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Executive summary

Project Title: Identification of microsatellite and species-specific markers of the tropical
abalone (Haliotis asinina) in Thailand: population genetic bases for

improving its culture efficiency

Principal investigator: Dr. Sirawut Klinbunga
Position: Researcher 3
Address: National Center for Genetic Engineering and Biotechnology

(BIOTEC), National Science and Technology Development Agency
(NSTDA), 113 Paholyothin Road Klong 1, Klong Luang,

Pathumthani 12120 and

Center of Excellence for Marine Biotechnology, Faculty of Science,

Chulalongkorn University, Bangkok 10400
Telephone: 02-2185279 Telefax: 02-2547680

e-mail: sirawut@biotec.or.th

Co-investigator: Dr. Anchalee Tassanakajon
Position: Associate Professor
Address: Department of Biochemistry, Faculty of Science, Chulalongkorn

University, Bangkok 10330
Telephone: 02-2185439 Telefax: 02-2185436
e-mail: Anchalee.K@chula.ac.th

Objectives

To select microsatellite markers which are useful for selective breeding programmes and to

identify population- and species-specific RAPD markers of H. asinina in Thailand.
Methodology

I. Identification of population- and species-specific markers and determination of genetic diversity

of H. asinina.



-Selection of RAPD primers illustrating species-specific markers and those suitable for

examination of genetic diversity of H. asinina.

-Determination of genetic variation levels of abalone (H. asinina, H. ovina and H. varia) in

Thailand using RAPD-PCR and PCR-RFLP of 16S and 18S rDNA.

-Cloning and characterisation of 16S rDNA of representative individuals showing composite

haplotypes found in H. asinina, H. ovina and H. varia

-Cloning and characterisation of population-specific (H. asinina), region-specific (H. ovina)

and species-specific RAPD fragments (H. asinina, H. ovina and H. varia).
-Designation of primer and optimisation of PCR conditions.
-Examination of species-specificity and sensitivity of designed primers.

-Identification species-origin of H. asinina-specific primers using DNA template from fresh,

frozen, ethanole-preserved, dried and boiled specimens for practical application of primers.
Determination of genetic diversity of the tropical abalone (H. asinina) using microsatellites.

-Construction of partial genomic library and selection of recombinant microsatellite clones.

-Determination of microsatellite sequences and designation of primers.

-Optimisation of appropriate PCR conditions for each microsatellite locus.

-Examination of genetic variation levels including sizes, numbers, and frequencies of alleles
and heterozygosity of each microsatellite locus in natural populations of H. asinina in coastal

Thai waters.

-Analysis of data to identify whether population differentiation of H. asinina in Thailand is
existent and to evaluate the possibility to utilise microsatellite polymorphism in selective

breeding programmes of H. asinina.
Outputs from the projects

1. Knowledge about genetic diversity and population differentiation of H. asinina, H. ovina and H.

varia based on 16S and 18S rDNA and RAPD-PCR analyses.

2. Knowledge about genetic diversity and population differentiation of H. asinina in coastal Thai

waters based on microsatellite analysis.
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3. Microsatellite primers that can be applied for breeding programmes of H. asinina.
4. Species-specific markers of H. asinina, H. ovina and H. varia based on PCR-RFLP of 16S rDNA.
5. Species-specific markers of H. asinina, H. ovina and H. varia based on RAPD analysis.

6. DNA markers (PCR-RFLP of 16S rDNA and RAPD-PCR) for differentiation of H. ovina

originating from the Andaman Sea and the Gulf of Thailand.

7. Simplified species-specific PCR for identification of H. asinina and H. varia based on 16S rDNA

polymorphism.

8. Simplified species-specific PCR for identification of H. asinina and H. varia using RAPD-derived

markers (SCAR markers).

9. Six international papers, 2 international presentations (1 oral and 1 poster presentations) and 4

national presentations (1 oral and 3 poster presentations).
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ABSTRACT

Genetic diversity of abalone in Thailand; Haliotis asinina, H. ovina, and H. varia were
analysed by PCR-RFLP of 18S and 16S rDNAs. Restriction analysis of 18S (nuclear) rDNA with Alu
I, Tag I and Hae 111 and 16S (mitochondrial) rDNA with Bam HI, Eco RI, Hae 111 and Alu I gave 12
and 13 digestion patterns, respectively. A total of 49 composite haplotype were found. Composite
haplotype of 16S rDNA could differentiate H. asinina, H. ovina and H. varia unambiguously. In
addition, differentiation of H. ovina from the Andaman Sea (ABBB) and the Gulf of Thailand (AAAB

and AABB) could also be carried out by PCR-RFLP of 16S rDNA.

A UPGMA dendogram constructed from genetic distance between pairs of composite
haplotypes revealed reproductively isolated gene pools of these abalone and indicated that H. asinina
and H. ovina are genetically closer than H. varia. Disregarding H. varia due to small sample sizes,
geographic heterogeneity analysis and F; estimate indicated clear genetic differentiation between H.
ovina originating from the Andaman Sea (west) and the Gulf of Thailand (east, P < 0.0001) whereas
partial differentiation was observed between the Philippines and the remaining H. asinina samples (P

<0.0021).

Genetic diversity and population differentiation of the tropical abalone (H. asinina) were also
analysed RAPD-PCR. Based on restriction analysis, a lack of population differentiation was observed
between natural H. asinina samples in coastal Thai waters (P > 0.0083). Conversely, RAPD analysis
using primers OPB11, UBC101, UBC195, UBC197 and UBC271 illustrated significant
differentiation between natural H. asinina from the Andaman Sea (HATRAW) and the Gulf of

Thailand (HASAME and HACAME) (P < 0.0001).

Three partial genomic libraries were constructed from Alu I-digested, vortexed/sonicated and
mixed enzyme (Alu I, Hinc 11 and Rsa 1) digested genomic DNA of H. asinina and yielded the
percentage of microsatellite containing clones of 0.20%, 0.42% and 1.46%, respectively. Eleven clones each
of perfect, imperfect and compound microsatellites were isolated. Ten locus-specific primer pairs (Hasl -

Has10) were analyzed to evaluate their polymorphic levels.

The numbers of alleles per locus, observed (H) and expected (H) heterozygosity were 3 - 26
alleles, 0.27 - 0.85 and 0.24 — 0.93, respectively. Three microsatellite loci (Has2, Has3 and Has8) were
further used for examination of genetic diversity and differentiation of natural H. asinina in coastal waters of
Thailand. The effective number of alleles (n ), H, and H, of HACAME (9.37, 0.62 and 0.88) and HASAME

(7.66, 0.78 and 0.86) from the Gulf of Thailand were greater than those of HATRAW (6.04, 0.58 and 0.62)
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from the Andaman Sea. Genetic heterogeneity and Fg; analyses indicated intraspecific population
differentiation between natural H. asinina from the Gulf of Thailand (HASAME and HACAME) and the

Andaman Sea (HATRAW) samples (P < 0.0001).

For development of species-specific markers, the amplified 16S rDNA of individuals
representing composite haplotypes found in this study (AAAA, AAAE in H. asinina; AAAB, AABB
and ABBB in H. ovina and AABC, BABC, BABD, BABF and BABG in H. varia) was cloned and
sequenced. A neighbor-joining tree constructed from sequence divergence of 16S rDNA allocated
those sequences according to species origins of abalone accurately. Species-specific PCR based on
16S rDNA polymorphism was successfully developed in H. asinina and H. varia but not in H. ovina.
The sensitivity of detection was approximately 25 pg and 50 pg for DNA template of H. asinina and

H. varia, respectively.

Species- and population-specific markers of abalone; Haliotis asinina, H. ovina, and H. varia
in Thai waters were also identified based on RAPD analysis. Fifteen species-specific and six
population-specific RAPD markers and a 1650 bp band (UBC195) restricted to H. ovina from the

Gulf of Thailand (east) was found. All specific RAPD markers were cloned and sequenced.

Twenty pairs of primers were designed and specificity-tested (N = 12 and 4 for target and
non-target species, respectively). Seven primer pairs (CUHA1, CUHA2, CUHA4, CUHAII,
CUHA12, CUHA13 and CUHA14) were specifically amplified H. asinina DNA whereas a single pair

of primers showed specificity with H. ovina (CUHO3) and H. varia (CUHV1), respectively.

Five primer pairs including CUHA2, CUHA12, CUHA13, CUHO3 and CUHV1 were further
examined against 216 individuals of abalone (N = 111, 73 and 32, respectively). Results indicated
species-specific nature of all except CUHO3 with the sensitivity of detection of 100 pg and 20 pg of
the target DNA template for CUHA2 and CUHA12 and CUHV1, respectively. The species-origin of
frozen, ethanol-preserved, dried and boiled H. asinina specimens could be successfully identified by

CUHA2. CHHA12 and CUHA13.
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! {2 o 1 o S o 4 {
ﬂ151~3ﬁ 1.1 ’c’fmuﬁmumammazmummumamwamﬂﬁa H. asinina, H. ovina Q% H. variaﬁ

F v
15 umsAnns il

J o |

a + &’ d' < Y d' o % | 4‘ < [
‘]ﬂ!ﬂ‘llE]Qﬁ@ﬂ!ﬂ]ﬁ@!!ﬁ%ﬁﬂ"l‘l—!ﬂ!ﬂﬂﬂ? FONQNAIDE 1UIUAIDYITUNY (T UIU

Q
M Y ' td‘ o =2 Y
DN AIDUWNNINIIANHIN Y

3% PCR-RFLP)

H. asinina

Tramzides (iomiiugimziadia 1. HASAMHE 28 (19)
52809)

Tsumiziae (WoudWug ) HACAMHE 15 (15)
IMEAZAV 0. AT HATRAW 28 (28)
iziadia 9. 32004 HASAME 19 (12)
AUWAN HACAME 2321
Wadtlud HAPHIE 30 (20)
oulatlige HAINDW 20 (-)
084 H. asinina 143 (115)
H. ovina

MMZANAN B, 1M AT 2. Ba1S HOCHOE 29 (24)
IMIEa 9. 52884 HOSAME 43 (18)
IMZIFON 9. A3 HOTRAW 47 (18)
IMEANAU 9. W HOPHAW 16 (11)
M08 H. ovina 135 (71)
H. varia

IMZUPA 1. QAN HVPHUW 29 (21)
MZANAU 9. W HVPHAW 4(2)
M2083 H. varia 33 (23)
samdeehatarun 331 (209)

s A« [ 5 + -ﬁw
1.1.2 MsmseuAe e Ina Iee 19 vioenihge

¥

o a g dy 1 9 A A + A F2 an
analaslyuleueaaduoIINUBFAIUININTOIINIADAVDIYo8Ii 1502873

Y Y
Phenol/chloroform Iasasmanoduwaatl uilodaum (foot tissue) VDIAIDEIHOY

I A a o & 2 g
whaemnu lddadlusubn @uiadszana 1 x 1 x 5 mm) ualiazi@ealuasazals TEN



Gulf of
Thailand

~ = Ad o & . .
gﬂ’n 1.1 uruidsema’lne uaasaouninudiecavesveathae . asinina , H. ovina 110¢ H.
. Aqw = s & A a ¢ v A g o ' Y
varia NS IumsAnyIAsil YANANLAANTDIUNNNYUATATUDIUNAININUAIDY (llmtmm

ptannszmeialiud) nuneme IMIANA(SAM) agludaninizend (RAY)



3199 1.2 Twswesn141un1591 PCR-RFLP

Primer Sequences

18S rDNA F : 5" TGG ATC CGG GCA AGT CTG GTG CC 3’
R : 5" TGA AGT CAA GGG CAT CAC AGA CC 3’
16S tDNA (16S,,+16S,)  F,:5 CGC CTG TTT AAC AAA AAC AT 3’

R, : 5’ CCG GTC TGA ACT CAG ATC ATG T 3°
168 1DNA (16S,,+16S,,)  F,:5° CGC CTG TTT AAC AAA AAC AT 3’

R, : 5" GGT CTG AAC TCA GAT CAG ATC ACG T 3’

16S rDNA (16S;,+16S F,:5 CGCCTG TTT AAC AAAAACAT3

rs)
R, : 5" CCG GTC TGA ACT CAG ATC AGA TCA CGT 3’
COI-II F:5 TTG ATT TTT TGG TCA TCC AGA AGT 3’
R:5 CCA CAAATT TCT GAA CATTGA CC 3
COlI F:5 GGT CAA CAA ATC ATA AAGATATTGG 3’

R:5 TAA ACT TCA GGG TGA CCA AAAAATCA 3

buffer MR aduan@lea13aza1e 10% SDS 111818 RNA @ae101'l91] RNase A Tagun

a

Aa 0 I ) o = 9 4 . VoA
gauvigil 37 'C Wumat 1 ¥ s shareTilsAuaseenlal Proteinase K Tagtini guvigil 55

¢ 1ifunan 3 - 4 ¥ 1us afdaldsaueenaieiiuoa aas lsesu-lo Iseiauoanogoatazan

a g Y
ASNDUADULIBAIYDNTIUDD

v
=1

o a Jd a < a
mmiamﬁwﬂimmuazﬂmmwmmamm@ﬁ’aﬂmﬂuﬂ Spectrophotometry N
d‘ .. . =) = v A
ANNINAY 260 LA 280 U TUILUAT LAY mini-gel electrophoresis Tasmsifseumeunua

Buenasginuanudutuiuow

1.1.3 1N 1 IUMd e lae 5 PCR-RFLP

]
o A

I A o 9 o Aaaa A A a 9 Jd ~
mﬂmummﬁﬂﬂ"lﬂmmﬂgﬂim PCR IR IER VALY Tﬂﬂmﬂﬂmmaimm N

v ] ]
=4

[ e ~ o [ 1 aaa A Y 19 1 1
FUATIEHUY (1T NN 1.2) MMsUsuanIngg gl ‘luﬂgﬂiEﬂLWi’JGl‘ViL‘Wll”ISﬁlJﬂﬂll@]agﬂﬂlﬂﬂ
4 ' Yy 9 Yy 9 a 4 a t4
Iwswes wu anududuvos MgClL, aAnududu dNTPs, Usua Inswes, Usuauoulas
a < a 1 3 aaa
Tag polymerase, UsmmADuedunuy wiegungiuaznaluusazdunouvesljnse

[ c?/’ ) <] { .
PCR #asaniuthadue 1Auns19a0ua 20 agarose gel electrophoresis



U aw A Y do o
1.1.4 ?ﬂﬂ?nlllﬁf)ﬂ13‘1193?1’1!61!61!!9?618!??! mu'lcﬂumﬂmmw

o A A A o 9 ' 9 do o a 9y 2 aa A
mm@ugamwmm’mblﬂmaaEJma mu”l%mmmmm%u@mm HAaLINTUALDULIDN

= = v aag Jdo o Aq Y [l
NUBYUU agarose gel L‘]Jif]‘]JmEJ‘]Jﬂ“]Jﬂ!@ul’é)iJW]‘ijpu Tmmu”lcmmmmwﬂﬂumiﬂaﬂ

U
2

Fuadueld oy 24 ou'lwad 180UA Alu | Hin f1, Dra 1, Tag I, Bam H1, Hind 111, Eco R, Rsa
I, Mbo 1, Hae 1ll, Dde 1, Acs 1, Bfr I, Swa 1, Bgl 11, Nde 1, Ssp 1, Cla 1, Sal 1, Pst 1, Kpn 1, Sma I,

Bst EIL tlagVsp 1
= [ d + dw
1.1.5 ﬂ1‘J'ﬁf)y7Wugﬂ1ﬁﬂ5ﬂ53®'7ﬂ5‘llENHE)£I!i]189

ﬁﬂ‘lsﬂﬂ'NiJ‘ﬁﬁWﬂﬁﬁ'lElﬂNﬁUﬁﬂiiiJ“U@Qﬁﬂﬂlﬂ'lg@ 3 %ﬁﬂ (H. asinina, H. ovina 49 H.
varia) #7835 PCR-RFLP U84 81 18S rDNA Taggagdu 18S rDNA adetow ] Alu I, Tag 1
WAz Hae 11 4028 165 tDNA 896 Alu I, Bam HI, Eco RI Uag Hae T 9nvaaaring
composite haplotypes voawooihaeurazd9 1B 18S IDNA Tiosda0 Al I, Tag 1 18 Hae

II g8y 16S rDNA N80898 Bam HI, Eco R1, Hae 111 Uag Alu 1 aU§ 191

WM zitoyasina IaemuiumiA1 genetic distance (d) ¢80 haplotypes
Tae13 1151053 REAP version 4.0 (McElroy 1azaaiz 1992) 11A1 genetic distance 71 141111
Msaia phylogenetic tree 1A875 UPGMA A28 PHYLIP version 3.56 (Felsenstein, 1993) 91519
@01 geographic heterogeneity ﬁW’jNﬂtjmTa@Ehwmwamﬂw'gaﬁaﬂ Monte Carlo simulation
(Roff 118z Bentzen, 1989) TuT1/51n54 REAP 4.0 (McElroy t1azaAniz 1991) 1ag Fy, statistics
(Weir 1182 Cockerham, 1984) 53m'Nﬂtjnﬁm&immwﬁmawamﬂ1§® Tae 4 T1sunsu

A Y} o A
GENEPOP (Raymond 1ag Rousset, 1995) !W@@ijﬂﬁ@ﬂiﬂﬁqai'Nﬂigclf']ﬂi"ll@\‘ifﬁﬂﬂlﬂ']a@



(Y] J 1
1.2 Waﬂ]i‘ﬂﬂﬁﬂﬂﬂTﬁﬁﬂ‘tﬂ‘V‘I‘L!§ﬁ1ﬁﬂﬁﬂig‘ﬂ1ﬂ§ﬂl®\1ﬂﬂﬂ!ﬂ1§ﬂ°ﬁﬁﬂ H. asinina , H. ovina

uag H. varia 23835 PCR-RFLP
1.2.1 ANWHAINHANNWHENTSNV0oeniNde H. asinina, H. ovina 18z H. varia

[ A o a <3

1NNTNAABINUNAWITAUNYIIUIYN 18S rDNA (HAAAGADUID) 1az16S rDNA
< g 09)1 a o
(luTansuassaddue) luveadthdons 3 ¥ila (H. asinina , H. ovina 4ag H. varia) 1a8d)
[ qu} A A o 9 4 A
9819 NanuanAnea s v lagld lnswos 18S,+18S uaz 16S, +16S,, Iuvnzh

4 1A Y =} = [ =K A Y
Iwswos 16S rDNARDU (168, +16S,,18% 168, +16S,,) Inaiisuifsany Judonldy lns

4 ) [ 1y 4 4 o %

w3 16S,,+16S,, dmsumsAnyiugmaasizamnsuesvesihae d115u COI uaz COI-

Y ' Y Y
con 1uliansalanuveersuduainanluvoaihaela

NaANAANMINNIUIUTY 16S tDNA Tviatlszana 580 awa Tuvazinanan

v

=} 1 a 9 aa adg A 1o
Y99 18S rDNA Huuiadseuna 900 e LLﬁzTﬂﬂﬂﬂmLﬁ’J ﬁwmumaumﬂlmw‘lmuww

Qe

g waundie Tasmwizlu B oving wsizaziuinimwanaa ldoinuiii
. o <] 1 o 1 1 o a o
electrophoresis 1a¥iIMI¥e ARUBUABTAIEaNARE AauvziinIFlumsdngiey Tag

msdaaleeu lmidgasume

A

10U18S taz 16S rDNAs Y04 H. asinina , H. ovina 8¢ H. varia MWﬂﬂﬁ’r)‘]JﬁjﬂfJ
do o o P o A Aq ¥

Lau”lwmmmwmmu 24 Leu"lqm Wmau"l%m 3 YUA (Alu 1, Taq 1 10 Hae I1D) “I/l“lWNﬁ

polymorphism1u 188 rDNA (319 1.2) uazwy 1oulaai 4 ¥ila (Bam HI, Eco RI, Hae 111 11z

Alu 1) A1vinapolymorphism 11 16S rDNA (3191 1.3 uag 1.4)

a o 9 o 1 =+ tﬂy o Y [ @
MINMIANTIEA Ingldatedneaihdeduiu 200 dred1e nugduuvveIMsAn
do o o % LY J
agou lmiaadumzsiuan 25 UuuY FunnnnHan1saa 18S rDNA adeeu laal 4l 1,
o o J
Tag 1182 Hae TI $1u74 12 U010 1az91nn15Aa 16S rDNA Aaetou 1455d Bam HI, Eco RI,

Hae T 418 Alu T 379U 13 1l (15199 1.2)

HaN3AA18S rDNA daotou lanl 4 1wy jUupumsdasiua 6 juuy (A, B, C,
D, E uag F) G?;qg1Jw.uuﬁ"lﬁ'mﬂmiﬁﬂﬂluwamﬂwga H. asinina Lﬁauf?wumﬂugﬂuuu B
(66.96%) luvaiziigaes19duInajves H. ovina uag H. varia \SugUnuy A (83.09% uas
43.48% MUEI) ioda18s rDNAReew LT Tag 1w slsuumMsdadnuau 4 31uuu (A,
B, C waz D) Tasgthuiiwumnndigalu 4. asinina Aoty A (75.65%) Taoguuy B
(33.80%) 1Az C (49.29%) Wumnlu H. ovina wazgiuuy B aswumniigaly . varia

(82.61%) 1INM34A 18S rDNA daotou'lassd Hae I wugdnuumsdasiuam 2 v Tasgl



A B

M 12 3 4 567 8 910111213 M M 12 3 45 678 91011 M

M 1 2 3 45 67 8 91011 12 13 M

v

51 1.2 3w 1dnnsdaiss roNA daoonuland 4m 1 (31 A), Tag 1 (31 B) 102 Hae 111

(31 ©) W H. asinina (¥09 2 — 5), H. ovina ( %04 6 - 9) Uag H. varia (¥99 10 - 13) %99 M 1ag

U

A ad A 1 ~ A Yo Y P
1 A9 APUDIATDINUIIUYUIN100 f]lllﬁ uazeu 18 S rDNA ﬂ]luulﬂﬁﬂﬂﬁﬂlﬂu‘lcﬁu (ﬂj’lllﬂ’]'g

Uszunas 900 fue) MuaIaL

e ]



bp bo
1500 na.
1000 — 1000 =
500 500 e
g o I T 100
..-..-...‘
- - e
100

D

31U 1.3 gUuunveImsdady 16S rDNA Y03 H. asinina (¥949 2 - 5) H. ovina (947 6 - 8)
1 A 9y Jo o 1 ad

Az H. varia (¥9970 9 - 11) @rotou 1ad@as unz Al 1 (A) uaz Hae 111 (B) H09 M = A1 110

IATEIMINBUUIA 100 QIUT F04 m = LAUMADWONAARY Hind 11T ¥049 1 = 16 S rDNA i

'l ddaaeou lad

AM1234567891011m BM1234567891011m
: Kb Kb
bp 201 (]))on 20
1500 . 1‘300
1000 o
0.6 500
500
100
100

3UN 1.4 3upVYEINIAATY 16S IDNA V04 H. asinina (500 2 - 4) H. ovina (¥949 5 - 6)
1 P 9 do o 1 a s

1Az H. varia (%0990 7 - 11) doou laidad uwiz Bam HI (A) wag Eco RI (B) $84 M = Aoy

1DIATOININBUUIA 100 HIUE FO9 m = LANMADWONAARIY Hind I ¥999 1 = 16 S rDNA

n'liladadoou o



M3199 1.3 1uuuve9 18S rDNA 1ag 16S rDNA vesneeiihgedia 3 atia (H. asinina, H.

Ay v o 9 Jdo o a 1
ovina W% H. varia) ‘VIhlﬂi]1ﬂﬂ'liﬁﬂﬂ:]fllf]uulc]fﬂﬁﬂﬁnlw'lgﬂfuﬂgnﬂa]

rou lasad suuuy (bp)
18S rDNA
Alul A: 680, 520, 410, 350, 290, 250, 240, 110
B: 520, 410, 290, 250, 110, 110
C: 680, 520, 410, 290, 250, 110
D: 650, 520, 410, 350, 290, 250, 240, 110
E: 520, 410, 350, 290, 250, 240, 110
F: 520, 410, 350, 290, 250, 110
Tag 1 A: 410, 270, 210, 80
B: 500, 410, 410, 270, 210, 80
C: 500, 410, 270, 210, 80
D: 500, 500, 410, 270, 210, 80
Hae 111 A:390, 210, 200
B: 390, 210, 200, 180
16S rDNA
Bam HI 580
380, 200
Eco RI 580
300, 280
Hae 111 380, 120, 80
500, 80
Alu1 175, 140, 95, 50

175, 175, 95, 80, 50
220, 175, 80, 50, 35
175, 175, 50

: 175, 140, 95, 80, 50

220, 140, 80, 50, 35

QT m Y 0w > wrwe W

: 175, 140, 50, 35

10



BUU A 9WUINIY H. asinina 1ag H. varia (94.78% uag 100% aa1a) uagiuuy B wy

1l B ovina (73.24%)

HaN3AA16S rDNA aaetou ol Bam HI 1931001 A (580 giud) uag B (380, 200 §
WA IWAINUNAIN Eco RI; A (580 ALUE) 1Az B (380,200 frud) taz tou'lassl Hae I1I; A
(380, 120 110z 80 fiue) Az B (500 Lag 80 giua ) awdy Tuvaiziinisda 165 rDNA 2t
Al T wugluums@asnam 7wy (A, B, C, D, E, FuagG) (Ml 1.3) uazamunsoits

N H. asinina (gﬂgmu A llag E) 990210 H. ovina ('g"“]JLL']J‘IJ B) 1tay H. varia (C, D, F 1lag G)

Lﬁ"t]ﬁmim”lﬁﬂm’wwNaPCR-RFLP VY94 16S rDNA 9gWUI11IU composite haplotypes
10 WU (13797 1.4) A8 H. asinina 3 2 composite haplotypes (I, AAAA 118 TI, AAAE) L
haplotypes 1 9WUNINNI (95.65% VOIAIOYNH. asinina) composite haplotypes 111 (ABBB)
wulu H ovina Fafiduduiiauminnzailening (59.15% vosdaedan. ovinaﬁwm)
VU H. ovina Mnmnnzailaduaiuiavuad composite haplotypes 31U IV, AAAB
(39.44% UYOIAIDYNH. ovinaﬁlﬁﬁNﬂ) ez vV, AABB(1.41% V04AI081H. ovinaﬁywm) Tu
H. varia WU composite haplotypes NUIU 5 1YY (VI, BABD; VII, BABC; VIII, BABG; IX,
BABF 118 X, AABC) Uil composite haplotype VII (BABC) dznuludognadiulvnveda

0814H. varia (60.8%)

iiof91581 PCR-RFLP 4849 18 rDNA + 168 rDNA W31/t composite haplotypes
(18S rDNA @adeeulwi Alu 1, Tag 1 1ag Hae 111 mMuA1816S rDNA dadieonlad Bam
HI, EcoR 1, Hae 11 U481 Alu 1) v%wrm 49 composite haplotypes Tagny composite haplotypes
15 uvvlu & asinina; | (BBAAAAA), 11 (ACAAAAA), III (BCAAAAA), IV (BBAAAAE), V
(BAAAAAA), VI (BAAAAAE), VII (CAAAAAA), VIII (AAAAAAA), IX (ABAAAAA), X
(CABAAAA), XI (EAAAAAA), XII (BABAAAA), XIII (AABAAAA), XIV (EBAAAAA),
1uag XV (DBAAAAA) 9 composite haplotypes 1w H. ovina ﬁmmﬂmm?h’ein"lm; XVI
(BBAABBB), XVII (ACAABBB), XVIII (ACBABBB), XIX (ADBABBB), XX (DBBABBB),
XXI (ABBABBB), XXII (DCBABBB), XXIII (ADAABBB) (g XXIV (ABAABBB) ttag 13
composite haplotypes u H ovina mmnmm’v"hé’umﬁu; XXV (ABBAAAB), XXVIF
(BAAAAB), XXVII (ACBAAAB), XXVIII (FBBAAAB), XXIX (DDBAAAB), XXX
(DCBAAABO, XXXI (CBAAAAB), XXXII (BBAAABB), XXXIII (ABAAAAB), XXXIV
(ADBAAAB), XXXV (DBAAAAB), XXXVI (ACAAAAB) 1ag XXXVII (BAAAAAB)

11
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- (2)TS60°0 - - - - - - - - - - 2avavdd  XIxxXx

1

- (9610 - - - - - - - - - - agavavdd 1AXxX

- - (1)6060°0 - - - - - - - - - avvvvved IIAXXX

- - (1)6060°0 - - - - - - - - - dVVVVIV  IAXXX

- - (2)8181°0 - - - - - - - - - avvvvad  AXXX

- - (1)6060°0 - - - - - - - - - avvvdaay  AIXXX

- - (081810 | (@zITT1°0 - - - - - - - - avvvveay  Ixxx

- - - (1)$550°0 - - - - - - - - adavvvdd  11xxx

- - - (1)$550°0 - - - - - - - - avvvvea) IXXX

- - - (1)$550°0 - - - - - - - avvvdoda XXX

- - - (1)$550°0 - - - - - - - - avvvdaad XIXX

- - - (1)$550°0 - - - - - - - - avvvddd IIAXX

- - (081810 | (b)€TTTo - - - - - - - - avvvdadVv  IIAXX

- - - (1)$550°0 - - - - - - - - avvvvdd IAXX

(z=N) (1z=N) (I1=N) (81=N) (81=N) (FT=N) (0z=N) (Iz=N) (S1=N) (827=N) (¢1=N) (61=N)

MVHdIAH MNHJAH MVHdOH MVILOH HJINVSOH HOHDOH JIHdVH HdINVOVH JHINVOVH MVILVH HNVSVH | HHINVSVH

LA g puino ‘g puluisy ‘g sadKyordey aysodwo)

(cW) s'1 UBLELY




iae 12 composite haplotypes; XXXVIII (BBABABD), XXXIX (BBABABC), XL
(BBABABG), XLI (ABABABC), XLII (DBABABC), XLIII (EAABABC), XLIV (EAABABF),
XLV (ABAAABC), XLVI (ACABABC), XLVII (CBABABC), XLVIII (DBABABD) lag XLIX

(ABABABD ) W lu H. varia (M1351901.5)

Y v
wennHd lunumssidousu (overlap) Y84 composite haplotypes 5¢H319A108139% 08
+ zﬂy 1 A o [ 3 o =1 1 = A o
ithaesasiianuliiezumsin PCR-RFLP v89 16S rDNA (#ig90819#87 113901591 PCR-
RFLP 499 16 S + 185 rDNA luamzfl PCR-RFLP ¥04 18S rDNA IW8408191A823 shared
2 4 2
composite haplottypes 5¢1I19¥HAvoIHoathde aviumsswunsiaveaihse H. asinina, H.

ovina Wag H. varia 811309114 108137313124 PCR-RFLP 494 16S rDNA

1.2.2 520SHINNNGWUENTINIZHIN composite haplotypes  Vovioanihdonazaa

v o [
ANNWUTNNWUENTIN

UHUNN UPGMA ‘ﬁﬁ%}NmﬂSzﬂzﬁN%NﬁugﬂﬁMisﬁ’jﬁf’jﬂl@ﬁ composite haplotypes U9
‘Vii’JEJL‘ﬂ”Igf’J H. asinina, H. ovina Q¢ H. varia RITRERIININ composite haplotypes ﬁgwm“lﬁlﬂu 3
Ny (Ngu I, 11 uaz 1) Tasngu I Hanualszneudne 1s composite haplotypes U84 H. asinina
1ag 11 composite haplotypes U84 H. ovina ﬁmmﬂmmé’lqé’umﬁu Tagil composite haplotypes
BAAAAAB W04 H. ovina 1l misclustering tazqnial¥odlunguues #. asinina ngu 11 sznoy
A composite haplotypes Y9N H. ovina ﬁmmﬂmmﬂqén%ﬂ (9 composite haplotypes) 18 1
composite haplotype U939 H. ovina ‘ﬁll1‘1]1ﬂ‘1/l$Lﬁﬂﬂgumﬁu(BBAAABB) Tag composite haplotypes

9 ]
WHNAYOS H. varia gnialvieglungu I (317 1.5)

1.2.3 Haplotype diversity Ul@s nucleotide diversity 7unq’wﬁ’aaﬂ'n nucleotide divergence

U U ] v v da av + 4‘7
SHINNGNANIDE N uazmmawwummawmmwmﬂaﬂn]wa

Haplotype diversity a2 nucleotide diversity ¥pedl08190eithaaniinmsanuInsadl
uaaelua15199 1.6 Taedl haplotype diversity ¥9416S + 18S rDNA 111111 0.6762 (0.0000 - 0.9013)

Tuyaizi nucleotide diversity 381 0.3716% (0.0000 - 0.8114%) 0814 15RO H. varia MMM

Y
U U % % v @

a A @ 1 A ] 3 o 1 9 Y @ J
U WHIANINTUINEG] 2 AIDYN L‘L!’e'Ni]'lﬂh],SJﬁnJﬁi‘ILﬂ‘]JGI’JEJEJN]lﬂ muumagawu‘qmaﬁiﬂizm

1 o 1 % 1 2K o n 9
nInNnauaIeeeaIna1dedeagllila

1 4
Nucleotide diversity 1182 nucleotide divergence Y04A10819NIMIANYINIHUA taadluy
M1519% 1.7 TagA1nasved nucleotide diversity 1182 nucleotide divergence U949 18S rDNA + 168
rDNA HAWMAY 0.0169 wag 0.0132 MUY 1AsliA1 nucleotide divergence gINgATLHINGA?

281911101 0.0281 (HASAME - HVPHAW
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uWUnN UPGMA 716319910 nucleotide divergence 32#319nqua10619 (37 1.6) @1mns

[ 1 [} a +| Lﬂy 9 A
HENANUUANANYOI H. asinina W 3 nqulvgiauriavesviesihae sndu H. ovina NU19IN
U % { @ % o [ 1 ] o Jd o
nzaredua iU cluster U H. asinina BI9NHUZAINAINIZ0INMT IS0 Tanida

e Nfoenu 'l

v £ H
3197 1.6 Haplotype diversity {1 nucleotide diversity voadetaveathgennylulszmealneg

1010 IUAT121i A28 PCR-RFLP 494 18S 11a2 16 S DNA

CPLTN Haplotype diversity Nucleotide diversity

T SE (x100)

H. asinina

HASAME 0.0000 = 0.0000 0.0000

HASAMHE 0.7511 £ 0.0508 0.3139

HACAME 0.3391 T 0.0898 0.1715

HACAMHE 0.7816 £ 0.0518 0.4809

HATRAW 0.7065 £ 0.0536 0.3758

HAPHIE 0.8359 T 0.0288 0.4910

H. ovina

HOCHOE 0.6241 £ 0.0679 0.1897

HOSAME 0.7937 £ 0.0392 0.1903

HOTRAW 0.8317 £ 0.0417 0.4073

HOPHAW 0.8831 1 0.0293 0.4222

H. varia

HVPHUW 0.9013 £ 0.0248 0.8114

HVPHAW 0.6667 & 0.2041 0.6057

A 0.6762 1 0.0057 0.3716 = 0.0000
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BBAAAAE

BBAAAAA

BCAAAAA
BAAAAAE
BAAAAAA
BABAAAA
BAAAAAB
CABAAAA
CAAAAAA
ACAAAAA
ABAAAAA
EBAAAAA
DBAAAAA
AABAAAA
AAAAAAA
EAAAAAA
ACBAAAB
ADBAAAB
ACAAAAB
ABAAAAB
ABBAAAB

H. asinina

DBAAAAB
FBAAAAB
FBBAAAB
CBAAAAB
ADBABBB
ACBABBB
ACAABBB
ADAABBB
ABBABBB
ABAABBB
DBBABBB
DCBABBB
BBAAABB
BBAABBB
ABABABC
ACABABC

H. ovina

_—

H—
—>

—
—
T
_—

o o L bomaran
—
—
—
—

L DBABABC

BBABABC
{ CBABABC
EAABABF

H. varia 1 kassasc
ABAAABC
DBABABD
L ABABABD

BBABABG

{ BBABABD

1.00%

! a { v o o 1
31U 1.5 urUQl UPGMA NuaaaanuduiusnawugnssusenIN composite haplotypes Y09 H.

U

asinina, H. ovina Wag H. varia 1 14910M33AI1HA2875 PCR-RFLP Y04 18S 112 16S rDNA
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0000°0 + 6910°0 = PLREEWVELEUZE AYISIOAIP Sprjos[onu RUEBILY
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n oo

VHd -£lt8% LR ALUT = OHO %:vmhﬁw_m_w
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8L20°0 0L20°0 62100 8¢€10°0 95200 61720°0 L900°0 1€00°0 £900°0 - 8000°0 L000°0 MVILVH
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MVHJAH | MNHdAH | MVHdOH | MVYLOH | HIVSOH OHDOH | dIHdVH | HANVOVH | HHINVDVH | MVILVH | HINVSVH | MHINVSVH

nriﬂrw@\_w\m?“_:;@ﬂmﬁm VYNdI S9T 2811 VNJ!
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HASAME

HACAME

HASAMHE

HACAMHE

H. asinina

HATRAW

Cluster 1

HAPHIE

H. ovina I HOTRAW

| HOPHAW

Cluster 11 H. ovina l HOSAME

I HOCHOE

Cluster I11 H. varia | HVPHAW

| HVPHUW
1.00%

! a ! v o o 1
317 1.6 WU UPGMA Naaannuduiusn1eanugnisnsziI1 composite haplotypes Y04 H.

{ Y a 7Y A,
asinina, H. ovina Wag H. varia 1 1A91001331A512492873 PCR-RFLP ¥949 18S 11ay 16S rDNA
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U . %4 1} + dv
1.2.4 ANNuANA NVIqugﬂ‘iﬁﬁlm\‘iﬂ?6873%08]11’739?”1’5317]13?7)8]

Y H Y
A

a L4 1 @ o 1 ~ @
Wafﬂ‘i’JLﬂ’i1$1’7ﬂ’Nlll!@m@ﬂx‘ﬁ/lNWH‘Eﬂi‘iM"UfNG]’JE]EJNWE]EJLﬂWElf]‘ﬂﬁﬂ‘]ﬂ“ﬂ\i“ﬁhﬂ @911’]8

geographic heterogeneity analysis 1A% Fy. WUIHAMUUANANIEHINNGNAIDE1N08 T BT ATy
ana 4 9 1
naaa (P < 0.0001) §d%1ﬂmayamaq 18S + 16S rDNA W11 gene pool VDN H. asinina Tu
@ I 1 < 1 [l v o w
Usgnalnofianymeiily panmictic gene pool 0819 lsAMWNLANUIANA B TITEd YN
aa 1 o 1 arAa (A 4 [ L] A 9 Y] 1
goasenIdesnnlsamanaddudiazaieg19oue enuA19819 HACAMHE (P < 0.0021

U5UA191U sequential Bonferroni approach)

v Y [
WUANWUANA NN NI UFNISuATTed Ay adaszrINdIegonige H. oviea W

nannzasuaiutazdeenIne (< 0.0001) Feluvaeh A varia lilinnuuanaaniaiug

Y

A354 (P = 0.7710 15199 1.8) ANUUANANNNNUTATTNVDIUTLmns Iumazaiea1e 1aens

a

1 Y 1 v o o { o { 1
Uszanmnn m F, wulassasalsemnsednalitisdidnlu 2 ovine Nnaniangianuandia

U gﬁa"?mﬁzﬁﬁaﬂ PCR-RFLP 994 16S rDNA (P < 0.001 A1 9N 1.9)

Y 1
A

o 9 a 4 1 ] o 1 Y
Tag ludimsinizianuuanaaniugnssuvesiiedoadhaeiany ale
. . . y A Y ' < Y3
geographic heterogeneity analysis 1182 Fy, 92 1Mnanaoandosny o619 lsnaw Fg, uaaaliimun

1 1 A o @ 1 aa (A 4 o ' A
ANVIANANDEWNNTIIAYIENINAIN H. asinina nnszmadadiuauazdiedisoun u

Uszma'lng 305 uns1) 11910 18S rDNA (TInasfdu)

U
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v Y
M13197 1.9 Estimated Fy, (1182A1 P-value) 5511199909610819v0%081i18091nM3fANY1 PCR-

RFLP U84 18S 1tz 16S rDNAs

Geographic samples 18S rDNA 16S rDNA
H. asinina
HASAMHE-HASAME 0.2563 (0.0083™) 0.0699 (0.2656")

HASAMHE-HATRAW
HASAMHE-HACAMHE
HASAMHE-HACAME
HASAMHE-HAPHIE
HASAME-HATRAW
HASAME-HACAMHE
HASAME-HACAME
HASAME-HAPHIE
HATRAW-HACAMHE
HATRAW-HACAME
HATRAW-HAPHIE
HACAMHE-HACAME
HACAMHE-HAPHIE
HACAME-HAPHIE

H. ovina
HOCHOE-HASAME
HOCHOE-HOTRAW
HOCHOE-HOPHAW
HOSAME-HOTRAW
HOSAME-HOPHAW
HOTRAW-HOPHAW
H. varia

HVPHUW-HVPHAW

0.0668 (0.0388™)
0.0744 (0.0483 ™)
0.0862 (0.0686 ™)
0.1591 (0.0008%)
0.1641 (0.0141™)
0.2934 (0.0022%)
0.0437 (0.2712™)
0.4535 (<0.0001%)
0.0052 (0.3347™)
0.0497 (0.0747™)
0.1801 (<0.0001%)

ns

0.1512 (0.0058 )

0.0560 (0.0566 )
0.3302 (<0.0001%*)

0.0385(0.1173™)
0.1296 (0.0035%)
0.1046 (0.0226™)
0.0285 (0.1754™)
-0.0017 (0.4295™)

-0.0134 (0.5747"™)

0.0876 (0.3125™)

-0.0058 (0.6350™)
0.0895 (0.2385™)
0.1208 (0.0977™)
0.1160 (0.1059™)
-0.0074 (0.5693 ™)
Not possible
Not possible
Not possible

ns

0.0051 (0.5347™)

0.0224 (0.4999™)

0.0199 (0.5035™)
Not possible
Not possible

Not possible

Not possible
0.9525 (<0.0001%)
1.0000 (<0.0001%*)
0.9444 (<0.0001%)
1.0000 (<0.0001%*)
-0.0299 (1.0000™)

-0.2409 (1.0000 ™)

ns = lufiTedfyneeda; * P < 0.0042 §IMSY H. asinina, P < 0.0125 AWMU H. ovina 18z P < 0.05 d M50 H.

varia USUa1u sequential Bonferroni method (Rice, 1989).
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¥
A

(Y] ¢ Aa
2. ﬂ1§ﬁﬂ‘lsl1Wﬂﬁqf”l1ﬁ9'lil‘lf\‘lﬂﬁ%‘lﬂﬂiﬁllﬂﬁﬁi’)ﬂ!‘ﬂ18@ Haliotis asinina,

Haliotis ovina Q¥ Haliotis varia é]’m‘i’ﬁ RAPD-PCR
2.1 I5a UM Inaasg

2.1.1 MI0eN9

o [ @ @ { 4 0 S o [l
VHﬂ']i@]ﬁ?‘ﬂﬁﬂﬂ@ﬂ‘ﬂﬂ!%ﬂ'ﬂullﬂﬁWuVﬂQWU‘Eﬂﬁ53JﬂlﬂﬂﬁﬂﬂlﬂWﬁ@ﬁﬂ’lﬂTilﬂﬂ@ﬂ@EJ'NEﬂ'lﬂ

a 4 4 o :zl Qsl % 1 §
FITUHALAZNINTNTUNIZIAEY TUIUTINNITU 226 A20819 (ﬂ']‘ﬂ\‘lﬁ 2.1)

= A % r + 4”
2.1.2 ManseuAe edInA 10e9tioani13e

Y
A 9

@ a2 g dy 1 9 A A + aa
ﬁﬂﬂiﬂiiﬂj%ﬂﬂaﬂlﬂuL’E)i]"lﬂluﬂﬁ’)u!‘ﬂ"l?iS’E)iﬂﬂ!,a’f)ﬂ‘ll’t’)ﬂﬁ@fJL‘]JWﬁ’t’)ﬂ’JfJTﬁ

o a < a < a 1

Phenol/chloroform mmﬁamﬁwzwﬂﬁmmuazﬂmmwmmﬁLaumﬁaﬂmﬂuﬂ Spectrophotometry i
ANE1INAY 260 LAz 280 W1 TUwAT tazilszanam high molecular weight genomic DNA Ay

.. . = A v ad A Yy v '
mini-gel electrophoresis 1AM 31T oUNeUAUADUDLIATTIUANTWANUDNT UL LD
2.1.3 MAANDIUIUAMO MDA RAPD-PCR

A o a d Y am o A @ [ + dy o’./} A A o
INUATUIUALB UIDAIYIT RAPD-PCR TﬂﬂuTﬂL@ulﬂ‘ﬂ@ﬂﬁ’J@EJN‘I’T’E)?JHJ"I%H’JTN 3 FUANTNA

9 ° aaa A A a 9 LK) @ . . o
lauigasercr  omuilsina  Tagldlwsmwesd sy RAPD  (University of British
Columbia, UBC ¢ Operon Technologies, OPA a2 OPB) ﬁﬁuwma‘la&ﬁ (minisatellite core

4 . . o Y A
sequences) waz luTasusnmalad (microsatellites) AULTAIAIIAITINN 2.2

FalulfAserPCRYT AT 25 pl Usznoude 10 mM Tris-HCL pH 8.3, 50 mM KCI, 2 mM
MgCL, 100 uM dNTPs (dATP, dGTP, dTTP uag dCTP), 0.2 uM Iwses uag 1 Unit Y09 Tag

<3 o Aaaa o
polymerase 1182 25 ng VoA UOAUILY TagRlfnTers1uan 35-40 50U

v A s dy J A A saq ¥ ad
Aadon Inswesnmunzanluresihdoudazwiia Tasden lnswesnliuauddueuy
d'o/ Y A [y [ L] =S [ d’ o g[ o 1Y 1
agarose gel Ny vazlnamieunuludiedafedrtuiond imsdsuanmmas q lu
aan 4 [ o 1 a 1
Ufnseune ldmngaununswesudazatia wu anududuves MgCL, AMMdUIU dNTPs,

a 4 a a <] o ' a 1
Usua Inswes, Usua Tag polymerase, USinauaduwvon0en viogunginazna luuaas

=1

9 9
@ Aaaa o o ) <3 .
sll'Lmf)“L!“lIEN']JQﬂ'iEﬂ PCR vidanniinhawei lduiasinasudie agarose gel electrophoresis

) 4 o A tg FY A Y ~ . Y A o
u”IUlWiHJ@i‘Nﬂﬂﬁﬂﬂlﬁ’ﬂﬂmﬂ\mL!‘Vlclﬁﬂaﬂ\iﬂ (reproducible) LLﬁZi‘I’TLﬂi’ENﬁM'IEJVINWM‘]j‘
v Y
AssuRS UMz UYHaveseaige (species-specific RAPD markers) 914U 5 primers szney

A OPB11, UBC101, UBC195, UBC197 ttag UBC271



g 1

A A g o % ' + dil L. ) . Aq ¥
M1319N0 2.1 FoUNNUAIDI LA IUIUAIE D) 180 H. asinina, H. ovina \l¢ H. varza‘l/]clﬂi

TumsAnengail
viiavesneaihdenazamufifivdea Fonguiaeths Snnwshedafiiy G
Freghaiimsaning e
PCR-RFLP)
H. asinina
Tramzides (ouiugimziadia 1. 32004) HASAMHE 28 (14)
Tramzides (WouNWUE ) HACAMHE 15 (13)
INZAZALN 9. AT HATRAW 28 (19)
iziaiia 9. 32004 HASAME 19 (14)
UYH HACAME 23 (19)
Waytlud HAPHIE 30 (20)
ouTatiidey HAINDW 20 (-)
Meend H. asinina 163 (99)
H. ovina
IMZANA B, 1M EFI 9. a5 HOCHOE 29 (29)
iziadia 9. 32004 HOSAME 43 (27)
IMEIFON 9. AT HOTRAW 47 (23)
IMZANAU 2. W HOPHAW 16 (16)
M20813 H. ovina 135 (95)
H. varia
QEHIGLRR g!ﬁ@ HVPHUW 29 (28)
IMEANAU 9. W HVPHAW 4 (4)
M2084 H. varia 33 (32)
safeeharanan 331 (226)
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% da

= 1
2.14 ﬂ75ﬂﬂH1Wuljﬂ1ﬂ’ﬁﬁl?f\71]5$?f”Iﬂiﬂlt”)@?fﬂf]!l"lﬂﬂ

1 wswesfilddaden 148 mau 5 Iwswes (OPB11, UBCI01, UBCI9S, UBCI97 LAy
UBC271) wmsAnuiugenanslssynsued A asining tazl¥ OPB11 wag UBCIO01 ANH
ﬁurgmﬁm'fﬂszGmﬂiLm3@iaﬂaaummwmﬂwmﬂmqﬁ’uﬁﬂsiumaqwaﬂzﬂ1'§@ H. asinina, H.
ovina Wag H. varia gty RAPD 7 1&umlasily binary code feraan o1 Taw 0 = Taifigu
DNA figumisiinsinaon uaz 1 = 551 DNA ludumiisfiasaaen 910115001 matrix §9nd1

o 1 Aaa 1] g
WAUIUAADANWNHUTENAATAN
) a d 1 .. . . ' + dy 1 o Ao Y
Tagi NI AATIZHA similarity index 571 FouaazAINhIMINAa0IAIIEAS
Sxy = 2nxy /n + n, (Nei ttag Li, 1979)
e S, A AN similarity index 3¥MINAIVIN x LA y
v v
n,, A9 $1UU shared RAPD bands 11510 ludedmeniihee xuazy

9 ] k4
n Wag n, 719 $149U RAPD bands avnadi score Tudedneniihae x uaz y audidy

A '
1 similarity index Molungualediaenihge  AmawlasnsniAuNGy similarity index
A P
senineadhaounazdd nelunquale6191i A1 similarity index 521I9NUAIDE1 (S, Ao lag
1 . . . . 1 + dy 1 1 U [ 1 Y . 9 d' U Yy 9 9

MINIAN similarity index 3z I1IMpBIiFoLAazE 31ANGUAIDE1 i U j Tagldgasnnanuualinedy
o 1 . . . . d' 9 d' 1% d' 1 1 [ . . 9

UAZ UM similarity index ‘Vl"lﬂil”ll,‘ﬂafJLlﬂa‘UL‘W’e)“mmﬂ’nm!,@m@'lN‘VlNWu‘qﬂﬁn (genetic distance) Taold

qas Sxy = 2nxy /n + n, (Lynch, 1990)

i genetic distance ldwnaia phylogenetic tree A873 Neighbor-joining method
(Saitou 1@z Nei, 1987) Iagl411/511n54 NEIGHBOR 1w Phylip (Felsenstein, 1993) ¥1n130539
91 genetic heterogeneity i$ﬁﬂ1ﬁﬂ€juﬁﬂ’08jNﬂJm H. asinina 238 11/54A5%4 Tools for Population

Genetic Analysis (TFPGA)
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% d H
2.2 Nﬁfﬂi‘i’lﬂﬁf’)x‘ifﬂ‘jﬁﬂ‘tl1‘l/‘l11!§ﬁ1ﬁﬂ§ﬂi%‘mﬂiﬂlﬁ\‘lﬁﬂﬂ!ﬂ'lgﬂ H. asinina, Haliotis ovina \\2%

Haliotis varia G’f’m%?i RAPD-PCR
o A J
2.2.1 ﬂ1‘5ﬂﬂ!ﬁ@ﬂ?W‘§lﬁJ9§

o w 1 < g
1NnMdedanuevesienide H. asinina H ovina Wag H. varia ¥INAA0UNS
A o . . Aaaa ) Jo o [
iWNS U (amplification) Tawd§n3e1PCR Taold lwsmosdmsu RAPD-PCR $1uau 128 s
4 (= 7o P 9 . . Aaaa 9
wos wund Inswesswau 34 Iwswesfawnsolfamplification 1§56 IRAPD-PCRIA (a1
A Yo s A o o o oAl Z = S Ay
5199 2.2) wazldh Inswesmartiumaseusuimiudieaanmuay Taglumsanviaseil 18
9 4 a = = @ d a +| dy 0911 a
14 Iwses 2 ¥ila Ao UBCI01 tag OPBI1 Anyiugeansideilszmnsvesnoaigndia 3 wila
- )
Tuvaizn 14 Insiwes UBC101, OPB11, UBC195, UBC197 1ag UBC271 ANHIANUHAINHAIENIA

v

Y ]
ugnssuluvesihae H. asinina (317 2.1)
-9 + dw YA
2.2.2 AnuraInHaenWugnssuvesemihaelngly3s RAPD-PCR
4
2.2.2.1 ANNHaINHaEIEHINa T

a 4 A 1 @ %
1INMIAATIZHAIIT RAPD-PCR wulianuvainnateninugnssuluszavgalu A,
4 o A J o
asinina H. ovina Wag H. varia Teoilo1d Insiwes UBCI01 wag OPBI1 MR IZHWUENTTUV0A
+ dy oaj a a g o £ A 1 =
vouthdens 3 wilalulsemalng nuuavAduEIIUIN 72 oD FATHVUIATENIN 320 bp D4
a g AN Y 4 = 1 1 =
2300 bp TagviuravenuAD e Iden Inswes UBCI01 Hvuinegszniie 320 bp 14 1850 bp
4 & = 1 1 = Ao adg Aq ¥
uazan Inswes OPB11 Falivuinogizyia1a 390 bp 84 2300 bp HazlisuauuauadUeN 1HHa
a 4 o g’ v W ] QsJI o 4 o
MDA U181 UATIUIU 37 uaun Inges UBCI01 1ags 1 35 uouan
s ! 73 o a g . A
Iwswes oPBI1 wazwuIesiFuAANUHAINHAIBVDIDVADUD  (polymorphic band) 7B
o s . A o ad A v \
100% Tunsgoslnsmes Tag polymorphic band Ao $1UIULAVAD UL ANUTIDENI 95% VOINN

o 1 ! A
dr0g19melutaazalyd (m15192.2, 2.3, 2.4 1ag 2.5)

/3 o <

Lﬂ@i!“ﬁu@ﬂ'J']Nﬁa']ﬂﬁa’]ﬂellﬂ\ulﬂﬂaLQULGGUGQ H. asinina H. ovina Ua¥ H. varia 31DN17
a 4 4 o w !
'Jlﬂﬁ'lgﬂgf’lﬂllWime)ﬁ UBCI101 ttae OPBI11 ﬁﬁl 84.96%, 94.74%, L1aE 91.23% UAAU LLAZWUI

< 1 : o

H. ovina ﬁﬂj’lﬂﬁa']ﬂﬁa']fJ"UfJ\HLﬂUﬁL@L!!@fl\iﬁff!ﬂ ﬁ’luﬁjflﬂ H. varia \\Q¥ H. asinina @Q%WU?U!LT)U
ad o sl o . H A g
AL UIDNINYUA !ﬂ@ﬁlcﬁu@ﬂj'luﬁa’]ﬂcﬁa']ﬂ Lag monomorphlc band ﬂ'lfJﬁlu(ﬁ’fJfJLﬂ']aﬂ!lﬂaZﬁﬂ%ﬁ

uaaa 13 luasan 2.5
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2, a g . . 4 A v fo  w
M54 2.2 HAVBIMINUIIUIUAD U (amplification) Meaiihae Tasld lnswesd sy RAPD-PCR

Tnsties A I Amplification | lwstues AL Amplification
Strength Strength

UBCI101 GCGCCTGGA G +++ UBC164 CCAAGATGCT -
UBCI111 AGT AGA CGG G - UBC166 ACTCCTACAG -
UBC114 |TGA CCGAGAC - UBC167 CCAATTCACG -
UBCI115 TTC CGC GGG C - UBC168 CTA GAT GTG C ++
UBC117 |TTA GCG GTCT - UBC169 ACGACGTAGG -
UBCI118 |CCCGTTTTGT - UBC170 ATCTCT CCT G -
UBCI119 |ATTGGGCGAT ++ UBC171 TGA CCCCTCC -
UBC120 |GAATTTCCCC - UBC174 AAC GGG CAGC ++
UBCI121 ATA CAG GGA G - UBC175 TGG TGC TGA T -
UBCI122 |GTA GACGAGC - UBC187 AAC GGG GGA G -
UBCI128 |GCA TATTCCG - UBC189 TGCTAGCCTC -
UBC132 |AGG GATCTCC - UBC191 CGATGGCTTT -
UBC135 |AAGCTG CGA G - UBC193 TGCTGGCTITT ++
UBCI138 |GCTTCCCCTT - UBC195 GAT CTC AGC G +++
UBC139 |CCCAATCTTC - UBC197 TCCCCGTTCC +++
UBC140 |GTCGCATITC - UBC200 TCG CGGA TAT G ++
UBC142 |ATC TGT TCG G - UBC210 GCACCGAGAG ++
UBC143 TCG CAG AACG - UBC217 ACA GGT AGA C -
UBC144 |AGA GGG TTCT - UBC220 GTC GATGTCG ++
UBCl146 |ATG TGT TGC G - UBC222 AAG CCT CCCC -
UBC148 |TGTCCACCAG - UBC228 GCT GGG CCG A -
UBC153 GAGTCACGAG - UBC233 CTA TGC GCG C -
UBC158 |TAGCCGTGGC - UBC235 CTG AGG CAA A -
UBC159 |GAGCCCGTAG - UBC237 CGA CCAGAGC -
UBC160 |CGA TTC AGA G ++ UBC255 TTC CTC CGG A -
UBCI161 CGTTATCTCG - UBC259 GGT ACGTACT -
UBC163 |[CCCCCCAGAT - UBC262 CGCCCCCAGT -
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M3199 2.2 (919)

Tnsned CREITIC Amplification | w3109 fdua Amplification
Strength Strength
UBC263 |TTA GAG ACG G - OPA9 GGG TAA CGC C -
UBC264 |TCC ACC GAG C ++ OPAI0  |GTG ATC GCA G ++
UBC267 |CCA TCT TGT G ++ OPAll  |CAATCG CCGT -
UBC268 |AGG CCG CTT A - OPAI2  |TCG GCG ATA G -
UBC270  |TGC GCG CGG G - OPAI3  |CAGCACCCAC -
UBC271  |TCC CCG TTC C -t OPAl4  |TCT GTG CTG G -
UBC272  |AGC GGG CCA A ++ OPAI5  |TTC CGA ACCC ++
UBC273  |AAT GTC GCC A - OPAl6  |AGC CAG CGA A -
UBC277  |AGG AAG GTG C - OPA17  |GAC CGCTIGT -
UBC281  |GAG AGT GGA A - OPAIS  |AGG TGA CCG T -
UBC282 |GGG AAA GCA G - OPA19  |CAA ACG TCG G ++
UBC286 |CGG AGC CGGC - OPA20 GTT GCG ATCC ++
UBC293 |TCG TGT TGCT - OPBI1 GTTTCG CTCC -
UBC295 |CGCGTTCCTG - OPB2 TGA TCC CTG G -
UBC297 |GCG CATTTAGA - OPB3 CATCCCCCTG -
UBC298 |CCGTACGGAC - OPB4 GGA CTGGAGT -
UBC299 |TGT CAGCGGT - OPB5 TGC GCCCTT C -
UBC428 |GGC TGC GGT A - OPB6 TGC TCT GCC C -
UBC456 |GCG GAG GTCC ++ OPB7 GGT GACGCA G -
UBC457 |CGA CGCCCTG ++ OPB8 GTC CACACGG -
UBC459 |GCGTCG AGG G ++ OPB9 TGG GGG ACT C -
OPA1 CAGGCCCTTC ++ OPB10 CTG CTG GGAC -
OPA2 TGC CGA GCT G ++ OPBI11 GTA GACCCGT +++
OPA3 AGT CAGCCAC - OPB12 CCT TGA CGG A -
OPA4  |AAT CGG GCT G - OPBI3  |TTC CCCCGCT -
OPAS AGG GGT CCT G - OPB14 TCC GCT CTG G -
OPAG6 GGT CCCTGAC - OPB15 GGA GGG TGTT -
OPA7 GAA ACG GGT G - OPB16 TTT GCC CGG A ++
OPAS8 GTG ACGTAGG - OPB17 AGG GAACGAG ++
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M3199 2.2 (919)

Insned CRITIC Amplification | w3109 Mdua Amplification
Strength Strength
OPB18 CCACAGCAGT - Microsatellites |(GACA) A +
OPB19 ACCCCCGAAG - HRU33 CCC AAG GTC CCC -
AAG GTC AGG GAG
GCG AAG GCT
OPB20 GGA CCCTTAC - HRU18 ACC CGG CGC TTA -
TTA GAG
Microsatellites |(CA), - PER I GAC NGG NAC NGG -
Microsatellites |(CT), - INS ACA GGG GTG TGG ++
GG
Microsatellites |(CAC), + M13 GAG GGT GGN GGN ++
TCT
Microsatellites [(GTG), ++ YNZ22 CTC TGG GTG TCG -
TGC
Microsatellites |(GATA), + YN73 CCC GTG GGG CCG ++
CCG

] J
- =Twswosnlul¥su RAPD
saq 92 A
+ = Inswesn1¥su RAPD 1914

v ¥4 v v
++ = Twswesn 1%y RAPDA a1 IS uan s imnyay

saq 92 v o A 9 o o = o 7 o A
+++ = UlWiLllE]iVlﬁl'H“]fu RAPDL‘U?JLL@$?WIL@8ﬂ13ﬁ11’i§'ﬂﬂ15ﬁﬂ‘]&ﬂWU§ﬁ1ﬁﬁiﬂﬁz“]ﬂﬂi"uaﬁﬁﬂﬂlll']a@
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(HASAME %04 1 - 4) NU%%1 (HACAMHE %94 5 - 8) INAA14 34%3AA353 (HATRAW %94 9 -
10) oy WaYtud (HAPHIE ¥04 11 - 12) #18'lnsies OPB11 (A), UBC195 (B) wag UBC271 (C)
AUAIRY 1197 M 1iag m AB 100 bp 1A 200 bp DNA ladder MuaIAy gﬂﬁmﬁmm?awmﬂ

d’o % + dy
RAPDNIWMENUWeuee H. asinina
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2.2.2.2 mmﬁmnwmﬂmaﬁugnsswwm H. asinina

10AUATIZHANNMAINUAWNINUTNTTUVOS H. asinina #1035 RAPD-PCR Tao 14 s
Wos 5 ¥UANUN H. asinina HnNuVINaIonaiugnssuluszdugs @51 2.4)Taoduou
vounuAwei linamilewduiiomdsiiunndieseiidinede 32, 21, 25, 23 uaz 12 1oy 10
w15 UBC101, OPB11, UBC195, UBC197 iag UBC271 anud1diy Taedl touadue 113 1ol
AtlveegsznIg 250 bp D9 2300 bp uazyn Inswes IKkanNuaINAEsTAUg Uy
4 sl o . s
11h@e H. asinina Taolosidudved polymorphic bands 910 Iwsiues UBC101, OPB11, UBC195,
UBC197 wag UBC271 Ao 81.25% (26/32), 90.48% (19/21), 84.00% (21/25), 86.96% (20/23) uae

83.33% (10/12) Mud191 viaveannt RAPD Tuugaz Inswesuana13luarsian 2.4
v o d 1 -+ dw
2.2.3 ANUANT UMW UGN INvasroanide
2.2.3.1 Similarity index $48¢ Genetic distance

ANUNABVDY similarity index VDIRIDH19N 1AINMINATIZH RAPD-PCR @8 Insies
OPBI11, UBC101, UBC195, UBC197 tiaz UBC271 UAUMINY 0.6830, 0.7715, 0.8002, 0.8444, L1ag

0.8396 AUA1AY (R1519 2.6)

AUnAY similarity index MolulAAZARUAIBE19 (geographic sample) 331N lusesog
5L1I14 0.5259 (HVPHAW) 94 0.8496 (HATRAW) Tae2 11wua A, asinina 3A1 similarity index

=SR] o 1 [} =
meludlrdogluszavugs (0.8297) uazoglurie 0.7927 (HASAME) 04 0.8496 (HATRAW) 1u
Vg H. varia 1im similarity index Moluail3dogluszdndini (0.6010 - 0.7032) wag H. varia
Hifunasved similarity index 9g5zMIN 0.5259 - 0.6102 MAKANINAADIF ITIAUIINGUAIDE1
V0d H. asinina Ianuduiutmeluall¥dlndsaiuunniingudiedaves 2 ovina uaz H.

varia

4 [

1M1 Inswes OPBI1 wag UBCIOI ANEIANUHAINHAIBNNWUENTTUVDINOY
+ dy 09.1} a Y o o ' .. . . 1 v I g 1 a
thaes 3 wila vag 18138 AT similarity index 5¥H3190206719 (S, 1N Inswesunazyiia

Y
NUUAIUIUAT Genetic distances (Dij) 91NA1 similarity index FTHINAIDYN ANTUNIT Dij =] -
] 1 H 1 1 @ ] o

S, WUNAUNAY genetic distance T¥NININGNAIRENMBIUAYTTVOI H. asinina H. ovina 1102 H.
varia 9YILHIN 0.1578 - 0.4208, 0.3259 - 0.4827 LAz 0.4295 MUAAY (13N 2.7) TasAunay
genetic distance P81 H. asinina H. ovina Wag H. varial@UMNU 0.2995, 0.4328, 11ag 0.4295 A1

o & Ao 1 = ' o A S '
areu unihdunain A ovina llﬂ:l”llllmﬂ@WQWTQWHﬁ‘ﬂiiﬂJﬂTﬂiuﬁﬂﬂfﬁgﬁﬂ’ﬂ H. varia \\a¢ H.

asinina
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v k4
M15197 2.6 A1 similarity indices (S) Meluuaazngualtednvesroaihge Taoldis RAPD-PCR

feeg Tnsies mANMHiloMnaY
OPB11 | UBCI101 | UBC195 | UBC197 | UBC271 | melunguéiesa
nnlsneding
1A
HASAMHE 0.8112 | 0.8812 | 0.8652 | 0.8666 | 0.8011 | 0.8451+0.0362
HASAME 0.7831 | 0.8571 | 0.7066 | 0.8192 | 0.7974 0.7927 £ 0.0556
HACAMHE 0.7973 0.8686 0.8048 0.8941 0.8432 0.8416 + 0.0412
HACAME 0.8411 | 0.8640 | 0.7749 | 0.8667 | 0.8317 | 0.8357+0.0371
HATRAW 0.8133 | 0.8146 | 0.8674 | 0.8385 | 0.9141 | 0.8496 % 0.0423
HAPHIE 0.8143 | 0.8392 | 0.7825 | 0.7811 | 0.8503 | 0.81351+0.0317
HOCHOE 0.6431 | 0.7027 - - - 0.6729 £ 0.0421
HOSAME 0.6971 | 0.7092 - - - 0.7032 % 0.0086
HOPHAW 0.4648 | 0.7371 - - - 0.6010 1+ 0.1925
HOTRAW 0.5382 | 0.7053 - - - 0.6218 1 0.1182
HVPHUW 0.4891 | 0.7313 - - - 0.6102 £0.1713
HVPHAW 0.5036 | 0.5482 - - - 0.5259 +0.0315
mANumileunaY 0.6830 | 0.7715 | 0.8002 | 0.8444 | 0.8396
voaumazlnsesan T tTm T T T
nguiaeehatang 0.1474 | (0997 | 0.0608 | 0.0403 | 0.0424
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f similarity index (I8¢ genetic distance ixﬂ’j1ﬂﬂfjuﬁjﬁlﬂ1ﬂﬂlﬁlﬂ H. asinina ®10130
A lasliisReadunumssiuian similarity index nolunguédiodis AUPABUDY genetic
distance 523 geographic sample Melualldaonnlwsiesvos H. asinina 9581119 0.0156 -
0.2381 (M40 2.9) Aunas genetic distance U9 H. asinina 1811 1Ny (HASAMHE, HASAME,
HACAMHE 1a2 HACAME) A0 0.0243 taadlfifiuin H. asinina Tuen Inslianuadieiuuin
ndlerfeniudedunnieduniiy (HATRAW) &iif genetic distance 584319 0.2096 —

0.2381

MIN 2.8 AUNAOTLOTHNNNHUFNTIN (genetic distance; “l,ﬁl,ﬁumﬂmu) HazARsHANNINIoU
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(HATRAW) 11020 quii3 Usznoudas H. asinina 1inTlayTud (HAPHIE) (P < 0.0001 a1514f1 2.8)
(il iz and1061991n 15021300 (HACAMHE HASAMHE azHAPHIE) §39amuin A
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[
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3.1.6.1 M3 Genotypic disequilibrium
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3.1.6.3 AIBUANAIINITHHEN T INVOINGNA 081t T 100 INIHAIN 199

fAINB1 geographic heterogeneity YOUAAZARIDENTAY WIITUININMINTZDIWVBIDARATN 1y
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517 3.1 wam39h1 dot blot hybridization YIADULVBINNART (P. monodon) 1AADUIDYDINOY
Y [

1ih8e H. asinina (06719082 200 ng) Taaldaadanu (GT),, 1oz (CT),, NAanaInA0e359d 7P
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Y o o v d
3.2.1.2 anymwm?w?ﬂmcﬂmm?amﬁwumnmsmamuﬁmﬁfa?nﬂ

9

d' ) d' Y o 0o w A = I'4 = Y
werhlaaunldwauinimiu 68 Iaauumiaiduiiona le Indwuni luTasusnmaladng

d‘ o o ] d Aa

nua 26 Iaau (38.2%) Iaghnululasusnmaladsiuiu 33 dwwra wu'lulasugnma ladwiie
perfect, imperfect a2 compound Judas1@IuAMIUAe 11 Tnau udnanmsnaassez lFdiAaay

a 13w A 4 ] [ {
wiia (GT), wag (CT), uandany luTasuanma laaniigduuududiegunu (m135199 3.1, 3.2, uag 3.3)
S ] oy a A A 3’ [ .
Taowy TuTasuammaladnlzlunuvesiies 3 wilafe wuvAtiwaduiu di-, tetra- 1oy
{ Jd a o ] 09} 1 ]
hexanucleotides Tagh Tu Tasuaminaladwiia di- 1az tetranucleotides N8 1mIMMUIEE 104 TUH9 8 - 37
1 g’ o @ { d a { o ] 31
HaL 3 - 45 N auaey vazany TuTasusnma'ladatia hexanucleotides NUTUIUNUISET 6

Y
YUY WY 1 A4

v 2 ~ v v
ms1ai 3.1 lulasuwnmaladyiia perfect v luvieadhde . asinina

¥iA Wi uauland
Dinucleotide (GT/CA), 6
(CG/GC), -
Tetranucleotide (GGTT), 1
(GTGA), 2
(GTGC), 1
Hexanucleotide (GTGTGC), 1

v 2 - v 9
35199 3.2 Tulasusnna ladwiia imperfect Ay luveeaihae . asinina

¥ia Wiredn nulana
Dinucleotide (AT/TA), 1
(CT/GA), 1
(GT/CA), 7
Tetranucleotide (GTGA), 2

4
3.2.1.3 minaaevanyvanrawved lulasuwmnalas

v A

o = J a 4 ) 1 o J
%Wﬂ'QWWUH'JﬂaT@hlﬂﬂﬂilﬂﬂlllﬂiﬂill%ﬂmaulﬁﬂ 33 AWNUN ﬁWNWiﬂUWNWfJ@ﬂLLUUllWiLﬂJ@i

a

9 [ ] 1A A ] A ) Y ) aaa Yo
18 14 9 uanwuNiiiies 10 § (Has] - Has10) Aawnsoriunldlunsiilgnsercr laduss gumngi

[ 4 ' ]
Amingauluduaou annealing TumshgnsePcr (T,) naasdlumsni 3.4 weihdodvoey

ithae 4 nqufa961e (HATRAW, HACAME, HASAMHE ttaz HACAMHE) 1na32vaeud Tu Inilite
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d’ S a a + dy .
5199 3.3 TuTasusnnaladwila compound Awuluveathae H. asinina

¥ia Wiaed uladd
di-di (AG),,(GT),, 1
(AT),(GT),, 1
(GT),,(GA),, 1
(GT),(AG),, 1
di-tetra (GT),,(CTGT), 1
(GT),(CTGT), 1
(GT)(TGCA), 1
(GT),(TGAG), 1
(GT),,(AGTG), 1
tetra-tetra (AGTG),AG(AGTG),, 1
tetra-tetra-tetra-di (CTAT),(GTAT),,(CTAT),,(AC),, 1

v Y
] o s a aaa . ° o
Mm99 3.4 iedwedluTasusnma ladves H asinina guvinilulisen annealing (T,) §15U

A15911 PCR tazyu1av099aaan WL 11 recombinant clone ttazuuiavedoagannyulunsnaaes

A Wi T, VUIAVOIBARA  VYUIAVPIDAAD
C) wululnau fiwu ()
(bp) (bp)
Hasl (GT),,N,(GT),, 53 257 258-360 (72)
Has2 (AT),(GT),, 57 333 286-340 (65)
Has3 (GT),,(GA),, 57 175 134-178 (71)
Has4 (GT),(TGCA)N (GT), 57 254 222-250 (67)
HasS5 (GT),, 49 98 104-173 (72)
Has6 (GT),, 57 232 232-240 (48)
Has7 (ACGC), 49 117 112-126 (48)
Has8 (AGTG),, 49 191 148-238 (72)
Has9 (GT),, 53 117 148-240 (48)
Has10 (CA),,CG(CA), 53 140 118-160 (48)

N) 1uIUAIBE1
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a [ L 1 o 1 1 4
Usziliuszauanurainvatsved luTasuammalad luuaazdwriawn luTasuammalad
9 v v
N4 10 Aunualinnuvanyaly tazlvuavewadasd 1usI9 104 - 360 bp (115197 3.4) Tagh
) ] I o 1 Aa A Ao v A 09/1 Y= =
AUMUS Hasl udurianlinnuvainvaisgaga Aslidiuiudananavua 26 dana uazia

A A v A

observed heterozygosity 0.85 YMULNAWHMUL Has7 UANUHaINHaIemNganolduIudaaa 3

) ]

[V 1 1 4
9aaa tazlian heterozygosity 0.27 A1 expected heterozygosity Y04 lu Iasuanima laanadumu

q

(EJﬂL’BJ}‘L! Has7) flﬂl”l’s;fﬁﬂji?h observed heterozygosity (GITiNﬁ 3.5)

] Y 1
MIN 3.5 UIURANIHNA A expected heterozygosity tii¢ observed heterozygosity a'la
Ed c{o’/‘ o ] o 1 d
nmanstnaeud Iulndvedlulasuanmaladgny 10 dwwmis Iaslddredrveaihae .
Y
1 o [l a Y] [~
asinina 9N 4 NYUAIDIN (AZAVI HATRAW, ful¥1 HACAME, l5amziagamziaia

HASAMHE #ag 1594121889043 %1 HACAME)

AWK IUIUAIDYN UIUTATA Heterozygosity
observed expected
Hasl 72 26 0.85 0.93
Has2 65 21 0.68 0.93
Has3 71 13 0.62 0.82
Has4 67 5 0.40 0.59
Has5 72 19 0.35 0.91
Has6' 48 6 0.75 0.71
Has7 48 3 0.27 0.24
Has8 76 19 0.71 0.88
Has9" 48 26 0.81 0.92
Has10" 48 9 0.42 0.63

' o ' 2 ' v A Aaa P
*13i59uA20619910 HATRAW %3 lienunso Idwandninigaseipcr 14

# 11/571610619910 HASAMHE a2 HACAMHE 1194910 11 1871n13a329aevd Tu'lndl
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-4 d o {
3.2.1.4 anwazved lulasusmmnalasunasdmnanny

Hasl

4

d o 1 AR o I o Jd a
TuTasugmmaladgdwnuaiidnvaziumssiusuvedlulasusninaladviia (GT),
o a [] = 9 [ 3 =K A v [
UIU 2 VI ((GT),, N, ((GT),,) TNIYUIAVDIDAAANI (258 - 360 bp) ANUUIIUANULANANNY

Y v A 1 v A ] < v 1o & ~ Y )

611@ammmmmaaaamﬂizmnaaaamumiwmuazmmmaﬂ aaaamumslwq;ﬂuﬂumzmﬂ%nm

a 4 1 < o qs: = J ) ] dyd 1 9
Tumsisznuarinuaivuaan  daiumsasvie 1u nilvesres ludwmisiiveneudeenuas
a Aov A o ] o Y 1 A ) 1A
919921NA null alleles (UBARAIINNITNT PCR Tuasuilddreg1andly heterzygotes Tudumuan

1< 1
A529aUNA1T1 homozygotes) hadg
Has2

) ] 5’c:,’ J A ] 31 <
Tulasuamma laddwvdstiiluluTasuamnaladatia compound Hviveduilu (AT),(GT)
v a A 1 1 1 Y Y = tﬂ' =
L YWIRveIdaaalvLIAeg U9 286 - 340 bp tazdw1508 1M 1AL 1192 T stutter bands 111999101)
4
" v W d o . .
vnalvg daiumsasnaeud Iulnilvsdesldnarlunmsia electrophoresis 118¢ autoradiography

1 9
U NAWHUITNNRANUHAINH G
Has3

J o " A Jd A . . a ] gl
TuTasugnmaladd st luTasusnmaladesia compound microsatellite Hviined

1< @ o ] dy ] @ 4 @ 1
i1 (GT),,(GA),, szauANUMAINHBYEIR WLl iganmindefiouny Hasl usvuiavena

a aaa = < ' Y
HAAINUHNATe1 PCR Huwaan (134 - 178 bp) uazeu Idd1e
Has4

d o [ dyd [ I~ [ J a
Tulasugnmaladdwndstiiansazidumssiuiuves luTasusnnaladsiia (GT),
v Y
(TGCA),N,(GT), vuaveddaaasglusig 220 - 250 bp Hanuwainvalsd auvisiianuialu
L { 1 @ 1 @ ] [

MInTaaUd 11 I Nuana1afusenIadI9819 H asinina 91091218 (HACAME, HACAMHE
Y] 1Y % o’td' Y ao

118y HASAMHE) fUH. asinina 910nz@aoua1iu (HATRAW) Taglulasuynmaladnlalumsive

09/’ 3 g ol 1 I~ 1 4 U I @ [

A543 1du191n neethaenindeed ne Fadianudlu 11 veathaeaniaduaniuinnuriania

Y
[ %

g 1 ¥ o o ] { 4 Y . 4
Wwugnssunuveaihgenne1n lne duiudwmusi lnswese19meiy template @29 efficiency N1619
i

Has5S

o " A g J a = ' S
TulasuasnmalaadwmistiduluTasusnmaladsiia perfect Tnineduily (GT),,
4
AumiafilaNuHaINTaIwge YUIAYeITaaang 1Y 104 - 173 bp USMIUTAAANINUANITAUVEA

. (; = 9 a o ] dy 9 a
heterozygosity 911 AMUNHYHLUAIDIVILINA null allele “lumammu"lﬂ NITNATDUNITINA null alleles

49



o . o 1 <] a {
TINTDATIVADUNY  pedigreed samples WAY)ATOUANTI ’E)‘c’JNUliﬂ@]']ilﬁgﬂﬂﬂ"liﬂﬁ@ﬁﬂﬂlﬂfgﬂqlu

[

fagiiu 1Wunny mass spawning 1R300

%

198131UN3A5219801 null alleles N luTasHugNNa

laddumuaanag
Has6

L o ' dyd = ] g} 3 v a2 A ]
luTasuammalad Tudwmiailidly perfect Inmiteduilu (GT),, yuavesdadalvuinoglu
1 ' ' ' < @ 1 QSJI ! @
¥4 231 - 240 bp wazamnsasulade egalsiauiiiies 6 sadamiuinuInmasIvaoud)
9809 H. asinina 910 HACAME, HACAMHE uag HASAMHE uaz liaunsaldnandavelgnse

PCR 1310 14619819910 HATRAW
Has7

A o " A g = ' S A .
TuTasugnmaladgndwmviatiiu perfect UNUIWBI1FUA tetranucleotide repeats (ACGC),
[ < [ agj 1 o 1 { % [
VUIAVDITARANVUIAAN (112 - 126 bp) AatiuaenN5ae113 1u'nil 1dd1e band 7 1dnudauay il

stutter band u# liansn IR wananve sl §ise1PCR 1o ldd108 19108910 HATRAW 15U
Has8

J o ' dyd ' g’ 3 . v A i
luTasuamma laadwmiiaiiliniaeduily tetranucleotide repeats (AGTG), YW 1AUBITATADY
Tu9 148 - 238 bp uazliAn heterozygosity g4 JUuvUVRITaAaANFALAZdzeIALAz] stutter band

Y Y
9199 2-3 bands fatiuA MU INTIRT AL Tdde
Has9

) ] yd a ) ] Q { ] :} I
TuTasugmmaladdwmisiiilusiia perfect dndumianils Alimieduilu (G1),, 1414
4
NAADUANUHAINHAIBIANIZAIDENNIIN HATRAW 1az HACAME m1iu 31u11v0380aav09
o 1 dyd % = d‘ o 1 dyd A o v A =
Aunaiianuaugatazll stutter bands NAWMUIUTANUHAINMAWZILTIUIUSadaNINLALY
o . § @ Y 1 <] 1 Y ]
3¥AUUDA heterozygosity NP4 YUIAUDIDATAVDIAIDEDIN HATRAW HY1A@NNIIUDIAIDE1991N
A
YY) <3 1
HACAME (HATRAW, 148 - 162 bp; HACAME 184 - 240 bp) faiudsenaaasliifiunianuuan

Y Y
mﬁmzmwé’hamwamﬂw?ﬁmm 2 meﬁ
Has10

s 1 A . . . vq ¥
Tulasugnmalagndwvueiilu imperfect dinuceotide repeats uaglaldmageuanumain
Y
@ ' Y @ <
NAANIZAI081991N HATRAW 1182 HACAME 1M1 3 stutter band YU1AUDI0Q0QNYUIALGN

J ' 1 1% ' 9y o
(118 - 160 bp) LUaga1UNY Lmﬁ53ﬂ‘]J"UE]Qﬂ'f]'llﬂ’iﬁ'lﬂﬁaﬁlﬂﬂuslﬂ\?ﬂ'l
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3.2.2 manageuanullumsns103TuIni uazmsliulasuamnalagnwmnlalunms

o A
asIoaevieenige H. asinina Was H. varia (cross-amplification)

4 o

¥ Y v Y
iioannlumsastvaeud lu'Intvesnseiihae Iasld lulasusmma lagnwau1die 10
) 1 ' ) ] 3 ) 1 Aq Y ~
dutianun luTasugmma laad s Hasd idudwisi e hlumsaseaeuinniige
A o ] Y Y ~ [ 091’
wuzAd s Hasl T hlumsasgeutdesige aaiulumsnaasuanuhlumsasieaen
Y
Au'nilves A asinina Taeddldidon1s lulasusnmalad 2 dwmustinldlsaduanulalums
~ &1 o ] [ ~ Y :/l ~ o
asvaoud Iu Indveanndwmvis vinmsnaasswuiaildlumsasndeuduigalszum 2 9
= o 42' (Y o ] ¢ v A 9
Tus 89 1 Tuduedgnudwmisved luIasusnma lagnasivaey  anuusavesasseanlylums

U

o ad v a o a My Y
ATIVEDUUMUSUU Ltazmaumﬁmmuﬂizmm 50 Wiﬂﬂ‘iummiﬂﬁi?ﬂﬁﬂﬂﬂiu'lﬂﬂhlﬂﬂﬂmﬂu

u

Y] [ ~ dﬁl 1 9 = | +f Ay
sreznmaana (U0 32 uag 33)  wennniinunansaldasiedeud lulnilvesgnueaihse
H. asinina 338 spat 14 (‘gﬂﬁ 3.4)

Y

Y
-4 IS

Y
o [ J 4 1 1
1NN1TNAADINT PCR ﬂﬂﬁﬂﬂlﬂ1§® H. ovina lle¢ H. varia ‘W‘U’NVlW‘iLMﬂ‘iﬂQ 10 ﬂu"lummm

v Y
IsnndSunadduluneaihde H. oving uas H. varia 1@
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bp ACGTo1234567 8% 10 12

Hﬁn-' ""‘1
1/2 day
-
320.- ’ 3
ﬁ 1 day
= -
=
= ’
= §
E" 2 davs
= -—-

gﬂﬁ 3.2 anuhlumsasieaend TulnilvesluTasusnma laddmmia Hast @ranlumsisznu
A 12 5u 1 5w waz 2 5u)

¥99 ACGT = marker (sequencing ladder Y94 M13 mp18)

Foafi 0-12 = UnuvvewandnannsePCR #l&nnms 1Faduelsuna 25, 125, 6.25,

3.13, 1.56, 0.78, 0.39, 0.20 ttaiz 0.10 ng 1o 48.83, 24.41, 12.21 lag 6.10 pg MUAIAL
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a 11
bp ACGT 012345678 10 12

[
=
230 - mm ™
- 1/2 hr
220- W
o Sk 1 hr
7
3] - — ? hr
_:.:-.- PR —
1
% W

s 33 anw'hlumsasieaend TulndvesluTasuammaladdumia Hasd (a1lumsdsznu

ﬂﬁﬁlﬁ 1/2, 1,2,4,8 8z 16 %J’JINQ) Taelds sequencing ladder Y93I M13 mp18 ndJu marker
q g

¥04 ACGT = marker (sequencing ladder Y93 M13 mp18)
¥049 1-3 = silunpveswanannlfaserrcr i ldnnmsldRduedsina 25, 125, 6.25,

3.13, 1.56, 0.78, 0.39, 0.20 1@ 0.10 ng 1A 48.83, 24.41, 12.21 1182 6.10 pg AMWAIAL
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ACGT123 ACGT123

250 - e -
360 - . -
- [ =
233 - o
340 - - _—
" 220 - WO
320 - - = =
- Has4
300 - -
-
Hasl

d' A o ] + dy ..
sUf 3.4 guvvvedluTasusnmalaadumiia Hasl oz Has4 vosvouihde H asinina 019 2

Fla (szeg spat)

¥94 ACGT = marker (sequencing ladder Y93 M13 mp13)

] { a Aaaa { < g 1 o
%07 1-3 = JUnnvveswanannnlgnsePcr Aldvinmsldauevesgnrenihdoudasay
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d
3.2.3 MsuAIzy Genotypic disequilibrium
a 4 . . . J o ] nm ya 4
INNFIAATIZH Genotypic disequlibrium Vo lulasusmma'lad 8 dwnus (lu'lddmsev
' 9
AMU3 Has6 182 Has7 11193910 2 duidedl luanso ldwandnainilisePCR fu HATRAW Tag
a <Y =) | o [l (= |

m3anaszidoyad Iu Inilvosdiedanesnin  HATRAW uag HACAME  wud1d lu Inilveann
o [ =1 d' 9 1Y L] 1 d'
furdalinnuinertesnued gy (P > 0.0031) (A15197 3.6)

3.24 ﬂ?iﬁﬂ%ﬂﬂ?nﬁiﬁ701’73787)7@ﬁugﬂ553ﬁl[@dﬂ@ﬂ!ﬂ7§@ H. asinina

3.2.4.1 vinauazmsnszaesasavestulnsuynmaladluvesindo H. asinina
1103 19 I Tasusnma’lad 3 Aumils Has2, Has3 102 Has8 11ANHIANNHAINHA0N WU
ﬂiimmxmmlmﬂ@hq‘iwdwﬂ’cjuﬁaaéwwmwemﬂfga H. asinina 6 NGUAI0EN 71D HATRAW,
HASAME, HACAME, HAPHIE, HASAMHE 118z HACAMHE 108 19Hanan9n1§nsePCR v ly

J o 1 dy A
Tasuzmnalad 3 dwmvisiinaaslugln 3.5

4 a 4 J o ]
MINN 3.6 MIUATIZH genotypic disequilibrium voa luTasusmna ladd g Has1, Has2, Has3,

Has4, Has5, Has8, Has9 1182 Has10 Tae 14610619910 HATRAW tiaz HACAME

Hasl1 Has2 Has3 Has4 Has5 Has8 Has9 Has10

Hasl -

Has2  1.0000" -

Has3  0.0480" 1.0000" -

Has4  0.6522" 0.4474" 0.2029" -

Has5 0.9816° 0.1131" 0.3816" 0.9826" -

S

Has8  0.8208" 1.0000” 0.2381" 0.5223" 0.9902" -

S

1.0000" 0.6899" 0.6828" 0.7118" 0.7069" -

S

0.3478" 0.9852" 0.3326" 0.0067° 0.5770" 0.5229" -
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bp ACGT 12345678910

(A)
(B)
i
bp ACGT 12345678910
.
210 - o -
(C)  190-

170- =

H o 4 o 1 1 1 o ]
517 3.5 guuvluTasuanmaladvesrioaido H. asinina 10 @3 (Foah 1-10) NAWNUL Has2 (A),

U

Has3 (B) 1tag Has8 (C) YU19U09000aNg N sequencing ladder Y99 M13 mp18 (ACGT)
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J { Y 1w 1 J

ninmsasdeud Tu lnilvesneaihae 106 @190 6 nqualeds Taeld luTasusnmalad

Has2, Has3 118 Has8 WUS1HIUOAAA 23, 18 1A 21 9aaa N9l 1agNdivia Has2 daaalvuia
' ' 1 { Q Y < o l 1

Tnajuaznszaiveglugia 286-340 bp vazil Has3 Falivinadadaaniinisnszatsvesdadanglugia

134-196 bp @91 Has8 UN3NI918U000000E 11453 148 - 238 bp (115191 3.7 )

v A = d' o 1 d‘ d' o 1 =%
ETJLL’LI’LIﬂ”ﬁﬂigﬂiﬂ’ﬂﬁﬁﬁﬂﬂ’ﬂﬂﬁﬁ?ﬂ‘ﬁﬁ”IEJlﬂﬂVWﬂLL‘Hu\‘] Has2 (21]‘1/] 3.6) NALMUN Has3 U0a
= td'd IS d'd' v 1 a % dl d'
AaNUUVUIA 160 bp UANUINWUFININ (0.760) TuA981991MNMZAZAVY A3 (HATRAW ?jﬂ'ﬂ 3.7 N

o ]

AUnUY Has8 Wutiios 2 uaz 4 daaalungudlednniladilud (HAPHIE) uazimzazdue e

o w

v 9
a1au (3UN 3.8) JPuuuMINTENesaaany 3 @uK1aYes HASAME, HACAME, HACAMHE ag
=~ A Y =KX o 1 1 @ ] a ara (A 4 A
HASAMHE  fijiuuufiadeadanuuainnuuananandledannmeazaasialua 0
AWMLY Has2 @1081955509190MzAz a1 THamaudaaauiniiga (17 8ada) vyaeh H. asinina
nnfladTudliiios 4 dada
3.2.4.2 ANNNAINHAWN N HENTINMNIUNGNAIVE19Y04 H. asinina

Y

a J o 1 Y] [} 1 I ) ] {
1nMsaseH luTasugmma'ladig 6 NQUAIDENVOI H. asinina WD Has2 1 UA WKL
HanuvaInvanegeaigan uaie Has3 1oz Has8 1oN15019InAIRasu09s1uIudadataz s
effective number of alleles (9.67 1A 9.14; 7.33 A 6.67 1A 7.50 4L 5.54 MUA1AY) (15199 3.7) A
~ . <3 Y ' ara
INQYVDI observed heterozygosity 111 0.63 (Has8), 0.72 (Has2) ttaz 0.78 (Has3) faod19viesaniail
a = @ . { o 1 1 . [ Y 1
PYudtidmaudadatiosnganaz AR M9 Has 1if1 observed heterozygosity 191111 0.00 1163 observed
heterozygosity NAUNUS Has2 1o Has3 11100 1.00 1 observed heterozygosity v H. asinina 910

[ aa (1A J S 1 ' .
NN (Has3) taeWaddud (Has2 1o Has3) VMG expected heterozygosity

HTUNINTZAUANNNAINHABVDID aAAVEIABZNAUAI0619 TUNNY Aurdadinud A.

asinina MNANYF (HACAME) U31IUdaaatag effective number of alleles gaiga (12.00 4ag 9.37)
d‘ Y] ] d‘ Y s d' Y A 1Y

(M13197 5.8) AIDE1IDUY ¥NIUIN HAPHIE (3.67 uaz 3.58) NA1N IndiA8ant HACAME (7.67 - 8.67

Az 6.04 - 8.74) A1 expected heterozygosity IULABLAIDES INANNLANAIINAT observed

. o ) A o 1w ] aa (1A J A o [ .
heteozygosity 101N 1WuNidunadl0619901nWatud (HAPHIE) U3 waudaqaiay effective

IS 1

number of allele A1 UANGUIIAT observed heterozygosity §4n11A10819 HACAME @aiis1uiudadauag

effective number of allele Q’Qﬁﬁ f

q
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Y @ ] ] @ d o @ 1 @
M3197 3.7 IUIAGI9E19 TS aTa LazANuaIniateved luIasugsnmalad (S1uiudadade lana,
{ o 1 o]
number of effective alleles (n) 1182 heterozygosity) WY Has2, Has3 1ag Has8 91nm3asaaoud 1u Inil

4
Yourouige H. asinina 31U 6 NGUAIDEIN

f10819 IUIUAVN | YUIRdaaa U n, Heterozygosity
(A7) (bp) Haaa observed expected
Has2
HATRAW 23 286-336 17 14.29 0.87 0.93
HASAME 11 314-340 9 8.33 0.64 0.88
HACAME 19 310-340 10 11.11 0.47 0.91
HAPHIE 19 290-336 4 4.35 1.00 0.77
HASAMHE 9 322-340 8 7.69 0.67 0.87
HACAMHE 14 314-340 10 9.09 0.64 0.89
Fhméﬂ 15.83 286-340 9.67 9.14 0.72 0.88
Has3
HATRAW 25 158-168 5 1.67 0.32 0.40
HASAME 9 158-182 8 9.09 0.89 0.89
HACAME 21 158-178 12 11.11 0.62 0.91
HAPHIE 20 142-196 5 4.35 1.00 0.77
HASAMHE 10 134-172 7 6.67 1.00 0.85
HACAMHE 15 134-172 7 7.14 0.87 0.86
ﬂl%ﬂsﬂ 16.67 134-196 7.33 6.67 0.78 0.78
Has8
HATRAW 28 148-164 4 2.17 0.54 0.54
HASAME 10 174-214 8 5.56 0.80 0.82
HACAME 23 166-238 14 5.88 0.78 0.83
HAPHIE 20 150-194 2 2.04 0.00 0.51
HASAMHE 10 166-238 8 7.14 0.80 0.86
HACAMHE 15 166-238 9 10.00 0.87 0.90
Fhma'ﬁl 17.67 148-238 7.50 5.47 0.63 0.74
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size of allele (bp)

(g) Overall samples

a = o
sUf 3.6 MInsEIEANNDUBIOD

i)

=

aa

0.30 0.30
0.25 025
0.20 0.20
3 3
5 g
$ o015 S o
g 8
S 010 Y 010
0.05 H ”‘ ”‘ H 0.05
0.00 \uuuuuuuuuﬂ“\uﬂﬂﬂuuu“u\uuuuuuuuuuuu\ 0.00 AP T I T
o o o ° o ° ° o o o o ° o o ° °
3 3 8 2 IS 3 g 3 3 3 3 2 IS 3 g 3
& g 3 & & S 3 3 & & 3 > S 3 3 8
size of allele (bp) size of allele (bp)
(a) Natural Talibong (b) Hatchery the Philippines
0.30 0.30
025 025
0.20 020
3 3
2 2
3 015 g 015
S S
o ©
S 010 S 010
0.05 H 0.05
0.00 T I T T T T T T T T T T I T T T T T 0.00 ummmmmumumummmulumwmummummm
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(c) Natural Samet (d) Natural Cambodia
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0.25 025
0.20 0.20
g g
3 015 2 o015
S z
o 3
S 010 “ 010
0.05 1 HH | 0.05
0.00 T T T T T T T T T T T T T T 0.00 uummmumumuuuuuuuuummuum\ulmuum
o ° ° o ° ° ° ° ° ° ° ° ° ° ° °
3 3 3 e < 3 g 3 2 3 3 2 < 3 g 3
& N 3 > S 3 3 B & & 3 > S 3 3 8
size of allele (bp) size of allele (bp)
(e) Hatchery Samet (f) Hatchery Cambodia
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0.25
0.20
g
g
S o015
g
]
o010
0.05 1 .
o o o ° o o ° o
3 3 3 e < 3 g 3
& N 3 & B} 3 3 3

v Y
AAWHNUL Has2 vosiedavieadde H asinina 910 (2) 1NLAZAVY A5
v

(HATRAW, N = 23 #7). (b) T5atmz@ealatiiud (HAPHIE, N = 19 #7), (c) imztaiin (HASAME, N = 11 1), (d)

TUW (HACAME, N = 19 ¢), (e) Tsamziaosiiiviomiiuinnmeiaiia (HASAMHE, N = 9 ¢n), (f) Tsamnziaes
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uﬁ:ﬁmwfm (HACAMHE, N = 14 #7) 11ag () A74D39099 6 NQUAI0813 (N =95 A7)




i)

(HATRAW, N =25 @9), (b) I5amnzideatlal

(HACAME, N =21 #), () Tsamnzidoaiiliviondiugnmmeiaiia (HASAMHE, N = 10 @), () T3amiziaosiid

=

4
a)

' 9
WiTUEMIAANYI (HACAMHE, N= 14 #7) 182 (2) A1WD5I009 6 nguaI0e1e (V=100 #)
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st 3.7 mInszaeanudvedadand ity Has3 veanquatedneuilge H asinina 10 (2) IMZAZALY

Tud (HAPHIE, N=20 @), (c) tafin (HASAME, N'=9 &), (d) fun
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s o 9o o 9 9o 9 o o o o s o 9 o 9o 9o 9 o o o o
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(c) Natural Samet (d) Natural Cambodia
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> >
e 040 2 040
5 5
g g
g 030 g 030
& £
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51 3.8 MInszareANUVeITARaNAWNUY Has8 ¥0InguaI0819oaii 180 H. asinina 10 (a) INMZAZALN

U
4

(HATRAW, N =28 &), (b) Jsamzi@eadla/lud (HAPHIE, N =20 1), (c) imziafia (HASAME, N = 10 §7), (d)
W (HACAME, N =23 @), () Tsumzi@oaiilivioiiiug nmmziaiia (HASAMHE, N = 10 §2), () Tsamz

o o

Y y ] ] o @ { qszl 1 @ 1 @
AEANUNBUURUTIINAUYS (HACAMHE, N = 15 17) uag () ANUAITINNT 6 NQUAIDEI (N =95 61)
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v v ] Y
M3197 3.8 AUNAEUDITIUIUDaRane Tafd effective number of alleles tazAURASENMND 15 15 TAFA

' T W 1 J o ]
YouaaznguA1061901n Ty Tasuanmlad 3 @i (Has2, Has3 1ag Hasg)

M0eg AUNABYDISNINY | Effective no. of AunagnmelslaInda

dadasioland alleles (n) finy fima'l3y

(% spy (., sp
HATRAW 8.67F 7.234 6.04 0.58 = 0.277 0.62 %027
HASAME 8.33 % 0.577 7.66 0.78 = 0.127 0.86 1 0.04
HACAME 12.00 £ 2.000 9.37 0.62 % 0.155 0.88 2 0.05
HAPHIE 3.67 % 1.528 3.58 0.67 X 0.577 0.68 = 0.01
HASAMHE 7.67% 0.577 7.17 0.82F 0.166 0.86 = 0.02
HACAMHE 8.67t 1.528 8.74 0.79 = 0.133 0.88 £ 0.07

3.2.4.3 auna Hardy-Weinberg

1AM NATIZH dufaHardy-Weinberg mmﬂtjnﬁaashw%wmﬁ’w"lﬂmuwma”laﬁéhgmm
Has2, Has3 18 Has$ WA RGN Has2 1182 Has3 U94810619 HACAME tazfidumii
Has8 U03M106 WHAPHIENG? NnNguAl106139z0gluduga Hardy-Weinberg (P < 0.0001) 29619
HASAME 11a¥HACAMHE fifn1ie Has2 c’?}q"lajagfluau@amm Hardy-Weinberg 7l P < 0.05 #&391

[ 1 < = . . 1 ] < (% 1 =Y
dsumanueeilulaeldis sequencial Bonferroni taamanuuaziuaenaag hilidednamnia

a@9@ (P> 0.0027; 115199 3.9)
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4 ' ] I { 1 1w ] ' {
M3197 3.9 MUz uiuAazNqUAIE1990 H. asinina 9304 1uduga Hardy-Weinberg 91 11

d o ]
Tﬂm«mmallammwm Has2, Has3 110 Has8

f9ena P-value
Has2 Has3 Has8
HATRAW 0.1497" 0.0960" 0.3759"
HASAME 0.0102" 0.6599™ 0.6267"
HACAME <0.0001* <0.0001* 0.3726"
HAPHIE 1.0000™" 1.0000™" <0.0001*
HASAMHE 0.0904™ 1.0000™" 0.2456"
HACAMHE 0.0227" 0.6827" 0.4427"

* Y [ o

FEAUNY ﬂggﬂﬂﬁmﬂu p <0.0083 Tae7% sequential Bonferroni

= o o
ns = lifivied Ay

# = NAFOUAY heterozygote excess

3.2.4.4 ANUUANANNNWHENTINTEHINA 08 19HoENTN50 H. asinina

a 4 { o 1Y 1 1
N13ANTIEH geographic heterogeneity NANUNOANAVOIAIOENVON H. asinina NUNAI
[ Y I 1A 1 Y] 1Y) R o’dy 1T @ (] A 9 1

AN Llﬁﬂﬂﬂlﬁlﬁu'ﬂmﬂﬂ”llluﬁﬂ@]TQﬂuﬂTQWHEﬂﬁﬁﬂﬂTﬂGLUﬁﬂ“ﬁﬁu Tﬂﬂﬂqu@]ﬁ@ﬂTﬁﬂqﬂﬂTﬂ@T?qﬂﬂ

o 1 A d a Ay ¥ dy < o (=) v 1
(G]’J’E)EJN‘VILﬂ’]JGDTﬂTJiﬂJG]ﬂﬂLlﬁzﬂulﬂ{lﬂﬂjiﬁl‘WTZLﬁfJ\‘]iﬂﬂlﬂT%Lﬁ'ﬁJﬂl!ﬁgﬂile‘HT) "luummummaﬂumq

o ~ Y 1 o [ 1 dy n YA ]
WURNITY (P > 0.0027) (1139N 3.10) LLﬁﬂQi‘Viﬁ’iU’ﬂ gene pool "’IJEN@]’J’EJfJNL‘PTﬁTuhlllhlﬂiJﬂ"liu‘]J\uLEJﬂ

[ v 9 .. a ara (1 J =
99NINNU (11!1/]1\1@]5\1?11!61]11] H. asinina 3100123 (HATRAW) wazaltug (HAPHIE) ufa2u

9 v @ 1

uanaNAUNIRUENIsUedNitednyiuAIedINe 1 Insuazlinnuuanaiuesdis P <

g

9
] ' o
0.0001) 1AW UDINITULWBNHUENTTY (genetic differentiation)V H. asinina

A1 F-statistics i’mmamdaw‘iumﬁﬂunﬂﬂﬁjuﬁaasin%iﬁﬁuhﬁmmmﬂ@inﬁumqﬁu‘q
NIINVDINGUAIDIN H. asinina ﬁﬁﬂmasinﬁﬁﬂﬁﬁmummﬁﬁ (P < 0.0001) (3199 3.11) M3
NI F,, UInquiedAaz QuAAINaIuReInUMIUATIEH geographic heterogeneity (P <
0.0027) 8NAUTENINALAVI (HATRAW) fumiziaiia (HASAME) taginizazand (HATRAW) 1)

AN (HACAME) N8 11114 Has2 (115197 3.12)
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% v o d [
3.2.4.5 3¢ 3??'7\77’17\7W71!§ﬂ5§ﬂ HASUAHNTNUAPNAIINTNNHENNNHENITTN (phylogenetic

1 .
tree) vosrieenil1de H. asinina

9
a 4 1 [ @ l Y Ll
MINMSUATIZHTZOZHNNNWUFNITUVDIAI08W H. asinina WuNAed1wveadhaenislu
817 Ineliszozviamauiugnssuszninnutiosfoszrang 0.0113 - 0.0871 vzhilszozHan1mug
A 421 1 @ ] 1 o a 1 v Aara (a 4
ATTUNINTUIENINAI0619910817 INeiUNz a1V (HATRAW) waze1 Inenuialud (HAPHIE)
(0.1310 - 0.1556 Az 0.1486 - 0.1716 MUAIAL) TLHLHNNNANUFNITVNINNGADINITEHINAIDEN
a ara (8 4 1 1 { { L] 1 [ ]
Mnagavaazadilud (HATRAW - HAPHIE; 0.1717) dauszoziaitiosNigaog sz n119@10619910
dy 3 o dy o ~
Tm‘wmammuﬂﬂﬂmwmamﬂmmm (HASAMHE - HACAMHE; 0.0113) (199N 3.13) gﬂu’uu
1 [} ] a 4
VDY bootstrapped neighbor-joining tree Lgﬁmgﬂu,mmmmmxmmqu!ﬁﬂaﬂuwa%mmmmﬂw
v ' 4
geographic heterogeneity Az Fy, AIHUINAI0ENTIMIANMININUATNTONUN H. asinina 000 1A
I 1 1 1 1 a o Y 1 aa (A 4 {
i 3 naude nqu A (8111n8) nqu B tmzazdauennnzmouaiu) uay ngu ¢ (Waddud) gUa

3.9)
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v 4
a 4 @ Ll 1 [ l
M15199 3.10 M5UAT1ZH geographic heterogeneity Y4A10819Moe1id0 H. asinina 6 NQUAIDE1 Tag

151 a5 usnm ladd i Has2, Has3 11ag Has8

. P-value
NIV
Has2 Has3 Has8

HATRAW — HASAME 0.0009 <0.0001 <0.0001
HATRAW- HACAME <0.0001 <0.0001 <0.0001
HATRAW — HAPHIE <0.0001 <0.0001 <0.0001
HATRAW- HASAMHE <0.0001 <0.0001 <0.0001
HATRAW — HACAME <0.0001 <0.0001 <0.0001
HAPHIE - HASAME <0.0001 <0.0001 <0.0001
HAPHIE - HACAME <0.0001 <0.0001 <0.0001
HAPHIE - HASAMHE <0.0001 <0.0001 <0.0001
HAPHIE ~-HACAMHE <0.0001 <0.0001 <0.0001
HASAME - HACAME 0.2709" 0.1080™ 0.2206"
HASAME - HASAMHE 0.0100" 0.0258" 0.0188"
HASAME - HACAMHE 0.0310" 0.0030™ 0.0093"
HACAME - HASAMHE 0.0362" 0.2380" 0.5050"
HACAME - HACAMHE 0.0190" 0.0216" 0.1098"
HACAME -HASAMHE 0.9746" 0.9316" 0.9273"

* v v o o v & A . .
seautiadAg gy P < 0.0083 1a83% sequential Bonferroni

ns = Wiflitfedfgyneana

3197 3.11 AU F-statistics 9101011180 6 NguA10619 (HATRAW, HASAME, HAPHIE,

HACAME, HACAMHE (a2 HASAMHE) 910713531A5124 1 Tasusnima'lad 3 §usiia (Has2, Has3

11as HasQ)

Locus F, P-value
Has2 0.0738 <0.0001
Has3 0.1669 <0.0001
Has8 0.2535 <0.0001

Overall 0.1647 -

v @ o W

"senioddaygnisuilu P <0.0083 1833 sequential Bonferroni
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4 ' { a v ] g " W ll
M5190 3.12 A1 F-statistics N1 18003 nszidree1anesdde H. asinina 6 nguaioe1s Taeld luTasuam

m'lad@ 11119 Has2 Has3 1182 Has8

o Has2 Has3 Has8
Eiteah F,, | Pvalue | F, | P-value F,, | P-value
HATRAW — HASAME 0.0471 0.0046" | 0.2569 | 0.0002 | 03453 | <0.0001
HATRAW — HACAME 0.0346 | 0.0043" | 0.2402 | <0.0001 | 0.3205 | <0.0001
HATRAW —HPHIE 0.1187 | <0.0001 | 0.2648 | <0.0001 | 0.4672 | <0.0001

HATRAW - HASAMHE 0.0756 <0.0001 | 0.3596 | <0.0001 0.3265 <0.0001

HATRAW - HACAMHE 0.0618 <0.0001 | 0.3336 | <0.0001 0.2983 <0.0001

HAPHIE - HASAME 0.1752 <0.0001 | 0.1260 0.0002 | 0.3036 0.0005
HAPHIE - HACAME 0.1340 <0.0001 |0.1213 | <0.0001 | 0.2810 | <0.0001
HAPHIE - HACAMHE 0.1259 <0.0001 | 0.1706 | <0.0001 | 0.2943 <0.0001
HAPHIE —- HASAMHE 0.1491 <0.0001 | 0.1844 | <0.0001 | 0.3204 0.0002
HASAME - HACAME -0.0145 0.7039™ | 0.0036 | 0.3831" | -0.0047 | 0.4918"
HASAME — HASAMHE 0.0536 0.0422™ | 0.0552 | 0.0268" | 0.0266 0.1567"
HASAME - HACAMHE 0.0333 0.0955™ | 0.0593 | 0.0140™ | 0.0385 0.0657"
HASAME - HASAMHE 0.0205 0.1883" | 0.0031 | 0.3769 | -0.0010 | 0.4265"
HASAME - HACAMHE 0.0169 0.1734" ] 0.0198 | 0.1074" | 0.0200 0.0934"

HACAMHE - HASAMHE -0.0456 0.9623" | -0.0211 | 0.8258™ -0.0270 | 0.9062"

* v @

o w v 3 ad . .
seautdAngnUiuilu P < 0.0083 Tas7T sequential Bonferroni

Y 1 1 v 1 1o L} { 4 b= 4
mseh 3.13 ﬂ1i$ﬂ$1’iN‘1/]N‘W‘L!‘]gﬂiiuﬂlﬁ)ﬂlmazﬂﬁ’:‘l@mﬁ"u@iWﬂﬂlﬂWgﬂ H. asinina ﬁ"lﬁmnmmmsww%’a

yammﬁé”aﬁaiuﬁumﬁq Has2, Has3 ttag Has8 Tﬂﬂi%ﬁ% Cavalli-Sforza t1ag Edwards chord distance

HATRAW | HASAME HAPHIE HACAME | HACAMHE | HASAMHE
HATRAW -
HASAME 0.1393 -
HAPHIE 0.1486 0.1649 -
HACAME 0.1310 0.0578 0.1564 -
HACAMHE 0.1494 0.0767 0.1670 0.0531 -
HASAMHE 0.1556 0.0871 0.1716 0.0521 0.0113 -
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— HACAMHE

100
— HASAMHE
85
HACAME
100
HASAME
100
HATRAW
HAPHIE
0.01

o J @

H Y
g‘ljﬁ 3.9 uwumwuammmﬁuwuﬁmqwuﬁﬂﬁm (bootstrapped neighbor-joining tree) voanouihae
H. asinina 6 nNuAIoelends 99 nszeziiamaiugnssuidiinlagldis Cavalli-Sforza uay

(g { 1 1 A 4 4 1 J K%
Edwards chord distance A1a371308A0U0LAANIUAAUIDTIFUAUDIA bootstrapped UDILAALHA

0814
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U d’ w Y o g
4. miwwmmﬁmﬂmﬂmawuqnﬁuﬁmmwdaﬂamﬂma Haliotis asinina #ag
Haliotis varia 319 16S rDNA polymorphism
4.1 IBAUAUMINAGLY
4 % d + 5
4.1.1 Yayaamniiugmansilszvinsvesriemiize

mﬂﬂ15ﬁﬂywﬁuﬁﬁwﬁm§ﬂix%1ﬂﬁmaqwamﬂéﬁ]hamﬁé@a 16S rDNA 18 Bam HI, Eco RI,
Hae III Wog Alu 1 i]%vlﬁ}composite haplotypes ‘ﬁqmm 10 Lty %T;ﬂu H. asinina 9¢NU composite
haplotypes%‘l&’;t! 2 1w lAun AAAA uay AAAE 1 H. ovina 3N composite haplotypesi]°1u3u 3
wu 1aun ABBB, AAAB llag AABB dwlu B varia 9wy composite haplotypes $1mu 5wy 18
) BABG, BABC, BABD, BABF (16 AABG Taeliny composite haplotype ﬁ share AUTLHINYIOY
ihaosariinf SnbarmIngzaIofIv0s composite hapltypes W H. asinina iR dnyuEmIna
population differentiation luvosiihaoviiail Ei’fmg,aﬁmfinﬂﬁ‘:’jwﬁmwmﬂu"lﬂ"lﬁﬁﬂzﬁmm species-

specific markers \WH. asinina

4.1.2 M3lpausu 168 rDNA

o

ﬂWﬂaﬂiﬂ1PCRﬁTﬁﬁ‘Uﬂu 16S rDNA Tﬂ81%ﬂl®ulﬂﬂ1ﬂﬁ3ltﬂuﬁﬂﬂlﬂ1ﬁ'ﬁ]“l/lllﬁﬂﬂ CompOSIte
haplotypes ‘VN 10 ’iﬂlm‘u umawammﬂgmmPCRWlﬂ MM electrophoresis ua‘”@mmumﬂumm
GI’E‘J\TﬂWi’OE]ﬂiﬂﬂH]a mﬂuuﬁmﬁ%mama LlagﬂU\Hﬁﬂ@ﬂWUiq‘Hﬁﬂ?ﬂ’Jﬁ proteinase K/

phenol/chloroform

o

o a adg A g Y J J
1 sudwen lauiudeudy pGEMR- T easy vector (O Mo w8 E. coli XL 1- Blue 1ag
H 4
7% electrotransformation LazAALadn IAAUNI recombinant plasmid ¥ATIVADUH YU insert Taoms
v
] a da o
608728 Eco RI AT UATICHIY insert 11 1.0% agarose gel electrophoresis 118211 recombinant plasmid

o v A o
Tmidrduiiana e Ind Iagls automated DNA sequencer
4.1.3 msvszanam sequence divergence $a<N13 asn phylogenetic tree

o . . o v A s ;’,’ u,;l o
M multiple alignment VosdwuiIAdlo lndnlane 10 vy NATUAIUIUMT sequence
divergence YoId1AuHIAa 1o InAuesdu 16S rDNA @183 Kimura’s (1982) two parameter wanla

whmsaiie phylogenetic tree 1875 neighbor-joining A28 PHYLIP version 3.56 (Felsenstein, 1993)



d o
4.1.4 ﬂ7593ﬂ!!1’1’?W§!3ﬁ’) FUASNITINATOUAIIND 7!W7§/’Ma&'fﬂ?7“?’9\7??(S8nsitivity) WQQ?W'J'

%
INOT

v 4 v
o . . o v A = =) Y . )=}
%1 multiple alignment V99819 U1IAA 10 InaN 1AMe 10 LUV LELPBNUVY reverse primers

4
o 1 a 4
LL’LWNﬂ’ﬂiJiﬂLWWSﬁG]ﬂGHHWUENW’E]ﬂlﬂ1§® H. asinina, H. ovina \\0¢ H. varia (UlW‘illlﬁlﬁ 16S 16S

RHA> RHO

1Az 16S,,,, MUAWD) A20T151n51 Oligo 4.0 Tavl¥ 168, 11U forward primerlull§Ase1PCR Hiims

RHV

A a ad ~ o A . A A ° <4 a o . A
LW?JGUEHEJ‘IJﬁHmﬂLE)uLE] Iﬂﬂquuﬂeu f® denaturation V]Qﬂ!wﬂ“u 94 C L‘IJ‘L!L’Jm 60 UM anneahng 7N

a a

avnil 60 °C 1flunan 60 Jufi (65 °C §mMFV16S, /16S,,,,) extension Agangil 72 °C iflunan 60

aq U U
a o . { a o I o o
’J‘Lﬂﬁ AIUIU 35 59U U final extens1onﬁqm'ﬁﬂ“3J 72 C wWuan 7 Ll"lﬁ IUIU 1 59U LLasNINIG

Y
o 1

wihgueslwswes 168,/16S

U

a J a aaa
InTInananInnseIPCR 1y 1.5% agarose gel 10

RHA?

Y
A

168S,,/16S,,, 1182 16S,,/16S,,, 41931970 UANUI UNMIzAoVooi1doNd 3 ¥iia

RHO RHV

o o aan o . . . <
Gl‘3’Jﬁ]ﬁ’t’)‘]Jﬂ’J'l?JﬂWLWWZ‘U@QllWiLME]iclu‘ﬂ;]ﬂifl"lPCR Taemsii 2 fold serial dilution VOIADULD

AUUDIUTZHIN 25 ng - 12.25 pg Azt 5o 1PCRATIIAAITI 1A Y
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4.2 HANSNAGEINMINMU NGO IHINEMINUENssHASuzAeviomilGe H. asinina waz H. varia

21N 16S rDNA polymorphism

4 [ Y
Mms3 Inaudunuviesihdenuans composite haplotypes $119¢1U83 16S rDNA N4 10 g‘]JLL‘]J‘]J

o v A

o 2 sy Y o . . = = .
wazihdwuiiing le lnan launih multiple sequence alignment (g‘ﬂ“l/l 4.1) WBUN sequence divergence
v .

v 1 k2
7'1831a519 neighbor-joining tree WL phylogenetic tree N laausoutauenveaihgounazyiiald

ag gAY (317 4.2)

AU 100 reverse primers “ﬁi‘iuwwﬁu%ﬁﬂﬁ’ummﬂfgﬁwﬁﬂmm wazih Ay
ﬂ@ﬂlﬂ1§@‘ﬁﬁ 3 A wamiﬁﬂmﬁmumﬁm&iwfﬁmauumﬁuwu species-specific PCR product Tun
variallaz H. asinina U WY specific markers 14 H. ovina Taolwsiies 16SF /168, 1¥wauinduy
98.7% V04 H. asinina HiA3asnaeanua Taviina false positive NI H. varia 1 §30819 AN
iWuvesnandnnnifasetpcr axfosnimandnnn A, asinina nnImilari suiulwsed
16SF/16S,,, annsaldniugiunsmes 16SE/16SR,, MWoanuuiudrlumsasindon species

Y v [
origin voeviooihde H. asinina (’g:‘]J‘VI 4.3 18T MITNN 4.1)

o ' s o 1 4 '
winsasvaeuniuiosliveslnswesndimsWauUu wudn 16SF /16S,,, uay
= A H & . L A qyag
168F1/16SRHV Mﬂ'J']LJJﬁ’liJ'ﬁﬂGLuﬂ']ﬁ@jg{l]ff@U(’]fuﬂm@\jﬂﬂﬂlﬂ']?in] H. asinina & H. varia Lll@i“]fﬂl@ul@
Y aaa = o w d‘ d' % d‘o \
ﬁullﬂﬂiuﬂgﬂﬁﬂ’]PCRleﬁ] 25 pg Hag 50 pg AN (Eﬂﬂ 4.4) NTOINNUIINUTNITUNIUNIEAD
a { o -4 . .. 9 1 [ <
¥UAV0Y H. asinina MY ua3130111914n15059980D species origin UDIAIDE199E1959A157

waz a5 193100 UIATRIMINY PCR-RFLP (UNT 2) 1ag SCARs (UN# 5) 1aonaae
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AABB
AAAB
ABBB
BABC
BABF
BABD
AABC
BABG
AAAA
AAAE

AABB
AAAB
ABBB
BABC
BABF
BABD
AABC
BABG
AAAA
AAAE

AABB
AAAB
ABBB
BABC
BABF
BABD
AABC
BABG
AAAA
AAAE

AABB
AAAB
ABBB
BABC
BABF
BABD
AABC
BABG
AAAA
AAAE

AABB
AAAB
ABBB
BABC
BABF
BABD
AABC
BABG
AAAA
AAAE

AABB
AAAB
ABBB
BABC

168

CGCCTGTTTAACAAAAACATGGCTCCTTGGTTGTCTGA-GTGGATGAGGAGTCGGACCTG
CGCCTGTTTAACAAAAACATGGCTCCTTGGTTGTCTGA-GTGGATGAGGAGTCGGACCTG
CGCCTGTTTAACAAAAACATGGCTCCTCGGTTGTTTGA-GTGGATGGGGAGTCGGACCTG
CGCCTGTTTAACAAAAACATGGCTCCTCGGTCAATTAGTGTGGATGGGGAGTCGGACCTG
CGCCTGTTTAACAAAAACATGGCTCCTCGGTCAATTAGTGTGGATGGGGAGTCGGACCTG
CGCCTGTTTAACAAAAACATGGCTCCTCGGTCAATTAGTGTGGATGGGGAGTCGGACCTG
CGCCTGTTTAACAAAAACATGGCTCCTCGGTCAATTAGTGTGGATGGGGAGTCGGACCTG
CGCCTGTTTAACAAAAACATGGCTCCTCGGTCAGCTAGTGTGGATGGGGAGTCGGACCTG
CGCCTGTTTAACAAAAACATGGCTCCTTG--TGTTTTAGGCGGATAAGGAGTCGGACCTG
CGCCTGTTTAACAAAAACATGGCTCCTTG--TGTTTTAGGCGGATAAGGAGTCGGACCTG

AAkAkAkAk kA kK AhkAhhhkhAkhAkrx Ak hrkkkhkkhkkhkhhrxx * * * kk kK khkkkk KKKk Kk Kk Kkx

CCCGGTGACTTACGGGTTAAACGGCCGCGGTACACTGACCGTGCAAAGGTAGCACAATCA
CCCGGTGACTTACGGGTTAAACGGCCGCGGTACACTGACCGTGCAAAGGTAGCACAATCA
CCCGGTGACTTACGGGTTAAACGGCCGCGGTACACTGACCGTGCAAAGGTAGCACAATCA
CCCGGTGAC-TACGGGTTAAACGGCCGCGGTACACTGACCGTGCAAAGGTAGCACAATCA
CCCGGTGACCTACGGGTTAAACGGCCGCGGTACACTGACCGTGCAAAGGTAGCACAATCA
CCCGGTGAC-TACGGGTTAAACGGCCGCGGTACACTGACCGTGCAAAGGTAGCACAATCA
CCCGGTGAC-TACGGGTTAAACGGCCGCGGTACACTGACCGTGCAAAGGTAGCACAATCA
CCCGGTGAC-TACGGGTTAAACGGCCGCGGTACACTGACCGTGCAAAGGTAGCACAATCA
CCCGGTGAC-TACGGGTTAAACGGCCGCGGTACACTGACCGTGCAAAGGTAGCACAATCA
CCCGGTGACCTACGGGTTAAACGGCCGCGGTACACTGACCGTGCAAAGGTAGCACAATCA

LR R i i I S SR I b b R R I e S I I R R R e e I S I I b b I I I S S S b I S R R S S S S S b R b

CTTGCCTTTTAATTGGAGGCTGGTATGAATGGTTTGACGAGGGCTGAGCTGTCTCTTCTG
CTTGCCTCTTAATTGGAGGCTGGTATGAATGGTTTGACGAGGGCTGAGCTGTCTCTTCTG
CTTGCCTTTTAATTGGAGGCTGGTATGAATGGTTTGACGAGGGCTGAGCTGTCTCTTCTG
CTTGCCTTTTAATTGGAGGCTGGTATGAATGGTTTGACGAGGGCTGAGCTGTCTCTTTTG
CTTGCCTTTTAATTGGAGGCTGGTATGAATGGTTTGACGAGGGCTGAGCTGTCTCTTTTG
CTTGCCTTTTAATTGGAGGCTGGTATGAATGGTTTGACGAGGGCTGAGCTGTCTCTTTTG
CTTGCCTTTTAATTGGAGGCTGGTATGAATGGTTTGACGAGGGCTGAGCTGTCTCTTTTG
CTTGCCTTTTAATTGGAGGCTGGTATGAATGGTTTGACGAGGGCTGAGCTGTCTCTTTTG
CTTGCCTCTTAATTGGAGGCTGGTATGAATGGTTTGACGAGGGCTGAGCTGTCTCTTTTG
CTTGCCTTTTAATTGGAGGCTGGTATGAATGGTTTGACGAGGGCTGAGCTGTCTCTTTTG

Kk hkhkhkhkhk KA AA A A hhhhhhhAdAhkhhdhhkhrrhkdhkhhhhkhkrrhrkddkkhkkhhhkhkrkhkrxxkxk* **

AAATATTTAAAAATTAACTTCTAGGTGAAAAGGCTTAGATTAGGCTGAGGGACGAGAAGA
AAATATTTAAAAATTAACTTCTAGGTGAAAAGGCCTAGATTAGGCTGAGGGACGAGAAGA
AAATATTTAAAAATTAACTTCTAGGTGAAAAGGCTTAGATTAGGCTGAGGGACGAGAAGA
AAATATTTAAAAATTAACTTCTAGGTGAAAAGGCTTAGATTAAGCTGAGGGACGAGAAGA
AAATATTTAAAAATTAACTTCTAGGTGAAAAGGCTTAGATTAAGCTGAGGGACGAGAAGA
AAATATTTAAAAATTAACTTCTAGGTGAAAAGGCTTAGATTAAGCTGAGGGACGAGAAGA
AAATATTTAAAAATTAACTTCTAGGTGAAAAGGCTTAGATTAAGCTGAGGGACGAGAAGA
AAATATTTAAAAATTAACTTCTAGGTGAAAAGGCTTAGATTAAGCTGAGGGACGAGAAGA
GAATATTTAAAAATTAACTTCTAGGTGAAAAGGCCTAGATTGAGCTGAGGGACGAGAAGA
GAATATTTAAAAATTAACTTCTAGGTGAAAAGGCCTAGATTGAGCTGAGGGACGAGAAGA

KA KAKKAAKA KA AA R I A AAAKAAAA XA XA A A AA A, A K *Fhkhkhkk KhkKkKA KK ARk kA kA Ak, k)%

CCCTGTTGAGCTTTAGTGTGGAGTGAAGGTTC-TAATTTCTAGTTGTACTAGAGAATTTA
CCCTGTTGAGCTTTAGTGTGGAGTGAAGGTTC-TAATTTCTAGTTGTACTAGAGAATTTA
CCCTGTTGAGCTTTAGTGTGGAGTGAAGGTTTATAATTTCTAGTTGTACTAGAGAATTCA
CCCTGTTGAGCTTTAGTGTGGAATGAAGGGGTGTGCTCCTGAAATAAGTTAGAGAGCTCA
CCCTGTTGAGCTTTAGTGTGGAATGAAGGGGTGTGCTCCTGAAATAAGTTAGAGAGCTCA
CCCTGTTGAGCTTTAGTGTGGAATGAAGGGGTGTGCTCCTGAAATAAGTTAGAGAGCTCA
CCCTGTTGAGCTTTAGTGTGGAATGAAGGGGTGTGCTCCTGAAATAAGTTAGAGAGCTCA
CCCTGTTGAGCTTTAGTGTGGAATGAAGGGGTGTGCTCCTGAAATAAGTTAGAGAGCTCA
CCCTGTTGAGCTTTAGTGTTGAATAAAGGTTTATATTTCCTAGTTGAATTTAGAGGTTTA
CCCTGTTGAGCTTTAGTGTTGAATAAAGGTTTATATTTCCTAGTTGAATTTAGAGGTTTA
B R I I e I i I b I b b b I 2 S 4 * KKk Kk Kk * * * * * * K
16Szay 16Sm0
AATTCATTTTTACATCTTTAGTTGGGGTGACTGGGGAACATAGGTAGCTTCTCTGTTTTT
AATTCATTTTTACATCTTTAGTTGGGGTGACTGGGGAACATAGGTAGCTTCTCTGTTTTT
AATTCATTTTTACATCTTTAGTTGGGGTGACTGGGGAACATAGGTAGCTTCTCTGTTTTT
GGTTTGTTCTTACATCTTTAGTTGGGGTGACTGGGGAACATAAGAAGCTTCCCTGTTTAT

71



BABF GGTTTGTTCTTACATCTTTAGTTGGGGTGACTGGGGAACATAAGAAGCTTCCCTGTTTAT

BABD GGTTTGTTTTTACATCTTTAGTTGGGGTGACTGGGGAACATAAGAAGCTTCCCTGTTTAT
ARBC GGTTTGTTTTTACATCTTTAGTTGGGGTGACTGGGGAACATAAGAAGCTTCCCTGTTTAT
BABG GGTTTGTTCTTACATCTTTAGTTGGGGTGACTGGGGAACATAAGAAGCTTCCCTGTTTAT
ARAA AGTTTATTCTTACATCTTTAGT TGGGGTGACTGGGGAACAAAAGTAGCTTCTCTACTTAT
ARAE AGTTTATTCTTACATCTTTAGTTGGGGTGACTGGGGAACAAAAGTAGCTTCTCTACTTAT
* % Kk khkhkkkkhkhkhkhkhkhkhhkhkkhkkhkhkhkhkhkrrhrhhkhkkhkhkhkd * * *kkkhkk*x *x%x **  Kx
16Sgua
ARBB AGTA-AATTAAATTTGGTCTGCTGACTGATGATCCGGCATTGTCGATTATCGGAAARAGT
ARAB AGTA-AATTAAATTTGGTCTGCTGACTGATGATCCGGCATTGTCGATTATCGGAAARAGT
ABBB AGTA-GATTGAATTTGGTCTGCCGACTGATGATCCGACATTGTCGATTATCGGAAARAGT
BABC AGTTTAATTATTTTCGGTTTTCTGACTAAGGATCCAGCATTGCTGATTGTCGGAAAAAGT
BABF AGTTTAATTATTTTCGGTTTTCTGACTAAGGATCCAGCATTGCTGATTGTCGGAAARAGT
BABD AGTTTAATTATTTTCGGTTTTCTGACTAAGGATCCAGCATTGCTGATTGTCGGAAARAGT
AABC AGTTTAATTATTTTCGGTTTTCTGACTAAGGATCCAGCATTGCTGATTGTCGGAAARAGT
BABG AGTTTAATAATTTTTGGTTTTCTGACTAAGGATCCAGCATTGCTGATTGTCGGAAARAGT
ABAA  —-——- TACTGGGTTTGGCTTGCTAGCTAATGATCCGGCATTGCTGATTATTGGAAAAAGT
ABAE  ————- TACTGGGTTTGGCTTGCTAGCTAATGATCCGGCATTGCTGATTATTGGAAAAAGT
* * Kk kX * ok *k k ki kk*k * Kk ok Kk x *kkhkkk Kk Khhkkkkhkkkhkkk
AABB TACCACAGGGATAACAGCGTAATCTTTCTGGAGAGTTCACATTGAAAGAAGGGTTTGCGA
AAAB TACCACAGGGATAACAGCGTAATCTTTCTGGAGAGT TCACATTGAAAGAAGGGTTTGCGA
ABBB TACCACAGGGATAACAGCGTAATCTTTCTGGAGAGTTCACATTGAAAGAAGGGTTTGCGA
BABC TACCACAGGGATAACAGCGTAATCTTTCTGGAGAGTTCACATTGAAAGAAGGGTTTGCGA
BABF TACCACAGGGATAACAGCGTAATCTTTCTGGAGAGT TCACATTGAAAGAAGGGTTTGCGA
BABD TACCACAGGGATAACAGCGTAATCTTTCTGGAGAGT TCACATTGAAAGAAGGGTTTGCGA
ARBC TACCACAGGGATAACAGCGTAATCTTTCTGGAGAGT TCACATTGAAAGAAGGGTTTGCGA
BABG TACCACAGGGATAACAGCGTAATCTTTCTGGAGAGTTCACATTGAAAGAAGGGTTTGCGA
ARAA TACCACAGGGATAACAGCGTAATCTTTTTGGAGAGT TCATATTGAAAAAAGGGTTTGCGA
ARAE TACCACAGGGATAACAGCGTAATCTTTTTGGAGAGTTCATATTGAAARAAGGGTTTGCGA
kkhkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkk *hkhkhkhkhkhkhkhkhkk,x *hkhkkhkkhkkhk*x *hhkhkkkkhkkh,khkkx*k
ARBB CCTCGATGTTGGATTAAGGTGTCCTGAGGGTGTAGCAGCTTTCGTTGGTTGGTCTGTTCG
ARAB CCTCGATGTTGGATTAAGGTGTCCTGAGGGTGTAGCAGCTTTCGTTGGTTGGTCTGTTCG
ABBB CCTCGATGTTGGATTAAGGTGTCCTGGGGGTGTAGCAGCTTTCGTTGGTTGGTCTGTTCG
BABC CCTCGATGTTGGATTAAGGTGTCCTGAGGGTGTAGCAGCTTTCGTTGGTTGGTCTGTTCG
BABF CCTCGATGTTGGATTAAGGTGTCCTGAGGGTGTAGCAGCTTTCGTTGGTTGGTCTGTTCG
BABD CCTCGATGTTGGATTAAGGTGTCCTGAGGGTGTAGCAGCTTTCGTTGGTTGGTCTGTTCG
AABC CCTCGATGTTGGATTAAGGTGTCCTGAGGGTGTAGCAGCTTTCGTTGGTTG-TCTGTTCG
BABG CCTCGATGTTGGATTAAGGTGTCCTGAGGGTGTAACAGCTTTCGTTGGTTGGTCTGTTCG
ARAA CCTCGATGTTGGATTAAGGTGTCCTAAGGGTGTAGCAGCTCTTGTTGGTTGGTCTGTTCG
ARAE CCTCGATGTTGGATTAAGGTGTCCTAAGGGTGTAGCAGCTCTTGTTGGTTGGTCTGTTCG
dhhkhhkhkhkhkhkhkhkhkkhkhhkhhkhkkkkkx*k *khkhkkhkhrkkhk Khkhkkhkk *k Kkhkhkkhkhkkhkhkk khxkkhkkkhkkkhx
AABB ACCATTAAAACCTTACATGATCTGAGTTCAGACCGG
ARAB ACCATTAAAACCTTACATGATCTGAGTTCAGACCGG
ABEB ACCATTAAAACCTTACATGATCTGAGTTCAGACCGG
BABC ACCATTAAAACCTTACATGATCTGAGTTCAGACCGG
BABF ACCATTAAAACCTTACATGATCTGAGTTCAGACCGG
BABD ACCATTAAAACTTTACATGATCTGAGTTCAGACCGG
AABC ACCATTAAAACCTTACATGATCTGAGTTCAGACCGG
BABG ACCATTAAAACCTTACATGATCTGAGTTCAGACCGG
ARAA ACCATTAAATCCTTACATGATCTGAGTTCAGACCGG
ABAE ACCATTAAAACCTTACATGATCTGAGTTCAGACCGG

KAXKKKKAAKR Ah I I A A A A A AA I A A A AR A AR A A X h K

~ . . o v A = J (Y + dy =~ .
gﬂﬂ 4.1 Multiple alignment voead1auilang 1o Indvesdununeaihaeiuans composite haplotypes
1 o ] J o @ o
1199910 PCR-RFLP 9849 16S rDNA duruaved Inswesdmsumsann species-specific markers

Y
5IJ’E’N1’7’t']EJL’1+J1§ﬂllﬂﬁ$%uﬂuﬁﬂ\1ﬁﬁﬂigf’35ﬂﬂiLL’U“]J‘Vi’LH
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H. varia

BABG

H. asinina ABBB

H. ovina
1.00%

Y

H [ ] 4 1 4 4

51#4.2 Neighbor-joining tree la@aInNNTUNUT Tzt 8eo H. asinina N composite haplotypes
§ [ [ 9 0o v A = 4
uanaanu Taeas1991n9nd1autiang le Inaves 16S rDNA

=1

N
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M1 3 6 9 12 15 18M
bp
-1000
- 500

-100

=
|

PR ANmm

~1000

AR &

311 4.3 WaN3A3I9A0V species-specific PCR Y04 H. asinina (¥049 1 — 6), H. ovina (¥990 7 — 12)
ua H. varia (4099 13 — 18) 10 lWs105 16S,, + 168, (A) 16S ,, + 16S,,, (B) 1A 168, + 168,

(©). Tav1% 100 bp DNA ladder (¥94 M) (I UAB UDUUIANIATITIL
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M1234 567 89101112M

bp bp
1000- -1000
-500

-100

1000- -1000
-500

-100

51U 4.4 wamsasnaeunINIBald (sensitivity) voelnsmes 16, + 168, (A) and 168 , +
16S,,,,0f (B) NNMIIVOVNADUBAUUVVYOI H. asinina UaE H. varia (25 ng, 12.5 ng, 6.25 ng, 3.125
ng, 1.56 ng; 781.25 pg, 390.625 pg, 195.31 pg, 97.65 pg, 48.82 pg, 24.41 pg, tias 12.21 pg, ¥oun 1 - 12

aud191) Tav1¥ 100 bp DNA ladder (04 M) ifludid uevinauasigiu

Y o A o v A J
ﬂ‘]'i‘]flﬁ 4.1 Nﬁﬂ']ﬁ@]i')%ﬁ@llﬂ')’]iﬁ]'HW']%"U@\‘]MlWﬂlI’l’Jﬁﬁi’)@ﬂl!ﬂ_l‘ll‘ﬂ?ﬂﬁ?ﬂﬂu?ﬂﬁi@]’lﬂﬂm@\i 16S rDNA

+ d§' a 1
ﬂlﬂﬂﬁﬂﬁl!ﬂ"lé’lﬂ"]fuﬂﬁ"lx‘lc]

¥Ha SnuiethafliinauIn: snnuimmsanin (%)
168, /16SR, 168, /16SR, 168, /16SR,
H. asinina 74:75 (98.7%) 0:18(0.00%) 2:20(10.00%)
H. ovina 0: 21 (0.00%) 0:18(0.00%) 44 : 64 (68.75%)
H. varia 1: 20 (5.00%) 17 : 17 (100.00%) 5:20(25.00%)
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5. psvianAsemInemaugnssufisunzaeneeihde Haliors asinina waz
Haliotis varia W)U SCAR markers
5.1 35M3naasy
5.1.1 m3lnauBurRAPDRS UM AOViIA uag/w?anqhﬁaadnwmwamﬂéa

M3 InauATeenung RAPD a1833 T-A cloning lagiiwanaani lda1n RAPD-PCR 11311

. Y o @ ad Ay ad osj o ad Ay ¥
electrophoresis 11a2M11MIAALALAD WO NABIMTIAZYZADWBRINIINWEA  MINUWNAD BN lau
A o ] 4 [ 1 4 as
ATEVRRM TR (TR VY (reamplified) oy pGEMR-T easy vector uaLaetsas E. coli XL1- Blue 19873

electrotransformation

5.1.2 M3A5Ida0Y inserted fragmentsVYON recombinant clones aIe colony PCR MInIanY

a = d Jd
‘l!'Jﬂai@?‘nﬂ!!aé‘;’ﬂ7599ﬂ!!ﬂﬂ71’\l5!ﬂ95

A9IAOUNIF insert TABA1TH colony PCR111511¢5 10 ul Usznoudle 10 mM Tris-HCL,
pH 8.8, 50 mM KCI, 0.1% Triton X-100, 2.0 mM MgCl,, 100 uM V84 dATP, dCTP, dGTP t1ag dTTP,
0.1 uM V04 Ises pUCH + pUC2 (5’-TCC GGC TCG TAT GTT GTG TGG A-3’ 1ag 5°-GTG CTG
CAA GGC GAT TAA GTT GG-3") 1138 M13F + MI3R (5>-CAC GAC GTT GTA AAA CGAC-3’ L@
5-GGA TAA CAA TTT CAC ACA GG-3°), 0.5 unit U89 DyNAzyme = II DNA Polymerase

(Finnzymes) 1182 cell suspension Y84 lnauiidesnsasivaey

9

° A a a g A o A . A ° IS ~ ]
“I/ﬂmﬁ!,WiJGU818ﬂiu1mﬂlﬂul’aiﬂ‘c’JiJleuG]’t’]uﬂ’a predenaturatlon N4 C L‘]JL!L’Jm 3 UIN AUAY

a

{ a 0 I a . A 0 [ a ~ .
denaturation ﬁqmwgu 94 °C 11lu1a1 30 JU1N annealing NnYUNYN 50 C (111781 45 I extension

{ a o S a 0 . { = o g
Ngamgil 72 °C 1lura1 60 1N $149U 30 59U UAE final extensionNgUNi 72 °C 1FuIa1 7 Wi

o o a J a aaa
PIUIU 1 59U LLa%‘Vﬂﬂﬁ’JLﬂiWﬂWﬁWﬂﬂmﬂﬂQﬂifﬂPCR Tu 1.2% agarose gel

Mmsenanaraiane Nucleospin plasmid preparation kit (MACHEREY-NAGEL, Germany)
) . . { o v A u’g a A’,’ )
11 recombinant plasmid 71 18 11¥d1duHiana T Indiia 2 fisnaTaeld automated sequencer 311711
o v A = s Y o ’a o
drvuiiinglo lnan la lunlSeufeutugudoyaly GenBank nagdmseonuuyInswesnduwy

aolnaunauladieTsunsy Oligo 4.0



5.1.3 MINMUUATOIHNIE sequence-characterised amplified region (SCAR) o umzny H.

asinina \\Q% H. varia

fimseenuuynswesianuas o 20 4 Mwesnaeuanuiumizves lwswesfuao
19 U9 target species (H. asinina, N = 12) Ila¥ non-target species (H. ovina W& H. varia, N= 4 Tunaag
wiia) $1HATePCR Tu 25u1 Ysznoudae 10 mM Tris-HCL, pH 8.8, 50 mM KCl, 0.1% Triton X-100,
2.0 mM MgCL, 100 uM ¥4 dATP, dCTP, dGTP, tag dTTP, 0.2 uM Uoduaaz Iwswes, 1.0 unit Y04

DyNAzymeTM II DNA Polymerase (Finnzymes) ({8 25 ng Y93 A ey

o A a A a PR ua/' A a o [ =
T@sjmmﬁmuﬂimmmaummmumauﬁa predenaturation Ny 94 C Wuan 3 UM

a

) . A 0 3 a a . A a 0 3 A A
fA1UNIY denaturation NYUNUHY 94 C wWunat 30 7N annealing NYUNNU 65 C Wuna 30 3w

U

a

A o < a A o . ! o < ~
extension NYUNHN 72 C Tlunal 45 311N 319U 30 50U 1A final extensiondl 72 °C lual 7 uh

Y

WU 1 50 1azMInsaouHananInRATe1 PCR Tu 1.6% agarose gel

o Jdo 1 {
Aaaen InswessuIu 5 fl (CUHA2, CUHA12, CUHAI13, CUHO3 uag CUHVI) Nuaana
dy Y 1 0 @ a + dgi v o o 1 + dgl A o A d?
o uMIUmznuriavesroathaomagouNUIIUIUAIBE NIt aa NIUIUNNINTY W =

216)

¢
5.14 ﬂ?iﬂi?‘i)ﬁ@ﬂﬂ?1ﬂ?'é)\ﬂ? (sensitivity) ?lfN?Wi!NE)illaa‘,’ﬂTiilia‘,’glﬂﬁa?‘ﬁ?uﬂ759153‘0@'@71

491 a (%4 d
species origin Y031i0&niNde H. asinina Tunandaaiuuun1eg

as1veUnNIed uedlnsmes CUHA2, CUHAI2 uay CIHVI fUABU0AuIIUY0 H.
asinina 18 H. varia YTHN101199910 10 pg. 20 pg, 30 pg, 60 pg, 100 pg, 250 pg, 500 pg, 1 ng, 2.5 ng, 5

ng, 10 ng 11a2 25 ng A81/361 PCR Agantiadu

Y s W -4 =Y
u’ﬁ)ﬂﬁﬂﬂﬁ‘ﬂﬂ’d@']Jﬂ’JHJ?ﬂiJﬁﬂﬂluﬂﬁﬁi’Ji]?f@‘U species origin ﬂJ@Q"lWilﬂJﬂiﬂW@IUT’ldiuﬂ‘Uﬂ

< A o @ 4 & . ' v L2 3 Y A
Lamammwammmwamﬂwaa H. asinina LL“U“UGING]‘]JixﬂEJUﬂ’JEJ ?TE]EJLLGHLLGIN(Lf‘I‘Uhl’JLﬂuL’JQ"I 3 ‘]J‘VI -30°
Vg 3 A IS A ) A o 3 A
O) ANHRYULBLUUN (tnun 4° CL‘]JL!!’JEH 6 1A9U) VOIMNUEY (BUN 80° C U 72 ‘B’JIZNLLE]&TTU‘VI

a 1< o J. aaa o A @ I
gangineuilunal 2 dlad) dreljinser PCR Taer5u35msana@duen phenol/chloroform 11

Q QU

L’ﬂu 5% chelex solution
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5.2 HaMINARLIMSHAMIAIBIHINEMINUENINTIS uzaevioside H. asinina naz H.

varia 41U SCAR markers

1AM UATIEHANUHAINUAWNWWUENTTN  LazANuuAnAveslsynsvenihde A
asinina, H. ovina Wag H. varia 91835 PCR-RFLP Y84 16S rDNA tiaz 18S rDNA wuvesiihde A,
2 . . 1 < Y U
asinina WUszne Ine' il genetic heterogeneity (P < 0.0001) 8813 lsAauanwanaaslimiuinves
ihaenaawastia H. asinina, H. ovina Wag H. varia HANUHANANNWHUFNTTUAUBENTAY (P <
£ dy Y I = I Y - 9 A @ Ao 1
0.0001) ¥ lwmrunianuiullldedrunnizaunsonununiosmeiugnssuisumzaonoy
Lﬂ1§ﬁ) H. asinina
9 Jo @ 3 ° J 4
310M3 1% Inses @15y RAPD-PCR naruasuiu 113 Tnswes wu 27 lnswesilszneou
#78 OPAO1, OPA02, OPA10, OPA15, OPA19 uay OPA20 OPB11, OPBI6 tiaz OPB17 UBCIOI,
UBC119, UBC160, UBC168, UBC174, UBC193, UBC195, UBC197, UBC200, UBC210, UBC220,
UBC264, UBC267, UBC271, UBC272, UBC456, UBC457 1ag UBC459 ainsatiiuduivuaduely
weathaenamuaila luduasudou lddadonlnswes 5 wila Uszneudielnswes OPBIL,
UBCI101, UBC195, UBC197 uaz UBC271 14 lumsdununiesnmnensumezfuriansodumizae

Y
nquiedvesroaiihae lulszme lng

Naﬂ1ﬂfﬂﬁﬁ}‘uﬁnﬂ?@ﬂ‘l’iiﬂﬂﬁu‘ﬁ‘ﬂﬁiﬂﬁﬂo%wwg{fﬂ H. asinina H. ovina H. varia Wmﬂéﬂﬁ‘ﬁll"lﬂ
Y ¥ ' ' 1
ﬁuﬁﬂiimﬁmauﬁwm 10, 2 1ag3 m%wuwmuéwﬁu (M1519N 5.2 uazgﬂ‘n 5.2) LLﬁ%ETQW”ULﬂ%{EN
[ d‘ o 1 1 % 1 g d‘ a ala (A 4
ﬁiﬂflwu‘fgﬂiiiJ‘V]i]"ILW1$6]’E)ﬂQ‘JJ@]’J’E)EJNﬁ’E]EJLﬂ"I§6 H. asinina NiNMeanzaty (HATRAW) wazWalilugd
[ 4 [ [
(HAPHIE) %mauﬂqmﬁ’mﬂnaz 3 m%wma uaﬂmuuwmﬂ%wma RAPD 9U1% 1650 bp ﬁ"li?]}
4 o 1 + dgi . ~ 1 1 ] a g dy
iﬂﬂ"l‘Wima’i UBCI195 dumizaevioaide H ovina mmmﬂma”lm Ll,ssllluwmmumaumuclu H.

ovina MANSAOUATNU

A < a AaA ' A aaa A 4 1
IHN91NRAPD-PCR Lﬂumﬂuﬂmmm‘hmﬂmﬂaﬂuuﬂawmﬂgﬂiﬂwmw«ﬁmi LYU

9 a g A~ a2 0o 9 Y a . Y o o =Y A o
ADINTTADULBNUAUNTINA F901902M ININA  false negative Ul,ﬂ muum"lﬂwmmmiawmﬂwu‘q

Ao 1 a 1T W v + dy Ay ¥ a I A
ﬂiiammmwm%ummznqma’amwamﬂwa ‘V]llﬂﬁnﬂl‘ﬂﬂuﬂ RAPD llﬂlﬂulﬂiﬁ]ﬂ“ﬁiﬂﬂ SCAR
(Sequence-Characterized Amplified Region)

k4

I ] ] 9
1 TAaUATEININY RAPD S1UIUNIHNA 22 1ATOIHLY (®M519N 5.2) wazih lpaunavua

@

v v v

s1u 72 Taaulmdrduinaale lng wulaaunidvuiionale lnanuanaiadiuianua 39 Iaau
<
9

Y
U

1 a g A & 4 aAa A A o a =3 1 @ [ %
HAAI U UAD UM UATPIINY RAPD Uruaduonidwuiing I Inauanaaiuannniimig

78



Qy 4 z o v A = o 12 @
¥ 1AT091IU18 RAPD thounariua Uszanal 85% (33 910 39 a1auiiing le'lng) lulinnumiioudy
o w A I f { 4 o
fevinalelndla q 11518911510 GenBank Wial¥ 1151053 BlastN 1ag BlastX 1A E values <
10-4

9
4 o

laoonuuy Inswesiaruas iy 20 § (pCUHAT - pCUHAIS, pCUHOI - pCUHO4 1ag
pCUHVT; 3171 5.2 waz m31971 5.3) Taelnswessmau 7 4 18eenuuuinnnniesneiugnssui
ﬁwmmsiaﬂfjné’haemwamﬂwga H. asinina WU IW5m05 4 § (CUHA3, CUHA7, CUHAS 1ay
CUHA10) 1@namsuiinsuaudduedlisumz  (mon-specific amplification) ttaz lwsmes CUHA9

A ad H A o Ay s v
ae CUHA1S ﬁ’lll'liflLWN%1U3H@L@UL@1HW@8LTJ’I?J@TN 3 (’]ﬂ!ﬂllﬂ f’f'Jull‘Wﬁlllfi]i CUHAI11 hl'VTWﬁﬂ’]i

v
a

o < { o 1 4 a 1A o ' 1w '
lWiJﬂTu’JuaL@u&@ﬁﬂ'llwﬁlgﬁﬂﬁﬂﬂlﬂ']g@%u@ H .asinina 3J']ﬂﬂ'J']ﬁQZQTLW']gﬁﬂﬂQﬂJGI’J@ﬂTQ H .asinina

@ @ [

d' uaz’ Y ] d' d'o 1 1 Ql 1 -+ J R
NIINIAATI muuﬁqﬂ“lmﬂuwumiawma SCAR ﬂﬂ?tW?gﬁﬂﬂQM@’JﬂﬂNW@ﬂlﬂ1?JEJ H .asinina

dunavedIwIes CUHAS, CUHAG uag CUHOI fuemnsamiusiuudisue ldlumon
lﬂ?gﬂﬁ\i 3 G]fﬁﬂ uf)ﬂﬂ"Iﬂ‘lfu%ﬂul@gfﬁi'mﬁﬂﬂﬂ?'\i\lﬂoHW”lgaUﬂﬂthﬂiJﬂ{ CUHAS ey CUHAG6 Gluﬁ')ﬂfhﬁ
NAYor A (Gastropod) Usznouale viesmnueWsm (Ackatina fulica) waz Weeud (Pomacea
canaliculata, Pila ampulaacea, P. angelica, P. pesmei W% P. polita) wazviesaedrh Uszneudle viee
UNITY (Crassostera belcheri, C. iredalei, Saccostera cucullata, S. forskali, W0 Striostera mytiloides)
UAENOULUNANY (Perna viridis) RINAIA1 Peneaus monodon WazNAMWNTIN Macrobrachium

Y Y
a

' P U] A o a g Y, A Aaa A A

rosenbergii mﬂN’dﬂTi‘l/Iﬂa’tNWU’ﬂth’iUJf’J‘ﬁ/N 2 ﬂuhliJ?HlﬂiﬂLW11mu%umﬁ)utﬁﬂ@iuﬁﬂu“ﬁ’sﬁﬂu‘] 7N
P
A

QU

o + dal £ PR A o A o 1 + Y
mMmsnaaesuenvInvisaige "]NfﬂllTiﬂGlﬂflﬂu!ﬂ3fN1’711"IEJ‘WU‘IEﬂiiiJTﬁﬂLW13§I@1’TfJEIL‘]J1E’l@ulﬂ

k4
' 4 J
HavIMInaaouiiesduny lwsiwes 7 § (CUHAI, CUHA2, CUHA4, CUHAI11, CUHAI2,
Y g A @ Ao 1 A J
CUHAI13 ilag CUHA14) ﬁ’ljJTJfl[]f’lﬂ,‘]JuLﬂiﬂﬂﬂﬂ?ﬂWUﬁﬂiﬁMﬂﬂ’uW?gﬁﬂ H. asinina Glmlmzﬂ'lmmf)i
I 4 o { o 1
CUHO3 tag CUHVI aunsolfilunTosnaneiugnssuidumizae H. oving uag H varia 8o
o w ~ [ < YA o M Yo A 4 a Jo o @
19U (15N 5.4) E)Em"liﬂmilﬂmzm%'lu"lﬂﬂmaﬂﬂ'h\lﬁmai CUHA14 WIIATIZHNUIIUIUAD
[ ~ dg} A ' Y ad A J @ 1
fJEJ'N‘Vl3J'lﬂGUuLu'ENi]'lﬂf]111’7%1&1@%@\3@!@1«!&@%11@]'?19”\1 Tﬂfﬁumﬂ 473 bp f‘llg‘W']JGlu@'J@EJ'N HACAMHE

1az HAPHIE uazuiia 515 bp 92wulu@1061991n HATRAW uae HAPHIE

I&fauaen lusmessmau 5 4 (CUHA2, CUHA12, CUHO3 tag CUHVI, 317 5.3 uag 5.4) i
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H. asinina
Tsumneidos vowihiusimziaiia 9. HASAMHE 28 (15)
EH{GN);
Tramzides (WoLmWugA W) HACAMHE 15 (12)
IMZALI 9. A5 HATRAW 28 (23)
IMIaNa 9. 52894 HASAME 19 (10)
AW HACAME 23 (20)
Wadilud HAPHIE 30 (19)
oulatlige HAINDW 20 (12)
50819 H. asinina 143 (111)
H. ovina
IMzANA 0. 1Mz A5 9. ¥alys HOCHOE 29 (20)
IMLEdia 9. 75004 HOSAME 43 (19)
IMLIFN 0. AT HOTRAW 47 (18)
AN 9. W HOPHAW 16 (16)
59083 H. ovina 135 (73)
H. varia
EHGLRR ggﬁm HVPHUW 29 (29)
INMZATAU 3. WA HVPHAW 4(3)
suA0814 H. varia 33 (32)
syudheeharianug 331 (216)
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51 5.1 agarose gel electrophoresis UanagUiuy RAPD anudumizaeat/fdves Inses CUHA2
(A) Nnaaeuny genomic DNA U904 H. asinina (@Bmﬁ 1-4) H. ovina (“]}E]Q‘ﬁ 5-8) uay H. varia ("]}EN‘?I
9 - 12) ¥99 M meﬁtﬁm’amm@m 100 bp DNA ladder QNATLLEAAI candidate species-specific

fragments
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d' d' @ d'o 1 4 1 1 % (] 1 a + dy
M3 19N 5.2 Lﬂiﬁ]x‘]ﬁll”lleHﬁﬂiiinmmwﬁﬂﬁﬂ‘ﬁ’d ANYUAIBYN wagaeusnuvesriaaihgaua

{ a 4 a
Fouluilszme'ne (H. asinina . H. ovina wag H. varia) N18010m35310512¥191675 RAPD Taeld lns

93 OPB11, UBC101, UBC195, UBC197 ttag UBC271

Species /population Primer RAPD marker Name of Clones
(bp)
H. asinina OPBI11 1400 pCUHA14 tiag pCUHA16
800 pCUHAL17 ttag pCUHA1S8
UBCI101 1700 pCUHAI19
1325 pCUHA20
590 pCUHAI13
UBC195 760 pCUHA4, pCUHA21 uag pCUHA22
UBC197 1400 pCUHAZ23
710 pCUHAI
UBC271 1000 pCUHA24
650 pCUHA2, pCUHA3, pCUHAS, pCUHA®6,
pCUHAI12 t1ag pCUHA25
/HATRAW UBC195 650 pCUHAI10 ttag pCUHAIL1
UBC271 850 pCUHA7 itag pCUHAS
450 pCUHA9
/HAPHIE UBC195 1000 pCUHA26
680 pCUHA27
UBC197 415 pCUHAL1S5
H. ovina OPBI11 475 pCUHOL1, pCUHO2 ttag pCUHO3
UBC195 950 pCUHO4
/817 ne UBC195 1650 pCUHOS
H. varia OPBI11 690 pCUHV4, pCUHVS, pCUHV6 uag
pCUHV7
UBC195 700 pCUHV1 uag pCUHV2
550 pCUHV3

&3



A.

GCCATCAAGA
GTTACAAGTA
ATTGAACTCT
CAAACGTAAT
AGGTAAATAT
CACACAAAGG
CTCTTATGAA

TCATATCCAG
ATTTCAGTAC
CCCCAAGTTA

TTATATATCT

TGTGACATGT TCATGGGCAA
TTTCACAAAC CTTTCCCTTT
GCTGAAAAGT GGCATATCAT
GACTTCTTCA TGACTAAATA
TGCTGTAAAC AATAAACAGG
TAACTTTTGC TATTTGGTTA
AGTTCACCTC CCAATGACTT
CUHA2-F
GATGCTTGTT CAGCATTCTG

CTAAAATGGA
ATATATTTAT
TAATCAAAAT
TAACTGAAGA
CACATGTTTC
TGTAAACAAG
CATTTATCAG

TGGCAGTTCT

TGAATGAACA AGAAAGACTG
TTCTTGACAG ATGTAGATTC

ACAATTTTGT
TGCATTAGTG

CUHA2-R
CCAAAGGGTC AGCAAAAAAG AAGTACAGTA

ATATCTTCCA
ACGTTATAAC
GACAGTCAAT
TCTTGATGGC

B.

GCCATCAAGA
TCCCACTAGT

GAGGATTATA
ACAGCCATCA

CTGTTTGTCA GAGGGAACAT
CAGGGTGCAC TGTACATGCC
ACCATAACTG TATTTAATTT

ATAAGCGTTA TGAAAACACT
GATATCCTCT TTGGACTGAA

AGGCATGCTC AACTGGGTTT
CCAGCAGAGG GAATGATTTA

TAATTATTGT
ACAGCTTTAC
AATTTAAATG
AACATGGGTA

GATCTTGATA
TTCTTTTAGA
GTCATATGAC
AAAGTGCATT
GAGAATGGTA

GTTTGTTTTT TATTGAAAAA
AGTTTATATC GACACTGGTA
CAGCATGTGT TGTCACATAT
AAGCTTGAAG ACAATCTTAT

ATCTGTCCAT CTTAAGATCT

ATGGTACTGT
CACATGGAAG
ACAAAAAARAA

AACTCAAATC
GTTGTTTGTT

GGTCGTTTAA
CACATCTCAT
AAAATGAAAT
CCATACAACA
GTATATAAAT
ATGGAAATAG

GCCTACCTCT

TTGAAAAAAC
CCTGAATTAA
ATAGACTGGT
TCAATGAACA
AAAACAATTC
CTGCAGAGCC
TAATGTGTGA

TGACAACTTG
TCCATGTTGC
ACAAAGATTT

TACCCTGGTG
ATCCAGACAC
CATGAATCAT
ATATATATGA

AGCCAAATAA
TTAAGAGTAA
CUHAl2-F
CTAATCCCAC
TTTTTGTGCT
GGGAGTGTGA
TACAATACAA
TTGAATTACA
TGAATTATCT
CUHAl12-R
TCGTCACTTC

TTTGATACTA AACATGATTG
AATCTTGTAT TAGAACTAGG
ACACACATAC AAACTAACTG
TTGGTAAGAN AATTATTTTT

AAGAATTAAC
TTAGGTTTAT
TATTAATATA
GGTGTCTTGA

84

CTCGTGGTTT
TTACCTTTGT
GAGCATTTAT
TGGC



C.

GATCTCAGCG
AATGTCGCGC
CTATATAATT

TTGGGGLTGT
AAAGACCACT
CAACATTCGT
TTCAAAGTCT
TCAAACCGCC

CUHAl1-R
TGCGTCATCG
CGACGGtCGG
ATTCCCCCGA
CGAGTCTTCG
CATCCATCCC

D.
GCGCCTGGAG
GAGTTAACAC

CGCAGTACAG
GCACAACAAT
ACCAGAATGA
TATGACGGGA

TGAGATGGTT
TCCATCTCCC

CATACATAAT
CATAATTCTT
TCCCCTCCTG

CATGGTAGGT
TTATCAAATA
CTGAAACATC
CTTCTCTTCA

TTTGTACTCA
CTGCAAACCT
CAACTGCTAT
TCTTCATTAC
GCTGAGATC

ACAAGGTTAC
TGCATTCTGG

CATATTCATT
ATGACATACA
AAACTAATAG

TCTTTGCCTA
TTTCATCCTC
CGCACGAGGC
CCCACAGAGA

AGCCTCAATC
TTGCAACAAA
TATAAAACAT
GGATAATTAG

GTGTAATTAT
ATTATTCAGT

CUHAl13-F

CACATCACTG

ACCTGTGTTG

ACAAAGGATA
GAAACCGGGG
AATTTCCTAA
CUHV1-F
ACCCCTTGTT
ACTTCATTCA
AGCCGGAACC
TTTTTTCACA

GAACTTCGCC
ACCACCGATT
TTAGTTAGTG
CCCGTCGCTG

ATACTGACAC
GTGTGTGAAC

AGACTCTACG

TAACACCAGA
TAATTTTATC

TCTCCTTCTT
CAATAATCTC
ACCAGGCTGT
ATACCAACAA

AGTGCACTAT
CTAGAAGTTT
TAATTGTAAC
AGGGGGGCAC

ATATCATTGT
AGTGTCAAAC

GAAAAGTCTA

AAAAACCATG
GTAAGTGTGT
GTGGGGGAGA

TGCACTTTGG
CTCATCTAAC

ACAGTGACTC
TTAAAAAGTT

51 5.2 §wuilandle lndues CUHA2 (A), CUHAI2 (B), uag CUHVI (C) fdundauazdwuiiong

TCTGCAACCA
GCCAAGTCCC

GTTACATTTC
GAAGTTTAGT
TAATAGAAAC

TCTTGGACGT
TGACACAAAC
TTGTTGTTTT
ACCCACCTTC

TATTACCAAA
TCTACACCAC
GCTAGAAATG

GACGTGCAAA
ACAGGAATTG
GTGTTGTCAC
AGCGC

To'lnavodInswesuanslaslddviu uazvaduld
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AAACTAGAAA
TTCTAGCAAT
GGCTTTACAC

TGCTTTATCC
TCAGCTGTCA
AGGACCAGGA

GGCATCGCTG

GTCGACATGA
TTGATGAGCC
TGGCAACTTA
ACAATATCCA

GGACGTGCTT
CGTTCATTGC
TGGTCTATCT
TTTCTACGCT

GAGATGATAA
TTAATGTTAG

ATATCGTAAT
AACAACATCT
AATCCAGCAA
ATTGCATCAA

CUHA13-R
ATGCGGCTAC
AAGCTNCAGT
GCCCTATGGG



d' @ 1 o v A = s s A
139N 5.3 @1aasmamuuaﬂaTa“l‘n@Gum“lwammmemmmmmamwma RAPD

k2
9¥14 (CUHA11) LLﬁ%ﬁ?LWWGl@%UW’UFN“HE]EJL“TM%EJ H. asinina , H. ovina W% H. varia

AIuMzan

Primer Sequence
CUHAI1 F: 5’-GAATCCAACATGCGTCAAAG-3’
R: 5’-CTGGAAACAATCGCAGGTCA-3’
CUHA2 F: 5-TTGTTCAGCATTCTGTGGCAGTTCT-3'
R: 5-CTTCTTTTTTGCTGACCCTTTGGAG-3'C
CUHA4 F: 5'-TCAGCGAAACCAACCAACAC-3'
R: 5'-TTGGACGCAGCTATTCACAT-3'C
CUHA11 F: 5'-CCCCGAGGAGTATACAACTCTTCC-3'C
R: 5'-TCGAGTTCTTTTCCACAATGCACC-3'C
CUHA12 F: 5'-CTAATCCCACACAGCCATCACCAG-3'
R: 5'- AAGAAGTGACGAAGAGGTAGGCAG-3'
CUHA13 F: 5-TGACCTGTGTTGAGACTCTACGGA-3'C
R: 5'-TGAGGGGAGATGGAGTAGCCGC-3'C
CUHA14 R: 5-CGTGAAGACAGTTACTGAAAGTGG-3'C
R: 5'-ATCGTTTGTGTTATGTCTCCTCTG-3'C
CUHO3 F: 5'-GGGTATCTTCCCACAACAGC-3'
R: 5'-GCACTTGCCTACATCCTTTCAC-3'
CUHV1 F: 5'-CCCCTTGTTTCTCCTTCTTG-3'
R

: 5"-CGATGACGCAGGCGGTTTGA-3'
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M3197 5.4 MINATOUANNUTUNIZVDS SCAR markers AWAUIIN population-specific W30 species-

specific RAPD markers U9 H. asinina, H. ovina s H. varia

Iwsinos VIAYD9 PCR H. asinina H. ovina  H. varia
HACAMHE HACAME HATRAW  HAPHIE
product (bp)
CUHAI1-F/R 292 + + + + - -
CUHA2-F/R* 168 + + + + - -
CUHA3-F/R* 368 NS NS NS NS NS NS
CUHAA4-F/R 290 + + + + - -
CUHAS-F/R 264 + + + + + +
CUHAG6-F/R 103 + + + + + +
CUHAT7-F/R* 554 NS NS NS NS NS NS
CUHAB-F/R* 114 NS NS NS NS NS NS
CUHA9-F/R* 142 + + + + + +
CUHA10-F/R* 472 NS NS NS NS NS NS
CUHAT11-F/R* 417 + + + + - -
CUHAI12-F/R* 312 + + + + - -
CUHAI13-F/R 296 + + + + - -
CUHA14-F/R 473 + + a515bp aS15bp - -
band band
CUHAI5-F/R® 171 + + - - - +
CUHO1-F/R 414 + + + + + +
CUHO2-F/R 146 + + - - +and a -
215bp
band
CUHO3-F/R* 328 - - - - + -
CUHO4-F/R 619 NS NS NS NS NS NS
CUHV1-F/R* 229 - - - - - +

Yy a o & A o v a A e MY a o 2 Yy a o & .
+ = landadusivinamunmanziunnaivutiing le ng; - = lu'lanaadua; NS = Tdnandiaaiiuy non-specific;
I o o o o ' ' S
* = InswesMinndnwnuswiudednumalug (v = 216); * = Iwsmwes WA HATRAW-specific RAPD

markers; * = Inswesifaminn HAPHIE-specific RAPD marker.
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51 5.3 agarose gel electrophoresis taAIAUTUNITADETFdv0e Inswes CUHA2 (A) .CUHAL2
(B), 1tag CUHVI (C) "NAd0UNY genomic DNA V04 H. asinina (A, B 1tag C, ¥099 1 - 12) H. ovina
(A, B uaz C, ¥047 13 - 24) 182 H. varia (A, B uaz C, ¥947 25 - 36) ¥94 M LAAIADUIONIATITIV

100 bp DNA ladder
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M1234 567 89101112131415161718M

500~ S
P L R —
d

R R R R X R L & LR

510 5.4 Agarose gel electrophoresis uaAIANUTUMIZAOAITTVoe Inswes CUHALZ (A) 1o

NAFTOUNY genomic DNA V04 H. asinina (A, ¥097 1 - 18), H. ovina (B, ¥047 1 - 9) uae H. varia (B,

%099 10 - 18) ¥94 M LLAAIADUOIIATIFIU 100 bp DNA ladder
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2 3 4 5 6 7 8 9 10 11 12 M

Lover
Pt
P
o
—
—
———

gﬂﬁ 5.5 Agarose gel electrophoresis LAAINANTATIVEBUANNIBA 1D (sensitivity) vod'lnswes
CUHA2 (A) , CUHAI2 (B), 8¢ CUHVI (C) NAE®UNY genomic DNA ANMIYNYUA1I VDY A,
asinina W8 H. varia (25 ng, 10 ng, 5 ng, 2.5 ng, 1 ng; 500 pg, 250 pg, 100 pg, 60 pg, 30 pg, 20 pg, Hag

10 pg, ¥047 1 - 12 aud1ev). Tasld 100 bp DNA ladder (¥99 M) iiludiduevinainasgu
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M1 2 345 67 8910111213 M

M12 345 6 7 8 9101112 13 M

H A o < { o A
510 5.6 Agarose gel electrophoresis 1INHAYDINTNUTIUIUAD WO NATAR8TF Phenol/chloroform
[ an ] A @ U [ ] A A a
(493 1- 2) 4AZIT 5% Chelex extraction (¥049 3 - 12) YBIAIDENUFUUI (07 1 - 4) gnvveinnyluy
S ~ 9 ' A 9 1 = Y 4
1OANDEDR (¥0I7 5 - 8) AINUKI (¥997 9 - 10) 1Az Au (Fo99 11 -1 2) A1o' lwswes CUHA2 (A) Loy
[l ] 2 ] <
CUHA12 (B) ¥4 13 1&@A4 negative control (liila@dueduuny) g9 M HAAIADUDNINTIFIU 100

bp DNA ladder
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g‘].lﬁ 5.7 Agarose gel electrophoresis NNHATIMIUTILIUAD WO N AR1873 5% Chelex
. @ 1 L. 13 [ A 9 1 ~ 1 A

extraction YBIAIDE1N H. asinina BBUUL (F0990 1 — 12, A), AN (¥0990 12 — 18, A 4az¥e9N 1 — 6, B)

uaz MU (Fee 7 — 18, B) Mo lnsmes CUHALS 199 M uaadfidueunagIgIy 100 bp DNA

ladder
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o v Aad d' 9 a o Y o [ = <o o
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9
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' d o < @ I a
Tuduveslulasusnma'lad thadwenaiviosayadu 3 uuulasdafiouedie7s
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A199) i wuIesayaoun ldanmsdedaue 1tuadloeu ledsunu 3 sia dimoulnau
Aq v A A a Ao v ¢ A 92 A Aa
Aldmavanmniiga Fuhezmannmndadisnaeeu lmivaterias Iisuanouenii lulns
7 A = % .
unna ladeenuniiga  anseaumsane luIasuanma lad ludawes  O'Reilly  uaz
. 1 Jd A I d a §
Wright (1995) wud luTasugmmalagastia (GT). waz (1) ilululasusnma ladwiadiwuun
{ . 1 [ Jd a { A
Niga ey Tiptawonnukul (1996) 31091 (GT), (Wu'luTasuanma ladstiannuinigaluds
o (% QBJI = 09/' dyd A Yo A 09.:} a dal
@A Penaeus monodon SIUIUMIANIATIHIRdenlFMRanuITIdosiat lunsnsI9m
o J o . g . !
luTasuanmaladnaninmsasram luTasuamnaladazmiii dot bot hybridization WU19
J a 1 a
Tunves H. asinina 1 1uIasugnma ladwia (GT), 111 (CT), wagiivsmaaesluTnsuesnma

o’ogj a dyy 1 =) Y o
Tadgnsaesriatitiosninlud Tunvesdenaid



AIWHAINHAIN W UEN TSz msuvwenszyinsvearioanihaeluilszme lng

ﬂ’JWJ‘H‘i‘)"lf)?’iﬁTﬂﬂNﬁMijﬂiﬁl"ll@@ H. asinine, H. ovina MasH. varia A nuulsiuves

168 rDNA #az18S rDNA

Y
A nucleotide diversity MaluneaihaoudazrialimganilurosnzInsy Crassostrea
1w [ v o 1 v a3
belcheri (0.0945%) ttag C. iredalei (0.0912%) UANIAINAINANNHBYIUWNIUNUTLAN Saccostrea
Jorskali (2.8711%), Striostrea (Parastriostrea) mytiloides (3.2388%) uaz?jﬂqmﬁw Penaeus monodon
v ]
(3.328%) UBANUMINUAINNUHAINHAWWNNNUTNTIUNGIIUNGUAIEN H. asininad1n ]33
Y
(W21389 (HASAMHE, HACAMHE and HAPHIE) A1A311192 11910015 19 founders 311471310 11
[ 1 ] <3 { []
M54 stocks Aana1 8619150 lunuaNuaINaIeed 16S rDNA uag 18S rDNA
aA < 1 a 1

lulszannssssumanunannmeziaiia (HASAME) H9sNauimau1aInnsing genetic driftlungy
f19819A9NA1

NAMIANE phylogenetics W1 misclustering U84 composite haplotype BAAAAAB Ay

Y
4 H. ovina 910N 1A1UAY composite haplotype V04 H. asinina dnvaizaanad i ldtia¥ms
a (] o do o
IN®  interspecific  hybridization  uavzlauramnmslFsiuauen lsigasuwzluns
a J [ -+ dy d’a} a Y1 o Jdo o d'
AnTgdanuraIniateneiugnssuvesreathaefoonu 11 udiswaueu laidasuwzn
9 Y dy a + 49} Y 1" o = A o o o ) o

l¥ansaldiarsiaveaneaihge lasdraiudr  arsimsmndueu lalidasngdnsy

msisziiuanuraInalen iU suNgnAsININiga

a 4
NNITUATIEN geographic heterogeneity LAY F, mﬂsﬁ’ayja PCR-RFLP 48416S rDNA
1182 18S rDNA WUANUUANANTENIN H. ovina NNIINNZI@OUANIULAZ 81 Inged1aiiiediAn
aa £ ] dyl . 1 Y I V-4 ~ []
NNADA (P < 0.0001) FIUIFN H. ovina ansoutiauen laidu 2 dszanns (@eiusg) Tuvazn b
WUANUUANANNNHUTNTINVOI H. asinina TUFIITNHA (P > 0.0021) LANUANNUANANNI
o {2 { J v o ' 1 4
URNIIUUDI HAPHIE Miilu stock Nun91nlsamizidesnuiiodanguouqoniu HACAMHE (P
Y
<0.0021) mﬂ%gamm 168 rDNA UST H. asinina ﬁﬁﬂymxﬁu‘qﬂﬁmmu panmictic gene pool
= ~ J A o w
(nsunfSeufieunaminaaosnin RAPD uaz lulasugmmalad luund 2 uaz 3 swdnn)
' ' < o {
Taeliny genetic differentiation v H varia (P = 0.7710) 9813 l3naui I H. varia NN1910
Y [
We91 (HVPHAW) B3 1uding (V = 2) Asiunamsnaaouiedny genetic differentiation 110

A 4
ithaeyiiatidans ligwnsoaslla

U3 0NUMIHENT ISR (interspecific hybridisation) 1 H. rubra and H. laevigata 10813
a ¢ ' < { o
AATIZH allozymes 8614 15AAUNANITNAADIIIN PCR-RFLP U094 16S rDNA voavioaigeaiis 3

v
%uﬂhluoverlapﬁ’u 29'1319% bi-directional interspecific hybridisation W3 H. asinina, H. ovina
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[ < 3 a .. . g . '
wag H. varia 8191500 a N1 141405170 unidirectional hybridisation ¥4 H. asinina,
A A o +| zﬂy 9 a [} 9 A

H. ovina %30 H. varia wetilienuvesihaemadaeria liamnioasaaeualenieanuean
mtDNA (15U 16S rDNA) dm5uauiunsued 18S rDNA (nuclear DNA) NANH1A2833 PCR-

Y Y Y

1Y 1 a [ Y I~ =
RFLP T luaansolslumsuenriiaveavosihae 1@ gartuanudlu 1l 1dlumsina

unidirectional interspecific hybridization UNITATIVE DUAIYIATOINUY nuclear DNA ¥iAd U

1 Y dy Y = . + dy o a Yo w
ﬂauwmu"lﬂumiﬁﬂm molecular systematics vosvioathgod v 27 sila laglydiau
% v o JIda v o Jda
cDNA V048U lysin FINNUTURUTIT phylogenetics U9 H. ovina and H. varia HANUFUNUEIF
av = ya o ' < L. Mgy & .
Fannmsilnagany edrelsnaw H. asinina lii'ldegTunmsnaaeaiy (Lee naz Vacquier, 1995)
= o 4 + dy ;I a 9 Aax A o
flnﬂNafﬂﬁﬂﬂ'H”IWHT;ﬂTﬂG]TLIi%“]f”IﬂiGUﬂQW@fJL“]JTai’)‘VN 3 ¥UA AYI5T RAPD-PCR gUIUNANIT
NAAINNININ PCR-RFLPI H. asinina InNWEWTUSN10ugnssun Indsany . ovina 1nni

H. varia

% a d
ANNHAINHAWYNNWHUFNTINVON H. asinine, H. ovina WATH. varia INNMITUATICH

RAPD-PCR

=2 o J + ay 9 am
Mﬂﬂﬁﬂﬂiel1W‘L!T;ﬁ1ﬁ@liﬂi$%’1ﬂiﬂli’)\1ﬁﬂEJL‘IJ1€IE’J H. asinina, H. ovina \\s H. varia 93875

y v
RAPD W‘]J’J"Iﬂ’)"liJ“ViﬁTﬂ‘Vii:‘ﬂfJ‘VINﬁuﬁﬂiiu@:ﬂuﬂﬂﬂl‘ﬂWgﬂﬁﬁ 3 ¥UA Tﬂammwmﬂwmamqﬁ’uﬁ

Q

9 9
n3suMelu H. ovina UAGINN H. varia 10g H. asinina MUAIAU MUANUHAINHAINITUT

Q

A 1 1

NITUYBN H. ovina MNFNNZ@dUAMTULAIGINI H. ovina 910812 1ng

Lf]aﬁmimwmmwmﬂwmamqﬁuﬁﬂimuaﬂmqﬁ%’wﬂﬁwmi (genetic diversity and
population structure) Y04 H. asinina WUNTZAY polymorphic RAPD bands U8 H. asinina HAwm
N1 85.20% “?;Qﬁﬁﬂ’j”l ‘11!’141/]5!61 (Scylla serrata, S. oceanica Wag S. tranquebarica;47.92% - 77.59%)
(Klinbunga ttagaie 2000) 1u?j&qmﬁ1 (Penaeus monodon; 24.20% - 47.80%) (Tassanakajon (18
Amg 1997) uaz Muviosnse Insy (Crassostrea belcheri Way C. iredalei; 53.23% - 77.67%) UAR
polymorphic RAPD bands ﬁ’mdnﬁﬁﬁmh Sluwaaunmﬁuﬁgﬁﬂ (Saccostrea cucullata S.
Jforskali e Striostrea (Parastrioatrea) mytiloides Gluﬂ‘i%mﬁiﬂiléﬁﬁfiuﬁﬁ?ﬂ 86.21% - 99.36%

(Klinbunga ttagaale 2001).

H Y
FTAVANUHAINHAWNNRUTNITUUOY H. asinina NN TTIMZ@ (P, a5
HASAMHE tiag HACAMHE 18 F, for HAPHIE) UAWNSURASNY H. asining NNIINTITUBIA
(HACAME, HASAME 11ag HATRAW) Han15NAaesdudui founders 71 19a514 hatchey stocks %
4

UIUNN TAgHANISAATIZH geographic heterogeneity LA genetic differentiation § THIN H.

asininaF55UMANMIMINMNZOUANTULaziee 1 Ine ua linuanuuanasvesnqualegtaniely
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817 N8 (HACAME, HACAMHE, HASAME 11a¢ HASAMHE) (P > 0.0017) TUMW5IUNY genetic
differentiation 5¥¥119NGUAIDENIMNAIING11 ING (HACAME, HACAMHE, HASAME 118¢
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a 1a 4 = 9 @ = 4
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uaN@wnus Hasl YsznoudaeluTasusmnalad 2 vina aeiudsbimungdmsulddnuiiug
o 4 v A A 1w a Y] o ~ [} %
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110 2 dwnie eglsamwiawnsald luTasuamma laddwmisiilumsldasae we-usi-gn 14
v Y '
1 o ] A o v A 12 . o A < 1 a
AIUA MUY HasS U3 UIUBARaNNUAN heterozygosity A% 1HHIHI1019924AA null alleles $
) ] 3 a 3| o W o o a 4
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Y
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MNMINNTUNNAUNTIVDIIUIUDATA A1 effective number of allele HaZAURAY
. = (YR A a = @ A o 1 Y o [
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alAa (1A 4 g 1 5 1 { o [ . o'
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minadeu Iaoiiiusmna ladnuiegluauganng ded

]

] I {
Huang 118¢ Hana (1998) 51eaunianudlulldanezailulasusnma'lad 1 l4dnmn
A SA 1 . =04 dy Y I [
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Identification of Species-Diagnostic Markers of Abalone in
Thailand Using PCR-RFLP of 16S rDNA

1 2 3
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2
(padermsak@hotmail.com) Programme of Biotechnology, Faculty of Science, Chulalongkorn University,
Bangkok 10330, Thailand, ’ Marine Biotechnology Research Unit, National Center for Genetic Engineering and
Biotechnology (BIOTEC), National Science and Technology Development Agency (NSTDA), Bangkok 10400,

4
Thailand and Department of Biochemistry, Faculty of Science, Chulalongkorn University, Bangkok 10330,
Thailand

SUMMARY: Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) analysis
of 16S ribosomal (r) DNA was used to identify species-specific markers of three abalone species;
Haliotis asinina, H. ovina and H. varia in Thailand. A total of 10 composite haplotypes were found
across geographically different samples of these abalone. Species-specific composite haplotypes of
each abalone were found. Intraspecific genetic differentiation was clearly observed in H. ovina but not
in H. asinina and H. varia. The 16S rDNA of an individual representing major composite haplotypes
AAAA, ABBB, AAAB, BABG and BABC were cloned and sequenced. Comparisons of 16S rDNA
sequences suggest the possibility of developing a species-specific PCR for each abalone species.

KEY WORDS: genetic markers, PCR-RFLP, 16S rDNA, abalone

INTRODUCTION

virginicas) and the giant tiger shrimp Penaeus
Abalone are economically important marine monodon.”)
gastropods currently being cultured worldwide. Since mtDNA is haploid and transmitted maternally,
Three species of tropical abalone; Haliotis asinina, the effective population size estimated from mtDNA
H. ovina and H. varia are found in Thai waters.” Of is generally smaller than that estimated from nuclear
these, H. asinina is the most promising species being markers, such as allozymes and nuclear DNA.? This
initially cultured in Thailand at present. Nevertheless, increases its sensitivity to inbreeding and bottleneck
relatively little is known about the basic knowledge effects compared to nuclear DNA markers.”
of the genetic diversity and population structure of Species-specific markers also play the important
this species. This information is essential for the roles to prevent supplying incorrect abalone larvae for
construction of an appropriate management scheme the industry and for quality control of cultured
leading to sustainable culturing activity of H. asinina abalone from Thailand. These markers are necessary
in Thailand. for the development of monospecific farming of H.

Appropriate genetic markers can be used to elevate asinina in Thailand.

the culture and management efficiency of abalone in The objectives of this study were determination of
Thailand. The success of aquacultural activity of intraspecific genetic differentiation and molecular
commercially important species requires the basic genetic markers showing species-specific nature with
knowledge on stock structure and the use of suitable H. asinina, H. ovina and H. varia in Thailand.

molecular genetic markers to establish broodstock
management programmes in wild populations of MATERIALS AND METHODS
exploited species.z’3 )

Restriction analysis of mtDNA has been Sampling
successfully used to estimate levels of genetic
diversity and to identify population differentiation in Specimens representing H. asinina (N = 47) and H.
several commercially important marine species, for ovina (N = 64) were collected from the east (Gulf of
example; the mussels Mytilus edulis and M. Thailand) and the west (The Andaman Sea) coasts of
galloprovincialis4), the American oyster Crassostrea peninsular Thailand. Additional H. asinina specimens
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were collected from Cambodia (N = 23) and
Philippines (N = 14). The H. varia abalone (N = 25)
were also collected from the Andaman Sea.

DNA extraction

Total DNA was extracted from the adductor muscle
of each abalone using a phenol-chloroform-proteinase
K method described by Klinbunga et al.? DNA
concentration was spectrophotometrically determined
and kept at 4° C until required.g)

Polymerase chain reaction (PCR) and restriction
analysis

The 16S ribosomal (r) DNA of each abalone was
amplified by PCR wusing primers 16S-F; 5'-
CGCCTGTTTAACAAAAACAT-3" and 16S-R1; -5'-
CCGGTCTGAACTCAGATCATGT-3'” Specimens
which were not successfully amplified with those
primers were then amplified with 16S-F and 16S-R2;
5'-CCGGTCTGAACTCAGATCAGATCACGT-3""
acc}o)rding to the conditions described by Klinbunga et
al..

Eight microlitres (approximately 250 ng) of the
amplification product were separately digested with
Bam HI, Eco Rl, Hae 111 and Alu 1, using standard
conditions.” The digests were electrophoretically
analysed through 2.0% agarose (Bam HI, Eco RI, Hae
II) or 3.0 % MetaPhor agarose gels (4/u I) and
visualised under a UV light after ethidium bromide
staining.

Restriction profiles of 16S rDNA digested with
each restriction enzyme were alphabetically coded in
order of appearance. Each abalone was then assigned
a four letter code to describe its composite haplotype.

Cloning of 16S rDNA fragments

The 16S rDNA gene segment was amplified from
representative individuals having major composite
haplotypes; AAAA, ABBB, AAAB, BABG and
BABC. A 580 bp fragment was excised and
recovered from the electrophoresed gel individually.
The gel-eluted DNA was digested with proteinase K
(50 pg/ml in the presence of 0.5% SDS) at 65°C for
lh followed by phenol/chloroform extraction and
ethanol precipitation. DNA was cloned using a T-A
cloning method.""”

One-tenth volume of each ligation reaction was
electrotransformed to E. coli XL-1 BLUE.
Recombinant clones were selected by a lac Z' system
following standard protocols.g) Five recombinant
clones were unidirectional sequenced. DNA
sequences were aligned using Clustal W.'"> The
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divergence between pairs of sequences was estimated
using Kimura's two-parameter model."?

RESULTS

Digestion of 16S rDNA (approximately 580 bp in
length) with Bam HI, Eco Rl, Hae 1II and Alu 1
provided 2, 2, 2 and 7 restriction patterns,
respectively (Table 1). A total of 10 composite
haplotypes were found across overall specimens
(Table 2). These composite haplotypes could
differentiate the species origins of abalone in
Thailand unambiguously. No overlapping haplotypes
were found between different abalone species. Two
composite haplotypes; AAAA and AAAE, were
specifically found in H. asinina whereas haplotypes
ABBB, AAAB and AABB were restricted to H.

ovina.

M1 23456 7TE9I0

Ty
S0
- .

i FE-La

- - - . -

i1l 1)E

Fig. 1 RFLP patterns of 16S rDNA of H. asinina (pattern A,
lanes 1-5), H. ovina (pattern B, lanes 6-8) and H. varia
(patterns G, lanes 9-10) digested with A/u 1. Lanes M and 1
were a 100 bp DNA ladder and undigested 16S rDNA,
respectively.

The remaining composite haplotypes (BABG, BABC,
BABD, BABF and AABG) were only found in H.
varia. A lack of geographic heterogeneity was
observed in H. asinina even though samples
originating from Cambodia and Philippines were
included. Conversely, genetic differentiation between
H. ovina from the Andaman Sea (west) and Gulf of
Thailand (east) were clearly observed. Differentiation
of H. varia could not be examined because it is found
only in the Andaman Sea.

The 16S rDNA gene segment of representatives of
H. asinina, H. ovina and H. varia showed relatively
high diversity. Interspeciefic sequence divergence
between pairs of 16S rDNA sequences was 10.65%
(between AAAA and AAAB) to 13.42% (between
AAAA and BABC).



Table 1 Restriction patterns of 16S rDNA of H. asinina, H.
ovina and H. varia digested with Alu 1, Bam HI, Eco Rl and
Hae 111

Enzyme Pattern observed (bp)
Bam HI A: 580
B: 380, 200
Eco RI A: 580
B: 300, 280
Hae 111 A: 375,125, 80
B: 500, 80

Alu1 A:175, 140, 95, 50, 35
B: 175, 175, 95, 80, 50
C: 175,175, 50

D: 175, 140, 50, 35

E: 175, 140, 95, 95, 50
F: 220, 140, 80, 50, 35
G: 220, 175, 80, 50, 35

Table 2 Geographic distribution of composite haplotypes
(arranged from 16S rDNA digested with Bam HI, Eco RI, Hae
III and Alu 1, respectively) among geographically different
samples of three species of abalone

Haplotype Geographic distribution
H. asinina H. ovina H.
varia

A G C P A G A
AAAA 25 17 23 14
AAAE 3 2 - -
ABBB - 38 - -
AAAB - - - - - 25 -
AABB - - - - - 1 -
BABG - - - - - - 15
BABC - - - - - - 7
BABD - - - - - - 1
BABF - - - - - - 1
AABG - - - - - - 1

Abbreviations: A = the Andaman sea, G = Gulf of Thailand, C
= Cambodia, P = Philippines

DISCUSSION

Species-diagnostic markers of three species of
abalone (H. asinina, H. ovina and H. varia) in
Thailand were successfully identified based on
restriction analysis of the amplified 16S rDNA with
Bam HI, Eco RI, Hae 11l and Alu 1.

Common composite haplotypes with  high
frequencies were observed in each species allowing
the use of these RFLP markers as species-diagnostic
markers for classification of H. asinina, H. ovina and
H. varia at different stages of development.

Distribution patterns of composite haplotypes in H.
asinina indicated a lack of intraspecific population
structure of this species over vast geographic areas.
Our results also suggest that H. asinina is probably a
high gene flow species. In contrast, region-specific
composite haplotypes were observed in H. ovina
originating from different coastal sides of peninsular
Thailand, but not within each coast (data not shown).
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BABC CGCCTGTTNACCAAAAACA-GGCTCCTCGGTCAATTAGTGTGGATGGGAAGTCGGACCTG

BABG CGCCTGTTNAACAAAAACATGGCTCCTCGGTCAATTAGTG-GGATGGGAAGTCGGACCTG
AAAA CGCNTGTTNACCAAAA-CATGGCTCCTTG--TGTTTAGNC-GNATANGNAGTCGGACCTG
AAAB CGCCTGTTTAACAAAAACATGGCTCCTTGGTTGTCTGAGT -GGATGAGGAGTCGGACCTG
ABBB CGCCTGTTTAACAAAAACATGGCTCCTCGGTTGTTTGAGT -GGATGGGGAGTCGGACCTG
KAk KRAK K RKERE KA AREAKEK K N KRk xR R KRR R
BABC CCCGGTGACCTACGGGTTAAACGGGCCGCGGTACACTGACCGTGCAAAGGTAGCACAAT -
BABG CCCGGTGACCTACGGGTTAACCGG-CCCCGGTACACTGCCGG--CAAAGGTAGCACAATT
ARAA CCCGGTGACCTACGGGT -AACCGG-CCGCGG-ACACTGACCGTGCAAAGGTAGCACAAT -
AAAB CCCGGTGACTTACGGGTTAAACGGCCGCGGGTACACTGACCGTGCAAAGGTAGCACAAT -
ABBB CCCGGTGACTTACGGGTTAAACGGCCGCGG-TACACTGACCGTGCAAAGGTAGCACAAT -
KAk AR R kR KRR KRR Kk RKA Kk RRkA KR K K KAk R kR kR Rk Rk K
BABC CACTTGCCTTTTAATTGGAGGCTGGTATGAATGGTTTGACGAGGGCTGAGCTGTCTCTTT
BABG CACTTGCCTTTTAATTGGAGGCTGGTATGAATGGTTTGACGAGGGCTGAGCTGTCTCTTT
ARAA CACTTGCCTTTTAATTGGAGGCTGGTATGAATGGTTTGACGAGGGCTGAGCTGTCTCTTT
AAAB CACTTGCCTTTTAATTGGAGGCTGGTATGAATGGTTTGACGAGGGCTGAGCTGTCTCTTC
ABBB CACTTGCCTTTTAATTGGAGGCTGGTATGAATGGTTTGACGAGGGCTGAGCTGTCTCTTC
N
BABC TGAAATATTTAAAAATTAACTTCT-AGGTGAAAAGGCTTAGATTAAGCTGAGGGACGAGA
BABG TGAAATATTTAAAAATTAACTTCTTAGGTGAAAAGGCTTAGATTAAGCTGAGGGACGAGA
AAAA TGGAATATTTAAAAATTAACTTCT-AGGTGAAAAGGCCTAGATTGAGCTGAGGGACGAGA
AAAB TGAAATATTTAAAAATTAACTTCT-AGGTGAAAAGGCCTAGATTAGGCTGAGGGACGAGA
ABBB TGAAATATTTAAAAATTAACTTCT-AGGTGAAAAGGCTTAGATTAGGCTGAGGGACGAGA
O
BABC AGACCCTGTTGAGCTTTAGTGTGGAATGAAGGGGTGTGCTCCTGAAATAAGT TAGAGAGC
BABG AGACCCTGTTGAGCTTTAGTGTGGAATGAAGGGGTGTGCTCCTGAAATAAGT TAGAGAGC
ARAA AGACCCTGTTGAGCTTTAGTGTTGAATARAGGTTTATATTTCCTAGTTGAATTTAGAGGT
AAAB AGACCCTGTTGAGCTTTAGTGTGGAGTGAAGGTTC-TAATTTCTAGT TGTACTAGAGAAT
ABBB AGACCCTGTTGAGCTTTAGTGTGGAGTGAAGGTTTATAATTTCTAGT TGTACTAGAGAAT
KA KA AHARKXKEHARKAKAKT XK K XKXK % * x *
BABC TCAGGTTTGTTTTTACATCTTTAGTTGGGGTGACTGGGGAACATAAGAAGCTTCCCTGTT
BABG TCAGGTTTGTTCTTACATCTTTAGTTGGGGTGACTGGGGAACATAAGAAGCTTCCCTGTT
ARAA TTAAGTTTATTCTTACATCTTTAGTTGGGGTGACTGGGGAACAARAGTAGCTTCTCTACT
AAAB TTAAATTCATTTTTACATCTTTAGT TGGGGTGACTGGGGAACATAGGTAGCTTCTCTGTT
ABBB TCAAATTCATTTTTACATCTTTAGTTGGGGTGACTGGGGAACATAGGTAGCTTCTCTGTT
Kk KA Kk KAk Rk ARk kA kA KAk A KRR KRR KA K K kKA A Kk %
BABC TATAGTTTAATTATTTTCGGTTTTCTGACTAAGGATCCAGCATTGCTGATTGTCGGAARA
BABG TATAGTTTAATTATTTTCGGTTTTCTGACTAAGGATCCAGCATTGCTGATTGTCGGAARA
ARAA TATTACTGGGTT----~- TGGCTTGCTAGCTAATGATCCGGCATTGCTGATTATTGGAARA
AAAB T-TTAGTAAATTAAATTTGGTCTGCTGACTGATGATCCGGCATTGTCGATTATCGGAARA
ABBB T-TTAGTAGATTGAATTTGGTCTGCCGACTGATGATCCGACATTGTCGATTATCGGAARA
ok % Kk K K Kk ok KAKER  KAKKK  Kkkk K KKAKAK
BABC AGTTACCACAGGGATAACAGC-GTAATCTTTCTGG-AGAGTTCACATTGAAAGAA-GGGT
BABG AGTTACCACAGGGATAACAGC-GTAATCTTTCTGG-AGAGTTCACATTGAAAGAA-GGGT
ARAA AGTTACCACAGGGATAACAGC-GTAATCTTTTTGG-AGAGTTCATATTGARAAAA-GGGT
AAAB AGTTACCACAGGGATAACAGC-GTAATCTTTCTGG-AGAGTTCACATTGAAAGAA-GGGT
ABBB AGTTACCACAGGGATAACAGCCGTAATCTTTCTGGGAGAGTTCACATTGAAAGAAAGGGT
P
BABC TTGCGACCTCGATGTTGGATTAAGGTGTCCTGAGGGTGTAGCAGCTTTCGTTGG-TTGGT
BABG TTGCGACCTCGATGTTGGATTAAGGTGTCCTGAGGGTGTAGCAGCTTTCGTTGG-TTGGT
ARAA TTGCGACCTCGATGTTGGATTAAGGTGTCCTAAGGGTGTAGCAGCTCTTGTTGG-TTGGT
AAAB TTGCGACCTCGATGTTGGATTAAGGTGTCCTGAGGGTGTAGCAGCTTTCGTTGG-TTGGT
ABBB TTGCGACTCCNATGTTGGATAAAGGTGTCTGGGGGGNGTAGCAACTTTCGTTGGGTTGGN
KAk AR K KKk R KAk kA XKk Kkk KkAKAK Rk K KkARE KARR
BABC CTGTTCGACCATTAAAACCTTACGTGATCTGATCTGAGTTCAGACCGG
BABG CTGTTCGACCATTAAAACCTTACATGATCTGA-----GTTCAGACCGG
ARAA CTGTTCGACCATTAARACCTTACATGATCTGA-----GTTCAGACCGG
AAAB CTGTTCGACCATTAAAACCTTACATGATCTGA-----GTTCAGACCGG
ABBB CTGTTCNACCATTAAAACCTTACGTGATCTGATCTGAGTTCAGACCGG

KA kKK KK KKKAKKAKKKK KKK KA KK KKK Kok Kk kK kKK

Fig. 2 Sequences of 16S rDNA amplified from H. asinina
individuals possessing AAAA, H. ovina possessing ABBB and
AAAB, and H. varia possessing BABC and BABG composite
haplotypes.

Distributions of H. ovina composite haplotypes
clearly indicated the existence of intraspecific genetic
differentiation in this species. The most common
haplotypes ABBB and AAAB in H. ovina were
different by 2 restriction sites while the rare
composite haplotype AABB was the intermediate
haplotype between those composite haplotypes. The
highest level of genetic diversity was found in H.
varia. Five composite haplotypes were found in a
relatively small sample size (N = 25) of H. varia
compared to 2 and 3 composite haplotypes from H.
asinina (N = 84) and H. ovina (N = 64), respectively.
The cDNA sequences of the sperm lysin protein
previously used for systematic studies of Haliotis
species showed unusual divergence between species
but was highly conserved within species suggesting
its high species-specific nature.'*"” Recently, Sweijd
et al. ' successfully developed species-specific PCR
for H. midae and H. spadicea based on lysin



sequences described by Youn-Ho and Vacquier.”)

Our results indicated that PCR-RFLP can also be
unambiguously used for identification of species
origins of Thai abalone. Moreover, large genetic
divergence was observed between different species
but lower divergence was observed intraspecifically
(3.19% between ABBB and AAAB in H. ovina and
1.11% between BABC and BABG in H. varia).
Sequences of the amplified 16S rDNA of individuals
showing major composite haplotypes indicated the
possibility of developing rapid and reliable species-
specific PCR of abalone in Thailand.

The ability to identify the species origins of Thai
abalone is crucial for broodstock management and
conservation programmes in these taxa. Following
which, these molecular markers can also be used for
comparisons of growth performance among three
abalone species in communal setting conditions. Our
results illustrated the existence of population
subdivisions in H. ovina but not in H. asinina
suggesting that levels of gene flow in these species
are different. High genetic diversity in a
discontinuously distributed species like H. varia was
surprisingly observed.

PCR-RFLP analysis is a promising approach for
population genetic and systematic studies in various
taxa.” '" ' Genetic markers found in this study can
also identify the species origin of abalone seed
accurately. In addition, the PCR-RFLP approach can
be further used for evaluation of genetic diversity
levels of three abalone species in Thailand.
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Identification of Species-Diagnostic Markers of Abalone in
Thailand Using PCR-RFLP of 16S rDNA
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SUMMARY: Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) analysis
of 16S ribosomal (r) DNA was used to identify species-specific markers of three abalone species;
Haliotis asinina, H. ovina and H. varia in Thailand. A total of 10 composite haplotypes were found
across geographically different samples of these abalone. Species-specific composite haplotypes of
each abalone were found. Intraspecific genetic differentiation was clearly observed in H. ovina but not
in H. asinina and H. varia. The 16S rDNA of an individual representing major composite haplotypes
AAAA, ABBB, AAAB, BABG and BABC were cloned and sequenced. Comparisons of 16S rDNA

sequences suggest the possibility of developing a species-specific PCR for each abalone species.

KEY WORDS: genetic markers, PCR-RFLP, 16S rDNA, abalone

INTRODUCTION

Abalone are economically important marine
gastropods currently being cultured worldwide.
Three species of tropical abalone; Haliotis asinina,
H. ovina and H. varia are found in Thai waters.” Of
these, H. asinina is the most promising species being
initially cultured in Thailand at present. Nevertheless,
relatively little is known about the basic knowledge
of the genetic diversity and population structure of
this species. This information is essential for the
construction of an appropriate management scheme
leading to sustainable culturing activity of H. asinina
in Thailand.

Appropriate genetic markers can be used to elevate
the culture and management efficiency of abalone in
Thailand. The success of aquacultural activity of
commercially important species requires the basic
knowledge on stock structure and the use of suitable
molecular genetic markers to establish broodstock
management programmes in wild populations of
exploited species.”

Restriction analysis of mtDNA has been
successfully used to estimate levels of genetic
diversity and to identify population differentiation in
several commercially important marine species, for
example; the mussels Mytilus edulis and M.
galloprovincialis4), the American oyster Crassostrea

virginica5>
monodon.”
Since mtDNA is haploid and transmitted maternally,
the effective population size estimated from mtDNA
is generally smaller than that estimated from nuclear
markers, such as allozymes and nuclear DNA.? This
increases its sensitivity to inbreeding and bottleneck
effects compared to nuclear DNA markers.”

Species-specific markers also play the important
roles to prevent supplying incorrect abalone larvae for
the industry and for quality control of cultured
abalone from Thailand. These markers are necessary
for the development of monospecific farming of H.
asinina in Thailand.

The objectives of this study were determination of
intraspecific genetic differentiation and molecular
genetic markers showing species-specific nature with
H. asinina, H. ovina and H. varia in Thailand.

and the giant tiger shrimp Penaeus

MATERIALS AND METHODS
Sampling

Specimens representing H. asinina (N = 47) and H.
ovina (N = 64) were collected from the east (Gulf of
Thailand) and the west (The Andaman Sea) coasts of
peninsular Thailand. Additional H. asinina specimens
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were collected from Cambodia (N = 23) and
Philippines (N = 14). The H. varia abalone (N = 25)
were also collected from the Andaman Sea.

DNA extraction

Total DNA was extracted from the adductor muscle
of each abalone using a phenol-chloroform-proteinase
K method described by Klinbunga et al..” DNA
concentration was spectrophotometrically determined
and kept at 4° C until required.”’

Polymerase chain reaction (PCR) and restriction
analysis

The 16S ribosomal (r) DNA of each abalone was
amplified by PCR wusing primers 16S-F; 5'-
CGCCTGTTTAACAAAAACAT-3" and 16S-R1; -5'-
CCGGTCTGAACTCAGATCATGT-3.” Specimens
which were not successfully amplified with those
primers were then amplified with 16S-F and 16S-R2;
5-CCGGTCTGAACTCAGATCAGATCACGT-3""
accgrding to the conditions described by Klinbunga et
al..

Eight microlitres (approximately 250 ng) of the
amplification product were separately digested with
Bam HI, Eco Rl, Hae 1Il and Alu 1, using standard
conditions.”’ The digests were electrophoretically
analysed through 2.0% agarose (Bam HI, Eco RI, Hae
II) or 3.0 % MetaPhor agarose gels (Alu I) and
visualised under a UV light after ethidium bromide
staining.

Restriction profiles of 16S rDNA digested with
each restriction enzyme were alphabetically coded in
order of appearance. Each abalone was then assigned
a four letter code to describe its composite haplotype.

Cloning of 16S rDNA fragments

The 16S rDNA gene segment was amplified from
representative individuals having major composite
haplotypes; AAAA, ABBB, AAAB, BABG and
BABC. A 580 bp fragment was excised and
recovered from the electrophoresed gel individually.
The gel-eluted DNA was digested with proteinase K
(50 pg/ml in the presence of 0.5% SDS) at 65°C for
1h followed by phenol/chloroform extraction and
ethanol precipitation. DNA was cloned using a T-A
cloning method.""

One-tenth volume of each ligation reaction was
electrotransformed to E. coli XL-1 BLUE.
Recombinant clones were selected by a /lac Z' system
following standard protocols.”’ Five recombinant
clones were unidirectional sequenced. DNA
sequences were aligned using Clustal W.'2 The
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divergence between pairs of sequences was estimated
. . 13
using Kimura's two-parameter model.'”

RESULTS

Digestion of 16S rDNA (approximately 580 bp in
length) with Bam HI, Eco Rl, Hae Il and Alu 1
provided 2, 2, 2 and 7 restriction patterns,
respectively (Table 1). A total of 10 composite
haplotypes were found across overall specimens
(Table 2). These composite haplotypes could
differentiate the species origins of abalone in
Thailand unambiguously. No overlapping haplotypes
were found between different abalone species. Two
composite haplotypes; AAAA and AAAE, were
specifically found in H. asinina whereas haplotypes
ABBB, AAAB and AABB were restricted to H.
ovina.

M1 23 4567HI

T
1 r!

bp
10}

S -

cemaScsan
- .-

Fig. 1 RFLP patterns of 16S rDNA of H. asinina (pattern A,
lanes 1-5), H. ovina (pattern B, lanes 6-8) and H. varia
(patterns G, lanes 9-10) digested with A/u 1. Lanes M and 1
were a 100 bp DNA ladder and undigested 16S rDNA,
respectively.

The remaining composite haplotypes (BABG, BABC,
BABD, BABF and AABG) were only found in H.
varia. A lack of geographic heterogeneity was
observed in H. asinina even though samples
originating from Cambodia and Philippines were
included. Conversely, genetic differentiation between
H. ovina from the Andaman Sea (west) and Gulf of
Thailand (east) were clearly observed. Differentiation
of H. varia could not be examined because it is found
only in the Andaman Sea.

The 16S rDNA gene segment of representatives of
H. asinina, H. ovina and H. varia showed relatively
high diversity. Interspeciefic sequence divergence
between pairs of 16S rDNA sequences was 10.65%
(between AAAA and AAAB) to 13.42% (between
AAAA and BABC).
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Table 1 Restriction patterns of 16S tDNA of H. asinina, H.
ovina and H. varia digested with A/u 1, Bam HI, Eco RI and
Hae 111

Enzyme Pattern observed (bp)
Bam HI A: 580
B: 380, 200
Eco RI A: 580
B: 300, 280
Hae 111 A: 375,125, 80
B: 500, 80
Alul A:175, 140, 95, 50, 35

B: 175, 175, 95, 80, 50
C: 175,175, 50

D: 175, 140, 50, 35

E: 175, 140, 95, 95, 50
F: 220, 140, 80, 50, 35
G: 220, 175, 80, 50, 35

Table 2 Geographic distribution of composite haplotypes
(arranged from 16S rDNA digested with Bam HI, Eco RI, Hae
IIT and Alu 1, respectively) among geographically different
samples of three species of abalone

Haplotype Geographic distribution
H. asinina H. ovina H.
varia

A G C P A G A
AAAA 25 17 23 14
AAAE 3 2 - -
ABBB - 38 - -
AAAB - - - - - 25 -
AABB - - - - - 1 -
BABG - - - - - - 15
BABC - - - - - - 7
BABD - - - - - - 1
BABF - - - - - - 1
AABG - - - - - - 1

Abbreviations: A = the Andaman sea, G = Gulf of Thailand, C
= Cambodia, P = Philippines

DISCUSSION

Species-diagnostic markers of three species of
abalone (H. asinina, H. ovina and H. varia) in
Thailand were successfully identified based on
restriction analysis of the amplified 16S rDNA with
Bam HI, Eco R1, Hae 11l and Alu 1.

Common composite haplotypes with high
frequencies were observed in each species allowing
the use of these RFLP markers as species-diagnostic
markers for classification of H. asinina, H. ovina and
H. varia at different stages of development.

Distribution patterns of composite haplotypes in H.
asinina indicated a lack of intraspecific population
structure of this species over vast geographic areas.
Our results also suggest that H. asinina is probably a
high gene flow species. In contrast, region-specific
composite haplotypes were observed in H. ovina
originating from different coastal sides of peninsular
Thailand, but not within each coast (data not shown).
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BABC CGCCTGTTNACCAAAARACA-GGCTCCTCGGTCAATTAGTGTGGATGGGAAGTCGGACCTG

BABG CGCCTGTTNAACAAAAACATGGCTCCTCGGTCAATTAGTG-GGATGGGAAGTCGGACCTG
AAAA CGCNTGTTNACCAAAA-CATGGCTCCTTG--TGTTTAGNC-GNATANGNAGTCGGACCTG
AAAB CGCCTGTTTAACAAAAACATGGCTCCTTGGTTGTCTGAGT-GGATGAGGAGTCGGACCTG
ABBB CGCCTGTTTAACAAAAACATGGCTCCTCGGTTGTTTGAGT-GGATGGGGAGTCGGACCTG
Kk kKK ok Akkkk Ak KkkkAAk * KRk ok kkkkk xRk
BABC CCCGGTGACCTACGGGTTAAACGGGCCGCGGTACACTGACCGTGCAAAGGTAGCACAAT-
BABG CCCGGTGACCTACGGGTTAACCGG-CCCCGGTACACTGCCGG--CARAGGTAGCACAATT
ARRR CCCGGTGACCTACGGGT-AACCGG-CCGCGG-ACACTGACCGTGCARAGGTAGCACAAT-
AAAB CCCGGTGACTTACGGGTTAAACGGCCGCGGGTACACTGACCGTGCAAAGGTAGCACAAT -
ABBB CCCGGTGACTTACGGGTTAAACGGCCGCGG-TACACTGACCGTGCAAAGGTAGCACAAT -
KRk KKKk KA KKRR KK Kk Kk Kkkkkd K K KKK KRk KKk Rk
BABC CACTTGCCTTTTAATTGGAGGCTGGTATGAATGGT TTGACGAGGGCTGAGCTGTCTCTTT
BABG CACTTGCCTTTTAATTGGAGGCTGGTATGAATGGT TTGACGAGGGCTGAGCTGTCTCTTT
ARAAA CACTTGCCTTTTAATTGGAGGCTGGTATGAATGGT TTGACGAGGGCTGAGCTGTCTCTTT

AAAB CACTTGCCTTTTAATTGGAGGCTGGTATGAATGGTTTGACGAGGGCTGAGCTGTCTCTTC
ABBB CACTTGCCTTTTAATTGGAGGCTGGTATGAATGGTTTGACGAGGGCTGAGCTGTCTCTTC
HK KKk k ok ok kKKK KKk k kR kKK Kk KKk kKKK Ak k ok ok kKKK Kk k ok ok k kKK Kk kK k kKKK Kk
BABC TGAAATATTTAAAAATTAACTTCT-AGGTGAAAAGGCTTAGATTAAGCTGAGGGACGAGA
BABG TGAAATATTTAAAAATTAACTTCTTAGGTGAAAAGGCTTAGATTAAGCTGAGGGACGAGA
AAAA TGGAATATTTAARAATTAACTTCT-AGGTGAAAAGGCCTAGATTGAGCTGAGGGACGAGA
AAAB TGAAATATTTAAAAATTAACTTCT-AGGTGAAAAGGCCTAGATTAGGCTGAGGGACGAGA

ABBB TGAAATATTTAAAAATTAACTTCT-AGGTGAAAAGGCTTAGATTAGGCTGAGGGACGAGA
Kok ok ok k ok kR kKK Kk k kR kR KKK Kk Kk kR Rk kkk ok KRk kkk KKKk kR kK Kk
BABC AGACCCTGTTGAGCTTTAGTGTGGAATGAAGGGGTGTGCTCCTGAARATAAGTTAGAGAGC
BABG AGACCCTGTTGAGCTTTAGTGTGGAATGAAGGGGTGTGCTCCTGAARATAAGTTAGAGAGC
AAAA AGACCCTGTTGAGCTTTAGTGTTGAATAAAGGTTTATATTTCCTAGTTGAATTTAGAGGT
AAAB AGACCCTGTTGAGCTTTAGTGTGGAGTGAAGGTTC-TAATTTCTAGTTGTACTAGAGAAT
ABBB AGACCCTGTTGAGCTTTAGTGTGGAGTGAAGGTTTATAATTTCTAGTTGTACTAGAGAAT
Ak kkkk kR KKk kkkk kKK kk Kk KAk x * *
BABC TCAGGTTTGTTTTTACATCTTTAGTTGGGGTGACTGGGGAACATAAGAAGCTTCCCTGTT
BABG TCAGGTTTGTTCTTACATCTTTAGTTGGGGTGACTGGGGAACATAAGAAGCTTCCCTGTT
AAAA TTAAGTTTATTCTTACATCTTTAGTTGGGGTGACTGGGGAACAAAAGTAGCTTCTCTACT
AAAB TTAAATTCATTTTTACATCTTTAGTTGGGGTGACTGGGGAACATAGGTAGCTTCTCTGTT
ABBB TCAAATTCATTTTTACATCTTTAGTTGGGGTGACTGGGGAACATAGGTAGCTTCTCTGTT
Kk kk Kk Kk kkk kKKK KA KRR kKKKK KKK KKAAX KKK Kk A Kkkkkk Kk x
BABC TATAGTTTAATTATTTTCGGTTTTCTGACTAAGGATCCAGCATTGCTGATTGTCGGAAAA
BABG TATAGTTTAATTATTTTCGGTTTTCTGACTAAGGATCCAGCATTGCTGATTGTCGGAAAA
AAAA TATTACTGGGTT----- TGGCTTGCTAGCTAATGATCCGGCATTGCTGATTATTGGAAAA
AAAB T-TTAGTAAATTAAATTTGGTCTGCTGACTGATGATCCGGCATTGTCGATTATCGGAAAA
ABBB T-TTAGTAGATTGAATTTGGTCTGCCGACTGATGATCCGACATTGTCGATTATCGGAARA
* % * *k *k ok KKk kkkkk  kkkkk KKKk K KXKKKR

BABC AGTTACCACAGGGATAACAGC-GTAATCTTTCTGG-AGAGTTCACATTGAAAGAA-GGGT
BABG AGTTACCACAGGGATAACAGC-GTAATCTTTCTGG-AGAGTTCACATTGAAAGAA-GGGT
AAAA AGTTACCACAGGGATAACAGC-GTAATCTTTTTGG-AGAGTTCATATTGAAAAAA-GGGT
AAAB AGTTACCACAGGGATAACAGC-GTAATCTTTCTGG-AGAGTTCACATTGAAAGAA-GGGT
ABBB AGTTACCACAGGGATAACAGCCGTAATCTTTCTGGGAGAGTTCACATTGAAAGARAGGGT

Kok ok kk ok ok kR KKk kkk kR kK kkkkkkAAK kkk KAAKKhhk KAKK KKK Kk Kk kK

BABC TTGCGACCTCGATGTTGGATTAAGGTGTCCTGAGGGTGTAGCAGCTTTCGTTGG-TTGGT
BABG TTGCGACCTCGATGTTGGATTAAGGTGTCCTGAGGGTGTAGCAGCTTTCGTTGG-TTGGT
AARA TTGCGACCTCGATGTTGGATTAAGGTGTCCTAAGGGTGTAGCAGCTCTTGTTGG-TTGGT
AAAB TTGCGACCTCGATGTTGGATTAAGGTGTCCTGAGGGTGTAGCAGCTTTCGTTGG-TTGGT
ABBB TTGCGACTCCNATGTTGGATAAAGGTGTCTGGGGGGNGTAGCAACTTTCGTTGGGTTGGN
Sk kkkk ok Kk kkkkkkk KAk kkokokk Kk k kkkkkk Kk ok kkkAK Kk
BABC CTGTTCGACCATTAAAACCTTACGTGATCTGATCTGAGTTCAGACCGG
BABG CTGTTCGACCATTAAAACCTTACATGATCTGA-———— GTTCAGACCGG
AAAA CTGTTCGACCATTAAAACCTTACATGATCTGA-————! GTTCAGACCGG
AAAB CTGTTCGACCATTAAAACCTTACATGATCTGA-———— GTTCAGACCGG
ABBB CTGTTCNACCATTAAAACCTTACGTGATCTGATCTGAGTTCAGACCGG

KKK KK KKKKKK KR KRR KKK KK Kk kKKK AR Kok kok ok ok kK kK X

Fig. 2 Sequences of 16S rDNA amplified from H. asinina
individuals possessing AAAA, H. ovina possessing ABBB and
AAAB, and H. varia possessing BABC and BABG composite
haplotypes.

Distributions of H. ovina composite haplotypes
clearly indicated the existence of intraspecific genetic
differentiation in this species. The most common
haplotypes ABBB and AAAB in H. ovina were
different by 2 restriction sites while the rare
composite haplotype AABB was the intermediate
haplotype between those composite haplotypes. The
highest level of genetic diversity was found in H.
varia. Five composite haplotypes were found in a
relatively small sample size (N = 25) of H. varia
compared to 2 and 3 composite haplotypes from H.
asinina (N = 84) and H. ovina (N = 64), respectively.
The cDNA sequences of the sperm lysin protein
previously used for systematic studies of Haliotis
species showed unusual divergence between species
but was highly conserved within species suggesting
its high species-specific nature.'*'> Recently, Sweijd
et al.'® successfully developed species-specific PCR
for H. midae and H. spadicea based on lysin
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sequences described by Youn-Ho and Vacquier.'?
Our results indicated that PCR-RFLP can also be
unambiguously used for identification of species
origins of Thai abalone. Moreover, large genetic
divergence was observed between different species
but lower divergence was observed intraspecifically
(3.19% between ABBB and AAAB in H. ovina and
1.11% between BABC and BABG in H. varia).
Sequences of the amplified 16S rDNA of individuals
showing major composite haplotypes indicated the
possibility of developing rapid and reliable species-
specific PCR of abalone in Thailand.

The ability to identify the species origins of Thai
abalone is crucial for broodstock management and
conservation programmes in these taxa. Following
which, these molecular markers can also be used for
comparisons of growth performance among three
abalone species in communal setting conditions. Our
results illustrated the existence of population
subdivisions in H. ovina but not in H. asinina
suggesting that levels of gene flow in these species
are different. High genetic diversity in a
discontinuously distributed species like H. varia was
surprisingly observed.

PCR-RFLP analysis is a promising approach for
population genetic and systematic studies in various
taxa.” ' ' Genetic markers found in this study can
also identify the species origin of abalone seed
accurately. In addition, the PCR-RFLP approach can
be further used for evaluation of genetic diversity
levels of three abalone species in Thailand.
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Abstract: Genetic diversity of abalone in Thailand, Haliotis asinina, H. ovina, and H. varia, was analyzed by
polymerase chain reaction (PCR) of 18S and 16S rDNAs, with randomly amplified polymorphic DNA (RAPD)
and restriction fragment length polymorphism (RFLP). Species-specific RAPD markers were found in each
abalone species. Restriction analysis of 18S (nuclear) ribosomal DNA with Alul, Taql, and Haelll and 16S
(mitochondrial) rDNA with BamHI, EcoRI, Haelll, and Alul gave 12 and 13 digestion patterns, respectively. A
total of 49 composite haplotypes were found. A dendogram obtained by the unweighted pair-group method
with arithmetic mean, constructed from divergence between pairs of composite haplotypes, revealed repro-
ductively isolated gene pools of these abalone and indicated that H. asinina and H. ovina are genetically closer
than H. varia. When H. varia was discovered owing to small sample sizes, geographic heterogeneity analysis
and Fsr estimate indicated clear genetic differentiation between H. ovina originating from the Andaman Sea
(west) and the Gulf of Thailand (east, P < 0.0001), whereas partial differentiation was observed between the
Philippines and the remaining H. asinina samples (P < 0.0021). The amplified 16S rDNAs of individuals
representing composite haplotypes found in this study were cloned and sequenced. A neighbor-joining tree
constructed from sequence divergence of 16S rDNA accurately allocated those sequences according to species
origins of abalone. Species-specific PCR based on 16S rDNA polymorphism was successfully developed in H.

asinina and H. varia but not in H. ovina.
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INTRODUCTION

Abalone are marine gastropods occurring in tropical and
temperate areas, particularly in the subtidal zones (Geiger,
1998). At least 20 species of abalone distributed worldwide
are commercially important. Most of these are large species
harvested from natural stocks (Jarayabhand and Paphava-
sit, 1996).

Abalone has been farmed commercially for the last few
decades in various parts of the world (Shepherd et al,
1992). Overexploitation of natural abalone resulted in the
rapid development of abalone aquaculture in several Asian
countries (Jarayabhand and Paphavasit, 1996). Three aba-
lone species are found in Thailand: Haliotis asinina, H.
ovina, and H. varia. Only H. asinina and H. ovina are found
along the eastern coasts of the upper Gulf of Thailand, but
all 3 species occur in the Andaman Sea (Tookwinas et al.,
1986; Nateewathana and Bussarawit, 1988).

Thus far, there have been no publications concerning
genetic diversity and population structure of Thai abalone.
This information is essential for the construction of ap-
propriate breeding programs, broodstock selection, and
management schemes (stock structure analysis and phylo-
genetic studies) leading to sustainable culturing of aba-
lone in Thailand. Additionally, species-specific markers can
be used for quality control to prevent incorrect use of ab-
alone larvae and abalone species in canning (Sweijd et al.,
1998).

Among abalone in Thai waters, H. asinina provides the
highest percentage (85%) of meat weight relative to total
weight, compared with 40% and 30% for H. ovina and H.
varia, respectively (Singhagraiwan and Doi, 1993). There-
fore, H. asinina has a high value for the “cocktail-sized”
(40-70 mm) abalone market, as is true for H. diversicolor
supertexta in Taiwan (Jarayabhand and Paphavasit, 1996).
It is a target species currently promoted for commercial
culture in Thailand.

There have been few published population genetics
studies in abalone. Huang et al. (2000) analyzed genetic
structure of 100 blacklip abalone, H. rubra (Leach) from 9
sites along the Victorian coast and another site at Eden
(New South Wales, Australia) using randomly amplified
polymorphic DNA and polymerase chain reaction (RAPD-
PCR) (UBC101, UBC135, UBC149, UBC159, UBC169, and
M13), 2 minisatellites (GHR and MIPR), and 3 microsat-
ellites (RUBGT1, RUBCAI, and RUBGACAI). All DNA
markers revealed significant population subdivision within
H. rubra. Deviations from Hardy-Weinberg equilibrium

A B

Figure 1. Map indicating sample collection sites of abalone; H.

asinina, H. ovina, H. varia were used in this study. Dots represent
geographic locations (excluding the Philippines sample) from which
at least one abalone species was collected (see Table 1 for
abbreviations of sample sites). Samet Island (SAM) is located in

Rayong (RAY) province.

were observed at all microsatellite loci across all investi-
gated populations, whereas results from minisatellite
analysis of those samples conformed to Hardy-Weinberg
equilibrium.

Hamm and Burton (2000) determined allelic fre-
quencies of 400 individuals of the black abalone (H. crac-
herodii) from 7 geographic sites of southern and central
California (Vandenberg Marine Ecological Reserve, Cam-
bria, San Simeon, Big Creek Marine Ecological Reserve,
Carmel Point, Point Pinos, and Scotts Creek) using allo-
zymes (GPI*, AAT-1%, and PGM*) and COI sequences.
Allelic frequencies among sites were significantly different
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Table 1. Sample Collection Sites and Sample Sizes of Abalone Specimens Used in This Study

Geographic origin Abbreviation Sample size (N)
H. asinina

Samet Island, Rayong (Gulf of Thailand) HASAME 12
P, stock, Samet Island, Rayong (Gulf of Thailand) HASAMHE 19
Cambodia (east of peninsular Thailand) HACAME 21
Py stock, Cambodia (east of peninsular Thailand) HACAMHE 15
Talibong Island, Trang (Andaman Sea) HATRAW 28
F,, Philippines (SEAFDEC, Iloilo) HAPHIE 20
H. ovina

Sichang Island, Chon Buri (Gulf of Thailand) HOCHOE 24
Samet Island, Rayong (Gulf of Thailand) HOSAME 18
Churk Island, Trang (Andaman Sea) HOTRAW 18
Similan Island, Phangnga (Andaman Sea) HOPHAW 11
H. varia

L-Island, Phuket (Andaman Sea) HVPHUW 21
Similan Island, Phangnga (Andaman Sea) HVPHAW 2

Total (N)

209

at all 3 loci. Genetic distance was found to be independent
from geographic distance over approximately 300 km of the
sampling range. The COI sequences (N = 51) obtained
from 5 of the overall investigated populations did not re-
veal population differentiation in this species.

Partial sequences of 18S rDNA were used to differen-
tiate closely related abalone, H. discus discus and H. discus
hannai. The amplified 18S rDNAs (forward primer, 5’- AAC
CTG GTT GAT CCT GCC AGT-3"; and reverse primer, 5 -TGA TCC
TCC TGC AGG TTC A-3") were directly sequenced and mul-
tiple-aligned with those of H. madaka and H. gigantea and
a land gastropod (Limicolaria kambeul). The inferred 18S
rDNA phylogeny indicated that H. discus discus and H.
discus hannai are closely related but distinguishable at the
subspecies level (Naganuma et al., 1998).

The ¢cDNA sequences of a lysin gene of 27 abalone
species were compared, and 22 of 27 investigated taxa were
clearly distinguishable by at least 20 nucleotide differences.
The lysin sequences are almost identical between H. mak-
ada and H. discus hannai, H. conicopora and H. rubra, H.
diversicolor supertexta and H. diversicolor aquatilis, and H.
tuberculata lamellosa and H. tuberculata tuberculata. (Lee
and Vacquire 1995).

The objective of this study was to evaluate the levels of
genetic diversity and population differentiation of H.
asinina compared with those of H. ovina and H. varia using
RAPD-PCR as well as polymerase chain reaction and re-
striction fragment length polymorphism (PCR-RFLP)

analysis of 18S and 16S rDNAs. Representative individuals
of abalone exhibiting 16S rDNA composite haplotypes
found in this study were cloned and sequenced. Species-
specific PCR based on polymorphism of 16S rDNA for
H. asinina and H. varia was developed.

MATERIALS AND METHODS

Sampling

Tropical abalone, H. asinina (N =59), H. ovina (N="71), and
H. varia (N = 23), were collected over their geographic dis-
tribution in Thailand (Figure 1 and Table 1). In addition,
H. asinina from Cambodia (HACAME, N = 21 and HA-
CAMHE, N = 15) and the Philippines (HAPHIE, N = 20)
were also sampled. Specimens from the Thai and Cambodian
and Philippine hatchery stocks were established from ap-
proximately 100 and 200 founders of the local populations,
respectively. Specimens were kept at —30°C until required.

DNA Extraction

Total DNA was extracted from the adductor muscle of each
abalone using a phenol-chloroform—proteinase K method
(Klinbunga et al., 1996). The concentration of extracted
DNA was spectrophotometrically estimated using a
SPECTRONIC Genesys 5 spectrophotometer (Milton Roy).
DNA was stored at 4°C until needed.
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Figure 2. RAPD patterns resulting from amplification of genomic
DNA of H. asinina (lanes 1-6), H. ovina (lanes 7-12), and H. varia
(lanes 13-18) with the primer YN73. Lane M is a 100 bp ladder; lane
m, A-HindIIIL

RAPD-PCR

Three selected minisatellite primers (INS, 5’-ACA GGG GTG
TGG GG-3"; M13, 5’-GAG GGT GGN GGN TCT-3"; and YN73,
5’-ccC GTG GGG CcCG ccG-3’; Heath et al., 1993) were an-
alyzed against H. asinina (N = 25), H. ovina (N = 25),
and H. varia (N = 20) individuals. RAPD-PCR was
performed in a 25-p reaction volume containing 10 mM
Tris-HCI, pH 8.3, 50 mM KCI, 3 mM MgCl,, 100 uM of
each dNTP, 0.2 uM (INS and YN73) or 0.4 pM (M13) of
each primer, 1 unit of AmpliTaqg DNA polymerase (Perk-
inElmer Cetus) and 25 ng of DNA template. PCR was
performed in an Omnigene-E thermal cycler (Hybaid)
using conditions described by Klinbunga et al. (2000).

PCR of 16S and 18S rDNAs

Two gene regions, 16S rDNA (mitochondrial gene) and 18S
rDNA (nuclear gene, 18F, 5-TGG ATC CGG GCA AGT CTG GTG
cc-3"; and 18R, 5’-TGA AGT CAA GGG CAT CAC AGA CC-3"), of
each abalone were analyzed by PCR-RFLP. The 16S
rDNA was amplified using primers 16Sg; (5’-cGc CTG TIT
AAC AAA AAC AT-3") and 16Sg; (5”-CCG GTC TGA ACT CAG ATC
ATG T-3") (Palumbi et al., 1991). Specimens that were not
successfully amplified with those primers (1%) were then
amplified with 16Sg;, and 16Sg, primers (5-GGT CTG AAC
TCA GAT CAG ATC ACG T-3”) (Small and Chapman, 1997).
PCR was performed in 50 pl containing 10 mM Tris-

Table 2. Restriction Fragment Patterns Resulting from Digestion
of 18S and 16S rDNAs of H. asinina, H. ovina, and H. varia with
Restriction Endonucleases

rDNA/Enzyme Pattern Observed (bp)

Alul8S 1 A: 680, 520, 410, 350, 290, 250, 240, 110
B: 520, 410, 290, 250, 110, 110

C: 680, 520,410, 290, 250, 110

D: 650, 520, 410, 350, 290, 250, 240, 110
E: 520, 410, 350, 290, 250, 240, 110
F: 520, 410, 350, 290, 250, 110

A: 410, 270, 210, 80

6: 500, 410, 410, 270, 210, 80

C: 500, 410, 270, 210, 80

D: 500, 500, 410, 270, 210, 80

A: 390, 210, 200

B: 390, 210, 200, 180

A: 580

B: 380, 200

A: 580

B: 300, 280

A: 380, 120, 80

B: 500, 80

A: 175, 140, 95, 50

B: 175, 175, 95, 80, 50

C: 220, 175, 80, 50, 35

D: 175, 175, 50

E: 175, 140, 95, 80, 50

F: 220, 140, 80, 50, 35

G: 175, 140, 50, 35

Taq18S 1

Hael8S 111

Bam18S HI

Ecol6S RI

Hael6S 111

Alul6S I

HCI, pH 8.3, 50 mM KCl, 1.5 mM (18S rDNA), or 2 mM
(16S rDNA) of MgCl,, 200 uM of dATP, dCTP, dGTP,
and dTTP, 0.5 uM of each primer, 1 unit of DyNAzyme II
DNA polymerase (Finnzymes), and 25 ng of DNA tem-
plate, using amplification conditions according to Klin-
bunga et al. (2002).

Restriction Enzyme Digestion and Agarose Gel
Electrophoresis

The 16S rDNA and gel-eluted 18S rDNA amplification
products were screened against 24 restriction endonuc-
leases (Acsl, Alul, BamHI, Bfrl, Bglll, BstEll, Clal, Ddel,
Dral, EcoRl, Haelll, Hindlll, Hinfl, Kpnl, Mbol, Ndel, Pst,
Rsal, Sall, Smal, Sspl, Swal, Taql, and Vspl). Three (Alul,
Taql, and Haelll) and 4 polymorphic enzymes (BamHI,
EcoR1, Haelll, and Alul) were found for the amplified 18S



and 16S rDNAs, respectively. Digestion of PCR products
was performed in a 15-pl reaction for 6 to 12 hours using
the conditions recommended by the manufacturers
(Promega and New England Biolabs). The digest was
electrophoresed through 2% agarose gel or 3% Metaphor
(Alul-digested 16S rDNA) at 4 V/cm. The restricted DNA
was visualized under a UV transilluminator after ethidium
bromide staining (Maniatis et al., 1982)

Cloning and Sequencing of 16S rDNA of Abalone

The 16S rDNA segment amplified from an individual
representing each composite haplotype was fractionated
through a 1.5% agarose gel, excised, and eluted from the gel
using a Prep-A-Gene DNA purification kit (Bio-Rad). The
eluted DNA was purified by phenol-chloroform extraction
and recovered by ethanol precipitation before being ligated
to pGEM-T easy vector (Promega) at 4°C for 16 hours.
One-tenth volume of each ligation was electrotransformed
to Eschericha coli XL1-BLUE (Dower et al., 1988). Rec-
ombinant clones were selected by a lacZ’ system following
standard protocols (Maniatis et al., 1982). A 580-bp insert
was verified by digestion of the recombinant plasmid with
Eco RI. Recombinant clones were sequenced for both di-
rections using an automated DNA sequencer (Li-COR).

Species-Specific PCR and Sensitivity Test

A reverse primer for each abalone was designed and tested in
combination with the 16Sg; primer for examining species
specificity against DNA of target and nontarget species
(N = 75, 64, and 20 for H. asinina, H. ovina, and H. varia,
respectively). Species-specific PCR was performed by pre-
denaturation at 94°C for 3 minutes followed by 30 cycles of
denaturation at 94°C for 1 minute, annealing at 60°C (65°C
for H. varia—specific primers) for 1 minute, and extension at
72°C for 1 minute. The final extension was performed at the
same temperature for 7 minutes. The amplified 16S rDNA
was electrophoretically analyzed through 1.6% agarose gels.
The sensitivity test was examined against 2-fold dilutions
(12.25 pg to 25 ng) of DNA template of the target species.

Data Analysis

Restriction patterns generated from each restriction endo-
nuclease were given letter designations alphabetically
according to their appearance. The composite haplotypes

Table 3. Frequency Distribution of Composite Haplotypes of H. asinina, H. ovina, and H. varia Resulting from Restriction Analysis of 16S rDNA with BamHI, EcoRI, Haelll, and Alul

H. vaia

H. ovina

H. asinina

HOTRAW HOPHAW HVPHUW HVPHAW

HOSAME

HOCHOE
(N

HAPHIE
(N

HATRAW  HACAMHE HACAME
(N

HASAMHE HASAME

(N=19)

Composite

Molecular Genetic Markers of Abalone

(N=2)

(N =21)

(N=11)

(N =18)

(N =18)

24)

20)

(N =21)

(N =15)

28)

(N=12)

Haplotype

0.9286 (26) 1.0000 (15)  1.0000 (21) 1.0000 (20)

1.0000 (12)

AAAA  0.8421 (16)
AAAE 0.1579 (3)

ABBB

I

II

1.0000 (18)

1.0000 (24)

11
v
v

1.0000 (11)

0.944 (17)

AAAB

0.0556 (1)

AABB

0.5000 (1)

0.2381 (5)

BABD
BABC
BABG
BABF

VI

0.5000 (1)

0.6191 (13)

VII

0.0476 (1)

VIII
IX
X

0.0476 (1)

0.0476 (1)

AABC

509
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Figure 3. A UPGMA dendrogram
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were constructed from combinations of restriction patterns
of 18S and 16S rDNAs, respectively. The genetic distance
between composite haplotypes (d), haplotype (h), and
nucleotide diversity () within geographic samples and
nucleotide divergence between samples (d,) were calcu-
lated (Nei and Li, 1979; Nei and Tajima, 1981; Nei, 1987)
using REAP (McElroy et al., 1991). An unweighted pair-
group method with arithmetic mean (UPGMA) dendro-

ABABABD  ;, PCR-RFLP of 18S and 16S rDNAs.

Arrow indicates misclustering of H.
ovina composite haplotype (BAAAAAB)

into those of H. asinina.

gram (Sneath and Sokal, 1973) based on the percentage of
genetic distance between pairs of composite haplotypes
(PCR-RFLP) was constructed using Neighbor in PHYLIP
3.56¢ (Felsenstein, 1993). Additionally, 16S nucleotide se-
quences were aligned using CLUSTAL W (Thompson et al.,
1994). The divergence between pairs of sequences was es-
timated using Kimura’s (1980) 2-parameter model. A
neighbor-joining tree (Saitou and Nei, 1987) was con-



Table 4. Haplotype and Nucleotide Diversity Within Samples of
H. asinina, H. ovina, and H. varia Determined by Restriction
Analysis of 18S and 16S rDNAs

Haplotype Nucleotide
Sample diversity + SE diversity (x100)
H. asinina
HASAME 0.0000 £ 0.0000 0.0000
HASAMHE 0.7511 + 0.0508 0.3139
HACAME 0.3391 + 0.0898 0.1715
HACAMHE 0.7816 + 0.0518 0.4809
HATRAW 0.7065 % 0.0536 0.3758
HAPHIE 0.8359 + 0.0288 0.4910
H. ovina
HOCHOE 0.6241 £ 0.0679 0.1897
HOSAME 0.7937 £ 0.0392 0.1903
HOTRAW 0.8317 + 0.0417 0.4073
HOPHAW 0.8831 + 0.0293 0.4222
H. varia
HVPHUW 0.9013 + 0.0248 0.8114
HVPHAW 0.6667 * 0.2041 0.6057
Average 0.6762 + 0.0057 0.3716 £ 0.0000

structed. Geographic heterogeneity analysis between pairs
of geographic samples were analyzed using a Monte-Carlo
simulation (Roff and Bentzen, 1989) implemented in REAP
(McElroy et al., 1991). Fsr statistics were calculated using
GENEPOP (Raymond and Rousset, 1995).

RESULTS

Using minisatellite primers, we found H. asinina—specific
fragments (1450 bp, 1000 bp, and 780 bp from INS and 1190
bp, 980 bp, 710 bp, and 500 bp from YN73), H. ovina—
specific fragments (2100 bp and 420 bp from YN73), and H.
varia—specific fragment (820 bp from YN73) (Figure 2).
Twenty-five restriction patterns were generated from
analysis of 16S (580 bp) and 18S rDNAs (900 bp) of 209
individuals of 3 abalone species. Digestion of 185 rDNA
with Alu I and Tagq I revealed the existence of intraindividual
polymorphism in these taxa (Table 2). Restriction analysis
of 16S rDNA with Eco RI indicated that all specimens of
abalone except H. ovina from the Gulf of Thailand possessed
pattern A. Therefore, the geographic origin of H. ovina from
the east and west coasts of peninsular Thailand could be
simply determined by this enzyme digestion. Differentiation
of H. asinina, H. ovina, and H. varia at the interspecific level
can be carried out by digestion of 16S rDNA with Alul.
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Patterns A (95.65%) and E (4.35%) were restricted to H.
asinina, whereas H. ovina exhibited pattern B (100%). Four
restriction patterns (C, 65.21%; D, 26.09%; F, 4.35%; and G,
4.35%) were observed in H. varia (Table 2).

Considering only 16S rDNA, 10 composite haplotypes
were generated and did not overlap between different
species (Table 3). A total of 49 composite haplotypes were
observed when digestion patterns of 185 rDNA were in-
cluded. Distributions of 185 rDNA composite haplotypes
alone overlapped between different species of abalone.

A UPGMA dendrogram constructed from genetic
distance between pairs of 18S and 16S rDNA composite
haplotypes of H. asinina, H. ovina, and H. varia precisely
allocated 48 composite haplotypes according to their spe-
cies origins. Only BaaaaaB found in H. ovina misclustered
with H. asinina composite haplotypes (Figure 3).

The average haplotype diversity and nucleotide diver-
sity within samples of 3 abalone were 0.6762% (0.0000%—
0.9013%) and 0.3716% (0.0000%—0.8114%), respectively
(Table 4). The percentage of nucleotide divergence between
geographic samples of different species (0.81%-2.81%) was
greater than that between geographic samples within a given
species (0.00%-0.47% within H. asinina, 0.00%-1.07%
within H. ovina, and —0.02% within H. varia, respectively).

Disregarding HVPHAW, in which only 2 specimens
were examined, geographic heterogeneity across overall
samples was significant (P < 0.0001), indicating the existence
of genetic differentiation of abalone in this study. Genetic
heterogeneity between geographic samples of different aba-
lone species was also statistically significant (P < 0.0021).
Within H. asining, significant differences between the
Philippine samples and the remaining samples (except
HACAMHE) were found (P < 0.0021). In contrast, strong
genetic differentiation between H. ovina originating from
the Andaman Sea and the Gulf of Thailand was observed (P <
0.0001, Table 5). Analysis of population differentiation using
the Fgr estimate provided concordant conclusions (Table 6).

A neighbor-joining tree based on sequence divergence
between composite haplotypes of different abalone species
allocated sequences (Figure 4) of composite haplotypes
AAAA and AAAE (H. asinina), AAAB, AABB, and ABBB
(H. ovina), and AABC, BABC, BABD, BABF, and BABG (H.
varia) accurately according to their species origins (Figure
5). Species-specific PCR was successfully developed in H.
asinina and a small sample of H. varia, but not in H. ovina
(Figure 6). The sensitivity of detection for primers specific
to H. asinina and H. varia was approximately 25 pg and 50
pg, respectively (Figure 7).
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Table 5. Geographic Heterogeneity Analysis of H. asinina, H. ovina, and H. varia Based on PCR-RFLP of 16S rDNA (above diagonal) and 18S plus 16S rDNAs (below diagonal)

HOCHOE HOSAME HOTRAW HOPHAW HVPHUW HVPHAW

HAPHIE

HASAMHW  HASAME HATRAW HACAMHE HACAME

0.0049™

<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*

<0.0001*

<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*

<0.0001*

<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*

0.1062™

0.1007™

0.6413™ 0.2368™

0.2586™

HASAMHE
HASAME
HATRAW

0.0113™

<0.0001*

<.0001*

1.0000™

1.0000™

1.0000™

0.5681™

0.0184™

0.0053"

<.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*

<.0001*
<0.0001*
<0.0001*
<0.0001*

0.4989™ 0.4994™

0.5341™

0.1371™

0.0087™¢

0.0078™

1.0000™

1.0000™

0.2670™

HACAMHE  0.0106™ 0.0086"™

HACAME
HAPHIE

0.0048™

1.0000™

0.0035™

0.0657™
<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*

0.5741™

0.0293™

0.0041™°

0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*

0.0085™
<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*

0.0003*
<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*

0.0007*
<0.0001*

0.0031™

1.0000™

<0.0001*
<0.0001*
<0.0001*
<0.0001*
<0.0001*

HOCHOE

0.0037"

0.1264™
<0.0001*
<0.0001*
<0.0001*

<0.0001*

HOSAME
HOTRAW

0.0179"
0.0134"™

<0.0001* 1.0000™

<0.0001*
<0.0001*

<0.0001*

0.3668™
<0.0001*

<0.0001*

HOPHAW
HVPHUE
HVPHAE

1.0000™

<0.0001*

<0.0001*

<0.0001*

0.0172™ 0.0572" 0.0114™ 0.0100™ 0.0328" 0.0784" 0.1565™ 0.1249™ 0.7710™

0.0102"

0.0639™

"Not significant; *P < 0.0021 following a sequential Bonferroni method (Rice, 1989).

DiscussioN

Species-Diagnostic Markers of
H. asinina, H. ovina, and H. varia

PCR-RFLP of 18S and 16S rDNAs provided useful infor-
mation on species identification, population differentia-
tion, and genetic diversity of the abalone we investigated.
Restriction analysis of 16S rDNA was sufficient for species
identification of H. asinina, H. ovina, and H. varia. Species-
diagnostic markers were found from both single (16S
rDNA-AJul) and multiple enzyme digestions (composite
haplotypes of 16S rDNA).

Muchmore et al. (1998) identified tandemly repeated
satellite DNA (290-291 bp in length) in 5 species of eastern
Pacific abalone (H. rufescens, H. kamtschatkana, H. cor-
rugata, H. sorenseni, and H. walallensis). Satellite-specific
primers were designed and used to determine the consen-
sus sequences of 5 abalone species by direct sequencing of
the PCR product.

Sweijd et al. (1998) developed species-specific markers
for differentiation of a commercially exploited abalone in
South Africa, H. midae, and a sympatrically congeneric
species, H. spadicea, for quality control of exported abalone
based on species-specific PCR and PCR-RFLP approaches.
PCR primers designed from cDNA of the lysin gene se-
quences specifically amplified a 1300-bp fragment from
genomic DNA of dried, cooked, and fresh abalone tissues.
A 146-bp fragment was used to verify whether canned
abalone was H. midae. Discrimination of these abalone
could also be carried out by restriction analysis of a 1300-
bp fragment with Cfol, Dral, Taql, and Hinfl.

Species-specific PCR based on 16S rDNA polymor-
phism, which is more accurate and convenient than that
based on RAPD analysis, was successfully developed in H.
varia (100% amplification success without any false posi-
tives) and H. asinina (100% with a false positive from a
single individual of H. varia), but not in H. ovina (68.75%
with extensive false-positive results from H. asinina and H.
varia). As a result, both H. varia— and H. asinina—specific
primers should be used concurrently to eliminate mis-
identification problems.

Genetic Diversity of Abalone in Thai Waters

Analysis of genetic diversity and differentiation of various
organisms is essential for genetic research, including indi-
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Table 6. Estimated Fsy (and P value) Between Pairs of Geographic Samples of Each Abalone Based on Restriction Analysis of 18S and 16S

rDNAs

Geographic samples

18S rDNA

16S rDNA

HASAMHE-HASAME
HASAMHE-HATRAW
HASAMHE-HACAMHE
HASAMHE-HACAME
HASAMHE-HAPHIE
HASAME-HATRAW
HASAME-HACAMHE
HASAME-HACAME
HASAME-HAPHIE
HATRAW-HACAMHE
HATRAW-HACAME
HATRAW-HAPHIE
HACAMHE-HACAME

0.2563 (0.0083™)
0.0668 (0.0388™)
0.0744 (0.0483™)
0.0862 (0.0686™)
0.1591 (0.0008*)

0.1641 (0.0141™)
0.2934 (0.0022™)
0.0437 (0.2712 ™)
0.4535 (<0.0001%)
0.0052 (0.3347™)
0.0497 (0.0747™)
0.1801 (<0.0001%)
0.1512 (0.0058™)

0.0699 (0.2656™)
~0.0058 (0.6350™)
0.0895 (0.2385™)
0.1208 (0.0977™)
0.1160 (0.1059™)
—0.0074 (0.5693™)
Not possible

Not possible

Not possible
0.0051 (0.5347™)
0.0224 (0.4999™)
0.0199 (0.5035™)
Not possible

HACAMHE-HAPHIE 0.0560 (0.0566™) Not possible
HACAME-HAPHIE 0.3302 (<0.0001%) Not possible
HOCHOE-HASAME 0.0385 (0.1173™) Not possible
HOCHOE-HOTRAW 0.1296 (0.0035%) 0.9525 (<0.0001%)
HOCHOE-HOPHAW 0.1046 (0.0226™) 1.0000 (<0.0001*%)
HOSAME-HOTRAW 0.0285 (0.1754™) 0.9444 (<0.0001%)
HOSAME-HOPHAW —0.0017 (0.4295™) 1.0000 (<0.0001*%)
HOTRAW-HOPHAW —0.0134 (0.5747") ~0.0299 (1.0000™)
HVPHUW-HVPHAW 0.0876 (0.3125™) ~0.2409 (1.0000™)

"Not significant; *P < 0.0042 following a sequential Bonferroni method (Rice, 1989).

viduality and parentage, population genetics, phylogenetics,
molecular taxonomy and systematics, and evolutionary
studies (Avise, 1994).

Only 2 specimens from HVPHAW were analyzed;
therefore, results from this geographic sample were not
considered. Moreover, interpretation of allelic variation
was not possible for restriction analysis of 185 rDNA with
Alul and Tagql owing to the existence of intraindividual
polymorphism in these taxa. As a result, genetic distances
between individuals carrying different 18S rDNA haplo-
types were estimated using the band-sharing method,
similar to data from 16S rDNA polymorphism (mtDNA).

The nucleotide diversity within each abalone species
was greater than that of the large oysters Crassostrea belcheri
(0.0945%) and C. iredalei (0.0912%), but much lower than
that of the small oysters Saccostrea forskali (2.8711%) and
Striostrea (Parastriostrea) mytiloides (3.2388%), and the
black tiger shrimp Penaeus monodon (3.328%) (Klinbunga
et al., 2001, 2002). High levels of genetic diversity in
hatchery stocks of H. asinina (HASAMHE, HACAMHE,

and HAPHIE) should result from the use of a large number
of founders to establish those stocks. In contrast, a lack of
genetic heterogeneity in HASAME probably resulted from
genetic drift in that geographic sample.

Misclustering of a composite haplotype of H. ovina
(BAAAAAB) originating from the Andaman Sea with those
of H. asinina probably resulted from the insufficient
number of restriction endonucleases used in this study.
Although species identification was successful, estima-
tion of genetic diversity levels in abalone should be re-
examined using additional gene regions or restriction
endonucleases for more accurate results.

Population Differentiation of
H. asinina and H. ovina

The nucleotide divergence between geographic samples
within each species was extremely low, implying a low
degree of intraspecific population differentiation in abalo-
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165§,
AREB CGCCTGTTTAACARAARACATGGCTCCTTGGTTGTCTGA- GTEEATGAGGAGT CGGACCTG
AAAB CGCCTGTTTAACAAAAACATGECTCCTTGETTETCTGA-GTGGATGAGGAGTCGGACCTG
ABEB CGCCTGTTTAACARAAACATGECTCCTCGGTTETTTGA-GTGGATGGGGAGTCGGACCTS
BABC CGCCTGTTTAACARARACATGGCTCCTOGGTCANT TAGT GTGEATCGEGAGT CGGACCTG
BABF CGCCTGTTTARCARARACATGGCTCCTOGGTCART TAGT GTGGATGGGEAGTCGGACCTG
BABD CGCCTGTTTAACARAAACATGECTCCTCGETCAAT TAGT GTGGATGGGGAGTCGGACCTG
AREC CECCTETTTAACARARAACATCGCTCCTOGGTCAAT TAGTGTGEATGGOGAGTCECACCTS
BARBG CGCCTGTTTAACARARACATGGCTCCTCGETCAGCTAGTGTGEATCGGERGTCEGACCTG
AARR CGCCTGTTTAACARARMACATGGCTCCTTG--TETTTTAGGCGEATAAGGAGTCGGALCTG
ARRE CGCCTGTTTAACARAAACA' TCCTTG--TGTTTTAGGCGGAT TCGGACCTG
T - v awEe  sessesssebaes
AABB CCCGGTGACTTACGGGT TAAACGGCCECGETACACTGACCGTGCARAGGTAGCACAATCA
ARMB COCGGTGACTTACGGGT TARRCGGCCGCGETACACTGACCGTGCARAGGTAGCACAATCA
ABBB CCCGETGACT TACGGGT TARACGGCCGCGETACACTGACCEGTCCARAGGTAGCACAATCA
BABC CCCGETGAC-TACGEGT TARACGGCCGCGGTACACTGACCGTGCARAGGTAGCACAATCA
BABF CCCGGTGACCTACGEGT TAARCGGCCGCGE TACACTGACCGTGCARAGGTAGCACAATCA
BABD CCCGETGAC-TACGEGT TAAACGECCGOGE TACACTGACCGTGCARAGGTAGCACAATCA
AABC CCCGGTGAC-TACGGGT TAAACGGCCGCGE TACACTGACCGTGCARAGGTAGCACAATCA
BABG CCCGGTGAC-TACGEGET TARACGECCGCGE TACACTGACCGTGUAMGS TAGCACARTCA
AARR CCCGETGAC-TACGEGT TARACGECCGOGETACACTGACCGTGCARAGETAGCACAATCA
AARE COCGETGACCTACGGET TARRCGGCCGUGGE TACACTGACCGTGCARAGETAGCACAATCA
B AR AN AR AR R AR R R AR SRR RS h b
ARBE CTTGCCTTTTAAT TGGAGGCTGETATGARTGETTTGACGAGGGCTGAGCTGTCTCTTCTG
AADD CTTGCCTCTTAAT TGEAGGCTGETATGART GETTTGACGAGGGCTGAGCTGTCTCTTCTG
AEBBB CTTGCCTT T TAAT TGGAGGCTGETATGART GETTTGACGAGGGCTGAGCTGTCTCTTCTG
BARBC CTTGCCTTTTAAT TGGAGGCTGGTATGAATGETTTCACGAGEGCTGAGCTGTCTCTTITG
BABF CTTGCCTTTTAATTGGAGGCTGETATGARTGGT T TGACGAGGGCTGAGCTETCTCTTITG
BABD CTTGCCTTTTAAT TGGAGGCTGGTATGART GG TTTGACGAGGGCTGAGCTGTCTCTTTTG
ARBC CTTGCCTTTTART TGGAGGCTGGTATGAAT GG TTTGACGAGGGCTGAGCTGTCTCTTTTG
BABG CTTGCCT T T TAAT TGGAGGL TG TATGAAT GETTTGACGAGGGCTGAGCTGTCTCTTTTG
AAMR CTTGCCTCT TAAT TGGAGGCTGETATGART GETTTGACGAGGGCTGAGCTGTCTCTTTTG
AARE CTTGCCTTTTAAT TGCAGECTGETATGART GETTTGACGA TGAGCTGTCTCTTTTG
R e I T T T T
ARBB ARRTATTTAARARTTARCT TCTAGGTGARAAGGC T TAGATT AGGCTGAGGGACGAGARGR
AAAB AARTATTTARARATTAACTTCTAGGTGARRAGGCCTAGAT T AGGCTGAGGGACGAGRAGA
ABBB ARATATTTAARARAT TARCT TCTAGGTGARAAGGC T TAGATTAGGCTGAGGGACGAGARGR
BABC ARATATTTAARAATTARCT TCTAGGTGAR, TTAGATTAAGCTGRGGGACGAGARGA
BABF AARTATTTARAART TARCT TCTAGGTGARRAGGCTTAGAT T AAGCTGAGGGACGAGARGA
BRBD AARRTATTTARARAT TARCT TCTAGGTGAAAAGGCTTAGATTANGCTGAGGGACGAGARGRA
AABC ARATATTTARARATTAACT TCTAGGTGARAAGGCT TAGATTARGCTGAGGGACGAGARGA
BABG ARATATTTARARATTARCT TCTAGGTGARARGGCTTAGAT TARGCTGAGGGACGAGRAGA
AARR GARTATTTAAARATTARCT TCTAGGTGARAAGGCCTAGAT T GAGCTGAGGGACGAGARAGA
ARAE GAATATTTARRRATTAACT TCTAGGTGARAAGGCCTAGATT GAGCTGAGGGACGAGARGA
T T T,
AABB CCCTETTEAGCTTTAGTGT CGAGTGARGETTC-TAATTTCTAGTTGTACTAGRGAATTTA
AARB CCCTETTEAGCT T TAGTGT CGAGTGARGGTTC-TARTTTCTAGTTGTACTAGAGAATTTA
RBBB CCCTGTTGAGCTTTAGTGT GGAGTGARGGTTTATAATTTCTAGT TG TACTAGAGAATTCA
BABC CCCTGTTGAGCTTTAGTGT GEARTGARGGEET GTECTCCTGARATARGTTAGAGAGCTCA
BABF CCCTGTTGAGCTTTAGTGT GGAATGARGEGET GTGCTCCTGAAATARGTTAGAGAGCTCA
BABD COCTETTEAGCT T TAGTET GEAAT GARGGGGT GTECTCCTGAAATARSTTAGAGAGCTCA
RABC COCTETTGAGCTTTAGTGT GGARTGAAGGGET GTECTCCTGARATARGTTAGAGAGCTCA
BABG CCCTGTTGAGCTTTAGTGT GEARTGRAGEGET STECTCCTGARAT ARG TTAGAGAGCTCA
RAARR CCCTET TeAGCT T TAGTGT TGAATARRGGTTTATATTTCCTAGTTGAATTTAGAGSTTTA
AARE

CeCTGTTGAGCTTTAGTGT TGARTARAGGT TTATATTTCCTAGTTGART T TAGAGGTTTA

L T aE T T T T P - -

16Sruv 16Sruo
AABB AATTCATTTTTACATCTTTAGTTGGGGTGACTGGGGAACATAGGTAGCTTCTCTGTTTTT
AAAB AATTCATTTTTACATCTTTAGTTGGGGTGACTGGGGAACATAGGTAGCTTCTCTGTTTTT
ABBB AATTCATTTTTACATCTTTAGTTGGGGTGACTGGGGAACATAGGTAGCTTCTCTGTTTTT
BABC GGTTTGTTCTTACATCTTTAGTTGGGGTGACTGGGGAACATAAGAAGCTTCCCTGTTTAT
BABF GGTTTGTTCTTACATCTTTAGTTGGGGTGACTGGGGAACATAAGAAGCTTCCCTGTTTAT
BABD GGTTTGTTTTTACATCTTTAGTTGGGGTGACTGGGGAACATARGARGCTTCCCTGTTTAT
ARBC GGTTTGTTTTTACATCTTTAGTTGGGGTGACTGGGGAACATAAGAAGCTTCCCTGTTTAT
BABG GGTTTGTTCTTACATCTTTAGTTGGGGTGACTGGGGAACATAAGAAGCTTCCCTGTTTAT
ARAA AGTTTATTCTTACATCTTTAGTTGGGGTGACTGGGGAACAAAAGTAGCTTCTCTACTTAT
AAAE AGTTTATTCTTACATCTTTAGTTGGGGTGACTGGGGAACAAAAGTAGCTTCTCTACTTAT
T KR RREREERA KKK AAARERARA AR T I h  AAAAAE A Ak
16Srua

AABB AGTA-AATTARATTTGGTCTGCTGACTGATGATCCGGCATTGTCGATTATCGGARARAGT
AAAB AGTA-AATTAAATTTGGTCTGCTGACTGATGATCCGGCATTGTCGATTATCGGARRRAGT
ABBB AGTA-GATTGAATTTGGTCTGCCGACTGATGATCCGACATTGTCGATTATCGGAARAAGT
BABC AGTTTAATTATTTTCGGTTTTCTGACTAAGGAT CCAGCATTGCTGATTGTCGGARRAAGT
BABF AGTTTAATTATTTTCGGTTTTCTGACTAAGGATCCAGCATTGCTGATTGTCGGAAARAGT
BABD AGTTTAATTATTTTCGGTTTTCTGACTAAGGATCCAGCATTGCTGATTGTCGGARAAAGT
AABC AGTTTAATTATTTTCGGTTTTCTGACTAAGGATCCAGCATTGCTGATTGTCGGAARRAGT
BABG AGTTTAATAATTTTTGGTTTTCTGACTAAGGATCCAGCATTGCTGATTGTCGGAAARAGT
Py Y —— TACTGGGTTTGGCTTGCTAGCTAATGATCCGGCATTGCTGAT TATTGGAAAAAGT
Py Y Y E— TACTGGGTTTGGCTTGCTAGCTAATGATCCGGCATTGCTGATTATTGGAAARAGT
* ik Ak Kk Rk ok AEREE REEEE  RERE 8 REEEksR
AABB TACCACAGGGATAACAGCGTAATCTTTCTGGAGAGTTCACATTGARAGAAGGGTTTGCGA
ARAB TACCACAGGGATAACAGCGTAATCTTTCTGGAGAGTTCACATTGAAAGAAGGGTTTGCGA
ABBB TACCACAGGGATAACAGCGTAATCTTTCTGGAGAGTTCACATTGARAGAAGGGTTTGCGA
BABC TACCACAGGGATAACAGCGTAATCTTTCTGGAGAGTTCACATTGARAGAAGGGTTTGCGA
BABF TACCACAGGGATAACAGCGTAATCTTTCTGGAGAGTTCACATTGAAAGAAGGGTTTGCGA
BABD TACCACAGGGATAACAGCGTAATCTTTCTGGAGAGTTCACATTGARAGAAGGGTTTGCGA
AABC TACCACAGGGATAACAGCGTAATCTTTCTGGAGAGTTCACATTGARAGAAGGGTTTGCGA
BABG TACCACAGGGATAACAGCGTAATCTTTCTGGAGAGTTCACATTGAAAGAAGGGTTTGCGA
ARAA TACCACAGGGATAACAGCGTAATCTTTTTGGAGAGTTCATATTGAARARAGGGTTTGCGA
ABAE TACCACAGGGATAACAGCGTAATCTTTTTGGAGAGTTCATATTGAAAARAGGGTTTGCGA
ek kbR H R AR ARk h kR R ARE KAAAAA ARk KAADAAE DL S DR AR AR
AABB CCTCGATGTTGGATTAAGGTGTCCTGAGGGTGTAGCAGCTTTCGTTGETTGGTCTGTTCG
AAAB CCTCGATGTTGGATTAAGGTGTCCTGAGGGTGTAGCAGCTTTCGTTGGTTGGTCTGTTCG
ABBB CCTCGATGTTGGATTAAGGTGTCCTGGGGGTGTAGCAGCTTTCGTTGETTGGTCTGTTCG
BABC CCTCGATGTTGGATTAAGGTGTCCTGAGGGTGTAGCAGCTTTCGTTGGTTGGTCTGTTCG
BABF CCTCGATGTTGGATTAAGGTGTCCTGAGGGTGTAGCAGCTTTCGTTGGTTGGTCTGTTCG
BABD CCTCGATGTTGGATTAAGGTGTCCTGAGGGTGTAGCAGCTTTCGTTGGTTGGTCTGTTCG
AABC CCTCGATGTTGGATTAAGGTGTCCTGAGGGTGTAGCAGCTTTCGTTGGTTG-TCTGTTCG
BABG CCTCGATGTTGGATTAAGGTGTCCTGAGGGTGTAACAGCTTTCGTTGGTTGGTCTGTTCG
ARAA CCTCGATGTTGGATTAAGGTGTCCTAAGGGTGTAGCAGCTCTTGTTGGTTGGTCTGTTCG
ARAE CCTCGATGTTGGATTAAGGTGTCCTAAGGGTGTAGCAGCTCTTGTTGGTTGGTCTGTTCG
AR RARRIAERRT RIS ARRARAE RARFh b bk AR ARA AR

AABB ACCATTARAACCTTACATGATCTGAGTTCAGACCGG

ARAB ACCATTAAAACCTTACATGATCTGAGTTCAGACCGG

ABBB ACCATTAAAACCTTACATGATCTGAGTTCAGACCGG

BABC ACCATTARAACCTTACATGATCTGAGTTCAGACCGG

BABF ACCATTARAACCTTACATGATCTGAGTTCAGACCGG

BABD ACCATTAAAACTTTACATGATCTGAGTTCAGACCGG

AABC ACCATTARAACCTTACATGATCTGAGTTCAGACCGG

BABG ACCATTAAAACCTTACATGATCTGAGTTCAGACCGG

AaRA ACCATTAAATCCTTACATGATCTGAGTTCAGACCGG

AAAR ACCATTAAAACCTTACATGATCTEAGTTOAGACCGR

Figure 4. Sequence alignment of abalone individuals exhibiting different composite haplotypes of 16S rDNA (accession numbers AY163250—

AY163259). Asterisks indicate identical bases among compared sequences. Regions used to design primers for development of species-specific

PCR are illustrated in boldface.

ne. This was concordant with population genetic studies of
H. cracherodii along the central California coast, where low
genetic distance (0.001-0.057) resulted from allozyme
(GPI*, AAT-1*, and PGM*) and COI sequence divergence
of specimens collected from a geographic distance covering
about 300 km (Hamm and Burton, 2000). Conversely,
larger nucleotide divergence between abalone species was
observed. The percentage of nucleotide divergence between
pairs of samples from different species was 0.81% to 2.81%.
Naganuma et al. (1998) examined divergence of COI be-
tween H. discus discus and H. discus hannai and found that
the sequence divergence between these morphologically
similar taxa was 0.8%.

Large genetic discontinuity was found between H.
ovina originating from the west (the Andaman Sea) and the
east (the Gulf of Thailand) of peninsular Thailand, re-
flecting strong genetic differentiation of this species. This

was consistently supported by geographic heterogeneity
and Fgr analyses (P < 0.0001). Genetic population structure
within H. asinina was observed between the Philippines
and the remaining samples except for HACAMHE (P <
0.0021). A lack of population differentiation was found in
small sample sizes of H. varia (P = 0.7710).

Huang et al. (2000) investigated population differen-
tiation of the blacklip abalone (H. rubra) using RAPD-PCR
(UBC101, UBCI135, UBCI149, UBCI159, UBCI169, and
M13), minisatellites (GHR and MIPR), and microsatellites
(RBUGT1, RUBCAI, and RUBGACAI). All types of DNA
markers revealed intraspecific genetic differentiation in that
species relating to relatively short larval stages and limited
dispersion of abalone.

Disregarding the Philippines sample, a panmictic gene
pool was found in H. asinina. Therefore, establishment of
the appropriate propagated stock of H. asinina in our



H. varia

H. asinina

ABBB

H. ovina
1.00%

Figure 5. A neighbor-joining tree indicating relationships between
abalone possessing different 16S rDNA composite haplotypes based
on pairs of nucleotide sequence divergence.

hatchery does not require samples from several geographic
locations. Conversely, strong differentiation between H. ovina
from different coastal regions suggested that these popula-
tions should be treated as separate management units.

Hybridization between 2 species of abalone (H. rubra
and H. laevigata) and gene introgression into a gene pool of
the other was reported using allozyme analysis (Brown,
1995). There was no evidences of interspecific hybridization
of abalone in this study. PCR-RFLP of 16S rDNA suggested
a lack of bidirectional interspecific hybridization due to
complete disassociation of mtDNA composite haplotypes
between H. asinina, H. ovina, and H. varia. Nevertheless,
the possibility of unidirectional hybridization between fe-
males of H. asinina, H. ovina, or H. varia with males of
different species could not be completely eliminated be-
cause this circumstance cannot be examined using mtDNA
markers. The 18S rDNA polymorphism based on PCR-
RFLP was not suitable for species discrimination in aba-
lone. Therefore, additional nuclear DNA markers should be
used for further analysis.

Previously, molecular evolution and systematics of 27
abalone species were examined using cDNA sequences of
the lysin gene. Phylogenetic relationships indicated that H.
ovina and H. varia were sister taxa. However, H. asinina
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Figure 6. Agarose gel electrophoresis showing species-specific PCR
of H. asinina (lanes 1-6), H. ovina (lanes 7-12), and H. varia (lanes
13-18) using primers 16Sg; + 16Spua (A) 16Sg; + 16Spuo (B), and
16Sg; + 16Sgyv (C). A 100-bp DNA ladder (lanes M) was used as the
DNA marker.

was not included in that study (Lee and Vacquier, 1995).
The topology of UPGMA dendrograms between composite
haplotypes, geographically different samples (data not
shown), and species (data not shown), based on PCR-RFLP
of 18S and 16S rDNAs and a neighbor-joining tree from
16S DNA sequences, indicated that H. asinina and H. ovina
are genetically closer than H. varia. Results were contra-
dictory to those from a karyotyping study of chromosomes
of these 3 abalone in Thailand (Jarayabhand et al., 1998), in



