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Abstract: With the continuous development of biotechnoglogy and progresses in phylogenetics,
researchers now are facing more and more challenges and difficulties in reconstructing phylogenetic trees :
1) species number (or individual number) of the specific taxon of research is always increasing; 2) the
number of taxonomical characters (for example molecular information) of each species (or individual) is
also enlarging. Especially with the efforts of genome-sequencing technology, phylogenetic reconstruction
based on molecular information requires massive computation. Mathematical methods, computer
technologies and other auxiliary means play key roles in enhancing the efficiency and accuracy of
phylogenetic reconstruction. Maximum parsimony ( MP) is a very important method for phylogenetic
reconstruction, and it needs efforts of both biologists and computer scientists to enhance its computational
efficiency. In this article, we elaborated the calculation procedure of the MP method in details and
analyzed the influences of parameter selection on computational efficiency, in order to help more
computer researchers without detailed knowledge of phylogenetics to present better, quicker and more
precise solutions to phylogenetic reconstruction in practice. In the meantime, we tried to explain the basic
principles and computational logic of the MP method for phylogenetic researchers to push forward

continuous improvement and optimization of using maximum parsimony in biology.

FETH . ERE B R AR TR % 5 1 1 H (KSCX2-EW-B-02/03) 5 [ Z LAl BL 2 A A B 35 2 4 00 H “ R ik FL 507 (10930004,
J1210002) 5 [ Z¢EARILABFFRLRI (“973” 715 T H (2006CB102003 ) 5 [ FK“ —F” Bl S #3251 H (2006 BADO8 A03 )

YEZFAr: X8h, 55, 1987 48 6 A4, BIEVLM/REEAN, BLBIRAE, BT MARERERLERUHA, E-mail: zhengwei@ ioz. ac. cn; wei.
zheng@ siat. ac. cn; zw870612@ 126. com

* W if4E#H Corresponding author, E-mail; zhucd@ ioz. ac. cn

WeH H 3 Received : 2013-03-15; 3% H ] Accepted; 2013-08-07



1218 B 2R Acta Entomologica Sinica 56 ¥

Key words: Phylogenetics; phylogenetic reconstruction; algorithm; maximum parsimony; calculation

procedure ; computational efficiency; optimization

HXRGELBEHREREA, RETLELL
TR, AMMETF X YR R AT HA . BEE
RN, EUFRGEIAREIL ., TESM
R, FEETUMMESESER, FNLGE%E
HAWAT . AR SR EEY¥ER, #T
LHEMARGERLEOT, BWWF BTG E (HX
T, 1996) . RMLED T HEARSW KRBT,
L BABETYMIESER . ARG B #T
RERBHR, TUMIFREREHETHRERT
WA EZ S, —mE, 4T EERBAERE
ROFESSHEREFEL, H—FH, 2 FEEW
AAE W 7 A A B g A T ) 1R 28 4 T 3t R )
oEWILE. B, g0 EEHITREKRE
MR, BERE THRZEPIT AR KINE, JHE
MERJLTERE, 53T 88K RMHE X
(Sudarez-Diaz and Anaya-Mutioz, 2008 ) ,

TERF AR T, BT REHABIER R
GRB I, K BhWFR N BLRAS BB kG HE I 2 AT
GER . RAEHEST R I B 3E o 1 fin R R A

WEFE R
Select the
reconstruction

algorithm

FEFI Lt
(A%h & F31)
Sequence alignment
(automatic & manual)

REMGIRAIR M —BUE, RAME BRI TR,
7 BE & 4% 4 HE 40 ) 2 BB AE A ( Philippe et al.,
2011) , {HIR A Bk B2 W B & I MG 2 2
RAPIEHATREKEERE, DRREERLE
WIS HTEE R . TEALTRPE K M2 R A BAE R, BN
RAMFEAWRE R IR G SO CE, 5%
TR A R AT R W B 5 1R IR TR AR A A
X —MERT (Delsuc et al., 2005) , B, XFAEHE
WRGEKR T EEZRFRLASBE, BB
BHE,

1 SFREXRESHEHR

1.1 SFRERBEERNEFITRIANE

—BRUL, T RELXT WK EZELRN
(B 1): AYeREERERS, BB TFE
(4. DNA J731%8) , FR A RYF 23T P15 B
HITZFFILRS, G UGS — LB THER,
B EIIHE, MHRANRELZTW.

Aok EEAE
CHABITE)

IHMERGEREW
Assessment of
phylogenetic trees

Phylogenetic
reconstruction
(computer calculation)

B1 REREINHEESR
Fig. 1 Main steps of phylogenetic analysis

ERRG R BT EMMANE, LAIRJESET
BREARIR, 2 7KF EREYERIRR BA
JEREE, —fokil, 07158 EZ d DNA, RNA
MEAR=KEEY D TEEAR, N3 ATH
HTEERE: 2T RFIIEE. T =R HEE
B TR ER. 4T RSHAE R,
HATIEBA B NG — K AP FARHE (Lin and
Gerstein, 2000) o 7T IhREPEIRAEERZ BISH 53055
IR, ARXER ST B A e . 45600
TREE G 0TI E R BT X S EM R
SR B WHIPITCRTESL K BB, XEREHIK (Letsch et
al., 2010) . Hit, HRTECNH FEIJ7 2 WP Fh
(MK PR () o0 FPE R, @i
FRERBTIEITEMTBL, dia RS 515

BURHEEOR , MR (SME) ZRIMAY RGE K
H XA (Philippe et al., 2005; FKAR 3¢ FIi 8142,
2010) ,

WEELT, “ZFILMN 5 RERFTHE
B R R EITH . RTE T & WIitEE
FHEAGFERT, HItEAR B EER S, HiLEET
WA TR 1AW — #4545 (Roshan et al., 2006) , 3t
FiHE, DR RS E i ESE, IR E R
Ao HEX—FH, RKEAENREI RS, U
FANRUESE, BRI AL R B 255 Hoxt” #l
“RoG KB EE"ILFRHT (Liv et al. , 2009)

T TR B AGRE, MRl —
PRBERGRKEEERDE ., —BokiL, BTHTF
FIEEMARGREERRL FEA 4 RS &
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Fig. 2 Reconstruction of phylogenetic tree

THEEKNARSE X T E &K % (Fich and
Margoliash, 1967 ; Kidd and Sgaramella-Zonta, 1971)
METRGENN RGE R FEERE(FRRNE
Bt 2006) o FTERAUEIN H 75 ¥ B AT 4
K 251 (Fitch, 1971) . £ KL AR 2% ( Felsenstein,
1981) DA & D1 i #f % ( Huelsenbeck and Ronquist,
2001) ( Yang and Rannala, 1997)3 Fp& 1k,
1.2 HFRERBERIERSMRL

FE—NEH 0 MR (SAE) K85t
FE(2n =-3) 1) FATRER AR IRINGEAE, (20 -
5) 11 AT B AR HH TS5 (Roch, 2006) . B
BN W2 [ bR ERRELER (0
B KRB A MK) & — 4 NP ( non-deterministic
polynomial , JE 7 5 22 T 2 ) #E [7] & ( Foulds and
Graham, 1982) , AAiTH fgid i — 283 UR B A
BB, SRR, 7E R4t R
GEEW. Hit, Bk ELWBHERERETEEN
FARTH R FTLE

IR KA H#T RER BT EEZNG], HEHL
s BRI R, MR R UL, FEARBAE WA

)" R e R AE” THE WA PR E (B 3),
—JH, ERERTEEMNBF, RAGERR
J&TF NP Y[R} (Day et al., 1986) , & B A &
KR BATEUKRAE; 75 —T7 W, AR ER
B, R BRRAE KRR RS, L
T8 RSB T8 A R o

2 EKEHEER

B K fH 291 ( maximum parsimony ) TR #x i MP
%, BRBETESERE, RECEHE 20T
FPEIRIREAL T o BRI AEIN I F— 12K
FERUL, ITAFTREMRER W, TEREEEHE
EMR/ NI —RRE R TR R EIERT AR
H R 8 & F ¥ #1 (Henning, 1966) . #e /)i i,
HHE - TMYMERZE, B ERRMMRE ST
FPIMEE A, BHFEN R FSARIE LR A Wy & SO
FE H AR Bl R R A B AL A AR AU KD,
T — R AT BB R G R W HEIT 04T, 718
H B RENRN KD, BEEFEAMR
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Fig. 3 Algorithm optimization of phylogenetic reconstruction by Maximum Parsimony

NI — BRI XA RS RE I MP 3 (Fc K T 298
(Felsenstein, 1983) ,

ERGRBERAEREY, RRRAFENAEEER
B AR Sy, Bl Camin 5 A2
(Camin and Sokal, 1965) , FfiJi5 Hein 28 A\ Xt HE 4n4a]
HAM SR (Hein, 1990) IRERGEREW,
T TIRABI 5] (Hein, 1993) , —fok i,
RO E B P28 b7 s G B,
AR5 B & ELSE W] {7 (Sober, 1988) , Mi#k Rt
LR e K TR 2012 XA b e — R AT B AR B 1) TG
75 45 117515 (Sourdis and Nei, 1988) ; HIEfLBE H
FERIEE IR BT, Toit & S5 3R iAE I BE iR
RIEFERNEBIE L, SRR AN TR KA
i PEBSAEREYE . DU ik #R W ik — & (Salzburger
et al., 2011); [RB, FEHMRE LT ERETE
(Brooks et al., 2007) MRS & B M HF5E (Jin et
al., 2006) Hh#fE L/ R T RZ9 RN, B
BEAEAEREN . T ZHREREFE N,

3 RAHAZENITESR

3.1 REBAGERE

B KR 2 e L2 DA R TR S 2 MRV 43
Mrings, #47 HEIH5E (Hein, 1990) , F#Y) i [A]
HRGEREW. BEEDTHEARWAW LR, 45K
KIFETL: FEZ X DNA| RNA FIEE 5 G4+ #17
SAHTF5E. LA n 4% DNA, %55 DNA f4a & 30 /4N

ARHBROLAMAGE NG, n 5K DNA £
WFPFIEEXF, TR T &7 30 = n ML fEE A DNA
T, EABRKRAETT R RMAEER .

FESLFRE A, RKEAERR RE R 0 Y
P — LR BT . WK 4 PR, G
LM RfERS . WRERE, FHHECE 2 LA
REFIBATIHE, LARHE, HERJE — MR
B E

2 2

A=|GATATAGCATTTCCTCGAATAAATAATTTA
A= ATAAATAATTTGAGATTTTGATTATTACCT
A;=GATATGGCTTTCCCTCGTATAAATAATTTA

>
]

TATAGCATTTCCTCGAATAAATAATTTA

S o

B4 BAREAENRAGE

Fig. 4 The input files for maximum parsimony
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3.2 “BiEE” EREAEAR

RIFRMAGRRIE, $0 n NYFP B — I ALR
fRR, W PR RE KA AERDIRER
B B TR WS ] " R R B2 — 1> NP XA
8 (Day, 1987), X FHMHE n KT 10 MR H
76, —MRBERAUR & R R, SRR IUEM
AR EER o

HEMMEER: §, B2 HmE %

( stepwise addition algorithm )” ( Cavalli-Sforza and

G WIAR

Edwards, 1967 ) =% “ B2 IR 4 g B % ( star
decomposition algorithm) ” 4= i — R R Gt & B M (R
ZRHRIRIT”) , FfJG R 4R JE B4 (nearest-
neighbour interchange, NNI) " 8¢ “ FHHM& BT 5 &\ 1k
(subtree pruning and regrafting, SPR)” B “# %} )] 5
EE 1% (tree bisection and reconnection, TBR) ” X} H
HITREBIE, BRFRBZALAEE T o NF
MK R (B 5) .

Obtain the initial tree

JAEAER

Heuristic search

EIE “BIERH”

Correct the initial tree

BAIINE
Stepwise addition
algorithm
YNy RS
Star decomposition
algorithm
AR JE E A
Nearest-neighbour
interchange (NNI)
TR 5B
Subtree pruning and
regrafting (SPR)
WIS B
Tree bisection and
reconnection (TBR)

BS5 JRAXEREE
Fig. 5 Heuristic search algorithm

3.3 BRAEAE(EHE) WITNIRESIHTERE

B T HEPE R B 44 25 (8] 18 R R A X — XA
Sb, “BRRRAME” FTHE R B AR K
FRAE o v~ R oK MR 2 B 5 2 W ARAR 22 18] 410
% AR PP . — R, X F—RREFE T
SRS LEW, RRRAERTHESEME 6
PR o JEI X R E I ME B RGBT W HIHLETE
DLBEAT 5 2 S AW, 1A A AP HE T A BE RY
BN, AL AU B/ NITERTIB O, 1R
AR S E R, Fe AL RN 1R %
BRI S R TRT 9" (R BUED) o XA s 8] ™ ) 4
— BRI E) PR BIE " BEAT LR, HoHh ™ BB /)
O — BRI i L i3 15 1B 57 R R K 8] 2404 ( MP 4% )
(BE7),

SR, SEPRERAET, BRI ARX G
BRI, WHEERELARRE LT W
B R ZME” (BREE) o IEWATSCRTE, M
“PZS A BN, BEE PR R n B3 2R 5K

8, [ AH e T e B 2 — 1 NP e[ &
(Bader et al., 2006) , Hit, Af1—75 E7EMHSGHE
Wrer, % A 3h & # R & 2 ( dynamic-programming
algorithm ) ( Sankoff, 1975 ) #4718 (“ R KM
AE"WIE); B—Jrm, RABRAER, ¥
“WESIE) AT R AN, DR, EiEbR
P AA R 5K TR 29 ( Yang, 2006) o
3.4 EFIIHRAE LR

Wt BRBIR, AT LIRS E SRR R
KETLRE, FXF 30 ALK B R DNA J5 51 “ 46
M, USRI T 30 BRETBMAFERENRREHY
Wo RAMARRE, R IEHBE, MR EET
%, RPARBRA BRI AW (427 MP#) .
3.5 EXHLE

BoENY, EREIEEBHRREAH, HA
BE&GITHE ; RN H T DNA Fold TREZ, &
B R FUE R 245 B S5 R A B IEFFR A S S
Mk, B, ATEEERAEER, X B R RG
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WA | R
HE

Ancestors Caloutae The cost of

inferred-2 aleulate evolution-2

HE
Calculate

A4

HELSEHEIT-i W Bl AN -
Ancestors . »  The cost of
inferred-i | Caloulate

evolution-i

“BRgE”

Function value

ERmamal N 12 SN
The topology of any solution Calculate |

ARG R AW IR

Solution space of phylogenetic trees

Bo6 RELKFHEREE"HEIE

Fig. 6 Function value calculation process of phylogenetic tree

AGEEEM-1 HE | CREUE”

Phylogenetic tree-2 Calculate | Function value-1

AGEEEN-2 HE | REUE 2

Phylogenetic tree-2] Calculate | Function value-2

ARG R B HREE W
Solution space of ~ f——pf = -eer L » e
Calculate

phylogenetic trees

RGEEM- 02 N < €I

Phylogenetic tree-if Calculate ~ | Function value-i

SCNITESL)
The most
parsimonious tree
...... e |
Calculate

B7 REEKFARKITERE

Fig. 7 Calculation procedure of obtaining the most parsimonious tree

R AR BTV, , RIE R KF AWM IES  FREKEAR, MEEERT LR, B3KE
PELA S KE B B (Felsenstein, 1985) , E A&k Z: MR KEAR, #5105 KF G KR KR AR
XFJFA DNA“HERE” #EATREAL b, AT E R b Ae 3L, 3R158XF5% (Bhattacharya, 1996) , i HAH S
(Stamatakis et al., 2008) , FERHET I K/N SR “%E B X R (Alfaro et al., 2003) , DLIIERAE
MRS AGE (B 8), EEIE, K18  EMESEHE,
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A;=[GATATNGJAT TCGAATAAATAATTTA
A,=ATAAAJ] TTE ATTTTGATTAFTACCT
= QGTTT [TCGTATAAATAATTTA

A;=|GATAT]

A=|GATATING(AT

[TCGAATAAATIAATTTA
. p
r .

A= GATAT[TCGAATAAATGATATIATTT(GCATT]
A= ATAAAATTTTGATTARNTAAAITTGARATTTY
As=GATAT[TCGTATAAATGATAT|TTTCGCTTT]

Au=|[GATATITCGAATAAATGATATIATTTQGCATT}

K8 EHRHIE
Fig. 8 The process of bootstrap

3.6 gt

T B P AR A K TR 8k B A, AR
FEE 9 hEE A A H TR TRRKRYEHTRER
FEEMFERE, STEMT o MMEZE R
BRERRE, BERNEIEPIRECDNA 58 ;
PA n 25253t FEF HLRT” i DNA 21 0 “ 55 B 1
MAER. MfE, 1B A" 5 —51 /) DNA 5
B (B n 4> DNA FHI 58— S 5 8), Bk
YERSEBREA, 7E“ W25 ()7 8 R KR AR, B
M3 T5E—%) DNA {5 B MR K LM, 53] DNA
SR R TESI M ERRF AN Z G, @it B
K7 KR AER IR, RAS¥F, 446
83)3iZ n 4 DNA S AP E B MR E R B R
Gt o BJEHATERFESHT, M RAEEEE A [F R
BEAE R RE R BT, KEERAEIRE 21
RERBR, SH B A B IE# v SR,
TR H AR R ) SRR

4 RAEAZEHIFITHMRL

BRI KEHEH AT ER R, X Fik
GRS & E W5 #5251 (Sourdis and Nei,
1988) ; Sub[EEF, B o Z M KRR
k& Rk, fEEAW B R AR MITE
oK, Hln: Raxml ] DL MPI 355 ) AT 401
B, R TRAMAE KA I ; MBayes
HAETt B3 T HF MPL A 555 GPU .0 174k

WA, [FIFERER — @R L R Y =R W
Ko AICEERFE T RKE AL BR#H S5,
DI RAEMFHKEZ AR FE

BMERIRRE, BTRRKEAEHFTRE
REBEENITEMEL LB EEVERIHRTE
Ko —J5TH, FEE TR ITh SR MK
FEBORBL, MEHy KT MR KTEE, 8
RIHHEFENER; 55—, A RPEE (. &
AR ) TR P AW, RIS E R
RRIBEEMK. NAX3.6 WHHEZEFES K
L, ASRESRAE 1 000 Y, —> DNA i 53 938 fin e
TR K TR FER, KA 1 000 £5 3 KR
B, XTCRE I REAE R ik TERHIBE S o

N T BT R T RREAERTTRERT
HARTHESCRWEEE 19 . VE# DL Phylip 2044y
i, % DNA B35, WY %E (species) . DNA K
& (sites) . #8270 Bl (number of trees to save) . DL K
HRFEUEK (replicates ) S 21> A1 B M5 )
6], AT FS BT BRI B, I
A DX BRI, R —FER
IR BRI ITR
4.1 ZRBERFE

W3 R W F 8K (species ) 7351k 56, 357
962 M =KHAAELHIE, BRABIEEH 4 4%
PRl gcdE , H DNA K FE (sites ) 437 2 24, 249,
540 #1197, 5 RS 4% A b E#L 2= Be sh Y ot
R R R AR S 4 (HPC), FERA A%
512G K NAERETHE Y ST
4.2 RHERRRE

Phylip #4460 i — R I h BB = /N4
i, H 7 ) Seqboot, Dnapars FfI Consense J2& 4} Xt
DNA ¥R TR KHAEHTREKE BRI
MFEFFAL, Seqboot £ Xf B RAE IR, A UE RMHE
Bl , HLE 220 s Dnapars 2R i i K 6] 2015
X R R BE M R BEE HT RE L B HEIE;
Consense ¥¢— ZH 34 b Y I B M 5 2Ok, A2 R
“—Z#” (consensus tree) ( Bryan, 2003) ,
4.3 ARSI EMFEMILE

VEZ ST AN R K/ B8z 43501 3647 22 2R A 100
KH Seqboot 1155, JCH R A %L ##E ) Dnapars FI
Consense 7341, 45k (£ 1) EH.: (1) EEHEER
IR, &P AT E R EEEA R, H
H Dnapras (M IER K ; (2) BR TR/ BIBEE LS,
FH EL3% Dnaparse [fij 5 , Seqboot il Censense 13 2
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DNAFFISERE (A ) RS HRAE10 0001
DNA sequence matrix (input) Bootstrap Resampling 10 000
v A
frsE R {258 {3 1ER {7 MR R
Information Information Information | | e Information
of site 1 of site 2 of site 3 of site M
Bl B &
CESBINGE  BARG ) =
Obtain the initial tree =
(stepwise addition algorithm
star decomposition algorithm) ﬂﬂ'l
it
AR "
“FeATaLE W
Calculate the trees'
v parsimony score, &
IEIE ek Repeat fhe
(NNI, SPR, TBR) calculation
process of the
Correct the initial tree left side
(NN, SPR, TBR)
A 4
fisl i 52 i3 iz M
“MPH§” “MPHY” “pi” \ [ “MPH”
MP tree MP tree MP tree MP tree of
of site 1 of site 2 of site 3 site M
A
FAFEAMP B et 10 000 BRI RAF: MP
Statistical 10 000 resampling
Obtain optimal MP tree analysis MP trees

BLAHMPRY (i RFER)
The final output of the MP tree
(with the confidence rate)

B9 BTEAFMAFENNSTRELXFERIHTAREER

Fig.9 The calculation flowchart of molecular phylogenetic reconstruction based on the principle of maximum parsimony

> Test.phy >> Segboot >> Dnapars >> Consense >

Bl 10  Phylip B{FEEE T R R L8k KB R
Fig. 10 The using process of Phylip packages based

on maximum parsimony

FERT AT AZBIE AT I, ACFEREM T, L
% & Dnapars i[53, DAEFHETE L

4.4 “Number of trees to save” B E 22

7E Dnapars 43 #f 1, 3% I “ number of trees to
save” FARET R ERPREEN RERKENHA
B, save fHBR K, RUIFLF IR M ENIEE MK,
PR RS E, Bt B K, 7EEd XA
7] save fE A (K 2) , RIITEEEAHEK L
%, [ save fEIGK LBIZER — M ER b, HE
AHH 4 WUk, i T RS E BB A5 R, R
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%1 Seqboot/Dnapars/Consense 5} #7id F2HI#E R (s)
Table 1 Time-consuming (s) of Seqboot/Dnapars/Consense

LG TPNAN

Species-Sites

Segboot

(ERAE 100 1K)
(replicates =100)

Dnapars

(TBERFEIHT)

(no replicates )

56 -24 0.00 0.02
56 -249 0.04 0.39
56 —-540 0.08 2.35

56 -1197 0.20 3.26

357 -24 0.02 14.01
357 -249 0.28 35.94
357 -540 0.61 106.71

357 -1 197 1.70 389.42
962 -24 0.08 899.09
962 -249 0.78 1 087.31
962 -540 1.61 2 425.46

962 -1 197 4.81 6 531.91

Consense Dnapars 5 Seqboot ~ Dnapars 55 Consense
(TCERFESHT) ST AR L AT A E L
(no replicates) Dnapars: Seqboot Dnapars: Consense

0.00 - -

0.00 9.75 -

0.00 29.38 -

0.00 16.30 -

0.02 700.50 700. 50

0.02 128.36 1797.00

0.01 174.93 10 671.00

0.02 229.07 19 471.00

0.23 11 238.63 3909.09

0.28 1393.99 3 883.25

0.37 1 506. 50 6 555.30

0.35 1357.99 18 662. 60

32 Dnapars itH R (s) B save HAVEK—MEHEK

Table 2 Time-consuming (s) of Dnapars increases with the growth of the save value exponentially

Save # 100 5 10 B,

Save 7 1 000 5 100 B}, Save 2y 1 000 5 10 B,

Sffifs'its sagfi 01 ° sagfi 01000 sa::fj :)0(:)00 Dnapars VBT ARF A,  Dnapars 447 #0BHIH,  Drapars 4MBTA0R I He
Save 100: 10 Save 1 000: 100 Save 1 000: 10
56 -24 0.02 0.02 0.02 1.00 1.00 1.00
56 -249 0.39 3.4 32.38 8.82 9.41 83.03
56 -540 2.35 18.20 147.41 7.74 8.10 62.73
56 -1197 3.26 25.37 234.43 7.78 9.24 71.91
357 -24 14.01 74.13 697.87 5.29 9.41 49.81
357 -249 35.94 365.19 2 741.86 10.16 7.51 76.29
357 -540 106.71 1 008. 64 18 553.95 9.45 18.40 173.87
357 -1 197 389.42 2902.94 33 843.48 7.45 11.66 86.91
962 -24 899.09 4 867.84 64 365.70 5.41 13.22 71.59
962 -249 1 087.31 6 820.49 70 058.93 6.27 10.27 64.43
962 -540 2 425.46 27 653.34 30 0038.74 11.40 10.85 123.70
962 -1 197 6 531.91 31 154.97 38 9 748. 67 4.77 12.51 59.67

5 m 5 save {H, KA R m A% B E] LA
Bk,
4.5 EREFSTHFER

R AR AE 2 TR — 1K Dnapars 7} H7
it RE LR, REWMABEESEFRMED
SR TR iai A BUE, (H250E KNI RE U
A5, R SR I AR P T B TR K S 7 SR SR il

BB, FERE K. AR SO AN R R/ AL
Y& 4> HIAE replicates =1, 10, 50 F1 100 K& A T it
B (replicates =1 F7n TR IEEHE K Dnapars 43
B, APEATERAFEE ) Dnapars 2)47) , MFERT %L
HE(R3)KE, BHKI: (1) replicates =1 i, fF
TR R EAERZE (HEFA ST ESHER) ,
JEFEIT BE A BE B R T Hg K, (HiH 5 A FE A
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56 &

replicates 3§ KB, A 2L IE HHIRRIGK;
(2) 7E replicates = 10, 50 F1 100 B 3256 45 R H &
H, BEGE R ILFEMT G LU, FEARSE T replicates
AR LB, X FER P R replicates HIHE <,

ZHBRNEL LY, HERT replicates =1 1HLL T
AR T AR PRI R, S0 P2 R B
TRFIHREERRD,

73 Replicates =1, 10, 50 1 100 Ff &) Dnapars £/ (s)

Table 3 Time-consuming (s) of Dnapars while replicates equals to 1, 10, 50 and 100
BryE K/ Species-Sites
56 -24 56 —249 56 —540 56 -1197 357 -24 357 -249 357 -540 357 -1197
o 1
ERRAFL K 0.02 0.39 2.35 3.26 14.01 35.94 106.71 389.42
Replicates =1
R 10
RFHT10 K 16. 66 56.95 194.42 292.60 7 062.62 11 604.70 26 121.23 40 873.46
Replicates =10
K 50
ERRAH 50 K 82.62 296. 60 932.09 1360.73 34900.50 57 026.15 110559.02 242 711.08
Replicates =50
K 100
BRRA x 170.17 599.02 1871.30 2716.93 67 091.81 113 221.90 205 704.82 425 106. 68
Replicates =100
FREEIHT 10
51 WIKFERT L 833.00 146.03 82.73 89.75 504.11 322.89 244.79 104.96
Replicates 10: 1
HRFEAIT S0
51 RIGFER L 4 131.00 760.51 396.63 417.40 2491.11 1 586.70 1 036.07 623.26
Replicate 50: 1
HRHEIIHT 100 Y
51 WIKFERT L 8 508.50 1535.95 796.30 833.41 4 788.85 3 150.30 1927.70 1 091. 64
Replicate 100: 1
FREEIHT 50
510 k#ERT LE 4.96 5.21 4.79 4.65 4.94 4.91 4.23 5.94
Replicate 50: 10
HRHEAIT 100 Y
510 YRIFEHT L 10.21 10.52 9.63 9.29 9.50 9.76 7.88 10.40
Replicate 100: 10
HRHEIIHT 100 Y
550 YkIFERT LE 2.06 2.02 2.01 2.00 1.92 1.99 1.86 1.75

Replicate 100: 50

4.6 FITHERETLRE

3.6 P ESME LS BN, ERHESTH
£ DNA“HEFE" FE R MAG R, iR SR ERE
FEMSLH, BN 4.5 3 E R
FEFEBH, replicates #/)N, Dnapars Bi15 i [8] B4
B, R, SHXTERESPERE, MEERT T I
T ESH, ¥ KEE R Dnapars 158 530 fi 78
ARBHEZ L EIHATHIT. AR R E

SCEE, R BT, XA B
THE, HER(ER)ERY: (DIEHTHET, &
TRAMALEN AR TERZMRBE T AKE
Fts (2) BUBI AT R0 I 18] 46 46 2 B A% B A7 6 [R]
W =2z —, MEFHTHERLIEN S Z—; (3)
TERE(F AR S5 AR EE B S 2 R B AL T, TR E
KA, RBARIRF IR, WHEDFK
ST TS
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Table 4 Time-consuming of bootstrap process using parallel computing

#EH} Time-consuming ('s)

#EHT EL Ratio of time-consuming

AR

Species-Sites

AT

Serial 1-core

WEIHAT
Parallel 2-core

PIEAT
Parallel 4-core

WEIAT BEEAT  WUBOHT WEIFAT IR AT

2-core: 1 -core 4-core: 2-core 4-core: 1-core

56 -24 170.17 86.00 43.35
56 -249 599.02 297.23 148.40
56 -540 1871.30 937.62 474.75

56 -1197 2716.93 1372.35 674.44
357 -24 67 091.81 34 936. 54 16 723.05
357 -249 113 221.90 57 129.17 27 982.24
357 -540 205 704. 82 111 138.64 58 146. 46

357 -1 197 425 106. 68 250 152.30 128 748.97

0.51 0.50 0.25
0.50 0.50 0.25
0.50 0.51 0.25
0.51 0.49 0.25
0.52 0.48 0.25
0.50 0.49 0.25
0.54 0.52 0.28
0.59 0.51 0.30

5 WitERE

BEE 2R AU BIR, St R f 2995 A9 3L
AHRRIFC LT REYERAFRER, —
JrH, S AR AE M IR R BT A MR BBk B2
H—Jih, BIMER S TEESEABIEK, X
BIREERT R ERHMITE R, Fi, #3HRKREZ
HAESEPR G P R et S O01E, K AR R E T E
Mo HOEHAKEE TR IR 55 A% 1T 1L bootstrap 13 72,
X FRARRAER R, BB AEER .
BRRETITE, VEE NN EDEA LT ILAA U
ER: (1) BRI AE KRS R K AT BT
(2) “M=sia)” MR Tk (e R XER) ME L
ks (3) BT RMBHHE L BILHESHR K
KRG HFHIT e

SR, X AR e A TR] 24k sk i — A
T, fEETENAREE S R BRI R R
AR, BB NE S TR AN T/ Rk
VFRRB, DA Wi HE 3l fe K R 20k TR L 5
2, R Y TR iR K
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