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Development of Rapid Identification Method for Asian Clam,
Corbicula fluminea and Brackish Water Clam, Corbicula japonica
Using Duplex PCR
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ABSTRACT

A duplex PCR primer set was developed for molecular biological species identification by making species-specific
primers for Corbicula fluminea and Corbicula japonica distributed in Korea. The developed species-specific
primers were designed to form an interspecies-specific band around C. fluminea 289 bp and C. japonica 143 bp by
searching for a site of interspecies genetic variation appearing on the nucleotide sequence of the cytochrome ¢
oxidase subunit 1 (co7) gene of mitochondrial DNA. A verification experiment was also performed on the duplex
PCR primer set by measuring the amplification efficiency for each repeat number and genomic DNA (gDNA)
concentration. The duplex PCR primer set finally established was found to require a minimum of 10 ng/uL of gDNA
concentration when considering the sample amount and PCR reaction cycle in terms of economic feasibility, and
30 cycles were found to be suitable. Therefore, the duplex PCR primer set between C. fluminea and C. japonica
developed in this study is judged to be able to perform accurate species identification quickly and conveniently by
PCR band observation.
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N = 5o glem (Lee, 2019), F2uztells A (Corbicula

fluminea) = B]E3 LEAA (Corbicula japonica), A

WELE. (Veneroida) 9] A3} (corbiculidae) o] 43h= A (Corbicula leana), R-2#% (Corbicula papyracea), 7
A< (Corbicula) o]vislii+ olrlof, ofzel7} W 35 & o)A (Corbicula portentosa), A%  (Corbicula
. gy Aure| Rzap Dl 7)o AAlsl) insularis), ZA% (Corbicula fenouilliana), TH5 A%
(Morton, 1986; Glaubrecht and Korniushin, 2003; (Corbicula fluminalis), 5% (Corbicula colorata) %

Sousa et al., 2008; Pigneur et al., 2014; Haponski and 9% AH<E o|wjsiFr) AAlst gl Aoz oA gt}
Foighil, 2019). A% o]ulsi2E A AARCZ 10%0] & (Lee, 2016).

Selvet AR olrslFe] s ofg) Akeke 19919
Received: December 01, 2022; Revised: December 20, 2022; < 7|F2F 1,306 M/TS 7| Z3}o] Aldefo] v|wa EF5-3)
Accepted: December 30, 2022 1oy} (MMAF, 1997), 31 24 w3tz <lgk A4 WA 7
Corresponding author: In-ChuI.Ba.ng . el 6 o - . e o
Tel: +82 (41) 530-1286, e-mail: incbang@sch.ac.kr a9t FA e wE AMF H2E AoHA (Jo et al,
1225-3480/24831 1998), 19941 ll= 705 M/T<] itk 71538t 3]
This is an Open Access Article distributed under the terms . 5 v o
of the Creztive Commons  Attribution  Non-Commercial Ao (MMAF, 1997), _ﬂ%oﬂf % Aasl 230
License with permits unrestricted non-commercial use, M/T ] AAbFo] AAls o] Fa FAIE AlSslA o]ef 7k
distribution, and reproducibility in any medium, provided = 712 Yehyttl (MOF, 2021). &4, 19924 3 - & 1

the original work is properly cited.

- 211 -



HELN dE2HE S HEE

duplex PCR OFAH

£ VAR R Ak AREEe] FUE 98l
2012461 2019517k F=AF A ofvlis o] Xt =91
& 3,877-4,817 MIT +F2E 7158t 5 Ak
oj4lt} (K-Fish Information Portal, https://kﬁshmfo.co.kr/).
ole] upe}, Ak AAE ofudll Rt At R EAFEIAY
o] gjse 4 75 ARl 54 Sk 9
(Park et al., 2016), FA| G- Aul An|zlof| dj3t LA

£ 2t 34 ANE FE3] S8tk ARS olvisiRE
Yo 2 FRIL FASAAAZAANRE A 5}
o] An|zke} AYAAE 3 REskn 9tk (Lee and Hur,
2017).

SEve ARE oluisiRE F 7 Feivl Akl F
Holx ‘4°b"5]'7] wj ol o FAnt ofEste] T AL
= $ g AeZ 4EA 9o} (Lee and Kim,
Al F-int AokEl ez A1

i

0.

e 4o 4

HA7HA] i“ﬂ"ﬂf‘ih Isozymes ©]4-3F g=AF AJA < o]
o) F-o) AEE-FEA A7 (Lee and Kim, 1997) 9} m]EZ
2o} DNAY col FAAE 7|tz & Y 45 AAHS
olmfelFe] £ F4 AT (Park et al, 2016) o] A=HA
ot 2@, ol B4 WHES A A 2 EAAEE
A fradwAE Felshe AU B4 PgewA féstA, F
AEs TS AT AV9E F d As EE AR

l

rulo

Felste] A A HlE (allele frequency) 3} ] 3 Ak
HIE  (heterozygosity) 5= AXBIAY F3atAdmke
(polymerase chain reaction, PCR) ¥ 7144 7&@ s 4

2o 34 35E AR} g £3F 4 97 Aol e
Azk} vl o] 2msi) webd, A4l e EAEe
2 & g vHeR nEZEx=gol DNA cytochrome c
oxidase subunit 1 (col), cytochrome b (cytb), 12s & 16s
ribosomal RNA (rRNA) 44} d9<] G7]Ad Aol e}
U= ddd7]d8 A (single nucleotide polymorphisms,
SNPs) F45 &8st di Fvick & Sold =Zeloln
(Species-specific primer) & tjA}elsl, o|E Fde|| F
Z3le] A7) v]E-E 4 2&% FdFsle multiplex
PCR W] naxez oA Qlch (Park et al, 2012;
Kim et al., 2014; Park et al., 2018).

A Ffjell= xS olmislFek 22 o] w7 (Bivalvia)

of &3= T3 (Mytilus coruscus) & IEI 4 gl=

duplex PCR '] (Kim and Yoon, 2018) ¥} Ex7)Ak=}
(Arcoidae) o|miFF 45& #HE 4= 3l multiplex PCR
1 (Kim et al., 2021) 5°] 1=t}

2 dFodAE FEURelA F2 feEE 7 Y ARHS
(Corbicula) ool AA (C. fluminea) 2 L&A (C.
Jjaponica) o gk M| EZ= 2o} DNAS] col FAA ddE&
:d—‘s_-s].oﬂ = M}g] = ._o]z4 z‘:q_o]ﬂé 7]]31-3]._,—_; zH%:]/K(—)]jq. g

A4S AF3te] #HEAH2 R duplex PCR ZeElo|H AES
T-E3kaat skgich

ERIE

1. A1 & X 2 Genomic DNA (gDNA) —jy‘*%

& dellA AR AT A ] g T - A kA E A
& AH= Table 10 Yehfiolom, o]5ol| High ¥ 54+ ¥+
AAE Lee (2016, 2019) & wsit} ©]52] Genomic DNA
DNA) = A 91 F ' (foot) 24 UHE Adsle
FastDNA® Kit (MP Biomedicals™, Irvine, CA, USA) = %3
%23)1, NanoDrop® ND-1000 Spectrophotometer (Thermo
Fisher Scientific Inc., Waltham, MA, USA) & o]&3}] 3}
el 260/280 nmellA] F5% gDNA®] gk =9} 3Hg2 g9l

o2 T1uw
3 F FA Agsisik

2.PCR% g7144 £4

A HAeA FE2E AR dEAA e v EZ=eo}
DNAZ2] cytochrome c oxidase subunit 1 (col) +32}
el rALE FRs] $I8te], AccuPower® PCR
PreMix (BIONEER Corp., Daejeon, Republic of Korea)
o]l gDNA 100 ng/ ¢ L &} £ Ao = col AR o
9] gsequencing Zztol® (1,522 bp, Marsh_colF1
5'-GTTGAAGGTGCTAAAGAAGC-3, Marsh_colR1
5'-ACATGCCTATAACATCTCTG-3") ol 3t 10 pmol/ 2L

XS 47 AUt ¥ 33 SFFE o83y HF EF
(20 pL) & w9l o] 95ToA 3%E7F %7WA

(initial denaturation) ®F5-2} 30% 7F A (denaturation)

nes s vsly 52°Co|AM 30% 7+ A (anneahng) Ll

T3 3 72TCe|A 30% 7t A% (extension) WH-5 353]
HkEalelom 72Tl 7¥ 7+ 2%F A4 (elongation) HH&-
= Fsial

A=l PCR product~ 1.5%2] agarose gel AellA A7
JE-& A3t F GelDoc system (Bio-Rad Laboratories

Inc., Hercules, CA, USA) & o|&3}o] &ul2 $|A]o] 5=
oARE Eelslgion, o]& MG PCR Purification Kit
(Cancer Rop Co., Ltd., Seoul, Republic of Korea) S A}
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Table 1. List of samples, locality information, and the number of samples for Corbicula fluminea and Corbicula japonica used in

this study
Species Locality Country No. of samples

Gunsan-si, Jeollabuk-do Korea 30
Buan-gun, Jeollabuk-do Korea 30
Corbicula fluminea Seocheon-gun, Chungcheongnam-do Korea 30
Dandong City, Liaoning Province China 30
Donggang City, Liaoning Province China 30
Hadong-gun, Jeollanam-do Korea 30
Corbicula japonica Saha-gu, Busan-si Korea 30
Chiba Prefecture Japan 30

&3t AABI

971449 AARS BIOFACT (Daejeon, Republic of
Korea) Akol|A #5381 BigDye® Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems Inc., Foster City,
CA, USA) & 4183} DNA Engine Tetrad 2 Peltier
Thermal Cycler (Bio-Rad Laboratories Inc., Hercules,
CA, USA) 2 PCR A#< 433 ¥, ABI PRISM 3730XL
Analyzer (Applied Biosystems Inc., Foster City, CA,
USA) & 3t §71492 27] dHolHE Akt

Al A QAR col FAAF 7ML 7] Hlo]
El:+= FinchTV ver. 1.4 (Geospiza Inc., Seattle, WA,
USA,; http://www.geospiza.com/finchtv) & A3l =%
© 2 trimming?dl, MEGA ver. 11.0.13 (Tamura et al.,
2021) ol FA =] 9l MUSCLE (Edgar, 2004) < -
st} td7IMGAEE AT F, HEHSE 1,522 bpo
col A7 @7149S ZAAskih

S & Fote] 2AR AT dEAR col A 4
714492 DnaSP ver. 6.12.03 (Rozas et al., 2017) <}
Geneious Prime® 2022.1.1 (Biomatters Ltd., Auckland,
New Zealand) & £3}o] haplotypeel] =g 7144 &4
= AYslsict. HFA e w FA= 7k F2 haplotype %1714
A5 v FHAYEFARAE (National Center for
Biotechnology Information, NCBI) <A #3l+=
GenBank® 5=3}9] accession numberE Yo wWglch

(Table 1).

3. F 5|3 =gl g

A dEAP ol gt F SolA Zetolm= ¢ B A &
2.3 7} 2] haplotype¥} GenBank"°l] 2= =o] gl AH
(C. fluminea, MK392334.1, MK587517.1), 4EA1A (C.
Jjaponica, MZ895053.1), A4 (C. leana, MW646295.1) X
Seta-shijimi clam (C. sandai, LC623654.1) 5= ¥35}o]

v EZ=2o} DNA col FAA 97144 AellA £ W #4
Ho] (intraspecific genetic variation) ¢ < 7F 34 W
(interspecific genetic variation) & YE:= SNPs #-$&
AT, 7 2000) A AR Zejols] HlAl e
w2}, Primer3web ver. 4.1.0 (Koressaar and Remm,
2007; Untergasser et al., 2012; Koressaar et al., 2018)
= o83t HFASE AH 289 bpet dEAH 143 bpe]
s 275 Yehdie 7 ] F 5olA Zele|wE dAklst
Rt )%, singleplex PCRE &3 Wk =73 Al 2% =}
4= &3t duplex PCR Zzlo| HEZ 5350k

A
o

)

4. Duplex PCR &= a8&4 97}

Duplex PCR Zzlo|n| AEd] izt =Z &4 7=
Kim et al. (2021) oA A3= ¥ wel, 0.01 ng/ 1L,
0.1 ng/¢«L, 1 ng/1L, 10 ng/ #L % 100 ng/«L 5 571<]
gDNA 5% 778 AA3 & AccuPower™ Gold Multiplex
PCR PreMix (BIONEER Corp., Daejeon, Republic of
Korea) °l 7 2] & 5ol Ze}o]#E 10 pmol/ £ LE 3]
A3t mixture® A7}k, $lel4 #51=E singleplex PCR
ukg 273 Al 77k S ik 5 (203], 253] 2 303]) &
7Yz Agste] 33] wHE AFsigittk. ©]F, Fragment
Analyzer (Applied Biosystems Inc., Foster City, CA,
USA) & o|&3le] #A7]9%S #33 ¥, PROsize Data
Analysis Software ver. 4.0.2.7 (Agilent Technologies
Inc., Waldbronn, Germany) & A}&-3lo] A7|dF 4 2

15 A3
da 3 nE
1. 0| EZ=3) o} DNAY co? §-AA 47144 24

A QEARA N col FAA FH] d7IAE #A4
A7}, F 1,522 bpo] @714 L0] SEH e, o] diFt 4
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Table 2. GenBank® accession numbers of haplotype sequences of cytochrome ¢ oxidase subunit 1 (co7) gene of mitochondrial
DNA of Corbicula fluminea and Corbicula japonica collected in this study

Species Haplotype GenBank® Acc. No. References
Corbicula fluminea Hap. 1 0P502752 This study
Corbicula fluminea Hap. 2 OP502753 This study
Corbicula fluminea Hap. 3 OP502754 This study
Corbicula fluminea Hap. 4 0P502755 This study
Corbicula fluminea Hap. 5 0P502756 This study
Corbicula fluminea Hap. 6 0P502757 This study
Corbicula fluminea Hap. 7 OP502758 This study
Corbicula fluminea Hap. 8 OP502759 This study
Corbicula fluminea Hap. 9 0P502760 This study
Corbicula fluminea Hap. 10 0P502761 This study
Corbicula fluminea Hap. 11 OP502762 This study
Corbicula fluminea Hap. 12 OP502763 This study
Corbicula fluminea Hap. 13 OP502764 This study
Corbicula fluminea Hap. 14 0P502765 This study
Corbicula fluminea Hap. 15 0P502766 This study
Corbicula fluminea Hap. 16 OP502767 This study
Corbicula japonica Hap. 1 OP502768 This study
Corbicula japonica Hap. 2 0P502769 This study
Corbicula japonica Hap. 3 OP502770 This study
Corbicula japonica Hap. 4 0OP502771 This study
Corbicula japonica Hap. 5 OP502772 This study
Corbicula japonica Hap. 6 0OP502773 This study
Corbicula japonica Hap. 7 0OP502774 This study
Corbicula japonica Hap. 8 OP502775 This study
Corbicula japonica Hap. 9 0OP502776 This study

7 24 98 okl (adenine, A) 23.59%, ©El 2. AW LEAY 2 F SolH Lajolw Al

(thymine, T) 42.85%, T-°}d (guanine, G) 21.31% L8|
AEAl (cytosine, C) 12.25%% e} A+T biast oF
66.44%42] 202 vepylt webd, A Bag AR d2
Aol mEZ=2o} DNA A2 171 3F 29 A+T bias9}
AR £ YT (Wu et al., 2019; Zhang et al.,
2019; Park and Kwak, 2022). =3 A4, dZAH, ZA)
A % Seta-shijimi clam®] @7|A el i3t o354 F9
(polymorphic site) &= & 1857181 72z Jel}, AA 7]
A Aol o] oF 12.16%2] Wol&S Role ZloeR vepyt
t}. o] FollA 947144 7k SNPs #4915 v+
variable site®} parsnnony informative sitex 27} 497
9} 13670F YElten, olF whste AR dEAA
haplotype 74+ 7”‘ 1671¢} 9718l Aoz et} (
Table 2).

singleton

AN A2 7 F 5olA ZeowE tiAlEky] $l3)
o] Z+ %] haplotype®] 97144 AellA U 44 wWol&
gk wiAlsla, F 7 A4 Helrb yehde 35719
SNPs 95 123 % (Fig. 1), Kim and Yoon (2018) ©]
wg} 7y He 9 AR A T Al /e E
350 bp ©|3}e] 5&F 27|& Zte & 7+ S0]3 ZejomE ¢
Aplstqict. whebA, AR F 5ol Lejolmea Aupdk
Zalo]mgl CF_colF12 45 bp2l 60 bpe] SNPs o] X
E e 2 faelsigiy, 9ukeF Zalo]wel CF_colR12 291
bp2t 316 bp2] SNPs o] 3= 52 t)A)qlsle], & 289
bpe] & 7t 5olA ﬂ“cﬂ & 5% 3klt} (Fig. 1; Table
3). 3 dEAHY F 5olA iE}O]ﬂMW gupaF Zejo]
el CJ_colF1< 1,353 bpe] SNPs 9<o] 23} ¥ E t]
Zelstgion, guker Zelo]wql CJ_colR1-> 291 bpet
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CJ_colF1

. Corbicula fluminea

|:| Corbicula japonica

Fig. 1. Species-specific primers design positions according to single nucleotide polymorphisms (SNPs) on the cytochrome
¢ oxidase subunit 1 (co7) gene sequence (1,522 bp) of Corbicula fluminea and Corbicula japonica,

316 bpe] SNPs %do] £3 HES tiAjelste], & 143 bp
o] & 7t So]4 W=s} 2ZHEE 3T} (Fig. 1; Table 3),

3. AP} 444 7} Singlex PCR

S AN A CAlE F TF So] Zefo]n| o] Soldy) AH
AE AT S8l AR AR Aol o
Singleplex PCR A@E 43J3}3lt}. MA & SolA Zelo]
o] 23 2EE Felslr] $1ske] 60Tl 70T 2% H4
o4l Gradient PCR A%< 533 27}, 60-62C<] &%
oA F 7+ FolA wi=r} A =i} E3) primer-dimer
A (Das et al., 1999) = v|F3 EEA FAF G714 Qe
&t v]50]% PCR £Z 34 (Shigemori et al., 2005) <=

YepA] ekoke). webA, singleplex PCRe] %4 23 2
(optimal annealing temperature) + 7} F813F £ Eo]
A =7t P49 61T AR vk =717 I A
o] Table 4°l vehiich

_

4. A3 EAA 7F Duplex PCR

] A4 AA= Singleplex PCR ¥H- 2742 E|Z A
237} d2AA el wiste] A E 2 duplex PCR A¥S 4233t
% FHi 2 bp £ DNA @3 #8158 7HH fragment
analyzer (Pocernich et al., 2019) & A7]9% 3] 1t
%9 & Eold wl=sel A7|9F% (electropherogram) &
A B4 AT (Figs. 2, ), A T4, B AR Ak
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Table 3. Information on duplex PCR primer set for species identification between Corbicula fluminea and Corbicula japonica
developed in this study

Species Primers Sequence (5'—3") Size Gene
CF_colF1 ACGTTTGCGATGATTATATAGAACTAAC
Corbicula fluminea 289
CF_colR1 ATCGAGGAAAAGCCATATCAGGAGCC
col®
CJ_colF1 AGCGGAATGCCACGGCGATATCCTGAC
Corbicula japonica 143
CJ_colR1 CATCGCTGAGATAACATTCTTTCCCAC

dcytochrome ¢ oxidase subunit 1 gene

Table 4, Singleplex and duplex PCR conditions for species identification between Corbicula fluminea and Corbicula japonica

Primers Steps Temp. Time Cycles
Initial denaturation 95T 3 min 1
Denaturation 95T 30 sec
) ) Annealing 61T 30 sec 30
CF_colF1? /CF_colR1? . ;
Extension 72T 30 sec
Final extension 72T 5 min 1
Singleplex Storage 4T Infinite
PCR Initial denaturation 95T 3 min 1
Denaturation 95T 30 sec
CJ_colF1® /CJ_colR1" Anneal-ing 61:C 30 sec 30
Extension 72T 30 sec
Final extension 72°C 5 min 1
Storage 4C Infinite
Initial denaturation 95T 3 min 1
Denaturation 95T 30 sec
CF_co1F1* /CF_co1R1? Annealing 61T 30 sec 30
Duplex PCR - b - b . 5
CJ_colF1” /CJ_colR1 Extension 72C 30 sec
Final extension 72C 5 min 1
Storage 4C Infinite
3Corbicula fluminea, 289 bp; ° Corbicula japonica, 143 bp
Corbicula fluminea Corbicula japonica

15 18 19 20 21 22 23 24 25 pEqU

e e __»289 bp

__»143bp

_»L

Fig. 2. Specific band positions for species-specific primers in duplex PCR prepared from the nucleotide sequence of the
cytochrome ¢ oxidase subunit 1 (co7) gene on the mitochondrial DNA of Corbicula fluminea (289 bp) and Corbicula
Japonica (143 bp). Lane 1-3, C. fluminea, Gunsan-si, Jeollabuk-do, Korea; Lane 4-6, C fluminea, Buan-gun,
Jeollabuk-do, Korea; Lane 7-9, C. fluminea, Seocheon-gun, Chungcheongnam-do, Korea; Lane 10-12, C. fluminea,
Dandong City, Liaoning Province, China; Lane 13-15, C. fluminea, Donggang City, Liaoning Province, China; Lane
16-18, C. japonica, Hadong-gun, jeollanam-do, Korea; Lane 19-21, C. japonica, Saha-gu, Busan-si, Korea; Lane
22-24, C. japonica, Chiba Prefecture, Japan; Lane 25, mixture of C. fluminea and C, japonica; LM, ladder marker
(1-500 bp); U, upper marker; L, lower marker,
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17000
.00 CoOrbicula fluminea 289
15000~
14000~
13000+
12000~
11000

g
-

10500

Corbicula japonica 143

2

9500~

8500-
8000-
7500~
7000-
6500-
6000-
5500-
5000-
4500

4000 L
3500- U
3000-
2500-
2000-
1500-
1000~

o JL__I,I I\
8 RB8 2 8 § B s B

Size (bp)

RFU (Relative fluorescence units)
1
1

Fig. 3. Fragment analyzer electropherogram results of a duplex PCR primer set for species identification between
Corbicula fluminea and Corbicula japonica, L, lower marker; U, upper marker,

T3 @, 7 Adel Hid gDNA ABelA F 7 5ol4 ok Akt R A} Aol digt gDNA AlgelMx & 7t
WME (289 bp) 7t WEH THEGeH, AR e, 5ol4 W= (143 bp) 7} &3 S3=3 (Fig. 2). &3,
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Table 5. Analysis results of experimenting with PCR efficiency from 20 to 30 cycles after diluting the genomic DNA (gDNA) of
Corbicula fluminea and Corbicula japonica from 0,01 to 100 ng/xL

Density (ng/ L)

Cycl Pri
yewes rmer 0.01 0.1 1 10 100
CF_colF1? /CF_colR1?
20 X X X X X
CJ_col1F1" /CJ_colR1P
CF_colF1? /CF_colR1?
Duplex PCR 25 X X X X (0]
CJ_colF1° /CJ_colR1"
CF_colF1? /CF_colR1?
30 X X X (6] (0]

CJ_col1F1" /CJ_colR1®

3 Corbicula fluminea, 289 bp; ® Corbicula japonica, 143 bp

duplex PCRZ ¢l% primer-dimer A3} v]50]2 PCR
S3 ke i AR Falsp] Solel AV dEE B
gt A3}, A dEAFH ] S5 Aol F 7 5olA peak
7} F331A4 Jelgon, primer-dimers ®]53F v]50]4
PCR 5% whgol o2 peakt #=)7) ¢hole} (Fig. 3). o
2hA4, Duplex PCROA 24 23 %= singleplex PCR¥}
A3 61CE veton, oo tgk ukg- 271 Table 49]
dergict

5. AH 3 44 7} Duplex PCR $F &4 37}

A7} dEZAH ] g Duplex PCRS £2 585 =4
317] $13le] gDNA Z% F% #7H& 0.01 ng/ 1« L¥¥ 100
ng/ pL7FA] F7kmtel 10802 2pel & Far AdAsiglen, 7t
A% % 72 PCR vH 71F 203, 253] 4 3032
Axsiar Zb7h 33] wigsle] A Ax Ao AE vEv
PCR 4w 3717} 253] & 303] F7H4 100 ng/# L3l A
o2 Yeigen, i AE %+ PCR vk 57)71 303
Tl A 10 ng/pL]l Aoz Yebgt) (Table 5). 3HH,
PCR & 5717} 203]9] AE 5= FielM+= & 5014 A
E7h A2 4ttt (Table 5). wehA, 2FA ez 23l
Duplex PCR Zele|w] AE= ZAY SHellA FH4ge] A
5%7 PCR WHs 7715 8T 79, gDNA9] 5=+ A&
10 ng/pLe] Ao Zo= yeptow], PCR W F71%
303]7} A A o2 veytel (Table 5).

ole} 7ol S-EUEl A frEEE AAY dRAH vE
Zxelo} DNA col 747l Higt 7+ F-2] haplotypes ¢4
sto] A7|M A Aol Yehvss F 7F SNPs oS gHAg F

% S|4 zefols|g cAlslge o|F, gDNA 4% 5%
77k 9 PCR 771°f W AR} 584 45 43¢ A3

the, HE4 22 duplex PCR Zeloln] AES sitslgd
ole] we}, PElURtlA fEEE AR dEAH G

T

duplex PCR Zzlo|w] AE9] 953 7HEE Evjz &
E A5 AA B A ger oF A 7o 5 9
27 ofAtE.

2 o

oI £EAT gt ARE oliskRl A
(Corbicula fluminea) & QEANZ (Corbicula japonica) <
PAAERA £ EAE A%jo] £ Fol ZefolnE clAIs
1 AZ3t] duplex PCR Zelo|w] AEZ Adslialt st
t}. £ Eo] Zalolr= n|EZ=2lo} DNAS cytochrome ¢
oxidase subunit 1 (col) FAA] F71AHLD Abe] Yep=
F2F FAA He] F-91E st AA 289 bp H UEAA
143 bp] 7t Sopl=rt FAH =S fAelsiglon, PCR
%% W5 429} genomic DNA (gDNA) 9] sxof & 5=
=A< %3l9 duplex PCR Zalo]w AlEo] djdt A%
& ssie A5H0% sl duplex PCR Zefol
AEE 474 SH)A A5} PCR uke 7715 18
F 7%, gDNA® 5+ FH4 10 ng/p L7} 283 7Zleo=
vebsten, PCR HHe 71 303)7F A3k Aoz vehyt
oh wEhA, & ATl A AR 2R3 duplex
PCR Zejo| AEE F 5ol W= FFolA g Wy
o N&sn AR £ F ) 3

Zb{lo
o o I

o |m

o J o

A% 5T 5 9% Ao 99
e, 24 45 24T e5Aew JF AT 9L 4+ 9
& ZAew g
AA

2 AT AT AT AR ABE Aps 24 R
I RO E L AT
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