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Identification of Cervus elaphus Species by Sequencing Analysis
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ABSTRACT

Objectives : Cervus elaphus species are some of the most medicinally important genera in the Oriental
medicine. This study was performed to determine if Cervus elaphus species could be identified by
sequencing analysis and to verify Basic Local Alignment Search Tool (BLAST) search, which was used
fo assess genetic identification.

Methods : The DNAs of Cervus elaphus species were extracted, amplified by PCR, and sequenced. The
DNAs of Cervus species were identified by BLAST search in website.

Results : By BLAST search one of Cervus elaphus species was identified as Cervus elaphussibericus but
the other was identified as Cervus elaphus nelsoni. This work showed that identification can efficiently be
performed by BLAST search.

Conclusion : These results suggest that sequencing following BLAST search might be able to provide
the identification of Cervus elaphus species.

Key words : sequencing, genetic identification, Cervus elaphus species

# AR QIBE, T8 AR A9F Agugn FoHuet Ragtnl,
E-mail: heavenok@dreamwiz.com Tel ; 043-649-1341

* AIAA : A, A AT A 166 dFddisty aEAd a e
E-mail: acumox@hanmailnet Tel : 064-450-7707

- A 2006 59 3¢ - 20069 59 259 - A9 2006

rE
D
e

%Y



130 Kk B A & 8 @ 3 — Vol 21, No. 2, 2006

Introduction

Cervus species have been used as an important
medicine in traditional Korean and Chinese
medicines for a long time. They have been widely
distributed in the world including East Asia. Their
hornes have been used as tonic genera in generall).

But a few dealers practiced a deception of
disguising one antler from a certain country as
other country. because a general consumer could
not distinguish the provenance of antlers.

These Cervus species are very similar in
appearance when they were sliced especially. The
methods of identification among Cervus species,
however, have not been recorded in traditional
Korean and Chinese herbal literatures.

It is undesirable when different Cervus elaphus
species might be used under the same name,
especially it is very harmful in case of bovine
spongiform encephalopathy (BSE).

And many commercial Cervus species products
are extremely difficult to identify in the form of
powder, or extracts. The authentication via
analysing chemical profiles is also very difficult for
many variables such as the analysing condition and
nutritional factors.

This study was performed to determine if
Cervus elaphus species could be identified by
sequencing analysis and to verify Basic Local
Alignment Search Tool (BLAST) search, which
was used to assess genetic identification.

Materials and Methods
1. Samples and Purification of DNA

Two antlers of Cervus elaphus species were
sent to the Research Center for Biomedical
Resources of Oriental Medicine, Daegu Haany
University (Korea) by two Oriental Medical doctors
in September, 2005 and in March, 2006 respectively.
We named two samples of antler as NY-C and
Dongchangha. Three gram of NY-C and
Dongchangha in the form of slice was firstly
minced with a sterile scalpel and pulverized to a

powder using a sterilized mortar and pestle. A
DNA isolation kit (DNeasy, No. 69504) (Qiagen
Inc,, Valencia, CA) was used as described in the
manufacturer’s instructions with slight
modifications. 300 mg of the powdered sample was
used in the purification procedure. Before sample
elution, the columns were dried at 37C for 5
minutes to evaporate residual ethanol. Samples
were eluted in a total volume of 200 ul of TE
buffer [10 mM Tris-HCl, 1 mM EDTA (pH 8.0)].

2. Preparation for sequencing

The extracted DNA was amplified by
polymerase chain reaction (PCR). A 1200-bp region
of mitochondrial D-loop of each NY-C and
Dongchangha was amplified using 25 ng of DNA, 5
pmol of each primer; forward was 5'-
TAATATACTGGTCTTGTAAACC -3’ and reverse
was 5'- GGGTCGGAAGGCTGGGACCAAACC -3'.
The PCR amplification was performed by using 05
unit Tag polymerase (HT Biotechnology Ltd,
Cambridge, United Kingdom). The 30 ul of PCR
reaction mixtures were 10 mM Tris-HCl, pH 90,
15 mM magnesium chloride, 50 mM potassium
chloride, 0.1% Triton-X 100, 0.01% [v/v] stabilizer,
025 mM of each deoxynucleotide triphosphate
(dNTP), 0.1 M of each oligonucleotide primer. The
PCR steps were denaturation of 5 minutes at 957,
30 cycles of 30 seconds at 95C, 30 seconds at 6
0T, and 30 seconds at 72°C with a PCR System
(Astec, Fukuoka, Japan). The quality of PCR
products was controlled by 15% of agarose gel
electrophoresis.

3. Sequencing

All amplicons were purified using the PCR-M
Clean Up System (Viogene). The DNA fragments
were sequenced using an ABI Prism 377 automated
DNA sequencer (Applied Biosystems) with a
BigDye Terminator cycle sequencing kit (version
3.1; Applied Biosystems). All amplicons were
sequenced on both strands using primers of
D-loop. We sequenced at least three times just to
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make sure there were no errors in the sequence.
The sequences were proofread and aligned and a
consensus sequence was obtained with SeqMan I
(DNASTAR).

4. BLAST Search

BLAST is a package of applications that can
quickly and efficiently compare a specified
nuclectide or amino acid sequence {or batch of
such sequences) with an existing database of
known sequences, translating, if necessary, between
nucleotides and determine
similarities among them. Various builds of blast are
specialized to certain types of searches. This
implementation used a build of the general version,
blastn and bl2seq in National Center for
Biotechnology Information (NCBI™.

Submenu in BLAST. we clicked on the link for
DNA sequence data, copy and paste the DNA
sequence data into the search box and clicked the
BLAST button. Once the screen updated, we
clicked the Format button. The screen eventually
updated to the results screen, We scrolled down to
the first "hit” in the BLAST results. The main
features to look at were the E Value and the
description. E Values of 00 are strong hits to
sequences in the database.

The sequence was similar with the one that is
in the database. To see this, we clicked on the
score link next to the description, then could see
how our sequence (called as a query) aligns to the
sequence in the database, and look closely at the
alignment and note any misalignments and gaps.
One important data that we can get from the
alignment is the number of identities. The ratio of
identities to total number of bases give a percent
identity. This is useful in determining the
relatedness of our organisms to the one in the
database.

and amino acids,

Results

1. Sequencing Data

The sequences obtained in our study were shown in
Figure 1 and 2.

FCGTACCTCTCYAGAKCTCCCKAGGAGCMKCCC’I‘ AICCWCCCWAR
~G-ASTC-Y, AMTATTCCY TSAGACSTMYHAATAKRr¢ TCCMCAACCAYC
MAGAACT’I‘TaTCAGAa’I“FAAaT’ITCA:AAAAaa’ITtAATa’IT’I‘tAaTaCAGC
TT'l‘cTACTCAACATCCAaT’l‘TACA’YY’I‘tA’l‘GTCcTACTAA’X‘tACACAGCA
AAACACATGAT. ATAACTTTATGCACTCGTAGTACATAAAATCAATGT
GCT. AGGACATACATG’I‘ATAACAGTACATGAGTI‘AGCGTATAGGACAT
ACTATGTATAATAGTACATAAATTAATGT. ATTAGGACATATTATGTA
TAATAGTACATT. ATATTATATGCCCCATGCTTATAAGCATGTACCCT
TCACTATCTAAAGTACATAGTACATAATGTTGTCCATCGTACATAGC
ACA’I"I‘AAGTCAAATCAGTCCTTGTCAACATGCGTATCCCGTCCC/JTAG

ATCACGAGC”ITAATTACCATGCCGCGTGAAACCAGCAACCCGCTGGGC
AGGGATCCCTH CTTCTCGCTCCGGGCCCATGGACCGTGGGGGTAGCTATT
TAATGAACTTT-ATCAGACATCT! GG-TTCTTTTTT-CAGGGCCATCTC
ATCTAAAATCGCCCACTCCTTGCAAT. ATAAGACATCTCGATGGACTAA
TGACTAATCAGCCCATGCTCACAC ATAACTGTGGTGTCATACATTTGG
TATTTTTAATTTTT GGGGGGATGCTTGRACTCAGCAATGECCGTCTGA
GgCCCeGT CCCOGAGCATGAATTGTAgCTGGACTTAZCTY GCATCTTGAG
CATCCCcATAATG gTAGGCGCAGGgCA’I'I‘ACAGTCAa’I‘GgTCACAGgACA
TAATTATTATTICHTGAGICAMbkgATAAG ATCCAACCYCCCTACGGTT
CHACT —TAARCACOCWAMCAAASAMMCCAGRRSTCAAAATAGCACT CC

|

Figure 1. Sequence of antler (Dongchangha). The other letters than
A G C and T mean heterozygotic sites (IUPAC code). V is
AC/G. H is A/C/T. D is A/G/T. Bis C/G/T. M is A/C. R is A/G.
Wis A/T. S is C/G. Y is ¢/T. K is G/T. N is either of the four
bases (G/A/T/C). In the symbol the capital letters indicate that

AGAGGRGCMKAASCAACCTCCCA-AASACTCCAGACG

they are the main bases at each position, and the small letter

means that it is the second main at the position.
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TAWTCTGGTTTGGTcCCAGCCTTCCGACCCAGGAAGAAGCCATAG
CCCCAC-TATCAACACCCAAAGCTG-AAGTTCTATTTAAACTATTCCC
TGACGCTTATTAATATAGTTCCATAAAAATCAAGAACTTTATCAGT
ATTAAATTTCCAAAAAATTTAATATTTTAATACAGCTTTCTACTCA
ACAT-CC-AATTTACATTTTATGTCCTACTAATTACACAGCAAAACA
CGTGATATAACCTTATGCGCTCGTAGTACATAAAATCAATGTGCTAG
GACATGCATGTATAACAGTACATGAGTTAGCGTATAGGACATATTAT
GTATAATAGTACATAAATTAATGTATTAAGACATACTATGTATAAT
AGTACATTATATTATATGCCCCATGCTTATAAGCATGTACTTCTCAT
CATTTAAAGTACATAGTACATAATGTTGTTCATCGTACATAGCACAT
TAAGTCAAATCAGTCCTTGTCAACATGCGTATCCCGCCCCCTAGATCA
CGAGCTTAATTACCATGCCGCGTGAAACCAGCAACCC-GCTGGGCAGG
GATCCCTCTTCTCGCTCCGGGCCCATGAACCGTGGGGGTAGCTATTTA
ATGAACTTTATCAGACATCTGGTTCTTTTTTCAGGGCcATCTC-ATCT
AAAATCGCCC--ACTCC-TTGTAATATAAGACATCTCGATGGACTAAT
GACTAATCAGCCCATGCTCACACATAACTGTGGTGTCATACATTTGG
TATTTTTAATTTTTGGGGGGATGCTIGG-ACTCAGCAW-GGCCGTCTG
AGGOCCGtCCcGGAGCANGAATGTAgCTGGac TTACTGC-TCTGGGCALCC
CATATGGTAGCGCAGGCATACGTCANGNCCNGNCAAATATATTCTGN
GCACCTAAACNTTTCCCCCTCTATTTTCCCCTAAAGTTC

Figure 2. Sequence of antler (NY-C). The other letters than A, G,
C and T mean heterozygotic sites (IUPAC code). V is A/C/G. H is
A/C/T. D is A/G/T. B is C/G/T. M is A/C. R is A/G. W is A/T.
Sis C/G. Y is C/T. K is G/T. N is either of the four bases
(G/A/T/C). In the symbol the capital letters indicate that they are
the main bases at each position, and the small letter means that it

is the second main at the position.

2. BLAST Search

The sequences were compared to reference data
available at the GenBank database by using
BLAST to determine if species identification was
possible by D-loop sequencing (Figure 3 and 4).
By BLAST search one of Cervus elaphus species
(Dongchangha) was close to Cervus elaphus
sibericus but the other (NY-C) was close to
Cervus elaphus nelsoni.

Sequences producing significant aliguents: (Bits) Value

gii4678982 | ob| AF053371, 1| AFCSB371 Cervus elaphus sibericus is... 1546 0.0

114678981 gb) AF058370.1| AFG58370 Cervus elaphus sibericus is... 100
(i[4678980] gb{ AF058369.1( 4F058369 Cervus elaphus sibericus is... 1505 0.0
113327464 ob| AF016366.1) AFG16966 Cervus elaphus nelsoni ROCK... 1464 0.0
112245584} b AF005199. 1| 1¥00S199 Cervus elaphus menjtobensis... 0.8
gii11138988 gh| AF291282 . 1[ F291852 Cervus canadensis melsoni ... 0.0
gii3327477| gb} 47016979, 1| AFC16979. Cervus elaphius nelsoni YNPL... 145 0.0
gi}3327478] gb} AF016930. 1| AFC16980  Cervus elaphus nelsoni THPZ... 148 0.0
gii3327463| gh| AF016971, 1} AFO16971 Cervus elaphus roosevelti R... 1456 0.0

01}3327467| gh[ AF016969. 1] AFG16969 Cervus elaphus roosevelti R... 145 0.0
i{3327465] gh| AFD16367, 1] AFO16967 Cervus elaphus rooseveiti R... 1456 0.0
gi}{3327460{ gh| AFD16962.1|AF016962 Cervus elaphus nelsomi ROCK... 1456~ 0.0

gi}3327459 b AFO16961. 1| AFO16961 Cervus elaphus melsoni ROCK... 3386 0.0
9113327452 oh) AF016954, 1| 4FC16954 Cervus elaphus manitobemsis... 1456 0.0

7i]3327455] gb| AF016957. 1| AF016957 - Cervus elaphus manitobensis... 1450 0.0
1{3327455( ob{ APO16958, 1| AFG16358 Cervus elaphus menitobemsis... 14583 0.0
i} 66062454[ gb| A%970666.1) Cervus elaphus cansdensis D-loop, ... 1448 0.0
413327462) ob] AFO16964, 1) F016864  Cervus elaphus nelsoni ROCK... 1448 0.0
0113327473} gb| AF016577. 1 4F016977 - Cervus elaphus nannodes TUL...
0113327463 | gb) AF016965.1{ 47016965 Cervus elaphus nelsomi ROCK... 1443 0.0
12245581} gh| AFGO5196. 1| AF005196 - Cervus elaphus menitohensis is 1448~ 0.0

§1]224558¢ | gb] AF005197, 1|A¥005197 Cervus elaphus manitobensis is 0.0
i|3327468] gh{ AF016970, 1| AFO16970 Cervus elaphus roosevelti R... 0.0

Figure 3. BLAST search results of antler (Dongchangha). By
BLAST search (the first "hit” in the BLAST results) Dongchangha
was close to Cervus elaphus sibericus.

Sequences producing significent aligmments: (Bits) Value

gi{3327462 {gb| AF016064.1{ A¥016964 Cervus elaphus nelsoni ROCK... 1479 6.0
113327463 gb| AFO16965, 11 AFDI6955 Cervus elaphus nelsoni ROCK.,. 1479 0.0
1{3327464| gb| A¥O16966.1[ AFD16066 Cervus elaphus nelsoni RUCK... H71 0.0
01]2245584| gb{ 47005199, 1) 4F905199 Cervus elaphus menitchensis... 453 0.0
4i]3327476] gh{ AFD16980. 1] AFD16980 Cervus elaphus velsoni WNP2... 1455 0.0
0i[ 3327469 gb{ AP016971. 1] 47026971 Cervus-elephus roosevelei R... 1455 0.0
1]3327467]gh| APO16969, 1) AF316940 - Cervus elaphus. roosevelti R... 1455 0.0
13327465 20| AFO16967. 11 AF316967  Cervus elaphus ‘roosevelti B... 1455 0.0
0113327460| gb{ AFO16962, 1| AFDL6957  Cervus elaphus nelsoni ROCK... 1455 0.0
113327459 ] 0} AFO16061, 1{AFD16951  Cervus elaphus nelsoni ROCK.:. 1455 0.0
4{3327452{gb{ AFC16954. 1{4F 016954 - Cervus elaphus manitobensis,.. 1455 0.0
{]3327455) ob] AF016957. 1 AFOL6957 Cervis elaphus menitobensis... 1449 0.0
i|33274561 9} AP016958. 1] AF026058. Cervun elophus hamitohensis... 1433 0.0
113327475] gh1 AP016977, 1] AFD16677 - Cervis ‘elaphus rannodes-T0i.. 147 0.0
1] 2245583 | 0| AFOOS198, 11APOOS19R Cervus elaphus temitobepsis... 1447 0.0
9122458811 gb| AF05196. 114005196 Cervus elaphus manitobensis is 1447 0.0
1[3327458| g | AFO16960. 11 AFD16060° Cervus elaphus memitobensis... 1441° 0.0
73] 2245582 gb} APGDS197, 1) AFO0S19T Cervus:eleplius nmnitobensis i3 1441 0.0
i} 66062454 gb| 4Y370666.1] Cervus elaphus canadensis D-loop, ... 1439 0.0
113327468 oh| V16970, 11AFD16970 Cervus-elaphus roosevelti R... 1439 0.0
113327477] gb | AFCIE9T9. L1 AFDI6979 Cervus elaphus. nelsoni WPL... 1439 = 0.0

13327453 gb| 4016055, 1] AFOI6955. Cervis elaphus menitobensis.,. 1439 0.0

Figure 4. BLAST search results of antler (NY-C). By BLAST (the
first "hit” in the BLAST results) NY-C was close to Cervus
elaphus nelsoni.

The rates of correct identification by D-loop
sequence analysis were 98% (781/789) and 98%
(787/798), respectively (Table 1). In BLAST search
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NY-C showed different rank pattern compared with
and Dongchangha.

Results of this study leaved more to be
investigated and answered, but they proposed the
useful tool for identification of Cervus elaphus
Species.

Table 1. List of identificated species of Cervus elaphus
species

nmple Ig?n,eggsc ated Scorel(bits) Matching(bp) %id}?ntjl
Dangeh :
g}?ag ehan elapluscsetrbvelﬁazs 1546 781/78% 8
claphusS i 1464 TI/789 9
NYC o pgptuss G bicus 1479 781198 8
claphuS et 1384 TI5/198 o7
Discussion

There are several types of DNA sequence
variation, including single base pair
difference-Single Nucleotide Polymorphisms (SNP),
differences in the copy number of repeated
sequences, and and  deletions.
Characterization and scoring of genetic variations is
increasingly important to correlate phenotype and
genotype differences. We investigated the feasibility
to determine Cervus elaphus species in DNA by
using sequencing analysis and BLAST search,
which was used to assess genetic identification.

Some deer horn sources as traditional Korean
and Chinese medicines might have changed over
times. It is undesirable when different Cervus
elaphus species might be used under the same
name, because some Cervus elaphus nelsoni in
Canada having BSE since December, 2000. In these
cases, genetic identification of traditional Korean
and Chinese herbs should help to ensure the safe
use of Korean and Chinese herbal materials. So,
the method for identifying the origin is very
important.

insertions

In BLAST search one of Cervus elaphus
species was identified as Cervus elaphus sibericus
but the other was identified as Cervus elaphus
nelsoni. This work showed that identification can
efficiently be performed by BLAST search. We
designed specific primer to identify Cervus elaphus
species. From above results we verified that our
Cervus elaphus species—specific primers were well
designed.

These results suggest that sequencing analysis
and BLAST search methods are suitable for
authentication of the concerned Cervus elaphus
species. But in our study we couldn’t identify
reared places or areas of Cervus elaphus species.
In conclusion, sequencing following BLAST search
might be able to provide the identification of
Cervus elaphus species.
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