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Development of SCAR marker for the rapid assay of Paeng—hwal based on COI1 DNA

barcode sequences

Wook Jin Kim*, Sumin Noh, Goya Choi, Woojong Jang and Byeong Cheol Moon

Herbal Medicine Resources Research Center, Korea Institute of Oriental Medicine

ABSTRACT

Objectives | Paeng—hwal is described as an insect herbal medicine used for digestive diseases in the Dong—ui—bo—
gam, The origin of this herbal medicine is limited to several small crabs, such as Helice tridens. These crab species
cohabitat in the same environment and share similar morphological characteristics, making it very difficult to
distinguish and collect the individual species for use in dietary supplements or herbal medicines, This study was
conducted to develop a genetic identification tool for discriminating among these closely related small crab species,
Methods : COZ DNA barcode regions of 15 samples from 6 species of small crabs were analyzed to obtain the individual
sequences, To identify the correct species, comparative analyses were carried out using the database of the NCBI
GenBank and the NIBR, SCAR primers were designed to develop simple and rapid assay methods using inter—species
specific sequences, Optimal SCAR assay conditions were established through gradient PCR, and the limit of detection
(LOD) was determined.

Results : Six species of small crabs (Helicana tridens, Macrophthalmus abbreviatus, Helicana tientsinensis, Helicana
wuana, Chiromantes dehaani, and Hemigrapsus penicillatus), which are distributed as Paeng—hwal, were identified
through COI sequences analysis, We also developed SCAR markers to distinguish between six small crabs at the
species level, Furthermore, we established the optimal PCR assay methods and the LOD of each individual species,
Conclusions : The rapid and simple SCAR—PCR assay methods were developed to identify the species and control the
quality of herbal medicines for Paeng—hwal based on the genetic analyses of COI DNA barcodes,
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Table 1. Information on experimental materials used in this study.

Herbal name Food ingredient Scientific name Voucher number Abbreviation
Possible Helice tridens (De Haan, 1835) FB03559143 HTR
FB03560582 MA-1
Impossible ﬁﬁg ﬁﬁ;@ﬁgiiﬁg eg‘gll‘s FB03560577 MA—2
FB03560584 MA-3
FB03560533 HW-1
Impossible Helicana wuana (Rathbun, 1931) FB03560583 HW-2
FB03560574 HW-3
Paeng—hwal FB03561253 HTI-1
Impossible Helice tientsinensis (Rathbun, 1931) FB03561256 HTI-2
FB03561252 HTI-3
Possible Chiromantes dehaani FB04927456 Ch-1
(H. Milne Edwards, 1853) FB04927446 CD-2
FB04927450 HP-1
Impossible Hem(’gg i, f’el’élgg])]atus FB04927443 HP-2
FB04927447 HP-3
Table 2. Primers used for the CO7 amplification and sequence analysis.
DNA barcode region Primer name Primer sequences (5 —3’) T Reference

CO1-C02

AYT CAA CAA ATC ATA AAG ATA TTG G

o1
CO1-C04

Pincheira—Donoso et al., 2013

ACY TCR GGR TGA CCA AAA AAT CA

TNucleotides represented as degenerate symbols mean a single letter code: Y, Aor T; R, A or G.
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2 AAsL CO1 ¥tRE F749] H7IAE HETS gHs)
Ak, ¥ $32 2= o 700 bp 2719 CO7 F71ML A
B Z o]g3}o] NCBI BLASTE 53 A4%54 ¥ NCBI9 =9
AEALT 558 F7I4E BRG] FAE £4S 53l

#A7te] & A,

5. ¥ 5o°| SCAR primer Az & FF

o] SCAR primer A2+ 6% 157 ABRERZRE &

00 bp 271¢] A7|XE-& BioEdit(HHA 7.2,5) =&
9] ClustalW Multiple AlignmentE ©]-&3}o A|2E

7re] @71 g HaL - BAES Fal 7 5ol |77t 3 "ol

EFSIE=E SCAR primer F92 AA319 Tt SCAR primer=

Z0] 19~21 mer, melting temperature 50~60C, GC H]

Mot

o it
2 i
-3

=

£ 40~60%7 H=S AAstech, A2 SCAR primere]
% Bol4 AFL COINIRE 77 w40 AHER AT 5
ke

5t A]29] genomic DNAE AMESHR I, 6F 7F2H A&7}

e gEE B AEY A5 Sol2 AZAAE FoI7]
8l JA, o, g8olA 24 &3 genomic DNAE o]
3t PCR A& oF 10 ng?] genomic DNA, Z} 0.5 umol
L 9] SCAR primer F&} R(Table 3), SolgTM 2 x Taq PCR
Smart—MixI(Solgent, Daejeon, Korea)S £33l & HH-&
o] 20ulo] H=2 Azt PCR 272 ProFlex
PCR System(Applied Biosystems, USA) ZH|E o]-&3}o]
95C—-28(13]), 95C—-20% — annealing temperature—
30%(Table 3) — 727C—-20%(353]), 72C—-5E(13)=Z €&
AR, EF A PCR £7& BMstLA annealing
temperatureE 50~67C WY A gradient PCRZ A3}
St

6. SCAR primer Z'x HAE

SCAR primer2 ARE-3H7]0 A3t Aoz AUE SCAR
primer 2% 9 PCR AAel| FH3d 2 =459 =
HAEE AABE T Template:= 10 ng®] genomic DNAE
10814 514510 10 ng ~ 10 fg WIIE HAEAT,



4 PN N .

m 2 %

L COIvtEE 97N Y BNE B8 45F
U 53

ju:
il

COI BHEIE 77t 3L FYHOR Ao} Yt 45
1574412 ol &3] AP PCR SE3H AT 279 5L B3
oF 700 bp F71¢] FE AHBE BASYT FE B G
N A5 B suE 7 A2e] 47149 FHE NCBI

AB334549
AB334548
WBN0146888
MA-1
MA-2
M. abbreviatus || MA-3
HM180666
WBNO065783
HW-1
HW-2
H.wuana HW-3
MH593562
AB334551
HTI-1
HTI-2
HTI-3
0L876983
RX372550
cDp-1
CD-2
JX502889
WBN0053628
HP-1
HP-2
H. penicillatus || gp-3
WBN0047742
JX502904

H. tridens

<A

A,
s
WAL
WAL
oToe
T
5 A
5 195
T

H. tientsinensis

C. dehaani

I FEE R

AB334549
AB334548
WBN0146888
MA-1

MA-2 s oBona
M. abbreviatus || ¥A-3 e
HM1B0666 -
WBN0065783
HW-1

HW-2
H.wuana HW-3
MH593562 . .
AB334551 o Ty
HTI-1
HTI-2
HTI-3
0L876983
KX372550
cp-1

cp-2
JX502889
WBN0053628
HP-1

HP-2

H. penicillatus || 5P-3
WBN0047742
JX502904

H. tridens

phbpppbbRbE

PrEEEErbEb
RE B RN S

H. tientsinensis

m
L]

C. dehaani

PR
HHHAaEaaA
HHHMHaaaaan

HTR T TTATMTGFAGTTGTGACTGCCCACGCCTTCGTAATAAT’I"I‘T‘I‘TTTA'I‘AGTTATACCTATTAT

ahoonoonoo

Vol. 39 No. 2, 2024

GenBank®} S HAYEA AT TF5H F7IME BHeE 4
4 2 fAE £4F T8 T2 Elst £Fste &5t
fdt. I A3k, o1 HIEE 3 Q71 EL B4 1570 AR
LA 658 bpd] FYEE 2719 FAAE L= e,
FrEEolA AAE SRIHA g3 A, Z2A, d29A, Z2A,
DEA 2 EA 6%F0] A= FEHE AZ RIS
Q714 E BHS B &3t 157 822 A 174A], 24
A, LEHA 3AA, ZA 37HA, DEA 270A, EA 37
A= &= Ak (Table 1, Figure 1),

HTR AACCTTATA’I"TTTAT TTTTGGTGCTTGAGCTGGGATAGTAGGTACATCCTTAAGATTAATTATTCGAGCT! GAATTMGACAGCCAGGMGAC’TTATTGGAMCGACCMA

CEEEEES S

AGT CCCCC'I"I‘ATAT TAGGABCC

S GG A GO . f e

ACoA R O

AB334549
AB334548
WBNO146888
MA-1
MA-2
M. abbreviatus || ¥A-3
HEM180666
WBNO065783 ... . d e
HW-1 . S
HW-2
H. wuana BW-3
MH593562 cee .e
AB334551 S s
HTI-1
HTI-2
HTI-3
OL876983
KX372550
CD-1

. CD-2
C. dehaani 10559
WBN0053628
HP-1
HP-2
H. penicillatus || 8p-3
WBNO047742
JX502904

H. tridens

. g
5 o
& 3
T
T

.

A

T
T

H. tientsinensis

Baahshhaaaaaaan

obams sl I e T et O e | | I
HTR CCAGATATAGCTTTCCCCCGTATAAACAACATAAGAA TTTGACTTCTTCCTCCGTCCCTT ILLLILLIACFAACAAGAAGAATAGTAGAAAGAGGAGTAGGCACGGGATG

fnnhoona00OC

2232 EEEEER R

EEEEES S S S S S EEEEEES S S S S

hahhhihhih
brrbERERE



CO1 DNA vtZE G7|AF 7149k Bz k)

340 3€0
srplemarel o sl syl b e el
GACTGTTTATCCACCTCTAGCAGCGGCTAT’

370

HTR TGCTCA
AB334549
AB334548
WBNO146888
MA-1

MA-2

MA-3
HM180666
WBNO065783
HW-1

HW-2

HW-3
MH593562
AB334551
HTI-1
HTI-2
HTI-3
OLB876983
RX372550
CD-1

CD-2
JX502889
WBND053628
HP-1

HP-2

HP-3
WBN0047742
JX502904

H. tridens

M. abbreviatus

fchoannoonno
Maaaa

H. wuana

cbboananl

LR

anboo

H. tientsinensis

«e AT,
s oA To .
AT,
AT,
.T..G..
IS O -
.T..G.
B ST B
«+T..G..

C. dehaani

-t

anonao:

H. penicillatus

2SS S EEERE

i

450

4¢€0 470
|

CGTTATCAATATACGATH

480
1 soue el s sl
'CATACH

sl afs
HTR ATTTTATAACAACH
AB334549
AB334548
WBNO146888
MA-1

MA-2

MA-3
HM180666
WBNO065783
HW-1

HW-2

HW-3
MH593562
AB334551
HTI-1
HTI-2
HTI-3
0L876983
RX372550
CD-1

CD-2
JX502889
WBN0053628
HP-1

HP-2

HP-3
WBNO047742
JX502904

H. tridens

M. abbreviatus

H.wuana

H. tientsinensis

C. dehaani

H. penicillatus

5€0 570 550

L IR [P I IR R IR I IR |
CCAGTTTTAGCTGGAGCTATCACTATACTTCTTACAGATCGAAAT

580

HTR
AB334549
AB334548
WBNO146888
MA-1

MA-2

MA-3
HM180666
WBNO065783
HW-1

HW-2

HW-3
MH593562
AB334551
HTI-1
HTI-2
HTI-3
OL876983
RX372550
CD-1

CD-2
JX502889
WBN0053628
HP-1

HP-2

HP-3
WBNO047742
JX502904

H. tridens

M. abbreviatus

H. wuana

H. tientsinensis

C. dehaani

H. penicillatus

Figure 1. The ClustalW Multiple Alignment using the amplified
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CO1 sequences between six species related to Raeng—hwal. The colour

kers. Dots (-) indicate the identical sequences with H. tridens HTR.

Figure 1), SCAR primer B¥< ¢3] ClustalW Multiple
Alignment ¥ o2 6& 1544|Y COI G714 D& AL
gon, T F7IAE #ol7t 23E F7HE primer H 2
A3tk Figure 1), 22+ SCAR primer® £ZE= PCR
AFE9] oAF 37]= WA 220 bp, ZA 181 bp, LEWA
230 bp, 27 241 bp, EEA 115 bp © EA 209 bph
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(Table 3). SCAR primere}t 6% 157HA] A|2E o] &% SCAR
A BoldE HSE A WA= HTR-F2 HTR-R
primerE ©]&3t PCR 5% 24 157 A= 5 FA A
Tk 220 bp A7]9] & Eo]ZQl ZE AZo] #QlE|Qr} E3,
27 MA-F/-R, d&¥A HW-F/-R, Z# HTI-F/-R,
9E7 CD-F/-R 2 &7 HP-F/-R 9| primerE o] &3

Table 3. SCAR primers used for the species—specific assay.

I~

247}

HAAANME A" 3719 F 5o]3 PCR SFit=
Folgk 4~ S tH(Figure 2). F& 2] PCR &4 #A&
SCAR primer %9 annealing =% gradient PCR&
Rl A3}, WAL d&2YA = 60T, Z2A 63T, ZA 65T,
agal BEAC EA= 55CoA FE°]& PCR A=
Ao FEot= Aoz FAHATHTable 3, Figure 2).

I~

2
7
=

1o o

[e

==}

Target species Primer name Sequence (5'—3’) Annealing temperature (C) Size (bp)
HTR-F TTG GAG GAT TTG GCA ACT GAT
H. tridens 60 220
HTR-R AAA ATT CCG AGA TCG ACA GCT
MA-F GCC GAA TTA AGT CAG CCC A
M, abbreviatus 63 181
MA-R TGT TTA TAC GCG GGA AGG TC
HW-F TGA ACC GTT TAC CCT CCA TCG
H. wuana 60 230
HW-R AGG ACA GGA AGA GAT AAC AAC
HTI-F AGT TGT AAC TGC CCA CGC G
H. tientsinensis 65 241
HTI-R AAT AGC AGC TGC TAG GGA C
CD-F TTG GAA ATT GAC TAG TTC GCT
C. dehaani 55 115
CD-R CTT CTT GTT AAC AGC AAA GAC
HP-F CCC CGT ATA AAT AAC ATG ACG
H, penicillatus 55 209
HP-R AAA TTG ACA GCC CCT AAG ATC

ev'\ows

g

is
. e\’\S A %
ne s aat™ 1
pu feW 4 fuls
o 38 c 120

cD HTI HW MA HTR
F/R  -F/R  -F/R  -F/R  -F/-R

HP
-F/-R

Figure 2. Verification of primer specificity for SCAR markers of six species. The primer combinations used for evaluating species specificity
are as follows: HTR—F/—R for H. tridens, MA—F/—-R for M. abbreviatus, HN—F/—R for H. wuana, HTI—-F/-R for H. tientsinensis, CD—F/—-R
for C. dehaani, and HP—F/-R for H. penicillatus, as indicated on the left side. M represents a 100 bp DNA ladder, and dashes indicate
100 bp and 500 bp size marker, respectively. Arrowheads indicate the sizes of the PCR products, respectively.

3. SCAR marker Z+¥ ¢IAA 9 A&3I: A
gt =eRd(KP) E oighal=tebd olgtek (Y oh) 114 % (KHP)
ol A FAFIL e 71¥o] thE E28FoLt oFEH 97} ol
g 59 EALLE 1.0% ~ 5.0% o3k FHHL o,

"

R E2L 9 (0% olatz FAST Aot BB )
Z 77 27 Y0 BE o2 ¥ IS 53 SCAR
marker 7]49] PCR E-A% o] (i) o] L= AL Bhg
7Fsd A E1s7] $18) 24 Al R2HE &% DNA 100 fg



COI DNA vtZE H71AE 7|4t P& (izlf) A< 7HE-8 SCAR marker 7Hgt 7

(0.001%) ~ 10 ng(100%) W2 GdAHoR2 3IX35}y
PCR A& o925 A3t PCR &4 A3}, 94 10 pg,
4A 1 pg, 4&IA 10 pg, 24 100 pg, EEFA 10 pg, 1
23 E7 100 pgo 2 ZHzt HEIAE EUstRHFigure 3).
A% STt 7 B A U Z2A19F E2A1= 100 pg7tA PCRE
53 "Eol st e, ol olE°] 0.1% ol EYE U

Ao gelo| 7FsdE ulditt, et 2 AtollA AEEt
SCAR PCR 242 Ak 2 A3 4= gl WA, 24
T 65 THSA AESHA ET 5= U 0.1% ol EY
HAE A 1 EY ARE AT 5 9l A H ol 583
EHAE & 4= A cHFigure 3).

M 10ng 1ng 100pg 10pg 1pg 100fg NIC M

CD-F/-R HTI-F/-R HW-F/-R MA-F/-R HTR-F/-R

HP-F/-R

100bp —

<—220bp

<— 181 bp

<— 230 bp

<—241bp

<— 115 bp

<— 209 bp

Figure 3. Analysis of detection limit of SCAR markers. Yellow asterisks (*) indicate the concentration of limit of detection (LOD). The primer
combinations used for evaluating the LOD are as follows: HTR—F/—R for H. tridens, MA—F/—R for M. abbreviatus, HN—F/-R for H. wuana,
HTI—F/—R for H. tientsinensis, CD—F/—R for C. dehaani, and HP—F/—R for H. penicilatus, as indicated on the left side. M represent a 100 bp
DNA ladder, and dashes denote the 100 bp and 500 bp size marker, respectively. Arrowheads indicate the size of the PCR products.
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=lo] glojof shad|, @A WAl BEA 2% 02 AeEtn
AT ael= WAL dulbAl ARER o] fE= AA9
|3k 7)o A AR QE) gdE Y7t ol
APz SAAFA BA, 2A D 24 St T &
mjEl Agolch webd B dAFolAt TRk B(iE) F
ol A BE(H) ol SFdets WAL o9 SARES datez
COI MIRE 7+ A7|N D BAFT 0|2 Higoz 0|59
£& A3 72PEE 4= 9= SCAR A2 Adste] &3
Asts olgt 48 ARE T4 EX B 2 U8 xxoE
93t 7| 222 FgatuA st

SRR AR oA FRFAA D AgdE 24 S
AN A T WA DA GEENA A H4, A7
9 A moF = dgiHoz zfo|rl 9 15/HS T8 -
Adstdn, AREE cor vRE 37 G7INE FEet
NCBI GenBank®} ZYAEAT AEECFY AR 5
25 97|Ag FRE vmete] BE - 4 gk 1 A
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TAE AL AAE gdFol obd WA 174A], dA 10744,
JEGA A, ZA A, LEA 270 D EA 67HA 7k
E3tE]o] 9aL, HA G7IME2 BF 658 bpR FUsACh.
AR AAZ YFH = F5EH FTLEANA FAE A
otk ol AV V1A E FERAA AAL} wf AR
Aedl, AAY FEITATN &3 ZAV FHE AR
A £57 - Adste A Fol TEHA £)E 73 2
A7t AART eA4F o7 27 Fol & - 285l ALREHE
Aoz HohgE

6% 15/MAZEE &E Co7 G7IXE HEE vigoz
Al 788 SCAR vHAE &43t7] $3l E7IAE Wel7t
Q= HOE ZFlslo] Z E0]Z ¢l primerE A S, T
2 gradient PCR& X83sto] &9 PCR £4 =4S &4
st 1 A3k WA= 220 bp 2712 60T A & Eo|FH
PCR AhEo] gRl=Eglem, 47 181 bpe 63T, YEHA
230 bp= 60T, ZA 241 bpe 65C, TEA 115 bp= 55T
a3 E7) 209 bpe 55TolA PCR 270] =t =
g EdE AHE fEEE UAY B 29 A=E
3l 4= 9l PCR AEIAE EUsH] 8t A= testE
AR A3, 100 pgollAl 1 pg7hA 9] genomic DNA $=&9
A 5ol EjlEoe] AX EAEE 2 7Y HSE Y8l
e 28E A= goE

V.2 £
B ATE 3] A AR ol$H FROBY FU(W
#)9] 7| 9ol ZRES WA, A, AR, 2, 2A 2
A 63 OB COI MR T GIHLS v -
3, % Bola] kg ol§stel UA - AZI primer

A

o
ofs
K
2
i_

of
At
N

oF 229 PCR 24 HE st fEFolA A4 - At
% 45 ¢ 7 & SCAR 47 A E 7fEsto] o
Ze 4ES =&shgd

1. 6% 1570A91A CO1 BIZE 3t A71ME HEE &)=
gH3¥on, NCBI ¥ IS¢+ DB JHE 83
H71AE v - E4E T W)= FEE= A
SEA, E2HA, Z2A, EA £ FEADY F 58 A
AlBHEIL, T F7IAE AR AolE T F AEeS
gelski,

2. BRE CO1 HIFE 7+ F Eo] @7]A
SCAR primerS AA 591, £ @4 7do| 7153
9] PCR B4 H& grsto] A& - ZHHsHHA
Co1 vrzE B4} 558 44 H
AER S sk

e 2

B A7l SEststa T 71RAYQ A4obst Shop
24U B§716 MY A (KSN1822320)9] ALO = 43
Hglom, AR e B8-S 24 FFAAATAY A7A
25 A=Y,
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