ghataf ke A 12 92 %

Korean J. Malacol.
Vol 12(2) 185 - 90, 1996

Sequence Divergence of 18S ribosomal DNA of
Gastropods (Molluscs)

Sook Hee Yoon, Seung Yeo Moon’, Byung Lae Choe” and Won Kim

Department of Molecular Biology, Seoul National University, Seoul 151-742, Korea

“Centre National de la Reserche Scientifique and Universite Prerre et Marie Curie. Station Biologique, 29682,

Roscoff, France
“Department of Biology, Sung Kyun Kwan University, Suwon 440- 746, Korea

sREER=
B3 (¢xS2)9 18S ribosomal DNAS| H7|AM A" K35
7 = 3 B & 0+« = 9o - 4 ¥
MEughn SRS} Tekas Zama RS At hx At yhoh Shal AR NS abak
352l BE3H(Rapana venosa, Keishia bronni, Anthosiphonaria sirius)e} 1& ¢} thabin,
Lepidosona (Lepidosona) coreanica®) ™ ¥ 18S ribosomal DNA® @714 d & wa)lil o]+
ol Bty 18F 9 olvidlF, 2F 9] HFH TLula 1E o) thabsie) A varE A eka
v A BEH V4 regionl A HE Al R S E e B 58 nserted sequences i
ZbAlar ARe, V2o oregionol A ¥ B3 (Prosobranchia®t Pulmonata)et o) w5
(Pteriomorphia®t Heterodonta) 7}7}e] Y o} 7bife]l i vbs LA %9 insertions '3
deletions & & FH ¥ A1}
well as more closely related organisms (e.g. Sogin
INTRODUCTION et al. 1989 Field et al, 1988). These 185 rDNA
have been used to infer the phylogenetic relationship
The phylum Mollusca includes the second largest of the phyvlum Mollusca, particularly among higher
species and shows a dominant structural diversity. taxonomic ranks (Rice et al, 1993 Winnepennickx
Traditional morphological characters have led to et al, 19920 1994; 1995). However, the complete or
several  controversial  hypotheses  on  molluscan nearly complete sequences of the 185 rRNA genes
phylogeny (e.g. Milburn, 1960; Gotting, 1980 of molluscs have been mostly restrnicted to  the
Scheltema, 1988; von Salvini-Plawen, 1985 Nielsen, species of the Bivalvia, and only two  sequences
1995), and the phylogenetic relationships of molluscs from the Gastropoda and one from the Polypla
have not been answered up to now. Recently, cophora are known for other classes of the
molecular data have been introduced as a new Mollusca. Here, we determined the 185 rRNA gene
source of phylogenetic information. Particularly, the sequences  from the three gastropods representing
185 rbosomal DNA sequences are well suited for two different subclasses. the Prosobranchia (Rapana
resolving relationships among  distantly  related as venosa, [teishia bronni) and Pulmonata (Antho-
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siphonaria strius) and one chiton species, Lepidoso-
na (Lepidosona) coreanica, and investigated the
sequence  divergence of the molluscan 185 rRNA

genes.,

MATERIALS AND METHODS

The gastropod specimens were collected in Cheju
Island, and the chiton specimen was provided by Dr.
Seung Shic Yum (National Institute of Genetics in
Japan). Total genomic DNA was isolated from live
and ethanol preserved individuals by using a modi -
fied standard procedure (Sambrook et al., 1989). The
18S  rRNA

polvmerase chain reaction (PCR) with oligonucleotide

coding region  was  amplified  1n
primers that recogmze conserved sequences proximal
to B and 3 termini of eukarvotic 185 rRNAs
(Medlin et al, 1988). PCR amplifications were
performed with Taq polymerase for 30 cycles (94T
for Imin. 52 for 2min, and 727 for 3min). The
ends of the amplified DNA fragments were modified
for blunt-ended hgation using T4 kinase and T4
polymerase. The blunt-ended 185 rRNA genes were
inserted into the Sma I site of the pGEM-3zf(-)
plasmid vector (Promega) and transformed to DH5-a
cell lines. The 185 rRNA coding regions were
sequenced both strands. The DNA sequencing wus
performed by the dideoxynucleotide chain-termi na-
tion method (Sanger et al., 1977), with two vector
primers and additional sequencing primers (Moon et

al, 1996).

clectrophoresed  on  buffer-gradient 6%  polyacryl

Sequencing  reaction  mixtures  were
amide gels and visuahlized by autoradiography. The

nucleotide  scquences  were  aligned  with  the
CLUSTAL V multiple alignment program {(Higgins
et al, 1992). The sequences determined in  this
study are deposited in the EMBL nucleotide sequen -
ce hbrary (accession numbers, X98826, X98827,

XO8328, and X98829).

RESULTS AND DISCUSSION

The multiple alignment of the sequences of the
molluscan species shows that there exist taxon
specific insertions and/or deletions in the V2 and V4
regions (Nomenclature of variable regions s after
Neef et al., 191) (Fig. 1). In the V2 region (sequen
ce position number 232-260), the two subclasses of
the Gastropoda (Prosobranchia and Pulmonata) are
distinguished by the insertions and/or deletions of
16-17 base pairs, and the two subclasses of the
Bivalvia (Pteriomorphia and Heterodonta) are dis-
tinguished by the insertions and/or deletions of 12
base pairs. All the gastropod sequences were dis-
tinguished from the other molluscs by a portion of
7-9 inserted sequences in the V4 region (sequence
position number 717-736).

The extant molluscs appeared in the fossil record
around Cambrian boundary and subsequently diver—
sified  explosively within  the short time span
(Runnegar and Pojeta, 1985). Since most of the
fast-evolving nucleotide sequences of variable regions
changed further, the orginal informative substi-
tutions can be obliterated. Neverthless, the conser-
ved taxon-specific insertions and deletions can be
used as reliable taxonomic signals. As shown in the
previous studies on the structural analyses of 185
rRNA gene sequences In crustaceans and insects
(Moon et al., 1994; Hwang et al., 1995), the present
study suggest that there exist taxonomic markers
within the 185 rRNA gene sequences in molluscs
and their markers will definitely  elucidate
evolutionary relationships of the molluscan major
groups, Further analyvsis with more expanded taxa
covering the taxonomic diversity might help to find
out more information on the taxon specific markers
in the rRNA genes.

SUMMARY

The nucleotide sequences of the 185 ribosomal
DNA of three gastropods (Rapana venosa, Reishia
bronni, Anthosiphonaria sirius) and one chiton species,
coreanica were deter-
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TOC-AACAAAGCTCCOACCCTC--0T-00AAACAGCOCGTTTATTAGATCAAARACCAGTC-003T-COC----- A40----0-CCCO--TCOTATTOOTOATACL
TOAR-AGCACGOCTCTOACC-TC--0C-0CARARCAOCOCOT TTATTAGATCARAACCAQTC-0OGQTCCOC- -~~~ AA0----00CCCO--TCOGATTOGTOACAC
TGA-ACCACOGCTCTOACC~TC--BC-G0AAAGAOCOCOTTTATTAGATC ARAAACCACTC-00QTTCOC-~~ -~ AAG----00CCCO--TCOOATTOGTOAGAL
TGBA-ABCACGOCTCTOACC-TC--0C-0CAAABAOCOCOTTTATTAGATCAAAARCCAGTC-0GOTCLAC-——~~ AAQG----00CCCC--TCOOATTORTGAGAC
TOA-AGCACGOCTCTGACC-TC--0C-00AAABAGCOCOTTTAT TAGATCAAAACCACBT C-060TTCOC---~~ AAQ----00CCCO--TCOO0ATTOGTOACAC
TOC-RACAAACCTCCOACC-GC--AA-00AAAGAGCOCTTTTATTABATC ARAACCAATC-000T -C0A----~ AAD----A-CTCO--TCCOACTOATOACTC
TOC-AACACAOCTCCOACL-TC--AC-00BAABASCOCTT TTATTABATCAAAACCARTC-0G~T-C0C-—-—~ AA0----0-C~CO--TCTCATTOOTOACTC
TOC-AACOAADBCTCCOACCTCAG-~--0080AA0AGCOCTTTTAT TAGATCAAARACCAATC-00-~TCOC----- A&G----0~CCOT--CCOTTTTABTOACTC
TOC-AAAARDOCCACCOAC--TC--AC-G0-AO0CGTGCOATTTTATCAGTTCARAACCARATC-00-T-CO0C----- AAG----0-C-CO--TCACTTTOGTOAATC
TOC-AAAAAQGCACCOAC--TC--AC-00-AQ0OTGCOATTTTATCAATTCARAACCAATC-00-T-CJC----~ AAG----0-C-CO--TCAATTTCOTOAATC
TGC-ARARAOGCACCOAC--TC--AC-00-ACBOTGCOATTTTATCAGTCCARARCCAATC-OG-T-C0C~~~-- ARQ----0-C-CO-~TCACTCTGOTCAATC

TOC-AACACAOCTCCOACCCOC-~0AGGCCAACAGCOCTTTTUT TROCCCAAAACCAAT CCOGATTCOCCCOTCAAACCOCGOCLCCUOCCCAACGTOGTOACTC
TOC-AACACAOCTOC BACCCOC--0AG000ARGABCOCTTTTOTTAOCCCAARARCCAATC COGATTCBCCCOTCAAACGOCGACCCOOCCCAACAOTOOTOACTC
TGC-AACACAQCTCCOACCCOC--CAGGO0AABAGCOCTT TTOTTAOCCCAARACCAATCCOOGTTCGCCCATCAAACOBCAOLECOGCCCAACGTAATOACTC
T3C-AACACAGCTCCOACCLOC --0AGGB0AAGAGCGCTTTTGTTAGCCCAAAACCAATCCOOCTTCACCCOTCAAACGOCOACCCOBCCCAACOTAGTIACTC
TOC-AACACAACTCCOACCCOA--BANGOGAACABCOC TTTTOTTAGCCCARAARCCAATCCO06TTCBCCCOTCARACGCCOBCCCACCCCAACOTOOTOALTE
TOC-AACACAGCTCCBACCCOC--0ABBOGARCAGCGCTT TTOTTAGCCCARAACCAATCCOOOTTCOCCCOTCAAACGOCOBCCCOOCCCRACATAGATAACTC
TOC -AACACAOCTCCOACCCOC--BABGO0AARDAGCOCTTT TOTTAGC CCARAACCAATCCOOGTTCOCCCOTCAAACGOCOBCCTIGCCCAACOTGATOACTC
TOCTOACCA-OCTCCOACCCCTTC--00CAAACACCOCTT TTATTAGTTCAAARCCABTCBOATTCTOCCL-~~~~~~~~~~~~~~ d-TCCT--TTOATGACTC
TOC TBACCA-GCTCCOACCCCTCC--GOGARAGAGCOCTT TTATTAQT TCAAAACCAGTCBOG TTCTOCCC-=~~~~~~~—~~=~~ d-TCCT--TTOQTCACTC
TBCTT TTOAAOCTCCBACCC -TCO--TOO0AARBAGCOCTTTTATTAGTTCARRACCAATCOCCAT - T0CCCT TCOCGO00TACBACO-TCCCCACTOOTOACTC
TGCTATTCAAOCTCC GACCC-TCT--08B00ARCAGCOCTTTTARTTAOTTCAAAACCAATCGCCGTOTOCTCTTGCCGOG0CCABACO-TCCCCCTTA0 TOACTC
TOCTTACCAAOCTCCOACCG-TCO--CG0AAACAGCOCTTTTATTAGTTCAAARCCAATCATCGT-TGCCCTTGAGCAGGCACAACA-TCCA-ACTGATCACTC

24, (iolophura japgn ica TGA-COT TCAGCTCCOACCTTT TTOCAGOGAAGAGCGCTITTATTAGATCARCATCAATC -0G0CCTC-~~-----~~--~ 00CCCG--TCCTOTTGOTOATTC
25, Lepldozopa (L.) coreanica TOA-AACTCCOCTCCOACCTCTC---~000AA0AGCOCTTTT ATTAGATC AAGATCAACC-0008CTTC----~~ -=-=~--00CCCO-~TCCTATTGGTOATTC
{==-y2 va(667-913)-~->
1. TOGATAACTTTGTOCTOATCOCACAG-CCTC-0OCOCCOACAACH. ., .. .ARTCTCOGATCCAGACTTAT -GATCCACCACATAACAT-TTACTGCTCA- T-~~- -~ CCTGACCTACC-~-TCCTOBTTT----
2. TOGATAACTTTOTOCTBATCOCACOG-CCTC-0COCCOOCOACE., . ., ATCTCOBOTCCAGOCTOGC -O0TCCOACGCCTATCOO-TTACTGCCTOCT---~-~ CCTOACCTACC---TCCCOOTTTTTIC
3. TOGATAACTTTOTOCTOATCOCACGO-CCTC-0COCCO0COACT,,, ., ATCTCO00TCCAGOCTAOE -00TCCOACOC-TATCOO-TTACTGCCTOCT-~-~~~ CCTOACCTACC---TCCCABTTTTITC
4. TGOATAACTTTOTOCTOATCOCACOG-CCTC-GCOCCOOCOACE, .. ...ATCTCOOOGTCCAGICTOGC-00TCCGACOCCTOTCOO-TTACTOCCTOCT-—--—+ CCTOACCTACG---TCCCOOTTTTIT-C
5. TOOATAACTTTOTOCTOATCOCACOQ-CCTC-GCOCCOGCGACH, ., ...ATCTCLO00TCCAGOCTTOC-00TCCOACOCCTOTCO0-TTACTOCTCO-T-----~ CCTOACCTACC---TCCCOBTTTTT-C
6. TOOATAACTTTOTOCTOATCGCATOO-CCTC-GAGCCOGCGACH. .. ...ATCTCOOGTCCAOOCTTOC-00TCCACTCCTTOOTAG-TTACTOCTCO-T------ CCTGACCTACC---ATCCGOTTITT~-C
7. TGOATAACTTTGTOCTGATCOCACOGOCTT--0CCCCOGCGACA, ., ,,,ATCTCOOGTTTAGOCTTOC -G0TCCOCTCCTTOGCOG-TCACTOCTCO-T-——-—~ CCTBACCTACC--~TCCCOGTTT---~
8, TOGATAACT TTGAOCACATCOCACOGOSTT--0TCCCOGCGACE, .. ...ATCTCOG0TCCAGBCTAOC-BBTCCACCTCOTTGTA0-TTACTACCTOTT--———- C-TGACCCAARC---CTCTCOOTTOTAA
9, TGGATAACTTTGTGCTGATCOCACAACCCCT-ATGCCOOCGACE,, ., ...ATCTCAGATCCAGGCTTOC ~G0TCCACTCCTTOGTBG-CTACTOOTCO-T-~~~~ CCTOATCTACC--~TCCCOQTTTT---
10, TGOATAACTTTOTGCT GATCOCACBACCCTC-0A0CCOICOACO, . . .. ATCTCAGGTCCABOCTTOC-GBTCCACTCCTTAGTBO-CTACTACTCO-T~-—--~ CCTOACCTACC---TCCCOBTTTT--~
11, TGOATAACTTTOTGCT GATCOCACGOCCCTA-GTACCO0COACO, ., .. ATCTCAOGTCCAGOCTTOC-GGTCCACTCCTTGOTA-CTACTACTCE-T-~---~ CCTOACCTACC---TCCCOETTTT---
12, COAACAACT TTOTOCCOATCOCAT G-BCCTA-GCO8CA0COACH, , . .. ATCTCOOGTOCAGOCTTIC-GGTCCOCCTCOCBACA-TCACTOCTCO-T-----~ CCTOACCTCCA---COCCBOTTATCCO
13, COAACAACT TTOTOCC CATCOCAT B-CCCTA-BCOGCOGCOACG, ., ... ATCTCOOUGTGCACOCTTOC-08TCCOCCTCOCO0C00-TCACTOCTCO-T-----~ CCTOACCTCCA---COCCOOTTATCCO
14, COARCARACT TTGTACCGATCOCAT0~-CCCTA-BCOGCAACAALE, ., .. ATCTCOOGTGCAGOCTTAC-B8TCCBCCTCACO0COG-TCACTACTCA-T---—-~ CCTBACCTCCA---CBCCOOTTATCCO
15, COAACAAGT TTGTOCCGATCOCACO-CCCTA-0COBCOGCOACE, ., ., . ATCTCOO0TOCAGGCTTAC-GGTCCOCCTCGCA0CO6-TCACTOCTCO-T-~~~-~ CCTOAGGC TCCA---COBCCOOTTOTLCE
16.COAACRACT TTGTOCC GATCOCATO~CCCTA-0CO0CO0CGACE. .. ., . ATCTCOGGTGCAAGBCTOOC-G8TCCOCETCOCG0CO0-TCACTBCTEO-T---~-~ CCTOACCTCCA---CGCCOOTTBTECE
17.COARACAACT TTOTOCCOATCOCATO-CCCTA-OCOOCO0COACT. . . , .. ATCTCOOOTOCAOGCTTOC-00TCCOCGTCOCA0C00-TCACTOCTCO-T~~---~ CCTOAGCTCCA---COCCOOTTBTCCO
18, COAOCAACT TTOTOCC OATCOCATO-CCCTA-0CGOCOOCOACE, , , .. ATCTCOOGTICAGOCTTOC-00TCCOCCTCOCG0CO0-TCACTGCTCG-T--—~~= CCTOACCTCCA---CGCCGOTTATCCO

19, TGOATAACTTTOTOCCOATCOCATGOCCTC--0AGBCCOOCOACT, |
20, TGOATAACT TTOTOCCCOATCOCAT BACCTC~~AAACCOACORCA, |
21, TOOATAACTTTAOTOCTCOATCOCAT GBCCCT--0COCCOJLOACT, ,
22, TGOATAACT TTATGCT GATCOCATGOCCTTT TOCOCCOOCOACT, |
23, TOGATAACTTTOTOCTOATCOCATOOCCTTC TATOCCOGCOACT, |
29, TOAATARCTTTOTGCTOATCOCATOJO-CCAC~-BCOCCABCOACT, |
25, TOAATAACT TTOTOCT GATCOCAT 00-CCTC -0COCCOOCOACS. |

. ATCTCAGOCATA0OCOCGC-00TCCECCTCACE GLG--TCACTOCOTGTTTTCTITCCCATCCTAC-0CTTCCCOGTTATTCA
ATCTCAOICATOGICOCH C-GATCCECCTCACAGCO--TCACTOCGTE TTTTCTTTCCCATCS TAC-0CTTCCCO0TT OTTCA

LATCTCAOGCOCABACAGOIC-08TCCOOCTCOCO0CCBOCTCACTOCCCOTTOTC-T-COTOCCCTACCOGTTOCCAGCTCTCTR
. ATCTCAOOBCOCAOGCOGAC-06TCCOBCTCACALCA-CTCACTOCCCATTOTC-T-CCTBCCCTACCTOTTOCCQOCTCTCTC
.ATCTCAGBCBCAOO0CO00C-B0TCCOBLTCOC0CCO~-TTCACTOCCCATTOTCCT-COTGCCCTACCOTCTOCCEACTLTCTC
. ATCTCOOGTTCAAGOCT-GBABGTCCOCCTCACCUCOB-CTACTTECCACT—-———~ CCTBACCTACC---ATCOGQTTTT---
.ATCTCAGOTCCAOGCTTOCABOTCCACTTCOCOOTOB-TTACTTCCCO-T--—-—~ CCTBACCCACC---CTCCOOTTTT---

Fig. 1. (to be continued)
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1. OCCCTTGOTOCTCTTGACTGAGT-OTCTCOOGTOGCCACAACBTTTACTTTOAAARAAATTABAOTCTTCAAAGCAGOCAAT--TCOCCTOA- ATAATOOTOCATO0AATAATO0AATAGOBACCTCOOTTCTATT
2, GCCCTTGOTOCTCTTBACTBAGT-GTCTCOGGTOOCCOCAACOTTTACTTTOAAAAAATTAGAGTOTTCAAAGCAOGCAAT-ATCOCCTOA- ATARTOC TOCATOGAATAATOOAATAGOACCTCOOTTCTATT
3. OCCCTTGBOTOCCCTTBACTOACGT-GTCTCOG0 TOOCCOCAACOTTTACTTTOAAAAAATTACAGTOTTCAAAGCAOOCAAT-ATCOCCTOA-ATAATA0TGCATOCAATAATO0AOTAGCBACCTCOGTTCTATT
A. OCCCTTOBTGCTCTTOACTOAGT-GTCTCO00 TORCCODAACOTTTACT T TOARAAAATTAOACTOTTC ARAOCARGCAAT-ATCOCCTOA- ATAATOOTOCATOGAATAATOGAATAOOACCTCOOTTCTATT

, GCCCTTOOTBCTCTTOACTOAOT-G3TCTCAO0 TOOCCOGARACOTTTACTTTAARAAAATTACAGTOTTC ARABCADBCAAT-ATCOCCTOA-ATAATO0 TOCATB0AATAATOBAATAGOACCTCOOTTCTATT
m. OCCCTTOOTGCTCTTOACTOAOT-BCTTCO00CTOCCOBAACOTTTACTTTOARARAATTAOAGTOTTC AAAOCADGCAGT--TCOCCTOA-ATARTG0 TOCATB0AATAATAGAATAGOACCTCTGTTCTATT
7. BCCCCTOOTOCTCTTOACTOAGT-BTCTCOO0TOGCCOOARCOTTTACTTTOAARAAAATTAGAOTOTTCAAAGCAOGCTTO--CTOCCTOA-ATAATOO TOCATOCAATAATOCAATAOBACCTCOGTTCTATT
8. ACCCTTOGTOCTCTTOATTOAGTTOCTTCOGG TOGCCOAAACTTTTACTTTOAARAARTTAGABTOTTCARAOCACBCOAT--TCOCCTOCCACAATOO TOCATOCAATAATOBAATAGBACCTCOGTTCTATT
9, ACCCTTOGTOGCTCTTOATTGAGT-OTCTCOB0 TOGCCOGAACATTTACTTTOAAAAAATTAGABTOTTCAAAGCACBCAGC--TCOCCTOA-ATAATO0 TOCATOCAATAATOGAATAOCACCTCOGTTCTATT
10,ACCCTTOGTACTCTTOATTOAGT-0TCTCOO0TOGCCA0AACATTTACTTTOAAARAATTACAOTOTTC ARABCAGCCAAT-~TCOCCTOA-ATAATOCB TOCATOCAATAATO0AATAGBACCTCOGTTCTATT
11, ACCCTTOOTGBCTCTTOATTOAGT-0TCTCO00GTOOCCB0AACATTTACTTTOAAAAA-TTAGADTOTTCARAOCAGOCART--TCOCCTOA-ATAATOGB TCATO0AATAATO0AATAOCACCTCOGTTCTATT
12, GOCCCTGATOCTCTTGATTBACGT-OTCTCO0CCIGCCAOAACOTTTACTTTCAAGAAATTAQADTOCTCARAGCAGOCCTTTOCCACCTOA-ATAATAG TOCATACAATAATOGAATAGBACGTCOGTTCTATT
14, COCCTTOATOCTCTTOBATTBAGT-GTCTCOGCCO0CCOGAACOTTTACTTTOAACAAATTAQAQTOCTCARAGCAGOCCATTOCCOCCTOA-ATAATAO TOCATOOAATAATGOAATAOGACCTCOOTTCTATT
14, COCCTTOOTACTCTTBATTOABT-GTCTCOGCCOOCCOOAACOTTTACTTTOAAOAAATTACABTOCTCARABCAGBCCACTGCCOCCTOA-ATAATO0 TOCATGOAATAATO0AARTAGBACCTCOOTTCTATT
15.COCCTTGBOTACTCTTOATTOAOT-GTCTCOGCCOICCBOAACOTTT ACTTTOAACAAATTAGABTOCTC ARAGCAGOCTACTACCOCCTOA-ATAARTOO TOCATGOAATAATOOAATAGCACCTCOATTCTATT
16, COCCTTOGTOCTCTTOATTGAOT-OTCTCOOCCOOCCO0AACOTTTACTTT0AAORAATTACAGTOCTC ARAGCAGOCTACTACCOCCTOA-ATAATOOTOCATOOAATAATOGAATAG0ACCTCOGTTCTATT
17, COCCTTGOTOCTCTTOATTGAOT-0TCTCOGCCOGACCO0AACOTTTACTTTOAADAAATTACAGTOCTCARROCAGOCCATCOC TOCCTOR-ATAATOO TACATGOAATAATOGAATAOOACCTCOGTTCTATT
18, COCCTTAATGCTCTTOATTGAOT-GTCTCAOCCOOCCO0AACOTTTACTTTOAACAAAT TABAGTOCTC AAAGCAGOCCATCOC TOCCTOR-~ATAATOOTACATOOAATAATOOAATAGOACCTCOGTTCTATT
19, 3CCCATOOTOCTCTTCOCTOAGC- GTTTTO00TBOCCOCAACOTTTACTTTOAANRAATTABAGTAT TCAAAGCAGOCAT--0T TGCCTOA-ATAATOOTOCATOCAATRATOOAATAGCGACCTCOOTTCTATT
20,0CCCATOGTBCTCTTOOCTOAGC-CTTTTO00TO0CCOBAACOTTTACTTTOAAGARATTAGAGTGTTC AARCCAGCGCAT--0T TOCCTOA-ATAATOO TACATOCBAATAATOGBAATAGOACCTCBATTCTATT
21,CCOCG~00TBCTCTTCOCTOAOC-BTCCCBOITOBCCOBCOCOTTTACTTTORAAARATTABAGTOTTCARAGCACOCCTCOGCTOCCTOA-ATAATOOTOCATOGAATAATO0AATAGGBACCTCAGTT CTATT
22,CCGTG-06TOCTCTTCOCTOAAC- BTCC-B00TOBCCO0COCOTTTACTTTORAAARATTAOAGTATTCAARGCACOCCTCOCCTACCTOA-ATAATTACOCATOOAATAATBO0AATAGBACCTCOATTCTATT
23.CCGCO-03TOCTCTTCOCTGAGC-BTCCOOAOTO0CCOBCOCOTTTACTTTORAAARATTACAGTOTTCAAROCAGBCCCCAGC TOCCTOR-ATAATOOTOCATOBAATAATOCAATAODACCTCOATTCTATT
24.-CCCTTGATACTCTTAACTBAAT-GBTCTCO0 0GG0CCABRACOTTTACTT TORAAARATTAOAGTOTTCAARGCACCOCCCC-OTCOCCTOA-ATAATOOTOCATOBAATAATGGAACAGOACCTCOOTTCTATT
25, -CCCTTGATOCTCTTAATTBAIT~GTCTCOGOTOOCCAGAACOTTTACTTTORAAARATTADRGTGTTC AAABCACCGCOCT--TAGCCTOA-ATAATOO TOCATOGAATAATOCARCACCACCTCOUTTCTATT

<=--yd
1, TTOCTOOTTTTCOGABCTTOACOT ~-AATOA
2. TTOCTOOTTTTCOGAOCTCOABCT ~AATOA
3. TTOCTOGTTTTCOGAGCTCOAGGT-AATOA
4, TTOCTOOTTTTCOGAOBCTCOADGT ~AATOA
5. TTOCTOBTTTTCOCAGC TCOABGT -AATOA
6, TTOTTOGTTTTCOGAACOTOAOGRT -AATOA
7. TTOTTOOTTTTCOOAACTTGACCT-AATOA
g, TTOTTOGTTTTCOOAACACOALOT -AATOA
9, TTGTTOATTTTCOGAACTTGAGOT-AATOA
10, TTETTOOTT TTCAGAACTTGAGDT -AATOA
11, TTETTOGTT ITCOOAACTTOAGGT - AATGA
12, TTGCTOOTTTTCOGAGCTCOACGT -AATCA
13, TTGCTOOTTTTCOGAGCTCOACOT -AATGA
14, TTGCTOGTTTTCGOAQCTCOAONT ~AATOA
15, TTGCTOATT TTCOCAGCTCOAQOT ~AATOA
16, TTOCTGOTTTTCOBAGCTCOAGOT ~ARTOA
17, TTBCTGGTT TTCOBAGCTCOAGAT -AATOA
13, TTOCTOGTTTTCOCGACCACOAGAT ~AATOA
19, TTOCTOGTT TTCOBAACACOACGOT AATOAA
20.TTOCTOGTT TTCOCAACACGACGCT TAATCOA
21, TTOTTOOTTTTCOOAACTOOABGT ~AATCA
22, TTOTTAATT TTCOGAACTOGAGGT -AATOA
23, TTOTT-TTTTCOCAACTOOAOOT ~AATCA
26, TTOTTOOTTTTCOGAAGTCOAOGT -AATGA
25, TTGTTCOTTTTCOCAAGTCOAOOT ~A-TCA

Fig. 1. Sequence comparison of the 185 rDNA of 25 molluscan species in the V2
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mined. These sequences were compared with those
published from other molluscs which include eigh
teen bivalves, two  gastropods, and one  chiton.
Comparison of the sequences shows  that  the
gastropods are distinguished from the other molluscs
by a portion of inserted sequences in the V4 region.
The two subclasses of the the Gastropoda (Proso
branchia and Pulmonata) and the two subclasses of
the Bivalvia (Pteriomorphia and  Heterodonta) are
distinguished by the insertions and’or deletions in

the V2 region.
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