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B19R ~-HAG 118 HAREAER NG I19FR -MA 188 D A 388~ JO G 33 # - 2 A=
SPAETEAE P R H RYBESLATEG (variable sites) £y 3.95% R 4.78% (KX HARI N~M-~JO K D # (5
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EFE SRR AL AR R KRR A (24 h
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Reverse : 5’-GACGTAATGGAAATGGGCTACGA
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=~ BRI AR
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200 mM Jz Taq 0.5U « PCR |57 FEfS{E : FEEN 94 °C »
5 min - BT 30 {ETEER - fHIETEERPEAE © Bk
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C 90 sec ; ZE[E (extension) 72 C » 180 sec » #&
H%LL 72 °C > 10 min fif PCR {EFI58 4 ©

VY ~ BRI T I A R A 885
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EdreverseHET TIPS IET
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Fig. 1 PCR products from
genome of small abalone, H.
diversicolor, used a pair of
primers designed from COI
gene and separated in an
agarose gel. Lane M: weight
marker; 1 ~ 3: O (Shizuoka); 4
~ 6: D (Okinawa); 7 ~ 9: N
(Osaka); 10 ~ 12: M (Fukuoka);
13,14: H (Hualien); 15, 16: P

(Penghu).
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Table 1 Base composition of partial COI gene sequence of 6 populations of small abalone, Haliotis diversicolor
Base composition%

A G C T G+C A+T
P 27.0 17.5 26.2 29.2 43.7 56.3
N 26.9 17.6 26.2 29.3 43.8 56.2
M 27.2 17.8 25.7 29.3 43.5 56.5
H 27.1 17.6 26.1 29.2 43.7 56.3
D 27.0 17.5 26.1 29.5 43.6 56.4
JO 27.0 17.6 26.2 29.2 43.8 56.2

R

.~ #EYE (neighbor-joining method, NJ)
FafiA el A

W E P L A COL JR3IE R HE AR EG
MEGA (Kumar et al., 2008) » DIE Y ClustalW
(Thompson et al., 1994) FEHEITHER (alignment)
BEETR SR P AR T T A DA A AR IR
% DISCEIEAGEL COL Fr3liteliRNE -

N~ BRI SOBE RS T

RS H MEGA #k#g iy ClustalW HEF K
BH%Z COl FPYIEFHHE AfKHEE DnaSP 5.1
(Librado and Rozas, 2009) 735 iR BE {5 10
(haplotype) ¥ K AT MEHEMINI /AT ~ BLASHY 2%
1 (haplotype diversity, h) (Nei and Tajima, 1983)
BAR H e B (Nei, 1987) -

— ~ PCR#H ~ P8 llE bk

ANEAFEZESL LRSS COI & PCR #E3Y
o FrBEA/ VKR 840 bp (Fig. 1) = 48 PCR f&fF:
LAY - Y 6 (EN[FIZCIRLFLAERE -
It 160 fEtAR PCR EVIMALREN > H
153 {EERAE PR ~ 7 EERAEFRZA
R EFPREIRY 153 fEfE B (BARS 5ER

AR ELFES) o R EPERAVRE Ry 835 ~
838 bp

ANEAIRR S LU R COT DNA
IEEZIiN] 2222 ENDY

FEFPHIPA~G~C e T 55 4 TR
SRRy 269 ~27.2%~ 17.5~17.8% ~ 25.7 ~ 26.2%
Kz 292 ~ 29.5% » A+TEES62 ~ 56.5% fEfh
G+C 43.5~43.8% (Table 1)» A I T &K
BT - Ry COLEIKIN[FIJRFFH iE# Mega 5.0 K
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Table 2 Number of variable sites and the transition bias of partial COI gene sequence of 6 populations of small
abalone, Haliotis diversicolor

P N M H D JO total
Transition 3.0 7.0 12.0 9.0 47.0 7.0 39
Transversion 1.0 1.0 14.0 2.0 20.0 2.0 24
Transition bias 3.25 5.48 0.90 3.50 2.31 3.93 1.63

Table 3 Polymorphism, haplotype diversity (Hd), nucleotide sequence diversity and average genetic distance of
partial COI gene sequence of 6 populations of small abalone, Haliotis diversicolor

P N M H D JO Total
Number of sites 835 835 837 836 835 838 838
Variable sites* 33 56 164 40 251 98 407
Polymorphism (%) 3.95 6.71 19.59 4.78 30.06 11.69 48.57
Samples(n) 20 20 18 11 38 46 153
Haplotype (n) 19 19 18 11 38 33 113
Haplotype diversity 0.9947 0.9947 1.000 1.000 1.000 0.9874 0.9955
Nucleotide diversity 0.0051 0.0093 0.0312 0.0123 0.0816 0.0101 0.0780
Average genetic distance 0.0027 0.0047 0.0177 0.0066 0.0513 0.0051 -

*Excluding sites with gaps/missing data

B4 - 4E 6 fEJLfLEFE PN M -~H D &
JO - BT M H#Ah - HrpiE i (transition) K
FREEHA B (transversion) » M Bf 2 8 #2725 3K
(transition bias) J 0.90 » HERSEER 231 ~
5.48 Z[H] > 4 Table2 -

A ANESRIRR LU RLER # COI DNA
Fe oS SR, e REME it

16 6 FHILFLEFIR Z H 5 COLE R R 51
LA BL (variable sites) 3 TAESE  P-N-M~H ~
D K JO Z3RIE 3356~ 164 ~ 40 ~ 251 Fz 98
flese F2BE » 41 Table 3 - ZHRERS P I H 702
A > AN FEIHERARAYER COl BRIFRE Y
SRR BN AAEE AT (33/1140) - BEE /N H AR
FERS  TASHAEERGH M~D K JO &=Rf - %
FALEEHEE 164~ 251 2 98 - EEN N FERY
56 ; AP -N-M-H DKIOZ %R
(polymorphism) 4347 » #KFk 3.95% ~ 6.71% ~
19.59% ~ 4.78% ~ 30.06% J¢11.69% » EZEHJEFA4=
S P & H ZZREM: - IREHE{EM H AR S 4R

BEHEN M -D J JO -
VY9 ~ ANEAIRR LA URE R E

AERIFEHIILFLEFREAE 153 fERRAH » HRL
#iB8 DNA F5l COI MyEfERI LA A
113 FEEEREAY > BEAEAUAEREy 73.86% (113/153)
BEEAIZEEME (haplotype diversity) B 0.9955» #%
B P-N-M-H-D K JO ERER 24
440 Table 3 » FH/R3E L6 L FLEFRE Y B A5 AU i de et
EYNE

B e B DAPRE A A, - B2 B A R A
A H A » (B H AR A= DI RS IR FR BER R H
fl 5 fEEFRE o B ELAT B2 REME LA Table 3 ~
R BR AR MR A SRR - A AR A S Y
R EA - BREE I AR RE Mg > L
= PR

ERA RIS COI Frdll 2254158
EEEREAN Table 4 - ERHFER T HAB AR D » H
fll 5 fEEEREH - "] DUE SRR R R AT H A
(19 JO FHe s Rt > 7 Ky P Bd JO £y 0.005 > H Eil
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Fig. 2 Phylogenetic
trees of COIl partial

sequence constructed by
Neighbor joining method
for 6 populations of

small abalone, Haliotis 05 e

diversicolor.

T T 1
0.10 0.15 0.20
Coefficient

Table 4 Average genetic distance of partial COI gene sequence between 6 populations of small abalone, Haliotis

diversicolor

JO D H M N P
JO
D 0.111
H 0.007 0.111
M 0.012 0.116 0.013
N 0.005 0.111 0.007 0.012
P 0.005 0.110 0.005 0.110 0.005

JO %5 0.007 #HET 5 10 D BLHAt 5 (EFFEEITEE
PHEESZEEE 0.110 DLE - 7E 6 R EIRRIFEII I LFLEE
e - B HEERERY COI FFFIRY 3538 (9 B B A8
MEGA 5 8 i831E4] Table 3 ffi7xP-N-M-~H »
D Jz JO 4351k 0.0027 ~ 0.0047 ~ 0.0177 ~ 0.0066 -
0.0513 2 0.0051 » P FEHESEEIREER A - FefHE L
{LRIREHS S RERERIAREIERLIRGE - 40 Fig. 2 X
BRFRSAURE AR AR AR S - VIR 6 (EEERS
53 Wi RRE » —RHFEH P~ N~ H J2 JO 5 4 filfi
B - HAREE R EEERS P & H Jelahe - /5
B H RAYFEEG JO SaiRE - SRR N RERGRRR—HE S
T REERy M K D RHEE o FHEAE RerI AR E 3 HTHY
faiikE - 20 Fig. 3+ 153 {E#Grh D FE2 S ray—H#E
Fr D40 SMIHEAt S fé##de (P~ N~ M~ H k JO)
B {E A NCBI ¥#8y H. diversicolor F1 H.
diversicolor supertexta ## 5 A > B/R P-N-~-M~H ~
JO Eid H. diversicolor #1 H. diversicolor supertexta
FHVT » BRT M4 ~ M11 Jz M30 4 - HiF#ELE 0.01
DI HA =iy ma (S AR5 P Se H ARG {E 2K 5
NCBI ¥ L FLAE SRR -

Fig. 3 Phylogenetic trees of COIl partial sequence
constructed by Neighbor joining method for 153 small
abalones,

two control
individuals Haliotis diversicolor (A) and Haliotis
diversicolor supertexta (A) from NCBI.

5 T TR MR RS A A TP A I B

Haliotis diversicolor and
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Tk — - RILSEE S HER SN A2 JLFL LB 1y
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B TR GUEAE E e AR 1 S K A2
B Ryzettt o 22 H B R R MRS E BN H
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 HRIE AR - Y 4 TERREARLK
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1982 ; Gojobori et al., 1982 ; Curtis and Clegg 1984
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REAZEAN AN 5 55 3 AU EEEAIS AR
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i HRE AR R 3 42 1TSS 4 5 26 4
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HAE AR D e REtalEE 0.110 Bl
0.111 « HAEFEREDEL ARSI = HEF A RE N
M K JO &EEEEEE 0.111~0.116F/Rr D
FEEL A H ARy 5 (857 £ 52 Rt
1y R EEI AR AR P & H 43 HIE=
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Genetic Variation and Phylogenetic Analysis of Mitochondrial
Cytochrome ¢ Oxidase Subunit | (COI) in Wild-type Small Abalones
from Taiwan and Japan

Fu-Shen Tseng*, Jin-Lien Du, Huei-Jen Chu, Li-Wei Hsieh and King-Jung Lin

Aquaculture Division, Fisheries Research Institute

ABSTRACT

The mitochondrial cytochrome ¢ oxidase subunit I gene (COI) was partially sequenced in specimens of the
wild-type small abalone, Haliotis diversicolor, from Taiwan and Japan. There were a total of six wild-type
populations with 153 individuals. Two populations from Taiwan, including 20 P (Penghu) and 11 H (Hualien),
and 4 populations from Japan, including 20 N (Osaka), 18 M (Fukuoka), 38 D (Okinawa) and 46 JO (Shizuoka),
were analyzed. The partial DNA sequence analysis from 835~838 base pairs of the COI gene identified the
following 113 haplotypes: 19 (P) and 11 (H) haplotypes from Taiwan and 19 (N), 18 (M), 38 (D) and 33 (JO)
from Japan. The variable sites of the two Taiwanese populations (3.95% in P and 4.78% in H) were lower than
the four Japanese populations (6.71% in N, 19.59% in M, 11.69% in JO and 30.06% in D). The nucleotide
diversity indexes (0,) were 0.0051 (P) and 0.0093 (N) from the Taiwanese populations and 0.0101 (JO), 0.0123
(H), 0.0312 (M) and 0.0816 (D) from the Japanese populations. The haplotype analysis showed that the
wild-type small abalone population in Taiwan was significantly lower than the wild-type small abalone

population in Japan, suggesting a decrease in the genetic variation of the Taiwanese wild-type population.

Key words: Haliotis diversicolor, cytochrome c oxidase, haplotype, nucleotide diversity ( 6,)
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