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Ancient DNA Analyses of the Spotted Hyena (Crocuta crocuta) from
Lingxian Cave, Qinhuangdao, Hebei Province
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Abstract The extant hyena species are the remnants of a formerly diverse group of Hyaenidae, which reached its peak about 5
MYA and contained more than 100 fossil species. Hyenas have been the subject of a number of evolutionary and systematic
studies during the last two centuries, due in large part to the dramatical loss of its diversity and geography. The phylogenetic
studies incorporating both morphological and molecular analysis have yielded different conclusions regarding the evolutionary re-
lationship between extant and extinct hyenas. In this study, partial ancient DN A sequence of cytochrome b gene in mitochondri-
al genome was successfully retrieved from Pleistocene hyena bones collected from Hebei Province in North China. The BLAST
result shows that the cracked specimen is the teeth of a spotted hyena (Crocuta crocuta), which makes the classification of the
specimen clear at the molecular level. Furthermore, both the obtained sequence and the homologous sequences extracted from
GenBank were aligned and used as datasets for phylogenetic analyses. The phylogenetic tree shows that the two individuals
from China and the one from Russia were joined together, appearing as a sister group of the branch combined by the west Euro-
pean fossils and the African extant hyenas, which suggests a phylogeographic pattern of the Pleistocene cave hyenas.
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Fig. 1 Location of the sampling site
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DNA DNA 5 min; 30 , 40
2.5%
, 30 min ,
3 - 5 mm D PCR . 2. O% [}
1.2.2 DNA DNA Rohland et 1.2.4 PMDI18-T
al. (2007) 6  MI13
DNA s DH 5a, X-Gal
; ; IPTG LB 37 C
DNA 6 37 °C 1 4L 1 %10
:HS-29) S . .95 C 10 min,
, M13 )
(2009) ,
1.2.3 PR
Cyt b . ’ 1. 2. 5
Rohland et al. (2005) 7 NCBI BLAST
) Rompler GenBank  C. crocutas H. hyaena, P.
etal. 2006) PCR , brunnea  P. cristatus 14
PCR C D,
,  PCR Bio Edit
204 L
s : IXPCR buffer, 0.25 U Taq DNA 2
polymerase, 250 #mol/ L. ANTPs, 250 mmol/ LM gCL,
1.0 mg/ mL BSA, 250 nmol/ L. PCR 2.1 PCR
94 'C 205,52 °C 30572 C 6 , 5
30s; 94 C 9 min, 72 C
1
Table 1 Data sets used in this paper
(bp) GenBank
C crocuta_1XD_5 79 /
Crocuta crocuta ultima C _crocuta_HS_29 225 /
C _crocuta_DQ 157554 366 DQ157554
C crocuta_AJ809326 366 AJ 809326
Crocuta crocuta spelaea
C _crocuta_DQ 157555 366 DQ 157555
Crocuta C_crocuta_DQ 157556 366 DQ 157556
C _crocuta_DQ 157557 366 DQ157557
C_crocuta_DQ 157560 366 DQ 157560
Crocuta crocuta
C _crocuta_DQ 157562 366 DQ157562
C _crocuta_DQ 157566 366 DQ 157566
H_hyaena_ DQ157584 340 DQ157584
Hyaena Hyaena hyaena H_hyaena_ DQ157578 340 DQ157578
P_brunnea_ DQ157591 340 DQ 157591
Parahyaena Parahyaena brunnea P_brunnea_ D(Q 157588 340 DQ157588
P_cristatus_ AY 928679 1140 AY 928679
Proteles Proteles cristatus P_cristatus AY 048792 1 140 AY 048792
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Fig.2 Gel electrophoresis image of PCR products
M: 100 bp DNA ladder 1. ; 2. LXD-5; 3.
i 4 PCRH,0 ;5. PCR H,0
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2.2 GenBank
(79 bp) Gen-
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Cyt b 93%
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2 ( 533 .C—>T; 72
. T—>C), ;s GenBank
2 C 72
73 O)C—>T ;s GenBank
5 ,
C 24 G—>A; 50.
72.73 75 T—>C);
5 , 15
C—T ;
C 3.
2.3
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4
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Fig.3 Aligned DNA sequence of the 79 bp fragment of Cyt b from Hyaenidae

C _crocuta_AJ809326 ( , 2006), DN A
C crocuta_DQ157557
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Fig. 4 Distance matrix phylogenetic tree based on the partial » Jenks and Werdelin(1998) 4
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; Koepfli et al. (2006)
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AJ809326) (C _crocuta_DQ157554)
Rohland . 5

(C_crocuta_DQ157562)

) (C crocuta_
DQ157556) (C_crocuta_DQ157557),
(C _crocuta DQ157560)

_DQ157566) )

(C_crocuta

Fig. 5 Geographical distribution of the extinct and ex-
tant Hyaenidae which have been used in phyloge-

netic analyze in this study
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