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Molecular Phylogenetic Analysis of the Brackish Water Clam (Corbicular japonica) from Seomijin River to
Gwangyang Bay, South Korea. Ji-Hoon Kim' (0000-0002-1157-9308), Won-Seok Kim' (0000-0003-3368-3891), Kiyun
Park?* (0000-0003-2965-6970) and Ihn-Sil Kwak'>* (0000-0002-1010-3965) (‘Department of Ocean Integrated Science,
Chonnam National University, Yeosu 59626, Republic of Korea; *Fisheries Science Institute, Chonnam National

Uni

versity, Yeosu 59626, Republic of Korea)

Abstract  An estuary is a water ecosystem with a high abundance of the species diversity, due to a variety of
complex physicochemical factors of the area where freshwater and ocean mixed. The identification of Corbicula
species in the estuary environments is difficult because of various morphological characteristics. In this study,
we provide taxonomic information on Corbicula species with taxonomic difficulties using morphological and
genetic analysis. This study was conducted on clams from the Seomjin River-Gwangyang Bay, one of the major
production area of marsh clam in Korea. As a result, we characterized Cytocrome C Oxidase subunit I (COI)
sequences of the Corbicula. The 636 bp nucleotide sequences of COI have 98% homology among Corbicula
species collected from 2 sites of Seomjin River-Gwangyang Bay. The phylogenetic analysis with 17 species of
Corbicula indicated that most of the species collected from Seomjin River-Gwangyang Bay were brackish water
clam (Corbicula japonica), and only one Asian clam (Corbicula fluminea). The evolutionary distance between C.
Jjaponica and C. fluminea was less than 0.003. Therefore, it was confirmed that C. japonica is phylogenetically
closely related to C. fluminea. In 9 species of Cyrenidae, phylogenetic tree was classified into three lineages.
These results will be used as an important data for an identification of clam species by providing genetic
information for Corbicula species with a morphological diversity.

Key words: Corbicula japonica, cytochrome ¢ oxidase subunit I (COI), phylogenetic analysis, Seomjin River,
estuary
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S 7199 7Y LHEEELS S AHAE LHAA
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Fig. 1. Map of sampling sites in Korea.
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7} AA-L& A ssite (N 35°06'01.4", E 127°42'01.3"), B site (N
34°58'38.5", E 127°45'50.9" 2 & 2X| A A APt
(Fig. 1). @704 QAT F 199129 AP SA 4¥
A2 o]F3}o] Z}AF(Shell length, SL), ZF3! (Shell height,
SH), #7 (Body weight, BW)E &4 stal, 225 sf&st
& —80°C Deep freezer (Thermo Fisher Scientific)o]] 23
3} th(Fig. 2) (Table 1).

2. 7|144& Genomic DNA £

A 9] total genomic DNA &2 AccuPrep genomic
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Fig. 2. External morphology of Corbicula japonica used in this
study. (A): collected on A site, (B): collected on B site.
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DNA extraction kit (Bioneer)Z ©]-&3}o] A%+ Pro-
tocolo] wet ZFstgch A3 W2 EP Tubeo] TL
Buffer 200 uLE 23 AA5EE homogenized}to] o2 5HA|
3}, Proteinase K 20 uL2} RNase A 10 uLE 2o Tz
I RNAE A|ASHA. o] F 60°CollA ¢ 147t Lysis 2
A& A H, GB Buffer?} Ethanol& Y1 YAEZE 3
AEHS -.—]5‘]-%\:]- WA, WA2 BufferE 53| washing
2 A% ¥ EA Buffer2 Genomic DNAZE elutiond}
o ME AL A|7HA] —80°C Deep freezer (Thermo Fisher
Scientific)of] E#3Fth F&3 DNAQ &&= FF2
1.0% Agarose gel (w/v)Z} Microplate reader (Multiskan
GO, Thermo Fisher Scientific)& Z3f &<13}% .

e
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3. O EZE2|0f DNAS| COI
F7IME 2N

A e nEZE=gof DNAYA COI fH %%%
23l Bioneer® Taq DNA polymerasee AL PC
gttt SFol 01%-?4_
Primer+ Forward: 5’—TCAACCAACCACAAAGACATT
GGCAC-3'9} Reverse: 5'-ACTTCAGGGTGACCG
AAGAATCAGAA-3'0]th(Ward et al., 2005). 30 uL PCR
20 uL B+ ¥ ultrapure water, 3.0 uL 10 X PCR
buffer, 1 uL forward, reverse primer (20 mmol L_l), 1.5 uL
dNTPs (2.5 mmol L' each), 0.5 uL Tag DNA polymerase
250 pL_l), Bioneer, Korea), 12|11 genomic DNA
template (25 ng pL™") 50| E@.‘%E} PCR cycle 272
95°CoflA 727 7] HA 5 95°CollA 40% ®WA, 55°C
oA 40% primer A%, 72°CoAA 1E7F A4 IS 403
HhEste] SEsiglon, vt gdr & HF FAHL 72°C

QXX PCR EE1t

(Polymerase chain reaction)<

mixtureo| =

Table 1. List of Corbicula species collected from Seomjin River-Gwangyang Bay.

ID Coordinates SL (cm) SH (cm) W(g)
A-1 A site (N 35.10, E 127.70) 1.3 1.1 0.62
A-2 A site (N 35.10, E 127.70) 1.4 1.1 0.71
A-3 A site (N 35.10, E 127.70) 1.3 1.0 0.57
A-4 A site (N 35.10, E 127.70) 1.2 1.1 0.58
A-5 A site(N 35.10, E 127.70) 1.4 1.2 1.10
A-6 A site (N 35.10, E 127.70) 1.5 1.2 0.77
B-1 B site (N 34.98, E 127.76) 1.0 0.8 0.28
B-2 B site (N 34.98, E 127.76) 1.0 0.9 0.41
B-3 B site (N 34.98, E 127.76) 1.0 0.8 0.35
B-4 B site (N 34.98, E 127.76) 1.2 1.0 0.52
B-5 B site (N 34.98, E 127.76) 1.2 1.1 0.68

Ave (SD) 1.2(0.17) 1.0(0.14) 0.6(0.21)
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Fig. 3. Multiple alignment of COI sequences in Corbicula of Seomjin River-Gwangyang Bay.
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ag Corbicula foehensis DQ285581
54 —l: Corbicula loehensis AY275666
2 Corbicula matannensis DQ285595
17 Corbicula lamarckiana DQ285578
Corbicula sandai AF196272
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98 Corbicula possoensis AY275661
Corbicula australis AF196274
& % Corbicula africana KC211266
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Fig. 4. Phylogenetic tree of the COI sequences in 17 species of Corbicula constructed by neighbor-joining analysis(bootstrap value 1000).
The numbers at the nodes are the percentage bootstrap values.
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Fig. 5. Phylogenetic tree of the COI sequences in 8 species of Cyrenidae constructed by neighbor-joining analysis (bootstrap value 1000).
The numbers at the nodes are the percentage bootstrap values. The red line indicates one group of the Corbiculidae: Geloina expansa, Vil-
lorita cyprinoides, Villorita cornucopia, Batissa violacea, the green line indicates another group of the Corbicula: Corbicula sandai, Cor-
bicula fluminalis, Corbicula leana, and the blue line indicates other group of Corbicula fluminea, Corbicula japonica and Seomjin River
Corbicula.
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Table 2. List of Cyrenidae for phylogenetic analysis in NCBI.
Scientific name Accession No. Region Country
Corbicula japonica KC211258 Kano River Japonica
AF367441 South Korea
Corbicula fluminea KM659015 Hongze Lake China
KT893367 Yangtze River China
MWO008738
Corbicula fluminalis MKO71615 Kura River Azerbaijan
MG759520 Yuras River Russia
Corbicula possoensis AY275661
DQ285599 Poso River Indonesia
Corbicula loehnesis DQ285581 Poso River Indonesia
AY275666
Corbicula sandai AF196273 Biwa Lake Japan
AB498811 Biwa Lake Japan
Corbicula leana AF196268 Toyo River Japan
MF458661 Durance River France
Corbicula tobae MN746826 Toba Lake Indonesia
Corbicula largillierti KC211251 Mujiang River China
Corbicula australis AF196274 Menangle Australia
Corbicula africana KC211266 Mooi River South Africa
Corbicula anomioides DQ285605 Sulawesi Indonesia
Corbicula lamarckiana DQ285578 Sulawesi Indonesia
Corbicula matannensis DQ285595 Sulawesi Indonesia
Corbicula subplanata DQ285603 Sulawesi Indonesia
Corbicula linduensis DQ285579 Sulawesi Indonesia
Corbicula moltkiana AY275657
Batissa violacea DQ837727 Sulawesi Indonesia
DQ837726 Sulawesi Indonesia
Geloina expansa AB498812 Iriomote Island Japan
MW311112
MN608338 Hainan Island China
Villorita cyprinoides MHS593259 Cochin India
Villorita cornucopia MHS593262 Cochin India
37 WEo] Fejs SO R BRI} olFthHueral,  2018) 5 BAH L YBAH 5 L

2020). A Fe AtolA 7]Eo] Bud AAH, 715A
A (C. japonica)E& AA Aol w2t A EHE SZA 9
7A Jetd 9z WHE Bepdo] g A Uebdt
(Fig. 2). §H4, C. fluminea= X¥WHo| F=o] &= A T
Ao 7t7ke-m ZHg o] A Sl S itk E3,
HZF W 3 RE2 Hepdo| 7hrken F4 £ &S
Ao 77eA FEEHY E7 SXCE AAEHI Qi
o|9} -2 Pt AT o= AP FHA L FEjst
2 t}oFAl (Sousa et al., 2007; Voroshilova et al., 2021), 2
dEZo] tgt AHH Y AH=/d82 ¥ES (Guo and Feng,

3 A7t GeiA olFolAw glrt. Aol vEREY
o} DNA U] COI 9412 o] &ate] @714 AL 2ast 2
I A7 S e T AR A" AHY d71A
2 o 98% 454 HATH(Fig. 3). & AFolAM AR
= AQH9 COI AA2E NCBI (National Center for Bio
technology Information) GenBank®]] 5&% AH & 175
(Corbicula leana, Corbicula tobae, Corbicula largillierti,
Corbicula australis, Corbicula africana, Corbicula flum-
inalis, Corbicula anomioides, Corbicula possoensis, Cor-

bicula lamarckiana, Corbicula matannensis, Corbicula loe-
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hensis, Corbicula sandai, Corbicula subplanata, Corbicula
linduensis, Corbicula moltkiana, C. fluminea, C. japonica)
T AFSESAOR WL BHS (Fig. 4. 407 A
HEL Y8 E C japonicaZ BRI EHJL, 35 3 A
7} C. flumineaZ BJAEH ATt C. flumineal. 2 3T
= ARY AsHASH Aolg gofstaa AH W 9
Z9 COL A ALE o] §sto] AT A4S AP
t}. Phylogenetic tree ¥4 37 3719 AFo=z E%
At -T2 Geloina expansa, Villorita cyprinoides,
Villorita cornucopia, Batissa violacea7} 17]9] 1F2 =2
FAEN, AH £ C. sandai, C. fluminalis$}t C. leana
7F ©t & OFC 2, C. japonica, C. fluminea®t 4737}; A
Aol shuel a5o =2 FAHRUT (Fig. 5). 3 Kimura
2-parameter distance model2 53] Pairwise distanceS &
At Ayt B A3t AAE C. japonica®} C. fluminea)
A8 AT 0,003 o3k ekt 1 4o C. leana
2} 0.089, C. fluminalis®} 0.096, B. violacea®} 0.193, G.
expansa®} 0.190, V. cyprinoides?} 0.1942 AUt
(Table 3). 0|9} 2 ATE vl o g2, HX7} shtof|A Y
AE C. japonica®} C. flumineas AS-FAHTH o2 AH
I W C. japonica®t F A S FHA, KA FARR
< AY EFE o194 ok ©ebA, DNA v E Y 7]s2
FHH R ERol oERo] = BEY T T4 AT
AHA =12 o] &S 4 it

2 dFolMe A% W AP ez F7IAE H
ot A Fed BEFE B9l C. fluminealt C. japonica
2 EFEAS. A F Al gt Azt o] EAst
& YA CE DNA HEY 7]&2 F 54 tE A
Al FAsHY ZAE AAE 4= Ath(Park er al., 2019;
Park et al., 2020). 3L, o] & B3l & 1+ JSHA A &
Ade tigk ARE & 5 Ut 7|& dFoA= v EE
E2jo} DNAE ©]&35te] opAlof W &azsh= thgFet A3
of thgt ATHAA BAGol el Eskct (Park er
al., 2003). DNA "t Y& &-83to] s A XA
AP EE, AAFEC] 85 T AEUGFES Hofste
AF7F B E QI (Leray et al., 2014). AH 9 nEEE=
2jo} DNA W COI A|HAE o] &3t AT HAeH2a &4
2 GEAA g ERTS FHTH EATteRE AY
s17] & Foll tiet 42 JEE AF3Th(Song er al.,
2015). BEY FFolvt 22 & W A Aol =&
EEZFY T 58 8l FeHER W COIAIAAE
&gt =2 Ae=9 ¥4 A7 APH7 = s
(Ran et al., 2020). T3, COIZ ©]-&3t ojujuj & = o

£ 2538 $4 719571 Belso] A ot 2R o

o o |

AHL s A AAste Fo2, S-2vtels A
A7 shtollA 74 Wol Ex2she Aoz &A ok

Aol £ 55S U5} FehH BRR opiz} nERE
SloF DNA®] COI §787) 714 DNA 8325 & 58] ¥4
stk 1 23 A 2 oE F FE gseled, col
QIALel BENE BHAT o 08%9] B AE
BTk AU ) ok 5T ASS BHo A
A A F HAG A3 B AToNH ST AHL
Jjaponica, C. fluminea®} 3h}e] A5 o2 FAFD 2
A A2l 0003 ol5t Lehdeh. w8 A% C. leana
2} 0.089, C. fluminalis$} 0.0962.2, -7} Y] 351+= oF
022 C. japonica®l H]3 FHA 22 X3HH A7} W A
o Ueptth ABGANE BHE Fo 2 aTolA A
L3t AQHL C. japonica®)il, 1% St WA7} C. fluminea
o o2 IR, olee AT A DNA MR L
olgdt HA% 45 A ANk A COI AL
2 o ABFULY Fug AT Fehst 24o]
olg]&o] Sl ol izt 8% A2 &8d Aot
MAFEE AAE A sidsdastyt AHAats),
ALA (dgdista sigFsdatstat vhabay), 974 (A
ojst St Ta SedTad, Bl (A

st srg et 1)

A
=
[

oo

HFE s FEs FostAsuTh
OaHEtA| o] =&+ olalTA F=Y AA7 §=.
HFH| o] =82 AFAAANTE THAFALY A
(NRF-2018-R1A6A1A-03024314)7} 3AH ] Aoz
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