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ABSTRACT

About 85,000 species of gastropods are known around the world, and the imports rate about edible gastropods are
on the rise every year in Korea. The system will be needed to reflect taxonomic diversity about similar gastropoda
groups. Because inaccurate information about edible species can cause serious problems in market. In this study,
to cope with this problem, a study was conducted to accurately identify gastropods, and selected six target country
with a large imported rate of edible gastropods in Korea. The collected gastropods were classified into 8 orders,
22 families and 33 species, including unrecorded in Korea, and were identified by morphological classification.
Sequence analysis of the COI gene was performed for all collected species by COI universal primer. The result of
molecular phylogenetic analysis and morphological classification result are similar. As a result of this study, it was
confirmed that most gastropoda species can be identified using universal primers for gastropod COI sequences,
and will be used as data for species identification of gastropods in the future.
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Table 1. COI Primer sequence

Primer name

Sequence

Product size

COI-LCO1490
COI-HCO2198

GGTCAACAAATCATAAAGATATTGG

= 700bp

TAAACTTCAGGGTGACCAAAAAATCA
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9] F55747 B ookt =218 2331l on (Habe and
Ito, 1965; Okada et al., 1967; Qi et al., 1983; Qi et al.,
1989; Kwon et al., 1993; Ma, 1997; Okutani, 2000; Lee
and Min, 2002; Min et al., 2004; Qi, 2004; Wu and Lee,
2005; °|&7, 2015), 57 A7} Bt 5Ho] fle el sl
A e o a4 2ot £HS 1 ARE TS Folskal
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1) DNA F&

AlE diakel 3359 55725 DNAE 3] ¢
i el W (foot) ol s FHE A=l AHE-3lel
o} 243 A 85 50-100 mg AHE-3}o] ATL buffer 180 «1,
Proteinase k 20 x19} 56CollA 3+ A7+ F-oF wh-e-A|F
Hhgo] $ka® Alge] AL buffer 200 x«15 Eo] thA] 56T
olA] 10%7t incubate 3}t WHe-o] S5 A8 200 4«1
ethanol® Y1 49 spin column®® %7 o} 8000
rpmollA 187F QARG cE Columnolelz 7lefoke

wasted A7 & ¥ AW1 buffer 500 p15 Yol 157+ 94
38 & o}x| wasted A|ASI el AW2 buffer 500 ©15
2713 5 14,000 rpmellA 387 AA1E-E)5k9 e}l Column
o] ¥ ethanols A3 A|A3F7] Y3l 14,000 rpmelA]
oA 37k AR Bglth o] 3 A REE $4 1IX TE
buffer 50 115 Fi WAlE2Iste] DNAS 3]5sgltt o]
o) DNA 55+ 1xg o4, purity 4E 43k 0D260/280
e 1.8-2.0 ©] H== 39t} (QIAGEN, DNeasy Blood
& Tissue Kkit).

2) DNA 2= 49 Hx|

%%3 DNAZE COI universal primer (Table 1) £ A}
43l] DNAZ 5Z313ict (Remigio and Hebert, 2003;
Galan et al., 2018). 5Zo] £Z3 2102 vepd A58 A
Hale] 1312 #1e)3gk PCR AFE-& G-puri purification kit
Z AAZ £ 20-30 xlo elution 3}tl Elution 3+
PCR AHE2] 4-5 plE template® 3} ©}x] EU3 PCR
#7102 DNA $5% Akt SFo] gud N85 2%
agarose gelol| A17]%9E 3} oA} product size band”} &
A== #<ldt F Nucleogen Plus PCR Purification
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3) COl SMXt M & (ABI 3730XL DNA Analyzer)
9 707 %3 PCR product® ©|$3}l4 Big Dye
Ready Reaction Mix (v3.1) 0.5x¢1, 5X buffer 1 pl,
DMSO 0.5 g1, primer (10pmol) 0.5 x1, Template 1 £1,
Grade Water 6.5 ¢l & 27122 mixtureE WH= 3 2720
thermocycler (Applied Biosystems) = A3} 96T o)A
1¥#7} denaturation ¥H5- ¥ 96T oA 10x, 52TCelA 5%,
60TCA 4% <t 35 cycle sequencing PCRS #3831}
t}. Sequencing PCRZ $Z3 DNAE EtOH Ao
AAElY, ABI 3730XL DNA Analyzer® oF3F
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PCR ¥ A3 #7954 target product 77+
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5o dsl] 1Az A3}t (Tamura and Nei, 1993;
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Class Gastropoda Cuvier, 1797 257}

Subclass Vetigastropoda Salvini-Plawen, 1980 Z£Zo0}7}
Order Lepetellida Moskalev, 1971 $7H1%5E (A1%)
Family Haliotidae Rafinesque, 1815 23}

Haliotis discus hannai Ino, 1952 EHIAE-

Haliotis scalaris emmae Reeve, 1846 %In}AE (Al1A])
Order Trochida Rafinesque, 1815 %1232 (AA)
Family Trochidae Rafinesque, 1815 Fig3}

Monodonta australis Lamarck, 1822 F-gEle] 1%

Family Tegulidae Kuroda et al., 1971 2Z1%3}
Omphalius rusticus (Gmelin, 1791) 2%
Tectus pyramis (Born, 1778) ¥|gju|=F2ubA 1.5

Order Seguenziida Haszprunar, 1986 ZZH|15E (A1%)
Family Chilodontaidae Wenz, 1938 2% 1%5-3}
Euchelus asper (Gmelin, 1791) A wrlgEle| s (AA)

Subclass Neritimorpha Golikov & Starobogatov, 1975
AnFopy
Order Cycloneritida Fryda, 1998 182155
Family Neritidae Rafinesque, 1815 21353
Nerita balteata Reeve, 1855 F7 w22 v% (AA)

Subclass Caenogastropoda Cox, 1960 A&7}
Order Unassigned
Family Batillariidae Thiele, 1929 A1-%5-3}
Batillaria cumingii (Crosse, 1862) 97}2]
Family Potamididae H. & A. Adams, 1854 5t}&]7}
Cerithidea obtusa (Lamarck, 1822) 548]E°]1% AA)

Telescopium telescopium (Linnaeus, 1758) "W4751%

Order Littorinimorpha Golikov & Starobogatov, 1975
24255
Family Littorinidae Gray, 1840 <153
Littoraria bengalensis D. Reid, 2001 ®147=dv% (AA)
Family Naticidae Guilding, 1834 725203}
Neverita didyma (Réding, 1798) Z7-&$-3o|
Family Tonnidae Suter, 1913 $]1.5-7}
Tonna galea (Linnaeus, 1758) 249 v%
Tonna sulcosa (Born, 1778) ZAu&$ 1%
Family Charoniidae Powell, 1933 FZU215% (A3)
Charonia tritonis (Linnaeus, 1758) A& 1%
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Family Strombidae Rafinesque, 1815 441233 Family Babyloniidae Kuroda et al., 1971 533} (A1A)
Lambis lambis (Linnaeus, 1758) #7]i% Babylonia areolata (Link, 1807) ZAMPAE T4
Sinustrombus latissimus (Linnaeus, 1758) #]i1% Babylonia spirata (Linnaeus, 1758) Fol&]43}

Family Cymatiidae Iredale, 1913 1}2u25-3} Family Buccinidae Rafinesque, 1815 &d|1%5-3}
Fusitriton oregonensis (Redfield, 1846) 372X 1% Buccinum undatum Linnaeus, 1758 E32412% R1A)

Neptunea cumingi Crosse, 1862 Z-Aujv] 3%

Order Mesogastropoda Thiele, 1925 FEZE Family Fasciolariidae Gray, 1853 71153}

Family Turritellidae Lovén, 1847 YAk} Filifusus filamentosus (Roding, 1798) AlE}e| 7115
Turritella terebra (Linnaeus, 1758) At} UAlLs Pleuroploca trapezium (Linmnaeus, 1758) oJAEZ8n)E7] 1%

Family Melongenidae Gill, 1871 €%1%5-3%
Order Neogastropoda Wenz, 1939 AlE<5 Volegalea cochlidium (Linnaeus, 1758) FAUAlZ1%

Table 2. Species Identification Results

& (Order) 3} (Family) s 9 El
Lepetellida - Haliotis discus hannai Ino, 1952 FAE
= = - Haliotid A&y L. , ,
ETYEE(AA)) aliotidae (5= Haliotis scalaris emmae Reeve, 1846 ulAE- (A1)
Tect s (Born, 1778 sleu| =32k g
Trochida Tegulidae (22757} betus pyramis (Born, 1778 Ajﬁ] S
(-2 (A1) Tegula rustica (Gmelin, 1791) Rl
Heem e Trochidae (353} Monodonta australis Lamarck, 1822 lkeEle s
S iid. . . - . } - ]
(5—%5&%—;( 24) Chilodontaidae (Z|1%53})  Euchelus asper (Gmelin, 1791) - wrlgelE| 15 (AA)
(Cj_ylglg;:f_fl%tig? Neritidae (Z1%3}) Nerita balteata Reeve, 1855 kAl 2] 27 5(A1%])
red Batillariidae (A5-3} Batillaria cumingii (Crosse, 1862) 7}e
unassigne — = = =E
. Cerithidea obtusa (Lamarck, 1822) Zelu]Eo] 5 (A1A)
1| x] A == 3 ’ N
=171%) Potamididae (517 Telescopium _telescopium (Linnaeus, 1758) 47 F15
Naticidae (F-&-%-3¢]7}) Neverita didyma (Réding, 1798) ZTE5H0]
Charoniidae (37-UE3%3) Charonia tritonis (Linnaeus, 1758) A g
Cymatiidae (2153} Fusitriton oregonensis (Redfield, 1846) 72 A| 1%
. Littorinidae (F%¢15%) Littoraria bengalensis D. Reid, 2001 anEdag
Littorinimorpha — > o B ; T, > o=
(2o E2) Naticidae (F-&-$F°]7}) Neverita didyma (Réding, 1798) Z7E5o]
°= - Strombidac (241353} Lambis lambis (Linnaeus, 1758) An| 15
r T Sinustrombus latissimus (Linnaeus, 1758) Hi%
. Tonna galea (Linnaeus, 1758) IR 1F
o] 77 =7 ’
Tonnidae (#1215=h Tonna sulcosa (Born, 1778) AW E)1F
hiesoiastropoda Turritellidae (UA}253h Turritella terebra (Linnaeus, 1758) Al At g
(Fuz9)
.. . Babylonia spirata (Linnaeus, 1758) Folel4E
22l (A1%) ’
Babyloniidae (G2 p 1 ia areolata (Link, 1807) AN SR 5
.. o - Buccinum undatum Linnaeus, 1758 EigEds
o=y
Buccinidae (Zelar5=h Neptunea cumingi Crosse, 1862 2| E 3%
Fasciolariidae (71755} Filifusus filamentosus (Réding, 1798) Ael) 7] 15 (A1A)
ascrolarndae i Pleuroploca trapezium (Linnaeus, 1758) o7|&Z2wE7] 15
Neogastropoda Melongenidae (2¥t153}) Volegalea cochlidium (Linnaeus, 1758) FAUAS T
REZE) Chicoreus capucinus (Lamarck, 1822) AR
Hexaplex duplex (Réding, 1798) TEeAE A}
Muricidae (Z42}7}) Murex trapa Roding, 1798 L7 Al
Rapana venosa (Valenciennes, 1846) DEIF
Thais clavigera (Kiister, 1860) 2]
Nssariidae (F25H1%3)  Nassarius varicifera (A. Adams, 1852) AYFAF 15
Volutidae (F£152) Cymbiola nobilis (Lightfoot, 1786) 0 e e i
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Fig. 1. Target Gene (COIl) PCR Result.

Family Nassariidae Iredale, 1916 $%%24 153}
Nassarius varicifera (A. Adams, 1852) AE5%

Family Muricidae Rafinesque, 1815 &42}3}
Chicoreus capucinus (Lamarck, 1822) "1 22}
Hexaplex duplex (Réding, 1798) ¥+33l& 284}
Murex trapa Roding, 1798 #4271 Auls1%
Rapana venosa (Valenciennes, 1846) ¥2i.%
Thais clavigera (Kiister, 1860) H<g]

Family Volutidae Rafinesque, 1815 £&15-3
Cymbiola nobilis (Lightfoot, 1786) H7|FX|3eo}e] %

7

2.COIMR &I R F2 #7A¢A £4 23

°]”4 Aol AHEE AEe F 37AeR, FAARE &8
g 24 T4 2 T A B4l 34 R RE A
st om j-tA o ol sl FE AE3te] DNA
Z&% AYslgiry. 255 DNAS 538 PCRE A3t <)
¢ COI universal primers AM-3}3l 0w, ojuf FZ v}

27]% °F 700 bp WY ® °]E Falslr] $j3 A A71%
& sl FAe AR e AEE ke R A
£ 23 A3} target 774 700bpoﬂ A bandE 2 2l
4 918l (Fig 1).

A7) Jeld bandE AA13}4 sequencings $gt
PCRE Fej3lglon 1 ZA¥} 37719 Al&e] Hg COI 4
A Agds 2ok T AdEe] COI Agds AstA 23
S EAE Eelslr] $)3] NCBIoIA] Al5-3= BLAST A4
2 AAEE A& BLAST AME ARS-sle] Sstgion, 1
Az} 3779 A& 2Fo] COI ADo] AesiA 23S
el

37719 4igakE2] COI A4 FH‘SM 7t A

AR AT R S FUT Hol| S W
NCBI DBelA sorting 3}3ith
(Lobo et al., 2013). =2 23} NCBI DB°J|A sorting?t 6371
2] COI A<= E%‘ﬁ}‘ﬂ T 100718 AL o] 83t 7 &
7re] FrABAE FelEioh

AA £EE5F COI LS ClustalX2E 53 thsAdd s 5
Wl o) MEGAX ARE-3}e] Maximum likelihood

A
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Vi vz v3 M2 M3

o7 ¥A AR AL Ssgih 1 29 10049 55

COlI AgL T49%3ol3t  (Naticidae), 24k}
(Muricidae), £2FH1253 (Nssariidae), A5
(Turritellidae), o]z}l (Naticidae), 53

(Tonnidae), 37} (Babylomldae), FZ£3157 (Volutidae),
A+ Y2157} (Charoniidae), Y153 (Cymatiidae), &
Y257} (Buccinidae), 5257 (Melongenidae), 7125
7} (Fasciolariidae), 5t€]¥} (Potamididae), +4i153}
(Strombidae), 2153} (Neritidae), 9153 (Trochida),
22153 (Tegulidae), &3} (Haliotidae), Z¥|1%3}
(Chilodontidae) & ¥2]& #1E 4 glt) ¥4 9 2e
o] 158 £ 2070F #} (Family) 528 A% Fa=
A& T 5 Aot (Fig 2).

COI M L% ©]83F £445} Chilodontidae”} 41222
F2] =)o gk Haliotidae, Tegulidae, Trochidae2] <=4
2w AL Il 5 ik Potamididae? (family)
2] Cerithidea obtusaxs T 3719l 52 w|eknlelA )
AHE Qe (Table 3) HAAESA EAAT A 2 25

FAYE AE ¥ 4 3lglen, Muricidae?
(family) 2] Papana venosa, Naticidae¥} (family) <J
Neverita didyma, Buccinidae¥® (family) ¢| Buccinum
undatum-2 A% 37}, T4 T2 A=z FAAIE
A AT 2L 252 R ATEr) 18A e 2]l
& 4 99ltt (Remigio et al., 2003; Lobo et al., 2013;
Borges et al., 2016; Chee et al., 2016; Galan et al.,
2018). o]2j3t Z2ae S I WA Ax A 3}
= ok BE550] Agake} duste] AzElE 4 glok o
A et g0l wo] WAl e AMAES] AT A3 ]":
el we} A AL WEe] LT F delA e

ek SFIT R U B $E0 001 48 24
NS SR AL F7beh £7 wols) wadn) A3t ¥
FEA 2o] Jowt ARG A4S 4 9 4 °§.§4 e}

Sdlell 1=l = ARl FUERAY, FF w4 ke
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Fig. 2.

., ——— Batillaria cumingii(V09)

Tifforara mora?a?é?!a’géﬂ’”
Littoraria subvittata(MG826663)
Littoraria angulifera(FN557071)
Littoraria bengalensis(M10)
Thais h (EU073060)
Thais clavigera(C10)
Thais luteostoma(KC466625)
Thais javanica(GU188231)
Rapana venosa(C13)
Rapana venosa(C07)
Rapana rapiformis
Rapana bezoar
Murex troscheli(U86329)
Murex pecten(JN088274)
Murex trapa(M05)
Hexaplex trunculus(KF297407)
Hexaplex duplex(V01)
Chicoreus capucinus(MO07)
Chicoreus subpalmatus(GU439858)
Chicoreus torrefactus(GU188208)

(co1)
Nassarius pullus(KY100627)

ﬂ Nassarius hepaticus(MN389174,
57 T Tarritela commun/s?&ﬂbﬂ??ﬂ’l)

=

ae(T& 2 H0[3h

Muricidae(# 22t}

Nssariidae(F4 2|1 53

Turritellidae(LtAL LS 31

Turritella terebra(C04)
leverita josephinia 2414,

Neverita duplicata(E! U492408)

P Neverita didyma(C05)
Neverita didyma(C12)
‘onna dolium
61 Tonna allium(MH581375)
e Tonna galea(MO1)

)06)

Tonna sulcosa(M11,
l—'_T: Ea5y7oma aleo;a!a?ém)
B&MEM&M)—

Cymbiola vespertilio
i‘i: Cymbiola nobilis(V03)
Cymbiola pulchra(JN182216;

amn/a vanega Cl

B[

B

Fusttnton magellanicus(MH485165)
Fusitriton Iaudandus(MH485164)
Fusitriton oregonensis(JO1

leptunea cumingi
Neptunea arthritica(FJ710079)
Neptunea constricta(AB185314)
Neptunea antiqua(KT753989)
Neptunea frater(FJ710088)
Buccinum undatum(U02)

Buccinum undatum(U01)

Buccinum tsubai(AB183321)
Buccinum striatissimum(AB183328)
Buccinum tenuissimum(FJ710075)
Chryseofusus bradneri(MN752200)

)IemiTusus colosseus|
Hemifusus tuba(JN053024)
Volegalea cochlidium(M04)

Pugilina cochlidium(MF588670)

26 — Hemipolygona mcgintyi(l 4023)
Filifusus filamentosus(V08)
22 Opeatostoma pseudodon(KT754025)
Fleuroploca trapezium(V04)
% Pleuroploca ponderosa(MT230949)
98— Pleuroploca ponderosa(MT230949)(2)
Peristernia chlorostoma(MW277916)

67 Telescopium telescopium(M02)
- |—LT: Cen'thidea obtusa(MO06)
99

3)
is(HE680604,

Centhldea cin, ulata HE680433)
99— Lambis 7amsls%Vw)

Lambis truncata(DQ525240)
Lambis chiragra(DQ525238)

Lambis lambis(V10)
Strombus aurisdianae(DQ525235)
Sinustrombus lati: (V07)

Strombus pugilis(DQ525207)

bilis(DQ525218)

g C Strombus maculatus‘0852521 7)
lerita costala
Nerita balteata(M08)
Nerita undata

Nerita plicata(EU252869,

97 nodonta australis
Monodonta labio(LC316285)

€316276)

52l Monodonta perplexa perplexa(LC316354
|: Tectus Ténes!ra;us?E'ES%WDs

Tectus pyramis(V02)

Tegula rustica(C08)
— Tectus maximus(EU530150)

L Tectus niloticus

% aliofis Tulgens
—{ E Haliotis kamtschatkana
69 Haliotis discus hannai(C11)
9 Haliotis corrugata(FJ977760)
uchelus aspe!

14

Nat (&0l
Tonnidae(?| &1}
Babyloniidae(%: 2}

Volutidae(EEDE1H
Charoniidae(Z# L& 181}

Cymatiidae(LI# 1§13

Buccinidae(E3|1-81hH

Melongenidae(® Bt 1 &1}

Fasciolariidae(Z! 1§31}

Strombidae(+¥ 151}

Neritidae(Z 1 511

Trochidae(# 11 &3

idae(5 20 E1h)

Haliotidae(™ 53}

Chilodontidae(ZH| 1§13}

Evolutionary analysis by Maximum Likelihood method. A) Green box
species, Same origin. B) Blue box : Same species, different origin.

Same
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Table 3. List of Species used to Obtain the COI Sequence and Indication of the Origin of the Sample

Species

Australia

China Japan Myanmar UK Vietnam

Haliotis discus hannai Ino, 1952
Haliotis scalaris emmae Reeve, 1846 (0]
Tectus pyramis (Born, 1778)

Tegula rustica (Gmelin, 1791)
Monodonta australis Lamarck, 1822
Euchelus asper (Gmelin, 1791)

Nerita balteata Reeve, 1855

Batillaria cumingii (Crosse, 1862)
Cerithidea obtusa (Lamarck, 1822)
Telescopium telescopium (Linnaeus, 1758)
Neverita didyma (Réding, 1798)
Charonia tritonis (Linnaeus, 1758)
Fusitriton oregonensis (Redfield, 1846)
Littoraria bengalensis D. Reid, 2001
Neverita didyma (Réding, 1798)
Lambis lambis (Linnaeus, 1758)
Sinustrombus latissimus (Linnaeus, 1758)
Tonna galea (Linnaeus, 1758)

Tonna sulcosa (Born, 1778)

Turritella terebra (Linnaeus, 1758)
Babylonia spirata (Linnaeus, 1758)
Babylonia areolata (Link, 1807)
Buccinum undatum Linnaeus, 1758
Neptunea cumingi Crosse, 1862
Filifusus filamentosus (Réding, 1798)
Pleuroploca trapezium (Linnaeus, 1758)
Volegalea cochlidium (Linnaeus, 1758)
Chicoreus capucinus (Lamarck, 1822)
Hexaplex duplex (Réding, 1798)

Murex trapa Roding, 1798

Rapana venosa (Valenciennes, 1846)
Thais clavigera (Kiister, 1860)
Nassarius varicifera (A. Adams, 1852)
Cymbiola nobilis (Lightfoot, 1786)

(0]

cleNe

)
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AR T 65 109} 115, v} 55 839 115, WlEN 4
73 9%, 37 15 19 1F, 48 15 13 15, I 151
3} 150% Felegc Aok S8 Agslel 25 S49
= A4 WoRMS (2020)] 343} EFAAES wjghe
o] HAoA Fo] ¢i= ZAF Min et al., 2004) & EZ
5 ol 37, 3 el 17, & 99 67de] Fe AAekch
$AARE DET BA AT BRE B £ Ha
A slshy] 3 Fesd S B9 14 $RE AN
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primerE AR5tk o]F 3l E53 COI A2S MEGA
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22 7323e %3] phylo-dendrogram A& $33}9ch 1
ZAz} 207H4 72 100719 557 COI Al do] A3 +4]
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