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. Randomly amplified polymorphic DNA (RAPD) analysis was used to identify species-

specific genetic markers of three abalone species in Thailand; Haliotis asinina, . ovina, . varia.

ive decanucleatide primers (UBC101, OPB11, UBC195, UBC197 and UBC271) were selected
for genetic analysis of abalone in Thailand. , _

Seventy-two reproducible and ponmorgl)hu: RAPD fragments (320-2300 bp in length)
were (T;enerated using primers UBC101 and"OPB11, One hundred percent of polymorphic bands
were Tound for botfi primers. High genetic diversity levels between . asinina, . ovina and

varia was observed — : : ,

Genetic diversity of . asinina were examined, using 5 primers (UBC101, OPB1],
UBC195, UBC197 and. UBC271). One hundred and thirteen” reproducible” and poi?;morpmc
fra&meg% (250-2300 bp in length) were generated. All primers provided high polymorphic levels
in this abalone.

The percentages ofpo%morphic bands of . asinina, . ovinaand . varia were 84.91,
94.74 and 91.23, respectively. The average similarity index across overall samples resulted from
primer UBC101, OPB11, UBC195, UBC197 and UBC271 were 0.7715, 0.6830, 0.8002, 0.8444
and 0.8396, resBecnveI%. The avera%%e similarity index within samples of . asinina, . ovina and

. varia Were 0.7927-0.8496, 0.6010-0.7032 and 0.5259-0.6102, respectively. Average genetic
differences within species were 0.2995, 0.4328 and 0.4295 for . asinina, . Ovina and . varia
respectively. The average genetic distance of . asinina in the Gulf of Thailand were 00243
implying genetically close felationship compared to Talibong Island from the Andaman Sea and
the Philippines samples. o ,

A naghbowommp free constructed from the avera(_ze genetic distance between paired
geographic ,samFIes indicafed phylogenetically clear separation between myesﬂgated abalone
%peues (usm% WO primers) an geographm samples ‘of , asinina (using five primers).

hylogeography was obviously observed between . ovina originating from the Andaman Sea
and the Gulfof Thailand. _ _ 3 _ .

_ The primer UBC101 melded a species-specific markers in . asinina (1700 bp) and the
Ph|||8p|nes sample (880 bpb e gprlmer UBC195 showed species-specific nature in . asinina
1030 and 650 bp). Primer UBC197 provided RAPD markers in_ . asinina (1450 and 750 bp).

dditional species-specific RAPD markers in . asinina (680 bp) and . asinina from Talibong
Island (880 bp) were identified by the primer UBC271. No species-specific RAPD markers were
observed in ."ovinaand . varia.

Department —.......... Marine Science Student's signature

Field of Study Marine Science Advisor's signature '~ AfOVHI

Academic year.......... 2001........ovvenes Co-advisor's Signature .A? )



Vi

ACKNOWLEDGEMENTS

| would like to express sincere gratitude to my thesis advisor, Assoc. Prof. Dr.
Padermsak Jarayabhand and my thesis co-advisor, Dr. Sirawut Klinbunga for their
quidance and encouragement throughout this study. | would also like to thanks Dr.
Supichai Tangjaitrong and Assoc. Prof. Dr. Anchalee Tassanakajon for their valuable
recommendations.

| would also like to thank all of my teachers at the Department of Marine
Science, Faculty of Science, Chulalongkorn University and the Marine Biotechnology
Research Unit (MBRU), National Science and Technology Development Agency
(NSTDA) for providing the facilities, great opportunity and helpful hints.

| would like to thank the Angsila Marine Biological Research Station, Faculty of
Science, Chulalongkorn University, Marine National Park Division, the Royal Forestry
Department, Ministry of Agriculture and the Phuket Abalone Farm for providing the
abalone samples. | would like to thank Ms. Nontivich Tandavanitj for her help in my all
field surveys and friendly suggestions. Lots of thanks to all of my friends at the Marine
Biotechnology Research Unit, Department of Marine Science and other for their
assistance and shelter.

Finally, I would like to thank my parents and my brothers for their understanding
and great supports throughout my study and my life.

This work was supported by the Thailand Research Fund (TRF) project
RDG4320015 and the TRF/BIOTEC special program for Biodiversity Research and
Training grant BRT542057.



CONTENTS

Page
ENGLISH ABSTRACT cooresmsesssmssssssssssssssssssssssssssssssssssssssssssssnes v
THAT ABSTRACT corsissssmesssisssssssssssssssssssssssssssssssssssssssssssssssssssssssss v
ACKNOWLEDGEMENTS corcnssssssissssssssssssssssssssssssssesssssssssssessnes Vi
O 0 = O Vii
LIST OF TABLES rsnsesssssssssssssssssssssssssssssssssssssssssssssssssssssses X
LIST OF FIGURES cinsssssnsssssssssssssssssssssssssssssssssssssssssssssssssssssss Xi
LIST OF ABBREVIATIONS ccooiinsnssssnsissssissssessssessssssssssssssssssssnes xiii
CHAPTER I'INTRODUCTION cciirriirsismirssmsssssessssisssssesssssesssssessnees 1
Ll INr0QUCHION st 1
1.2 Biology and Life history of ADAIONE .. 5
1.2.1  Classification .., 5
1.2.2 Morphology and Anatomy 6
1.2.3  ReProdUCTION s I
1.2.4  F OOy i ssssessssssssssssessssesss 9
1.2.5 Age andgrowth 9
1.2.6  HADILALS vvvnmvmsmvnsssnssssssssssssssssssssssssssssssssssssssssssssssssnes 10
1.2.7  DistributionsS ..., ].1.
LIDNA MATKEES .o 15
1.3.1 Hybridization - based (non-PCR) techniques 15

1.3.1.1 Restriction fragment length
polymorphisms (RFLPs) 15

1.3.1.2 DNA fingerprinting with

VNTR sequences 16
1.3.1.2.1  Multilocus DNA fingerprints....... 16

1.3.1.2.2  Single - locus minisatellite 16



viii

CONTENTS (cont.)

Page
1.3.2 PCR base techniques..... i, 17

1.3.2.1 PCR amplification ofspecific sequence
and microsatellite primers...nn. 18
1.3.2.2 PCR-RFLP s 18
1.3.2.3 DNA SEQUENCING ..o, 19

1.3.2.4 Random Amplified Polymorphic DNA
Y103 Y 19
1.4 Genetic study in ADIONE .. 20
15 O DJECEIVES crvvsrvvssvsssmsmsirmsssssssssssssssissssssssmssssssssssssssssssssssssssssssnens 24
CHAPTER I MATERIALS AND METHODS ..o 25
L L] T L e Y 25
2.1.1  EQUIPMEN T s 25
2.1.2  Chemicals....iii, 26
2.1.3  ENZYMES. s 21
2.2 MEENOUS.c.oeoee iy s G ee sT g e 21
2.2.1 Choicesfor sample collection SIiteS.....n, 21
2.2.2  SOUTCES 0fSPECIMENS i 28
2.2.2.1 Natural habitat.....n, 28
2.2.2.2 Abalone populations.....cnnn. 29
2.2.3  DNA extraction ..., 32
2.2.4 Measurement 0f DNA CONCENtrationS.mimmiimin 33
2.2.4.1 SPectrophotOM EtrY s 33
2.2.42Mini-gel method...n, 33
2.2.5 RAPD aNalySiSun: 34
2.2.6 Agarose gel electrophoresis.....nnn, 35

2.2.7  Statistical aNalySiS...ss. 36



CONTENTS (cont.)

Page
CHAPTER TH RESULTS cosssssssssssssssssssssssssssssssssssssssssssssssssssssssins 39
3L DNA EXEFACTION coovvecscvrcsssresssssssssssssssssssisssssssssssssssssssssssssssssssses 39
3.2 PrIMEr SCIEENING mmmvmmvmssimmmsmssssmssssmssssisssssssssssssssssssssssssssssssssnsses 39
3.3 Genetic diversity of tropical abalone using RAPD ..o 46
3.3.1 BeUveen species divVersSity .., 46
3.3.2  Genetic diversity 0fH. aSinina ... 47
3.4 Genetic relationships of tropical abalong.....rninsinn 59
3.4.1 Similarity index and Genetic diStanCces...in. 59
3.4.2  Phyl0geography s 63

3.5 Species-specific genetic markers for tropical abalone
fOUNd In ThAHANT v 66
CHAPTER IV DISCUSSION ciicimeimsssssssssssssssssssssssssssssssssssssssssssens 67
CHAPTER V CONCLUSIONS AND RECOMMENDATIONS....cc... 75
REFERENCES .ot ssesssssssssssssssssssssssssssssises 76
APPEND ICES .. erccrvrscserre e crreimmmnessgasssessss et mmses BMesssscsssesssessssessssesssnssen 83

BIOGRAPHY oot 149



Table 1.1
Table 2.1

Table 3.1

Table 3.2

Table 3.3

Table 3.4

Table 3.5

Table 3.6

Table 3.7

LIST OF TABLES

Page
Commercially important abalone SPECIES............mmrrrrverrimnenereeen 2
Sample collection sites, code of populations and number of
individuals (and number used in this study) for three species of 3l
ADAIONE.......ooooer s
The amplification success of RAPD primers and their sequences
initially screened DY this StUAY..........ooeerrrrvvviinnnerrrsresssesrsserininns il

Sequences of RAPD primers, size-range, number of amplified

bands, and the percentage of polymorphic and monomorphic bands

resulted from RAPD analysis of three species of abalone;

H. asinina, H. ovina and H. varia (A) and H. asinina (B).......cccceeee 48
Total number of bands, percentage of polymorphic and

monomorphic bands within each abalone species

revealed by RAPD @NAIYSIS.......covvvvvinnmerssssssssesssssssssssssssssssssnanns 49
Estimated similarity indices ( ) within geographic samples of
abalone in Thailand using 5 selected RAPD primers................ccenee. 60

The average genetic distance (Dij, below diagonal) and similarity
indices (Sij, above diagonal) between and within species of 3 species

0FtropiCal @DAIONE.......rvvvvvvcerrisrs s e 61
The average genetic distance (Daij, below diagonal) and similarity
indices (Saij, above diagonal) within species ofH. asinina 62

Species - specific RAPD markers oftropical abalone in Thailand
revealed DY RAPD @NAIYSIS........vvvvvvvveermrmmmmmmerssssssssssssssssssssssssenes 66



LIST OF FHGURES

Three species of abalone found in Thailand; H. asinina, H. ovina
and H. varia in Thalland...........cccccmrnesssssssssssssssssssssssssnens
Life cycle 0fabaloN......corrrrvrvccersssssssssesssssssssssssssneen
Three biogeographical models proposing the

0rigin 0fthe HAlIOHAAE.........c.vvvesvrresrssessssnssssessssssssnne
Worldwide distributions of abalone, H. asinina, H. ovina

L0 BT Y
Map of Thailand indicating abalone collection sites in the Gulf of
Thailand and ANdaman SEa........cocuerrvvrrmmmerrssiinnesssssssmsssssess
A 0.8% ethidium bromide stained - agarose gel showing the quality
oftotal DNA extracted from the foot tissue of abalone.....................
RAPD patterns resulted from analysis ofH. asinina from Samet
Island, Rayong (lanes 1-4), Cambodia (lanes 5-8), Libong Island,
Trang (lanes 9-10), and Philippines (lanes 11-12) with the primer
UBCL0L.... oo e N S i /By evssssssssssssnnssssssssssssssss
RAPD patterns resulted from analysis ofH. asinina from Samet
Island, Rayong (lanes 1), H. ovina from Khang Kao Island, Chon
Buri (lanes 2-3), Samet Island, Rayong(lanes 4-5), Chuak Island,
Trang (lanes 6-7), Similan Island, Phang-nga (lane 8), H. varia from
Aeo Island, Phuket, (lanes 9-10), Similan Island, Phang-nga (lane
11-12) with the primer UBCL0L.......coovmvvviiisnerrrrviisssssssssssssssneens
RAPD pattems resulted from analysis of H. asinina from Samet
Island, Rayong (lanes 1-3), Cambodia (lanes 4-7), Libong Island,
Trang (lanes 8-9), and Philippines (lanes 10-11) with the primer

X

13

14

30

40

50

5l

52



Figure 3.5

Figure 3.6

Figure 3.7

Figure 3.8

Figure 3.9

Figure 3.10

Figure 3.11

Figure 3.12

LIST OF FIGURES (cont )

RAPD patterns resulted from analysis ofH. asinina from Samet
Island, Rayong (lanes 1), H. ovina from Khang Kao Island, Chon
Buri (lanes 2-4), Samet Island, Rayong(lanes 5-6), Similan Island,
Phang-nga (lane 7-9), Chuak Island, Trang (lanes 10-12) with the
PIMET OPBLL..ooiisssssssesss s sssssssssssssens
RAPD patterns resulted from analysis ofH. asinina from Samet
Island, Rayong (lanes 1), H. ovinafrom Samet Island, Rayong(lanes
2-3), Similan Island, Phang-nga (lane 4), Chuak Island, Trang (lanes
5-6), H. varia from Aeo Island, Phuket, (lanes 7-10), Similan Island,
Phang-nga (lane 11-12) with the primer OPB1L......ccccooiieserrrrrrvrinnn
RAPD patterns resulted from analysis ofH. asinina from Samet
Island, Rayong (lanes 1-4), Cambodia (lanes 5-8), and Philippines
(lanes 9-12) with the primer  BCL195.........imiiimsimsssssssssssssesenens
RAPD patterns resulted from analysis ofH. asinina from Samet
Island, Rayong (lanes 1), Cambodia (lanes 2-7), and Libong Island,
Trang (lanes 8-12) with the primer UBCL95......vvvvvvvvvvvvvvvsvvnsiinnnnn
RAPD patterns resulted from analysis of H. asinina from Samet
Island, Rayong (lanes 1-3), Libong Island, Trang (lanes 4-6),
Cambodia (lanes 7-10), and Philippines (lanes 11-12) with the
PIMEr UBCLOT s sssssssssnsssssssssssssssssssssnssanns
RAPD patterns resulted from analysis of H. asinina from Samet
Island, Rayong (lanes 1-4), Libong Island, Trang (lanes 5-7),
Cambodia (lanes 8-11), and Philippines (lanes 12-13) with the
PIMET UBC2T 1ot sssssssssssssssssssssssssssssssnssanns
A neighbor-joining tree illustrating genetic relationships of tropical
abalone in Thailand based on genetic distances resulted from RAPD
analysis using two primers ( BC101 and OPB11).....ccccooeememerrrrrrvrnnnn
A neighbor-joining tree illustrating genetic relationships ofH.
asinina hased on genetic distances resulted from RAPD analysis
using five primers (UBC101, OPB11, UBC195, UBC197 and
UBC2T L) uiiiiiimmssssssssssssssssssssssssssssssssssssssssssssssssssssssnssssssssssssssssssnns

Xii

Page

53

54

55

56

57

58

64

65



LIST OF ABBREVIATIONS

Ac GT = nucleotide containing the base adenine, cytosine, guanine and
thymine, respectively

bp = base pair

°C = degree Celsius

cm = centimetre

dATP = deoxyadenosine triphosphate

dCTP = deoxycytosine triphosphate

dGTP = deoxyguanosine triphosphate

dTTP = deoxythymidine triphosphate

DNA = deoxyribonucleic acid

EDTA = ethylene diamine tetracetic acid (disodium salt)

EtBr = ethydium bromide

HCL = hydrochloric acid

Kb kilobase

KC1 potassium chloride

L length

MgCI2 magnesium chloride

mg milligram

ml millilitre

M molar

MIDNA mitochondrial DNA

nonogram
optical densn?]/ . :
polymerase chain reaction

- S5

PCR

RAPD randomly amplified polymorphic DNA
RFLP restriction fragment length polymorphism
RNase A ribonucléase A

SDS sodium dodecy! sulfate

Tris tris (hydroxy methyl) aminomethane
Eg microgram

El mocrolitre

pM micromolar

uv : ultraviolet

w /v = weight by volume
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