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ABSTRACT

The availability of fast and inexpensive sequencing

technology has enabled researchers around the world to

conduct many genome sequencing and expressed sequence tag (EST) projects of diverse organisms. In recent

years, whole genome projects have been undertaken

to sequence ten species from the phylum Mollusca. These

include Aplysia californica, Lottia gigantea, Crassostrea virginica, Spisula solidissima, Mytilus californianus,
Biomphalaria glabrata, Crepidula fornicata, Elysia chlorotica, Loftia scutum and Radix balthica. Additionally,
complete mitochondrial genomes of 91 mollusks have been reported. In Korea, EST projects have been
conducted in nine mollusk species that include Nesiohelix samarangae, Pisidium (Neopisidium) coreanum, Physa

acuta, Incilaria fruhstorferi, Meretrix lusoria, Ruditape

s philippinarum, Nordotis gigantea, Crassostrea gigas and

Laternula elliptica. Finally, the mitochondrial genome projects from the Pacific Oyster (Crassostrea gigas) and the
rock shell (Thais clavigera) have been conducted and reported. However, no systemic mollusk genome project has
so far been conducted in Korea. In this report, the current status and research trends in mollusk genome study in

Korea will be discussed.
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1. ANA A Z2AE F AATE Z2AE] HF

GOLD (Genomes OnLine Database ;
http://www.genomesonline.org) ©|o|Ejso]2e] ufzm &
A 9,233 AEFol gt A ZeAET} FAHT Gl
(20101 12¢ 229 7%, Liolios et al., 2010). ©|% A%
£ gl ZRAEL 4o EST ZRAEZ ¥3}3]¢
127] ZZAEZ} 7145 o] Q). GOLD ulo]g]wo] 2] &
7} NCBI (The National Center for Biotechnology
Information) °| 5= o)A vlolelE $33] X AATE
o] 75 dA7EA] 8% EST ZRAES T3 F 18F9
TAAZZAET} FE oA gt (NCBD.

olg|gt TrAELI AATE A d7AEY A2
1,023,35871¢] EST 97144 2 246,98771¢] 9471442 4
5,66571¢] GSS (Genome Survey Sequence) 4253} A
34 ASE T 1234709 FAA M2 9 40,8447
unigene*] o] NCBI ol 55 = oA git}h. 53] 99709 ¥
#o) ZzAE 9 91le] §74 Aol 5% HoiA sk, o
Ak 5& FHox {AA M2 EF  Mitochondrial
Genome A]¥o]H 997 Z2AE £ 917]9] Z2AE} =
Z5]o]Z Mitochondrial Genome A]<ge] gt ZEAEo|

Table 1. Current status of Mollusks database registered in

NCBI
DatabaseType NO.
Nucleotide 246,987
Nucleotide 1,023,358
Nucleotide 5,665
Protein 62,953
Structure 246
Genome (mito. only) 91
Genome (include Mito.) 99
UniGene 40,844
Gene 1,234
t} (Table 1).
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Table 2. Current status of Mollusks genome projects registered in NCBI and GOLD database

Species Class Genome EST NCBII];F axon NCBII]I)’roject Si?::;iiiyng
Aplysia californica Gastropoda WGS (0] 6500 13634 USA
Lottia gigantea Gastropoda WGS (0] 225164 USA
Crassostrea virginica Bivalves Mapped Clone (6] 6565 12979 USA
Spisula solidissima Bivalves Mapped Clone (0] 6584 12959 International
Mytilus californianus Bivalves Genome-Isolate 6549 USA
Biomphalaria glabrata Gastropoda Genome-Isolate (0] 6526 12878 USA
Crepidula fornicata Gastropoda Genome-Isolate (0} 176853 46719 USA
Elysia chlorotica Gastropoda Genome-Isolate 188477 China
Lottia scutum Gastropoda Genome-Isolate 351231 International
Radix balthica Gastropoda Genome-Isolate 582868 52079 Germany
Argopecten irradians Bivalves o 31199 13038 USA
Crassostrea gigas Bivalves O 29159 France
JJZI;Z;];ZIZ Ie:ten Bivalves (0] 6573 18941 Japan
Pinctada maxima Bivalves (6] 104660 43561 Germany
Unionidae Bivalves O 47526 53971 USA
Elysia timida Gastropoda (0] 154625 52083 Germany
Haliotis asinina Gastropoda (0] 109174 43563 Germany
Zﬁ;‘;’iﬁ”"’b” Gastropoda 0 259542 52099 Germany
AEal Frdd FrEtors A 3 Y Ha TR R 2 199998 20054 744 F 20F0]
FAME<2l Unionidae (UEx/47F) ° EST £ 454 = 7o) w8 2006345 20109 71A] 7T150] 3 =o]A
transcriptomics e 3 WFeE FTAstn gloH AL F7)E 2 SRR dbdo] oS w21 g
Spisula solidissima & R4 7kxe &4 o, =2 g FAAZZAE o] LA AHo] IS BT 9l
(premature aging) ¥ < $|1%% (muscular dystrophy) t} (Table 3).

59 Qo] A= Qiv} L3 Placobranchus ocellatus,
Elysia timida 52| sea slug = 2% (algae) & HolA 3
FAE s 29 MaAEH (kleptoplasty) A= B

F+ F8 dAFEE AT SR gt
(Rumpho et al., 2008 Wagele et al., 2011).

3. QAT E v EEZE o} A ZRAE IF
AAEZe) PE Lol FAAZZAES 19994 S
Katharina coerulea,
nemoralis ¥ g=o|A 533 Crassostrea gigas & 25
= 3tef 20104 1249 FA7HA] F91F0] S5 oI3ich A
EEE 7 /1 Wl $45 4L BEF (419 olgiond, 3

FA 59t} (Table 3, 4).

tunicata, Albinaria Cepaea

=7 31%F, 757 16%°]

F7PEE AR FaelA 7}1* W Tl F 2235
A om v wlSte] 19% :LHL 2ol 145

A3 T2 B3 22F F Meretrix lusoria,
Paphia euglypta, Crassostrea iredalei, Saccostrea
mordax, Meretrix meretrix, Argopecten irradians
irradians, Meretrix petechialis, Cristaria plicata,
Crassostrea angulata, Crassostrea ariakensis,
Crassostrea sitkamea, Chlamys farreri, Hyriopsis
cumingii, Mimachlamys nobilis, Crassostrea
hongkongensis, Sinonovacula constricta 16%°] H=57

of &3 glglch et A2 25Qlel|A Onchidella celtica,
Siphonaria pectinata, Ascobulla fragilis, Myosotella
dolabrata 5%2 EHZF2

myosotis, Pyramidella
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Table 3. Current status of Mollusks mitochondrial genome projects registered in NCBI

accession . Length
No. Species (bp) Reg. date Class Country References
NC_001276 Crassostrea gigas 18,224  1999/12/27 Bivalvia Korea
NC_001636 Katharina tunicata 15,632  1999/08/24  Polyplacopho USA (Boore and Brown,
ra 1994)
NC_001761 Albinaria coerulea 14,130  1999/08/24 Gastropoda Greece (Hatzoglou et al, 1995)
NC_001816 Cepaea nemoralis 14,100  1999/08/24 Cephalo UK (Yamazaki et al, 1997),
poda (Terrett et al, 1996)
NC_002176 Pupa strigosa 14,189  2000/03/09 Gastropoda Japan (Kurabayashi and
Ueshima, 2000)
NC_002507 Loligo bleekeri 17,211  2000/08/02  Cephalopoda Japan (Tomita et al, 1998;
Sasuga et al, 1999;
Tomita et al, 2002)
NC_003354 Venerupis (Ruditapes) 22,676  2002/01/12 Bivalvia Japan
philippinarum
NC_004321 Roboastra europaea 14,472  2002/10/01 Gastropoda Spain (Grande et al., 2002;
Grande et al, 2004)
NC_005335 Lampsilis ornata 16,060 2004/01/21 Bivalvia USA (Serb and Lydeard,
2003)
NC_005439 Biomphalaria glabrata 13,670 2004/02/19  Gastropoda UK (Dedong et al., 2004)
NC_005827 Aplysia californica 14,117  2004/03/23 Gastropoda USA (Knudsen et al, 2006)
NC_005840 Siphonodentalium 13,932  2004/04/12  Scaphopoda Austria (Dreyer and Steiner,
lobatum 2004)
NC_005940 Haliotis rubra 16,907 2004/06/23 Gastropoda Austria (Maynard et al, 2005)
NC_006161 Mytilus edulis 16,740  2004/09/01 Bivalvia USA (Hoffmann et al, 1992;
Boore et al, 2004)
NC_006162 Graptacme eborea 14,492  2004/09/01 Scaphopoda USA (Boore et al, 2004)
NC_006353 Octopus vulgaris 15,744  2004/10/05 Cephalopoda Japan (Yokobori et al., 2004)
NC_006354 Todarodes pacificus 20,254  2004/10/05  Cephalopoda Japan (Yokobori et al, 2004)
NC_006886 Mpytilus galloprovincialis 16,744  2005/04/02 Bivalvia USA (Cao et al, 2004; Mizi
et al., 2005)
NC_007175 Crassostrea virginica 17,244  2005/07/06 Bivalvia USA (Milbury and Gaffney,
2005)
NC_007234 Placopecten magellanicus 32,115 2005/08/02 Bivalvia Canada (La Roche et al, 1990)
NC_007687 Mytilus trossulus 18,652  2006/01/06 Bivalvia Canada (Breton et al, 2006)
NC_007781 Ilyanassa obsoleta 15,263  2006/02/08  Gastropoda USA (Simisonet al, 2006)
NC_007782 Lottia digitalis 26,835 2006/02/08  Gastropoda USA (Simison et al, 2006)
NC_007893 Watasenia scintillans 20,093 2006/03/10  Cephalopoda Japan (Akasaki et al, 2006)
NC_007894 Sepioteuthis lessoniana 16,631 2006/03/08 Cephalopoda Japan (Akasaki et al, 2006)
NC_007895 Sepia officinalis 16,163 2006/03/08 Cephalopoda Japan (Akasaki et al, 2006)
NC_007896 Octopus ocellatus 15,979 2006/03/10  Cephalopoda Japan (Akasaki et al, 2006)
NC_007980 Nautilus macromphalus 16,2568 2006/05/03 Cephalopoda USA (Boore, 2006)
NC_008098 Lophiotoma cerithiformis 15,380 2006/06/09 Gastropoda USA (Bandyopadhyay et al,

2006)
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NC_008451

NC_008452

NC_008797
NC_009081

NC_009687
NC_009689

NC_009690
NC_009734
NC_010090
NC_010220

NC_010567
NC_010636

NC_011075
NC_011193
NC_011518

NC_011581
NC_011608
NC_011763
NC_012138
NC_012376

NC_012383

NC_012428

NC_012434

NC_012435

NC_012648
NC_012649
NC_012650
NC_012716
NC_012767
NC_012840
NC_012899

NC_012977

NC_013073
NC_013187

NC_013188
NC_013239

Hiatella arctica
Acanthocardia tuberculata

Conus textile
Mizuhopecten yessoensis *
Argopecten irradians
Vampyroteuthis infernalis

Sepia esculenta

Dosidicus gigas

Thais clavigera
Biomphalaria tenagophila

Elysia chlorotica
Sthenoteuthis oualaniensis

Sinonovacula constricta
Rapana venosa
Crassostrea hongkongensis

Architeuthis dux
Mimachlamys nobilis
Hyriopsis cumingii
Chlamys farreri *
Onchidella celtica

Siphonaria pectinata

Ascobulla fragilis

Mpyosotella myosotis

Pyramidella dolabrata

Crassostrea angulata
Crassostrea sikamea
Crassostrea ariakensis
Cristaria plicata
Meretrix petechialis
Loligo opalescens
Oncomelania hupensis
hupensis
Argopecten irradians
irradians
Oncomelania hupensis

Oncomelania hupensis
robertsoni

Meretrix meretrix

Terebra dimidiata

18,244

16,104

15,562
20,414

16,221
15,617

16,199
20,324
15,285
13,722

14,132
20,306

17,225
15,272
18,622

20,331
17,963
15,954
21,695
14,150

14,065

14,745

14,246

13,856

18,225
18,243
18,414
15,712
19,567
17,387
15,186

16,211

15,182
15,191

19,826
16,513

2006/10/05

2006/10/05

2007/01/17
2007/03/02

2007/07/24
2007/07/24

2007/07/24
2007/08/08
2007/12/03
2008/01/03

2008/04/08
2008/04/29

2008/07/25
2008/09/04
2008/11/04

2008/11/14
2008/12/01
2008/12/22
2009/03/06
2009/03/24

2009/03/24

2009/03/25

2009/03/25

2009/03/25

2009/05/01
2009/05/01
2009/05/01
2009/05/21
2009/06/04
2009/06/19
2009/07/01

2009/07/16

2009/08/05
2009/09/01

2009/09/01
2009/09/18

Bivalvia
Bivalvia

Gastropoda
Bivalvia

Bivalvia
Cephalopoda

Cephalopoda
Cephalopoda
Gastropoda
Gastropoda

Gastropoda
Cephalopoda

Bivalvia
Gastropoda
Bivalvia

Cephalopoda
Bivalvia
Bivalvia
Bivalvia

Gastropoda

Gastropoda

Gastropoda

Gastropoda

Gastropoda

Bivalvia
Bivalvia
Bivalvia
Bivalvia
Bivalvia
Cephalopoda
Gastropoda

Bivalvia

Gastropoda
Gastropoda

Bivalvia

Gastropoda

Austria
Austria

USA

Japan

USA
Japan

Japan
USA
Korea
Brazil

USA
USA

China
USA
China

Spain
China
China
China
China

Spain

Spain

Spain

Spain

China
China
China
China
China
USA
China

China

China
China

China
Spain

(Dreyer and Steiner,
2006)

(Dreyer et al, 2006)

(Sato and Nagashima,
2001)

(Yokobori et al, 2007)

(Yokobori et al, 2007)

(Rumpho et al, 2008)

(Ren et al., 2009)

(Grande et al, 2004;
Grande et al., 2004;
Grande et al, 2008)
(Grande et al, 2004;
Grande et al, 2004;
Grande et al, 2008)
(Grande et al, 2002;
Grande et al, 2004;
Grande et al, 2004;
Grande et al, 2008)
(Grande et al, 2004;
Grande et al., 2004;
Grande et al, 2008)
(Grande et al, 2004;
Grande et al., 2004;
Grande et al, 2008)

(Ren et al., 2009)

(Ren et al, 2010)

(Cunha et al, 2009)
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NC_013241 Cancellaria cancellata 16,648 2009/09/18 Gastropoda Spain (Cunha et al, 2009)

NC_013242 Fusiturris similis 15,595 2009/09/18  Gastropoda Spain (Cunha et al, 2009)

NC_013243 Conus borgesi 15,5636  2009/09/18 Gastropoda Spain (Cunha et al, 2009)

NC_013245 Cymbrum olla 15,375  2009/09/18 Gastropoda Spain (Cunha et al, 2009)

NC_013247 Cymatium parthenopeum 15,270  2009/09/18 Gastropoda Spain (Cunha et al, 2009)

NC_013248 Nassarius reticulatus 15,271  2009/09/18 Gastropoda Spain (Cunha et al, 2009)

NC_013250 Bolinus brandaris 15,380 2009/09/18 Gastropoda Spain (Cunha et al, 2009)

NC_013271 Loripes lacteus 17,321  2009/09/30 Bivalvia Austria

NC_013275 Lucinella divaricata 18,940 2009/09/30 Bivalvia Austria

NC_013658 Quadrula quadrula 16,033  2009/12/22 Bivalvia USA (Breton et al, 2009)

NC_013659 Venustaconcha ellipsiformis 17,174  2009/12/22 Bivalvia Canada (Breton et al, 2009)

NC_013661 Pyganodon grandis 15,848  2009/12/22 Bivalvia Canada (Breton et al, 2009)

NC_013708 Haliotis tuberculata 16,521  2010/01/05 Gastropoda France

tuberculata

NC_013833 Tricula hortensis 15,179  2010/02/16 Gastropoda China

NC_013846 Chaetoderma nitidulum 21,008 2010/02/16  Aplacophora Austria

NC_013934 Platevindex mortoni 13,991 2010/03/12 Gastropoda China

NC_013997 Crassostrea iredalei 22,446  2010/03/30 Bivalvia China (Wu et al, 2010)

NC_013998 Saccostrea mordax 16,532  2010/03/30 Bivalvia China

NC_014403 Amalda northlandica 15,354 2010/08/12 Gastropoda New (McComish et al, 2010)
Zealand

NC_014580 Dendropoma gregarium 15,641 2010/10/15  Gastropoda Canada (Rawlings et al, 2010)

NC_014583 Dendropoma maximum 15,5678 2010/10/15 Gastropoda Canada (Rawlings et al, 2010)

NC_014585 Fualetes tulipa 15,078 2010/10/15 Gastropoda Canada (Rawlings et al, 2010)

NC_014590 Musculista senhousia 20,612 2010/10/15 Bivalvia Ttaly

NC_014579 Paphia euglypta 18,643 2010/10/15 Bivalvia China

NC_014588 Thylacodes squamigerus 15,544 2010/10/15  Gastropoda Canada (Rawlings et al, 2010)

NC_014809 Meretrix lusoria 20,268  2010/12/21 Bivalvia China (Wang et al, 2010)

mitochondrial genome 48 &3l A3HAE 73590
(Grande et al., 2004 Grande et al., 2004 Grande et al.,
2008),

Fusiturris similis, Conus borgesi, Cymbium olla,

Terebra dimidiata, Cancellaria cancellata,

Cymatium  parthenopeum, Nassarius reticulatus,
Bolinus brandaris AEE5F 8% FAlol A3}
phylogenetic relationships %39l (Cunha et al,
2009) A% 14 F F 13F0] 57 F57 &3l sk
ol AT dRME wibrpAQld £A43 12 F F
Sepia esculenta, Vampyroteuthis infernalis, Octopus

ocellatus, Watasenia scintillans, Sepia officinalis,

Table 4. The species number of mitochondrial genome
project in each Classes of Phylum Mollusks

Class No. spe.
Aplacophora 1
Bivalvia 31
Cephalopoda 15
Gastropoda 41
Polyplacophora
Scaphopoda 2
Total 91

Sepioteuthis lessoniana, Octopus vulgaris, Todarodes
pacificus, Loligo bleekeri 9%°] =5 |3t} (Yokobori
et al., 2007, Table 3, 5).

o AFe B5 20064 olFo] F2 ehd Aoz
Tree of life (Burki et al., 2008) ¥ Barcode of Life

Table 5. The species number of mitochondrial genome
project of Mollusks in each countries.

country No.
China 22
USA 19
Spain 14
Japan 12
Canada 8
Austria 7
Korea 2
UK 2
Brazil 1
France 1
Greece 1
Italy 1
New Zealand 1
Total 91

- 322 -



Table 6. The species number of mitochondrial genome
project of Mollusks in each class.

Species Name Sequenced EST

Aplysia californica 255605
Lottia gigantea 252091
Crassostrea gigas 196794
Biomphalaria glabrata 54309
Mytilus californianus 42354
Euprymna scolopes 35420
Mytilus galloprovincialis 19575
Crassostrea virginica 14560
Lymnaea stagnalis 11697
Aplysia kurodai 11445
Hyriopsis cumingii 10156
Ilyanassa obsoleta 9639
Idiosepius paradoxus 9079
Haliotis asinina 8335
Mizuhopecten yessoensis 7606
Haliotis diversicolor 7394
Haliotis discus 7263
Pinctada martensi 7130
Tritonia diomedea 7105
Pinctada maxima 7096
All other taxa 54881
Total 1029534
(Ratnasingham and Hebert, 2007) =& % oA &
S& CO-1 A % ITS VIAEES a‘é o] 7oA

3 & W99 molecular phylogenetics JJra% AT 9|
A A} & F7)7} obd mitochondrial genome AA|S v]w
3 ATFE AdEe] gid A7kl AE HolFs 5
gty =Y} (Timmermans et al., 2010).

4. AAFEESTEZZAE 8F

NCBI ¢ $55014 & dAEE EST A452 TH2
A2 Aplysia californica 7} 7P} @S 255,60571<]
EST AQo] S=xo] 9lon 11 yg&oZE Lottia
gigantean 252,0917), Crassostrea gigas 196,794 719
EST H“Ol SEH ] ek 2 o]9fel 10,000 7 o)do] T
% %2 Biomphalaria glabrata, Mytilus californianus,

Mytilus
Lymnaea  stagnalis,

galloprovincialis,
Aplysia
kurodai, Hyriopsis cumingii & = E33F] F11% o|9)
‘:‘r. H‘? AAAE oz 3 A4

Euprymna scolopes,

Crassostrea  virginica,

LoAEs} AaE =
T 5% o3tk ol A FAANZEAE £33 F
genome annotation I} A Az wHlo] =y e F

Korean J. Malacol. 26(4): 317-326, 2010

Az ] d¥-el EST A Qo] Fask M oA 4 9l
oz FAO aE A E A57F o, vl enkA] 5
g frAAke] 23S 918 el vldo] ol A8
FAAADEA oA e EST Ado] A= A=
% @l ®3 NGS £ ©]4-3 transcriptome A7 #H
AAE WA @71ADe] Aol AR FAH A 7]A
9] read 7} WolAl= A H AlAEA EST =2
E 59 FEA AR & 4 9l (Table 6).
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Table 7. Current status of Mollusks genome research in Korea

Species Class EST
Nesiohelix samarangae Gastropods 2,105
Pisidium coreana Bivalves 5,667
Physa acuta Gastropods 2,010
Incilaria fruhstorferi Gastropods 4,800
Meretrix lusoria Bivalves 600
Ruditapes philippinarum Bivalves 1,060
Laternula elliptica Bivalves 4,200
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