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Molecular Phylogenetic Relationships for Procapra in Antilopinae ( Artio-

dactyla, Bovidae) Based on Sequence of Mitochondrial Cytochrome b Gene
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Abstract: The phylogenetic relationships between species in genus Procapra and other genera of subfamily Antilopinae are un-
clear. Total DNA of Mongolian gazelle and Tibetan gazelle samples were exiracted and Cyt b complete genes were sequenced
{samples of the Mongolian gazelle and the Tibetan gazelle were collected from Inner Mongolian Autonomous region and Sichuan
province respectively) . Through comparison between the Cyt b complete gene determined in this study and those of 31 species in
the family Bovidae available from GeneBank, the sequence divergence, base composition and base substitutions among these se-
quences were analyzed. The phylogenetic trees were constructed by most parsimonious (MP) , neighbor-joining (NJ) and maxi-
mum-likehood (ML} methods. The bootstrap values were calculated from 1 000 replicates for MP tree and NJ tree and 100 repli-
cates for ML tree. Our study demonstrates that the Mongolian gazelle ( Procapra gusturosa) and Tibetan gazelle ( Procapra picti-
caudata) share the closest affinity and that they occupy the basal position in the Antilopinae. Procapra is monophyletic in all
analyses (MP, NJ and ML trees ). The sequence divergence between Mongolian gazelle and Tibetan gazelle was 3.78% . Phylo-
genetic relationship between Genera of Antilopinae are more paraphyletic than monophyletic. Base on the Cyt b molecular clock
(2% /million year), the divergence time between the Mongolian and Tibetan gazelles was estimated to 1 - 2 million years before
present and 5.7 - 8 million years before present between genera Procapra and others Genera of Antilopinae.
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(P. gutturosa) FFEIER (P. picticaudata),
L REAAREFEN, FRTHRARETH, K
WA HEHAAENRAEERIAR (EEZHS,
1963; XU ES, 2000). HEARHBREABHEY
FREgar RN IR LI L . Sokolov (1953) HRHE
ETMERLIEREINNEABERSRER
(Gozlla) FHBER, BARIERER, BHER
(G. subgutturosa) AZHWPEIER, FRBM KA
REBMILE. FEEERBEMNNLE. AT,
B, WARRE, ANERBYM VERRAE,
EANAENMSLB—RRRE, HANERBAS
3N MBERER, ERERMEE (Simpson,
1945; Groves, 1967; Sokolov, 1979; X By £ %,
200), ERNEFBERII N -—B—EER
( Prodorcas) (Groves, 2000; XJHHESF, 2000).
BEESTFRAE¥R DNA ST FHAMERE, M
DNA /K F SRR EZ X RC BHTRAN —FF B,
Gatesy F (1997) @I TE ¥ F0 DNA B R R
#, Kuenetsova 1 Kholodova (2002) i1 128 rRNA
168 RNA BIEXM R FMETRABMEZE KT R ER
e Gatesy F (1997) WHIERE ((URER)
MIERBTFRETLEHMAFEK (Antilopini ). T
Kuenetsova Fl Kholodova (2002) %R 5L #4504
BAHE, WHERR ((UA+) SRETRER
& (Neotragini) R#¥/BE (Madoqua) FHEFBIE,
BHRZAN., AT TREERKSE LS
BAYFGFHEERFTRNGRZE, HiALER
HEEN R FRERICTEBEMBARERE X
FIEH— SR . B TRAK DNA (mDNA) 4
8% b (Cytochrome b) & H IS EFHLEER,
WY P FIIKE & ERF, B FRELT,
SHMDBERE TP S THHSRS, TR
HREMAAMEGHEBREREFHNEETRZ —
(Irwin et al., 1991; Hassanin and Douzery, 1999),
TR MEKFEFIC G2 MARRR 4K RE
HEN (Randi et al., 1998; Hassanin and Douzery,
1999). /B (Birungi and Arctander, 2001). i &
F4E] (Groves and Shields, 1996; Hassanin and Pas-
quet, 1998; Rebholz and Harley, 1999 Y. B
(Schreliber et al., 1999) i 20 ~30 HHFHHRE
HUREXR. METHENRERRERBESH
EHBYMZENREHLER, RITMERFET

MEABBREMBERER X EEARL MBER M Cn
b BRA2LFF, HE5FMEATEM (F1) a4
AK 33 AR Cyt b BEE S HEAT LB

1 #HRE5F %

1.1 M8

BEF 3. B¥ ( Capricomnis crispus) (1
AN, BB (Nemorhaedus caudatus) (14) WFE
WA BI, SHEGRNRFFARE, HXENA
e 34) RARFHHEME, 1994 FHINE
W, T-20CRFES. HA N AHHELHAEHH
) Cyt b ZHE2FFI% A GenBank (% 1),

1.2 DNA #EUF PCR ¥ 1%

PRIBE IR 5 DNA Rl S WER%
(2001) FE:ImLAs#E. WPIFES 5 DNA i
BERFBHEE M ER (2002) /. PCR5I
B FHE RS (2003) M3EE Cn b EEE2FF1
R, SIMFESIN.

L14724 5> — GATATGAAAAACCATCGTTG - 3’

H15915 5 -~ CCTTCTCTGGTTTACAAGAC - 3’

PCR [ZBI#E PIC ~ 200 Peltier Thermal cycler ( MJ
Research, Inc. USA) L#47. RBIERN 25 4 (1.5
mM MgCly, 0.2 mM dNTP, 1.25 U Taq 8§71 PCR 8
W, 0.4 mg/ml BSA), R B FH: oSSCHEH
5 min, 94°CAEH 1 min, 45CiB K 1 min, 72°CEEf
1.5 min, FF3EAT 35 1MEHF; 72°CHEf# 10 min,

1.3 4ifb5iiF

VB AN PCR EWE 1 %I ER B B K,
H @94 ¥1 T /5 F UNIQ - 10 &= PCR 7= #y I diti 7l
& (¥4 T (Sangon) 475F) SfLEIH, #F Cyt b
B PCR Zi b 7= 9 % & 3] pMD18 - T Vector
(TAKARA, XKi#), ¥MHERER M*/M13- 318
AT XU 3 o
1.4 DNA FFHl %Rt 2

FH Megalign 301+ ( DNAStar Inc. 1996) Xf &
FE 3 #1 A GeneBank = F £ i R 38 7 51 47 HEF o
FA ClustalX1.8 ¥ (Thompson et al., 1997) #1T
Cyt b XHARFFIH . F MEGA2.1 (Kumar et
al., 2001) &G HEARFFF 6 B EEE R,
ARAE ., FAFESMEK. BRERE S, ¥
/B %, F DNASTAR 34 HHEREF 5 i3
ERUEMFSIERE L. EERTRSRAR
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Table 1 The list of species, sequence accession numbers, and reference used in this study

e A RS Somk

Species Subfamily Genbank accession numbers Reference
T Gazella dama ruficollis Antilopinae AF025954 Matthee and Robinson, 1999
BE® Gaella granti Antilopinae AF034723 Hassanin and Douzery, 1999
R Gazella subgutturosa Antilopinae AF036282 Hassanin and Douzery, 1999
ENBE¥ Antilope cervicapra Antilopinae AF022058 Matihee and Robinson, 1999
KE¥ Lisocranius walleri Antilopinae AF249974 Matthee and Davis, 2001
FNB ¥ Saiga tatarica Antilopinae AF064487 Hassanin and Douzery, 1999
KIECR ¥ Madoqua guentheri Antilopinae AF022071 Maithee and Robinson, 1999
WK Madoque kirkii Antilopinae AF022070 Matthee and Robinson, 1999
Bk¥ Antidorcas marsupialis Antilopinae AF022054 Marthee and Robinson, 1999
/AR Raphicerus cumpestris Antilopinae AFO220068 Matthee and Robinson, 1999
A Raphicerus sharpei Antilopinae AF022050 Maithee and Robinson, 1999
BHA# Raphicerus melanotis Antilopinae AF022053 Matthee and Robinson, 1999
1k Ourebia ourebi Antilopinae AF320574 Birungi and Arctander, 2001
¥ Neotragus moschatus Antilopinae AJ222683 Hassanin and Douzery, 1999
¥ Neotragus maschatus Livingstonianus Antilopinae AF022069 Matthee and Robinson, 1999
B Neotragus moschatus zuluensis Antilopinae AF022051 Matthee and Robinson, 1999
¥ Oreotragus oreotragus Antilopinae AF022052 Matthee and Robinson, 1999
BB Pontholops hodgsoni Antilopinae AF034724 Hassanin et al., 1998
HEm#FELWL¥E Copra caucasicn Captinae AF034738 Hassanin et al., 1998
FKIW¥ Capra hircus Caprinae AF034737 Hassanin e al, 1998
TW LU Capra sibirica Caprinae AFU34734 Hassanin et al., 1998
£+ Pseudois nayaur Caprinae AF500196 HRFEF, 2003
B Ammotragus lernia Caprinae AFO34731 Hassanin et al., 1998
B Capricorrs crispus Caprinae D32191 Chikuni et al., 1995
¥ Nemorhaedus caudatus Caprinae U17861 Groves and Shields, 1996
+EHEF Ovs aries Caprinae NC001941 Hiendleder et al., 1998
7K Kobus ellipsiprymaus Reduncinae AFO22059 Matthee and Robinson, 1999
S H¥ Pelea capreolus Peleinae AF022055 Matthee and Robinson, 1999
BT Aepyceras melampus Aepycerotinae AF022056 Matthee and Robinson, 1999
¥ Alcelaphus buselaphus Alcelaphinae AF016640 Maithet and Robinson, 1999
FR/NBAE Cephalophus maxwellii Cephalophinae AF153894 Bettine and Terence, 2001
B ¥ Addax nasomaculaius Hippotraginae AF034722 Hassanin et al., 1998
R4 bos taurus Bovinae NC001567 Hauswirth and Laipis, 1982
# % boshl Antilopinae & x4 This study
#%¥ bosh2 Antilopinae B R This study
#H ¥ boshd Antilopinae R This study
HIFE bosyl Antilopinae ¥ F This study
IR bosy2 Antilopinae HERP This study
BURE bosy3 Antilopinae % FH This study
B2 bosbl Caprinae HRH This study
B bosh8 Caprinae FRd This study

boshl, bosh2, bosh4 4+ SR F 3 N ME; bosyl, bosy2, bosy3 AR EBIES 3 AMME; bosbl {RFE | MREAME: bosh8 R 1 MR
1* .

boshl, bosh2, bosh4 denote three Mongolian gazelle samples; bosyl, bosy2, bosy3 denote three Tibetan gazelle samples; bosbl denotes a Serow samples;
bosb8 denotes a Goral samples :
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FI%¥: f B ¥ 8 S 43 7 (Birungi and Arctander,
2001), f#F PAUP 4.0b8 3K {4 (Swofford, 1998) #J
AR N) (Neighbor-joining) # . F g8 XIheEE 3
B %] MP (most parsimonious) #f #1 TBR ( tree-bi-
section-reconnection) 21 FBRMIA ML (Maximum-
likelihood) %, 4K 48 BT 1K 8 %% #o/ B 5 F 39 . 3,
MP 1 ML # F BN (Weighting) Z%{ (Masatoshi
Nei and Sudhir Kumar, 2002). HR#EF LR T H 5
RESROERH AL (Gatesy et al., 1997; Reza
and Moran, 2000; Matthee and Davis, 2001), {#
4 (Bos taurs) fEXNEE, RERAFEEIHEH
K (Tree length), —HBPHEFEH (consistency index,
CD). f£ B 3 ¥ (retention index, RI). [F] &4 %
(homoplasy index, HI) MIE R & — N #HEH
(rescaled consistency index, RCI) ¥, NJ #i MP £
G KA EAEE H 1000 K B2 (Bootstrap) &
HEW; MLASM O ERREH 100 KA¥EE
R,

2 &R

2.1 BEARKAERTFFIZR

41 % Cyt b ZEEFHIF, AL T. C. CBEF
BWERSHH 31.4%., 26.6% . 28.7%. 13.3%),
BOTFE=M R CHEVHEEEN6.1%, R
BREMFRS 6 FEHEFIIP, A, T. C. ¥
KV S8R 31.5%. 27.3%. 28.0%. 13.2%),
FETE=MECHERENS.0%, FHBEHA
AR EAHALYRERFIERGOL (F2) B
Al JRR RN AR XA B R RIS,
HEMANFIERMEN 1.26% ~ 1.91%, FHH
1.51%; BIREFHAFIERENR0.18% ~0.9%,
S Y 0.6%; BH  HEFHNEREHEY
3.78%, FHRMEFIERTEYME (3.78%) 5
AR RFAEIFIERFHME (2.28%) BiE; R
mas, BEEHAER. MaRBAMEFIIER
HBAT KN 9.35% 7 8.84%, FPRRBEHRET
BHEREFFIZRASHLE RS SEMARFE
B . M RBEREAUERER, FIERTHE
AN 12.06% F 13.14%; 55 % B RFEAR LM
B/, ERMEN14.93%, RETHAREMEELL
WERFEHERK 11.09% ~ 17.38%, FERRSER
F¥RBERBIN11.09%; REBSESRRERE

KK 17.38%., FEREXMBER SR ETHE
ERYAXT LAY SHEMBE5GE, ERMEST
F12.34%F 11.75%; 255 5%, LR HEBER
i, ERMESRN 15.29% F 14.93% ., 1E RSB
MERMANBEEMZEFIEZRMEN 15.64% ~
19.65%, V34 17.39%; SRR BEFHIERMEN
16.5%,
2.2 HEBRERTR

BIYMHEZETREENTERTFAERANE
R FEHEBRECH 1514, EEBFRE=AAP
FESAIER, HETERNIAMN62.91%; T«—C.
A—G B B R 87 1 F1 30 1>, A<—C. A
«—T, T~—G fil C—G HEHE S 5K 20 1.
109N, 240N 21, R RREMBERER VB ER
BN a3, EEBTFHRE(EPHEE 29 MR,
HEERMLEA 67.4%; T+«—C | A~—G HH#K
B RIN 281 144, A~—C, A~—T, T+—G
M C~—G WBHRE 2 7R 1. 0. oF1I04, HEM
B RSB 17 fi 7 A, EEBF
RIEE = AL PFE ISF 61, 491 E BAE R BB
88.200F185.7%, H¥ I b, NF2HH. &
FHBER AR SERE (B/F) EEIE
K (41K 17/0 M 7/0), —HEFME B/T K43
(43/1), FRBSRFEEHH TR R RE R HHE
(B/Tv) fE2.76 ~11.37:1 Z[A] (106 ~ 41T, 12~
BN), RELAERF BB GETE 2.5~ 11.4:1
ZIE (103 ~ 165, 12 ~53T), B¥ B 558
e AN 2.92:1 (140Ts, 48T),

BETHEN. BE, BETHRS5/HHNTT
ERREFER (B). Bk (V) FRGERAELES3
(a. b, ¢)o FRRBRERELFRAN. REIKEFFI
ERHERE, HEESREOEELRLERR, R
ETHMEREAN. RERTHRADEH, ERET
BS s EER Rt e, A B s S i
MNEPNAEE=FHRNE (B3) FEARORE,
ERETH SRR TESRBIEIER,
2.3 RGutibwt

HET 41 £ B34 FHeFs (568 MHERK
ARAE, 435 MEAFEAR) KBREKXEH
MP# ( FF 3 18 3 ) F NI B, 4 £% 0 AL &4 MP 4% 1
NI (RR3E Ts/Tv 5T 4, KA 4f5me, A%
51544 1000 K), BKRMHR (ML) # (TBR L
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F, I0REEEELM). MP R NI A
o, RE3IMMPHR (GEK (length) =2 507, CI=
0.307, RI=0.499, HI =0.693, RCI =0.153, #
B, 45 MP i (B =9 350, C1=0.280, RI
=0.429, HI =0.720, RCI=0.120) 1 NJ ¥ &
1. BAETAEARRGEERARRS, MLK

52

A REE.
100 Gazella dama ruficollis
51 _96—: Gazella granti
51 | me Gazella subgutturosa
" Antilope cervicapra
Litocranius walleri
Saiga tatarica
_ 81 bosh2
100 | 89 bosh4
o |® boshl
100

100 bosyl
e
100 bosy2

&: Madoqua guemtheri
100 Madoqua kirkii

100

Antidorcas marsupialis

Ll— Raphicerus campestris
no

Raphicerus sharpei

100

Raphicerus melanotis

Ourebia ourebi
r—Kobus ellipsiprymnus

79

L—— Peleas capreolus
— Aepyceros melampus

52

95

L—— Alcelaphus buselaphus

g2

&: Capra caucasica
100 Capra hircus

Capra sibirica

P, ¥

75

I is nayaur

A agus lervia
715 Capricornis crispus
no bosh8

3|8

75

ﬂ: Nemorhaedus caudatus
100 boshl

— Ovis aries

62

| S— Pantholops hodgsoni
[ Cephalophus maxwellii

| Oreotragus oreotragus
Addax latus

100

ﬂ‘———N eotragusmoschatus
[82 Neotragus moschatus zul

100

Neotragus moschatus liv
Bos taurrs

B BT Cy s REAFFIHENSBSPEE (N) HEL (MP) (450 REH#LH

B¥ER

BRI
KR
it ]

BAR

RAM
B

MEPR

MR
AR
ikl
TEAR
. 3]

e}

HER
| 3]

B¥R

L tad}

¥R
R
PER
i
7]

SHR

+a

(H2) AT MPHI NI, ERER: BRBEA
HEMBERBRREBAYFERRE (Molophy-
); BREBREEMBEXRE. REBRURREEH
RRE (Pamphyly), REBRBETFREIR,; £ 3
MREEERANBRNES L BRARRZREE, M

HEEH

Antilopinae

FIEH
Caprinae

opinae

438

Bovinae

BEPRENATISE, HERTRPEEE3ISEME, BHTRFIALRASISEME, "o RRRTERAWELFER.
boshl, bosh2, boshd, bosyl, bosy2, bosy3, bosbl, bosh8 L% | R
Fig.1 Neighbor-joining and most parsimonious (four times weighting) tree based on the cytochrome b sequences date set for Bovidae
Numbers on the tree represent bootstrap value, numbers above branches are bootstrap percentages for neighbor joining; numbers below branches are
bootstrap percentages for parsimony; “no” indicates that this node was ahsent on the parsimony tree. bashl, bosh2, bodhd, bosyl, bosy2, bosy3,

bosbl, bosb8 are noted in Table 1
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i: Gazella dama ruficollis

62 Gazella granti PER
Gazella subgutturosa
Antilope cervicapra ENRER
Litocranius walleri K&
Saiga tatarica E- 33|
91 bosh2
7 L o PE R
Antilopinae
100 —— boshl B#R
o M bosyl
100 bosy3
' bosy2
100 — Madoqua guentheri ]
L Madoqua kirkii ‘ RHR
Antidorcas marsupialis B R
Raphicerus campestris
100 Raphicerus sharpei ’ MERK
Raphicerus melanotis
Ourebia ourebi H
o4 — Kobus ellipsiprymnus AR ﬁﬁy
L Pelea caprecius SHARR ?ﬁ?}ﬂ'
Aepyceros melampus e ettt 5as
53 100 Capra caucasica
86 —: Capra hircus ’ ¥
% L Capra sibirica
Pseudois nayaur HER
Ammotragus lervia REER
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Fig.2 Maximum-likelihood tree based on the cytochrome b sequences date set for Bovidae (four times weighting)
Numbersonthe tree represent bootstrap value. boshl, bosh2, boshd, bosyl, bosy2, bosy3, bosbl, bosb8 are noted in Table 1
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(a) RRR, AETRASIFERE (R4) FAERERER
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Fig.3  Paltems of nucleotide substitutions among cytochrome &
seguences of the Antilopinae

(a) Transitionsa (Ts) at first, second, and third codon positions
(Tsl, Ts2, Ts3) against uncorrected sequence divergence ( x 100)
with the genera ( procapra}, between the genera of the Antilopinae and
comparisions with the outgroups ( Bos taurus); (b) Transversions (Tv)
at first, second, and third codon positions (Tvl, Tv2, Tv3) against
uncorrected sequence divergence ( x 100) with the genera ( procapra ),
between the genera of the Antilopinae and comparisions with the out-
groups ( Bos tgurus )3 (c) Substitutions al transitionsa (Ts) and
transversions (Tv) against uncorrected sequence divergence ( x 100)
with the genera (procapra), between the genera of the Antilopinae and
comparisions with the outgroups ( Bos taurus ). In figure (a) (b),
“@. x. *” indicated the Antilopinae comparisions with the out-
groups ( Bos taurus) . In figure (¢), “x . A ” indicated the Antilop-
inse comparisions with the outgroups ( Bos tawus) .
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