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In this study, we analyzed SNPs that appear between Korean and Chinese Scapharca subcrenata
using the nucleotide sequence data of S. subcrenata analyzed by genotyping by sequencing (GBS).
To distinguish the country of origin for S. subcrenata in Korean and Chinese, we developed a primer
set as single nucleotide polymorphism (SNP) markers for quantitative real-time PCR (qPCR) analysis
and validated by sequencing SNPs. A total of 180 samples of S. subcrenata were analyzed by genotyp-
ing by sequencing, and 15 candidate SNPs were selected. SNP marker selection for country of origin
were identified through real-time qPCR. Insertion 1 and SNP 21 markers showed the most distinct
separation between the sequence types as well as the country of origin through qPCR, with the observed
amplification patterns matching the expected outcomes.. Additionally, in a blind test conducted by
mixing samples of S. subcrenata at random, Insertion 1 showed 74% accuracy, 52% sensitivity, and
96% specificity, and SNP 21 showed 86% accuracy, 79% sensitivity, and 93% specificity. Therefore,
the two SNP markers developed are expected to be useful in verifying the authenticity of the country
of origin of S. subcrenata when used independently or in combination.

Key words : Country of origin, genotyping by sequencing, real-time qPCR, Scapharca subcrenata,
single-nucleotide polymorphism markers
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E L0077A0E ITPERE F34K39.8%), LEAk
(15.8%), ¥ ¥2H7T.2%), & A1oHH(6.8%), =W 4H3.4%) <=
o2 AU o|H8 FAHES YT 46T B2
eyt A 9 FAtEe FE RS A4S s
iAol gk AR 7} HE8] FAEofof 3t I Y&
APAoZ AT & Q& WHo] s Ao

T A= FAEES T3] T akEY 4
E9o Y1kAE 3] 98] DNAE &85 EAAESH
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2w i A7 AP EHT Aok T e -9 Random
amplified polymorphic DNA (RAPD) U} & o] &3k &3t
TEE B3 Sl A4S ESIATHL. TEe F
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Single-nucleotide polymorphism (SNP)< 7} 22
ZF Hol] T2 AMA I+ B XA olF Y
Z+ th Al 47 (biallelic alternative bases) =+ &1} WA &=
249 nucleotides A olyt A2 A= WHololH
719] 2§02 uAYFTHe]. 7]E DNA nH7 B} SNP
v} 2] polymorphic information content (PIC)7} =13 &5
$/8& e Y] ol e ANATe 3 ok
I 3 T2 A= AHSRITH3, 14]. SNPE ©] 83}
of NI viAE BEAAAESZ B4 HQ PCR =&
real-time PCRHO.Z && 7}53lH, =2 Amplifluor,
Invader, Tagman ¥ 5 3 G85E A3 AT =&
AFHow FAste 3 71N BAHE o] &35HH wl¢
e S5 2 A ME FHAEE B4 F
ATH4, 5, 12]. =3 F 2 23 next generation se-
quencing (NGS) 71 o3l v = YEANA =
SNP &4o] 7hsatH, et 2to|7}F vEht= SNPE &
|3 wkA ol o] &FH AL ATH18].

2 AFoA e sevetet S5 Aaeke) 4kA]
S NSt 913 NGS 71W F 3Rl genotyping
by sequencing (GBS) 7]1&& &85l ==} F= Am=t
Atolell YEb= SNPE #4133t RFS o] 3 SNP

>

3 Yakz B A EH EHE HEEAch

Mz U g

Mgt A2 ®MZE LY genomic DNA £
TU4E B S AR AR E PR Al X ellA
3070 A2 23t 9070 A 2] U4 A ekt 9071 A 2]

Table 1. The information of S. subcrenata samples

o
)

A Amets A ARSI Uik 2 =4t
gt JH= Table 1] YEFAT. GBS #41&
} genomic DNAE Amate] & ZZ oz RH
AccuPrep® Genomic DNA Extraction Kit (Bioneer, Daejeon,
Korea)& ©| &3l F&3lHth. %3 genomic DNAE
NanoDrop™ 2000 Spectrophotometer (Thermo Fisher Scien-
tific™, MA, USA)E AH&-3Fe] 260 nm®} 280 nm &4 =0l

N 58 Z45n JYsah

KAl
o

Ol

F

2 = o

Genotyping-By-Sequencing &4

GBS libraryE A 2}3}7] $18ke] FE3 A a9 gDNAE
Pst1# Mspl Al@GEAZ A Eg & 23 ZF DNA &7t
PCR primer A €& EZ&35}= adaptor AL A 2]E-E
£+ 4-6 bpY] barcode A B TANE AAH =
H A 718}F GBS library= NovaSeq 6000 system (Illumina,
CA, USA)S.Z NGSE 335t th NGS HlolE oA trim-
ming® & adaptor A EE& AAT th MAE 2Eeta
barcode A1 B3} &4 A E A ASI= demultiplexing 37 &
283t 1FA M-S BERSIATE 22" AE2 De
novo clustering?} standard A1 €l ™ g mappingS &3l =
Wakd =4k A ZEE A o] 245k SNP S 2E
st

SNP u}A FHo] MAHe AP AP ABA
< FASH o2 FA3}= Trait Analysis by Association,
Evolution and Linkage (TASSEL) [2] Z21 35 ©]-8-3}¢]
b T A 3EE Abolo] EA k= SNP Al Foll gk
E-A4 & A4H5}al, GBS-SNP-CROP (The GBS SNP Calling
Reference Optional Pipeline) A~ZE o] & o]&3}o] £
g GBS HlolE oA &4t} F=4k Alolel] Zpo]E Ko
T SNP ¥ A =7 £& SNPE AEetiit o] Ad3E
WO 2 Sh=abs) F=p4k 2 Uisk 92l 2ol
gelstr] fal 7 253 A E4dA A pvalue
E 7 HA TY3 flanking FE oAl A= T2 SNP
typee 7}A 32 PCR ZZ ZA3} product size’} & o2
FH SNP vHAE AEsth

Conventional PCR % genotype £
AEE 31 SNP ul71S 238Y38H7] Yall PCRS ©]

. . . Collection Number of

Country Group Region Collection location date individuals
KR A (01-30)  Gunsan,, Jeonbuk 35°27°49.9”N 126°20°30.4”E 2021.01.28 30
Korea (KR) KR _B (31-60)  Beolgyo, Jeonnam 34°46°00.1"N 127°28°44.5”E 2021.02.10 30
KR_C (61-90)  Hampyeong, Jeonnam 35°06°34.7°N 126°22°20.5”E 2021.03.19 30
CN_D (01-30)  Nantong, Jiangsu 32°30'15.1"N 121°4525.1"E 2021.03.17 30
China (CN) CN_E (31-60)  Tangshan, Hebei 39°04°57.0”N 119°16°12.4”E 2021.04.07 30
CN_F (61-90)  Dongguan, Guangdong  22°15’01.9”N 114°30°42.2”E 2021.04.07 30




83to] ZF SNP A €& SHAATH £ Aol A8 =
+ primer+= Primer3Plus T2 13[16]2.2 T X155 S
™, conventional PCRo|| AF-8-% primer 4 B2 Table 29I
Uebdeh 9kg EFE-LS 10 ul®] AccuPower® PCR PreMix
(Bioneer, Daejeon, Korea)oll 1 ul®] genomic DNA (10 ng/ul),
1 pl®] forward primer (10 pmol), 1 ul®] reverse primer (10
pmol), 183 FHF B3I/} 20 Wt HEE SHTE HVL
3te] A &S T PCRY AlllnOneCycler™ PCR system
(Bioneer, Daejeon, Korea)S AF-8-3}%1 2™, denaturation
94 Col| Al 30, annealing 60C | 4] 302, extension2 72°C
ol Al 30%= 35 cycleX B3t F5ZF PCR productst
1.5% agarose gell A1 150VE 30&3F A7 953t &<l
st th SZ o] &<2l% PCR productsi AccuPrep® PCR/
Gel Purification Kit (Bioneer, Daejeon, Korea)= ©]-83} <
22 9 FASAT. JAE PCR product= NanoDrop™
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2000 Spectrophotometer (Thermo Fisher Scientific™, MA,
USA)E 260 nm, 280 nmo4] FFEE S35t =
FTEE A3 £E$ PCR productse= FAAE &
A& $13] ABI3730XL DNA Analyzer (Applied Biosystems,
MA, USA)S. 2 sanger sequencingS 3} A 31k
4 ZA3}E Molecular Evolutionary Genetics Analysis
(MEGA) [11] Z2a8 o2 FAx3S E43le] SNP ¥
g5 gelstt

SYBR green dye @M &8t quantitative real-time
PCR

AEE SNP v & AAEA] 21 JRAlS] £ 7S gl
3171 913l qPCR- 133} T}, Training step©ll A= sanger
sequencing®l] ]3] SNP type®] &<1¥ genomic DNA sam-
ples AM&-31o primerd] ST & &1t} Validation

Table 2. The information of primers used in conventional PCR for SNP markers screening
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stepoll A= ZF primer B Z SNP type©] HHEE genomic
DNA sampleg AM2-319 T validation test 22HE BRSO 2
YA e Q3 715 Ct values A 3HA T v1A]
1O 2 training¥} validation stepol AF8-3}2] & JMAE
& FARE o] 4k W mEle] FEAd S W18
913k blind testE &3} TH

Hk-S E3E-2 AccuPower® 2xGreenStar™ qPCR Master

Mix (Bioneer, Daejeon, Korea) 10 pl, forward primer (10

o

pmol) 1 pl, reverse primer (10 pmol) 1 pl, genomic DNA
(10 ng/ul) 1 pl, 28 HF 97} 20 Wt HEE ZFHF
£ HUlstd AFsH o, vhg-o A8 primer= Table
3o YERAAT. gPCRS QuantStudio™ 6 Flex System
(Thermo Fisher Scientific™, MA, USA)E ©]&3}3 o H,
g 2702 95C ol A 1023t ¥Eg &, 95T 15%, 62Col
A 30%, 72Col A 3022 40 cycle Q33+ Th Melt curve
analysisi= qPCR reaction mixtureE 95C Al 15, 60C ol
A 187 W3 A17) 3, 60°Coll A 95C7EA] 0.05Cls (0.05C
every seconds) =2 WA ZSAHATE W E anal-
ysisE 913l primer B2 A2 ThE SNP typeS 714+ 471
9] genomic DNA (10 ng/u)E Z}Z} 10~0.0001 ng/ulZ 3]
st qPCRS &3t .

-

Quantitative real-time PCRO| AF2E primer2| 25
AY S8 AHS

SYBR green qPCR assayS ¢3ll 71'&¥ primers2] &
&4 7} limit of detection (LOD)E 37}3517] 915t €
A 4 SNP type BEZ 1/NAA F 4719 S. subcrenata ge-
nomic DNAZE tenfold into six series (10~0.0001 ng/ul)=
3 M3t qPCRE X33ttt Standard curves 2H249]
primer7} 2 2 2 3}= SNP sequence®] homo-type?! S.
subcrenata 8E2] DNA 10~0.01 ng/pl H$ UolA LA
t}. Correlation coefficient (R*)-S linear regression method S
Atgste] AR E A 2 EE-L standard curve®] 71&
71E 71§te 8 oy WA AS AREEte] ALt

E (%) = (10*(-1/slope)-1) x 100

i}
>

LODE 95% FEZ HAEY F =248 27T 5%

wgrel) 4 Fe] Aoz Hodrh

Genotyping-By-Sequencing B4 &8t SNP O A
32| o ME

St 4bs} T4t S subcrenata®] 180709 &5 £=3)
2 RE] genomic DNAE %% ¥ GBS #4& 33
Aol A 9,75370 2] SNP H71M D& SHHE}FS] 01, SNP
data®] 4= 6,3677l, Deletion/Insertion Polymorphisms
(DIPs) data®] <~ 3,3867W AT, S. subcrenata B4 ¥4
S 93 T H SNP "l = p-valueZ} B, Sh=rAba) S5
2F2] SNP type©] ©t2W, TR T primer 7] product
length7} 71 data o2 AA3IATE I 23 TH SNP
t}#A = polymorphisms type '8 2 Z+7Z} insertion 671, dele-
tion 471, SNP 5702 F 1571 & A3} A Tth(Table 4). TH
SNP m}A L] =7] 23 Ed& 93t SNP & A
T & primers< YARISIAL S, subcrenata®] genomic
DNAol td PCR ¥ sanger sequencing= 733} AT},

% [o

SNP O Z&E ¥ primer HIZ

AlgHre 971 E -2 multiple alignmentE =3 GBS
dataol| 4] 813k SNP G N A 2] variations 23T
Sequence alignment 239} GBS dataE Blw 3] F-2| ] g
A FEo] 7 Aolet FHEE= FH SNP rHA R
Insertion 1, Deletion 12, SNP 218 X A3} t}.

Insertion 1= 67019 7HAl ol 4 GBS data A 3}2] insertion
@A 9o F /el SNP FH Fo-& FA3AThFig. 1A).
A WA A= G714 Ee] A = CE EXsk= FY o]
™, 5 WA $1X= TT/AT insertion == insertion©] o
A && d9oz Yehtt Insertion 12> =4k 3771,
T4 37709 AL AL S FUME EAT A
807 =7 F SNP @ 9o] 5d& e 7HAT Y&
gRlstgl e, 1 5 A HA SNP 9 x|l thste] MAE
TESPE =U4ke] 79 AA2] homo-type©] 1871, AC het-
ero-type©| 187l, CC homo-type®] 4711 HFH F=4ke]
739 & JNAI7F AA homo-type?! A S 2 UE}FSTHTable

Table 3. The information of primers for qPCR with SYBR green dye staining

Marker name Primer name Sequence (5'—3") Tm (C)

Insertion 1 KRS001 F GCAGAATGCTTACAGAAAGAC 54.3
Shell SNP_I 001 R CGGATATGGAGAACGAGGCT 59.038

Deletion 12 KRS012_F GATGGACTGACGGATGTACT 55.5
Shell SNP_D 012 R CGGATTGTGCCACGTGTATG 59.627

SNP 21 KRS021_F AGAACTGCTTCAGAAATTAGTTTG 54.9
Shell_SNP_021_R ACGTAACTGAGAACATGGCGT 59.999

Underlined nucleotides in primer sequences indicate SNP sequence.
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A 10 20 30 40 50 60 70

Specien/Adbbey aiaas aleiasialalaalalel (aialaalalaiealalsalealalsl aialelaielalalaielalasalalanle s sisnlnaleasnnlen

AOCNShel N OOV F - -
SECNSna MmO F - -
GFCNSIOOI P = -

prmnnnae CodiducSNPregions
based on sanger sequencing ﬁl
80 # 100 110 " FL 130 140
Specier/Adbry H t } A3 - | ]

1. A KR Shed 01 001 F
Z 8 KR Shell 31 001 F
3 C KR Shel 61 000 F

4.0 CN Shell 01 001 F
S5, E CN Shell 11 001 F
6. F CN Shell 61 001 F

KRS001 F Candidate insertion region
= based on GBS analysis

150 160 170 180 190 195

Saa e e wes e

H
nnennd

Spacien/Abbrv

1, A KR Shell 01 00 F
2 B KR Shelt 31 001 F
ACERShel 1 0N F
4 D CN Shell 01 001 F
S E CN Shelt 31 001 F
6 F CN Shell §1 001 F

Shell SNP 1 001 R

Candidate SNP region

Species/Abbey

3, AKR Snes 01 012 F -

2 B ¥R Shetl 1 012 F [IC
3, C KR Shell 61 012F ~
&0 CnSnen 1 12F - - €
S E CN Shell 11 012F - 6

& F CN Shell 61 012F €

Specien/ADDIY

1. A KR Sheat 01 012 F
2 0 KR Shell N N2 F
3 C KR She 61 012 F
4 O CNShell 01 012 F
S ECNShen N 02 F
G F CNShell 61 02 F

150 160 69
Species/Abdry eja] [ale] (8] (& (o] [ e w e e
1, AKR Shell 01 012 F cC e e ¢
ZEMR SNl N ONZF
ACERShel Y 012 F
4 0 CM Shell 0V O12F
S ECNShell N ONZF

6 F CN Shell 61 012 F

Shell SNP_D 012 R

5 E.CK_Shen 31_O21F
& F_CN_Shell_§1__ONF

——-
Candidate SNP regions KRS021_F
= based on GBS mnalysis H
] ® 100 10 120 130 140

Spacs/AbOn aisisisisisiaisisieaisisinisin s1ojals]eis]al 1 0i01s] S[RT4I 10

& D_CN_Shell 07 __C1F
S E.CN_Shett 11 __OTF
& F_CN_Shetl_61__O21F

& F_CK_Shell 61_021F

Shell_ SNP_021_R

Fig. 1. Multi alignments of candidate SNP marker regions of S. subcrenata in Korean and Chinese and primers designd for
gPCR. (A) Insertion 1; (B) Deletion 12; (C) SNP 21.



Deletion 12 6712] 70l Al GBS analysis 2 3}l A]
Z}QI%H deletion ¥ 9ol 3hte] 1B SNP F9& &<l
3} THFig. 1B). Deletion 992 AA =& AG & A type
ol EAsH, T4t 3670, T=4F 36708 HAE FUH=
A% A3} FY4ky F=4F 25 SNP typeoll sl vz

X E HHTH(data not shown). SNP FY92 G =+
TE EAsts Y=, F7F 71AE A ellA 7870 €]
ULk F =4 2 9e GG homo-type©] 1270/3670, GT
hetero-type©] 2370/370, TT homo-type©] 470/070 = L}EFS:
TH(Table 5). ©] 235 HlIE S 2 Deletion 12+ Mzd
2R FE-E $3}e] G/T SNP sequenceS £4] thiao g
At tirkr9] Fo4ko] L35 += GG homo-type©]
SEEA EEF KRS012 F primer £l thymines &
AASHAT

SNP 21 GBS data®ll Al SE3F F 7§e] SNP ¥ o]
sequencing 27N & F A3 UEFTHFIig. 1C). A ¥
A SNP 992 G Ex AR EA5 F HA A= T
Er CE EASE AR YEyT o] 5 A HA SNP

A
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Aol el =4t 2170, T4t 1670 € 7t B4
A3 24709 =4 A2 GG homo-type, GA het-
ero-type, AA homo-type©] Z+2F 97W, 1270, 3702 et}
WA 19709 F=4F A 292 GG homo-type2 =4 314
ko GA hetero-type ©] 170, 18] Y] 187]=
AA homo-type?l AL E LEFGTH(Table 5). whebA] SNP
219 G/A SNP FHolA T4t tivkr7t L5+ AA
homo-type2] ZZ-& 7] 913l KRS021 F primer A <€
E9l guanine®] TFFHZ=ZF A 2SI T

SNP O} training step Z}

qPCR A &S 93l tAAS primer7} Eol 4 7HA| 2L
ERH0 72 ALAE FEG F JdeA FRlsr] At
sanger sequencing® 2 SNP type©] 0¥ AL S sub-
crenata 371(KRO1, 31, 61)¢} F=4F S. subcrenata 37
(CNO1, 31, 61)Z training set® X173}l Table 3 E7]3k
primer setE AF&3}4] qPCRES F &3} Th Table 61 A
£ 4 gl%o] KRS001 F&} KRS021 F primerS AH-&3
Insertion 13} SNP 219] -9 =4t S. subcrenatae Ct
valueZ7} B 25 o]8tE UEG}I o4 25 30 o]
o] #S B F primer = sanger sequencing©. 2 22135}
AS o A48 gPCR FF A7} HA| FF AR} LA
3l th. 8HA 9 KRS012_F primerS AH&3F Deletion 12

Table 5. Classification of S. subcrenata by SNP types based on sanger sequencing results

Origin AA

AC CcC Total

02, 32, 33, 35, 37-44,

01, 04, 05, 06, 07, 08, 09,

10, 11, 34, 36, 45, 61, 62, 03, 12, 31, 46
Insertion 1 KR 64-66, 68, 71, 72 63. 67, 69, 70 40 samples
18 samples 18 samples 4 samples
01-13, 31-43, 61-74 - -
CN 40 samples
40 samples 0 sample 0 sample
Origin GG GT TT Total
01, 02, 04-08, 10, 11, 12
03, 09, 38, 40, 42, 43 7 o
o 32-34, 37, 39, 41, 45, 46, 31, 35, 36, 44
‘ KR 61, 62, 66, 67, 71, 72 63, 65, 68-70 39 samples
Deletion12
12 samples 23 samples 4 samples
01-07, 09-13, 31-43
’ ; ’ 08, 64, 66 -
CN 61-63, 65, 68-74 39 samples
36 samples 3 samples 0 sample
Origin GG GA AA Total
03, 04, 32, 41, 42, 43, 61, 01, 02, 05, 09, 31, 33, 44. 66. 63
KR 65, 71 35, 37, 38, 39, 40, 64 > 24 samples
SNP 21 9 samples 12 samples 3 samples
01, 05, 06, 07, 09, 10, 31,
- 64 32, 33, 34, 35, 36, 61, 62,
CN 63. 65, 66, 67 19 samples
0 sample 1 sample 18 samples
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Table 6. Ct mean from training set of SNP markers

Marker name KRO1 KR31 KR61 CNO1 CN31 CNo61

Insertion 1 SNP type AC cC AC AA AA AA
sertion Ct mean+SD 24.146:0221 21.857+0.128 23.260£0.230 31.935£0.808 30.492+0.120 31.813+0.381

Deletion 1o SNP type GT TT GG GG GG GG
Ct mean=SD 23.559+0.066 23.426:0.065 24355£0.015 24.352+0.022 24.603+0.051 24.439+0.036
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SNP types in bold should be amplified.
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Fig. 2. Detection efficiency of each primer set according to sample concentration in qPCR. (A) Insertion 1; (B) SNP 21
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Fig. 3. Validation test results of Insertion 1 and SNP 21 markers with S. subcrenata samples from Korean and Chinese.
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