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ABSTRACT

The seven mitochondrial DNA regions (ND2, ND5, ND4, ND4L, ND6, ND1 and 12SrRNA) of Haliotis discus hannai
were examined to estimate the availability as a genetic marker for the study of population genetic. The region with
the highest genetic variation was ND4 (Haplotype diversity = 1.0000, Nucleotide diversity = 0.0108). On the other
hand, ND2 and ND1 regions have significantly appeared genetic divergence between clusters (divergence of 90%
and 87%). Also, pairwise Fsr between clusters within ND2 and ND1 regions showed high values; 0.4061 (P =
0.0000), 0.4805 (P = 0.0000) respectively. Therefore we can infer that it is the most efficient and accurate way to
analyze the region of ND4 with the highest variation in addition to the regions of ND2 and ND1, which formed
clusters with high bootstrap value, for study of population genetic structure in this species.
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A% Fxe) PRasde] Ao ANHT ek Hgol

7 ol u W So) ol £91Ho}A
3) Aq 478 AR F9eb] PAE At
2o AgRE 24 ] Aol Feprole,
Mitochondrial DNA (mtDNA) & A3&%7) w2y, 2
AFAE s, FAAAzES 3k de 545 7R 9l7]
wf ol Az A AolE EAghe] glo] wig- At
FAuAZ Yy Rusejxx ¢ltl (Brown et al., 1979;
Lansman et al., 1981). A&5F<l| 3lo] mtDNAE #5734
A, ABRATA AT, A A7 9 ARt AT 5
thekgh dTatolel] &850 x) 12 git} (Hamm and Burton,
2000; Conod et al., 2002; Estes et al., 2005; Degnan et
al., 2006; Imron et al., 2007; Gruenthal and Burton,
2008; 2011). olg AEFe

mitogenome 137]¢] protein-coding genes, 27]<]
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ribosomal RNA, 2271¢] tRNA$} control region® 2 % 38
el d¥o 7 FAE S gt} Maynard et al., 2005; Van
Wormhoudt et al., 2009; Xin et al., 2011). °]¥% vhoFst
dodo] EAFE EFet Aw7hA] AdrAst 4 ASE
3 59 ool €01, CO2, CO3, ND3 % 16SrRNA
(ribosomal RNA) 52| dduts dAste] Algsle] o

ojggt JAEL W& HolH o R olsf T Atk AolE

ol & = gAY, 7] AE Ak AA A Al
zolE YehfA 2& 5% v} (Sweijd et al, 1998;

Hamm and Burton, 2000; Conod et al., 2002; Elliott et
al., 2002; Ben et al., 2005).

2 APE el Faok EE4l $PALE o
A7 AEFoNME A=A 43 mtDNA®] protein
coding 439 ND2, ND5, ND4, ND4L, ND6 % ND12] 67}

393} protein non-coding 3¢l 12SrRNA (ribosomal

RNA) & 5] % 77 492 o183}o] (1) 24 el 5204
el %@ At A Fd) B2 Es 2 3

M E4e wolsla oled B4 sl S SAo
_g_

afﬂ LAGAEAL e B0 % sk

2 ojgrol| A 2008 10l AA &
74 12 em ©]4Fe] AA 10712 S Adgsto]

S (Haliotis discus hannai)2l mitochondrial DNA

2.DNAFZ X PCRTF

DNA F%2& TNES-urea® (White and Densmore,
1992) & AH8-31gl e, PCRel| M- mtDNAS] 77 499
9] primer= NCBI (National Center for Biotechnology
Information) ° 5&%¢] = H. discus hannai (No.
EU_595789) 9| 9471445 ol&sto] AASsISiTt (Table 1).
PCR %2 o7 DNA A&, 10 x PCR Gold Buffer,
MgCly solution, 10 mM dNTP, AmpliTag Gold DNA
polymerase (Applied Biosysterns) 2|3 Table 19 7+ o
I primers °]83}¥ e, $Z% PCR ¥hs-de ABI
3130xl Genetic Analyzer (Apphed Biosystems, Foster
city, CA, USA) £ o|-&3to] 9714 2L &alsigltt. 7 4
9] PCR 5222 AAH 371442 Clustal W (Thompson
et al., 1994) & o]&3le] Az}

3. +23 el

mtDNAE] 77N dFe e 374 Ho] (Appendix 1) <
9l MEGA ver.5.10 (Tamura et al., 2011) & A}8-3}¢]
FAskglem,  #fA7F  WHelAdES Y= Haplotype
diversity (h) @ Nucleotide diversity (7) + Arlequin
ver.3.11 (Excoffier et al., 2006) = AF&3le] EAslgic)
T3 ZF GFoA AT FABAI= MEGA ver.5.108 A&
3}31 21 neighbor-joining *'8 (Saitou and Nei, 1987) &
Z A% (dendrogram) & FASIGLh ZF Yo A A
H FHAE7E] 34 Aole] HE+= Pairwise For o2

Table 1. Primers used in amplification of H. discus hannai mitochondrial DNA

region Primer name Primer Sequence (5'-3') Tm (C) Position
ND2 HdND2-F1 GGGTAAAACAGGGCTGCTAA 57.3 1454-1473
HAND2-R1 CCCGCCAAGGGATAATAGA 56.7 2276-2294

ND5 HAND5-F3 TAGCAGCAGGCAGTCACCTA 59.3 7129-7148
HdAND5-R3 TATGGGAGGATTACGGTTGG 57.3 7845-7864

ND4 HAND4-F2 CACCCCATAGCCCTAAACAA 57.3 8448-8467
HdND4-R2 CGGTTTGAGTTCCTCTTTGG 57.3 9078-9097

ND4L HAND4L-F1 CCCAAGACCAAAACAACACC 57.3 9227-9246
HAND4L-R1 CCTTCAACCTTCGGCTTACA 57.3 9614-9633
ND6 HdND6-F2 GTCGCCCTAACCCTACTTCA 59.3 10921-10940
HdAND6-R2 CCTCGGTTCCGTTATGATCT 57.3 11618-11637
ND1 HdND1-F1 AAACCCCACTACCATCACCA 57.3 11548-11567
HAND1-R1 TGCGTATTTTGTTGCTCCTG 55.3 12237-12256
12SrRNA Hd10s-F1 CTTTCCTTCCGACCACTTCA 57.3 14620-14639
Hd10s-R1 TAAGCTGTTGGGCTCATGC 56.7 15357-15375
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Table 2. Genetic variation of H. discus hannai mitochondrial DNA

Number of Number of

Haplotype diversity Nucleotide diversity

region N haplotypes polymorphic sites h + SD 7 + SD
ND2 10 10 16 1.0000 £ 0.0447 0.0054 + 0.0034
ND5 10 9 16 0.9778 + 0.0540 0.0057 + 0.0036
ND4 10 10 30 1.0000 + 0.0447 0.0108 + 0.0063
ND4L 10 4 3 0.56333 + 0.1801 0.0018 + 0.0018
ND6 10 9 14 0.9778 + 0.0540 0.0079 + 0.0049
ND1 10 9 13 0.9778 + 0.0540 0.0053 + 0.0034
12SrRNA 10 5 4 0.8000 + 0.1001 0.0022 + 0.0017

N: sample size, SD: standard deviation.
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Fig. 1. Neighbour-joining tree based on overall haplotypes of each mitochondrial DNA regions.
Bootstrap support, based on 1000 replications, is shown above branches(> 60%). (a)
:ND2, (b) :ND5, (c) :ND4, (d) :ND4L, (e) :ND6, (f) :ND1, (g) :12SrRNA. Bracket Cn means

cluster number.

Table 3. Pairwise Fsr between clusters of H. discus hannai mitochondrial DNA

ND2 ND5 ND6 ND1 12SrRNA
C1:C2 = 0.4061 C1:C2 = 0.0680 C1:C2 = 0.0795 C1:C2 = 0.3143 C1:C2 = 0.4805 C1:C2 = 0.6215
(0.0000) (0.1892) (0.3153) (0.0721) (0.0000) (0.0090)

C2:C3 = 0.2711 C2:C3 = 0.2963
(0.0541) (0.0180)
C1:C3 = 0.4052 C1:C3 = 0.3376
(0.0991) (0.0451)

() = P value, Cn means cluster number
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Moritz et al., 1987; Brykov et al., 1996).
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Appendix 1. Absolute variable and deletion sites for seven mtDNA regions
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(a) :ND2, (b) :ND5, (c) :ND4, (d) :NDA4L, (e) :ND6, (f) :ND1, (g) :12SrRNA
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