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Origin determination of Tegilarca granosa using genetic diversity
analysis
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ABSTRACT

This study aimed to develop a genetic analysis method to identify the origin of cockles (Tegilarca granosa).
Initially, analysis of the mitochondrial COl gene revealed genetic variations among Korean, Chinese, and
Japanese cockles. While distinguishing between Chinese and Japanese cockles was challenging, a specific
haplotype (H1) found only in Korean cockles allowed researchers to infer their origin. Next, we analyzed the
genetic characteristics of cockle populations using 19 microsatellite markers. This analysis validated the accuracy
of assigning a cockle's origin and assessed the reliability of this method. The analysis revealed that three genetic
loci (Teg02, Teg08, TMP18) displayed differing numbers of alternative alleles expressed between domestic
populations and Chinese and Japanese populations,
separation. Using 16 microsatellite markers, the accuracy and reliability of origin determination achieved 89.6%
and 86.6%, respectively. This shows there's enough information to distinguish between Korean, Chinese, and
Japanese cockles. The results of this study demonstrate the usefulness of genetic analysis methods in
determining the origin of cockles. This method is expected to contribute significantly to ensuring the safety and
quality management of cockle distribution in the future. Additionally, there is a need for continued research to
improve the accuracy and ability to differentiate origins through further development of microsatellite marker-based

indicating genetic differentiation due to geographic

methods.
Keywords : Tegilarca granosa, genetic diversity, origin determination
INTRODUCTION (Hicks. 2016). A1Zo] AAAE BHEs| HAte AL 3
Zﬂ%OH gk A= E BAsiH, ols A NS gt Adg
A2 P W 7 pArEe] obdTt Fol T Aol vle A, AAIE, 1T A 27 So] wigE An ¥ 4
%93 ZAE BAelT Qlon AHIASL A% 9 AE ot °'E} (El Sheikha and Xu, 2017). =3 Z} 7 2|99
Mol izt o2 iAol o we Fo5 7120l Ut BAAES QAR E Bxsto] A=9] #4402 AEY B3R
HE Eo|uxt st ot (Mizik, 2021).
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SEAIRE AR BAIE -E5te B9 EAP AR7E 2
WsbA WAEl Stk I Easlel 54 o) AEe
AHZEE AolollA &2 AFEY JAEE 7MW, o= A
Foh w5, Yo B 5o A7te) sHHoz olEE 4
Eo] YAtA] B2t BAo 2+8= 4 9t} (Noh et al, 2017).
oj2|gh AF2 At Aoy Tl kS =T 4+
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Table 1. Sample information of Tegilarca granosa for origin determination

Sample ID Collection site Collection date Sample type Number of individual

GH Goheung-gun 2013.11.29. Domestic 32

BS Boseong-gun 2013.11.29. Domestic 32

JH Jangheung-gun 2013.11.29. Domestic 16

HN Heanam-gun 2013.11.29. Domestic 24

TA Taean-gun 2013.11.29. Domestic 30

C1 China 2014.12.23. Imported 28

Cc2 China 2014.12.23. Imported 28

C3 China 2014.12.23. Imported 20

J1 Japan 2013.11.29. Imported 16

J2 Japan 2014.04.10. Imported 24
AE st Anjate] obd &1 8l G5 A FHS 95t AL F=4, 223 424 mEke) fAE Aol S Helal o5
of et £4M2E TOR @ A W A7k s ANAE Tol HEstnAt seict.

Atk A WAl 59U A2F0] tig YAkA] wo]n, ol
27k 7k A2A Azloll e §A4H 15 Fvow Bt

EE U] AZA|ETO|E niAE
o FA2E A7]Ho] zfo] 5 o] &3t vt Az ERe] 4HA]
T A7t ot (Kang et al, 2013; Kim et al., 2014,
Choi et al, 2023). & WA= |AF FEF) gt AAbA] &
Holo, o= AT F Z2FE 7INeR it dHtzoz
AT F7toll AMASHA] b= AEFold, FEAHez [ARR
el A& & don S fdies st Hoh
o5 PCR 2A%E o &3 Ati®, Z71R, vHtaAlf{ 24
59 A AHEI7} o]of| sjggtt} (Noh et al, 2016; Noh et
al., 2017; Kim et al., 2022).

2 Aol fuRr Asiet 2 ofdatdd me
(Tegillarca granosa) ©) YA W Qs A s
ok, ek ejueHett ofyet =, 422
ofAlo} AR A=FHt MejgF A|97kA] E2 ZEs)
om, Agoz uje Q7|7b &L FFolth (Liu ef al,
2017). 22y 22 i SH2d B Y, 1y 5o e

A 4 5oz TU Aol Zasto]
AR Ddaw SojA 553 ot (Kim et

%‘%} 2, =2
zozH deHoz uje fAkstol
5

al,, 2019). o5&

=
ol 49 Jey B
CEE DR

MATERIALS AND METHODS

1. Sample collection and genomic DNA extraction
A, A d2AF mak A2 FPseAaE AR
[A o] HEEOQlE EFARE ARESIYICH (
Table 1), Als DNAE DNeasy Blood & Tissue Kit
(Qiagen Inc., Toronto, ON, Canada) £ ©|-&3}o] g
£ ZREZ0 w2t FE6ith 2824 20 mge oHEZ
EHoj gof 180 uL ATL buffer® 20 uL Proteinase K&
7Kt & 56°ColA 1A 5<F lysis AlZTE o]F 180 pL
AL buffer®t 180 pL ethanol (99%) & #7lsto] He =
A5HE columnol &7 8,000 rpmez YA L3}
300 uL AW1 buffer®t 53] AW2 buffers o|-&3to] &
$9] washing 2E 7% & TE bufferg o|-§sto] A=
DNAE 343191t} 3]43 Als DNAE 1% (w/v) oP2A
73} NanoVue (Ge Healthcare, Fairfield, NJ, USA) &%
FEAE ol&sto] 5 of 9 =5 SASIUh

2. Sequencing analysis

mop 22 RH 239 Al DNAL 5 54 2 5 83
2 Wo] HwE 93] mEZE=dol DNAY HIZE FH
COI (Cytochrome Oxidase subunit I) f82te] ¢7]14 <Y
B2AS S£siitt. HE ZzbojmQl LC01490 (5-GGT
CAA CAA ATC ATA AAG ATA TTG G-3'), HCO2198
(5-TAA ACT TCA GGG TGA CCA AAA AAT CA-3) & At
2319 ™ (Vrijenhoek., 1994), PCR ¥Hg-o] AL 1 L
As DNA, 2 uL 10X Ex Taq buffer, 1.6 uL dNTP
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Table 2. Genetic characterization of microsatellite markers in 7egilarca granosa

Locus Primer sequence Motif Allele size (bp)  Reference
M0y cameromcrosrcarce (0% 100106 PG
MOU g perccasmatoaserrce 10 1avast G0
08y CCaccomearorrearrcass  ©% 1rm PG0
Tz g crrrrocrrmcaceeacr O 1esma PE
T4 cacacacrocarrrcams | GTDreema GO
T g Upaerererrrcacmare O 18vms U0
M9 b oracacrroaccasscarca G0 1 MR
M2t g Gaaaacomassacomecare GO misr PR
e ponariorccaceasace AT 1evam PR
M@0y Ceaarrmrormccasorce M 7 TG0
M3 icacaccacacacacacas (0% 10m1s G0
MOy ermoastormocrorcrs e 191w PE
MO Geamrccomeasrcrassc @D 1210 PR
M0 carreacrmamearroace @D o G0
TP b GaasCGGATAGAATAATCAMMGA @AW ms1m PR
nriz p o caceascoaerrrmomare | (TOw sz MR
TMP18 F HEX AGTTACAGTTGGTGTCTTTTCA  (TTTC)sATC), 166-310 Wang et al,

R GACAGCCTCGATGTAAGTTAAA GTC(TTC)n 2013
™y Cpmomrororroacagroerr  AAOMAO: weraor  WREAD
KHS: p  Garreacormorcascea  O%  wvam MGG

mixture (2.5 mM), 1 pL forward primer (10 pmol), 1
(10 pmol),
polymerase (Takara Bio, Otsu, Japan) & ¥ 20 uLE T
/d5k9ltt. PCR 3=-2 ABI verity fast thermal cycler
(Applied Biosystems, Forster City, USA) & Ar&3s}3le
M, 94°Col|A 1087t 2714 (pre-denaturation) & 94°C
oAl 30x7t WA (denaturation), 58°CollAl 30x7F Z3t
(annealing), 283 72°CollA 187 A% (extension) 2
Z02 32 cycled st en, 72°ColX 727 HFAl

puL  reverse primer 5 unit Ex Taq

% (elongation) & 43¥5k%{ct. PCR AHE-2 1% (w/v) oF7t
22AE  olgstol #7 Fl F,
terminator v3.1 (Applied Biosystems, Forster City,
USA) 2] & ABI3730XL AH|Z o]&3le] ¥7|Md Hre
st

=3I
o=

BigDye

3. Genotyping analysis
nfo| 22 A EetolE Jolo] BAol 7|zo| Ayl mup
29 19% w7t &85 ATt (Table 2). PCR ¥H-34e] 2
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42 1 ulL Aks DNA, 1 uL 10X Ex Taq buffer, 0.8 L
dNTP mixture (2.5 mM), 0.3 uL forward primer, 0.3 pL
reverse primer, 4 unit Ex Taq polymerase (Takara Bio,
Otsu, Japan) 2 % 10 uLZ F43513ith PCR Z2E-2 94°CojlA
1023F 27184 (pre-denaturation) &, 94°Collx 123+ ¥4
(denaturation), 54°CollA 187t 2% (annealing), 181 7
2°Coll A 187+ A% (extension) o] ZHOZ 32 cycleg 7
Yt o, 72°ColX 727t 2EA4% (elongation) & 45
33ict. PCR AME2 1% (w/v) OPIRAZAE o] &35l X
59 &l &, GeneScan 400HD (Applied Biosystems,
Forster City, USA), Hi-Di Formamide (Applied
Biosystems, Forster City, USA) 2 3l &&35lo] 94°Cojl
A 387 HAJSH 3 ABI3730XL AH|S o]&3lo] FEAHE0
37] (Allele size) & EA5}9ic},

r

==

[ o

4. Data analysis

et NE2RE PikE J7MEHEE SegMan Pro
v17.3.0 (DNA STAR, Madison, Wisconsin, USA) &ZE
flolE ol8std AME B 2 HBES FFsIUTh olF,
DnaSP v5.10.01 AZEgo]2 o]&3te] £ Ul gHA Ho|
3 A sHE2ER] (Haplotype) 2 245t

nfo]AzA|EEtolE FAoR gHE FE 4HE9] 37
HE GenAlEx v6.502 AZE¢|o]E o]g&slo] 7|25
/8224 (Principal coordinates analysis, PCA) &
Jotlom, A 2ol A FA#AE population
v1.2.30 £2ZEQojz A5t E5, mute] itz W
S (Accuracy) ¥ AlEE (Reliability) 2 GeneClass2
ZEQo|E o]t FHst3lth

4> N2 ox

o2

A
A
RESULTS AND DISCUSSION

A E7E AFC] 9447 el Tt A
of sulzol7] A 7] 98 2H o2 A
: 27k 2 24429 Wojo] Z7HSHA 2 Ut

Zo| Qg Bolstel AulAEol A7 AE] 44
2 HolFL WO o|g HIMoz FEs Yk w3,
AHRHE AES AY olnE Bod o A HRE T
sHe 797} Botglon, olo] mel A Eyle] HehE:
mhe Fo3 2AZ AN Stk AFeloFEIAA N

2 I
™
rd
=2
rr

iy Afmuke] Ak, FEAF Q4] o] £3H ]
(Kong et al., 2015; Choi et al., 2023), Z1uke] A4t
of et A= e vt gk FAREH A& 4
AT Ak ol M THAdseE AHT SUAt mHtol
FUrtez FRtE o] wulE AR7E QljleH, 2
ol A E cstaiat mute] AMzE WHY
sk S ohstuat sl

FAgE BA dY 3 Agas HEZdol o A
(Restriction Fragment Length Polymorphism, RFLP)
A4 WRlo] AEF, 5, 12 A 1t S wEst
7] 93l 2 =x2 AHEE T} (Botstein et al., 1980). o] ¥
2 DNAd|| EAistk= 54 Adtas 145790l ut2t DNAZ
e 2oz, of BHoA 7= el 37| Ho|E o
&35t A4 zpo] & Wol= Wolh o]% PCR 7]&o] &
gdo] met o] Higte® DNA oy F9 T=F
(Random Amplified Polymorphic DNA, RAPD), AltE
A H#Zol oy (Amplified Fragment Length
Polymorphism, AFLP), 18]11 2¢/dal (Microsatellite,
MS) 59 24 Wro] ARgEI glon, HZols A7IME
TA71eS BEE RAAE si5sl 2Ae #Ps= o
tt (Choi et al, 2012). o|5 W¥ & AEZ
74 Bo] AHgEIE BhEE Joiel o
F99 A7IME BAT 29A BAS B8 et /34
Zol& 7Hto g mute] Az W THsAS HESHIG

7GRN S safste] 4t 570 A, A Il Jd, o
4k 270 FollA 250709] mEZEEor COI 999 d7IME
< gEsIglth FEEE £ 7 Alg2HE 4 547 bpoilA
o 661 bpe] HAE A7IMES FeH, olF F7IMEL vl=
ZPBEYEAME  (National Center for Biotechnology
Information, NCBI) ©lA AZsk= BLAST =Z=Z13j
(//blast.ncbi.nlm.nih.gov/blast.cgi) & AF85}% GenBank T
olefujjojAte] Hlx A £ A A} BE AR
£ M5} (T granosa, Accession No. MN119638.1) 9] COI
FAARet 99% o9l e Fe AeE FRlE

gHE  A7|MEL  BioEdit v7.2.5 AZEgo9
ClustalW multiple alignmentE o]-&3te] A3 om,
DnaSP v5.10.01 £ZEgo|E Ar&sto] Hohd Z2EY
BAE #RsHATh AA 250709 mlEZ =20k COT 99 &
ZIMEolA 17709 sHEZE ol FRlElen, 4k 127
(H1-H12), 224 574 (H2, HI3-H16), 12)a LRI
371 (H2, H8, H17) 9 s=2elloz A=t} (Table
3). 72 oIEZERIQ 7% Ato] HI, H2Q! ¥H, S=4tat o
24H2 H1 sHERERlo] EAfsHA| gow, H27t +2 shE=E
Yoz Rt AlFA oz = nEZEEol COI 9% A7IA

=

i

o
Iyt

oo
o

2
(@)

o

—_

o

2

N
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Table 3. Summary of distribution of haplotype among populations of 7egilarca granosa

Hap 3 9 14 36 74 114152164 191 194 199 234 242 256 270 285 292 321 417458 GH BS JH HN TA C1 C2 C3 J1 J2

H G T T €C A A AAGTAGGT CAGAATT 132 7 5 9

H . . . . . . . . . . T . AT
H4 . . . . . . . . A

HS .. C . . . . . . .

H . . . . . . . . . C

H7 A . . . . . ..

H . C . . . . . . . . . A

HO . . . . . . G

H1o
Hi1 . e
Hiz . . . . G
H13
H14
H15
Hie
H17

@]
o -

oNoNoNoNe]
(]

18 10 7 19 15 28 26 17 15 23

=
[ N e e

cC . 1

d 3 A TUH7|Ho] (Single nucleotide polymorphism,
SNP) 7} S4tellM= T == Co §AAH, 13 Fa4tnt
2ol = Col AT 27] wiEes SIEI of
NS 7oz nEZEZor COI ¥ FAA BAczE
S dEte] 2 o et FAtolARt ElH = 5k
ZE}] (H1) 2 ol&sto] Ditz|e] FH4o] 7hsdt A2 g
4 Aot (Fig. 1). ©, ole o9 7AllA gHE= {34
HEE 283 HTRAoMT 7k Ao, &30 iAo
A Ao] sjAo] ofg}gol fojstojof & Zloz Wt

A 2 A4 Zpol= 7]1& 7HEE 1959 vlo] A=A EE}
o|E mAE olgste] £AE FAsIAeH, 240 AMgE
et 25070A19) A (genotype) HEE ZF FE5IG
th. GenAlEx v6.502 £ZE¢Jo}5 o] &5t tidfrizte]
Hl& (Frequency) 2k 3% 72| (Genetic distance) 7|5t
o] PCA 42 stk 44 9] (Locus) & tiE &

1

Goheung Boseong Jangheung Heanam  Taean  C
OH1 BH2 B Etc

Fig. 1. Comparison of main haplotype distribution in
population of 7egilarca granosa.

Teg35 Z9JollA 4702 714 2 lom, TMP18oA

bl
. BAoA ato] Fa4h dEA Joka o2 S
Ho|= g4 {3t 297t EEglon, o] Y §34
| BrdE Atz £ 4 Qloh Teg02 2919 110 tiE &
Az AHGAFLS ZAE (0.146-0.281) HAoll A=A Uehgo
H, Z=4t (0.000-0.037), L&A+ (0.031-0.042) oA+ H]
2 GHA et (Fig. 24). =3 59 29)9] 114 e
A= ZAE (0.047-0.125) FdtollA @A Yelgton F2Ab
(0.250-0.315), LEAF (0.188-0.271) HolAE £ Yebyt
t}. Teg08 &H919] 147 dHAAAE 4t (0.375-0.531, EAQt
Aol el =2 FHAFFS UEon (Fig. 2B),
TMP18 HA| 4t Ho] F=p4t, A WTEDE 199 tfd
|7 @A Hol Yehte 2 EdE
2C). oj2fgt fAzF 9= T4 RS AW
olg o] Ao, At} o]5 et 7] Ko
+ BZARIAZ wE
FAEEAN ZAnoME 24 F2 a1 QR 379
& FAREeH, 24 OF WollAde Y, ¢F,
, el "ot 150 AEdEE AR Rl
(Fig. 3). ol2Igt A2 population v1.2.30 AZEY0]S
0|23t A%4 (phylogenetic tree) BAolMx SU5HA &
A= om (Fig. 4), ol ¥A UERH Teg08 9le] tid &
27 24 A F EiRtoll At Wa /el Zpol7t Yt
Zito] w2 Zo= AlsHth. A |AH A 4t
I} FZAko] AL WF 0.125 (0.101-0.146) & UERtoH,
AN} AEARS W 0.141 (0.114-0.181), 223 SAta}
UYEAS HWF 0.104 (0.069-0.142) 2 Sl=|QiTh,

[
ox
o
dor g
<)
ofr
ok
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Fig. 2. Allele frequency distribution for 3 microsatellite loci in populations of Tegilarca granosa. (GH, Goheung;
BS, Boseong; JH, Jangheung; HN, Heanam; TA, Taean; C, China; J, Japan)

D}OIEEHIEE}OIE oA E o] &35k mut AibA] vl A
ot AE=g Fstr] flste] Hiox|qt #A (Bayesian
methods) & 7|92 & GeneClass2 AZEg|0]& 0] &5
o] —E#*d% #‘%‘6}%} °‘A1 E‘—*do& 754—— 7IHP°i =
ol }\]-o oz
Hl 22 A ﬁ}ﬁit} A 19*«] U}HE g Al A2 o
et A 88.4% (221/250), Al 87.8%= EHol=ich
(Table 4). & s g 249 7| gAag £351%
onj ZZE Teg24, Tegd7, 1T Teg39s A3t 16%9]
oAS AL Al AT 89.6% (224/250), A= 86.6%S

eI QAkA] ghdo] AR 19%9] nlF & o] 8353
2 SRS 1.2% @A FAE oY, Wl digk A==
1.2% FEE= 245 22 4 ATk AR BAoz A4t
nekg Ao 2 WHEHE U4 (True positive, TP) & &
S 90.3% (121/134), A 94.7%0]0], FZA £= J&
Ao g2 mgdsts A (False positive, FP) 9] A==
83.0%= ThA WA SRIEQIc} T3t F4t e 42
£Asto 2 WASH= W34 (True negative, TN) 2
88.8% (103/116), AZx 95.3%0°]|H, ZLjito =
924 (False negative, FN) & A= 89.0%Z

o]

c

!

Jok L

S ox o r
ook ok
32 rlr H1 o r
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Principal Coordinates (PCoA)

Coord. 2(20.92%)

Coord. 1({51.35%)

Fig. 3. Principal coordinates analysis of microsatellite loci
representing the Tegilarca granosa populations. (GH,
Goheung; BS, Boseong; JH, Jangheung; HN, Heanam; TA,
Taean; C, China; J, Japan)

Goheung

Boseong

Jangheung

87 Heanam

60 Taean

36 China3

hina1

44
China2

Japan1

Japan2

0.01

Fig. 4. Phylogenetic tree using the UPGMA method among
Tegilarca granosapopulations.

Korean J. Malacol. 40(1): 51-58 2024

L SI¥Y B g1eel At AT AeNuT e
g o, 1632 nolA2A|Seo|E B 24 B
3} 3, SR wofe] ANAE BEL Y3 PRE A

C

CONCLUSIONS
2 A7 nee] AAE wlste A 24 W
Mg BER 3k o] 9] " mEZEZ0l COI #4
A 2Me Fo =Ah, S, A2 mee] {3 ol g
glsiglet. 3 Ad, Sa44 G2 meke] R o
O}, 4 ek WE s B SHERER] (HI) € ol
&sto] RS FAHT £ A FAsH

o Yol fA% S4& RAT, oIS HiFoR AR W
E Aot AH=S AFsit. 24 2, i fdA
2}9] (Teg02, Teg08, TMP18) oA At Hghat F4h o
B4 A Abolof] AE thPfHRE 71 Aol ol
=9lon, ot 2y Azl w2 {14 E4do] v
g At2Ec}, ik iy Astwol Agel 16%0] nlo]3
ZAHSolE nIZ AFSHS o BT 89.6%, AlE 86.6%
2 Uehgon, o= A mukul ZZAE AEAF mako] QAR
£ fhske o SRS FEES Algshe S AT 4 %tk

o] §83icH 212 Hojxn], 5 muje)
A pelo] 2 Jlol2 ¥ Aoz JYHh Eak, tho]2zA

Table 4. Analysis of origin discrimination using 16 and 19 microsatellite markers in populations of 7egilarca granosa

16 microsatellite markers

19 microsatellite markers

No. of
Sample type 1
sample Accuracy Reliability Accuracy Reliability

Domestic - TP 90.3% (121) 94.7% TP 88.8% (119) 96.2%
population FP 9.7% (13) 83.0% FP 11.2% (15) 75.0%
Imported 6 TN 88.8% (103) 95.3% TN 87.9% (102) 97.5%
population FN 11.2% (13) 89.0% FN 12.1% (14) 86.7%
Total 250 89.6% (224) 86.6% 88.4% (221) 87.8%
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