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A Review of Phylogenetic Tree Reconstruction Techndogy

LI Jiarrfu, GUO Mao- zu
(School f Computer Saence and Technology , Harbin Institute  Technology, Harbin, Helongiang 150001, China)

Abstract:  With the rapid development of sequencing technologies, molecular data are accumulated with unprecedented pace

which enable biologists to reconstruct the tree of life of all the organisms in the world. M oreover, the use of evolutionary trees is a

fundamental step in many biolo gical poblems, such as multiple squence alignments, potein structure and function prediction, and

drug design. In this paper, we review the development and studying status of phylogeny reconstruction technology. The major limita

tions in phylogeny reconsgruction technologies are analyzed. Then some vital aspects that may be conducted in the future investiga-

tions are discussed.
Key words:  phylogenetic tree; neighbor joining; maximum parsimony ; maximum likelihood

DNA .

. ,DNA

('phylogeny) s (A) (T) (€)
(phylogenetic tree, evolutionary tree ) , DNA

, , DNA
1859  Dawin » (Origin of Species) s
s DNA.
50 s 1985 PCR
( Ploymerase Chain Reaction) s
DNA )
) ) , SARS
DNA( RNA) s
: 2005 16 15; : 2006 05- 15

(No. 60671011} : ( No. F2004 16);

( No. HIT. 2003. 53)

(G).



2048 2006
s ) ( ranversion,
DNA ; , )
: : UPGMA!Y
, (Unweighted pair group method with arithmetic mean,
; , ) Fitch Margoliash 7 ( Neighbor
Joining, NJ) ¥, . UPGMA
[91
’ UPGMA s
. Fitclr Margoliash UPGMA
, . Fitdr Margoliash
, ( centesimal standard deviation)
s , Fitdr Margoliash
UPGMA ,
, ) .NJ s
[
(21, (‘alsorithnr based) , s
(criteria based methods) . ;
: HIN) :
NJ , [ 11~ 14].
) 22
( maximum parsimony,
, MP) (maximum likelihood, ML)
21 n I 5(2i-5) )
10
[3]
[15] [16]
) ) NP ,
, 221
,  Jukes  Canta!® (1) MP
4 ; Kimura!®! L7 .MP 4 4

( transition,

) (m> 4). 4 (



11 2049
20 ) ( ,
)- R s
, , (@) PAUP * %]
( ) 5, PHYLIP'”' fast DNAML! !
(Branch Swapping)
, [29~ 31]. ( b) Disk Covering' ™
s Quart 33~ 36] ( Divide and Conquer
. Sober! ! T echniques) . ( ¢)
. ) ) [37~ 40].(d)
[4.42 - (e) Markov Chain
o Monte Carlo , [43~ 49
23
R “ ” (201 s R (bootsrap method)
, MP ( jackknife method) (0 s
[21]
(2) ML )
Cavallr Sforza  Edwards' *? s , >
, Felsenstein! ™! .Muller  Ayala
ML , ,
s . Layon
( s
b b ) 2
56 . ,
[24]
, , 1, 0. 100
, 1 ;
. , 100
> 1 95
95% . >
222 24
(1 ; [51].
, [25] )
Bork Fitz Gibbon ~ House [

’

(or2thologous, protein) ,



2050

2006

. (53

Doolittle/
[ 5]

(6 8 bps)

(1 )

(2) ,

(3)

(4

[1] Felsentein J. Phylogenies from molecular sequences: inference
and reliability[ J] . Annual Review of Genetic, 1988, 22: 521 -
565.

(210 ] , ( , . , )

) - [M].
, 2002.

[3] Pauplin Y. Direct calculation of a tree length using a distance
matrix|[ J| . Journal of Molecular Evolution, 2000, 51(1): 41—
47.

[4] Jukes T H, Cantor C R. Mammalian Protein M etabolism|[ M ].
New Y ork: Academic Press, 1969.21- 132.

[5] Kimura M. A simple method for edimating evolutionary rate of
base substiutions through comparative sudies of nucleotide s
quences| J] . Journal of Molecular Evoluion, 1980, 16(2) : 111
- 120.

[6] Dave Thomas. Example calculation of phylogenies: the UPGMA
method[ EB/OL]. http: // www . nms. org/ ypgma. htm, 2002
16 31/ 2005 10-10.

[7] Chris. Fitdr Margoliash algorithm for calculating the branch
lengths| EB/OL . http: // www . bioinfo. rpi. edw/ ~ bysdrd
cowrses/ biol4540/ lecture 12/ sId002. htm, 2004- 12 10/ 2005 16
10.

[8] Saitou N, Nei M. The neighbor joining method: a new method
for recondructing phylogenetic trees| J|. Molecular Biology and
Evolution, 1987, 4(4): 406— 425.

[9] . [J]. , 1992, 13

(4):387- 396.

Li Jing Yan. The pdaric method for constructing molecular evor

lutionary trees from sequences data[ J]. Zoological Research,

1992, 13 (4): 387 396. (in Chinese)

[10] B M Moret, U Roshan, T Warnow. Sequence length require
ments for phylogenetic methods[ A] . Proc 2™ Int’ 1 Workshop
on Algorithms in Bioinformatics, Lecture Notes in Computer
Sciencd C]. Heidelberg, Berlin: Springer, 2002, 2452: 343 -
356.

[11] Pearson WR, Robins G, Zhang T. G eneralized neighbor joirr
ing: more reliable phylogenetic tree reconstruction| J| . Mo lecir
lar Biology and Evolution, 1999, 16(6) : 806— 816.

[ 12] William J Bruno, Nicholas D Socci, A aron . Halpern. Weight



11

2051

[13]

[14]

[ 15]

[ 16]

[17]

[ 18]

[19]

[20]

[21]

[22]

[23]

[24]

[ 23]

[ 26]

[27]

ed neighbor joining: a lkelihood based approach to disance
based phylogeny recongruction| J]. Molecular Biology and
Evolution, 2000, 17( 1): 189- 197.

Vincent Ranwez, Olivier Gascuel. Improvement of digance
based phylogenetic methods by a local maximum likelihood
approach using triplets| J] . Molecular Biology and Evo lution,
2002, 19(11) : 1952— 1963.

Satoshi Ota, Werr Hsiung Li. NJML: a hybrid algorithm for the
neighbor joining and maximunr likelihood methods| J|. Molec
ular Biology and Evolution, 2000, 17( 9) : 1401- 1409.

W Day,D Johnson,D Sankoff. The computational complexity
of inferring rooted phylogenies by parsimony[ J]. Mathematical
Biosciences, 1986, 81(1):33- 42.

Sebastien Roch. A short proof that phylogenetic tree recorr
gruction by maximum likelihood is Hard| J]. IEEE/ACM
Transactions on Computational Biology and Bioinformatics,
2006,3(1) : 92— 94.

Henning, W. Phylogenetic systematics{ M | . Urbana: University
of Illinois Press. 1966.

E Sober. Reconstructing the past: parsimony, evolution and irr
ferenceg M] . Cambridge: MIT press. 1988.

Sourdis J, Nei M. Relative efficiencies of the maximum parsr
mony and distance matrix methods in obtaining the comect
phylogenetic tred J| . Molecular Biology and Evo lution, 1988,
5(3):298- 311.

Holder M, Lewis P O. Phylogeny estimation: traditional and
Bayesian approaches| J]. Naiwe Reviews Genetics, 2003, 4
(3) :275- 284.

Li W H. Evolutionary change of restriction cleavage sites and
phylogenetic inference[ J]. Genetics, 1986, 113(1) : 187- 213.
L L Cavalli Sforza, A W Edwards. Phylogenetic analysis:
models and estimation procedures| J]. American Joumal of
Human Genetics, 1967, 19 (3) : 233- 257.

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

Mike S, David P. Parsimony, likelihood, and the role of models
in molecular phylogenetics[ J]. Molecular Biology and Evolr
tion, 2000, 17 ( 6): 839— 850.

Alexandros P Stamatakis, Thomas Ludwig, Harald Meier. Ac
celerating parallel maximum likelihood based phylogenetic tree
calculations using subtree equality vectors| A]. In Proceedings
of 15" IEEE/ACM Supercomputing Conference ( SC2002)
[ C].NW Washington: IEEE computer Society, 2002. 1 - 16.
D Swofford. PAUP —Phylogenetic Analysis Using Parsimony
(and other methods) [CP/ OL] . http:// www.PAUP. CSIT.
FSU. EDU, 2002 03 04/ 2005 16 10.

Joseph Felsenstein. PHYLIP ( Phylogeny Inference Package)
[CP/ OL] . htip;//www. phylip. com, 20058 30/2005 16

[ 28]

[29]

[30]

[31]

[32]

[33]

[ 34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

10.

Olsen G J, H M atsuda, R Hagstrom, R O verbeek. Fas DNAml:
a tool for construction of phylo genetic trees of DNA sequences
using maximum likelihood[ J] . Computer Application in the
Biosciences, 1994, 10( 1) : 41— 48.

S Guindon O, Gascuel. A simple, fast and accurate algorithm
to edimate large phylogenies by maximum likelihood[J]. Sys
tematic Biology, 2003, 52(5): 696— 704.

Wim Hordijk, Olivier Gascuel. Improving the efficiency of
SPR moves in phylogenetic tree search methods based on
maximum lkelihood| J]. Bioinformatics, 2005, 21( 24): 4338
- 4337

L S Vinh, AV Haeseler. IQPNNI: Moving fast through tree
space and stopping in time[ J] . Molecular Biology and Evolr
tion, 2004, 21( 8): 1565- 1571.

D Huson, S Nettles, T Warnow. Disk covering, a fas converg
ing method for phylo genetic tree reconstruction| J] . Jounal of
Computational Biology, 1999, 6(3) : 369- 386.

P Edos, M Steel, L Szekely, T Warnow. Local quait splits of
a binary tree infer all quartet splits via one dyadic inference
rule[ J]. Computers and Antificial Intelligent, 1997, 16(2) : 217
- 227.

K Strimmer, A Von Haeseler. Quarter puzzling: a quartet max-
imunr likelihood method for reconstruction tree topo logies| J] .
Molecular Biology and Evolution, 1996, 13( 7) : 964— 969.
Haoyong Zhang. Design, implementation, and analysis of a
novel quartet based phylogenetic reconstruction method [ D].
Canada: the University of Waterloo, 2000.

Michael Hu. A collapsing Method for efficient recovery of op
timal edges in phylogenetic trees| D]. Canada: the University
of Waterloo, 2002.

D Barker. LVB: Parsimony and simulated annealing n the
search for phylogenetic trees| J|. Bioinformatics, 2004, 20( 2) :
274- 275.

L Salter. Simulated based estimation of phylogenetic trees
[D]. Colunbus: The Ohio State U niversity, 1999.

L. Salter, D Peal. A stochastic sarch drategy for estimation of
maximum likelihood phylo genetic trees| J]. Systematic Biolo
gy, 2000,50(1) : 7- 17.

A Stamatakis. An efficient program for phylogenetic inference
usng simulated annealing| A] . Proceeding of 19th IEEE/ ACM
Intemational Parallel and Distributed Proceedings Sym posium
[ C]. NW Washington: IEEE compuer Society, 2005. 198 —
200.

P Lewis. A genetic algorithm for maximunr likelihood phy
logeny inference using nucleotide sequence data[ J| . Molecular
Biology Evolution, 1998, 15(3) : 277- 283.

Lemmon A, Milinkovitch M. The metapopulation genetic algo

rithm: an efficient, solution for the problem, of large phylogeny



2052

2006

[43]

[ 44

=

[ 45]

[46]

[ 47]

[ 48]

[49]

[50]

esimation| J] . Proceedings of the National Academy of Scr
ences of the United State of America, 2002,99(16) : 10516—
10521.
S Li, D Pearl, H Doss. Phylogenetic tree consruction using
Markov chain Monte Carlo[ J]. Journal of the American Ste
tistical Asso ciation, 2000, 95(451): 493— 508.
B Mau, M Newton, B Larget. Bayesian phylogenetic inference
via Markov chain Monte Carlo methods| J] . Biometrics, 1999,
55(1):1- 12.
ZH Y ang, B Rannala. Bayesian phylogenetic inference using
DNA sequences: a Markov chain Monte Carlo method|[ J] .
Molecular Biology Evolution, 1997, 14( 7) : 717- 724.
Rambaut A, Grassly NC. Seq Gen: An application for the
Monte Carlo simulation of DNA sequence evolution along
phylo genetic trees| J]. Computer Application in Biosciences,
1997, 13(3) : 235- 238.
Larget B, D Simon. M arkov chain Monte Carlo algorithms for
the Bayesian analysis of phylogenetic trees| J] . Molecular Br
ology of Evolution, 1999, 16(6) : 750- 759.
D Simon, B Larget. Bayesian analysis in molecular biology and
evolution( BAMBE) , version 2. 03 beta| CP/OL] . http://
www. mathes. dug. edu/ larget/ bambe. himl, 2001-04 18 /
2005 16 10.
J P Heulsenbeck, F Ronquig. Mrbayes: Bayesian inference of
phylo geny [ J] . Bioinformatics, 2001, 17(8) : 754— 755.
Jun Shao, Dongsheng Tu. The Jacknife and Bootstrap] M] .
USA : Springer, 1996.

[51] Youri I Wolf, Igor B Rogozin. Genome trees and the tree of
life[ J] . Trends Genetic, 2002, 18( 9) : 472— 479.

[52] Snel B, Bork P. G enome phy logeny based on gene content| J].
Nat Genet, 1999, 21( 1) : 108- 110.

[53] , ,

[J]. , 2002, 12( 12) : 1309 -

1313.

[ 54] W F Doolittle. Some thoughts on the tree of life[ A] . The Har
vey Lectures series 99 2003 2004[ C]. United sates: University
of Minnesota press, 2005. 111- 128.

[55] Hao BL, Qi J, Wang B. Prokaryotic phylogeny based on conr
plete genomes without sequence alignment| J] . Modern Physics
Letter, 2003, 17( 3) : 91- 94.

, 1979

E mail: jianfu_ lili@ 163. com

, 1966 ,

DNA



