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Summary of Phylogeny in Mammalian Order Carnivora
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Abstract: Tracing evolutionary relationships among organisms and re-constructing species phylogenetic trees is vital
in evolutionary biology. Species in the mammalian order of Carnivora rank top in the animal food chain. Most carnivores
have received great interest in the conservation of wild animals and are also crucial model animals for the study of the
molecular mechanisms of adaptive evolution. As an order bearing important evolutionarily significance and conservation
value, the phylogeny of Carnivora has received special attention. In this article, we reviewed higher-level (interfamilial )
phylogeny of carnivores based on previous cytological, morphological and molecular evidence and indicated the existing
phylogenetic problems. This review is expected to guide future research of carnivore phylogeny, and also provide theoreti-
cal evidence for the use of this order as a model in the study of adaptive evolution.
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R, LA IR, B AR EHE (Hu,
1990); 7 —J5 i, &R B YR 0 2k i 72
TR B R3S N A, AR R (AN
A2 . ZR RO SAFAEZE DL K LM W ) A K e
M. /NRESE ) RIAEAERREE (CAN-PrKAm A i LAk g
FIKSA LA B 58 42 38 W T 7K A 2B 3 1 7K Fn B 21 )
SEJrTE: R, BN E R TCEE A B 5 B ) 3
Lt IO NE Beiy S eE L7/ PR il B 9 A D
ENTERE N RSk T AL A R, 2450
1k, FEZER B RG R E RZRAFEMRR
P, REEE R —EEL,

R H 3 B A Fi AR L Zh Y, o1
Bl 280 YIFPLLAL ( Nowak, 1999), RIIA R AHEFR}
(RERE. RE. BeReR. MRL. WIRERL. W 59FHF
LR FAEGERE (RAR . AR RIS
F}) ( Eisenberg, 1989; Wozencraft , 1989; Wyss & Fly-
nn, 1993 ), RAVEFH, BT REHIHALIHEZ 1]
(IR, B BR KRB A FL A 2R R Ay RE A
B} CArctoidea) ( Wyss & Flynn, 1993 ). HEWiFE},
VSRR SRR I TR AR T 09 & IR H I FL 2N
Yy, PRFHEBEERE, SNSRI, Ew AT
FUEH KA SE RIS R IR 1Y) AR A7 R BT DL KR O A i
FiA o A 25 R A S5 R I o L T 20 g P ) 458
H., SERBEIFESEREST eG4 2R
S50 &R HIPASE H « 8E 151 5 A2
H (Simpson, 1945; Nowak & Paradiso, 1983 ). 3
TEBCRBZ MR, B R E RN b
BTG — DR S, B T REERL .

TE A W) A [ ) S B ) R IR AR R R
RV EE A MR R G R B R R A 7 el
—NTAEEMNE, HFHSEZA R RE, E
[l I — R R [ R R e R 8 T 2R A 3
R R TR, B AR B A
AR RE I . £ R E L S A R R g s b ) —
NEERM, HRELFH—HEENIME A
FIE, M AT SR H 2 F RGN, JoRER
A BRI E SRR Y. 2T H
FERH&SFERGERKE RRZRLET T Z5
W RE, BAMCEE &R BRVKE B RS
REFRRE, Ak TIREFRFE ., Hiu
BAyFAEYAE 7 IS, MER SR, IR H
BIAATERY IR, X4 B A H R 50k 8 77 1y it
—BWE TAE R A 18 S 0, e LIRS REE N

R A W R I A T T 24 A
1 “HRE=AiERE

AT 20 22 60 AR A B Y RMZ IO SR
B, &P H &R ) A7 AR X PR ST ) B €0 4 20 7Y
( Wurster-Hill & Gray, 1975; Wurster-Hill & Center-
wall, 1982 ), /ALY H LR e G o R 5
ERREZEGR R, HREZEWE N H&ARHA —1
B MRS ARG . TESAAR R T S ' A
H A5 #% % ( CAR) A L ( Nash & O’Brien,
1987), H AR % B i R 5F, 5 CAR S AH M
(Nash & O’Brien, 1982; Dutrillaux & Couturier,
1983 ). M RFHHBEFH Y LR AR ST, 5 CAR
DI X 1 9 G 0l Bede /b, Bl kR T R
CAR HEF, JUHZRBIWEEL, Zi&s5 et
FEFL S b A e (R R HE AR B e R AZ B 2 —
( Wayne et al, 1987a, b; Nash et al, 1998; Yang et al,
2000; Nash et al,2001 ).

124Nk, AL AL 27K B R G HN £ Y
HErA B EAT R G0 K B K 5 e B ik 45 B2 7 L 48
Wurster & Benirschke ( 1968 ) FUAZRIBSY ., MuA1H)
SR BIRVBATHE BN H 23 R BRI TP Y
EERTER . BRIRHS AR U IR R
MAERIEEILER, RE SRS PSR R
HE; BERSSAY A AR R, RIMEIOR) . SR A
WBHFR A TR, HENMS R R
RERFAY R OGRS HABRL R s, BRI p, 1
SRS R R KA. Amason (1977 ) BiJ5 1Y
AR SRR IR Y R SRR U, ERIA
NEERIZE S RERL C R I, IBR PSR
/S

KRGS AN/ NREATE B A H b B R ALt 2 T
FME R, B W) 1Y) 4% B4 58 ( Newnhan & Davidson,
1966;Wurster-Hill & Bush, 1980 ), J2 5 ¥ 2 A& 4 711
RERMYIRN Z AIFEAZ BT HAFE R 22 5, DR O R AR Ak
BA 2n =42 SREE Qe k., MR ZBAERYFA
2n =74 AL H 2R G AR Wurster-Hill & Bush
(1980 ) i@ L LA ARA FIAERI B9 G A% AL, KB
EAZERA 3 ARREREM, SRR AEN 5]
H—Fs TJERE— PR, KB
REEM AR, HLSE th— R 50 BB RUR A% B P Y
Qe fRp b ORIE S TG, AT, $R R AESN  AE
BHIFNA 5 %5 1 £ 2 R (O’Brien et al, 1985; Nash



6 T OR%E. SREWILIYN ARG L F FI R R 659

& O’Brien, 1987; Nash et al, 1998; Tian et al, 2004 ).
MHZT, KEE S/ ROAZ B 22 S AR, /NAE
M5 R R R A Z ) 8o A AR £ R IR G K
(O’Brien et al, 1985). I, A 20 22 LIK, JL
- FI AT 43 22 A 7L 387 RN A AR 52
Fe/NRE B T e RER), RAEN 5 RERH G R IR .

2 REBFIERE

B H BB B 5T 10 T P A7 0% [ A 3 K
Turner ( 1848) H1 Flower ( 1869 ) I T4E, fbfi1 &
PAEF 5T Z, AR L ol X I 1 %
SFHEXTE R B TR B9, B &R
HRERESPRN — D EEEY A, IWE, Hunt
(1974, 1987) FET &R B YR A Wr i1 28 B XT £ A
H B4 7 s BT T 1PN . A & B 4 R A
AU AGERL . RAGERMOFEI KRR, seRt (fudh
KAES ). /NRESH . M IR RN B R O — 25 I
MERER I —2, FEEE IR, MRk 2k
SRR AR A S RIBHL A R R —&, H
A SRR SRR AR, RS R
PR, BRSRIEHE SRR, i R AR
R P AR 7 T4 BRI 1 e 36, $m
FAFIAT e B — I R, L, SRR A
A, Hunt SZHEEEEMIZEA “XGR ML, VIR
RS Rk A — AR FAH S, RS RE
kA TRk,

REM 1974 3 1988 FFA KX TERHEIE
BV RARGE , R2EdE T F8m BER 207
HHEE AT IS — WAL, XTI, Flyn et al
(1988 ) Fl Wozencraft ( 1989 ) ¥ rA i Fid (IE A
VRN AR I 45 Gl R AT RIS /. T ik
PRI AR DL e gty X AR, b f1As 30 T
AFEE R H RS Flynn et al (1988 ) R i3
U LBy B i ) AR T R 1 TR 0 R R RN A B A R
RAGER R BHREBRI AR, RERPHIES 3 4 F
TR RERE. VR A EE IS UL K Musteloidea
sensu stricto ( PERERMFIMNE} , AEIEREHWEL ); K
RES SRERMA BB MRG LR, /NEN B TIe RER}
WRERERN T s A RUEBARNY 4 DMRHE L2 1B
R K R, Wozencraft ( 1989 ) 45 & 45 & Ml 1 .
F . MG B RECE % 100 MBS FFRESETT
Br, WA ERNHBFHREHEEH Usodea
Canoidea 415, BU& ML IGRERE . W0 AL RV SR,

JRHEALTERBE . GERERE . RRLFIEESIRL, A SCHF
BERSH “XGEEIR™ WA MRHZ R AR
/MBS SRR S R il s MW BERL R, SR FIER
MR R I, WP ENTRIHRRE, R
e

M5, Wyss & Flynn ( 1993 ) *f Wozencraft
(1989) KB FHERE T 0 ot A ek, $
MERABUR, BAHET o4 MERWE TERNHEA
Pzl RGERTRE (K1) REER S, R
FLE R BRI IR A s B 75 RR R A T e ik
i, T EE AR B IEUA AR A B A2 S R
AR RARAN ) HOSC R, /NARA 2 e AT A AH Ik
TE, MIBERERLZEE I | RERL AN/ AR 1Y AH IR Y 5
BERIZE T, WRFHSESRR SR T AR
L ORAE S RPN R RIE, HT H Wyss &
Flynn (1993) HBF5E &R VLG B IAE, BTHm
EEF XN TN AT AR Z B RE LT RRN
WL B FED, R+ F B T15)
FESREIE B 434, RIIE, Wyss & Flynn (1993 ) 1%
RS NIEERNHPCF RS AT KRR TT s
(BRI TS

BIRE, 12501k, A RIEEFIERETE—
BET A FIAT T B, plin: N HE S
B R PR} . REGEPIFIN BB 52K )R
TREGERE; KRB, RBHH AR R I Ik
Es KARMNE TRERL: MR RIEAE . U Bk
TAE X W 586 P H AR AR P st 7 AT — & B
B, HERZEENH &R Z R0 RS S, (U

HiF} Felidae

B ATE} Hyaenidae
FIEE Viverridae
?i_ﬂ Herpestidae
RF} Canidae

JTIER) Feliformia

Procyonidae
Ailurus fillgens
JHGRAEM) Ursidae
1848} Odobenidae
E34F} Phocidae
YR} Otariidae
KITF Luwinae

RIS
pinnipeds

RELE#HF} Caniformia

B[ E Mephitinae
RTR Mustelinae
RETVF Melinae

K1 T 64 MBS MERE R T HRKE RS
KA (Wyss & Flynn, 1993)

Fig. 1 Interfamilial relationships in Carnivora based on 64

HF} Mustelidae

morphological characters ( Wyss & Flynn, 1993)
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T &b s Uit BV 2 A A I R ( Flynn,
1996 ), Gff: (1) REGEBLH, SRR AR
ZIRE; (2) NI TE AR ARL b iy BALL B
(3) SEMISER A LR ST T S BB A S DGR IR 5 g
JErh, RPN IS I IIRNE 2 S AR R
s (4) LR 4 AREZ I 5 R DAL A
R RHE A BRI TR AT X
SeAE R P R A

3 STEWFIERE

H 20 22 80 A, o FAEYFHORTEA:
e b e R B P s e o o L M P VA B
TRELEHRTIFRHEEEZEMN . SEREY
P 58t 72 8 i A5 5 F BOR A 2150 T K256
WoE, DRI AL T RGE LT LR, NHE
DNA AR B R . DNA 741 R A HAE 1 0t
S BR U KE SR FEE N RE LB B EL
R Uk R oA O S AT THL R DA MU R S8k
HRAMN M Eiric. feplEiEask, 47K
BRI MZEG /I BB R BN H R
Zhh QBT g (MBS S) kMo n
i
3.1 DNA #%. EIEEMGREEEFIERE

Wayne et al (1989) 55—IK RGEHN H] DNA 4%
THAMR TERNHSRZHNRGELEE LR, H
ZEREW . RAGERh, REHRC/EECE, K5
SRR R R, PR RRL T BE N 2 B R B
IR ERERE . RERE . SEIIZE LR MR Ath R}
AR AL, A N FRTE 2 B B R
RAEM 5 RERHI R OC R il , /INRES A2 e RERL Y
BUA AV R, R RFRUERHE A (E
2)s

S, KA T Arason & Widegren ( 1986 ) Fl
Arnason & Ledje (1993 ) Y LINE-1 DNA %252 DA
Sarich ( 1969a, b) WY 18K 1 fo i I 5 55 4 ¥ J7 T
25 SRR R g IS 1 A2 R IR”, i HL ik
— 4 5 IS OC R B B A B A SR R R
Bl (ARG R B FR ), e RERHE & 10 4 4k B
O’Brien et al (1985) 454 DNA 242, [n] T-ff§ #l i
RO RSE Z TN T AW 2T B A~ RN 1) 3R
Gieefr BT TRV, SRS RS Wayne et al
(1989) HJZ4ZEH Goldman et al (1989 ) [¥[H] T4k
JAA], CHFRRER SRERM R RIRIE, /NS B

R

P Felidae

BT B} Feliformia

AANE Viverridae
tAn —|
Carnivoral $ | Herpestidae

WP Hyaenidae

RF| Canidae

K ELHR

Caniformia

EHRILEL (RbFL Mephitinae

Arctoidea

M Mustelidae

—:fxﬁgﬂ Procyonidae
/INHESH Ailurus filgens

BERH B KRN Ursidae

ﬁﬂi\e " ERUE} Phocidac
—:Womriidae
&l 2 FT DNA W@ ER BRKERS
KB (Wayne et al, 1989)
Fig. 2 Interfamilial relationships in Carnivora based on
DNA hybridization data ( Wayne et al, 1989)
3.2 DNA FIlEEMSAHMENSES S
et K JUAEY, RENSFAYFHARE AL
NHFEIER BYR RS LT RRZNUR Y, JTHE
2k /K ( mitochondrial; mt ) DNA J# 4, T %
miDNA B A B Rigtfe, k=@, b A
BUNARARSEIR, S5 E BRI R 5
KRB RZWELE ML SESRMBIR RN
SFEYHFEARMEL, miDNA TR 4L T £ %
TER BRI L E R A, BT
B AR AL 7 BoR e Mo vk, 1 BI04
WA (£ 1), NFE1HRITTUAE SR
A S F B TP R AR, 68 ISR AR R} 5
R Z RO F . R R IR IR (R IRl 2k
U5 VA SUNREIE I R K B 2400
AR LR AR A [R] B g i 2R R ORI
RNA Ff%iz RNA TEE W H RGEL B ¥ 20
I HAEAR KRR By 72 T RAT & W B Pk fk
DIy 1, HJE, XEERFREEE Bk BT
GRARIER A, B— SR astE, Kk, g
(AR AL AR S PRI RS S AN 2 B AH il ST 19 ) o v o
( Moore, 1995; Page, 2000 ). TEXFE AL T, i
AR ST Z A il (RS I F (5
B B EA AR RS RIE R 2 Fhmid, andz sk
P8, SRIRUEZRARAT 7 25 R A2 1, Hig
LRIk, BERVMCER R BERRGE R T FUR
H ) I A 2 78 N S R AT AR SE A
Flynn & Nedbal( 1998 )& W fifi Fil ok A T 4% &




6

T RE. CRHEHMILIMNRE LT EUIRAMR

661

®1 ETZANEERURSHEIES S

THREABRKERZREXREHAR

Tab. 1 Phylogenetic studies of higher-level relationships in order Carnivora based on mt genes and combination
of multiple data

&

Authors

B B

Target genes used

A H Y
Species in Carnivora

included

T E R R T AT RAR

Phylogenetic relationships
explored

g

Results

Zhang & Ryder

LRI cyt b,12S TRNA,

AERL B RER KRB LA

PN 2 AN A

KRS 5 BB S R AT, /)N

(1993) tRNAP™  tRNA™ R4 Je/INRESH e A —F
igdl
Vrana et al RABIR eyt b,128 f(RNA  REVEFBHIARIARASE  /NRERSIIO EMEEZE RBM T R G R ILE ; SR
(1994 ) HBA TN Wyss & RUEFL R R Y Rl AR I 8 2 5 RE RN L5 K AE
Flynn( 1993 JEAEH M EALRTE  NRES R
IR LR IR ; 16 REFL i JE)
2 RERFFI/NREAE 0 G IR A
Lento et al( 1995 ) LRK eyt ,125 fRNA  RAVEEIERMCEY  SEHSSEEL K H T 3 BENIS R R R AR ISR
Bl i AR Z AL R S 5IRHT BIE I 5 G

ES

Arnason et al( 1995 )

LRIK eyt b 275

BRI RERI R RMR

SRS IE AR 3

SRR R IR W 5 )

L7 AEFZ IR S R SR T SRS
Pecon-Slattery & LRKIR 128 rRNA #4007 DERERE RERE OKRERE /N /DRERERALE JNBESN T F I e R, HLA i
0’ Brien( 1995 ) B 592 A LT 4 REAN RBLDL B A in}

MEE A Dk

B =BHRE T

Ledje & Arnason
(1996a.b)

LRI oyt b #1128
RNA 4275

RISHBHITA B LKA
TR PR

RIUHFL A} 2 18] 892k
UL PN =/
RER I 0L

REERL 53 5 Musteloideal 35t
RERL R R R R
BE /NEERERL  RERI AR K
REAH R B Y5 A S DS 5 R
BT REE I R, AR
N IZRTE R SR

Dragoo & Honeycutt
(1997)

LKiIK 125, 165 RNA,
eyt b FBAFFHNHI Wyss
& Flynn (1993 JEAEL
s

REVHEFLBTA R LK
RLER P RHE Y R

REGEPHS 2 ] o 2
A Z LA K BN
A RRAN AL

RFFFIRERF TR B R
B BT Y B8 IS Mustel-
oidea HIUHIAR ; G5 FL Y
IR Z A BRI R R
SRR AR F Sy SR
Bho /NRES B F e RERE

*x2

ETZERUR ZHBIELERI

ITHRABRKERZLZBEXEMR

Tab. 2 Phylogenetic studies of higher-level relationships in order Carnivora based on nuclear genes and combination
of multiple data

=5 BN A B W HYF WM FERELBT LR FELEE
Authors Target genes used Species in Carnivora included — Phylogenetic relationships explored Results
Flynn & Nedbal( 1998 ) M TTR KK eyt b W HEIE R EY R BRHBHHREET X R RIS
2J¥41 128 rRNA 43
JFHIF Wyss & Flynn
(1993 MESHHE
Flynn et al( 2000) BHEA TTR RALA eyt b REGEFHITA R K TIAE  /NRERS Ak A R
2JF5) 128 Fl 168 B EH R
rRNA #4751
Sato et al( 2004 ) i RAG1 #l IRBP REGEFPRERL AR SRR BEAAL B PEIL S
FHR
Yu et al (2004 ) HEE TTR #1 TRBP BGLFLAMYBER B BRERNREREXR PEIL S
BHRE Y
Flynn et al( 2005 ) LR TTR.TBG.IRBP il &A H BT A FHRED I THERRRELEE LR P
ZBIK ND2.CYTB .12
rRNA J¥ 5
Yu & Zhang( 2006 ) BEEH PGB WA LN BRIBZFLAMITRAERE SR ERIEEAFRH RS K BT SC h
& F .IRBP.TTR FIZkh: R AR R A EESA

1A ND2 42 ¢4
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AR R FZEAREE (TTR) H—HNET
FFAMREREHSRRNRELTXR, REHEE
SR CE 3) SR RAER R, KRB E 8, 4R
JEie RERE (ALHEKAEM ); HURAEEIE T, R
BEFEEIREHE AR REE; /NAESE S Musteloidea sensu
stricto R FR T, BEMIZZ EANTM M GREE; A7
MR, RAER AR T iR S ES, REFR
R—IERRE; REIERH R G, RAGF
AU RHRUOE EATRIR KRS BE, REN iR
ZO R SCRERARML, — S BHA] 1 E 100G R AT AR TE ik
REE E LSS, Blan: NAER . BERERMRIREERL =
BRI FR; BEIZS, RERLA Musteloidea sensu
stricto (ALFG/INREANG ) Z 1] 1Y) 56 R DA B R A8 BL A0 4
FHAOALE S5 BR TR 0 50 40 BT LASE, Flynn
& Nedbal (1998 ) IRZE4 AT 18 13 (4 26 b4 24 i
BEDb (eyt b) HEELFH, 125 RNA 1537
UL K Wyss & Flynn (1993 ) AT IS 2= 5080 2617 45
BT, ZEFEBERERHRIBNEL A IR LR, /NEE
TR TN GHEREE . MATR BT 1 R MAZSE R ) £
FEXTE R HEDKTE R R & R R AT IE 5 DIRT
PSRRI RBHR S & FEDIE, B — 2 R0L
WA R, AT M E0E LU R
HOR P G TARBR LRI, G TR TR
WA R R BN H AR LB XA
AT UE AN TS . IS, Flynn et al (2000 ) {8 FAH
RSN R B, 458 3 DMRRBASEERE (eyt b 4
JEH1 128 F116S rRNAFRSF T ), 38 iR AL R

AEPHERR A (R A

Nandinia binotat

M Felidae

— —w Viverridae
WHyaenidae

_[@Herpestidae

XA Canidae

BERLATAE KBERD Ursidae

/NRER Ailurus fulgens
4'_7[?%??*4 Procyonidae
R D8 LR

-~ Mustelidae
i; ﬂlé\e " & 59F Phocidac

148} Odobenidae
_Ewomriidae
Bl 3 BETRER TTR 58— W& T2
BHHRKERELFM (Flynn & Nedbal ,
1998 )

Fig. 3 Interfamilial relationships in Carnivora based

AiBUEE} Feliformia

eyl

Carnivora

R EIE

Canilormia

Arctoidea

on complete sequences of nuclear TTR gene

intron 1 ( Flynn & Nedbal , 1998 )

B, BERVT T /NERN RS EAE ., ABRE,
JINBE i 55 B B R B E B AT Musteloidea sensu
stricto ’AE—EE, KL, /NAESE B0 & T 5 JihE
BHO AT AEAS BN F A 2K B8, [RIET, SRS R 2]
JRHA BN RGE L BN EIF GG EET0 L
o Sato et al (2004 ) 3 3f W & 541 B0E HE A 1
(RAG1) FHot[a] 32 R WL v 2 Wy o 45 & 25 11 2k 1A
(IRBP) M4 g% AT W27 51, XF K B Ag
FBh. DERERHFIRNBI AN AT R E AT, SRR
S B2 e AR R R LA P i GEL R A, R ]
RESE— IR A, B, BRSSO — R R
TSy F U Z AR R W By ph o, 1075 %
FE LG W5 v fift T O 22 (0 2580 in A SR IE .

i 5 A% 5 TR W] R ZE 9 1 RV B 34 v k[ P
WFFE/NHIT R, AL (BRI 5 Gk fik
B T RGE R B EEC SRR
FhZ I8l R G K& kR MNR, JoH = 5l i 8 5%
H, BORBZ RIEE A B, AFE G A2 AR
WY R GEAREN (IRBP) M —4ME F
(Yu et al, 2004 ). B— £F4E8E (A ) 3L R 265 DU s £
W& F (Yu & Zhang 2006 ). HURIR RS A ERE N
FH (TBG; Flynn et al, 2005) SSRGS
TR HEBRKE e R . XL 5 AEIR K
FEFRESETERNB RN ICRELR T KRR,
JEHZ Flynn et al (2005) 1 Yu & Zhang ( 2006 )
MESE . MATTBR TR A RAT i 2 A GORL R IE R S,
WA IR T 2 AR bR, it 23 A
POV G, R TERABERERGELE
B, B EREM TN S Flynn & Nedbal
(1998 ) A —F, THF/NAEM e ek, RMRHE
HREMRFR; WA (KRR ) Rk
UM IR, TR, KRB
FRR AR L o R, o $ H R AR b (1) 68 )
J5. RERPRIERPERERE . BNEL . /NREZN AL B iEfb AL
SHZBRRMGIE R LGB EROKE RS L
BRI SR

4 TFERIEIE K RE

Zibprd, HE TR AR ZE R A
BRAEMNM Y RSy THEY %, THE
DNA FFIbR L 07 H#E TR Z A s MR R T
P, WS T —ErIaH. piln. i H MR
BT RESHEAR A, RABHR GG B
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AERLAT RN AR Y s SRR Rl R i Ok 2R 4
o KAEM IR TRERL; BEMIS R I & A JF HIH
TREERD; MALER, RIFIA R — DR
G ABJE, BT ARSETEEM . IR . K
P AT H 05 )y A AR HR], LR A5 R AT
A 25, WMEERA SR L L, X+
WRMAERBGERI T, HEEMZE R BIL WA &
N2 WE— 7 J& g AE BE( B B E §5 5 Arnason,
1977 ) FERH JEZS2AHFE ; Wyss & Flynn, 1993 ) EiliF}
( DNA Z%58 ; Arnason & Widegren, 1986 ), i J& i {5 A&
B RIELF/IN AR ZH B HE A A A AR F A B[R] 43
Hr;Flynn & Nedbal, 1998; Flynn et al,2000; Yu et al,
2004; Flynn et al,2005; Yu & Zhang,2006)? 54k, /)
REMAERE R I R G 2= O B R T 7 2 e RERLY
BT, B8 7 A1 5> FUEHE ; O'Brien et al, 1985;
Wayne et al, 1989; Pecon-Slattery & O’Brien 1995 ). f&
FICECI F 85 B2 ORI IR OB R e it tL 2= F
DNA J7 51 IEH ; Wozencraft, 1989; Sarich, 1973 ; Wyss
& Flynn,1993; Vrana et al, 1994 ), I JE 5 152 RERL AN F
FHE B 2R 5 2 53 DNA J7 51 ; Flynn & Ned-
bal, 1998; Flynn et al, 2000; Yu et al, 2004; Flynn et
al,2005; Yu & Zhang,2006)? LA KRB H 4 4
PZEMRGERERRZBERH A

BZE BTS2 TR HRPK- 0 R84 8
5, RREHRS T KEWHEHE, IREA A 3E
R TR HY R SR s, (H T & A g
P BT A R R Z 4L, GnAUAU AR 41 54y 18 4K
P, BERIE DRI DR 2 YRS A I AR
MR VAL, RATEM R R G R B 4R AT
PR (1) SRRIEF A T A 31— R5E
U RO B 58 W 5L sh W) 2R 40 5 AL B AR,
R I 5 GO AR I RS 28 0 1) A% 6 DR I 67 A K. Y
g B R T B A B R G R g i ST IR
Z ., XFEARMETTAL oy LR A DR R 15 21 09 73 A 46
Ro ZDABIZIER BAL TR A N AR & R
H R 2T R G # R ARk aE, 1 Hie v LA
BLRARFIRZ L RIS RAAE B A9 5 [ 2 LR
EMEERBEAFRSEN ITHRE LT MMHE. K
I, TS TR R HAE KN T RS A TR
A SOz s AERIE, 5 LA ZoRL R B8 15 8 AH
HESEMENE, BAAJCNES, WIATE O HATE
BRMNCT TR RS K B R R A B T g -
Y A RS DRSS L NS R W H 2R

MURER, S SR Bt R R E
KZWFE (Yu & Zhang 2006 ), AL MHT B AL X
RREPPUABM RS LT KRS T HERAR
fiff, T L3 3 PR 3k S PR il e 1 A H R K -
REEH RZMNIBE, X eI A A Y 2R
PR A —E R EER . (2) i PR HE
FEH P KBRS AR, AR Z A b B
TYR BRI SAGE . Flynn et al (2000) LA
BB BRI, A BN R A R AR A
) 70 ZEHEBORE XS /NBR A R G ML BRI R, AR T
Sk ABITABUMIARL, JCHUE SRR 5 A 45 1
RGLRTE o3 6 /IS R R AL % F R HE BT JC O
B MR R T O AN BRSO AL B I R AT B 2
FARE . (3) RZ o™ 2R A
RE W BT A AR B A AL, A
M (Vrana et al, 1994). (4) HETHIEAH RS
FAERE T ST R G5 HARA Y M7, BER K (Fh,
JEZIA) BT AR T REE E WAL, 1
FIFHFIAER} ( Bininda-Emonds et al, 1999), MMiAkK
SRR AR TR 4 DR Z B RER T RERTT
HARARF R Z . XA DT, BAR, 2
WAL RGER T b B TAR Z W R AT — B
i (R IR) A B R e A O 2824 ) T 2 20 A
() Atk A TR B 20 B I 77 A 8 T RS ™, AR )
Hrovt 2 R “BRBE (missing data )7
CEAMREHTEERY], KER “BREEE” S
ARG AYIERAE . (Plamick et al, 1991), JLHE
XIARLERATAR AT SR G R R 7 2 (B RLRD ), 4
W H PR /NEEN ( Dragoo & Honeycutt, 1997 ).
Wik, RAEBOREZ R H R0 ETE M
SR BEZ WA R IGEHE AT 4585 0 b, (20 A 2
FAT AR HOE TOEPRTE 00, (HIRTE R T AT kb 2
Z RS )T AR XA SO A R, X AEAR R
FERE IR T MAZRISS T BN HRERERLRET
FAEMAIE. BMiEZ, DL EAAAE ) SR R
R T HETE N RS T KR I 2 E
EEy iR R

BT ASER AN H T RER i d B A H 2R
P EE R SCRR P A i, W RS KT K
R IRE 22— T, B H 2/
B A AT HE— L RIHERTRIIESS, Wik A7 W2 W
BBEFE TR A N . AR, TEREPR A
ZREN “RFELEBEHEHNHASF (phylogenomics )",



664 g W o W R

27 %

&

RO AL RV TE R R B, A E LR K
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TTRGKE 0, JREsEf 17— Flnl G8 f4 ff e [m) el
ITBL. RGUKE R R A 2 2 A A ) 2 el o —
15 2 S B, PR T A fn Bl R4 T
M “RGEREF WA FLEGI LS (Eisen &
Hanawalt, 1999), T HM T R% kT EHHFH5
) — L6 7 VRN 3 M SR © 22 TT I AN Wt 52 IR AE
FATHET, QRIS BRI R AT SE VR RIO J7 ¥
( resampled inference of orthologs; Zmasek & Eddy,

2002 ) PRI I BE AL 9 SHOT 75 #%:( shared or-
thologue and gene-order tree; Korbel et al, 2002 )Ffi
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