035=-56
045=—78
/N 045 RN o012 w0 (12) 3
S1
S2
S3
S4
S5

Bl 3 NI SEARIN ARSI TR A
Figure 3 Topology of Phylogenetic Tree with NJ Approach

K4 k&K

Figure 4 Branch-Length Estimation

B o (B 9 AE AR vk e Al b AR TR 2k
BEEL:: Studier & Keppler (1988) $& Hi f) et &y,
FINT LR IS, RIS T VS ) 52
Z%FE (Chenetal, 2006); Brunoetal (2000) #ZiH
T INALAR#7: (weighted neighbor-joining) 5%
Gascuel (1997) #&H T BIONJ #3y%k. Desper &
Gascuel (2012) #¢H#) FASTME 5.34#1 Criscuolo
& Gascuel (2008) $&H T PR Ha1 L, H4ak
TR RGO EMIINR] BE R, EA
I HR AR 2850 17, e VFAS 5] 7 470 18] AN [9) 1)
K RV 2 R, (AP 8 2 AR,
e pSCPE B R R A A sk, i FLEE vk 4R
BE—RRATREMOR, XA A L AR s 2
22 mAELE

B KPR ANE ST BRI ) [ (Occam's
razor) 1) A JE ALK I — PP AL AR ik, RIS
A B/ (R A % 2R A T RE A ) b ) (1) L 5K
MR, RGERERBBDHBN P RGERK A4S
Wl TS (Sober, 1988). f K fRjZIVEHE /2L H
Camin & Sokal (19654 K1), 283 Hein (1990,
1993) IS R A 73 FH o K 1) 2032k et N gk A A
(CEIONIY L INAER

LKA 5 MR (Felsenstein, 1978,
1979, 1981ab): (1) JEHIrh RN s 3k 4k 5
(2) AR (lineage) A HEAl; (3) 74 L)
Pr s (BGEECEIEIR) I /N T R S5
RAEREKE, (4 REGERAEMARR D 28T
AL, A AR A R (0 43 SCRMIG AR A 2 11 43 S 1] (1) A8
RS FHZEIR K (5) SR A2 K
Ko AL EIMHER AN S5 A, 95RI%E
SRR N AT, NAZEAERSI N AN

HRIZNEHER RGER A KRR, L HIWHIE BT
Mo AT R R AE = A G AR REAT I 1) — B [
LAt DX 530 TSR A s o i SR — AN AT A B
w AN SR H PR BRI B
PR 2D B IR (WK 6). Lk L% E
5 A ST AN B AR BT A

e R 45 H  (Fitch, 1971).
KHLL 3 BB A IR U A ek B, sl 5. A
TE R R A, BN S AT AR
MR BRI 4 AN PYEBY A L T RE R
. TN AL T WAy
MU HE IS AR A IR R I A 4 o AR,
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Table 6 4 Homology sequences alignment

{7 E Site
741 Sequence 1 2 3 4 5% 6*
1 C G A C G A
2 C G A C G T
3 C G A C A A
4 C T G A A T

R AR AL, A 4 ML R AR AL R

*Refers to informative site, remaining four sites are Non-informative site.

9(GAT) 9(GAT) 9(GA)
8(GA) 8(GA ) 8(G) )
6(G 7A) 6(G), 6(G)
1(G) 2(?33( AYAA)5(T) 1(G) 2(0)(1{)1‘) 4A)5A 1G5 2(T)3(((g)) 4(a)3A)

K53 BRATHOM S BT s

Figure 5 Three rooted trees and internal nodes

T 21 3XAN T SIS 1T ) A e A T R A R X AN AT
s WA BRI EACT S BRI IHE. 4
IR AT AL AR, 3 ) 177 R
()53 S AL B 8 R A — M AT IR . T
TFER TP R IR 1) B H A2 A AN s B AR
P2 1) dpe /N K, AT RN EATT B LRI AH R
K, WX, TERCARTRRZ RS . Rl
PR R, BT o S A T RUR AR R
VS AL R A, AR TSN AN
TR B H w2 1 RIPT152). F B A ] fe
B, 23 R REER B Th AT 70, GETH RN A
PRz E R B INVEEE T (5 L U S
LR/ R AR B Ay e 7 249 B

BEAT 7B BB N, AT RE AR B H D A
BUBSEERS I (10 MIFT, A74E 34 459425 BR
AT AL 20 - 5)t=—2 Dy i
(n-2)12
SERTRE RO OIS B NV O $ F
B ZIR, JoBE R A S PRI . X A Eh
ERZ AR, — Bk AW AL (branch-
and-bound algorithm) (Land & Doig, 1960) )ik
ASE (heuristic algorithm) (Mucherino & Seref,
2009) FEATH R Hh AT A F AR

I SCARAF LW, Hh2 NG
FRALRCHIR T IR CAR 2 TR, 3P FH
TR B E S G A E SIS — A
Tofr, XTI IR IS A REAT B H PR, 3K

E BT IR I 20 o B — R
et RE  (depth-first search) (Even & Even,
20110 ST =R INAE S — A T REMIALE,
I S DU RINAE & 28— NPT RERIALE., K
SEHTANIRE, AR T 2 RS AN ] R A
P XL BT . SRR AR, B
S [ A AL E . DU FR LA S48 S I 78
LU

HCE YRR (AB)

ECHREE — A BERIALE
DI RN —AN T RE AT B
FEDIN RN AN T REAT B
FEDINE = AN A HE A
DN 205 DY AT BRI
FEDIN RN HAN T BE AT B
ECH B A ATRERIAL A .
DI RN —AN T RE AT B
FEDIN RN AN T RE AT B
HEDINE 5 = AN A HE A
LD AN 205 DA AT BRI

((A,B) ,.O)

((CA,D) ,BY ,C)
(A, (B,D) ,O)
(((A,B) .D) ,C)
((A,B) , (C.D))
(((A,B) ,C) .D)
((A,C) ,B)

(((A,D) ,C ,B)
((A, (C,D)) ,B)
(((A,C) ,D) ,B)
((A,C), (B,D))

EDINANE LA E: (((A,C) ,B) ,D)

FECHE 5 = Al BERIAT E -
DI RN —AN T BE AT B
DN RN AN T RE AT B
FEDINE 5 = AN A HE A7
LD AN 205 DA AT BRI
DN RN HAN T REIAT B

(A, (B,C)

((A,D) , (B,C))
(A, ((B,D) ,C)
(A, (B, (C,D)))
(A, ((B,C) ,.D)»
((A, (B,C)) .D)

w EproR, RO S HA 2 4 —
b7 A2 A W] RE IR IR 5005 o RIS A
oA, AR R AT RER I B S AR ORI . AR
PG LS B TR S R AR, BB & BL—A
FEE P AE R, — 26 ] GEAR (1) 90 #h Z5 P e AN 2
FEAE o o LA RN A X R AR S R
WA, KA — AL, e R g %
W R (A, (B,C)) IS Bt pl i . 1
T mh, I 2 B0 A, B 0D B0 4y B
I R BT AL B . o SC A RS S S
TR I AN AR WA e B0 AR AL A s e . R
MR A.B FIC KA 20N 1A 4L &, Han
B ((A,C) B ER 24 2, 4 D #nty 8 4
AR, WA, B D MBI E, RE
IR EAN 20T 32 8. iR KIH (CAB) ,
(C,D)) XA 30 &, A2 FATH T LA
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((A,C) B) ERAAEWLILE D k. 73
LRGSR AN AW S22, X AT LA
st 3, AT RE G L8 AT IR R E IR R
AR BT 43 S AT R SR R LR TRATTAS 2 2E BT
AR BE R 1T X REAS 21 B AT 2 OB, AT /D o
B A

Ja KA R E LIS 7B 5> A8 H (branch
swapping ), 41473 33 B 15 3 M o 4 31 1) S 1
HSARS () FADAT L, T AR — R I D S A R 4
AR (LI 6D

1 3 4 7 3
5 1
2, h 6 — G
Pl 7 2

K6 kIR By 54

Figure 6 Pruning and grafting of heuristic search

XA T PR R AR A ek
FERRER, THR AR RSN, L AT AR R AR
H /D 0T B A O B AR 5 %8 2 A b A B R R
G, mEXAERE, HBLER AT S
RAKGT /DR, R Ay d i 20b . 3 R R
RER R A R IR Rl RER 250, AT e K
HGH A FR AR 110 B30 K i

KT Z2E T Re o 7= AL Z BRI A0 R, Iy
W U R i R X B 1 2B 1K) — B Cconse-
nsus tree) {E ALK (Tayloretal, 2011). XFFfig
VR T AT S SO S AR X0k 3
mo A BUR 3 SRR R EREZ AN oy SN R
sl 7).

1 1 1 i
4 3
2
2
3 2 43
5 5 5 %
6 6 6

Bl 7 =AM LA Y — S

Figure 7 Consensus tree form three MP trees

23 mAMAMGITE
— ki, WA, B ORIE R
. mORNBRER R AU AL
(substitution model) 73 #7E & I— 417 51 50,
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Sequence Z:ACACG\GTGAA
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Figure 8 Four DNA sequences
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Ly = 80Pe0x5(Vs) Presy1 (V1) Prs o (v2) P 6 (V)
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Figure 10 The evolutionary pathway of TTAG
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Figure 12 Schematic of phylogenetic tree from

Bayesian algorithm
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JE AR . B 12 FRdh T (X, (Y, WD) 1kl
PEMEZE AR K, BT DL S5 5 (AR o REAS RGEM T
AN AR S ATAEAS R DX A BRRRA ()47 52 21 46 b
SR SR K%M (Sanmartin et al, 2008), Xf &
GeRETE, A UG B0 S BER AT AR, IR A
WeIpikEEIE MCMC  (Markov chain monte carlo
sampling) J7V%. FFREALR (Phdh gty 5 g
ZHO e SR BEREE, fr SRR ST S
BRI A R
25 RARBAEWMEERERNRGENE

H HTA 1R 2 AT DLEAT 28 48 20 W4
KA EEVERTEG, 1045 18 UnifracFIITOL (interactive
tree of life) &5 75 & A1 20 AT 0 T2 o
http://evolution.genetics.washington.edu/phylip/softw
are.html #7150 2 FPAHCEA AL, IF AT LASH A
AT AW, WA AT R 88 TS
REEIAT AW, PR AT R S A R IR TR
BB HARAE I TS SR AR R, X
HLTR] B A 3 M FH R 3R
2.5.1 PHYLIP

PHYLIP (phylogeny inference package) &
2 E AR EATR 2. Felsenstein /] C IS MEM AR
G0 R R HE W AR, e AR A A B R YR AR RS, SRR
Windows Ml Linux 2$ZFR%. £ 3.69 A,
H 35 NFREFARG v DUSEELR KRR Bk
A ANE R SR o S KSRV PR 7
W) I FFE (dnamlk. promlk), A XFIELL
ISR IR B FEAT A v s AN AR RSP (dnaml,
proml) o H K i 935 A A 7 7 B @ W 1 R P
(dnapennys), 7] LA ER S TGS RN
WP W FFEY (dnapars. protpars). 2 2572
M dnadist. prodist. fitch. kitsch. neighbor %%
TP 4 A, dnadist A1 prodist ] SEHL F84 .
Kimura. Jukes-Cantor. LogDet #7183 2550 %,
fitch F R A SEBLANT 73 T8I Fitch-Margoliash
VREIR, T neighbor 1Ry A7 QB HREVE AR INAL
S RPN USY L THTD RPN N L E 4 W R |G R |
VF 2 AN 1k AR A 5 N 1R 4 B A9 I H 1K
HATIESAAL o« AR A7 A 1R R n] DA
—“HIEE W SLHETEA M (drawgram), 0] LA
HEHR (drawtree). TFEIT seqboot ffH H 25k
56 18 U 8 AL T TR B8 EAT R VR R AN T ST S
PERTSG, Ptk bR il ) DASEE—2

PIIRE 3 (consensus), LA (retree) &5
o ME AT X UET ST, R
VEF AN A UT o
2.5.2 MEGA

MEGA ( molecular evolutionary genetics
analysis) & HH 38 [H 1% 47 5 JE W1 37K “# Masatoshi
Nei 85495 AT 73 T REAEAL AT . H
BIBOBT Al 5.0 BREXXIR P41 S A HE IR fy
IBAT R GUR A 3 HT o AR 700 L 3R Bt 1 BR A
AR IR SRR B . MP ik, 5.0 fRARIE
PRt T RIURIE S, WA T 3EAT B 25k
5 K AR HERAG U AT SRR S, IR TR
AT AT LU A fp 50 SCAFEAT 70 B, iy EL )
WebfEL AW R T, W LT NCBI Hodhs [ 4 1) Jy2
FN AR TG o AT AT . =B
5 Z MR RGERK EW .
2.5.3 MrBayes

MrBayes (Bayesian inference of phylogeny) &
HH John Huelsenbeck 4%, 141 H 57K n] KAk T4
KAV S A 5 M0 o IR A 2
17, 3CFF Windows il UNIX 2R R4, fit
AL PIRZE IR . AR BRI R DI s FTE 2L
P2 s, RN T 2RI, SR
BT ARG, SCFF BEAGLE
W, TEA AN (NVIDIA BJER) &A1
TR SRS AT . R 7 AU TR R A
F R FRY A

LIFA R B A, B2 R g, 26
ek BRI AL R AR AT B TR A R A
HAMPAMIHI 454 (Saitou & Imanishi, 1989).
HFANZ 5y B B, ¥ DNA @815 ik
BUEFER A & B R 255 (Penny, 1982).
PR BRI PR RO T BE B AR M i, Rk, R
B HUAE 1 7 40 T AL L8 A I A 2 A R T
ko T LANEAHBUT AT REACRERY, (HEAA 1) ]
29tk 5 UUE T EEM P T RN RASKL,
M FEAL & 15 14 I SR S 20 08 A% B IR B b B AR A2
BATRAFEAR . F38, Fr 20 SCHIRAZHA ]
REAHH . T EAH BRI RN, K
3 S AR S R A7 e T [R] 1A T S8 s B4 ) AR AR
P, FEOW “KAG]”  (Holder & Lewis, 2003)
UK. B, P00 B R E I, R 2k
PrT REATF L BT R AR A S5 4 o B K299 HdE 1
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Table 7 Frequently-used software and characteristic
AT W 1k R
Software Website Characteristic
Phylip http://evolution.genetics.washington.edu/phylip.html SUSZMAG. i) Clustabx JAFLATIFAILAT, {55 Treeview Hiff it
R R RIS
B I, MP SRR, SR ASIRITFSTAILL, AT LY
MEGA http://www.megasoftware.net/ A SCA S AT LA NCBI Edli Hi8 2. w LU RE b s iR e . K
SEAFIEAR. 4.0 LURMCAK A ML 5035, 4.0 WA UG il LA Stk 25
M . SUCRE DU 7 b, 2 ATTEN, AL P A7 R AL R 8 TR AR 5, T
rBayes http://mrbayes.sourceforge.net/ o S
Paup http://paup.csit.fsu.edu/ AR, MP ST
Phyml http://atge.lirmm. fr/phyml/ F ML 5308 s
Network http://www fluxus-engineering.com/sharenet.htm T LR AR B AT 2, T REA TG I AR ES
Pebble http://www.cebl.auckland.ac.nz/software2.php JH ML g /D Jei @ R R B R, WIRHRLE

Tree-puzzle http://www.tree-puzzle.de/

ML BEER, TRFAIGE/NT 257, =A%, H QP (quarter puzzling)
FERS B BEAT VAL, TR — 2 0 I Bl s 2 1

Fy S ARALAAE A i 1R e VR ST R, ok, die KA
LPEAE P AN B ORI I fige, G SRR AH 2446
I (&2~ NP-complete [1/@) (Foulds & Graham,
19820 f KABVRIE L — P i SLAE BEAL AR | (R 28
Wik, BASG—8E. e, g — AN g
THAEZE P LE AN [R] (R L K 78 43 1) Jis s 40 4%

5 (Bryant & Galtier, 2005). {H'E 54B8%—
FEFT BRI, —MOEFE Kimura-2 S,

RS T A AR A AN R G5 R, SRATDR LR AR
RIS, IEH T RPAIARRZ NG DL DUk A
Je R ANDG BT AT RO, iy ELUG TR R
RS TR AU R S B AT AT REAL
P UAAN R BER S B L A T3 Al k. P2 (2,
— RIVBUE AR LR BUR SR, o
AT HI A 1 2R R R SR R 2 L A
REGEEN R REE, AU SR A D iR
], HER AT E S50 J5 BoR o A, TR TE
SNV AT BRGSO R IS Ko . [
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