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Abstract Phylogenetic trees represent the historical evolutionary relationships among different species. Comparing phy-
logenetic trees is a fundamental task in bioinformatics. One way for tree comparison is to define a pairwise measure of
similarity or dissimilarity in the tree space to determine how different two trees are. Robinson-Foulds distance is by far
the most widely used dissimilarity measure. A new pairwise dissimilarity measure for comparing rooted phylogenetic
trees was defined which takes into account not only the identity of clusters in the case of Robinson-Foulds distance,but
also more subtle similarities between clusters,and thus may provide more accurate and cleaner measurement than Robin-

Foulds distance, Two algorithms to compute this measure efficiently were presented. With slight modifications of these
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results, they can be applied to five other related comparison indices.

Keywords Phylogenetic trees, Tree comparison, Dissimilarity measure, Robinson-Foulds distance, Cluster
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FREFPREYHANBERDFEKERELR, HEEAE
BEBENGHYEEARY I ESHEERERE SIS,
HTEBERARYMMERZBINER, RERESTNT
ERRATA Tt EX RSP,

ERYMZERREEXROWRERANRER LN
(phylogenetic tree) , FIEIE S Kk, RE KX EWEZ—IF
B, BT AEN 1T OSETHE RS W,
HHEETT), BAT I WFEHRIARNR. ARFEET
AR SERIRR, RARZ S AR ANESR
NTF 3 AW A AR S EAR/NT 300,

FFH HEH:2014-07-21 iR{45 B #8:2014-12-05

AEREWHHER— NP RLAED, BRiEE N
B . BE B (A I AUE #35 UPGME | 48 82 8 (neighbor
joining) 1 B % Fitch-Margoliash 58:) . B A 8 29 5 (maxi-
mum parsimony) ™ | £ K #4 #% (maximum likelihood)™ )|
T ot HT HE T (Bayesian inference)!' 1145 A% H WRH
THSFHILF R i, R FREBEHBRRMRED,
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HoB AR A 2 U A R 2 HARR A AR AR S R4
5B BB BT EME EMXRY % HEedk ey
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BEESWRHBREESENRE R EWRAER
(source tree) , & &5 — 40 YR 1% 7 15 2 B9 — R AR 8 & — 1)
(consensus tree) . & —W X B45 % B — SR E R AR
B A B TR B AL RV ER 4y . BOMESE B A R B 42 7 AR I TR
L EMRE. WRAFRISEENMGEMALATEERIE
B, U B YRR ) R GE & A WEFR B A (super tree)!?

RERAEMNEBEMR ETEXEH I RE. HEE—H
BB A —$515R (consensus index)®24 | X FAN R EE B 4040
X MEE-WEETEANG IR, & —firZE T
HBERZEME—EE. BT RRERN NS —1845, BF AR
WY LLARHE AT ANAE 7 B (dissimilarity) FIAERUE (similarity) ,
DAH X B R T e e . MR E RPN ZREBEN
HEFER, WRRREAELL © 07048 5 BRI, A8 LR &
Zeo
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FEEER. X5 B THEERM.IIHT 11 ~3TF
FRFRW ISR, MR T X LR AL, §F—
AE45 2 B Ei AR Z /8 Robinson-Foulds B &, HAH
RPN FRBEOTHRENER ER L, B Rob-
inson-Foulds FF B B B £%5); 3 F 2k 6 /A 1 25 Robinson-
Foulds BE B B9AF AL 647, Bl 4 R EFHERNE —RH
THRE,

Robinson-Foulds FE #4344 # $5 &5 H) 19 130 /IN 38 Ak B2 i
FTRE, W, E—RE L B (caterpillar tree, frE N
R B — B HRD) b, 3840 B AR 55 00 1 B T o
SBIBRAE , UFTR F0JEARS B9 Robinson-Foulds B #S S7 2135 51 &
KIE. X—IIRHI5F R AR 2R B R B A, Bie AT R A
FOHTH AR R AR S AR T XS B SR I T RS AR Y
%R . Bogdanowicz Fl Giaro XX — AR AT T B,
X T DU F2K BB B (matching cluster distance) , B 7E 2340 .47
W REELSFEIIT Robinson-Foulds 552, i+ &
VLRCFREEB MBI B 2 E h O™ logn) , o n Fm B4R
B ERREFEE . X E) 5 2 R M — 2B R, RN R
TR sE PR/ AT RLENZHE R,
HoFEERBO LR O logn) ., M T LRR A LM
,“"[30,3]] .

AL EETIU T . EXT LB FRA RN — 5
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FEWHERR  FHA T THHE C MR E g, Hatin g 008 450 0
O*) #OG*), FIFX L RBE]T 5 MiAEIEIR.
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HIRAZmA A BB 5 5 AR SES R IR
(257 #y 5 4 RobinsorrFoulds FE B AT AE 845 B G B 454
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2 W&EMIA

SIAIFRES A WER. R AAB=(AUB) —(ANB)
NES AMBBMEE., 6=V, E)ERRAEMARES
RV HME RE, &4 B TR R 5 AR
A VIRV, 18 R — & P I E B A TR A4,
WiZE A 4B, i8Hh G=(V1,V;, E), MREWATMA
n €V Ml w €V, AL, WHEX 40BN L0 HE,
MR- B TR, LR TR’ BT R BEH
BT R 1 AT RN 2 B,

4 LRFERE, |L =n L FHEMIERER -
REYF(REBTT) . & T=(V,DRI—BERRERAE
LHEMFW RS L P iRE —— R, i T G EH
. B F IR AR A T R BAR
e MR r(DRITA M FHSMBEHRSE. IFTEER. T
Ry F A AR R 4, B LD BERT T Wt 7848,
HRRTFHREREES. W FEEN L WA ARRERZEN
HRMEEITH A, HERRRIRZ SN MY S X%
F 3, BRI oA, U FR A S

B TER ,v€V(D), B T HLT A v HRKTRHCH
Too B8 LCTO R R o MK TR W T BA FRMRE

HFILH BT AL TFEMRIESIEHN B. (D).
B AW THFHEKX, BRA W TH+LAFELTFEIE
FRTFEH DML n—2. HW T 75K, MEHE n—

2T

EX jee] BEARNWN T, T: € % Z 1Y Robinson-
Foulds FE B E LW .

RE(T,, T) =18 (TAB. (T2 |/2 ¢

W!Jﬁ[hﬁu@ 1 F)?/j_:\‘s’«rl *ﬂ T %Wjﬁ;ﬁ.*ﬁm’Lz{aybyc9
d}ymuﬁﬁ* (T])z{{ayb}’<C9d}}’ﬂ* (T2)={<a5b9(‘}}° ﬁk
A RF(T:,T;)=1.5,

H1 ARERREREN TI AT,

3 FRERENEXRMER

AR T RAR R BERE SO TR BB E .

BN 2% BATFRCHC ZRBEE LR

wt(Cy,C)=|C, AG, | (2)

E wi(C L, CHZIE T RNFRMMELEE .G C B
FCE ], ERAR L.

WCLER (T, I<U B (T .« EXLCLE T,
EE% d(Ciy T3) ﬂg min  {wt (Cy;, Cz.,' Do ffﬁ C’l,i =

Cy,; €A(Ty)

arg min{wt(Cyi, C;;)} R CLE T, PHIBRMMUTE. &

G, €KTY
ChLi RME—  JWELE |G NCL | BRBARA T2

R, % G, €p. (Tz)’1<j<|ﬂ* (T, FXLC; 8
T, BIEES d(cz,j » Ty )jbcl frel}g{lTl){wt(Cz.j ,Ciidtbo ﬁ\'c/z,/z



arg o ‘nelngl){wt(Cz'pCl.i)}jJ G, BT, RHBAER T, #F

Cos RME— MBUE | C,.; NC oy | BKRHITRAN T,
EBX3 FWREWRW T, T €% ZRKTFRMREE L
9

Cdis(Th,T:)=( Z d(cl,i9T2)+
Cl,ieﬁ* T Cz‘jEﬁ* (Ty)

d(C,,;»T1))/2 (3

B, A 1 FIRMBEEN T, f1 T, WE d({a,b},
T)=wt({a,b},{asb,c})=1,d({c,d}, T2) =wt{c,d},
{d)=1;d{a,b,c}, i) =wt{a,b,c},{a,b})=1, HE
Cdis(Ty, T) =1.5, T {a,b} WBRMLTFERE a,b,c)}, T
AR{a}8i{b}, B {a,0} 5X SN FRUNEHHET 1.

EXA HREIJEEEX EMERZRL(XOBIXHNXF
EEFANTTRRTUAFT ER SIS

EE1 TEMHRE CAsE A FHER 6o (AR
CICON

WEHE T, €% . BT Ti(TOWENEFELTEE
TATOWEBEAREY .3t B TV (T MIEEALFRHINMEAR
Bt n—2, HIH Scus (A)<<n? —2n,

A—T7HE, WA 2 R K FERAE B, Cdis (EAR/NF (o —
2n)/2,

lﬂlttﬁéiﬂ:ams(%)=®(n2)o

B2 PMRERREGEREN

BN RTER, XL, W TEX HHIFRE 4 BH
TORXAER X FHRATFRT MB/MTE. B THEX
EEIRRGEI Tk T HREB o TOOFERHER 2H
1 RBTH AR B R B R A B B (U I B4R SR B — 2R
.

EBE2 BT, T: €%, X=L\{z}. WH:

Cdis(Ty, T,)=Cdis(Tyx» Tz x)

Cdis(Ty, T:)<<Cdis(Tyx, T3 x)+2n—3

ER - Tyx BN EFATFRCE MY T —F3HK
C R C=C &F C=CUl{z}. BREF 4, TH>
d(C¥, Taix) »d(Cy , TO<A(CY , Tyx) +1,

BT Tux® T, FHE n—4 F n—3 MEFEALTFE,
Ty H—AFEF AT RE Tyx PREXBLIEX N FEBC .
i%ﬁ:d(c1',’1‘z)<ne

FAU, T x WBANIEFILFECY IR T —AF3
G B C=C & &=C U{z}. HHH.dC,TH=
d(C¥, Ty x),d(Cy, T (CF , Tux)+1., BT Tuxf T,
RAMNE 4 M3 EFRTFE, T B—-ANEEALTE
#E Tx PRAXBLEXNFEHR G . BRF 4G, THK

n,

W

ZaL Lo, 28 2 BiE.
SEH 2 2] B K TR RN FRERE
BIZEE O()  #Tft BT, X —$UEZZ /N TR HE 1 i

HFEERENRKRE 0", XiiRFEERESRIEH
LE /N AL B K57 BB B8 T Robinson-Foulds BEBS , M T 68
53R b Robinson-Foulds [ 38 B ¥E 5 . & i A9 T & ,

4 FAEREHITHE

FRH R ERRERK T, T, € % ZRIKTFH
HEE, B UBEH BT R RERE. XFHANE LY
RETFHBRM G R, BB FRZRNNERA T
AR, R AEREEFER. BERTIRFHET T
(THOWENMEFALFRE L(THOPHBHEMUFEUNT
— T .

w1

15 ARERFERE T T, 88 T 1 T: BITE Tk,

#2484 T MEMEERATECLER (THAGKR. (T D48
ER(OIHE CLils T HENMFER—ERIEL L ZHHINE,
BUX BRI BR/NE R d(Criy T2) . TEMRES, BRI EHATRBE
CifE T PFRIBMLUTECLi.

#3E X T WEBNEELTIE G, €8 (T AT B (T2 D,
BFER(DHHE Co 5 Ti HBNTFRR—ERIETLED Z R
B, BUXENENBR/NES d(C,;, T, RS ED,RE BV
B3 Coi7E T FHBRMAMUTE C,y.

£4d REXGBA T A T, ZEHFAMERE Cdis(Ty,
T2).

BRITEWMTFEH.

EE3 Bk 1WREREN O, K n RINER
wEMH-FHE.

IR B 1 WA ERERE TS 2 2B 3 5, i
BEWAFRZEIMNREFTE O BfE. XEESEMFET
KRR 2n— 1, I (THOREBINERNLFRA T,
(THREBURERE T(TOFHAEHHUFEATUE OGH
AEZABE . HTESRMIEELFENMERES n—2,
EIE 2 2HE 3 HeEEREZR O ), Hik, B
BEMEBERER O0®),

AFREREI VA A BB 1 R SRR
&R O,

W L~{1,2, - n} RIEE -G 25EH T
Ty M f MM FH R, RE BT FETURRAI -
KENn MRE V.2 Q<GB FXNFE W VEI=1,
FW V=0, B, B 1 $¥ ab,c,d FHIXTR 1,2,3,4,
W Ty FK{a,b) TR K 1,1,0,00, T2 BT {a,b,c} FR
$A¢1,1,1,00,

FRFRAMNEBR, TR T HEE O WHEZANE
B T(THORHENEFALTFEI T (THOMEE (LR ERNE
AT,

W CLER (TR T B—NEFAFEAK L
(TOD, % mFRCLPWRENEE. BEFER T, 37
FOHFFRARON G, 1GK BT | 4 L RABE
BZTFEPIE CL P HBRENEE, L RAEXRTEPER
¥ G PR ERNEE. W G, Cs,j Z A EAE we(Cyis
C)IRbt+m—0,MIC,NC,; | =hL. BITEC.ET: ¥
BNMTFER—EREF LA HRENTR S, BUFBNE
HIE/NE BRI d(Ciy T RS B/MUE NI FHKE R
Co. % T PHIBARMFE Cli. & G AR ME—, WU 4
BRMIAFE,
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T, W74 A8 L {EM L BT e % HeT R 2 WS 3,
PR A L (EA L E A AR SR SR LT 4
{HF L, ERFED] . ¥AIZE O BHEZNB% T, HEA
EFEATFRE T, WEEU L EHEHELTFE.

A, X T MEANEFEATFEC, €8 (T AK
[Be (T DB FTETE O BE 2 N8 8 d(C.;, T F
Crje

k2

B1E @LL~{(1,2,n) REE—WH. S3EF T #
Tz 388 {5 FHT

B2H BFEFRBT. MHBIN T WEANELELFEC.E
e (T AT B (T DL 3% ERF BT d(Crin T Cie

E3% FREE T, BN T, HENEELTFSECLE
B (T AGK B (T 1) - 3 F3RFHABH d(Coyy TOM C'a s

Fad BMERHBE T M T, ZREGTEMIERE Cdis(T,
T2,

EE4 B2 METREREN OG), K n RAREH
WERHTHRE.

5 SAMTEER
SCER(25 B g 11 AN FR P 9 RT 6 ARk 1 B
5.

# 1 Robinson-Foulds i g & HiFA iR
#iF HHEAR

D(Ty,T2) [B« (T1)ABx (T2) |

S(T1,T2) [8x (T1Y N (T2) |

d(T;,T2> DTy, T2y /[D(T1, T2)+S(T1,T2) ]
s(T1,T2) SCT1,T2) /DT, T2y +SCT1,T2) ]
d'(Ty,T2) D(Ty,T2)/[D(Ty, Te)+2 « S(T1,T2)]
s'(Ty,T2) 2+ S(T1,T2)/[DXTy,T2)+2 « S(T1,T2)]

1P DT, T ST, T 2 B 2 A LUEFE R
B, B33 —4k (unnormalized) B B A FE R, S( Ty, To) = | B
(TOUB (T | —D(Ty, Te) o dCTy, T s(T, T), LR
d' (T, TR S Ty, Ty 53BN RSN DCTy, TO M SCT, T S
FAAREE—fLERE LR,

AXEIWHREWTEMERERE TR 1PHE—
fobn. BTG BR L PHE BT NT . 7%
FERLBESE A BT R T S B F R L E M EBOR FIBk
Ph2, 7E0CEERE B3R 1 PRI SRARRIB R TH) .

HRIB AR T ERRG L AW LR, & L
TFRHERE AR T EHESER, 48 THEX MM
FERPA 20RO R R, R R RSB T
5 MTAETeAR. BEBIR T USSR F AR B b
B A0 B /N AR R U & AT DA AT R
FRHEFENERRMEL.
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