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Abalones are gastropod mollusks belonging to the genus Haliotis. Pacific abalones are regarded as a
very important marine gastropod mollusk in Korea, Japan, China, and also in food industries around
the world. In Korea, 6 species of abalone have been reported to occur along the coasts: Haliotis discus
hannai, Haliotis discus discus, Haliotis madaka, Haliotis gigantea, Haliotis diversicolor supertexta, and Haliotis
diversicolor diversicolor. This study was performed to discriminate the genetic variances by the partial
sequences of the mitochondrial cytochrome ¢ oxidase subunit I (COI) genes and random amplified
polymorphic DNA (RAPD) analysis against four species of Pacific abalone (H. discus hannai, H. discus,
H. madaka, H. gigantea). COI gene is reasonably well conserved and has been sequenced in various
invertebrate taxa. The RAPD analysis technique is a relatively simple and low cost method that allows
differentiation of taxa without the need to know their genomes. In this study, we investigated the ge-
netic diversity, phylogenetic relationships within each species. The COI and RAPD analysis were able
to distinguish between H. gigantea and the other three species. However, these analysis methods were
inadequate to distinguish between H. discus and H. madaka. These results are believed to be able to
provide a basis data for future hybrid breeding research by defining the genetically closely related
four species of abalone, which is to develop new hybrid abalone for export using hybrid breeding.
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COI (cytochrome ¢ oxidase subunit I), Haliotis discus, Haliotis gigantea, Haliotis madaka,

RAPD (random amplified polymorphic DNA)
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F A2}, 1TS (internal tran-
scribed spacer sequence)?] €714 E& Hla BAsE W
RAPD (Random Amplified Polymorphic DNA), RFLP
(Restriction Fragment Length Polymorphism), SNP (Single

(Cytochrome ¢ oxidase subunit 1)

Nucleotide Polymorphism), EST (Expressed Sequence Tags),
MS (Microsatellite Marker) ¥4 59 B -E0] AA =Yt

T4 EAN=Sd 43 HHE FAA nEZE}
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A Ad H] )& F& TEe] A T oE F&5H
o] g5 WHolth W EZEg k= DNA repair system©] 2
Aol aL, WA FHE FAHY Wil Wolgo] =t
[5]. o121gk 54 wjioll rlEZEg ol DNAE $2 T3]
A makerZ o] §HI 9loH, 1 F A FHA7E COI

=
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TR FABAE Pfju ,&F A AA 971 A
@ T 1-2% ol zpo] & HolH, o] F3ke| 7§ 2% o]
Zkol 7F UEbETHI]. 13‘/} U] ZEg o} DNAE °] &3 &
BES A maker«] $ otuke] FAAT o] §87] W E o
w2 g HTE AV A wrekA sl Ak
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Genomic DNA &2|
Genomic DNA £+ Asahida 53|19 =&& #1Z 3}
o £2]3t9th Genomic DNAES #&3t7] 93] A&
%2 20 mge TNES-Urea buffer (8 M UREA, 10 mM
Tris-HCl (pH 7.5), 125 mM NaCl, 10 mM EDTA, 1% SDS)°]
231 43 A2 % 08 mg®] proteinase K RNase [& 211
60T A 1A 7 &< ¥H-3 A1 21t} Phenol:chloroform (1:1)<
H*M—W e Bu2 93 vortex®t ¥ 16000 g, 4Tl A 552
P AR o 4R e oA 22 a9
Phenol:chloroform 1) ¥-EAIZL 3 A 16,000 g, 4°C o A]

Table 1. Abalone samples used in this study and their collection regions

Name Collection regions or institute

Specific name

Hdh 1
Hdh 2
Hdh 3

NFRDI (National Fisheries Research and Development Institute)

Haliotis discus hannai

Hdd 1
Hdd 2
Hdd 3

Jeonnam Ocean Fisheries Science Institute

Haliotis discus discus

Hm 1

Hm 2 Jeonnam Ocean Fisheries Science Institute

Hm 3

Haliotis madaka

Hg 1

Hg 2 Jeonnam Ocean Fisheries Science Institute

Hg 3

Haliotis gigantea
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Table 2. Primer sequences used in RAPD analysis

Name Sequence (5—3")

A 01 TGCACTACAACA
A 02 GGCATGGGCTTT
A 03 CGACGACGACGA
A 04 ATCAGCGCACCA
A 05 AGCAGCGCCTCA
A 06 GCCAGCTGTACG
A 07 TGCCTCGCACCA
A 08 GCCCCGTTAGCA
A 09 CCGCAGTTAGAT
A 10 ACTGGCCGAGGG
All GATGGATTTGGG
A 12 TTCGGACGAATA
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Madaha i
Gigantea Y
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GATCCRGCTTAGTCCGARCTGCACTCAGTCTCTTAATTCCAGCCGRACTTGGCCAACE GG GCACTTTTAGGGGACGACCAACTCTATAACGTAAT GTAACAGCCCACGCTTTCGTAATAA
COL-F primer
¥ 140 ¥ 160 ) 180 ' 200 ) 220 X )]

...................... Wi TR s o 000

................ Bl i R R s R R s - OO
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...................... ARSI  ARRRRRRRRIN 3 - |

RARTTACTGCCATCTT TTACT TTATCACTGCCTGITCTAGCAGGTGCTATTACAAT CTCCTARCCGACCGTAATTTCRACACAIC
COI-R primer

1 246
1 246
1 246
s 246

+ 369
+ 369
+ 369
+ 369

L 49
s 4%
s 492
s 49

409

Fig. 1. Alignment of partial DNA sequences of the mitochondrial gene, COI gene of 4 species of Pacific abalone. Sites with a nucleotide

identical to that on the bottom line indicated with a dot. Variations between closely related species in each group indicated
by gray boxes. The arrows are primer site.
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4,7 Discus YB
Madaka YB

Hannai YB
Gigantea YB

0.00z

Fig. 2. Tree showing phylogenetic relationships among 4 species
of Pacific abalone inferred from DNA sequences of the
mitochondrial gene, COIL A distance matrix was calcu-
lated using the Kimura’s 2-parameter model and the tree
was constructed using the neighbor-joining approach in
MEGA. The data set was bootstrapped 1,000 times, and
the appropriate bootstrap values were placed on each
branch.
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t &0 t 460 t 480 1 300 *
..................................... P 11

HCTAATAAATATACCTGTGARAGCRC ﬁCC’f""GL{'G‘wi\"E"Ci\""A TITCTTIGATCACT AMAATTACTGCCATCT? TTACT TTATCACRGOCTGTTCTAGCAGLTGCTA

Fig. 3. Alignment of partial DNA sequences of COI gene of 4 species of Pacific abalone (YB named, the gene sequence was
revealed in the present study; An named, the gene sequence was revealed in the An’s study). Sites with a nucleotide
identical to that on the bottom line indicated with a dot. Variations between closely related species in each group

indicated by gray boxes.
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Fig. 4. Tree showing phylogenetic relationships among 4 species
of Pacific abalone inferred from DNA sequences of COIL
A distance matrix was calculated using the Kimura’'s
2-parameter model and the tree was constructed using
the neighbor-joining approach in MEGA. The data set
was bootstrapped 1,000 times, and the appropriate boot-
strap values were placed on each branch.
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Table 3. Genetic dissimilarity value between pairs of samples (below the diagonal) and average of genetic dissimilarity value among
three abalone species (above the diagonal) (Hdh 1-3, Haliotis discus hannai; Hm 1-3, H. madaka; Hg 1-3, H. gigantea)

Hdh1  Hdh2  Hdh3 Hm 1 Hm 2 Hm 3 Hg 1 Hg 2 Hg 3
Hdh 1 -

Hdh 2 0.158 - 0.248+0.024 0.542£0.053

Hdh 3 0.177 0.139 -

Hm 1 0.227 0.217 0.217 -

Hm 2 0.258 0.263 0.253 0.170 - 0.507+0.046

Hm 3 0.256 0.291 0.251 0.126 0.186 -

Hg 1 0.473 0473 0.479 0.468 0.484 0.426 -

Hg 2 0.568 0.574 0.537 0.556 0.537 0.488 0.148 -

Hg 3 0.587 0.594 0.594 0.561 0.548 0.497 0.161 0.187 -
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Fig. 5. Result of RAPD analysis. PCR performed using eight random primers (A01, A02, A05, A06, A07, A09, A10, All) against
three abalone species. (1-3, Haliotis discus hannai; 4-6, Haliotis madaka; 7-9, Haliotis gigantea)
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