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ABSTRACT

In this study, a list of mollusca species was obtained by reviewing previous reports from 1997 to 2018. Also, the
survey to fundamental data for monitoring environmental changes on mollusca inhabiting Gyeongpo Lake was
conducted in May 2023. Precedent research was reviewed using databases such as ScienceOn (Web based DB)
and NTIS, from 1997 to 2018. We confirmed that 19 species of 16 families of 11 orders have been reported.

In this study, 5 species of 4 families were found; Magallana gigas (Bivalvia: Ostreidae), Mytilus galloprovincialis
(Bivalvia: Mytilidae), Arcuatula senhousia (Bivalvia: Mytilidae), Potamocorbula amurensis (Bivalvia: Corbulidae),
and Batillaria cumingii (Gastropoda: Batillariidae). The relationship between salinity change and the appearance of
mollusca is not clear, according to previous studies as 7.4%. in 1997, and in this study, it was confirmed that the
salinity had 22-30%.. As a result of morphological identification and molecular phylogenetic analysis (Cytochrome
Oxidase | (CO1)) of the collected mollusca, they were confirmed to be the same species. Comparative analysis
with previously analyzed sequences, subtle genetic differences within the same species were confirmed. Taken
together, it can be used for basic research related to species identification of molluscs living in lagoons and

follow-up research related to DNA barcoding.
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}Hi (lagoon) + = A /\1]7;“ o7 ok 13%= ;1],7\]5—],11] R=R=S
3t 3ok AeAR &= 7147} &1} (Josefina Garrido. et
al., 2011). A7 el A= Faliekel 7 Fo] & BE
3R glom, gty BHRA JRow IAYE, FAE, FX
3, 993, s, F3, AXI} A8 Qs AR oy
A 9t} (Yoon et al., 2008). Az e of 2 7144 3F
7oz Auriekdo] w2 FXow HrtHEY dekgt A7 A
=)} (Park et al., 2014; Kim et al., 2017). ¥ 472
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Fig 1, Location indicated on satellite image,

gzl HEZE 1986 WHEH A A= 75S el
F Qo AA7IAE= 25 (Park et al., 2002; Cho and
Choi, 2018), ¢J5 (Park et al., 2006), %4 - 955 (Lim
and Jung, 2018), HHFFHF5= (Bae and Kang, 2018),
Z3aE (o]#13) 1988; Lee and Lee, 2014) ookt A
tekd 2 s FAR B A7t AgE gl =3 A5
AL A2z digt A71A] 2YEEY 2 e o]
BUAZ W up Qo (AFAMREA, 1997 |AFAE
ABe)A, 2002, AFALVRAA, 2003; AFATHAA,
2006; AFAEAA, 2008; AFALRAA, 2017; LFA]
W33, 2020).

A&7l T 9 &8-S SEiAe AAA of ek
< sl o] Fadlth 1 F AAlTES AXR W3}
off vl mizsb, 714 SAel whE 2 < E AL A4
A AE 5 A Qi3S & vehle AEEeE deEA
9t} (Yoon et al., 2009; Hwang, 2014). o]=]g A3 QA+
e 2 ARG R )53 o3, SRR 2]
o% - el zde] AR BeE e (U e al,
2012; 2% ef al., 2013). T2} A Q7 Az}, T4 9

Table 1, Location information

A
5 3, il
ojg]go] AE = 9lt} (Cho, 2023). 2 o3 JI&
a3lel7] Sl Al vir] W AEA R B4 283 iy
o] ZUF| o]Foz1 e} (Conde-Padin et al., 2007;
Nicolas Puillandre. et al., 2009; Urdy et al., 2010;
Scalici et al., 2016), 715 ¥ AZoA AAlsl= AAlE=
FAAS] A7 wnlg Aot} (Habib et al., 2021). wheh
AR dTE ARE AAsks dAlsE 24 ATE
3 Azl *V‘ff}b dAEES A=z dHolHE FH3o
DNA wlz= A7 5 EARESH 7|2 Ans FHstust
ik

M o

0

3]
[=]

1. 24 79 4 A7)

AXZE R EEAAE 24 (37° 47 50°N, 128°
54 107E) ¢ $Jx3}1 glt}. &4 A= 202349 052 129
13]o] AA Az (A site) o AE7IAAFA] I (B site)
oA F33}3lct.

2. 43 2 A 3y

oA A &5 G8ste] AES AL, ofe]~
Hkag o] g3le] AR NI o] F AlE AAEE ¢
3 =4 (197 et al., 2004) 2 ZIYEEZEZ ] BEAA
of we} £ Z=¢& At} (Park et al., 2020). 4 & A
Z& DNA 4% 93l 34-3le] whole body %+ tissueS
T SRl 23] ARSI o] F o 80% YT ER
23t}

3. Total DNA &%

DNA 3% DNeasy Blood & Tissue Kits (QIAGEN,
Germany) & 283311, AlzAllA Algsl= viwdel wet
Fe3lGict. Alg AAEE S8l AE (F 25 mg °Jsh) = A== =
Zyo g AZ 5, 7+ 247k E<2t Air dry/DW incubating/Air dry
Heslgiel. AAeg7t 3 A& 1.5 ml microcentrifuge

R FAA = AT 2 S A= (N) A% (B)
7 264 37° 47 53.72 128° 54’ 38.57
FRERAA] = e
B A% 984 37° 47 26.99” 128° 54’ 01.66”
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tubeol|A] ATL #¥ 180 11} proteinase K 20 x15 ¥ 4l
vortexing®}i 56 CollA] vl eFalolet. mjeksl E3kallel] AL ¥
¥ 200 p 13} olehg (96-100%) 200 115 Y invertingd}Sd
t}. E£3&2 Collection tubel| 23 DNeasy Mini spin
Column ¢+ 2 #5335t} 1% 52 8000 rpm (= 6000 x
922 A3 FEHo] F71 Collection tubes HFH
t}. 7]1&29 DNeasy Mini spin Columne A2 Fu|g+
Collection tube$} ZA3sl1 AW1 ¥ 500 115 A7}l 1
¥ 5<F 8000 rpm (= 6000 x g)° % YAF At &
olo] =71 Collection tube:x ™MgX DNeasy Mini spin
Columns AZ £4]3F Collection tubedl] Y1, AW2 HH
500 15 #7Iela 3+ &<t 14,000 rpm (= 20,000 x g)
22 JAFEYE 3%}k Collection tube= f-&A7} 34
2l & DNeasy Mini spin Columne A& ZH]3 1.5ml
microcentrifuge tube® %7t} Buffer AE 50ulE
DNeasy Mini spin Column o #7138k ¥ A& (20-2
27C) oA 138 5 wioFeksith o] % 1% &<k 8000 rpm (=
6000 x g) 27 JAEE3})

4. Polymerase Chain Reaction (PCR) W87

%23 DNAZS CO1 universal primerS AR&3te] SZ3}
9t} (Table 2, Folmer et al., 1994). PCR %2 PCRBIO
HS Taq DNA Polymerase (PCR Biosystems Ltd, Royal
College Street, London) & A&-3lgion 98 27L& o}
3} 2t} HS-Taq 0.2 1, 10X buffer 241, 272 2.5mM<]
dANTP 2«1, 10pmole Primer F/R 7} 111, genomic DNA
311, DW 10.8 #1% Total volume2 viald 20 x1E 25
k. PCREZ1E 96 CollA 5% 59t denaturations %13}

Korean J. Malacol. 39(4): 141-148 2023

5. Cytochrome c oxidase subunit | (CO1) data®] 4Q &

B9 F0 5434 24

Next Generation Sequencer 3730xlS o]-43)] £45 A
Aatich opgFe g AW abl 55> Phred 231
2 (Ewing and Green, 1998; Ewing et al., 1998) 2|
phred score 208] 7122 base callingd &, FASTA ¥
oz WH3kslgi}, FASTA 3142 capd Z213 (Huang
and Madan, 1999) = A}83}o] assemblydle] LAz
CO14 g5 Fr38lth CO1 AEES NCBIS) & 74
A F%3 PANM Database (Ver 5.1) (Kang et al., 2015;
Kang et al., 2016; Kang et al., 2019; Sang et al., 2021;
Jeong et al., 2022; Song et al, 2023)% T£3}o]
annotatione 3313t} ClustalX2 (Larkin et al., 2007)
Zgags o|83te] tF ARE Adsty, olF U
MEGA 11 version 11.0.13 (Tamura et al., 2021) 251
2S5 E3) Maximum likelihood (bootstrap 1000) 2]
Phylogenetic trees A3}3}% )

Az o %

2 Aol F1" dAFES F 45 47 5o, i
E=Z7} (Gastropoda) 1 <&, o]vj=}7} (Bivalvia) 4 <
o] #=|Qic} (Table 3). BF 7|44 £27 Site 194 4
I} 5 F, Site 2 ©ll4 3 I 4 Fow FEoT AW Fo 4
AR 20 A5 A
(Mytilus galloprovincialis), <% (Arcuatula senhousia),
= (Magallana gigas)°|t}. ©7}2] (Batillaria cumingii)
+ Site 1ellARE W= G

(Potamocorbula  amurensis),

gk 2 96CollA 30%, 501C/45C/42TC oA 30%, 72°CelA] A AFAzte| o AXFoA PR AXEFELS
1322 40 cycles HHE3IIT viA[Rto 2 72CAN T3 & 10 5 14 % 18 T8 BF7 123, oY 650z Fal
ot extensions A3} 4T T3] st (AFASAA, 1997, AFAEEA 2008; LAF
Table 2, CO1 primers used in this study
Site Primer name Sequence (5’ - 3) Direction
LCO01490 GGTCAACAAATCATAAAGATATTGG Forward
CO1
HCO02198 TAAACTTCAGGGTGACCAAAAAATCA Reverse

Table 3. Collected mollusca from the Gyeongpo lake

& (Order) ¥} (Family) % (Species) = (Korea name)
Batillariidae AnS5 3} Batillaria cumingii 97}e]
Myoida 28E  Corbulidae Al s=M2 Potamocorbula amurensis BN
Mytiloida F95  Mytilidae P Mytilus ga]]Dprovjn.cialzs s =
Arcuatula senhousia Zn)
Ostreoida =5 Ostreidae =3} Magallana gigas =
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Table 4, Records of past and present mollusca fauna by 1997-2023 (years)

& 7+ < S 1997 2008 2013 2016 2018 2023 ol
(Class) (Family) (Species) (Korea name) (Remark)
Viviparidae wogolg} Cipangopaludina chinensis w030 .
malleata
Physidae ~ 21Eo]EEo|} Physa acuta AEolEdvo] + ]
=
Hippeutis cantori A Eole]EdT)o] +
Planorbidae Eo}e]ED)e] 7}
Gyraulus convexiusculus Fole] o] +
Iravadiidae igEols  Nozeba ziczac 7 A LG E] +
Gastropoda S o Assiminea lutea 714940l + + 71424
) Assimineidae 7|53 0| %
e Assiminea japonica 7)$-Fo] +
Ansola angustata Mg +
Barleeiidae Mgz}
Ansola sp. 7MiG sp +
Nassariidae ~ F2FH 1153}  Nassarius livescens FAFH T + + 354
Buccinidae Y15y} Volutharpa ampullacea Hmjpe +
Batillariidae A5 Batillaria cumingii 371 + +
Corbulidae Al 522 Potamocorbula amurensis BN | + + 7194
Psammobiidae s 7} Nuttallia ezonis Al +
) ) ; inciali e =R + + +
Bivalvia . e Mytilus galloprovincialis 1Z5sleA]
o)l Mytilidae R
° Arcuatula senhousia Zul + + + + + 354
Ostreidae =3} Magallana gigas = + + +
Veneridae &y} Ruditapes philippinarum 1= +
A7, 2017; Bae and Kang, 2018). & <1+ Az} 4l

e}

A A5 vlasiels W 3 T LA} E}"W o A7
= H £ gk 2018 W 2AblA 7P Egke
w, F 7 abele 2 A7) E s, AR o, i S
2po] 2 A& =T} (Table 4).

AESE ZAMNE D A Y E B x4 5o g
2 Q3] dxs) A& w Halgk Zlew deA 9t} (Heo
et al., 1999; 1A 2002; Lee and Lee, 2014; Kwak et
al., 2015). ¥ Aol 38 dxE 3T (A site) + 30
%o, AEI}AAEA] A (B site) + 22 %E JeEPtTh 1997
9 7)1EE Ax3Y d5E 74%E (AFAHIAA, 1997),
Ao} v wlG L o) 14.6-22.6%% 2 A0S vERLh &
AEE FH3gls v o=

[<]

lo

gh, 72 s 2AbE AEE AL
= AEFHo T Agsla 9le 7R AlgHd (Fig 2) (F

A Ad, 1997, AFAMEIA, 2003; AFAYIAA,
2008; 3%, 2013). A& N IA52I) (P amurensis),
A Es DA (M. galloprovincialis), 5 (A. senhousia), =
(M. gigas), ©7}28] (B. cumingii) 5 £& tAeE NCBI ¥

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
fer

Fig 2, Changes in Gyeongpo-lake salinity (1998 — 2023), In this
study, the changes in Gyeongpo-lake salinity was
constructed through precedent research review from 1994 to
2012 and this study, The results show a continuous increase,
Salinity changes; 7.4%, in 1998, 8 9%, and 8 2%, in 1999, 12,
4%, and 12 6%, in 2000, 12,5 and 12.6%, in 2001, 14 3%, in
2002, 8.8%, and 8.7%, in 2003, 2004 15.9%, 20.6%, in 2005
and 21 2%, 24 9%, in 2006, 20.9 and 21 2% in 2007, 18% in
2008, 26%, in 2009, 19.5%, in 2012, 22%, and 30%, in 2023,
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Table 5. Status of Batillaridae, Corbulidae, Mytilidae, Ostreidae genetic sequence data in NCBI

¥} (Family) Nucleotide COo1 Protein SRA Genome
Batillariidae A=} 1,331 266 30,156 50 1
Corbulidae =03 220 63 124 4 0
Mytilidae 233} 452,888 9683 300,891 5,320 12
Ostreidae =3 652,176 2065 281,154 14,720 12
Z dlelelo)2ag g Az AA FAHEE Nucleotide ¥4 A4S 3] 913 712 A5R 24E 5 9l slojg} A
1,106,615, CO1 (Cytochrome c oxidase subunit I) 12,077, 535t}
Protein 612,325, SR 20,094, Genome 25% 32elslgit}
(2023.12.26). W72l (B. cumingii), A=dEA (M. AH =

galloprovincialis), = (M. gigas) <-$-gvpe} sdgke] x71t)
T FotdellA A 2 TFsshARE A fAdoE 9l
3 o T 29l Ak e 3 dFeR A
EAo] defAAY sizto] AAle Fo dFeR FHAow
0] dod o o 5A] FAZ BT 4 gk w AR

AES Z83to] £ A #4454
e, 1 75‘=_Tjr °a]i] g A2 Jehin} (Fig 4). ¥ A7
Ao A =l 4 4 dolH (mtCO1) & A=

ATl eJspm AL AAEE] 10 Z 14 7 18
F G55 12 5, olisls 6 %) o] B Ao e )
lou, 2 QAL 4 35 F (B5F 13 o 4
) 22, AAsEIl (P amurensis), AFHEA (M.
galloprovincialis), €%l (A. senhousia), = (M. gigas), 3

7}e] (B. cumingii) 7} SE= Stk A= kel dAsEt
ARPAE B AT F= QA 19974 715H

Nk"o

: potamocorbula_amurensis

EEE T
)
ww'o'w e

a
s
B
e
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8
B

‘a
2

o
3
@

“Batillaria_cumingii A
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Fig 3. Multiple sequence alignment using ClustalX2, Multiple sequence aligned domains analysis of P amurensis, M,
galloprovincialis, A, senhousia, M. gigas, B, cumingii were analyzed using ClustalX2, They showed high homology in

conserved domains indicated by asterisk (*).
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AB191290.1 Ws

C 1 2 Batillaria cumingii

C 2 2 Batillaria cumingii

C 3 2 Batillaria cumingii
C 3 1 Batillaria cumingii
C 1 1 Batillaria cumingii
2g' C 2 1 Batillaria cumingii

58

Watasenia scintiflans (Squid-out group)

8. cumingii (B712])

26
25

100
7

0OL877185.1 Cg

100

20

010

100 |

36 A5 1 Magallana gigas
A6 1 Magallana gigas
A 1 1 Magallana gigas
A 12 Magallana gigas
A 2 1 Magallana gigas
A 3 2 Magallana gigas
A5 2 Magallana gigas
A 4 1 Magallana gigas
A 2 2 Magallana gigas
A6 2 Magallana gigas
A 3 1 Magallana gigas

75 A 42 Magallana gigas
95 | E 12 Arcuatula senhousia

D 1 1 Potamocorbula amurensis
2 ﬁ D 2 1 Potamocorbula amurensis
KP976189.1 Ca P amurensis (R]8HAHS 7))
D31P
D 2 2 Potamocorbula amurensis
M. gigas (2)

E 2 1 Arcuatula senhousia
E 3 2 Arcuatula senhousia

MT878231.1 As A senhousia (B)

E 22 Arcuatula senhousia

4”‘_‘ E 11 Arcuatula senhousia

95 ' E 31 Arcuatula senhousia
10 9 l— 8 1 1 Mytitus gafioprovincialis

B 1 2 Mytilus galloprovincialis

B 3 1 Mytilus galloprovincialis
AB076943.1 Mg
B 3 2 Mytilus galloprovincialis
B 2 1 Mytilus galloprovincialis
B 2 2 Mytilus galloprovincialis

M. galloprovincialis (K| S8 EHX])

Fig 4. Molecular phylogenetic analysis using MEGA_64 (Maximum Likelihood method),

74%0 A A 22-30%% A=t A5t Qv Ae® e
wtk A= A= e 2 EAASEA (Cytochrome
Oxidase 1 (CO1)) 2z} FU3 Fo 7 Fql=|glon, 7]&d
A% M elag Ay 5 F W eAR
o] Fel=gick olegt A= ¥ )
Z 4 Az AAske dAlE=S] A dlolE 755
DNA #}Z= A 34 79 A 724 5 &8
& Aoz AEFEh

AL A

2 dTE agFolA Ak Aqdyg A} (3
AFAY,  NRF-2017R1D1A3B03034971), FAATA
(NRF-2021R1A6A1A03039503) 2 Z7}dFA 4w AE
AE (2022R1A6C101B794), <4 3d|ga d&elFu]e]

9 o} apstgizae,
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