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Research on DNA barcoding authentication for species origin of deer antler
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ABSTRACT: Objective To assess the capabilities of DNA barcoding technology in identifying different Cervus
nippon antler and Cervus elaphus antler. Methods Mitochondrial cytochrome oxidase I gene (COIl) and
mitochondrial cytochrome b gene (Cytb) were used as target genes to identify antler samples, and the discriminatory
ability of the two genes was compared. Results Cytb was more efficient than COI for discriminating between
Cervus nippon and Cervus elaphus, and could identify all antlers to the species level. Thus, Cytb was used as the
target fragment to establish a DNA barcoding method for species origin identification in deer antlers. Fifty-three
antler samples sold in the market were identified for label conformity using this method. Only 21 samples were
consistent with the labeled species; 25 samples were found with the substitution of high valued species by low-value
species; 7 samples lacked specific information on the species. Conclusion This study has established a DNA
barcoding technology based on Cytb to identify the species origin of deer antlers, which can effectively identify the

species of commercial deer antlers and find mislabeling in the antler market. The results of this study can provide
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technical support for the regulatory authorities to regulate the labeling of antler products.

KEY WORDS: deer antler; DNA barcoding; cytochrome b gene; species identification
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PHXE 5K SRR 5-3 Al 22530k

VFI-t1 TGTAAAACGACGGCCAGTTCTCAACCAACCACAAAGACATTGG 1
VFl1d-t1 TGTAAAACGACGGCCAGTTCTCAACCAACCACAARGAYATYGG 1

! VFli-tl TGTAAAACGACGGCCAGTTCTCAACCAACCAIAAIGAIATIGG 3 1)
LepFI-t1 TGTAAAACGACGGCCAGTATTCAACCAATCATAAAGATATTGG 1
VRI-t1 CAGGAAACAGCTATGACTAGACTTCTGGGTGGCCAAAGAATCA 1
VRId-t1 CAGGAAACAGCTATGACTAGACTTCTGGGTGGCCRAARAAYCA 1
VRIi-t1 CAGGAAACAGCTATGACTAGACTTCTGGGTGICCIAAIAAICA 3
LepR1-tl CAGGAAACAGCTATGACTAAACTTCTGGATGTCCAAAAAATCA 1
Cervus-F TCATCGCAGCACTCGCTATAGTACACT 1

Cytb [20]

Cervus-R

ATCTCCAAGCAGGTCTGGTGCGAATAA
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Fig.1 Electrophoresis results of PCR products of Cervus nippon antler and Cervus elaphus antler samples using COl and Cytb barcodes
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Fig.2 Electrophoresis results of PCR products of Rangifer tarandus antler and Elaphurus davidianus antler samples using COI and Cytb barcodes
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Table 2 Species identification results of deer antler samples based on DNA barcoding technology
DNA B % 45 201
ij_: =]
gﬁz:; YRR Col Cyth
751 il ¥4
BOLD %l GenBank %1 GenBank 54 %
HALEE /% ARLLEE /% HALEE /%
B e e . Cervus nippon Cervus nippon
1~10 HEIERERE®: Cervus nippon 100 hortulorum 100 hortuloram 100
e C. nippon C. nippon .
1 SRR C. elaphus yarkandensis 100 C. elaphus yarkandensis 100 C. elaphus bactrianus 99.29
12 e R C. elaphus 100 C. elaphus yarkandensis 100 C. elaphus yarkandensis 100
e C. nippon C. nippon .
13 IR TR C. elaphus yarkandensis 100 C. elaphus yarkandensis 100 C. elaphus yarkandensis 97.87
o e C. nippon C. nippon .
14 YIRERE TR C. elaphus yarkandensis 100 C. elaphus yarkandensis 100 C. elaphus bactrianus 97.87
e C. nippon C. nippon .
15 R C. elaphus yarkandensis 100 C. elaphus yarkandensis 100 C. elaphus bactrianus 99.29
e C. nippon C. nippon .
16 HIRERE TR C. elaphus yarkandensis 100 C. elaphus yarkandensis 100 C. elaphus bactrianus 97.86
17 R C. elaphus 100 C. elaphus yarkandensis 100 C. elaphus yarkandensis 100
0, jg R C. nippon C. nippon .
18 SRR C. elaphus yarkandensis 100 C. elaphus yarkandensis 100 C. elaphus bactrianus 97.87
e C. nippon C. nippon .
19 SRR C. elaphus yarkandensis 100 C. elaphus yarkandensis 100 C. elaphus bactrianus 99.29
o e C. nippon C. nippon .
20 R C. elaphus yarkandensis 100 C. elaphus yarkandensis 100 C. elaphus bactrianus 99.29
21~24  YIRERER Rangifer tarandus 100 Rangifer tarandus 100 Rangifer tarandus 100
25 R REREH Elaphurus davidianus 100 Elaphurus davidianus 100 Elaphurus davidianus 99.34
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TR RN ] 35 25 0 R G R B A R, BT
FEELHE 0 RE AR TR 2825 5 5 i 46 31 1) A 5 B — 3
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RS AR SR B BEE ARG S —3. 3 Cytb
Xt T REE AR S B R B T, O FLIE Rl i) 45 g
DR, PRI A, R E A RN ] A 4
S, FTLAAHFE 28 Cytb ZEXF T B A RE b T8 .
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Fig.3 Neighbor-joining phylogenetic tree of deer species based on sequences of COl and Cyth
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FHEFRRASRE, DIRFEFHME . 3 SRR ML
FEX SEREFREIR—E. 7 O EEERME B RAR IR AR
i, FIAH Cytb i DNA SIEIEE AN HAE, W IRAS HER
T EE B ANE B

24 WEBREHMINMMEEERSH

AWFFAIA Cyto X i B BEE RN BEAT %0, JFXTH
HTT S AR 0 R S DRSS DL EA T T 40 HT -
AR ILWAET 53 M BRI, T, 43 M R
o HE AL E BE FE (HI~H43) . 3 0y BE A bR 25 9 o 66 e #
(M1~M3), Fl4x 7 DR TEAREFTRIRINI~NT)(FE 3). EE
SERRUIILT Cytb 1 53 43 i B RETE: ™ i 1 mT 4 500 1 B g
ESE7E IR

i DNA £IUH 5 B PIFP &5 R S AR R IR RIS e

#3 T DNA FEBRANTERE~REIMETER

Table 3 Authenticity identification results of commercial antler deer products based on DNA barcoding technology

i PR Genbank %3z /% FP A AEABLEE /% S REFRN 44 FR S SRR RAT
H1~H13 AL RE By Cervus nippon hortulorum 100 iv%id: =

H14 M AL REFH Foky C. nippon hortulorum 100 HEAERE i

H15 M 16 RE A EEH C. nippon hortulorum 100 HEAERE i

H16 MEAE B REFEE R C. nippon hortulorum 100 MEAERE =

H17 M1 REF K C. nippon hortulorum 100 MEAERE =

C. nippon kopschi
H18 My A6 RE RE L0 Fr C. nippon sichuanicus 100 MEAERE =
C. nippon hortulorum
H19 MEAEEF R C. elaphus hippelaphus 100 O i
H20 HEAERETEAS C. elaphus xanthopygus 100 g %

C. elaphus alxaicus




3204 Rl e $13 %%
% 3(%)
i bR 2R Genbank 45 4 FF AR /% T SCHERN AL R R SRR
_ TSN C. elaphus xanthopygus -
H21~H22 HHAETETER) C. canadensis songaricus 100 I =
C. elaphus scoticus
H23 MEAEREFELT I Jr C. elaphus hippelaphus 100 iy &
C. elaphus atlanticus
C. elaphus scoticus
H24 MELEJE REFERY C. elaphus hippelaphus 100 iy #
C. elaphus atlanticus
H25~H26 MEAEREF R Rangifer tarandus granti 100 Y fh
e R C. elaphus xanthopygus Pl o
H27 My PR C. canadensis songaricus 9875 Ik 3
H28 M1 REH C. elaphus bactrianus 99.29 o g &
e ey C. canadensis songaricus 100 1 <
H29~H43 MR REFE b C. canadensis sibiricus b @
_ T, C. canadensis songaricus 100 a
MI~M3 R C. canadensis sibiricus I =
N1 JETERY C. nippon hortulorum 100 M1E fE /
N2 JEEW R C. nippon hortulorum 100 HMEAEE /
C. elaphus scoticus 100
N3~N4 REFLLR A C. elaphus hippelaphus B /
C. elaphus atlanticus
. Cervus elaphus barbarus 100
N3 TRk Cervus elaphus corsicanus I /
C. elaphus scoticus 100
N6 REEL I A C. elaphus hippelaphus g /
C. elaphus atlanticus
N7 REF I C. canadensis 100 =y /

T (RN AREEAS B W TCTE FIWThR B4 &1

3 & 1

ABFST AT COI F Cytb Xof B T 4 JE e 5 5 Wil i
71, KB COl fFLETCIL X A M AL EE A E) RE R & 5L, Thi Cytb
YENERILH Y DNA AJEAD 7 i a] IR 45 22 R AR i
HIEERIRIR . Bk, ABFR4R K Cytb 158 Hin i B, #
ST B RIS R RO IR SE E 1 DNA SIS 5 Ik,
FEFFHIZ O A T B AR R I B S . KBTI
LM EEH BRSNS, FERICPERS D
REREEERR A M A% B8 5 DAL E A T B . CiR 2 i
FHER GRS 0 B, B2 H TR YR T X 4
M5 3 BR 2R R R 5 SE B R R ONAE, # s I
T TR T S . AT R DNA &8
T 2 AR 1 JEE 7 A R R OI VR 2 E 25 R R, A Cytb 1Y
DNA Z5TE ARG 5 32 e v i 1 B — R Al %) JEE A U0 22
K, SCRE . ReSrksR, W LUCA MR M
TR IIPRRAR A MR e T, s R R
FEE T 7 WA R AR R S, 1R R AR IR B AL
SE 3k
(1] EHZMEG 2 A RILAEZN M. dest hEEZR

et 2020.

Chinese Pharmacopoeia Commission. Pharmacopoeia of the People’s

Repubilc of China Part I [M]. Beijing: China Medical Science Press, 2020.

S

]

s

]

(4]

[3]

(6]

(7]

(8]

(9]

M, BIERIE, A, A BRI O M RGP
HURIBFTEHE R ). ABH5E, 2021, 33(6): 57-61.

LIN Z, L1 QJY, ZHOU J, et al. Research progress on protective effects and
mechanisms of velvet antler and its active ingredients on cardiovascular
system [J]. Ginseng Res, 2021, 33(6): 57-61.

T, B, BIEZ KRR [T]. BFAE sS4, 2020, 412):
518-522.

WANG X, JU GC. Research progress of antler peptides [J]. J Wildlife,
2020, 41(2): 518-522.

SUI Z, ZHANG L, HUO Y, et al. Bioactive components of velvet antlers
and their pharmacological properties [J]. J Pharm Biomed Anal, 2014, 87:
229-240.
KAWTIKWAR PS, BHAGWAT DA, SAKARKAR DM. Deer
antlers-traditional use and future perspectives [J]. Indian J Tradit Know,
2010, 9(2): 245-251.

WEI F, LIU W, YAN H, et al. Analysis of quality and related problems of
Chinese herbal medicines and decoction pieces in China [J]. Chin Pharm J,
2015, 50(4): 277-283.

LI L, KANG T. Microscopical identification and hierarchical cluster
analysis of seven kinds of pilose antler velvet [J]. ] Chin Med Mater, 2009,
32(3): 345-347.

XUY, SHAO BY, XU N, et al. An experimental study on the identification
of sika deer antler and cervus pilose antiler by PCR-RFLP [J]. J Chin
Pharm, 2020, (55): 2021-2028.

LI M, GAO L, QU L, et al. Characteristics of PCR-SSCP and
RAPD-HPCE methods for identifying authentication of Penis et testis

cervi in traditional Chinese medicine based on cytochrome b gene [J].



%510 3]

FAEE, 5 BEEYFIKI DNA SR 5E HARDES

3205

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Mitoch DNA Mapp Seq Anal, 2016, 27(4): 2757-2762.

JIA J, SHI LC, XU ZC, et al. Identification of antler powder components
based on DNA barcoding technology [J]. Acta Pharm Sin, 2015, 50(10):
1356-1361.

FERNANDES TJR, AMARAL JS, MAFRA 1. DNA barcode markers
applied to seafood authentication: An updated review [J]. Crit Rev Food
Sci Nutr, 2021, 61(22): 3904-3935.

XING RR, HU RR, HAN JX, et al. DNA barcoding and mini-barcoding in
authenticating processed animal-derived food: A case study involving the
Chinese market [J]. Food Chem, 2020, 309: 125653.
NIEDZIALKOWSKA M, JEDRZEJEWSKA B, HONNEN AC, et al.

Molecular biogeography of red deer Cervus elaphus from Eastern Europe:

Insights from mitochondrial DNA sequences [J]. Acta Theriol, 2011, 56(1):

1-12.

GAO L, XIA W, Al J, et al. Development of multiplex PCR assay for
authentication of Cornu cervi pantotrichum in traditional Chinese
medicine based on cytochrome b and C oxidase subunit 1 genes [J].
Mitoch DNA Mapp Seq Anal, 2016, 27(4): 2989-2992.

KOEHLER AV, ZHANG Y, WANG T, et al. Multiplex PCRs for the
specific identification of marsupial and deer species from faecal samples
as a basis for non-invasive epidemiological studies of parasites [J]. Parasit
Vector, 2020, 13(1): 144.

LIU XH, WANG YQ, ZHOU KY, et al. Study on allele-specific diagnostic
PCR of the traditional chinese medicines of the deers [J]. Acta Pharm Sin,
2001, 36(8): 631-635.

YANG Y, ZHENG Y, LU B, et al. Rapid identification of cervus antlers by
species-specific PCR assay [J]. Nat Prod Res, 2020, 34(9): 1315-1319.
WEN J, TINACCI L, ACUTIS PL, et al. An insight into the Chinese
traditional seafood market: Species characterization of cephalopod
products by DNA barcoding and phylogenetic analysis using COl and 16S
rRNA genes [J]. Food Control, 2017, 182: 333-342.

IVANOVA NV, CLARE EL, BORISENKO AV. DNA barcoding in
mammals [J]. Methods Mol Biol, 2012, 858(858): 153-182.
MATSUNAGA T, CHIKUNI K, TANABE R, et al. Determination of
mitochondrial cytochrome B gene sequence for red deer (Cervus elaphus)
and the differentiation of closely related deer meats [J]. Meat Sci, 1998,
49(4): 379-385.

SHAIBU JO, ONWUAMAH CK, JAMES AB, et al. Full length genomic
sanger sequencing and phylogenetic analysis of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) in Nigeria [J]. PLoS One, 2021,
16(1): €0243271.

XU XJ, ZHANG DG, ZHAO T, et al. Characterization and expression
analysis of seven selenoprotein genes in yellow catfish Pelteobagrus
fulvidraco to dietary selenium levels [J]. J Trace Elem Med Biol, 2020, 62:
126600.

HEBERT PD, CVWINSKA A, BALL SL, et al. Biological identifications
through DNA barcodes [J]. Proc Biol Sci, 2003, 270(1512): 313-321.
HANDY SM, DEEDS JR, IVANOVA NV, et al. A single-laboratory
validated method for the generation of DNA barcodes for the identification
of fish for regulatory compliance [J]. ] AOAC Int, 2011, 94(1): 201-210.
RATNASINGHAM S, HEBERT PDN. BOLD: The barcode of life data

(28]

[29]

[30]

[31]

[32]

[33]

[35]

[36]

[37]

system (www.barcodinglife.org) [J]. Mol Ecol Not, 2007, 7(3): 355-364.
BENSON DA, KARSCHMIZRACHI I, LIPMAN DJ, et al. GenBank [J].
Nucl Acid Res, 1999, 24(1): 1.

MACHER JN, MACHER TH, LEESE F. Combining NCBI and BOLD
databases for OTU assignment in metabarcoding and metagenomic data:
The BOLD NCBI _Merger [J]. Peer J Preprints, 2017, 5: €3133v1.

TOBE SS, KITCHENER AC, LINACRE A, et al. Reconstructing
mammalian phylogenies: A detailed comparison of the cytochrome b and
cytochrome oxidase subunit I mitochondrial genes [J]. PLoS One, 2010,
5(11): el4156.

KVIST S. Barcoding in the dark?: A critical view of the sufficiency of
zoological DNA barcoding databases and a plea for broader integration of
taxonomic knowledge [J]. Mol Phylogenet Evol, 2013, 69(1): 39-45.

LAL D, LAL R. Wrong sequences in databases: whose fault? [J]. Indian J
Microbiol, 2011, 51(3): 413.

LI M, TAMATE HB, WEI FW, et al. Phylogenetic relationships among
deer in China derived from mitochondrial DNA cytochrome b sequences
[J]. Acta Theriol, 2003, 48(2): 207-219.

SONET G, JORDAENS K, BRAET Y, et al. Utility of GenBank and the
barcode of life data systems (BOLD) for the identification of forensically
important diptera from Belgium and France [J]. ZooKeys, 2013, 30(365):
307-328.

TOBE SS, KITCHENER AC, LINACRE A. Cytochrome b or cytochrome
¢ oxidase subunit I for mammalian species identification-An answer to the
debate [J]. Forensic Sci Int, 2009, 2(1): 306-307.

TOBE SS, KITCHENER AC, LINACRE A. Assigning confidence to
sequence comparisons for species identification: A detailed comparison of
the cytochrome b and cytochrome oxidase subunit I mitochondrial genes
[J]. Forensic Sci Int, 2011, 3(1): 246-247.

BIDARTONDO MI. Preserving accuracy in GenBank [J]. Science, 2008,
319(5870): 1616.

HARRIS DJ. Can you bank on GenBank? [J]. Trends Ecol Evol, 2003,
18(7): 317-319.

PENTINSAARI M, RATNASIGHAM S, MILLER SE, et al. BOLD and
GenBank revisited-Do identification errors arise in the lab or in the

sequence libraries? [J]. PLoS One, 2020, 15(4): ¢0231814.

(st FHA K W)

{EZ T

FEE, BLHRE, TERARAE
ARBRESRE,

E-mail: 951721568@qq.com

BOFL L, IRA, TEMRAE
AERRERE,
E-mail: chenyingcaiq@163.com



