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Molecular identification of Hippocampus trimaculatus and its adulterants based
on DNA barcoding
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Abstract: Objective The aim of present study was to establish a DNA barcoding datebase of COI, 16 S rRNA and ATP6 sequences from
Hippocampus trimaculatus and identify H. trimaculatus and other adulterants quickly and accurately. Methods Total genomic DNA was
isolated using the muscle tissue from tail of H. trimaculatus. The DNA barcoding genes of COI, 16 S, and ATP6 sequences were amplified by
universal primers and PCR products were sequenced from both directions. Sequences assembly and consensus sequence generation were
performed using the Codon Code Aligner V4.2. Sequence alignment was performed by using Clustal X software. The Kimura 2-Parameter
(K2P) distances were calculated using the MEGAS.0. Identification analyses were performed using neighbor-joining (NJ) methods. Results
The length of the measured sequences of mitochondrial COI, 16 S, and ATP6 were 649 572 and 603—605 bp, respectively. The number of
intraspecific variation sites of three genes was 8 bp, 4 bp, and 15 bp, respectively. The average intraspecific K2P genetic distance of COI, 16 S,
and ATP6 were 0.002, 0.001, and 0.006. The genetic variation among H. trimaculatus was obviously less than the interspecific genetic
variation. The NJ tree showed that H. trimaculatus could be distinguished obviously from other Hippocampus species, which showed high
monopholy. Conclusion Our results indicated that COI, 16 S, and ATP6 sequences are effective DNA barcodes for the identification of H.
trimaculatus species and its adulterants, with view to providing the basis data for molecular identification of animal medicinal materials,
adulterants and near-source species, and contributing to the clinical medication safety of H. trimaculatus.
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(P EZ ) 2015 FERid I 5 AN )
WD 258 =Y Hippocampus trimaculatus
Leach. Zk4Ui 5, Hippocampus kelloggi Jorden et
Snyder. K Hippocampus kuda Bleeker. Hl¥ 5
Hippocampus histrix Kaup F /N5 i 4 )
Hippocampus japonicus Kaup 1154k, A HighH
B RIS TR, =D (B RTE T,
SRR EER R, BENEE 1~100
A R A BB R A X b, B A] AR AR T i
LA, EETEE, BRER. BER. SRR, BEERSE N
TR ST ah ) L A RIE, AR,
T, A RIFEWENED . =0l D 1%,
KRR, AN LIRERIILR S Fh, HahikE w1
NSt . B S R 1. 4 &
87 RN AR BB, 2 e R S LY
TERHHIE, &R =P B RN A TR EEAN ],
A REANEAT BURFE, T HAdAAAE 5 HoAth i o 2 W) 22
AN BRI, AUEHANRTEAS, ARMEXS T & IE i
DI S BTEAT W AR T SRR B
M RN, 2 2RSS, iy L
LM BHIE T E, B HERFAT, &
S B ) TAE RS f N s 2L .

7> T ERARNE N AL G N TR
wAhTe, BAWERER. EE MRS ERIKT
R ITAESRAE h 244 45 8 AR B T R KD
g, HH DNA FKEEEARIEREY S A
T K, a2 %8 SR 3 7))z RS M
FA™, cot BE A Z 2R 7k DNA ) —BER FR i
R, EZHBYIEAET, COl LR EAFAE B E
FPoA S, Rk, AT T A A e R
GRFZEVINAN, WA St B AR R, 1R
2ot S A2 F s miE e b L 2 ). sk
SO (REZI) PRBSE . SR W R
L5545 ANENZINE, BRI HTRESL COL 7 A1 Ff
A AR S A% I . barcoding gap A% E R, H5E
1 COI 91 %5 7€ B 2450 B A RPEAAERR P, AT
255K H] COl JFHIME g DNA 5T HdidE A T 24 g
A% E. 16 S IRNA FE R LR _F i/
ZHER RNA, BEE A m BRI P 5 X3, A
JEE AR ST v B ARG ) P A0 X ek, A2 AT
IK A B AR a8 A% 22 R A R Gt Ak 2 A it 9 1)
SrFhrict. g1 7 kAL 28 Ak
WK BERILERIAA 16 S IRNA 741, BT 16 S FEK

B NI W EoR, B A MR ER A T [R]—
SEAEE, AR, L 16 S tRNA EJ DNA 4%
B B XS AL b5 o KRS K BT Fh 25 5
ATP6 JER 1 ATP 4 il FO A7 6 S, H
ARARK R BB FEEMEENE, £9T
YesE R, ATP6 F:[H AT AR IE A (b 76 P10 A
W 7tiz i DNA 2625 5R, LA COLL 16 S rRNA.
ATP6 F7F1 0 =B it 5 R WA 08 fhdE AT DNA 2%
TER S5, oA FE IR i 24 R U5 S IR By ot ) ) )
A SAEN, AR ST =B SR T
HEHARER S, N =D SR T K S E
Ao AR, DURUE =300 5 250 75 I PR FH 24 1 1
Wt 52580, ARG ST B S 25 )
R EFRHESR AT I BR T B
1 M5
1.1 #e

ARSI SR D 2R 13 4, sl e
WL 22 DU B N2 p i 3y, 36 =B B R
12 4, EINEREES 1 4, SWNLH RS RF
55— PR 2= 22 e 58 3 @I 70 03 6 8 o =3t
Hippocampus  trimaculatus Leach 1 = ¥l i J&
Doryichthys boaja Bleeker. ¥ T FIFE S i Fric ,
TS AR GIRAE, PR IR T WL R 2y
K22t [FIR7E GenBank (¥ 2 HH T %k 20 2%
COI. 16 S 1 ATP6 J75|( 8L H. kelloggi Jorden
et Snyder 3 2%, KifF D H. kuda Bleeker 2 2k, /N
Ly H. mohnikei Bleeker 3 2%, Bl H. histrix Kaup
2%, KVPPEEY H. ingens Girard 2 45, BEOLED
H. erectus Perry 2 %k, R H. comes Cantor 2
%, WL H. spinosissimus Weber 3 2%, i JE
Syngnathoides biaculeatus Bloch 1 25), FEASKIR K
. DNA ZIBSFHIE R WA 1/ 2.
12 ®F

oK O C Rl gt XA R A FD; i
FESVAH SRR DNA BRI & (CRIRA L
BHEABR A E)D: 3EHEF (BIOWEST); 50 X TAE
SR AEY TR (Rl KA RAR];
DL2000 DNA Marker (TaRaKa /A 7] ); 6 X Loading
Buffer (TaRaKa A7, ); 4S Green %4} (BBI Life
Sciences); 10X PCR buffer (TaRaKa A ] ); dNTP
Mix (TaRaKa A #]); rTaq B (TaRaKa A& );
COIL. 16 S rRNA Fl ATP 5|4 th i 5 e A= ¥kt
FABRA A A
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Table 1 Habitats of samples used in present study and theirs sequence information

B 5 col 16 S IRNA ATP6 ‘
s “th B KEEbp GC/% HfEH KEbp GC/% HfHE8  KEEbp GC/% Wit
1 =g Al 649 4006  A'l 572 4196 A"l 603  36.82 LM
2 =g Al 649 4006 A2 572 4213 A" 603 37.15 LM
3 =g A2 649 3991 Al 572 4196 A"3 603 3698 LM
4 =Pl A3 649 4022 A1 572 4196 A"4 603 36.32  wHEE=M
5 =Pl A4 648 4028 A1l 572 4196 A"5 603 36.82  wH=M
6 =i A5 650 4031 A1 572 4196 A"6 603 36.82 =M
7 =P A6 649 4052 A3 572 4213 A"7 603 37.15  WiLE%w
8 =3 A4 649 4022 A4 572 4196 A"8 605  36.69 Wiz
9 =Pt A4 649 4022 A 572 4196 A"9 603 36.65 WL
10 =D A7 649 4037 A% 572 4196 A"10 603  36.82 WHTE%
11 =3 Al 649 4006 Al 572 4196 A"9 603  36.65 WHTE%
12 =P Al 649 40.06  A’5 572 4178 A"l 603 36.82 WL
13 ®Lyuhy Bl 649 40.68  B'l 578 43.77 B"1 603 34.99 GenBank
14 ®Lyuhy B2 648 4043 B2 578 43.60 B"2 603 3532 GenBank
15 ®Lyuky B2 648 4043 Bl 578 43.77 B"1 603 34.99 GenBank
16 Kig Cl 648 4090  C'1 575 4348 C"1 603  36.98 GenBank
17 Kifg 2 648 4074  C2 575 4330 C"1 603  36.98 GenBank
18 N DI 649 4037 DI 573 4311 C"™2 603  36.15 GenBank
19 N DI 649 4037 DI 573 43.11 D"l 603  36.15 GenBank
20 /NIty D1 649 4037 D1 573 43.11 D2 603 36.48 GenBank
21 b El 649 4037  E'l 574 4268 E"l 603 37.98 GenBank
22 b El 649 4037  E'l 574 4268 E"l 603 37.98 GenBank
23 PN e T F1 649 40.68 F'l 575 4330 F"1 603 36.15 GenBank
24 YN F1 649 4068  F2 576 4323 F"l 603  36.15 GenBank
25 JERA Gl 649 4268  G'l 577 4263 G"l 603  39.64 GenBank
26 JEA G2 649 4284 G2 577 4246 G"l 603  39.64 GenBank
27 R HI 649 3960  H'I 574  42.86 H"1 603  36.48 GenBank
28 R H2 648 3966  H'l 574 4286 H"I 603  36.48 GenBank
29 I 1 649 4022 'l 578 4239 Il 603 3532 GenBank
30 i 12 649  40.06 'l 578 4239 Il 603 3532  GenBank
31 i 3 649 39.91 12 578 4256 Il 603 3532  GenBank
32 b2 J1 649  46.22 JT 571 44.83 J"1 604 3990 GenBank

33 EWE K1 649 39.60 K'I 571 4466 K"l 604 38.08 v[dbz2[E
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Table 2 Sequences of DNA barcoding of samples

GenBank 7415
Yrkh
corl 16 S IRNA ATP6
=D MH346182~346193 MH346170~346181 MH346194~346205
LY KT878879.1 KT878879.1 KT878879.1
MF123923.1 MH279623.1 KF703755.1
GQ502150.1 MH279624.1 NC 029349.1
Kifg FJ176577.1 AP005985.1 AP005985.1
FJ541046.1 DQ452301.1 NC 010272.1
AN KY798142.1 KY798142.1 KY798142.1
KF557651.1 KF557651.1 KF557651.1
KT780446.1 KT780446.1 KT780446.1
L AP013027.1 AP013027.1 AP013027.1
NC 021454.1 NC 021454.1 NC 021454.1
YN A KF680453.1 KF680453.1 KF680453.1
KC851895.1 KY065553.1 NC_024530.1
HAgY KC851878.1 KF557652.1 KF557652.1
KC851880.1 NC 022722.1 NC 022722.1
KR JX970973.1 JX970973.1 JX970973.1
GQ502135.1 NC_020336.1 NC_020336.1
W KT878878.1 KT878878.1 KT878878.1
KT592058.1 MH282495.1 KJ123693.1
KT592067.1 MH282494.1 NC_029350.1
NI, MG728097.1 MG728097.1 MG728097.1
E$i/IFisy)a MH259592 MH259592 MH259592

1.3 FENSEEE

PRSP 2 R R A (dba) AIRA
F]]s HAVEIR KRS (RS LI HBR A ] D;
R R (SEE Thermo A F]D; BT
i CRIBEIRSD AR AR EIT R D ikl
R 22 A Blipl A 3 FL B AT PR A 51)5 S1000™ Thermal
Cycler (£ Bio-rad 2 #]); BRIk (EEH
Bio-rad A #]); B E RS (3£ Bio-rad A );
BOHL BN EWAEMFEARERAFD,
2 Rk
2.1 DNA 28

W= PEHE RN, F 75% PR 480E E3, BY
AR S mg BT EP &, FEARIZER 4
DNA ¥/ DNA $#2HGAf & (Takara A ] $2HL,
PREOTES AR S . FHERME SO
KEFEA DNA FOSi BRI . B 3R B AR S B

F-20 CIRFF.
2.2 PCR ¥ & XN

COI JE[R F Bt 16 S ZEK FrBL. ATP6 JEH Bk
PIRAME SR R: B NARZRN 50 L, #B4iK
35 uL, 10X PCR buffer 5 pL, rTaq F 0.5 puL, dNTP Mix
SuL, LIS (F) 1L, TSI (R) 1L,
B DNA 2.5 uL. PCR NAEF: 94 CHAE!E: 5 min;
94 CANE 45 s, 48~53 ‘CiB/K 1 min, 72 CILEf 1
min, 32~35 MEF; 72 CLEM 15 min. § 184
2 1% R FERE YK, TR BUE RSt (Genegenus
AFED EAL SR R HBIEREEER Rl Sal
fLIRIL, 2k 51 PCR P24 LS e R
BRAFEA TN, f#H ABI-3730 E SO &FE
] PCR F=HIHAT RUal T,  DAORIEN 345 S pik
#atE, BTASIA PCR 5I9AHE .. 3 A 5 A A
f*) PCR 5Y751 W 3.
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Table 3 Primer sequences
SGiEIR /B J3Al FHl (53" IUB trdEfe I b4 5

COl 1ER TTCTCAACTAATCACAAAGACATCGGCA R=(A/G)

S| ACTTCAGGRTGTCCRAAGAATCAGAATAAG H=(A/C/T)
168 1E[H] CGCCTGTTTAHYAAAAACAT Y=(C/T)

S| CCGGTCTGAACTCAGMTCAYGT M=(A/C)
ATP 1E [ CAACCCCTTGAAACTGACAATGACA

1A GCTTGRATTATAGCAACGGCTACTTC R=(A/G)

2.3 BUBAIBSFHISH

WM R 7513847 BLAST KR, #iEfr
g5 #HFAAR AT, H Bio Edit HAFHEAT
ANTIERRIE. BrEHE ETRHSIFS], H Clustal
W TR AI LR, PP RIEE, PSR Ol
% GenBank #(4f8 2, 35 W3 2, FIH MEGA 5.0
AT S BT AS FTI T B I A R K, BT
K2P W SR T 55 3 1778 S o RS B R
PR By S AhIal s AL BE 25 JE I ARV E A R St
HEALRE (NT Ay HEBI
3 ER55H
3.1 MERFHEL S

=R LTRSS WE 1. =30E 5 A%
BUFAE: K 10~17 cm. & 20~21, kg 17~
18 ki ki/ Ny SRBL, T 5 AR W)
R, WIEBRE, AMKM 12, EMET 2R

IR, N7 RR A AR K o A S B
W A 1. 4. 7 /NBIEEE 3 KR
BE, ARHFRA I o T RPRIBUR Dy = B (1 B
AL o

1 =BEEDFIRERS

Fig. 1 Morphological character of H. trimaculatus

x4 ZPUBDYHEFISHESR

Table 4 Analysis of sequence of H. trimaculatus

PB4 K PRAF A7 5 /bp AR5 3 /bp {7 AL xi/bp Feth S 51 REE
col 641 8 1 2 0 1.233
16 8 568 4 1 0 0 0.699
ATP6 588 15 6 3 1 2.487

3.2 FZHEREEISHh

AHF TN =P T AE L) COLL 16 S rRNA,
ATP6 JEHEAT T PCR ¥ 14 Sl /7, KA Mega 5.0
AT =PEg G IR P H] GC &5, TRIEAR 47 55
& RAL R R B S AT AT, B A A R L
* 4. H COLFAIAKN 649 bp, GC V& &
9 40.13%. 16 S FHIKEN 572 bp, GC V& &
N 41.97%. ATP6 J7 4|4 KA WE A 603 bp,
GC P& EN 36.81%. X =5 5K COL. 16
STRNA H1 ATP6 |7 51] 1) B 4% B £ H AIAS 7 i i 43

MR, ARIMZEETIFEEENRFERE
FEMERIA R, HAp =B Y COl FAIMFLE 7
FhELAE Y, 16 S IRNA [T HIAFLE 5 Fh s 5 8L, ATP6
JPHIAEAE 11 P fs 2, 4878 ATP6 J7 51 7E =B
LM NAEE RN % Z R, W T 5 2t
TR B AR BAL 2B 7 . COL JF 511 F1 ATP6 331 1)
AR A A AN 1.233%F1 2.487%, 11 16
S rRNA FFAIM B RS &L, HASHA
0.699%. COI J¥F [ EHAE R 2, AAFLEEE I
%5 16 S rRNA J7 5 A7 75 5 e FVEs 3] 90 %
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ATP6 A5 A B BEME 73 5 3 F0 1,
33 =SS RESGRERAEFIIESEESSH
X = B K HR A A R T B s A% B
BT R, LA COLL 16 S rRNA 2 ATP6
FERRAEEE B M 0 3 0.012 A%, =FEHFLFhA 16
S rRNA JFHIEEFE B /)N, 104k R B A8 A Y0 ] e
KA ATP6 J741, ERIE 2. =S5 4 F
B (R8s, fligS. KigS. /NED)
A4 Fhby S CROFES . RERD . BG5S,
BEALHES) ANFE P A S AL I S AR 3 KT =B
T L N Y A AR PR

0.20+
o ] 345 2
g 0.154 . % ¥
H
R4
# 0.104
i
S 0.054
@) . .-
Tt Ay J8AE P 2
0
=
&
B
_K
0.209
B
H
& 0.154
b FhIFLit
nﬁ 0.10 o *e
%
=

T[] A% B 25

0.204 *k

sk K

0.15

o
0.10-

ATP6 H R L B

o
S

by
1

il Y I B S

(=]
[

=ik
&
B
X

“P<0.01
E2 =pESRERMBNEFINEEES S
Fig. 2 Intraspecific and interspecific genetic distances in

different sequences of H. trimaculatus and its adulterants

BT COL P AN =B T 1) Fp P A8 Sl R 45
F oy BT R BRI PN T8 A5 BE B AR A 0.000~0.008,
PSSR B AL EE B9 0.002, K55 HAD 4 FbE i
O (REUET . KD, NED. gD f1 4 F
s CRPERS . RREBS. B, BT
W) [ COLJPHILLE:, =B 5 A 8 FhilE D
R R B AL BE B AE 0.112~0.141, 5% i D A0 i
LFp Rl L R S i/, 3l 0.113 filo.114, &5
B SRR B AL EE B R, O 0.138, e/ M)
LIRS I KT RPN B AEER B, fAE R 15
JEASIEIFR . 16 S IRNA J7 31 ATP6 J7 51 73t B,
BV D 1 e K P T A B S N /N T B/ N R ]
WHEFEES, 16 S tRNA FEHIH =B & i K )
Tt A 188 A (1 B A B /NP (138 A5 R 25 03] 2 0.004 Al
0.047 CUNiE), ATP [3751 = BEi -5 i KA N g%
P 0 R g /N ) B8 A B 25 49 i) A2 0.012 AT 0.138 (K
W), Hh BT 16 S tRNA [R5 ATP 741 =B
Y Sy /N [ 358 A% B2 2 70 1) A HL A Kol P JEEA% E
() 11.75 F5A1 115 15, AMEEFIUASESH Y, W
FTHERIX 4y =305 5 H AR L 5 Fh . BT COl
FF51. 16 S IRNA JF5F1 ATP6 J5 51| ()12 6] it 4%
FEES 4314 0.125. 0.067 F10.158, #7~ ATP6 FE[A]
FEASTALHE 1, S A ) BRI L S R B, T 16 S rRNA
SRS AN [ it e ) () A o e A 1
34 ZBUESRHEEMR NI REESH

ik WIRASE DNA 2055515 =3
FES S MIRIERREE, A 12 D=3 DR K COL.
16 S TRNA F1 ATP6 5511 Ath 8 b IE Dl g A% i
SRR AN 2RSSR B ND
PEREATSRIS T . Forp IE O fhife SR i SRR B
4 FpIES 2 PPy it S AN ARG (A
. Lot S, KD, /NG, fES; i S:
D RTEED. RERS: Bk M.
PR HIFH) (R 2), SR IA 3,

TEE 3-A 1, B COL R 44 3 /5 (1) = B ifg
12 MEMEBER ARSI, HArCFEREN
99%, B HAl 8 Fhifg A0 2 P KX A HF. =
S 5RSMERESRER —nL, H
Bootstrap E{N A 20, %45 R =Bl 55 2 Fhifg
L2 PSR R ZRE, HIE NI WEATRE,
HAME R 2. A, 78 COT 7811 NI 3L p
HAgY . KigS ., RaugS . KPR SRS
RON—3, N HBMEN—3Z, H Bootstrap
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A =B 02
NS
4]“&@@-19
Nt -20
- IE-33
Wit 1z-32
B N
=B -06

BHifED-07
BHfED-11
BHifE-05
BHifE-04
BHifE-03
BHifED-01
= B 509
= D 1-02
Efkﬁh 108
P H-10
SR 12

INEETS-19

N -18

17
P23
RSP -24

Wit JE-32

MG IE-33

=REfE-09
=REfES-11

=B -08
=REHES-10
R T-02
=P 03
=P Y-06
=P -07
=P -12
=P -04
= PEED-05
NEET-18

JRRHE 27
T -28
Kifgh-16
Kifg-17
KO -23
KO -24
R S-13

Bt -31
hitg5-29
hitg5-30

i -25
e
0.02 i IE-32
FEIMiEIE-33

3 ETF COI(A). 16 S rRNA (B). ATP6 (C) FHI#ERY
=BEEDRESRER NI

Fig. 3 NJ tree of H. trimaculatus and its adulterants based
on COI (A), 16 SrRNA (B), and ATP6 (C) sequences

B3 94 F1 42, 245 Rt /Mg By B 5y —
IS R, H NI WSS IR AT T A
A RS R AN . WKl 3-B fE 3-C TR,
16 S trRNA J&5F1 ATP6 /541 TR () NT 34k b
o ZBEY 12 MEREER AN KIS, H
Oy SRR R 99%A1 100%, ARER &AL S H:
finilg 5y IF, H 5 H AR B EE &R X 5 1
Bootstrap {E.73 74 99 1 72, #iHH NJ # g5 Mte e,
TR NHERE . 5 COl FAINI NI B 45 A
F, 7E 16 S rRNA /751 ATP6 J7 5 ke NJ
B, =B, NES. SRR ER SRR
—#f. FIAFIAZE, 7E 16 S rRNA JRHIRI ) NI
W, =3RS 5/NEEEEN G, 205 E
Rt Sy RN D 5N —HBE; 7E ATP6 J7HIFEE 1) NJ
W, RS S SRA—#E, HS5/NEE
RA—H, RES5=HIBERE RN, ZE5FIE
INURERT AR P SIATE v e 6l6) B3PS SERE X (ES]
P S MAEX MFIE, 16 S tRNA FEFFI
ATP6 JER W] DAE N 254 DNA 25 TR 4558 1)
BT, ATP6 H:[K R HAE =B 0 N 5 1
B RIBRE AR AL, TR RS FARMCY A T =
BEI S R B AL 2 FE 1 T R e A AT 2

4 e

ARSI X = B Y [ PR s AR A 2y T
JESRTUASRET 7 Rt oT, AT 7 =3t 5 HiAth
i DLVR O i T ot [R] ) B S 2 S 0 ARRAE, X COLL
16 S rRNA 1 ATP6 J7 FI|#E =Bt By Foh oAy M ] ) 22
SR BRI NI WERIIHAT T o, BT
ANF] DNA S TEH1E =B 5 7y 1 5 e Fhim i S
AR, NP PUEHER S AR R E T
Fefitie AT =P 5 1) 16 S IRNA 751 GC &
Bie, 1k 42.13%, ATP6 4] GC S ERIL, N
36.32%. F#ET COI. 16 S rRNA Fl ATP6 /5 %I%} 36
=B AT 40T, RIH A T L& &
KT CH GRES &, FrAFHlmE G &Emi.
VLB =B S A R S E M E T A T, A
FIE G A C, SRS MBS LM,
DR RARIE R S & A M T, AR NS 11
i FH T 52 B 9228 A B ),

DNA 5T HEARAE A %5 5 HR I b K
J&, LA SRAE A 2t B i s U PR R
el AR AR SRS SE AR L, i f
ZFNEEHEEEEFEE . RO AT
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