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Phylogenetic Relationships of Cervinae Based on Sequence
of Mitochondrial Cytochrome b Gene
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Abstract : The phylogenetic relationships among and within genera Dama, Axis,

BElaphurus, and Cervus in sub-

family Cervinae remain controversa , particularly within genus Cervus. We analyzed the sequence of Cyt b gene of the
genera, 5 geciesof Cervus, and 6 subgpeciesdf C. eaphus digributingin China. The results sugged that : CGenus Axis
might not be monophyletic and A. porcinus should be merged into Cervus. A close genetic relationship between Elaphurus
and Cervus indicated that two taxa should be incorporated into the same genus, whereas the classfication satus of Dama
dama till remained uncertain. Cervus, including Pére David s deer and hog deer , comprised a monophyletic clade.
Subspecies of Chinas C. daphus, which derived from C. nippon, formed a monophyletic group. Among them,

C. e. songaricus and C. e. sibiricus clustered together and diverged early.
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Table 1 List of taxa used in this study

Pecies Code Sequence length (bp) Accession number
Cervus d aphus
C. e. xanthopygus CExan 11407 AB021097
C. e. kansuensis CEkan 11407 AY070223
C. e. sibiricus CEshbi 1140° AY044862
C. e. wallichi CEwd 1140° AY044861
C. e. macndlli CEmac 11407 AY035875
C. e. songaricus CEson 11402 AY035871
C. n. sichuanicus CNs 1140° AY035876
C. alhirestris Cdlbi 11407 AY044863
Cebi-1 1140° AF423202
C. unicolor Cuni 1140° AF423201
Cuni-1 367° AB019632
C. ddi Cddi * 1140° AY157735
Celdi-1 401° L 48352
Cdldi-2 401° L 48401
Cddi-3 367° AB019631
Axis porcinus Apor 11402 AY035874
Apor-1” 401° AY157734
A. axis Axis 401° 48343
Blaphurus davidianus Edavi 11407 AF423194
Edavi-1 " 401° AY158081
Edavi-2 401° L 48349
®  Dpama dama Dama 1 140° AJ000022
Tragulus napu Tnapu 11407 X56288
: (Sanples sequenced in this sudy) 2Cyt b (Cytochrome b whole-
sequence) ,° Oyt b 5 (Cytochrome b 5 partial-sequence)
2 Cythb
Table 2 Primersfor amplification and sequencing of Cyt b gene
Primer name Sequence Re erence
L 14724 5-CGAGATCTGAAAAACCATCGTTG 3 Iwin et d , 1991
H15149 5 -AAACTGCA GCCCCTCA GAATGATATTTGICCTCA-3 Kocher et d , 1989
L 15135 5-TAGCCACAGCATTCGTAGG3 This study
H15577 5-TTGATCGTAGGATTGCGIAT-3 This study
L 15532 5 -ACCCCA GCAAATCCACTG-3 This study
H15992 5-TAGAACTTCAGCTTTGGG 3 This study
ML
6.67% 7.89% 4.91% 6.93%, 7.11% 13 13 Ot b
5.40 % N ( 1B) MP ML
4.47% 4.82% 3.60 % 14 22
3.95%, 4.50% 3.80% , v 7
0.09% 1.75%, 1.18 % MP 5
MP
2.2
3
14 22 Ot b
5 NJ MP ML 3.1

, NJ ( 1A) MP , Ot b 5 (14 22
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Table 3 Percentage divergence (above diagonal) and numbers of transitions/ tranvser sions ( below diagonal) for
whole cytochrome b sequences in 13 species and subspecies of Cervinae and Tragulus napu

Codes  Cddi Edavi CEwal CEmac  CEkan CExan CEshi  CEon  CNg Cdhbi Apor Cuni Dama _ Thapu
Cddi 526 711 7.19 719 6.8 711 7.02 667 7.89 6.93 6.93 9.65 19.04
Edai  57/3 6.84 6.93 693 614 6.5 6.67 7.19 7.37 588 623 9.47 18.42
CBvd  77/4 735 0.09 009 123 1.32 158 3.68 447 518 500 10.18 19.74
CEmec 77/5 736  0O/1 0.18 1.32 1.40 1.67 3.77 456 526 491 10.26 19.83
CEkan 78/4 74/5 10 71 1.32 140 1.67 3.60 456 526 500 10.26 19.83
CBxan 76/2 67/3 122  12/3  13/2 1.67 175 3.95 4.5 518 500 10.26 19.47
CEshi 792 723  13/2 13/3  14/2  19/0 0.96 3.8 465 500 491 10.00 19.21
CEon 78/2 733 16/2 16/3 17/2 2000 110 3.95 474 535 518 9.74 19.30
CN§ 724 775 384 38/5 374 432 422 43/2 482 570 553 9.74 19.83
cdbi  85/5  78/6  46/5  46/6  47/5  49/3  50/3 513  50/5 6.05 6.05 11.32 19.56
Apor  75/4 62/5 55/4  55/5 56/4 57/2 56/2 59/2 64  64/5 1.58  10.00 19.56
Cuni 736 647 516 515 52/6 534 5204 55/4 57/6 627 162 10.09 19.74
Dama 10U/9 98/10 105/11 105/12 106/11 108/9 105/9 1029 100/11 117/12 103/11 102/13 19.83
Tnepu 131/86 123/87 141/84 141/85 142/84 138/84 135/84 136/84 140/86 136/87 137/86 137/88 135/ 91
1 (See Table 1 for explanation of the codes)
) (13 13 ) , (Early Peis
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Fig.1 Neighbor-joining trees based on the sequences of cytochrome b gene in Cervinae
A. Ot b 5 (Cytochrome b 5 partia-sequence) , B. Oyt b (Cytochrome b whole-sequence) ;
( 1000) [Numberson the tree represent bootsrap value (1 000 replications) ]
, Wang & Du

(1982) , (Neitzel , 1979) Ohtaishi (1992)



32 24
, Randi et a (1998)
1 3 , Ot b
) 52%
270 320 ; 5.9 %; 1.4
200 240 ; 2.1% 3 , 6 Ot b
140 160 0.09% 1.75%,
(Terminal Hiocene) DNA 1B
(Herov, 1957; Wang & Du, 1982) ,
3.3 ,
21 22 , )
, 57 67
s s +
8 Y )
(C. e. kansuensis) C. e. wallichi)
(C. e. yarkandensis) (C. e ma ,
cneilli) (C. e. xanthopygus) , (Middle Peis
(C. e. alasnanicus) (C. e. songaricus) tocene) , ,
(C. e. sibiricus) Li et a (1998) (Sheng
Ot b 5 eta, 1992; Li et a, 1998; Li et a , 2000)
Ot b

Avise JC. 1994. Molecular Markers, Naturd Higory and Ewolution
[M]. New York: Chgpman & Hal. 551.

Cronin MA. 1991. Mitochondria-DNA phylogeny of deer (Cervidae)
[3]. 3. Mammd., 72 (3): 553 - 556.

Emeron BC, TaeML. 1993. Cenetic analyssof evol utionary relation
shipsanong deer (sulfamily Cervinae) [J]. J. Hered., 84
(4) : 266- 273.

FelsengeinJ. 1995. PHYLIP (Phylogenetic Inference Package) version
3.5c [CP]. Seatle: Univerdty of Washington.

Herov KK. 1957. Morphology and ecology of Cervidae during its evolu-
tion [J]. J. Paleontdogy Transation, 1- 2: 2- 16.

Qoves CP, Qubb P. 1987. Reationships of living Cervidae [A].
In: Fennessy PF, Drew KR. The Biology of Deer Production
[M]. Wdlingon: Royad Society of New Zedland. 3- 11.

Iwvin DM, Kocher TD, Wilson AC. 1991. Ewolution of the cytochrome
b gene of mammas [J]. J. Md. Evd., 32: 128- 144.

Kocher TD, Thomas WK, Meyer A, e d. 1989. Dynamics of mito-
chondrid DNA evolution in anima's: Anmplification and sequencing
with conserved primers [J]. Proc. Natl. Acad. Sci. USA,
86: 6196 - 6200.

Kumar S, Tamura K, Jakobsen IB, et d. 2001. MEGA2: Molecular
Evol utionary Genetics Andyss Sftware [CP]. Tenpe, Arizona,
USA : Arizona Sae Universty.

L

HP, Shi SK, Li S. 2000. Cenetic diverdty detected by RAPD in
five velvet-deer breeds or grains of China [J]. China J. Appl.
Environ. Bid., 6 (3): 237- 246. | , it}

. 2000. ( ) (RAPD)
. , 6 (3): 237- 246.]

Li M, Wang XM, Sheng HL , et d. 1998. Originand genetic divers-
ty of four subspecies of red deer ( Cervus daphus) [J]. Zod.
Res., 19 (3): 177- 183. [ ,
1998.

19 (3): 177- 183.]

Li M, Wang XM, Sheng HL , et d. 1999. Mitochondrial DNA diver-
gence and phylogeny of four gpecies of deer of the genus Cervus
[J]. Acta Zod. Sin., 45 (1) : 99- 105. [ ,

, . 1999. DNA
. , 45 (1) : 99- 105.]

Meryer A, Wilon AC. 1990. Orign o tetrapods irferred from ther
mitochondrid DNA dfiliation to lundgish [J]. J. Md. Bvd.,
31: 359 - 364.

Neitzed H. 1979. Chromoome ewolution in der famly der Hirsche

(Cervidag) [J]. Bongo, Berlin., 3: 27- 38.

Neitze H. 1987. Chronome ewlution of Cervidae karyotypic and

nolecular apects [A]. In: Obe G, Bader A. Cytogenetics [M].

Berlin: Soringer-Verlag. 90- 112.



1 © Ofb

33

Ohtaishi N. 1992. The origns and evolution of the deer in China [A].
In: Sheng HL , et d. The Deer in China [M]. Shangha : Eas
China Norma Univerdty Press. 8- 16. [ . 1992,

: . 8-16.]

Randi E, Mucci N, Ferpaoli M, et d. 1998. New phylogenetic per-
ectiveson the Cervidae (Artiodactyla) are provided by the mito-
chondrid cytochrome b gene [J]. Proc. R. Soc. Lond. B.,
265: 793 - 801.

Randi E, Mucci N, Caro-Hergueta F, et d. 2001. A mitochondria
DNA control regon phylogeny of the Cervinae: Seciationin Cervus
and inmplications for conservation [J]. Animal Conservation, (4) :

1-11.
Sheng HL , et d. 1992. The Deer in China [M]. Shangha : Eags

China Normal Universty Press. [ , . 1992.
. : ]

Snofford DL. 1993. PAUP3.1.1: Phylogenetic Anadyss Usng Pars-
nmony [CP]. Chamrpaign, lllinois, USA: Conputer Program Dis
tributed by the Illinois Natural Higory Survey.

Thompon JD, Gbon T, Fewniak F, e d. 1997. The Cugd

windows interface: Hexible srateges for multiple sequence dign-
ment aided by quaity andysdstools [CP]. Nucleic Acids Research ,
24: 4876 - 4882.

Wang ZR, Du RF. 1982. Ewlution of karyotype of the genus Cervus

[J]. Acta Genetica Sinica, 9 (11) : 24- 31. |
. 1982.
(1) : 24- 31.]

Wang ZR , Du RF. 1983. Ewlution of karyotype of the family Cervidae
[J]. Acta Zod. Sin., 29 (3): 214-221. [ ,

. 1983. . , 29
(3): 214- 221.]

Wang ZR, Du RF. 1988. Karyotypesand chronosome evol ution in deer
[M]. Bejing: Scientific Publishing. 10. [ ,
1988. : : . 10.]

Zhou CQ. 2001. Sudieson nolecular sysematics of Myogpa acinae and
nolecular identification of bone of Eospalax baileyi [D]. Ph.D.
theds, Nanjing Norma Universty. 48 - 65. [ . 2001.

(Myospal acinae)
, . 48-65.]

, 9



