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Identification of Deer Antler Species Using Sequence Analysis and
PCR-RFLP of Mitochondrial DNA
Ki-Hyun Shin, Sung-Chul Shin, Ku-Young Chung and Eui-Ryong Chung*

Division of Science and Biotechnology, College of Life Science and Natural Resources,
Sangji University, Wonju 220-702, Korea

Abstract

It is estimated that over 80% of deer antlers produced in the world are consumed in Korea. However, mislabeling or

fraudulent replacement of costly antlers with cheaper ones is one of the most common problems in the domestic antler
market. Therefore, there is a great need for the development of technology to identify species of antlers. This study was
carried out to develop an accurate and reliable method for the identification and authentication of species or subspecies of
antlers using DNA sequence analysis and comparison of mitochondrial cytochrome b and D-loop region genes among ant-
lers of five deer species, Cervus elaphus sibericus, Cervus elaphus canadensis, Cervus nippon, Cervus elaphus bactrianus
and Rangifer tarandus. A variable region of cytochrome b and D-loop genes was amplified using PCR with specifically
designed primers and sequenced directly. The cytochrome b and D-loop region genes showed different DNA sequences
between the species of antlers and thus it is possible to differentiate between species on the basis of sequence variation. To
distinguish between reindeer (Rangifer tarandus) antlers and other deer antlers, PCR amplicons of the cytochrome b gene
were digested with the restriction enzymes NlalV and Tagl, respectively, which generates a species-specific DNA profile
of the reindeer. In addition, samples of 32 sliced antlers labeled Cervus elaphus sibericus from commercial markets were
collected randomly and the mt DNA D-loop region of these antler samples was sequenced. Among the antler samples
investigated, only 62.5% were from Cervus elaphus sibericus, and others were from Cervus elaphus bactrianus (25.0%),
elk (Cervus elaphus canadensis) and reindeer (Rangifer tarandus). Our results suggest that DNA sequencing of mt DNA
and PCR-RFLP methods using NlalV and Taql enzymes are useful for the identification and discrimination of deer antler

species by routine analysis.

Key words : deer antler, mt DNA gene, sequencing analysis, PCR-RFLP, species identification
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AEHES AGsH7] W7ol (Brown ef al., 1979), 229 &
W E AT 2460 gy o]8-FolA SkthPartis ef
al., 2000; Branicki er al., 2003; Rastogi et al., 2007). @
2 B A3 Al v]EE=E]o} DNAY cytochrome b
% D-loop 32}t 99| |7IAE ol E4E B3l
UM FEHIT QU= Ay =89 F BET AE =
&Y €58 s V1eE Mt s T ®
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sibericus, P ), =4k B0 (Cervus elaphus bactrianus,
ul2) 9 SNt SE(Rangifer tarandus, %) 248
A F 3 A9 By E(Cervus elaphus canadensis,
A7), T4 FEB(Cervus nippon, A1) 13 74AY] =
£ A7 20g8 AFHN AN Z FAAEE ARSI

o AR AR =8 JHed HroRt viE, =4 vkE
2 Tt 5] BE HAUL FFE AsE Us
RSk o oEgol A F - F A IATEA
S Folel B3 ded Audigeld Algg Al
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A7 =7 n S ALESITh S, AlFolA eAlopt
YEoE FEHL e AW 58 WIE FA9 7Yst
of Alg F ASl AHEET

=& DNA 22| ¥ MK

FAANEEZEE mDNAS T3 ¢+ total DNAY
F% 4 AAlc Miller 5(1988)9] & ¥ 5743t
ANBAT &, 38 3 o] 3u)9] lysis buffer I (155 mM
NH,Cl, 10mM KHCO,, 1 mM EDTA)Z #7}3 % homo-
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0.5% SDS) 3mL¥} proteinase K(500 pg/mL)yS H7Hs}ka
55°ColA] 1AIZE okl & RNase(50 pg/mL)E H7I8ka 37°C
oA 3087 Aejatdct. EulgAe] 6M NaCl 1.5mLe}
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E2I8}al 70% ethanol® A 9 MFsi HZFH DNA
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of £33} spectro- photometerZ 260 nm UV £330
os DNA =5 43 & 4°Cof ¥F Hasith

mt DNA §8X Q4o Primer AA| & &

ARE EZZ2]0} cytochrome bt D-loop A} &
4 E7IME HHY FEL AT primers] A= NCBI
GenBank database®] 52 cytochrome b(accession no.
AB218689) & D-loop(accession no. AY970666) 44} o
Ho] A7IMEE o] 83T F, cytochrome b §44} 4
Ao 466 bpd] THE FESE7] At forward 5-GAT
ATG AAA AAC CAT CGT TG-3' % reverse 5-CTC
AGC CTG ATA TTT GIC CT1-3'¢] primer “1&]3t D-loop
A2 499 1175bpe] DAL FE517) 93] D-loop
forward 5-TAA ACC AGA AAA GGA GAG CA-3' ¥
reverse 5-CAA ACC TGT GIG TTT ATG GA-3'¢ 7]
MEE TAE primers ZHzF AA 89

PCR 7180f 2igt mt DNA S8X}L Qoo E&E

mt DNA #7342 £4 G748 9499 PCR 355
gt ¥hg- 4L template DNA 50 ng, primer 2 0.1
uM, dNTP 2+ 250 uM, 10x PCR buffer 2 uL 12]3! Tag
DNA polymerase 1 unit& #7}8kq % volume®] 20 L7}
HeE 313k PCR $E-2 $8 whe-5 18 Perkin-Elmer
thermal cycler(GeneAmp PCR system 9700, PE Biosystem,
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USAYE o]8-3}4 cytochrome b A= 94°Co| A 587F
JHIZHE F, 94°CollA] 4537 WA, 53°CAlA 127 F
g, 28)a1 72°CollA 137 3037 AARe-S & 353] HkE
& ohe PEREReE 72°Co A SR 71E & PCR HR3-E
Z 8313t D-loop H-3ARE 1383 M4, 63°ColA 1827
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B3l PCR ¥H3-S F3Y310}h PCR $E4HE9] 31
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e ol yE,

466bp

- wwww

Cytochrome b

1175bp

£ Z338l & volumeS 10pE 23T &, 4 A|dak
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At UVA @S E DNA profiles AE35th 2%
® 7} DNA ©3He =7)E= 1Kb* DNA ladder(SolGent,
Korea)s o83l F43}9}
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Z9] Als =8oA 71E3 mt DNA cytochrome b & D-
loop %14}8] PCR $-E4HE0] tigk DNA E7IME 24
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Fig. 1. Agarose gel electrophoresis of the PCR products amplified with specific primers in mitochondrial cytochrome b gene and
D-loop region gene of the deer antlers (five species). DNA amplicons were analyzed by 2% agarose gel electrophoresis. M:

molecular size marker (1IKb* DNA ladder).
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Fig. 2. DNA sequences alignment of the mtDNA cytochrome b gene among antlers of five dear species.
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Fig. 3. DNA sequences alignment of mtDNA D-loop region gene among antlers of five dear species.
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Table 1. Comparison of DNA sequence similarity (above the diagonal) and variation (below the diagonal, %) among antlers of

five dear species in cytochrome b gene

Homolo Cervus elaphus Cervus elaphus . Cervus elaphus .
Variability ¢ Siberiafv canadenft’s Cervus nippon bacm'anfts Rangifer Tarandus
Cervus elaphus sibericus - 1 0.963 0.950 0.893
Cervus elaphus canadensis 0 - 0.963 0.950 0.893
Cervus nippon 3.7 37 - 0.946 0.891
Cervis elaphus bactrianus 5.0 50 5.4 - 0.879
Rangifer Tarandus 10.7 10.7 10.9 12.1 -

Table 2. Comparison of DNA sequence similarity (above the diagonal) and variation (below the diagonal, %) among antlers of

five dear species in D-loop gene region

Homology  Cervus elaphus

Cervus elaphus

Cervus elaphus

Variability sibericus canadensis Cervus nippon bactrianus Rangifer Tarandus
Cervus elaphus sibericus - 0.981 0.950 0.943 0.878
Cervus elaphus canadensis 1.9 - 0.949 0.945 0.879
Cervus nippon 5.0 5.1 - 0.933 0.898
Cervus elaphus bactrianus 5.7 5.5 6.7 - 0.873
Rangifer Tarandus 12.2 12.1 10.2 12.7 -
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Fig. 4. DNA profiles of the PCR products of cytochrome b gene digested with NlaIV and Tagl restriction enzymes in the antlers
of the five deer species, respectively. M: molecular size marker (1Kb* DNA ladder)
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o] g3t AlFoA] YAt YBOE FEEHI U=
£ 29 )8 FAE FE FE3519 mt DNAS &
T @71 8-S B8t Aotk d8e] ErIMEF
A ARE EHT A3t o] THH 2070(62.5%) A=
= Ao}t U8(Cervus elaphus sibericus)¥ 99~100%
YABIRO =] 870(25.0%) AEe T4t PRS- (Cervus
elaphus bactrianus)®] G714897} 99% YXAW3 7Ie} =2
OVE(Cervus elaphus nelsoni) B 422 V& (Rangifer tarandus
groenlandicus)®] B71MEH AEES e 58 AER
Z4zy i 4 Ui AEEHY. 28 Ul 8418 o
AR 9 97%Y 2 AEAEES BY A 58
% BAo] E7F=3Ath

Ir o 1 i o 2o
of

3k
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SEUEolA AlE AAREY o] 82 FE Z8o HE
Hof l=d 2 AT tE] AEY] 58 Al
< vid &3 ZUEAC L FUE B8 ke
Aot FEAAANA AVEe] =8-S HHR Aot
€02 FHAA s dgks FHATIE olRE
FUEA i AUt 588 F9E B3 Witk
BHAEOl A Hos FAA Ha otk gty 257t
2] 5§09 F 4 A WEHL A e EFo
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| EZE2jole] DNAE $§7]1X)8H80] genomic DNA H
o oF 5~108) e F g FEUH VIS 2% B
L EHH0|E HAF3HL 10)(Brown et al., 1982), mt DNA
o] G7IME AERE FEY 719, JHA, Jde 73
2 Ao, F E FEN AE 2duA R AR I
T T A% tet 783 ARE AT £ok(Nagata
et al., 1998; Chung et al., 2002). 53], mt DNAS] #A
2} 949 71eH| D-loop= 71 #lolAdo] & HU7IME 9
Hog HVAEES e GrIAE Bl vla] of su)
Ax =2 7og A= tH(Aquadro and Greenberg,
1983). £ doMT Als =8 mt DNAS £7F H71A
4 T D-loop 3} o] cytochrome b 534}
o Hjg] & ZHoZ BT mt DNAS] H7IAE H|

WA 1% ol ztelrl EAlehE f-13 AolE UA
ato] Fgt T80 oujrt ik WEE o cytochrome b
FAxte] AL Ao 487 Bulit diEe] G714
Fol] 100% A8t o] F FHS o] Brlsdlgle
U e 58 FEA 8, 3 vE 2 a5 e =
< G7IME Hol& Fzt EHo] JFssigh 2=y D-
loop F3A}F G99 G7INE AFA M= dAlof
Ab 483 Buid g3k & 1.9%Y G714 zkel7t
EAsle ol =89 3 W 71eAEs AR 1
Ui, et b Al F H8FE cytochrome b #7
A F71ML(3.7~107%) BlF) ¥ T H7ME Fo]
(5.0~12.2%)y2 24 D-loop HH2F o] F7IME 4
o o3 Al =89 F7F Fdd Hr) g9 A=
A5t o]2fdk mt DNA 34 |49 9714 E A
H Aoz AlE =8o] £ 9 ol 7+ Fo] 7bssla
A o= Ax FAHE F oy m8o HES 4
AR BAE HEiMe o st Aee] 9 ol 1
i o B AEE o= g Blal A5t 7150
of & "ar} 9t} Matsunaga 5(1998)2 L&A T}
Aol HIE| & J1AoZ WlHT Qe 9B EAl
(sika deer, Cervus nippon) 17|19 &% 7188 &l B&
Al (red deer, Cervus elaphus)®] cytochrome b 723} &
7INEE B3 AT BT 94.1%0] AAMIE B
olE T AEIL7] 749 85 o] iesitiar MEFHS
H E} 330 &, HA, WY F A 247 840, 811,
855 % 85.6%°] F+AM3S YT B3k v} ok &
&, Irwin 5(1991)9] A+l et 2 AIE F54
cytochrome b F-2AF G7IMEL fallow A5 (Dama dama)
7} 86.3% 18]3 73E mElAl(black tailed deer, Odocoileus
hemionus)¥} 86.5%2] FAMIS Zi=tl= 298 AA KA

TE T FES A4S A9 5% 772k PCR F
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