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A total of 2876 ESTs were in s Iyzed and 178 EST sequences consisting of
microsatellite regions were found. Four Jo : W503, PHel77, and PT102) of type I and
2 loci (Hap9 and Haul0) [ i used for determination of genetic
diversity in wild and dome’ d 10, 7, 6, 6, 10, and 12 alleles across
all samples, respectively. aled that the domesticated stocks are
majorly contributed by - 2iland foudnd ed and expected heterogeneity in
wild populations ranged from ™ (6 . {1.8448 whereas those in CTRGH and
CSMaRTH were 0.3447°- (L aidr’ .3 3¢ 8. ‘T ively. Lower allele and genotype
discrimination capacity \:"\ sgested slightly reduced genetic
diversity even though the domesticated stocks of H.
asining, Fgr-statistics angt Wee s o \. nles at each locus clearly revealed
significant differencegfbery®enfwild IHalaRE fr st SAME, and CAME) and west
(TRGW) coasts of Thau atgls @ 5 , ippings h domesticated stocks (CTRGH and
CSMaRTH) were genetigally @it roin IR ) an; Philippines (PHI) at all loci.

fled region (SCAR) markers. HaSCAR;z,
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reading frame (ORF) of 1140, 2304, 2292 and 369 bp corresponding to a polypeptide of 380, 768,
764 and 123 amino acids, respectively. Quantitative real-time PCR analysis indicated that the
relative expression level of AMACR and V-ATP 14 kDa subunit of fast- and slow-growing
subgroups of domesticated abalone were not significantly different. In contrast, the expression
level of CPT-/4 in hepatopancreas of the former was significantly greater than that of the latter
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CHAPTER I

INTRODUCTION

1.1 General introduction

Abalone are commercially important marine gastropod distributed worldwide

in tropical and temperate areas, particularly in the subtidal zones. There are over 100

abalone species and all of them aré &&®pamically allocated in the genus Haliotis

(Geiger, 1998; Geiger, 200 ,,_ﬁ: ' n, 2005). At least 20 species of
—

abalone are commerciallysmportant ir ed t muscle (Table 1.1). Most of

which are large size species ergic 'or supertexta) harvested from

natural stocks (Jarayabha aa!ﬁnc products were traded
in live, canned, fresh; Ir . the shells were used for

decorative purposes se for protein hydrolysate

(Lapyernyong, 2005).
Farming of abalor rcially for the last few decades
in various parts of the world*(Hain i';d 08 'irr_, erdet al., 1992). Overexploitation of

natural abalone fishery resulte din g ;#u 2 or developing abalone aquaculture in

dekico, Japan, Australia, New

Ry |
s of abalone do@namd by temperate species

several Asian counirids

=

Zealand, Mexico, /South Afr
(Uki, 1989). There ﬂxmwcr 15 spe

that are farmed and cofmmercially impomant in many countries and contributes

ity A g A V3wt o

Paphavasit, 1?931 Gordon, 2000; Amparyup ef m' 2004; Tang etq [., 2005 Hara and

sV RN T NN ﬂEﬂﬂ d

e total world abalone fisheries were reduced from 14,830 metric tons (MT)
in 1989 to 10,146 MT in 2002 and slightly declined to 9,200 MT in 2007 (Figure 1.1
A). However, the total farm production was dramatically increased from 1,220 MT in
1998 to 8,700 MT and 26,000 MT in 2002 and 2007, respectively (Figure 1.1 B). The
estimated world’s supply (including fisheries landings, illegal catch and cultured
production) in 2007 were 39,600 MT whereas the abalone demands were more than
40,000 MT annually (Figure 1.1 C).

icer of abalone at present



Table 1.1 Commercially important abalone species

Scientific name Common name Shell length (mm)

H. rufescens Red >275
H. fulgens Green, southern green or blue 125-200
H. corrugata Pink or corrugated 150-175
H. sorenseni White or sorensen 125-200
H. assimilis <100
H. cracherodii 75-125
H. walallensis 75-125
H. kamtschatkana 100
H. discus hannai 180-200
H. discus 200

~ H. diversicolor supertexi 50
H. gigantea 250
H. sieboldii 170
H. asinind® 70-100
H. rubra 120-140
H. laevigata 130-140
H. roei . 70-80
H. iris - DPouasrbaleh - 170
H. australis - ua 125
H. virginea Virgin 70

H. tuberculata 120

o ﬂua’w@'ﬂnwmm .

After Hahn (1939] and Fallu (1991). *Trgpical species o,

ARIAINIUUNINYA Y

CHina is the largest abalone producer with the production of more than 26,000
MT in 2007. More than 300 abalone farms were operated in China. Most products
were consumed within the country. Taiwan and Korea anticipated at over 8,000 MT
of the total production whereas Chili and South Africa produced about 1,000 MT
mostly H. rufescens and H. midae. In USA, there are 13 abalone farms on the coast of
California with the production range from 10 to over 100 MT from each producer.
The farmed production in Australia and New Zealand is approximately 600 MT.



A Total world fisheries landings
25000
20000

Figure 1.1 The amount of total world fisheries landings (A), total worldwide farm
production (B) in 1970, 1989, 2002, and 2007; and demand and supply of abalone in
1975, 1999, 2004, and 2007(C).



The remaining countries including Europe, Iceland and Pacific Rim countries have a
farmed production over 300 MT (Fishtech, 2007).

Prices of abalone depend upon sizes, species, forms, location of producers (or
fishery), marketing and quality and usually ranging from US$15/kg to US$50/kg or
more (Cook and Gordon, 2008).

1.2 Taxonomy, Biology and Distribution of Thai Abalone

Taxonomic definition of Thai ab

ne is as followed (Cox, 1960});
Phylum Mollusca }

Ty,

Order 4 /J//.,,
Suhatde 'lz _ .
Wl NE? \

el

J‘I.nl F. ;
rghif Hiliiiicy

lafioes asinin@ (linnacus, 1758)

Class Gastro

Subclas

] ks

Hattotis vvinalGmeiin, 1791

i e AT | > o
¥ i
b !

v,

sa

Abalon eﬂtﬁﬁ | c%fm r. Generally, abalones prefer
shallow, turbua ) ﬁ ) ')i:f)lggand hard surfaces for
settlement. Duri?:lg the day, they aregisually found¢linging to undggsides of rocks and

oot QYT R T U AR VIR YR s

venture out of hiding to feed only after dark (Wood and Buxton, 1996). The abalone
shell is in a spiral form covers most of the top of the body part of the abalone (Figure

1.3). A row of holes is found in the left-hand side of the shell. The anterior holes are
the biggest and those toward the back are usually blocked. The holes assist with
respiration and wastes removal. Abalone holds onto the sea-bed with its foot. A series
of tentacles is found around the outside of the foot, presumably for detection predators
and food by touch and taste (Figure 1.2). The head is located in front of the foot. The



mouth is at the base of the head and is underneath the lips. The mouth is a tongue-like
organ covered with teeth called the radula, which is used to rasp food. Paired gills are
located in a chamber called the mantle cavity. The sea water is drawn into the anterior
of the mantle cavity and passed over the gills. Oxygen is taken up and waste gases are
given off. The used water is passed out through the holes of the shell. The
reproductive glands (or gonads) envelop the tubes of the gut. They form a large cone-
shaped appendage between the shell and the foot. The abalone’s heart pumps
oxygenated blood from gills into the foot along two central vessels which branch into

smaller tubes. From the small tubes

blood then drains into another s \\ bes and moves back to a larger
central cavity in the foot wii ries itlo gmcygenated again,

oxygen infiltrate into tissues. The

Abalones are diogei®il;

reproductive cycle consisfig g

d usually have a seasonal
receded by gametogenesis. The
periodicity and duration g
and Law, 1974; McShz §8;4 Tuts
female and male abalo AfeggsiandSperma
gametes are fused, the fgtil@ec e& ‘
beginning, abalone larvae af tiggand ha hell. Initially, an upward swimming

and interspecifically (Shepherd
\ Connell, 1981). Adjacent
ed in the sea water. When
peatetlly and forms a larva. At the
larva (trochophore) is pmdu d f.@san adaptation to avoid predation by
benthic filter feeders (i )64 kovsk |:Crisp, 1974). The larvae go
through a series of cha 1e bo Slages. After about one week,
the larvae sink to take% reside a-bed. Tl\mprocess is called settlement
and the developmental stagg.of abalone is tegmed spat. The abalone’s body transforms

into a mlmamrﬂoﬂdo%wcﬂnm Wr¥hathef péiveen the first and third

year. The life s of abalone is lun%;r than a {!ecadc

@Wmtﬂ@ﬂ#ﬁ’% RV MGty oo

murphnl y (Figure 1.3). In Thailand, three tropical abalone species; Haliotis asinina,

H. ovina, and H. varia were found (Jarayabhand and Paphavasit, 1996). H. asinina
and H. ovina are found on islands along the eastern coasts of the upper Gulf of
Thailand, and all three species occur in the Andaman Sea (Tookwinas er al., 1986;
Nateewathana and Bussarawit, 1988; Jarayabhand et al., 1991; Kakhai and Petjamart,
1992; Ngow and Jarayabhand, 1993). H. ovina has been reported to be more common
than H. asinina along the upper eastern Gulf of Thailand. Only small numbers of H.



ovina have been found along the lower eastern coast (Kakhai and Petjamart, 1992).
Along the Andaman coastline, the relative abundance of each species was 81% for H.
varia, 17.3% for H ovina and 1.7% for H. asinina (Jarayabhand and Paphavasit,
1996). Morphological characteristics, habitat, species distribution and abundance of
Thai abalone are shown in Table 1.2.

AUEINENTNYINT
RINNTUANIN Y

Figure 1.2 Dorsal view anatomy of abalone when shell was removal

(http://www.nmfs.noaa.gov/pr/species/invertebrates/blackabalone.htm).
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Figure 1.3 Shell Morphology of H. asinina, H. ovina, and H. varia (Geiger, 2000).



Table 1.2 Morphological characteristics, habitat, distribution and abundance of

abalone found in Thailand
Description H. asinina H. ovina H. varia
Morphology
Shell shape Elongate Oval Oval
Color Greenish brown Olive green Dark brown
Sculpture Spiral Prominent spiral Spiral
Thickness Thick Moderate
Tremata 4-6, highly elevated 3-5,slightly elevated
Foot color _ream to orange Cream to orange
Regression coefficient
Length and weight 2.705
Length and width 0.687
Maximum size
Shell length (mm) 60
Total weight (g) 25
Habitat
Zone Inter- to subtidal
Substrate ‘Rock crevice Rock crevice
Depth (m) 1-7 1-7
Distribution e v A
Gulf of Thailand L7 o B ri, Rayong, No occurrence
Andaman Sea m Puket R ='u’l'|«= g to Satul Ranong to Satul
‘a W
Gulf of Thailand!) Rare Dominant No record
Dominant

Among these species, H. asinina provides the highest percentage ratio of meat
weight to total weight (85%), compared to that of 40% and 30% for H. ovina and H.
varia, respectively (Singhagraiwan and Doi, 1993). In addition, /. asinina has a high

value for ‘cocktail-sized’ (40-70 mm) market from their size and meat textures as

happening with H. diversicolor supertexta in Taiwan (Jarayabhand and Paphavasit,



1996). Moreover, . asinina grows rapidly, the spawning cycle is highly predictable
in hatchery conditions, and reach sexual maturity within less than one year when feed
with natural and artificial diets. Thus, these species is currently promoted for culture
commercially in Thailand (Selvamani ef al., 2001; Klinbunga er al., 2004; Tang et al.,
2005).

Fishery management has been defined as the application of scientific
knowledge to the problems of providing the optimum yield, which is prescribed on

the basis of maximum sustainable yiel

commercial fisheries products (Allendorf

An effective mana damental understanding of

various biological pri , population genetics and
agement is to understand the

, 1991; Conover et al., 2006).

dynamics. One of the
population structure of ag¥ e

The recognition of géneiically tocﬂ opiilations within a species is of
importance for their managtmén ' .--. V- agers need information on size and
number of populations in an area f'*'. flegize population management and

exploitation. Ultima eity. management for exploited

-

WSidinable yield (Allendorf ef

SPBCIES is 10 conserve
al., 1987; Ryman, 199]9.

et M N

Dnmesucatmn and subsequehtly selectivgsbreeding proggammes (SBPs) are
long—teQ w r]sa @n ?ﬁdew M 1&'(]1 al%!lsd populations
through domestication both (artificial and natural selection). To carry out effective
SBPs in H. asinina, the integrating of basic knowledge on population genetics for
estimation of genetic variation levels, molecular genetics for the identifying genetic
markers at different levels and quantitative genetics for selection scheme and
estimation of heritability for economically important phenotypes are required. At
present, molecular genetic tools in . asinina have been developed to the level that

can be directly implemented for practical SBPs approaches.
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The breeding program of H. asinina has been carried out at Sichang Marine
Science Research and Training Station (SMaRT), Chulalongkorn University since the
last decade. Founders of the established stocks were originated from various

geographic locations of both the Gulf of Thailand (east) and the Andaman Sea (west).

The hatchery-propagated stocks at SMaRT were divided into eight lines. In
each breeding, mature males form line 1 were select to cross with female from line 2
and continually bred in such manner to other abalone lines. Male and female used in

each spawning time was about 30 - ividual per sex. At present, the 5" - 6"

generations of abalone is ¢ The levels of genetic diversity,

effective population size and patterns of gene pools of
each domesticating genegation=s d.by-appropriate genetic markers to
reveal possible changes. genetic.drift, inbreeding, or selection

in these stocks (Allendg

Appropriate gefittigfmarkers sed o elevate culture and management
efficiency of economically un es. Howeyerymolecular markers indicating
the progress of domestic: arid Adapta .‘--' a ery-propagated f. asinina have

not been reported. The fung stat con of growth in H. asinina have not been

reported. Apart Functional .u growth-related genes in H asinina
exhibiting different g tes shc nined. This information is
essential and can »'j-;( or the | of appropriate breeding
programmes and fnrmamn ction "and” management scheme leading to

sustainable culturing actu.rl of H. asinina m Thailand.

,m....,.....,.ﬂmamﬂm mmm
rond i BV 8. i)

the past several decades, classical strategies of evaluating genetic variability such as
comparative anatomy, morphology, embryology, and physiology have been
increasingly complemented by molecular techniques. These techniques are particular

powerful when morphological differentiate are ambiguous (Burton, 1996).

Several molecular techniques are commonly used to determine DNA

polymorphism for population genetic and systematic purposes. These techniques
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included randomly amplified polymorphic DNA (RAPD), restriction fragment length
polymorphism (PCR-RFLP), microsatellites and DNA sequencing (Liu and Cordes,
2004). Although DNA sequencing analysis for genetic diversity and intraspecific
population differentiation of wvarious organisms is the most direct and reliable
technique, other alternative approaches to detect polymorphism are also sufficiently

reliable to infer genetic diversity and geographic differentiation of organisms.

1.4.1 Polymerase Chain Reaction (PCR)

Polymerase chain reactig echnique widely used in molecular

biology introduced by Mulliswef al. (' : ethod is an in vitro technique of
- - i J - -

DNA replication by a th A wlng specific DNA sequences

of two oligonucleotide pri ly 18 - 27 nueleotides in length. Million copies

of the target DNA sequenge’Canbé £¢nthesized from the low amount of starting DNA

template within a few hou

The PCR compéhe, : posed of \DNA template, a pair of
oligonucleotide primers '
triphosphates, dNTPs (dA
heat-stable DNA polymers

sequence, deoxynucleoside
), PCR buffer solution and
A polymerase). The amplification
o ufd::-ui:-!e stranded DNA at high

temperature, annealiig to allow o forn hehe =L molecules at the optimal

reaction typically consists of

(annealing) temperatu |‘ and ‘ nmcrs by heat-stable DNA
pnlymerase The cyclés were repeated for 30 - ! times (Figure 1.4). The
B L)1) ()L
PCR is (¥ed to amplify Spe%;f' ¢ regions nf a DNA suan%}the DNA target).
e QRN SO YIRS e
1994). The power and selectivity of PCR are primarily due to degrees of selectivity of

primers that are highly complementary to the DNA region targeted for amplification,

and the thermal cycling conditions used.
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Denature DNA

Anneal Primers

Temperature (°C)
5

chain reaction (PCR) for

Figure 1.4 General il o fof (e .\
amplification of the (Bavwemun ¢ '~_-:\ n--r /PCR_simplified.html).

ESTs are lars e single-p: ss'sequie andomly picked clones from a

cDNA library usually [ Constricted Trom RN tular development stage and /
or tissue and have pr% ; apid s to identify novel genes
(Adams et al., 1991). Thp method has been mdel}' employed for discovering novel

e R g s

several tissues.

AR SN K G e o o

the la:g,f:tqussue that is subsequently transcribed into the first strand ¢cDNA. This step
is catalyzed by reverse transcriptase using the oligo (dT) primer as the synthesizing
primer. The second strand DNA is then copied from the first strand cDNA using E.
coli DNA polymerase 1. The double strand c¢cDNA is ligated to adapter and
subsequently to an appropriate vector using T4 DNA ligase. The recombinant vector-

cDNA molecules are packaged (for A vector) in vitro and transfected to the
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appropriate host. If a plasmid is used recombinant plasmid is transformed into E. coli
host cells to generate a cDNA library (Figure 1.5).

ESTs can be sequenced from either 5’ or 3’ ends of cloned cDNA. The 3’ end of
the cloned insert is usually marked by the poly A stretch which is often problematic
for thermostable polymerase sequencing, and sequencing through poly T can reduce
the length and quality of the subsequent sequence. Nevertheless, 3’ UTR usually
exhibit reasonably high polymorphism and is a promising location for SNP

identification. The 5’ ESTs have the aivabtage of being more likely to include some
) o % thus facilitate identification of the

————JAAAMAAAARAN ¥

TTTTTTITTT

Y-end sequences

Figure 1.5 Schematic illustrate the synthesis of 1" strand cDNA from mRNA (a), the
insertions of cDNA into vector (b) and ESTSs results compared with the target gene (c)
(http://www.nature.com/nrg/journal/v9/n1/box/nrg2220_BX1.html).
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EST sequences are used for homology search for identification of gene
homologues through the sequence data in the GenBank (Altschl er al., 1997). EST
analysis is an important tool for several applications. They have mainly applied for
rapid gene discovery of several animal genome and comparative genomics and
functional genomics in various organisms (Zeng, 2002; Satou, 2003; Waterston, 1992;
McCombie, 1992; Tugendreich, 1994 and Mironov, 1999).

1.4.3 DNA sequencing

Polymorphism at the B studied by several methods but the

most direct strategy is dete uences of a defined region. The
sequences obtained can.b jologous region in the genome
of related organism fragmcnts can be directly
sequenced using the typi€a lat anger, 1977) or alternatively
by cycle-sequencing. enificless - € sequences of DNA fragments are

-

obtained through cloning € esting fragments.

The enzymatic as ‘presently been developed to

automated method (Figure : can be detected using a fluorescence-
based system following labeling with a fluoreseence dye. PCR allow the possibility to
isolate immulngnus |4 7 from
speed. This greatly allows wi

population genetic andgstcma 1

of interest with unprecedented

N A sequencing analysis for

3
A NN SNYNS

Satelhtc%NA a type of tandemly arr ed highly rcpit,twc sequence, has
e U LA Y im0
pairs (bp) is known as minisatellites, while the repeat unit size between 1 - 6 bp is
known as microsatellites or short tandem repeats (STR) (Budowle er al, 1991;
Kimpton et al., 1993). Minisatellites are usually located in introns (Griffiths er al.,
1993), or 3’ untranslated regions of genes (Budowle ef al., 1991; Huang et al., 1997).
In contrast, microsatellites are located abundantly in both genic and extragenic regions
of eukaryotic genomes (Kimpton er al, 1993) (Figure 1.7). Microsatellites are
embedded in untranslated genomic DNA sequences (Type 1) or the coding region of



15

v — ro— v o * o
» L k- w L1 - - £
I%}?um IEMcw Iﬁ";ﬁ-‘mm- i?&'ﬁ#ﬁ&m
e - e e
e, L — g = L — .l
v §——wdt e s
A c] T c
1 |
l

A sequencing.

genes (Type I) (Valdes emals, 1993). It was gstimated that one microsatellite locus may

PR TV TE LT TVEC LAY M —
particularly miMfosatellites and qaeir polymcﬂhic nature W amenability to
ol QU RO S QDB ot o
some minjsatellites loci) to be ideal markers for genetic analysis, including population
genetic structure, and evolutionary studies of various taxa (Bosch e al., 1993; Jeffreys
et al., 1991; Budowle et al., 1991; Deka et al., 1995; Primer et al., 1996).

The levels of microsatellite polymorphism vary greatly among loci but are
often higher than those observed in allozymes and mtDNA (O'Reilly and Wright,
1995). Highly polymorphic loci exhibiting large numbers of alleles are ideal for gene

mapping and pedigree analysis (Pepin et al., 1995), whereas loci with lower levels of
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polymorphism can be used for analysis of population differentiation (Estoup er al.,
1995, 1996).

Each microsatellite locus is flanked by a unique sequence. As a result, locus-
specific primers can be synthesized complementary to the flanking sequences and
PCR is then used to amplify the tandem array of the microsatellite locus. The PCR-
amplified products are size-fractionated on denaturing polyacrylamide gels. The
abundance of di-nucleotide microsatellite in f:ukaryutic genomes makes them, in

general, easily isolated by standard |

For species that a s available, type I microsatellite
primers can be designed#

type | microsatellites for pene ersity studies he en reported in several

— .;-,. ._ p, | % il
l ::;&KF.’ "
Tl 3
AN .u'.’f? il

" # .a' _--

.

i DHA‘ﬂOI.IBLE HELIX

1 GV BTSN EI 1719
Q]

q TAAGCCCATGCATGCAGE TTATTA TTATTA TTATTATTATTA CCGATAGCACGATAGLG
ATTOGGGTACGTACGTOG AATAATAATAAT AATAATAATAAT GGCTATCGTGCTATOGL

\ oS FAN J
Y Yo Y
Flanking Microsatellite Flanking
Sequence  Sequence (TTA)g Sequence

Figure 1.7 A diagram showing microsatellite region

(http://www.asicoaquaticmarkers.com/AnatomyofaMicrosatellite.htm).
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species as the data on EST sequences of various species have accumulated rapidly.
These sequences represent transcribed sequences of genes. ESTs containing
microsatellites offer a relatively simple and efficient means for the development of
PCR-based microsatellite markers with function gene information (Scott et al., 2000;
Thiel er al., 2003; Park er al., 2005). However, the disadvantage on the use of type |
microsatellites for population genetic studies is that they may be selective non-

neutrally. Therefore, type | microsatellites should be carefully tested before applied

h_‘_.a y A&E microsatellites are used for

genotyping, the information enabling tH dl tween specific individuals can
be obtained (Wright andeBonts ' stgover, co-dominant Mendelian
inheritance makes micro ' \\ . u . pedigree studies and suitable
for large breeding programs than® \~' m C| “&\Q ers that segregate dominantly.

\\
(AFLP)

‘increase the potential of RFLP

for that application.

When multiple loci

1.4.5 Amplified Frag .m

¥
AFLP was develgped by W 1) u 95

!

and to compensate reprodueibiligy.of RAPI selective amplification of a random
array of restriction fragments. lij '
strengths of the AFLR

screened, high repre duci

s of known sequences. The major

bers of polymorphic loci
==
| " peratures, and relatively

Efiﬁ'f%ﬁ ?ﬁﬁiﬁm&mﬁﬁjﬂf i
o LA AR | 4 bl 11}

PCR amplification was carried out for twice; pre-selective and selective

cost effectiveness. 1

amplification. Pre-amplification of these fragments is achieved by PCR carried out by
adding a single known base to the 3" end of the primer complementary to each core
sequence adaptor. The product from the primary amplification were diluted and
further re-amplified by selective primers of core sequence, usually with 3 bases

extend to the 3" end of primers. Optimal amplified genomic DNA fragments are



18

analyzed by denaturing polyacrylamide gels electrophoresis followed by radioactive
(autoradiography) or non-radioactive (silver staining) detection (Figure 1.8).

The main advantages of AFLP are its more reproducibility than RAPD-PCR
due to specificity of the PCR primer and high stringency of the amplification reaction.
Like RAPD-PCR, AFLP analysis does not require the prior knowledge about genome
sequences of species under investigation. The technique offers great flexibility in the

number of loci that can be co-amplified in one PCR reaction (typically, 50 to 100

B TTAAGTGT———————CACCAATINE  ;

TEANTUNINETAY

denaluring pofyacrylamide gel slecirophoresis

Figure 1.8 A schematic diagram illustrating principles of AFLP procedure

(http://sorrel.humboldt.edw/~jlg2 1/AFLP/principl.html).
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restriction fragments). This technique is therefore extremely powerful for
identification of DNA polymorphism. AFLP markers can be further converted to

SCAR markers by sequencing, cloning and designing of locus-specific primers for

direct application for the developed markers.
1.4.6 Single nucleotide polymorphism (SNP)

Single nucleotide polymorphism (SNP} is a single base change in the DNA

For such a base position with sequence al *s in genomic DNA to be considered

frequenc}r of 1% or greater.

.
,|- i . ..‘| ‘%
between 1 x 107 and

Therefore, the probability 0 Jingde; %\ hanges occurring at a single

1as in mutations, leading to the

Although in principle, etch, any of the four possible

nucleotide bases can

ns for this is that the low

frequency of single n

(]
K
; of SNPs, estimated to being

eutral positions in mammals.

1.4.7 Single 85 f enformationai Pos s (SSCP)

Slhglc—stmnd ﬂxfonnalmn polymorphism (S&P} analysis was originally

described by Orita er al. SCP an is one of the effective techniques used
for the detectl u-r&E % isw g Mf.@ to single nucleotide
polymorphism { P) and/or insertiops/deletions {Ede!s} SSCP rq;s on the principle
o SRTHEE FTELY 3 AR e i 0 sn
denaturirig gel is dependent on its structure and size (Orita e al., 1989; Hayashi,
1991). The amplified PCR product (usually less than 400 bp in length) is denatured
and loaded into low crosslink non-denaturing polyacrylamide (with or without

glycerol supplementation).

Base substitutions (transitions and transversions) result in alteration of the

folding affecting the migration of single stranded DNA through polyacrylamide gels.
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Therefore, SNP can be conveniently detected through SSCP. The general procedure
of SSCP is illustrated by Figure 1.9.

The major advantage of SSCP is that polymorphism of the PCR product of
several investigated individuals can be simultaneously examined. SSCP is relatively
simple and does not require expensive equipment. Heteroduplex double strand DNA
(located at the middle of the gel) can occasionally be resolved from homoduplex
double strand DNA (located the bottom of the gel) and give additienal information on

i 7)““& DNA (located at the top of the

the presence of variants resulted fro

iy -
e e — —

qudd

|| ‘Origin’« o o/
VIR RIRRITHHA Y
I | [
DNA moves up gel ->
Sample B |1

Figure 1.9 A schematic diagram for analysis of DNA polymorphism using SSCP

analysis.
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gel). Therefore, SSCP is regarded as one of the potential techniques that can be used
to detect polymorphism in various species prior to confirmation of the results by
nucleotide sequencing. The other advantage of SSCP is that small PCR amplicons are
required. Generally, small sizes of PCR products are relative easy to amplify.

The disadvantage of SSCP is that it requires nucleotide sequence data for the
design of specific primers. Moreover, reproducibility of the technique seems to be

problematic because SSCP patterns are

ected by temperature and degree of cross-
linking. Additionally, multiallelie g ‘

SSCP patterns too complicatéd for estima e frequencies precisely.

1.4.8 Rapid A . o NA._ Ends=Polymerase Chain Reaction
(RACE-PCR)
RACE-PCR 1s un of the full length of

characterized cDNA. i e \ ragments by using PCR to
amplify sequences be 'S] g]e m{ ‘§ L, either the 3'- or the 5°- end
of the transcript. It is negé ﬁ%. 05 to deduge a single stretch of sequence

within the mRNA. From thig'seguence. sp primers are chosen which are oriented
inthe 3" and 5° directions, a.mi E R suallysproduce overlapping cDNA fragments

(Primrose, 1998).

_yl_— Y]
Using SMAR : end of RNA Transcript)

technology, terminal transferase activity of Puwr:rscnp Reverse Transcriptase (RT)
adds 3-5 nucl st strand cDNA. This
activity is hmmﬂm?ﬂmmﬂmmd stretch of dG
‘m ate for reverse

mﬁq‘iﬁ ﬁ:ﬁ ;Tﬁ‘)j ﬁwﬂfﬁsmﬂd with the

al:idltmna[ SMART sequence at the end (Figure 1.10).

The first strand cDNA of 5" and 3" RACE is synthesized using a modified
oligo (dT) primers and serve as the template for RACE-PCR reactions. Gene specific
primers (GSPs) are designed from the target gene for 5'-RACE PCR (antisense
primer) and 3°-RACE PCR (sense primer) and used with the universal primer (UPM)
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that recognizes the SMART sequence. RACE products are characterized. The full
length cDNA is identified after sequence assembly.

A F aAanannanrnnuun pold T
s Obga 14T primar
B SMART I~ A
Obgenucioridn Pt ol el
(#C) i g by AT

™ Il/}'&l\\\ N
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C: Detailed flow chart of 5 ,RACE-PCR D: Detailed flow chart of 3-RACE-PCR
LT
pirk L i e
'w— et 5’ l St
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Figure 1.10 Overview of the SMART™ RACE ¢DNA Amplification reaction.
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1.4.9 Reverse transcription-polymerase chain reaction (RT-PCR)

RT-PCR is a comparable method of conventional PCR but the first strand
cDNA template rather than genomic DNA was used as the template in the
amplification reaction (Figure 1.11). It is a direct method for examination of gene
expression of known sequence transcripts in the target species. The template for RT-
PCR can be the first stranded cDNA synthesized from total RNA or poly A" RNA.
Reverse transcription of total RNA can be performed with oligo(dT) or random

primers using a reverse transcriptase \T! juct is then subjected to the second

RT-PCR can also be used "o identify iomelagues of interesting genes by using
degenerate primers and/g0] ¢d jgéne:-specifi ers from the original species
and the first strand cDJ i@ interésting species is used as the template. The

amplified product is further ciifg ’ 1ing and sequencing.

1.4.10 Quantitari 'CR;
} G )R

Real-time PCR #is /& ic -n nabling both detection and
quantification (as the absoldle 6 parerh aber of'¢

elative amount when normalized

to DNA input or nddltmnal oD ew,,a# oei g sp&ciﬁc sequence in the samples.

The procedure follgws” the general principle of PCR.Jjts key feature is that the
S L S LT £
amplified DNA is y'h | . ! plification cycle as. Two

common methods uf‘ e product detection are the

intercalate mﬁij ﬁm%wmeﬁl d the use of modified
DNA oligon hybridizcd with a

:i“iﬁ?ﬁ’:ﬁé‘i@ NSANINENRE

The general principle of SYBR green PCR is composed of the first

te of fluorescent dyes that

denaturation step, at which the unbound dye molecules are weakly fluorescent; the
second step, primer annealing, where a few dye molecules bind to the double strand
and the last step, product extension, when more dye molecules bind to the newly

synthesized DNA, resulting in an increase of the fluorescence signal. Fluorescence
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Figure 1.11 Overall concepts of RT-PCR. During the first strand cDNA synthesis, an

oligo d(T) (or random primers) primer anneals and extends from sites present within
mRNA. The second strand ¢cDNA synthesis primed by the 18 — 25 base specific
primer proceeds during a single round of DNA synthesis catalyzed by Tag DNA

polymerase.
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measurement at the end of the elongation step of every PCR cycle is then performed

to monitor the increasing amount of amplified DNA (Figure 1.12).

1. Reaction setup: The SYBR® Green | Dye fluoresces when
bound to double-stranded DNA.

menzation is complete,
-.!'1"

Figure 1.12 A schematic diagram showing real-time PCR procedure using SYBR
Green I dye (http://www.scms.utmb.edu/genomics/tagsybr.htm).
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1.5 Development of molecular markers and applications
L.5.1 Isolation of microsatellites and population genetic studies

Microsatellites were isolated and applied for genetic studies in several species,
for example, investigating genetic variability and genetic structure in the greenshell
mussel, Perna canaliculus (MacAvoy er al., 2008); the mudflat topshell, Diloma
subrostrata (Donald and Spencer, 2006); the land snail, Arianta arbustorum (Locher
and Baur, 2001); the black tiger shrimp, JPgnaeus mododon (Tassanakajon et al,,

1998; Pan e al., 2004); the Pa ‘-. white itopenaeus vannamei (Meehan et
al., 2003; Cruz ef al., 2004, Valles-Jimegnez m}* the pencilfish, Nannostomus

unifasciatus (Beheregara itlin ' mako, Isurus oxyrinchus (Schrey
and Heist, 2003) and+# "*\ (Steven et al., 2005), for
comparing genetic diy€rsi ity € \. jopulation of Atlantic cod,
Gadus morhua L. (PagaPoulic £1f ; .2006) and\ i w carp, Cirrhina molitorella

(Yang er al., 2008), fogfevalugti Nl \\‘\ nses in different families of the
rainbow trout, Oncorhyncl 2006) and parentage determination
in the kuruma shrimp, Marst 4l ( erry ef al., 2004, 2006), the Chinese
shrimp , Fenneropenaeus ci inetis , 2006) and G. morhua (Herlin et al.,

2007, 2008).

;=

. ¥ LY i i M
Microsatelli "' dies in wvarious abalone

. (2000) Tsolated and ¢ aracl@ed 11 microsatellites in H.

asinina. Genetic variability=of these microsatellites was examined in the Heron reef

sopitaies o il m. NIRRT R SIS of aees per o

ranged from 2 1325 alleles and the gxpected hcte:gzygnmt}r range m 0.29 to 0.96.

1 AT S B v

Two lo& (Haw2] and Hau2L) significantly deviated from Hm*dy-Welnberg

expectations owing to heterozygote deficiencies (P = 0.003 and P = < 107,

species. Selvamani ef

respectively).

In addition, three genomic libraries were constructed for microsatellite
isolation in the tropical abalone Haliotis asinina in Thai waters. The first genomic
library was constructed from DNA fragments obtained from Alul digestion. The
second library was from vortexed and sonicated genomic DNA. The third library was
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from mixed-enzyme (Alu I, Rsa 1 and Hinc II) digested genomic DNA. After
screening with (GT),s, it was found that the third library gave the highest percentage
of positive clones (1.46%) whereas the first and the second libraries gave 0.2% and
0.43% of positive clones, respectively. Nucleotide sequencing of positive clones
revealed that perfect, imperfect and compound microsatellites were found in the same
proportion. From 33 microsatellite loci, 10 pairs of specific primers were designed
for microsatellie amplification. Preliminary analysis of polymophism of 10 loci (Has/
- 10) showed that numbers of alleles ranged from 3-26 alleles and observed

me:‘ang, 2002).

ites were isolated and used

Twelve of di-
charkana} from the coast of
ach of the loci ranged from 20
to 63. Observed heterozygbsi ' I 0,93, Expected heterozygosities
ranged from 0.68 to : ardy-Weinberg equilibrium
were observed for six o , Hka48, Hka65, and Hka85)

(Miller et al., 2001).

Sekino and Hara (2 1) isolited and actgfized 5 microsatellite loci
(Hdd6C, Hdd108CLF 570) for examining genetic
variability of the Paci@ a is. Th{}mmber of alleles of all five
loci ranged from 3 to l[]'- d the nbscnrcdﬁd expected heterozygosity ranged from

0.17 to 0.80, aﬂﬂﬂ E]cq ﬁ;ﬁxﬁﬁﬁl‘“l&] ’%ﬂﬁ}' and Hdd229, showed

significant deviffions of the nbscrv%(:l genotype frcqucnmcs from Har{iy—r-Wcmbﬂrg s

TERWTENN I UANINYAY

An and Han (2006) developed 17 microsatellites in H. discus hannai. All loci
were polymorphic with an average of 13.1 alleles per locus (range 3 - 28). The mean
observed and expected heterozygosities were 0.77 (0.17 - 1.00) and 0.79 (0.42 - 0.96),
respectively. Six loci (KHdh46, KHdh50, KHdh53, KHdh55, KHdh57, and KHdh64)
deviated significantly from Hardy—Weinberg proportions, and thus should be used

with caution. The high polymorphic levels of these microsatellites suggest that they
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should provide useful markers for studies of trait mapping, kinship and population

genetics.

The microsatellite-enriched library of H. discus hannai was also constructed
using magnetic bead hybridization selection method. Three hundred and fifty white
colonies were screened by PCR, 84 clones were identified to potentially contain
microsatellite repeat motif. After sequenced, 42 microsatellites and 4 minisatellites

with a minimum of five repeats were found and could be categorized in to perfect

relative short arrays (< 20 repes ant (75%). The largest length was
.4. These data can be useful for

choosing the repeat moti gllit ieii.in other abalone species (Li and

48 repeats and the average

Kijima, 2007).

Tang et al. (2004 enét d differentiation of natural H.
asinina in coastal watérs aila using nicrasatellite loci (CUHas2, CUHas3,
and CUHas8). Genetic y _: *Jn- 15 of ) ive number of alleles (n.), H,,
and H, were higher in 2 safmp s'ﬁ‘ﬂq:} e of =937, 7.66; H,=0.62,
0.78; and H.= 0.87, 0.86) tha ;-'"-”4 E5 =0.58; and H.= 0.62)

from the Andaman Sea. At
frequency comparjs : 7
differentiation, bet hfL,r—
Andaman Sea (P < tl@l}_

epetic heterogeneity, including allele
indicated interpopulational
87Gulf of Thailand and the

ook ﬂﬂﬁ‘ﬁﬁﬁﬁ?ﬂw e
asinina of tm ng CUHasl, CUHas4

and CUHas5. Results indicated relftively h ﬁetic dwemﬁﬂ H. asinina (total

nmmﬂfﬁlaﬁﬁ]ﬁm VAT N 4, 1070

obsewed heterozygosity = 0.84, 0.42 and 0.33, respectively). Significant population

differentiation was also found between samples from different coastal regions (P <
0.0001). This further confirmed that the gene pool of natural /. asinina in coastal
Thai waters can be genetically divided to 2 different populations; the Gulf of Thailand
and the Andaman Sea.
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Microsatellites DNA markers were also potential for species-assignment in
members of Pacific abalone species complex (H. discus hannai, H. discus discus, H.
madaka, and H. gigantea) and five additional species (H. diversicolor aquatilis, H.
midae, H. corrugate, H. fulgens, and H. rubra. The amplification success of 24
microsatellites was tested in various species and 4 of these were not transferable to H.
gigantea, suggesting a solid genetic boundary between H. gigantea and other three
species. Among the three latter abalones, both assignment tests achieved

approximately 90% or more success rate to assignment (Sekino and Hara, 2007).

ve nuclear microsatellite loci and
itochondrial (COl and CyiB)

vhite abalone (H. sorenseni).

Gruenthal and Burton {
partial sequences of one
genes, to assess genelic

All five microsatellite g foli wed expectations of simple

Mendelian inheritance 4" 1ab0 810
exhibited a unique com s

genetic differentiation stillfre

ide-caught adult abalone
suggcstmg that significant

W

Ot \,{ A combination of nuclear
and mitochondrial gene'Sequenging der ated \ = of the original wild-caught
animals was not H. sorefseg [4 kamy fmf,{ 2. Similarly, another animal of

uncertain identity accidental collected wis shown to be H. kamtschatkana.

ked gvell in 3 full-sib families
V€ldped. Nine loci with easy
nles der@d from coastal areas where
intensive releases of hauihtry produced al@)ﬂnc seedlings have been carried out.

Multilocus genﬁﬁﬁ ﬁcﬂ}%ﬁ m WJmﬂﬂ.lﬂjhypnthCSIS of genetic

homogeneity befi¥een populations. Allhuugh both pﬂpulatmns cunfunntd to Hardy

s mmmmm 0)F 01
variance ela d evidenc on ating in each

population, possibly caused by the cumulative effect of stocking on the genetic make-

Thirty eight
established from wild
scoring alleles were apﬁed 0 2

up. The results consider that the microsatellite markers are potentially and efficient
means to examine the reproductive contribution of released abalone to natural
resources (Sekino el al., 2005).

Multiple genetic markers were used to evaluate genetic structure of natural

populations of red abalone (H. rufescens). Mitochondrial eytochrome oxidase subunit
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I (COI) sequence, nuclear microsatellites, and amplified fragment length
polymorphisms (AFLPs) were analyzed the connectivity among 9 abalone
populations samples along approximately 1,300 km of California coastline from
Crescent City to San Miguel Island. COI sequences and microsatellite genotypes did
not show significant genetic divergence among 9 sampled populations. A subset of 5
populations spanning the geographic range of the study was scored for 163
polymorphic AFLP markers. Of these, 41 loci showed significant divergence (P <
0.001) among populations. Although the AFLP data suggested significant genetic

2007).

In another candi ‘ ‘ ‘genefic.analyses of COI DNA sequences,
four nuclear microsatelld ament length polymorphisms
(AFLPs) of endange L ' : ! " N acheradf:' were carried out in
samples from the centrdl Califgrnia co; stand [ u \ ds in the Southern California

Bight. Global divergence cant based on CO[l and AFLP

polymorphism. The Hka ] and AFLP showed significant

divergence in muluple pam'q.sn- opulatiof comparisons and exhibited a signal of

isolation by distange erved of interpbplation genetic divergence
TR i

suggests that lan'ai ral~recovery of decimated H.

cracherodii populatio !J ong the coasl of California isinlikely to occur in the near

future (Gruenthﬁand Burted 200

U UNI NGNS

1.5.2 Detecting reduced genmc diversity i, m cultured abafane stocks

ARORIRT RHIAVE I s nac

Hdh513, ?idh.‘l' 7, and Hdhl45) to estimate the level of genetic diversity of H. discus
hannai within 3 hatchery strains and 2 wild populations of Pacific abalone. All loci
were polymorphic with varying degrees of variation. Hdh513 had the highest number
of alleles (45) in the Iwate Prefecture population (IKI), while the number of alleles at
Hdhi321, Hdh57, Hdhl45, Hddll4B, and Hddl08C was 42, 11, 8, 29, and 6,
respectively. The average number of alleles per locus in the hatchery and wild
populations was 5.4 and 22.4. The mean number of alleles per locus detected in the
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three hatchery strains ranged from 3.5 to 8.5 which were significantly lower than
those in the two wild populations (21.8 and 23.0). The mean expected heterozygosity
was 0.793 in both of the wild populations and ranged from 0.559 to 0.715 in the
hatchery strains. Compared to the wild populations, expected heterozygosities were
significantly reduced in the hatchery strains (P < 0.05). The results showing
differentiation was found between the hatchery strains (Fsr range 0.243 — 0.427) and
between the hatchery strains and wild populations (Fsy range 0.059 — 0.252) but no
obvious difference was detected between the wild populations (Fst = 0.004). The

broodstocks.

Genetic variatig hery stocks and 7 natural

populations of abalong d H. discus discus were
examined with 9 micrggéite f,‘ from HWE were observed in

hatchery stocks owing toghe(# .{; i \\\

not show such a tendenCy. High

all natural populations did
s were observed for all cases
between the hatchery stoeKs, eiwrcen the stocks and natural populations.
Genetic distance between “eacli=
population (0.108 £ 0.035
Ezo-abalone and *.....
allocated individuals®

solid genetic dlffercnc

composition éfj 5 W{J ecessarily reflected in
the hatchery st ﬂTﬂﬁdﬂﬂ through seedling
process. 'Ihe:refr::-re the seedling andstocking pragtice of these haichery stocks should

YT R EYENT v d T P —

(Hara and Sekino, 2007).

and the geographically proximal
estimated for between the natural
Self-assignment test, which

ate, provided evidenee of

among the 9 hatchery stocks. | sults suggest that the allelic

Microsatellite DNA markers were also used to investigate levels of genetic
diversity within cultured populations of /. midae and H. rubra in South Africa and
Australia, respectively. The cultured populations examined were F1 progeny of wild
caught broodstock. All populations show a decline in genetic diversity, measured as

the number of alleles per locus (35 — 62% allele loss) when compared to wild stocks
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in respective broodstock population. There was no associated loss of heterozygosity.
Changes in the frequency of alleles between farmed and wild samples were observed
in both species. Mean levels of genetic relatedness for the cultured H. midae were not
significantly different to zero, while those for the cultured H. rubra were significantly
higher. The estimated effective population size of H. midae broodstock was between
75.3 £ 57.6 and 43.5 + 29.8 for a west coast farm and between 18.5 = 8.4 and 16.8
8.0 for an east coast farm. The observed loss of alleles in both farmed samples was

significantly greater than that expected due to genetic drift based on such effective

Gutierrez-Gonzalegeand " Poroz-EnriqueZ analyzed the genetic diversity
in 2 hatcheries and devised™a jn® / fo itc ‘\ ased H. fulgens in the wild based
on 2 microsatellite loci gdfic génétic diversity of hery-reared abalone was high
{mmmpﬂﬁim.wa 5€ Hiand comparable to that of the
broodstock. The number of spine cnetlca]l}r to the progeny was
more than 80% of the 16lal fing et practices appear adequate to
sence of released larvae in the

avoid significant reductiofl | ;

wild, assessed by recapture’ samiphing 18 months after release, was low,
indicating that the stock enhamcenes ¢ &1 ral t:should be modified to release older
: urv probabilityef identity (/ =1.7 x 107,

. W ). . .
estimated with the c@ s idicates their potential for

identification of individ als in the wild in stock ﬂnhancemenl programs.

‘-“‘“ﬂ”%ﬁ’%‘%ﬂ‘ﬁ"ﬂﬂ’]ﬂ‘i

Selvamam el al. ﬁ jhcd microsatellite DNA nfarfkers to genotype
1

parenafd, s 5l Y10 el pd@led hrormation fr

sclﬂctiveqbrccding of H asinina. At least 10 loci can be analyzed from a single
abalone veliger larva. Five polymorphic loci; 2 highly polymorphic loci (Haul3 and
Hau2K) and 3 moderately polymorphic loci (Haul0, Hau2J, and Hau3E), were used
to identify parents of individual larvae produced from 3 separate crosses. The
numbers of alleles per locus ranged from 12 to 25 and the expected heterozygosity
was between 0.77 - 0.96. In all cases, the parents of an individual veliger could be

examined from as few as 3 loci. The microsatellite analysis revealed that, in all
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crosses, a single male fathered most of the veligers. These observations suggest that
highly controlled breeding practices may be required to ensure that genetic diversity
of an abalone population produced for aquaculture is maintained at the level of
diversity of the original broodstock.

Li et al. (2003) examined the mode of inheritance of 7 microsatellite loci of H.
discus hannai in 4 families with a reciprocal cross of 2 females x 2 males. All loci
segregated codominantly, but only 3 loci (Hdhi321l, Hdh78, and Hddl08C)
conformed to Mendelian segregatic be used for parental analysis and
considered, 2 loci (Hdhl761 and

amilies, while the remaining 2

population genetic studies.
Hdhi457) confirmed Mendeh
loci (Hddl14B and Hdd228ys & deviatign.[ léndelian segregation in at least
one family even thoughmll 2 'rél considered. These results indicated the need

abalones before using them

ths of age of H. asinina by
creating a single cohort o84 famiil Afull-fa torial mating design consisting of
14 sires and 6 dams were esiimatet= £ : ‘. sampled, 89% were successfully
assigned to their parents based ¢ . 1 shared alleles at 5 polymorphic microsatellite loci
(Hau2J, Hapl0, Hag i3E), B

shell width and weigli

estimates for shell length,

A0L/0.36 + 0.13 respectively.
Genetic correlations w% v mc@ and weight, indicating that

breeding for weight gainssculd be successfylly achieved by selecting for shell length

e s Zﬂ"‘-l-lﬂ’ﬂ 'Vlﬂ"m"ﬂﬂ’]ﬂ‘i
nta of H. discus Hannai familieSwreared togethéin a mixed smgle
o ) S 3 N P9k o B bl v s

mtcrnsale?lne loci. The selected families were derived from 7 parents (3 females and 4
males) selected for larger size in shell length at about 1-year-old, and the non-selected
families originated from 5 wild captives (3 females and 2 males). Results from
microsatellite markers unambiguously allocated 170 juveniles sampled to the 17
parental pairs. The family size was highly heterogeneous among families, as 2 males
in the selected families and 1 male in non-selected families dominated the

contribution to the offspring pool (80%). The mean shell length of the selected
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families was approximately 23% larger than that of the non-selected families (P <
0.001). This study suggested that the use of microsatellite markers is effective for
parentage determination in the mixed family farming commeonly used in abalone
hatcheries, and selective operations for larger size could improve the growth of the

next generation (Hara and Sekino, 2007).

1.5.4 Type I microsatellites and their applications in genetic and fishery

management

Yue et al. (2004) identified
(Cyprinus carpio) by scre

icrosatellites from the common carp

ound in the GenBank and EST
.-J

sequences from a testis : ind IPEne DNA library enriched for CA

microsatellites on > that all, except 2, were

repeats. Eleven of 28 typg 4 / c w.\ *:\\;- were AT repeats, suggesting
their high abundance ig#thg Jul .\\, Characterization of these
N o N

polymorphic with an g . BE f 7.3 (range: 2 — 15 alleles).
Type | microsatellites “'i- o all \ imber than those of type Il
\ 32, P < 0.05). Crossspecies
airs generated polymorphic PCR
products in the silver crucian = = auratus gibelio). Interestingly, the

success rate of cross-s ion W vep~for type 1 than type Il

microsatellites. The§e "*.J eful for genome mapping

and population genen uch

M(ﬂ;ﬁt pm% ltured populations of
Argopecten rr% I'ﬂ ﬂﬂ:‘m jnn from the east coast
of USA usﬁl microsatellites. A!ﬁl{ijh the difference in hetertifﬁln ity was small,

phiond foh 9k e dbic) | i

The redﬂccd allele diversity suggests that the Chinese bay scallop populations

1d population.

experienced a bottleneck effect despite several recent introductions of new stocks
aimed at expanding the gene pool. The loss of allele diversity may affect future efforts
in selective breeding and domestication. Results of this study highlight the need for
additional introductions, advanced breeding programs that minimize inbreeding and

continued genetic monitoring.



35

Likewise, genetic diversity in 3 hatchery populations of Patinopecten
yessoensis in China was compared with 2 wild Japanese populations using 6
microsatellite loci. The hatchery populations were substantially less variable than wild
populations with the average numbers of alleles per locus were 5.7 and 7.9, and the
average expected heterozygosities were 0.582 and 0.671, respectively. This loss of
variation is attributable to about 20 years of isolation and genetic drift. Fsy values
showed significant genetic differentiation among the 5 populations. Genetic
differences between populations were also detected by pairwise comparison based on
allelic distribution. The neighborsjin e topology constructed from genetic

distances among populations.showed a ¢ jon between the wild and hatchery
populations. The informatienon-the gedeticvanabemand differentiation in cultured
and wild populations 5 UseLl setting I guidelines for founding and

maintaining of cultur ¥ v 1 improvement by selective

The EST database ' B ¢ etermined. Fifty sequences

(approximately 3.4%) _ tosatellites. Based on the length and
GC content of the flanking fregions: cliiste ‘_ sis and BLASTN, primers were
designed from 13 microsatéllitéontaining ESTs. The results showed that 10 out of
miplified s€aable PCR products and showed
polymorphism. The n : ocus rar ",k m 2 to 13 and H, and H,
varied from 0.1222%6 N pen:twel}r No significant
linkage dlseqml:hnunJLDJ between pairs of loci was found, and 6 of 10 loci
conformed to t EI’ in_et al., 2008). However,
there has been Elﬁd ﬁlﬁﬂuﬁmﬁl’iﬁ lzalmn of type lin H.
asinina.

AAIANNINHAAL.

Amplified fragment length polymorphism (AFLP) analysis (Vos er al., 1995)
i5 a PCR-based multilocus fingerprinting technique that combines the strengths and
overcomes the weaknesses of PCR-RFLP and RAPD-PCR (Welsh and McClelland
1990; Williams et al., 1990). AFLP analysis has been used for indirect examination of

13 primer pairs success

levels of genetic diversity in several species (Li et al., 2003; Felip er al., 2005; Li et
al., 2006; Khamnamtong ef al., 2006; Yu and Chu, 2006; Sriphairoj er al., 2007;
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Zhang et al., 2007; Gruenthal and Burton, 2008; Zhao et al., 2009). The major
strengths of the AFLP method include simultaneous screening of a large number of
polymorphic loci, high reproducibility due to high stringency of PCR, and relative
cost effectiveness (Liu and Cordes, 2004). Moreover, it does not require any prior
molecular information about sequences under investigation and is thus especially
applicable to species in which the genome sequences are not well characterized, like
H. asinina. More important, taxonomically specific fragment and/or polymorphic
fragment can be converted to sequence-characterized amplified region (SCAR)

vy}ng et al., 2006; Klinbunga et al.,
B 7Z.,
——

amilies of Zhikong scallop
: :1-*\???: ses exhibited non-Mendelian
segregation ratios befoue™and” aftéy’ the"Bo \- ection, respectively. AFLP

markers for different applicati
2007).

AFLP genotype
Chlamys farreri. Ove
markers were used to inyeStighig fgenetic diversity within the cultured stocks
in comparison with the slatfons), pairs of primers generated 293 loci

& 2wl ations. High polymorphism was

among 139 individuals
found within both cultured and
from 0.291 (hatcheries) to )

ranged from 92.1% (hatcheries

than 30 years of agtt! - substantially reduced the genetic

o 3 e expected heterozygosity ranged
¢ percentage of polymorphic loci
gspectively. This suggests that more

A

antenetic differentiation was

1

observed between the tured stocks, and between the ¢

e AN NI NYINS

Kong andl Li (2007) used AFLP markers to investigate levels of genetic

- Y 'y, _
diversi \m m n!]:?ﬂﬂ ﬁnﬂﬂ‘a antiquata.
Seven Ers of primers gen men oci on 5"individuals in 3

cultured and 3 wild populations. High polymorphism at the AFLP markers was found

variability of the cultu

ltured and wild populations

within both cultured and wild populations. Although not statistically significant,
reductions in the expected heterozygosity and percentage of polymorphic loci were
observed in the cultured populations (2.8% and 8.3% reduction, respectively), and
higher frequency of private alleles within the wild compared to the cultured

populations indicated that rare alleles in some loci were lost in the cultured



37

populations. Significant genetic differentiation was observed between the cultured
populations, and between the cultured and wild populations. Northern populations
were genetically distinct from southern populations (Fsr= 0.696 - 0.746). Therefore,
continued genetic monitoring of the cultured populations is warranted and the
northern and southern populations of C. antiquata should be managed separately in

hatchery practices for the preservation of genetic diversity in wild populations.

Seven AFLP primer sets were used to investigate the genetic structure of a

wild base population and 3 gene f the Chinese shrimp Fenneropenaeus

chinensis selected for fast gro AL/} ge than 500 bands were generated in
total. On average, each pri & 2 orphic AFLP fragments. The
expected average hete gosity jang in 0:085:6,0.097. As time under selection

increased, genetic divezs

Yu and Chu o) sifidics-penétie variation,in 5 populations of the pearl

oyster Pinctada fucals a'Bay and Beibu Bay), Japan

(Mie Prefecture) and AuStralia (F . Stephe: S]:;_ \ imer combinations generated
184 AFLP fragments amafig whic gri ~97.3%is polymorphic. An overall genetic

wations and average of 0.37 within populations

(ranging from 0.35 in Japanes ': popula 5 10.0.39 in Beibu Bay population) were
observed. Genetic diffe : ngis low but significant as
i - . l'-t_‘-q

indicated by pairwi%e - MOVA  further shows that

differentiation was significant a 1z nnsEu was not significant among

Chinese, Japanese and A‘lstrdahan pﬂpu]atmﬁ or among the two groups of Australian

and north Pacﬁ %ﬁﬁ}%gﬂﬁ Wﬂﬂr‘sﬂe’j\umnm one is more

differentiated frlim others, based on both pairwise AMOVA and Gsy analyses, and is

¢ O 7
T A T
differencgs ‘among the m]: tions dare not correlat iffi the geographic

distances, suggesting that Hainan Island and Leizhou Peninsula may act as barriers

blocking gene flow.

Qin er al. (2007) constructed genetic linkage maps for the bay scallop
Argopecten irradians using AFLP and microsatellite markers and conducted
composite interval mapping (CIM) of body size-related traits. Three hundred and

seventeen AFLP and 10 microsatellite markers were used for the map construction.
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The female parent map contained 120 markers allocated in 15 linkage groups,
spanning 479.6 cM with an average interval of 7.0 ¢cM. The male parent map had 190
markers allocated in 17 linkage groups, covering 883.8 ¢cM with 7.2 ¢cM between pairs
of markers. The observed coverage was 70.4% for the female and 81.1% for the male
map. Six size-related traits, shell length, shell height, shell width, total weight, soft
tissue weight, and shell weight were measured for QTL mapping. The size data were
significantly correlated with each other. CIM analysis revealed one significant QTL

(LOD = 2.69, 1000 permutation, P < 0.05) in linkage group 3 on the female parent

Low efficiency fosehariCiesiz: satellites in M. japonicus leads to
the use of AFLP an:
linkage map in this spg

_construction of the genetic
ere defined using different
primer combinations. Agprigagy | s o€ map b L d n‘ three generation pedigree,
genotyped at 246 AFLP dCi Hag bie sthucteds Itincorporates 129 markers in 44
linkage groups with a génogfic oy s pioMmALeTy 57% (Moore et al., 1999).

AFLP fingerprintingfappitas used for identification of sex-linked
markers in the rainbow trout. USing a ped pool strategy, 486 different primer

combinations of whigh 49 ¢ ciated lifightion. Segregation analysis

showed that 18 out o A ) i/ for individual sexing and
genetic mapping. FiP@n AT ‘ tx-a%cialﬂd amplification in the
pooled segregant analysis were mnveﬂed SCARs markers. One of these, Omy-

163, was Y chﬂnuﬁ]qw w&#weﬁj in all of 4 genetically

diverse male cﬁnal lines of the ramb-ow tmut examined. Three microsatellites,

Ots5l mm Wﬁ El ly mapped on
the sex age gruup in rain ol analyzed AR Omy-163,

Ots517NWFC and OmyFGTI19TUF showed low levels of intraspecific allelic
polymorphism. Y chromosome-linked AFLP markers were relatively strain-specific
suggesting an intraspecific genetic polymorphism of the rainbow trout Y-
chromosome. An AFLP approach in combination with a sex-type pool strategy

resulted in a quick analysis for identifying sex-linked loci in the rainbow trout.



39

Similar approaches may be useful for molecular mapping of markers linked to

phenotypes of interest in other species (Felip et al., 2005).
1.5.6 B-oxidation

The fatty acid degradation pathway is referred to as B-oxidation. In animal
cells, B-oxidation takes place in both the mitochondria and peroxisomes whereas in
lower eukaryotes, it appears to be solely a peroxisomal process (Bhaumik er al.,
2005). Mitochondrial fatty acid B-oxidati
within the mitochondria (Fi )

occurs through a series of cyclic steps

-
AU ING
Figure 1.13 Dv?rview of mitochondrial B-oxidatien of fatty acidgs CPT-1, camnitine
i RS b H BRI it
canﬂtinc‘lrans[ncase; ETF, electron transport flavoprotein; LCAD, long-chain acyl-
CoA dehydrogenase; MCAD, medium-chain acyl-CoA dehydrogenase; SCAD, short-
chain acyl-CoA dehydrogenase; TCA, tricarboxylic acid cycle; VLCAD, very long-
chain acyl-CoA dehydrogenase (Schuler and Wood, 2002).
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1.5.6.1 Genes/proteins involved in lipid metabolism

The first step of B-oxidation pathway concemns the introduction of a trans-2
double bond into the acyl-CoA substrate and then transported into the mitochondrial
matrix. Fatty acids are first bound by fatty acid binding proteins and then “activated”
to the acyl-CoA form in the cytosol by acyl-CoA synthases that are associated with
the endoplasmic reticulum or the outer mitochondrial membrane. After activation of

the fatty acid, the acyl-CoA is transported across the double mitochondrial membrane

CoA, carnitine/acyl-carnitim A%, -and" carnitine palmitoyltransferase-2
—————

(CPT-2 or carnitine acylizanst®tisc AT ¢iashfi and Cook, 1995). The two

isoforms of CPT-1 are ke | '

(CPT-1B). The prima

CPI-1A) and the muscle isoform
nuseléisoforms predicted from the
ated molecular masses of 88,227

Da (772 amino acids) and#8 450 Da (773 \ar | f'nr the rat muscle and rat liver

Carnitine-dependent, ransp i the Jeng-ehain acyl- CoA occurs in four

steps. First, carnitine accepts '- group ol the fatty acid via CPT-1. Second, CT
translocates the acyl*garnifine : & outer | sepmitochondrial membranes.
Then, CPT-2 catal ;T‘s_. \.J yl group, which is then

reattached to a CoA leﬂ wit Al ma;ﬂ( forming the acyl-CoA that
will be B-oxidation. Flnaii CT, which m@mted the transfer of the acyl-camitine,

mmunaneous:ﬂ(%ngs fy}‘ﬁ[&]m ‘cj ‘w ﬁ qﬁ@gm 1.14).
mﬁ AR I R g e

reaction wnhm the mitochondrial matrix is the acyl-CoA dehydrogenation step that
catalyzes the formation of a trans-a, p double bond. The acyl-CoA dehydrogenase
step is catalyzed by a group of enzymes named for the chain length of substrate on
which they act: very long-chain acyl-CoA dehydrogenase (VLCAD), long-chain acyl-
CoA dehydrogenase (LCAD), medium-chain acyl-CoA dehydrogenase (MCADC),
and short-chain acyl-CoA dehydrogenase (SCAD).
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Next, enoyl-CoA hydratase catalyzes the hydration of the trans double bond,
which results in the formation of 3-hydroxyacyl-CoA. This process is followed by the
3-hydroxyacyl-CoA dehydrogenases (long-chain hydroxyacyl-CoA dehydrogenase
[LCHAD] or medium-/short-chain hydroxyacyl-CoA dehydrogenase [M/SCAHDY]),
which catalyze the formation of 3-ketoacyl-CoA through an NAD+/NADH-dependent
dehydrogenation of 3-hydroxyacyl-CoA. Finally, 3-ketoacyl- CoA thiolase catalyzes
the reformation of the shorter acyl- CoA and the newly generated acetyl-CoA through

a thiolysis reaction. These last three steps for long-chain substrates are accomplished

i n (MTP), which is composed of

‘ woded by two separate but linked

- _ ,.J_

genes, HADHA and HADHB; respe :

w the long-chain enoyl-CoA
hydratase and LCHAD gag |

~MTRB contains the 3-ketoacyl-CoA
thiolase activity (Ibdah ¢

agy-CoA (2 C shorter) +

The summary of#ne
Fatty acyl-CoA + FAD

1, + NADH + H' + acetyl-CoA

The trifunctiena

CoA dehydrogenatign/amd-3-ketouoy=CoAt:

oA-hydration, 3-hydroxyacyl-

'g‘ and medium chain acyl-
4)mubstrates+ The trifunctional

protein is a multienzyme fomp]ex, a heteroactomer made up of four molecules of a-
=

R 1) 150y (151 €A\ LI e
dehydrogenase domains (78 kDa) and four molecules of p-subunits (HADHB) with

¢
BAC M TR0 ) (P L3R A
inner mi i t ul.! 1995 Orii’ er al,"1997; Eaton et al.,

1998) (Figure 1.16).

CoA esters, but is inagtive te
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Cytoplasm

-

|- HHII g fﬂllllm e

Aqi

Figure 1.14 Diagra acid from cytoplasm to

mitochondria matrix Wit “ ‘ ansferase 1 (CAT-1), carnitine

acy]transferasc I1 (CAT-II); an;ﬁEnun e/ ‘acylcamitine translocase (CT). (http://

quﬁiwam%ﬂawﬂﬁ
IR IUNNING Y
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f 1) BN ean S
o WARIN FHUIIRBN LA Reboe minics

Iransfr:rai; ETF, electron transfer flavoprotein; ETF: QO, ETF: ubiquinone
oxidoreductase; ETFH, reduced ETF (Eaton et al., 1996).
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a-subunit

lactate

pyruvate

3-ketoacyl-CoA acetyl-carnitineg

i

LDH, L-lactate dehydrogend -.]‘_LI" itinedcety] transferase.

ylacyl-CoA epimerase)

. peroxisomeal enzyme. It is

originally identified 1 |

'zymc play an important role metabolic degradation of

branched-chal ﬁr i lang et al, 2003;
Ferdinandusse ugﬂ} ﬁdﬂﬂ ﬂﬂm (R)- and (S)-1soforms
of a-methy anched chain compofhds, where he p-oxidation
cycle a@ﬁg f})ﬁm aﬁﬂﬂnﬁ ﬂntcs. AMACR

catalyzes Ihe conversion of several (2R)-methyl branched-chain fatty acyl-CoAs to

known as a linking

their (S)-stereoisomers (Figure 1.17). As a result, AMACR is a required component of
the oxidative metabolism and biosynthetic parthways of branched-chain fatty acids
and bile acids, respectively. It is expressed at appreciable levels and is transported to

both the peroxisomal and mitochondrial compartments in a variety of tissues.
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0
(!.‘*-CM ?
R
4 a-methylacyl-CoA racemase R V\/}(Cﬂﬂ
HC H H CH,

(2} methylacyl-CoA  <f——————Jp  (2R)-methylacyl-CoA

Figure 1.17 The mechanism of a-methylacyl-CoA racemase in the conversion of
(2R)-methylacyl-CoA to (2S)-methylacyl-CoA (Hiltunen and Qin, 2000).

1.5.6.4 Vacuolar H+ ATPase¢

The vacuolar H'-ATPas es (or VAT are a family of ATP-dependent
proton pumps responsible for acidis catig 1 ar compartments in eukaryotic

cells. Vacuolar acidific »of cellular processes, including

ligand-receptor dissocttiopsfud /it \-\,. cling “following receptor-mediated
endocytosis, intracelluldf tagges \ ‘\ \ ysosomal enzymes, protein
processing and degradafiond” afdf coupl % r"f'- port of small molecules, such as
neurotransmitters. Acidif€at al ‘compartments is also necessary for
budding of transport vesiglesfand ‘- etion %y ‘certain envelope viruses, such as
influenza virus. V-ATPa eensidentified in the plasma membrane of
; (Loiakanse - 4hy S g
certain cells where they fign in sug ocesses as renal acidification, pH
LRI T

homeostasis, bone resorptior [ tgansport. They have also been
implicated in a va nciudmd renal tubular acidosis,

osteopetrosis and lumoml o DﬂB}.

The V-ATPases fiom fungi, plants, eﬂd animals are structurally very similar.

Biological mdﬂ,%ﬂm}wmw ﬁﬂiﬂrﬁes are composed of a

peripheral V1 ddghain responsible fnr ATP hydrolysis and Vo dummn responsible for
proton ﬁ ain consists of
eight smrlﬁmmm ﬁmdﬂ ain consists of
at least four different subunits (subunits a, ¢, d, and e) and two newly discovered
Ac45 and M8-9 accessory subunits (Yao er al., 2007).
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ATP ADP +P,

V-ATPase ATP

Vi Hydrolysis

Cytoplasm

[$9 Translocation

Figure 1.18 Schematic V  VEATPases A\ ['Pase complex is composed of a
peripherally located V1 do al membrane associated VO domain. The V1

onsible for ATP hydrolysis. The

Membrane

Lumen

domain consists of eigh

V0 domain consists of d e) responsible for proton

translocation. Furthermo C wy, Ag45 and M8-9, also exist but
their structural location an w with hunit remains to be determined
Loty :::"
Guo er al. (1996) rcpn;lBﬁﬁD_m ophila melanogaster (Dm) cDNA (vhal4)
encoding the 14- QlF-snhmm of the 1%‘.:8!_ Pase (V-ATPase) has been

cloned via homologyaVith the cormres; - sexta (MS) gene. Its deduced
translation product is 3324 amino acid polypeptide sha&g 90% identity with the MS
pnlypcptlde and 50% idemtity with an amalogous polypeptide of Saccharomyces

rreviar, ot 30 bk PNBINS TE) RS -casporing ATPe

of Enfaracaccusurrae. Homology was also fnundnmlh cxpressedijqucncc tags from
o SR) ) LA YA Y . 0o s
and PlaSmodium falciparum, indicating that the subunit is phylogenetically
conserved. The Dm gene (vhal4) is present as a single copy at cytological position
52B on the second chromosome, and gives rise to an mRNA species of 0.65 kb.
Expression of the latter shows relatively little variation during development, or
between adult head, thorax and abdomen, suggesting that the F-subunit is a relatively

ubiquitous component of the V-ATPase.
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1.6 Objectives

The objectives of this study are determination of domesticated status of
hatchery-propagated stocks and characterization of genes functionally related with
growth of H. asinina. Type I microsatellites were developed from abalone ESTs and
AFLP fingerprints of hatchery-propagated stocks were also carried out. Polymorphic
AFLP fragments were converted to SCAR markers. The developed markers were
tested against hatcheries and wild stocks of Thai H. asinina. In addition, the full

length ¢cDNA and expression proﬁ : tabolism-related genes were isolated and

ﬂ‘IJEI’J'VIEWIﬁWEI'lﬂ‘i
ammmmumawmaa



CHAPTERI

MATERIALS AND METHODS

The experimental procedures carried out in this thesis are divided in to 3 parts:

1. Development of type 1 microsatellites for determining genetic studies of hatchery
propagated and natural stocks of Tha " asinina
2. Development of stock- ng AFLP-derived markers

arkers i

\

u\g\-}! enes related with metabolisms in H.

3. Isolation, characteri

asining.

2.1 Development o crmining genetic studies of

hatchery propagated ne, [. asinina

2.1.1 Experimental

Specimens nf H. asinind e ¢ 0 J,J:‘ | pm different geographic locations in
Thailand including F4libong Island, Trang prOVInee L ERGW, N = 25), Cambodia
(CAME, N = 20), A S founders originating from
Samet Island, Rayongwmvince (SAME, N'= 16). Mo & er, the abalone stocks bred
from those founders by fhass spawning wefe/maintained at Sichang Marine Research
and Training ﬁitu,ﬂ%% &Jv ﬁsﬂﬂ}ﬁ:}:ﬁmﬁy, the propagated
stocks were brr:y and cultured separately at SMaRT (CSMaRTi; N = 101) and at
rne SRR GG) T S YRS B
experiméhts (Table 2.1 and Figure 2.1). Foot tissue or epipodial tentacles were
dissected and kept at -20°C or in absolute ethanol until needed. In addition, the F)
progeny cultured at the Southeast Asian Fisheries Development Center-Aquaculture
Department (SEAFDEC/AQD), lloilo, Phillipines (PHI, N = 20) were placed in
absolute ethanol and stored at -20 °C until required.

To examine the possible correlation between genotypes of microsatellites and

the body weight of the hatchery-propagated samples, the body weight of 280
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#

individuals of the group B sample (11 months old) cultured at SMaRT was weighed.
Fifteen percent of abalone exhibiting from the top (BL, N = 40, X = 12.2 + 1.451 g)
and the bottom (BS, N = 40, X = 3.90 + 0.580 g) according to the body weight were

selected and used for association analysis between microsatellite genotypes and the
body weight of these abalone (Figure 2.2). The foot muscle of each abalone was
dissected out and kept in absolute ethanol at -30 °C.

2.1.2 DNA extraction

Total DNA was extracted tentacles or food muscles of each

abalone using a phenol-chlorofer rutm od. A piece of muscle was

dissected from each specimen hombgenized amicropestle in a prechilled 1.5 ml.
microcentrifuge tube copia ‘n’- \\-ﬁ ""'n (200 mM Tris-HCI, 100 mM
EDTA and 250 mM NaClfpH / 0% s was added to a final

Table 2.1 Sample collgetionSiies, u t o ?\ : \\ sinina specimens

SN\ |
Geographic « '; % m..- ‘\ tion Sample size (V)

micros AFLP

atellite

;__ﬁf ‘_:J-l'

e
Z= et s

Wild stocks

,. \ 25 25

£ 20 22
s sﬂwwsﬁmwm]m o

Thailand)

F'F@ﬂﬁ'ﬁﬁ%ﬁ‘im UANANYNRY =

Domeshcatﬂl stocks

Talibong Island, T ..‘fit

Cambodia (east of p-e:mnsular Thailand)

Trang hatchery CTRGH 48 40

Sichang Marine Research and Training  CSMaRTH 181 95
Station, Chonburi

Total 310 222
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Figure 2.1 Map of Thail ndicating sar of ]d H. asinina used in this
study. Dots represgil ple (W1 asinina was collected.

Abbreviations; CAM ﬂ:am Godins

AU )RS NN
CLORNGZE  NERE

and, TRG = Trang.

L2 X =7.60 : 2.758 15%

Figure 2.2 Normal distribution curve illustrating the sampling collection scheme of
group B sample used for association analysis between microsatellite genotype and the
body weight of H. asinina.
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concentration of 1.0% (w/v). RNA was removed by an addition of a RNase A solution
(10 mg/ml) to a final concentration of 0.1 mg/ml and incubated at 37°C for 1 hour. A
proteinase K solution (10 mg/ml) was then added to a final concentration of 0.2
mg/ml and further incubated at 55°C for 3 - 4 hours. Unless indicated, subsequent
steps were carried out at the room temperature. An equal volume of equilibrated
phenol was added and gently mixed for 15 minutes. The mixture was centrifuged at
12,000 rpm for 10 minutes. The upper aqueous phase was transferred to a new sterile

microcentrifuge tube. The phenol extraction was repeated and further extracted once

with an equal volume of phenol-chlorafom yl alcohol (25:24:1) and twice with

chloroform-isoamyl alcohol_(24:1). D cipitated by adding one-tenth
""ﬁ.“ :

dmes of chilled absolute ethanol,

gently mixed and in ' DNA was recovered by
i _ _\_\1\
: NS

volume of 3 M sodium acetaie, pil
centrifugation at 12, y washed twice with 70%
ethanol, for 30 minut
of TE buffer (10 mM
incubated at 37°C for
further used.

d and resuspended in 50 pl
8.0) The DNA solution was
ization and kept at 4°C until

2.1.3.1 Spec ‘{, ometry ')

The cum:emra n of extracted DNA can be Estﬂated by measure the optical
density at 2 ﬁnmmﬁ s calculation of total
nucleic acid m lu unt of proteins in the
DNA solution. The ratio between idﬂﬂrifwdes an estinfate on the purity of

cmm‘é] A WG Srbpataiod ohDMA. taschmilrih Ok o of 18 - 20.

The raua that much lower than 1.8 indicated contamination of residual proteins or
phenol (Kirby, 1992). An OD; of 1.0 corresponds to a concentration of 50 pg/ml of
double stranded DNA, therefore the DNA concentration is estimated in pg/ml by the

following equation;

[DNA] = OD2g x Dilution factors x 50
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2.1.3.2 Mini-gel electrophoresis

DNA concentration can also be estimated on the basis of its direct relationship
between the amount of DNA and the level of fluorescence after ethidium bromide
staining. DNA was electrophoresed through 0.8% agarose gel prepared in 1XTBE
buffer (89 mM Tris-HCI, 8.91 mM boric acid, and 2.5 mM EDTA, pH 8.0) at 100 V.
After electrophoresis, the gel was stained with ethidium bromide. The gel was
destained in water. DNA concentration was estimated by comparing the fluorescent

intensity of interested band with th d 111 and undigested A-DNA.

2.1.4 Polymerase Chimi e I and type Il microsatellites

"_
2.1.4.1 Identifi, { m‘eﬂ:fes

EST sequences of b iemoeyte cDNA libraries of Haliotis
asinina comprising a totalfo {640 Sequciic At 5 pup. , 2004) and additional 2,227
ESTs from other Halibli c§ depositedain the '“‘ Bank (http://ncbi.nlm.nih.gov)
were in silico examine dexistenceaf simy ats using the Tandem Repeat

. ah4 \
Finder 2.2 (Benson, 199 i-eonial \ ie'number of repeats greater than
10 for mononucleotide, - dinuclet
tetranucleotide, pentanuclr:ﬂu i

-
i)

for trinucleotide, and 3 for
eotide repeats were regarded as
microsatellite-conta ur i 991., Estroup et al, 1993;
Tassanakajon ef ai'., t 9%). X

2.14.2 .Dtvefapmfm of ES T-der.wsd m:cmmreﬂes and genotyping

S ETCTAT VT BT T S—

Primer Pn:mlr:rq 0 (Table 2.2). The major paramgters for primeg design were set as

oo AR G T W ARG 5

temperatlire approximately of 50°C, and GC content of approximately 50%.

The amplification reaction was performed against genomic DNA of a few
individuals of natural and cultivated abalone in a 15 pl reaction volume containing 10
mM Tris-HCI, pH 8.3, 50 mM KCl, 2.0 mM MgCls, 200 pM of each dNTP, 0.4 uyM
of each primer, 1 unit of DyNazymem 11 DNA Polymerase (Finnzymes) and 50 ng of
DNA template. PCR was carried out by predenaturation at 94°C for 3 minutes,
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followed by 10 cycles of 94°C for 45seconds, 10°C above the annealing temperature
of each primer pair for 1 minute (Table 2.2), with a reduction of 2°C in every other
cycles, and extension at 72°C for 45 seconds and 30 cycles of 94°C for 45 seconds, at
the annealing temperature for 1 minute and 72°C for 45 seconds. The final extension
was carried out at 72°C for 10 minutes. The PCR products were electrophoretically
analyzed through 1.5 - 2.0% agarose gel. The successfully amplified products were
further electrophoresed through 6% denaturing polyacrylamide gels and visualized by

silver staining.

In addition, six loci g 1 satellites; HapulM, Hau2K, Hau3C,
yarmani were screened against cultured
and natural abalone specimiens” amplifications were selected

for examine genetic diy everse primer of loci Hau?9

and HaulO were 5"-tegaiinglly Jabgled Svith © \‘ TC, respectively. The PCR
products of those loci wgf€ detected ¥ 2 -.'; scent scanner (PhosphorFX, BioRad).
2.1.5 Agarose galelgt \

The amplificatiod préduc

gels. The appropriate amot t '¢f
mM Tris-HCI, 8.91 mM boric

ed through 1.2 - 1.5% agarose
eighed and mixed with 1XTBE (89
DTA, pH 8.0). The solution was
boiled in a microwa ;;;;;;;:;;;;;? ft at room temperature to
approximately 60°C “befor e gel was left at room

temperature for 30 - 45 minutes to completely solidified. When needed, the gel was
placed in the Srtic _ cm amount of 1XTBE
buffer cavﬁnmﬁl‘iﬁm Eﬁﬂn was gently removed.
N ¢ o Y
GLLREY el T PR
(0.25% bromophenol blue an o ficoll) and then loaded into the well. A 100 bp

DNA ladder was used as standard DNA marker. Electrophoresis was carried out at 4 -
5 V/em until the tracking dye migrated about three-quartered of the gel. After
electrophoresis, the gel was stained with ethidium bromide (0.5 pg/ml) for 5 minutes
and destained to remove unbound EtBr by submerged in water for 15 minutes. The

DNA fragments were visualized under the UV light using a UV transilluminator.
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Locus

Gene homologue . Repes "" a0t . Primer Sequences (5’ - 3’)

Ta (°C)

Type I microsatellite
PHed

PHe4
PHel36
PHel77
PHe22l
PO97
POIT9
PTIO!
PTI02
DW404
DW455

DWs503

F: ACAAGGAAAGCAGTCTCAGC
R: TCTTACACGAATACCCAATC

B-cell translocation gene

Unknown : TATTCCGCTTCATAGATTGT
R: AGAGCCTATTCTGCCACG
Unknown : ACCCCACGAAACAAGCAAT
R: ATTGGCTTCCCCTTTTACAT
Unknown : AACACATTCACTGATTTAGG
R: ATTATTATCTGACCGAGCA
Thrombospondin 1 F: CTGTTGGCGGTTGTCCTT
R: TATCTGGTGTAGCCGTATCC
Unknown F: CAGGGGCTTGGTGGATGGAG

R: CAAACAGTGAACAGAGGGGG
F: CACGCATACGCTAGCAGTCA
R: GGGAAGCAGGGGTCTTTGTT

Cysteine proteinase | precursor

Ribosomal protein L41™ F: CTTGGTGTTGTGGCGTGTG
V— ~R{ TCTACTGACTATCTCATTCTCTGG
Ribosomal protein L4154 ¢ TGCTTGTGAAGGACAGTATC
ot : ACCAACACGCACTGACAT
Unknown (GAT)y : TCCCTATCGGTGTGGTCG
" R: GCTCTCCTGAGGAATGCGT
Unknown ACAAAGATACTTGCTCA
ﬂ ) E] ’J V]“E]W'ﬁ P 8) ) Rladcaaracracteasacaoa
Unknown F: AGTCCCAGGTGTAAGAGCAT

= R: TGAACAGAGGGGTTGTCGTG

TRTANTTIIN: W
q

50
50
49
50
50
58
53
50
50
57
59

57

143
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Table 2.2 (cont.)
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Locus Gene homologue Primer Sequences (5’ - 3") Ta (°C)

Type Il microsatellite

HaulM F: ATAATATACTCGTGAAGTTGATAG 48
R: TCATATACTTCATACATTACTCAT

Hau2K F: CCATGAGGTTTGTAAAATGGTG 55

" R: ATATGTTCGCCCTCGTAGGA
Hau3C F: AAGTATGTGTGTAAAGGGTC 55
\ . R: CAAGAAACTCAAGAGAAAAC
Hau3E AJSTA(CA) W F: TCACTAAAATAACCATGCATTC 60
! \\\:\ f\ R: GTAACTGATTTGGCATATTCGT

Hau9 F: CCACCCCCATCCCACCCCT 57
R: ATTGCATCACCTACGAAAACAAA

Hayl0 @ [F; CTAATTGCAGTTATGGGCGTTC 63

"R AAGGCTTTCGGAGGACGTGTC

AULINENTNYINS
IR TUUMINYAE

39


nkam
Typewritten Text
55
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2.1.6 Denaturing Polyacrylamide gel electrophoresis
2.1.6.1 Preparation of glass plates

One milliliter of 95% commercial grade ethanol was thoroughly wiped on the
long glass plate with a piece of the tissue paper in one direction. This process was
repeated twice. After that, 1 ml of freshly prepared Binding solution (10 pl of Bind
silane, GE Healthcare, 980 pl of 95% ethanol and 10 pl of 5% glacial acetic acid) was

coated on the long glass plate and left for approximately 10 — 15 minutes. Excess

binding solution was removed
was further cleaned with 95

e tissue paper. The long glass plate

The short glass yediabove with the exception that
the binding solution pel silar (2% dimethyldichlorosilane in
octamethylcyclotetrasiXopé€) I lie/tleaned ¢ \ lates'were assembled with a pair of

1.5 mm spacers.

2.1.6.2 Preparation of denaitiring polyacrylamide gel electrophoresis
Denaturing polyacrylimide‘gels 4t desired concentrations (4.5 - 6.0%) were
prepared by combining 80 ml“et 30 eS degassed acrylamide solution (19:1

acrylamide: bisacrylamide ® 4 in IXTBE buffer) with 480 ul of freshly

prepared 10 % a ‘-i;;;,_ uiphate-anc "_"'""—;;ﬂ The acrylamide solution

was gently swirled. Tie ass wagthold at a 45 degree angle on

the bottom comer. The %_czlmnidc snlutjm;;vas then gently injected into one side of
the assembled s] The | 1 Jefry Tn'znnla] position. The
flat edge of ﬁkﬂuﬂ\ﬂrﬁ mmﬁm gel was left at room
temper, 1 . Lhe g 1 ﬁl : ;qﬂ water-soaked
tissue @ﬁﬂiﬁtﬁuﬁmﬁﬁ ﬁﬂr d iﬂ: for complete

polymerization. When required, the spring clips and the sealing tape were carefully

removed. The top of the gel was rinsed with deionized water.
2.1.6.3 Electrophoresis

The complete gel sandwich was placed in the vertical sequencing apparatus
with the short glass plate inward. The gel sandwich was securely clamped with the

integral gel clamps along the sides of the sequencing apparatus. The upper and lower
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buffer chambers were filled with approximately 300 ml of 1XTBE. The shark-tooth
comb was reinserted into the gel until the teeth just touched the surface of the gel. Six
microlitres of the polyacrylamide gel loading dye (98 % formamide, 200 pl EDTA,
0.25 % bromophenol blue and 0.25 % xylene cyanol) was loaded by put one well
between for checking for the leaking well. The gel was prerun at 35 W for 20 - 30

minutes.

Six microlitres of the successfully amplification products were mixed with 3

ul of the loading buffer and heated at § 1Cyfor 5 minutes before put on ice for at least

3 minutes. The sample was carefully

out at 35 W for approximafély = gurs SetemiBied to the end of the gels).

re carefully separated using a
was placed in a plastic tray
containing 3 litres of thgffixfSigb Salniian(T0% glacil acetic acid) and agitated well
for 30 minutes. The gel y : aking 3 times for 3 minutes with
th itres tray of 0.1% silver nitrate
“temperature for 30 minutes. After that,

vith shaking (10 forward and 10

: W—':J containing 3 litres of the

deionized water. The g¢
solution and incubated wi
the gel was soaked in 3 li
backward agitatio »‘g,
chilled developing sotutior lep is crucial and the time

taken to soak the gel ifi the water and transfer it to chill
o

be no longer ‘o | ! til the first bands are
visible (usual&rummzj m;mmed to another tray
containing 3 litres of chilled develdping solutiofitand shake i bands from every
lane @ﬁeﬁé{ﬁ }*i ﬁjﬁﬁ)}m’hﬁ:ﬂp solution was

directly added to the developing solution and continued shaking for 3 minutes. The

developing solution should

stained gel was soaked in deionized water twice for 3 minutes each. The gel was

placed to room temperature for air-dried.
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2.1.7 Data analysis
2.1.7.1 Scoring of microsatellite alleles

Sizes of microsatellite allele were determined by scoring the PCR product
separated in denaturing polyacrylamide gels. In general, a microsatellite allele from
an electrophoretically pattern did not reveal a single band, but displayed a ladder of
bands called stutter bands. Therefore, scoring of a particular band was carried out by
making an assumption that an actual hand of a given allele was the most intense band

izhbor group of stuttered bands.

located at the biggest in size compare

Since microsatelli{€ i a-eo-dominant-marker providing 1 or 2 alleles per
' for each locus could be divided
satellites detected by silver

individual, the geno
into homozygotic or
staining, both alleles
scored.

ized and only one allele was

The number of allel 4t us was‘directly counted from obtained data. The

it
frequency of a particular allele ata given locus was calculated as

where P is the frequency © aﬁtal number of investigated

individuals within a sim le. Naa and are numbers of homozygotes and

heterozygotes ﬁ%ﬂﬂ Qn E]ij Ell]ﬂi

Hetemzygos;t}f can be cal€ulated as ohbserved (directacounted, h,_.,b,} and

e R Y YAV To S Bk o i

and uve&ll investigated specimens in a sample or species. The latter is computed

from allele frequencies of a locus using the formulae;
hep =1 —Zpd

Assuming that investigated samples conform with Hardy-Weinberg equilibrium.
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Practically, those parameters were estimated using GENEPOP Ver. 3.2
(Raymond and Rousset, 1995).

2.1.7.3 Discrimination capacity (DC)

The discrimination capacity was introduced to eliminate the possible bias on

using the number of genotype as the diversity index. The DC can be calculated as

DC = numbers of genotype/number of investigated individuals.

d be considered. Without
r migration) which would

alleles that an indivi
significantly disturbing™

change allele freque y occurred at random in a

In this study, ed genotypes frequencies of

an investigated sample a¥ > Hardy-Weinberg equilibrium
and an alternative hypothéSi gote deficiency were tested using
permutation version of the gxa n a Markov chain following the

algorithm of Guo a A

2.1.7.5 Gmmﬂ

H. asinina

Gmﬂﬂu&l AVENIHYADT, v v

the null hypulhems that the allelic distribution of paired samples ata given locus is not

B ORI af a1 f—

Rousset &995} implemented in GENEPOP. Results are expressed as the probability

'"'a of the hatchery-propagated

of homogeneity between compared samples.

2.1.7.6 Association between microsatellite genotypes and the body weight in
the hatchery sample (group B) of H. asinina

Association between genotypes (fix effect) and the body weight (variable

effect) was initially tested at each locus using simple linear regression analysis.



60

Significant differences between the body weights of the BL and BS samples having
different genotypes were analyzed using ANOVA followed by Duncan’s new
multiple range test. Significant comparisons were considered when the P value was <
0.05.

2.2 Development of stock-specific markers in H. asinina using AFLP-derived

markers

2.2.1 Experimental animals
Wild and cultured a ! riment are shown in Table 2.1.
Genomic DNA were e ] eaé using a phenol-chloroform-

proteinase K extracti the quality and quantity as

described above.
,, ; ~ t (AFLP) analysis

2.2.2 Amplified Fi

2.2.2.1 Restricti ler ligation

Approximately 2 ) individuals each from TRGW
and SAME was digested _
1 X OPA buffer (h‘.} mM Tris-se:

potassium acetate) at-$7°C for 3 hours, The reaction Was.terminated by incubated at

@25 pl reaction mixture containing
00 mM magnesium acetate, 500 mM
65°C for 15 minutestAHSeas RN final volume of 40 ul by
adding 1 X OPA b o , deionized water and 2.5 ] of Tru9l (an isochizomer of
Mse I) and furgir mcul:ﬁtﬂ- at 65°C for 3%héurs. Double stranded Eco RI and Mse |

adaptors (Tabl uﬂ’l 'ﬂ ﬂmﬁdﬂﬂq ﬂ :j ul volume composing

of 20 pl of the mgested product, 1 X OPA buffers0.25 uM of EeorRI and 2.5 j,LM of

e 1 R NN b SV e FHBIN U e i

m:xtures‘lvere incubated at 4°C for 16 hours.
2.2.2.2 Preamplification

Preamplification was carried out utilizing adaptor-specific primers with a
single selective base on each primer; E.5 (5-GAC TGA GTA CCA ATT CA-3") and
Mic (5°-GAT GAG TCC TGA GTA AC-3"). The reaction was carried out in a 25 pl
volume containing 10 mM Tris-HCI; pH 8.8, 50 mM KCL, 0.1% Triton X-100, 200
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pM of each dNTP, 1.5 nM MgCl;, 37.5 ng of each of E;, and M;c primers, 1.5 units
of DyNazyme ™I DNA Polymerase (Finnzymes) and 1 pl of the ligation product.
PCR was performed consisting of denaturation at 94°C for 30 seconds, annealing at
56°C for 1 minute and extension at 72°C for 1 minute for 20 cycles and final

extension at 72°C for 5 minutes.
2.2.2.3 Selective Amplification

' The preamplification product was diluted five fold and further used for

selective amplification. Sixty-four off sélé amplification primer combinations

tion was carried out in a 25 pl
KCL, 0.1% Triton X-100, 200
ann and Mucnn primers, 1.5
units of DyNazyme and 5 pl of the preamplified
diluted products. P aturation at 94°C for 30
seconds, annealing at §8°C 40 cor and exte at 72°C for 90 seconds for 2
. e with lowering of the annealing
temperature for 0.7°C in gvef eyt —The amplification consisting of 94°C for 30
seconds, 56°C for 45 secogils, s ,gr_ -

extension was carried out at 72°C for S min
LTI

econds for 25 cycles. The final

2.2.3 Gel eleg ,.' :‘ |
The selective E‘l’lpll atic were :&tmphoﬂ'zed through 1.5%
agarose gel to detemiqe‘gw mnpliﬁcaliq} success. AFLP fragments were size-

fractionated bﬂdﬂ £ 5.6% bR DoNRIamifd) B electrophoresis and

visualized by sif¥er staining as desm}hed prevmusiy

o etohih oldhadehbvsh A ANYAY

2.2.4.1 Elution and reamplification of AFLP fragment from polyacrylamind
gel

Candidate population-specific AFLP fragments were excised from the
polyacrylamind gel using sterile razor blade and washed 3 times for 2 hours each at

room temperature with 500 pl of sterile deionized water. Twenty microlitres of TE
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buffer was added and incubated at 50°C for 30 minutes and transfer to 37°C for
overnight and kept at 4°C.

Table 2.3 Double strand adaptor and preamplification primers for AFLP analysis

Primer Sequence (5°-3")
Adapior sequences
Eco R1 adaptor CTCGTAGACTGCGTACC

Mse 1 adaptor

Preamplificati
Eia

Mic
Mo\
Table 2.4 Primer combifatj . ‘:é % B \ polymorphic AFLP fragment in
H. asinina FaLpely
Exte Earc  Eama
Mcac T + + +
Mcac + -_.I - + -
Mcra + 23
Ve ) El'JWEWI?WEI'Tﬂ'ﬁ o
u + +
+ =
Iﬁ;maﬁnﬁfuumwmé’ IO
Mcge + + -
Mcce + : + 4 + : + =
Mcea + . + - + + + -
Mecor 4+ - + S + + -+ o
Mcce + . " - + + -
Mcce = - - - A + + -

+ = primer combinations used in this study.
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The target fragment was reamplified using the same PCR recipes as those for
selective amplification with the exception that 100 ng of each primer and 5 pl of the
eluted AFLP product were used. The amplification condition were composed of
predenaturation at 94°C for 3 minutes, followed by 5 cycles of 94°C for 30 seconds,
42°C for 45 seconds and 72°C for 1 minute. The amplification consisting of 94°C for
30 seconds, 50°C for | minute and 72°C for 1 minute. The final extension was carried
out at 72°C for 7 minutes. The reamplification products were electrophorized through
1.5 - 1.8% agarose gel for examined the success of the amplification fragment. The

DNA fragments were excised andehuf rom the agarose gels using a Hiyield™

gel Extraction kit (Real Genomines) he protocol recommended by the

The gel-elut 7 } @) was ligated to pGEM™-T easy vector
(Promega) in a ligati ' 0 I ntaini N ' 2X rapid ligation buffer (60
mM Tris-HCI, pH 7.8, 2 o DR BmM ATP, 10% polyethylene
. T and 25 ng of pGEM®-T easy

at 4°C overnight before

2.2.4.3.1 Preparation of comy
[}

07 £2EN 13111 12—
Bacto tryptone, {). to"ye . a lni rous shaking overnight
R S R AR
culture™at ﬁﬁ&ﬁ:ﬁv igp' to the 3 S1t@ .80 The cells were

chilled Eﬁeﬂy on ice for 10 minutes and transferred to a centrifuge bottle and

centrifuged in a prechilled rotor at 3,000xg at 4°C for 10 minutes. The pellets were
resuspended in 30 ml of ice-cold MgCl,-CaCl; solution (80 mM MgCl; and 20 mM
CaCly) and centrifuged as above. The supernatant was discarded and the pellet was
resuspended in 2 - 3 ml of ice-cold 0.1 M CaCl; and divided in to 200 aliquots. These

cells could be used immediately or stored at -70°C until used.



2.2.4.3.2 Electrotransformation

The competent cells were thawed on ice for 5 minutes. Approximately 2 - 4 pl
of ligation product were added, mixed by pipetting and left on ice for 30 minutes.
During the incubation period, the ice box was gently moved forward and backward a
few times every 10 minutes. The reaction tube was placed at 42°C water bath for 45
seconds for heat-shocked. The reaction tube was then immediately snapped on ice

fore 5 minutes. All the reaction were pipetted into 1 ml of SOC medium (2% Bacto

tryptone, 0.5% Bacto yeast extrac A0 MyNaCl, 2.5mM KCL, 10 mM MgCl,, 10
mM MgSO; and 20 mM glucose’ ! cell st ion was shaking incubated at 37°C
for 1.5 hours. Then the celi"suspension. éﬂ at 6000 rpm for 1 minute at
room temperature. The gelinpelloisna es spen u- wiel 00 pl of SOC medium and

spread on a LB agar plat ‘ . Bigillin, 25 ug/ml of IPTG and
20 pg/ml of X-gal. \

1989). The recombinangfclafics’ gt . ) 4 k N are white whereas those

yvernight (Sambrook ef al.,

without inserted DNA arclu

2.2.4.4 Detection Jof ire clone by colony PCR and restriction

A recombinant cloneWas scraped bS opigette tip and mixed well in

the amplification :,:?;_;-;—_:_—_—.-.—-_——_;__ erformed :*f aining 10 mM Tris-HCI,

pH 8.8, 50 mM KCl, nﬂ/n M G dbﬂ’s, 1.5 mM MgClI2, 0.2 uM
of pUCI  (5-TCCGGCTCGTATGTIGIGTGGA-3) and  pUC2 (5™

GTGGTGCAWWW@W ﬂ‘%uit of DyNazyme™II

DNA Polymeras)(Finnzymes). The PCR was performed consisting of denaturation at

L i O e (10

amplification products were analyzed through 1.2 - 1.5% agarose gel electrophoresis.

The colony PCR products containing the insert were separately digested with
Hind 111 and Rsa I (Promega). The digestion reaction was set up in total of 15 pl
composed of 1X of restriction enzyme buffer of each enzyme, 5 pl of amplification
products and 2 units of either Hind I1I or Rsa I. The restriction mixture was incubated

at 37°C for 3 - 4 hours and analyzed by agarose gel electrophoresis.
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2.2.4.5 Extraction of plasmid DNA and estimation of the insert size

A single recombinant colony was inoculated into a sterile tube containing 3 ml
of LB medium supplemented with 50 pg/ml of ampicillin and incubated with
vigorous shaking overnight at 37°C. Plasmid was isolated using HiYield™ Plasmid
Mini Kit. The culture was transferred into a new 1.5 ml microcentrifuge tube and
centrifuged at 13,000xg for 1 minute. The supernatant was carefully removed. Cell
pellet was resuspended with 200 pl of PD1 Buffer (containing RNaseA) and missed

by vortexed. Cells were lysed by 00 pl of PD2 Buffer and mixed gently

by inverting the tube 10 ti stood for 2 minutes at room

temperature. After that, 3 ded to neutralize the alkaline
lysis step and mixed inm fore 10 times. The mixture
atant was transferred into a
atrifuged at 6,000xg (8,000
& PD column was paced back
. # adding 400 pl of W1 Buffer and
centrifuged at 6,000xg (8.0 , “minute \ er discarding the flow-through,
600 pl of the ethanol-addedfWash' & s added and centrifuged as above. The
flow-through was discarded. THE

minutes at full speed to_remove the residug Buffer. The dried column was

was centrifuged at 14,00
new microcentrifuge (ube and

rpm) for 1 minute. The

was centrifuge for and additional 2

placed in a new 1. * Tituge tube "“‘F‘f of the Elution Buffer or
water was added at nd lefll at room temperature for 2

minutes, centrifuged at fg,l] speed f'or 2 mmutes and kept at -20°C. The concentration

e F‘WHHWWWWTT‘T

The extractcd plasmid was digested with EcoR 1 for estimaking the insert size
s S TR T B ML T Gy
'EOI'D]}D of 1X restriction buffer (90 mM Tris-HCI; pH 7.5, 10 mM NaCl and 50
mM MgCl2), 3 units of EcoR | (Promega) and 1 pl of extracted plasmid. The reaction
mixture were incubated at 37°C for 4 hours and analyzed by agarose gel

electrophoresis.
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2.2.4.6 DNA sequencing

The recombinant plasmids were unidirectional sequenced using the MI13
reverse or M13 forward primers on an automated DNA sequencer at Macrogen
(Korea). The nucleotide sequence of an AFLP-derived fragment was compared with
those previously deposited in the GenBank using BlastV and BlastX (Altschul et al.,
1990, available at http://www.ncbi/nlm/nih.gov). Significant probabilities of matched

nucleotides and proteins were considered when the E-value was < 1e-04.

fragments. Sequence-spg ifom six AFLP-derived markers
using Primer premier 5§ le /215, e amplification reaction was carried out
against genomic DNAFOf glchfabalong inla 5 plredetion volume containing 10 mM

Tris-HCI, pH 8.3, 50 mM

each primer, 1 unit of DyN

of each dNTP, 0.4 pM of
: e (Finnzymes) and 50 ng of
genomic DNA. PCR was Gned by pre . ion at 94°C for 3 min, followed
by 10 cycles of 94°C for 45 s, 2 e ;
pair for 1 min (Table'2.4)) with a reduction of erf, gther cycles and extension
at 72°C for 45 s, agd 30 cycles of 9
temperature for | minﬂab!c ) A for 45 s.

ealing temperature of each primer

aLthe appropriate annealing
final extension was carried
out at 72°C for 10 min.¢The PCR productgyas electrophoretically analyzed lhruugh

uroe 4 A A it

SN,

2.2.5.2.1 Preparing of glass plates and non-deturing polyacrylamind gel

The glass plates (PROTEAN II xi Cell, BioRad) were cleaned and prepared in
essentially identical to that described for AFLP analysis. Different concentration of
low cross link non-denaturing polyacrylamide gels (37.5:1 or 75:1) were prepared by
dilution of a 40% stock solution to required gel concentration. After degassed, 30 ml

of the acrylamide gel solution was mixed with 300 pl of 10% ammonium persulphate
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and 30 pl of tetramethylethylenediamine (TEMED). The analytical comb was inserted
into the prepared gel and allowed to complete polymerization for 4 hours (or
overnight).

Table 2.5 Nucleotide sequences, length and annealing temperature of primers
designed from candidate population specific AFLP fragments of H. asinina

Name of SCAR Primer Sequence (5" - 37) Length Ta
marker (bp) {(°C)

HaSCAR; ¢ 22 51
22

HaSCAR 67 21 50
21

HaSCAR; 35 20 57
20

HaSCAR ;3 22 50
21

HaSCAR o5 23 55
A 20

HaSCAR;; F: TACEAATTCATCE AA 21 50
' R: GATTA w’““ﬁ Al 23

v,
2.25.2.2 SSCFmeI electrophoresis

oS A P s 0

mixed with 4 vélume of SSCP [uadmg dye {95% formamide, '.'}25% bromophenol

TR ST

polyacrylamide gel (12.5 - 17.5%; 37.5:1 crosslink) was used for analyzed at 12.5
V/em for 16 hr at 4°C. SSCP patterns were visualized by silver staining. Nucleotide
sequence of each SSCP genotype of HaSCAR 320, HaSCAR 205, HaSCAR 357 was direct-

sequenced. Nucleotide divergence between sequences was calculated based on the

two parameter method (Kimura, 1980).
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2.2.6 Data Analysis

The percentage of monomorphic (> 95% of investigated specimens) and
polymorphic (< 95% of investigated specimens) bands and gene diversity (Nei, 1987)
was estimated for each geographic sample. Unbiased genetic distance between pairs
of samples was determined (Nei, 1978). Genetic heterogeneity in allele distribution
frequencies between compared geographic samples was examined using the exact
test. The Fsr-based statistics (f) between pairs of samples, bootstrapping 10000

iterations to generate the 95% co s interval, was estimated. The chi-square

One hundred of sene \ c primers designed from
ith one individual each of
), Talibong Island, Trang
province (TR ﬂﬁ‘ % n reaction was carried
out in a 25 plﬁﬁ ]ﬁm ﬂm E 3, 50 mM KCI, 2.0
mM MgCl,, 100 uM of each dNTP£0.2 pM of eash primer, 1 unitof DyNazyme™ 11
DNA Qrma ifrhes) W!%ﬂ%@r&&rﬂfx’m E‘s peconnsd sy,

predcnat%:atmn at 94°C for 3 min, followed by 25 cycles of 94°C for 30 seconds,

50°C for 45 seconds, and 72°C for 45 seconds. The final extension was carried out at

cDNA sequences of

H. asinina from Sa : t Island (Po generation, SAM

72°C for 7 min. The PCR product was analyzed through 1.5% agarose gels
electrophoresis. Bands were visualized under a transilluminator after ethidium
bromide staining. Sizes of products were determined by comparing with a 100 bp

marker.
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The PCR products that showed the major band in all specimens were further
characterized. Bands were excised from the agarose gel. DNA fragment were eluted
by HiYield™ Gel/PCR DNA Extraction Kit (RBC; Real Biotech Corporation) and

Table 2.6 Gene specific primers, primer sequences and length ¢cDNA libraries of

Peneaus monodon
Gene homologue Sequence (5°-37) Length

(bp)

Adenosylhomocysteinase (0) : CCATCCAGACTGCTGTGCTC 20
GTGGTGGTTTCTTCCG 20

AgCP13148 (0) GCATCATCAGTG 20
GAGACGATACAAAGC 21

Arginyl-tRNA-protein tr. _ : GGOATGGAGACGGAGTGGAA 20
FAGGGATACACC 21

Aspartate aminotransferase ATGCT GTGCG 20
_ \ AGAATGGTGG 2

ATP-dependent RNA heligdSe (; B G iICAGCCAGGAG 20
AC CAGCCATTACATAG o4

Calcineurin B(0) OGAAGCCTCATTG 20
1“\ AAAGCAAAACGCAA 20

Calcium independent phosph pasd A2 COACAGCACCAGTAAT 20
isaforml (H) ReCEAGCCTTCACCTCCTCTTC 20
Calcium regulated heaissta : I 36 TGCTG 21
.-“"'-' HESH S SR HH ‘ DATGGGACA 20

GCTTGGAATG 20

Calponin I (H)

R: CCTTCCTGC =~' AGAGACT s

et B A6 ! wﬁwmiz:;; -

Cardiamyapmhyﬂmcimed 4 sterile B CCTGACGCT GGA TGCT GATGTT 22
- ]W'l ANTUNETRNTRE™ -
20

Carnitin pal'm:rayf transferase 11 (0) R: AGAACTATTCCTAAGGCGGTCAT 23
Casein kinase Il beta chain (0) F: TGAACCAGATGAGGAGGAAGA 21
R: GGAAGCCAGTGCCGAAGTAA 20

Cell divition protein kinase2 (T) F: CGACTGCTGGATGTGGCGTA 20
R: CCGAGGAGAATCTGTGGGGC 20

Cell divition protein kinase 7 (T) F: CGGAAGACAGGATGGAAGTAGAA 23

R: ATGTTGGATGGGCGTGAGGATG 22
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Table 2.5 (cont.)
Gene homologue Sequence (5'-3") Length
(bp)
Chkl checkpoint kinase (H) F: TTTTATGGAAGTCGCCGATGAA 22
R: ATTCTCGTCAAGCAGCAAGTTCT 23
Chloride intracellular channel 6-like F: TCTCTCTGAAGGTCACCACTGTCG 24
protein (H) R: CGCAACATCCTTATCCTGAACAAA 54
Chromobox protein (O) F: TGGGAACCTGAATCTCATCTTG 22
R: ACGAACATTTGCCTGCCTTG 20
Clatrin adaptor protein AP 50 (H) \ CMCT CCACTGAATACTT 21
GACTCTAAACACCTT 23
C-myc binding protein (A 7 TAATGTCGGCACTG 22
f’ R: CEPELGGTGCTGCTTTGGGTTC 22
Contractile ring component ai \ \ SAC GOATGTTGGGGGCT 21
R \ \3\ STATGCTGACGGG 22
Cop 9 constitutive photgg \'l.‘* OTTAGCCCAGGAA 20
ol it 6/{0) SO GAGGTCAAGGT 20
Cyclic AMP regulated i . “F "\ \": CGTCAATCCACTG 22
‘ TTATCCGAACGAAGCCG 24
Cyclin A (0) AGCAAGTATGAGGTGGATTCT 22
..pr g )
T CCAACTCTGTAGGTATT 22
Death box protein 15 (O) —F, CTTTTACGAATCTGCCAT 22
Ok TCTCCAACTAATACAAT 5o
AL AAGECAGEAAAGTGATGATT 20
Dendritic cell protei V. _ h’:# ATGAGTTC 59
R: CGGﬁAMTCTGTCTCTCTGGGA 2
e U INENABARRTS,
22
CGGCAAAGTAG
SRR R
protei 20
Domain mm.*y member (O) F: GCTGGCCCTTTTCAATGTCCTA 22
R: GAAGCAAACATCGTCAGGAACC 22
Endothelial cell growth facter 1{H) F: GGAGGTCGGCTGCTGTATCG 20
R: GCCACATCCACCATTTTCTT 20

ETSI protein (H) F: CGTGGACTGGCGACGGCTGGGA
R: GGGGCGGGGAGGGCAAGGCA
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Table 2.5 (cont.)
Gene homologue Sequence (5'-3") Length
(bp)

Ferrochelatase (ﬂ} F: GCTGCCATTCCAAGATTACAT 21
R: TTTCAACTCCATCCTCCTCCA 2
FK 506 binding protein 4 (H) F: ACAGGGAGCGAGGAGGGG 18
R: AGGGTGGCATTTGGCGGG 8
Fructose 1,6-bisphosphate aldolase (H) F: CTCGCTGCTGATGAGTCTGTCT 22
: TTCTGGTAAAGGGTTTCGTGGA 22
Fus prove protein (H) GATTGGAAGTGCCCTGTGCC 22
‘ GCCATTCAGGCAGTT 22
Gelsolin, Cytoplasmic (actin - ACATCAAGACCG 7

de erizing factor) (H) . A GCA
polymerizing factor) ( ___._-' : CIGAAGGAGACACCCCATTTAG 23
Gene flightless-1 protein FLAGA { TCGGATAAATACGGA 23
! ‘* GTTGTGGCGGAC 22
Glutathione peroxidas IGGETTECTCCGCTATC 20
JFTCATCAGGTGG 20
Glycogen phospholipase 20
20
Hepatocarcinogenesis-re CGGGACCTAA 20
transcription factor (X-box CGACAACTGCTGCG 20
Heterogeneous nuclear ribonuclea g CTACAATGGAGGCAAGTGGCT 26
87F (O) _, AACAACCCTGGTCCTAACA 26
Heterogeneous nuclegroRNA protein clone — Fr ACTTCCAGGOEAACGGTATG 20
(H) V;- BLITGGCTTTCT -
i GTP.-E: ok ' : CAGT&ACACGC&GAT 20

eterotrimeric I H‘gp!'ﬂl'ﬂlﬂ alpha
subunit G-alpha-q (H) R: GCT CGGTCGGTAAGAAGTCC 20
- ﬁuw NEHRIRRGrorcoam
R: TGGTGGTGTGTTACT CCAGGCA 22
CG 20
GWM T8l ke

20
recepmr (H) F: TGTGCTCCTCCTCCAACAAAAT 22
R: CGCCTCCTGACACTGATGAACT 22
Hydroxyacyl-Cod-dehydrogenase (H) F: CGATTCCCTTCGTAATGTTG 20
R: ATAGCTCACTGATGTCAAGTCA 22

Hypothetical protein XP 2077135 cyclin F: TCTCCCTTCTATGCCTGTGTCC

nucleotide(cyclic nucleotide gated channel R. GCTCGCTTCAACCAAACTGC
beta subunit 1) (0)

22
20
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Table 2.5 (cont.)
Gene homologue Sequence (5'-3") Length
(bp)
Immonophilin FKBP 52 (0) F: GAGAAGAAAGACGGAGGAGTG 21
R: TATCAGGGTGGCATTTGGCG 20
Inhibitor of apaptosis protein (T) F: CCTGAAGAGTTAGCAGCAGATGG 23
R: TACTTGCTTTTGGAGGATTGTCAC 24
Innexin 2 (O) F: CCTTCACGATACCCTCCTTG 20
R: ACCTTACCACCTTCCCAGAT 20
Integrin beta 4 binding protein (0) CTCGGAAATGTGGTTG 19
" TGGAAATGACTGAAT 21
Interleukin 1 receptor like 10§ GGTGTTGTGATTGAG 22
precursor (H) SACTTTGTGAGATGGT 33
Keratinocyte associated pro GGAGG;AGGACC&GT 72
BACACAGGGCGACC 5
Kin protein (H) CTTGACCGTAAC 22
_ ,\' GAACCTGGTCTTT 2
L-3-hydroxyacyl-Coenzym &* 3GOAC C/ CCGTAGATAG 20
dehydrogenase, short c. 5 ..m..- M @\\ ATGTTCAAGATGT 5
Leukemia virus receptor (1 E > ;J JATG n. CGGTCTTCAGGTGTC 20
AGTGCGTGATGGGT 20

Metaxin2 (T) ATACTGCTCCCTGATAATGCCCA
TCAAGGTCACTCCC
SAGACACTCCA

Methyl CpG bindinggrhiin
' ¢." ATGTTTCCTT

CATGTCT l'IﬂCACﬁﬁCCC’TTG
RLGGTGATATCCCATAGCCAG

iz Y ¢ 3N AP BPY g ocnance

R: TAGCATACCAAACATTAGACC

”’“ﬁ"'ﬁ’"f’ﬁ SRIDEE aiatitiiar-i )y

Methylcytosine (H) m

Mitotic I:mlpafm (T) F: CGAGTCTGAAGTCGGCAAAATG
R: GCTGACCATCTAAGCCTCCACT
mRNA splicing factor (deahbox) (H) F: AATCCTTTTACGAATCTGCCAT
R: TTAGGAAAATGCTTAGAGGGTA
Multicatalytic endopeptidase (0) F: GCCGAGTGTTCCAAGTAGAGT
R: ACATCAACGATAGCACGAGCA
Multiprotein bridging factor (T) F: TGCCACCACCTTCAACACAG

R: CATCCCAATAGCCTTCTCAATC

25
22

21
22
2]
20
20
21
21

20
22
22

22

22
21

21
20
22
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Gene homologue Sequence (5°-3") Length
(bp)
Muskelin 1 (O) F: GTCACGATGGTCTTCCGATTC 21
R: GTTCCAGTCCTCACAGCCTCC 21
Myosin regulatory light chain polypeptide  F: ATCCCGTAAGGCAGGAAAGA 20
91 (H) R: CACCAAACAGAGTGAGGAACAT 22
NADP-dependent leukotriene B4 12- F: AGAGGGGATGCCCAAGAAGG 20
hydroxydehydrogenase (0) R: AGCCAGACGGTGAAACAACG 20
Nit protein 2 (H) GGTTGCCCTGCCTGAGTG 20
ATAGGACATCGGAC 20
Nm2 protein non-histone chromie CACTCACCCAGAAG 20
protein 2-like (H) PACCACAGGCACGG 20
NE—— " ~ RACRAGCCCTTCTACCC 22
1 (¢} w ATCCACCTACTG 22
Nuclear autoantigenic gndQ ? 1\1\\ AACTGATGTCGC 22
* t “EATCTCTGGGTTGT 22
Nucleolar phosphatas é.ﬂr ’\.\ \ \ AAGGACACTCG 22
Shii e AAATAAACAACTCCCACA 25
Nudix-type motifd isofrom ‘!‘g ~ : ATGATAAGACTCCTCG 23
7 ":: A G ATTTTCCACCG 20
O-methyltransferase (0) ACCGTAGAGCGGCGATGTT 22
WGCGATGACTCCACCAGA 22
Ornithine decarboxyi@ie {H WGCTTCTTTCCA 23
A ACAAGCCAGC 22
Ovarian lipoprotein re:ﬂ'ar (O0) - COGGATGA lra GCGAGAAGTGC 21
R: £AGGGGCTCCGAGTCAAAGA 20
Pherwfa.’anmeﬁl% ﬁ}%lﬂ MCWCE}WCGGJ%GC 20
R: TAGGAGGGACATCGACCACAA 21
” ia .
"’W’Tﬂﬁ“ﬁm Pl e P -
Phnsphog.*umse isomerase (H) F: TTCTGGGACTGGGTTGGTGG 20
R: TGGCAATAAGGCATGGGTTT 20
Phospholipase C (O) F: TCTTTGTCCATTTGAAGGTCGG 22
R: TCATTGGCTGTCGTTGTAGTGT 22
Phasphopyruvate hydratase (0) F: GGAGAACTGGACCAAGATGACC 22

R: CTCACCAGACCTATGGGAAACC
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Table 2.5 (cont.)
Gene homologue Sequence (5’-3") Length
(bp)

Phosphopyruvate hydratase (O) F: GGAGAACTGGACCAAGATGACC 22
R: CTCACCAGACCTATGGGAAACC 22
Paliferating cell nucleolar antigen pl20 F: ACCAGTGACCATCCGCACCAAC 22
(H) R: TCCATTTTTGGGTGCCAGAGCC 22
Postsynaptic density protein (citron) (H) F: TAGAGGAAGCAGGGATGGTC 20
: GTCTGAAGCGGCAGCACACA 20
Pre B cell colony enhancing factor GACGACCCTCTACTCC 20
GGCACAGCCTTGA 20
Prefold in beta subunit 2 TTCCAGCAGATG 20
: CEFATTGTTTGTGAGA 21
Presenilin enhancer {D \{\h CCAAGCGACCATCCAT 20
OGAGCCATACAA 20
Proactivator polypeptide p 4 4, }\‘\\\\ 'ITCT GCCCCCACC 22
(Prosaposin) (O) - ?f C u , TATCTA CATCCA 22
.m... g‘x ACCGCGACTCTTT 22

Programmed cell death .
‘¢ ‘ CCATTGTCCACCTCAG 22
Programmed cell death? r-" BS ﬁ AGCCCTGCGACA 19
R CACCCATCATAACCCG 23
Proteasome (prosome, macropai 268+~ 1 CTCCAGAATGAGCAGCCA 22
subunit, ATPase2 (T}« e STFPATTACG ATGCCACACCCAC 24
Proteasome { proteos H : j":j AAAAGCAGTCG 22
type3) (H) GG CTC%TCGTTCT GCCAA 22
Proteosome (prosome, macinpain_} E: MGATGGTGTTGTGTFTGCTGTAG 25
subunit,alpha w H mmmTﬁhﬁﬁﬁTﬂﬁﬁ 24
Putative cold-i; ﬂ:ﬁﬂ ’aj CTCTCCG 22
R: TATTEGGAAGTGGGGCATCTGA 22
e LR D LGB dioors
R: GGGAGGTTTGGTTTTTGGGGG 21
Rha protein (H) F: CTGGCTCGTCTCCCTCTTCGTG 22
R: TCGTAGTCCTCCTGACCTGCTG 22
Ribophorin I (0) F: CGACTTCCAGAGAGAGCACA 20
R: GGTCTTCCATCCTCCAAACA 20
F: CTTGGTGGTGATGAATGTAA 20

Semaphorin 24 precursor
< i L R: GGATGGCTGTTCTGCTGGCT

20
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Table 2.5 (cont.)
Gene homologue Sequence (5'-37) Length
(bp)
Serine palmitoyl transferase LCB2 subunit  F: ATCCAACAACTGTCTCGCAATG 22
(0) R: ATCCAACCCCTACGCCAGCCAC 22
Serine proteinase inhibitor (0) F: GGAAGAAAGAAGCAAAGTC 19
R: CCAGTCCTCCAATGTCAGCA 20
Signal recognition particle 72 kDa (H) F: AGAAGAGGAAGTGGCTGATGAG 22
: GCAAGTAAGCAGTGATTGAAGG 22
Singed protein (H) CGTGACCGACGACGAGCA 22
§GTGCCCTCCTCGTTCA 22
Small androgen receptor ir CTACAAGGAAGAACAGAA 26
protein (0) R; CFCCANIGAGTATGAGACAAGCG 23
Small ubiguitin-like modije 1 Gt ‘-;\;::,:\‘ GAATACATCAAA 22
R: G ﬂ\ CEGTGCGAAAATCTC 22
Solute carrier family 3 men = ‘:\i\\‘:\‘ C . CTACCGAGCC 20
ICGGAGCCATC 20
Solute carrier family25 , ; * CCAAAGGAACGAG 22
adenine nucleotide transioc &){g RIC " AAGTCAAGGGGGTAGA 22
SPAPC (0) Mfi S AGCGTATCACCCCTCGCCATCT 22
US55 @€ AAACACCTCCCTACTCCATCA 25
Sperm tail specific protein mst 1. J_r’.{..':;_,i 22 AAGATTAGGAAAACGAA 22
. 1G4 #l AGAATAGGT 22
Spleeosome-associatibulp GCIGACCGCTAAGT 23
m [ A@CTATT&TC&C&ATCT&T 27
Splicing factor 3a,subunit *[D} F: AGTTG&A&GAACGAGGTGGACG 22
1) wﬂmmmm .
SRPK2 prmem@ TTGGG 20
R: CCTGEGTAATTGGAGCGGGATG 20
QR IIRNGIERon »
R: TGCTGAAGTGCCTGTGCCATCT 22
Stromal membrane associated protein (H) F: CTTTCTTACCTGACGCTGGATGCTGA 26

R: TCGGTGTCCACAAGAGCGGAAGCAGC

Survival motor neuron (O) F: TAACGATAAGGAACTCACCCAT
R: CATCACCTGTGTGCCACTCAAT
TATA box binding protein (TBP)- F: ATGGGCATCACGGACTACGAG

associated factor, 68kDa, isoform CR4A_ ¢ R: CAGGCAGAGAGGCAATAACGA
(H)

26
22
22
21
21
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Table 2.5 (cont.)
Gene homologue Sequence (5-3") Length
(bp)

TERA protein (chromasome 12 open F: GGACCCGTGACCTCGCTCGCCT 22
reading frame 14) (H) R: CTTCATACTTCTTAGAGTCTGTAAACCG 28
Tetrasparin D 107 (H) F: GTTCTTTGATGGCAAGTTCG 20
R: CGTTCCACAGCAATGGTAGTTC 22

Tetratricopeptide repeat domain 5 (H) F: TGDGGCTGTCMI:&AACCM 22
: GGCACTCTCCAAGCTCGTTCCA 22

Tissue specific transplantation ant TTTTTGGGCTCATTAGTG 22
p35B like protein (O) TCGTAGGAAATCGCAG 22
Translationally controlled tig F: @GAGGT’GGFLTGATGC 22

CCTGCAGACGC 22

(H) f 1 GAAC CGGT
Translocon associated prg _ ) F \CAGG, \ AGTCGGAGTGTGT 22

Vitellagenin (0O

Voltage-dependent anion-selective -
channel protein 2 (H).
Wolf hirschorn syndré ik
protein (H)

Y-box protein Ct50 (0)

NN AGCATCCAGG 21
AG \ 20
TGECT: CGTGTGAATC 22
::{\ "AGAGTCCATTTACA 22
STCAGGCACAATACCA 22
-:: SAAACGAAGGGA 19
ACATCCAAAGCAACTGTCTCG 25
ATGTGTTTGGCAAGGGAT 22
ITGGTGAAGC 20
TGATGAATGT 22

5T AC@TAACAMGCCTC 22
F: CGGAGACACAAGCCAAGCCT 20

ze,m,,m}ﬂuﬁl’ll ﬂﬂﬂ?ﬂﬂ?ﬁlﬁtﬁlﬁé #

ZZ73 (H)

CG1681-PA (H)

¢ R GCTCEECTCCAGCCTRAGTGC 21
WATORIN T WG 2
R: TCGGTAGGGCCATATCCTCTCC 22

F: AGGAGCAAGGCAGTTCGGGACA 22

R: GTTTGGGGTTTACTCTCATCGT 22

F: ATCAAAGCCATTCATTGCGAGC 22

R: AACCAGACAAAAATAAAACCAAAT 24

F: CTATTCTGGGCTGGAGGAGGC 21

Chaperon subunit 8 (O)

R: CAACATCTGTGGGAGTGAGGC 21

H, O, and T = primers designed from ESTs found in the hemocyte, ovarian and tesies cDNA library, respectively.
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ligated to pGEM®-T Easy vector. The ligation product was transformed to E.
coli IM109. Recombinant clone was identified by colony PCR. Plasmid DNA was
extracted by a QIAprep” Spin Miniprep Kit and unidirectional sequenced. The
nucleotide sequence of DNA fragment was compared with those previously deposited
in the GenBank using BlastV and BlastY, (http://www.ncbi/nlm/nih.gov). Significant

probabilities of matched nucleotides and proteins were considered when the E-value

was < le-04,

primer pairs for amplification ¢ £ Lsotifule hydrogenase, Arginine kinase,
ADP/ATP carrier and NADH-deh : it I previously identified by

sequencing /. asinina
DNA of a few
amplification were ¢
pH 8.3, 50 mM KCI, 1.
I unit of DyNazyme'

d and tested against genomic
pulation (Table 2.7). The
ontaining 10 mM Tris-HC],
1dNTP, 0.4 uM of each primer,
s and 50 ng of DNA template.
PCR was carried out by prefe 3 minutes, followed by 10 cycles
of 94°C for 45 seconds, 10°
1 minute (Table 2.6), with d redis
72°C for 45 seconds and 3¢ 1 _ for 45 secnnds at the annealing

perature of each primer pair for

‘every other cycles, and extension at

S seconds. The a] extension was carried

temperature for | s
s Y

out at 72°C for 10 ectrophoretically analyzed
through 1.5-2.0% agare e gel. After analyzed with agafose gel electrophoresis, the

G LRLL) (ELUAIEN

For puly rphic genes, the P°CR product rgn:stntmg r:ach SSCP pattern were

eluted ﬁ‘wqm iﬁ Hw ﬂﬁﬂ] ?}:All cleotides were
further campared to characterize the fixed single nucleotide polymorphisms (SNPs).

2.3 Isolation, characterization and expression of genes related with

#..

metabolisms in H. asinina.
2.3.1 Experimental animals

The hatchery-propagated abalone (group C) were bred from broodstock at
SMART by mass spawning and cultured at SMaRT until 5 month-old. Subsequently,



78

juvenile abalone was transferred to the grow-out farm at Trang province and
continued culturing for 6 months. Three hundred individuals of the group C sample
(11 months old) were weighted. Ten percent of abalone exhibiting from the top (CL,
N =30, X=24.52 + 2.545 g) and the bottom (CS, N = 30, X = 7.59 + 1.468 g)
according to the body weight were selected. Hepatopancreas, gills and heart of each
abalone were dissected and kept in RNAlater® Tissue Collection: RNA Stabilization
Solution (Ambion) and stored at -30 °C until used for RNA extraction.

\\ Wnd annealing temperature of gene-specific

Table 2.7 Nucleotide sequences, pri

primers of H. asinina

Gene f _Sequence (5°-3%) Length Ta

(bp) _ (°C)

HaSCARy, GTGCTCTTGC 20 57
20

HaSCARy; TGTCTCC 0 57
AAGCACT 20

HaSCARy; ; \ ‘GGAGTTA 20 57
SCTTCATTCGTG 20

HaSCARy, GGCTAAGTGGTG 0 57
: _ CTCCTTTGTGTGC 20

HaSCARpAA U EAN PAATGAGTATGAGTGG 23 57
Y, FHGTGACCT |

HaSCARmIﬂ - AACCTCG: ACG@TCTCCGT 20 57
R: TCCTGCTTCTGTGGTGTAGT 20

ﬁumwmm o
ammnimﬁﬁ‘ﬁiﬁﬁm S

ATPCa F: GTGAGCGTCAGTTCAATGGT 20 50
R: TCAATAGGGTAGGACAGCAAT 21
ND-I1 F: ATCGGGTTCGTGTTCTCCTT 20 55

R: GGGCTCGTTTGGTGTTGTCA 20
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2.3.2 Total RNA preparation

Total RNA was extracted from hepatopancreas of each abalone using TRI
REAGENT® (Molecular Research Center). A piece of tissues (50 - 100 mg) was
placed in a mortar containing liquid nitrogen and ground to the fine powder. The
tissue powder was transferred to a microcentrifuge tube containing 500 ul of TRI
REAGENT® and homogenized. Additional 500 ul of TRI REAGENT® were added.

The homogenate was standed at room temperature for 10 minutes and centrifuged at

12,000 rpm for 15 minutes at 4° phase was transferred to a new 1.5 ml
microcentrifuge tube. Phase aSpiiotmed by the addition of 200 pl of
chloroform. The mixture ed Tor IWRH centrifugation at 12,000

microcentrifuge tube. R} dition of 250 pl of prechilled

isopropanol and 250 pl o iixture was stored on ice for 30
minutes. Total RNA® rifugation at 12,000 rpm for 10
minutes at 4°C. The suPerghtan & RNA pellet was briefly washed
with 1 ml of 75% prechilli 12,000 rpm for 10 minutes at
4°C. The supernatant was discdrdod: The: pellet was air-dried for 10 minutes.
Total RNA was di@lved in Hl_él,; ; : or immediately used. Alternatively,
the extracted total RIN§ a -80° C freezer for long

storage.

2.3.3 Purifi mﬂar*o mRNA

Mn@‘. LLELQ DENINIANZ, « quore wer

urification Kit (GE Healthcare). RNAspellet were digselved in 25 pl of
DEPC: WRN@@WM’] ot | bacif Hufer, mixca by
plpetimg Two volumes (800 ul) of the elution buffer were added to the solution. The
mixture was centrifuge at 16,000xg for 1 minute. In the same period, the tube
containing 1 ml of oligo(dT)-cellulose for each purification was centrifuges for |
minute. The supernatant was removed. The homogenate was transferred into the
microcentrifuge tube containing the oligo(dT)-cellulose pellet. The tube was gently
inverted for 3 minutes and centrifuged at 16,000xg for 10 seconds at room

temperature. The supernatant was carefully removed. One milliliter of the high salt
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buffer was added and spun for 15 seconds at 16,000xg. The supernatant was carefully
removed. The wash and repeated four more times, as described above. One milliliter
of the low salt buffer was added to the pellet. The tube was inverted and spun at
350xg for 2 minutes. This process was repeated twice. The pellet was resuspended in
300 pl of the low salt buffer. The slurry was transferred to MicroSpin column and
centrifuged at full speed for 5 - 10 seconds. The flow-through solution was discarded.
The low salt buffer (500 pl) was added and centrifuged at full for 5 - 10 seconds. The

column was centrifuged for another 10 seconds to dry the column. The column was

placed into a sterile 1.5 ml micre: fuge tube. The pre-warmed (65°C) elution
e top o d centrifuged at 16,000xg for 5
vice ftcllﬂd of mRNA. The eluted mRNA

seconds. This step was repeaied bl
was precipitated by lh / : .,-- of 3 M sodium acetate and 2
volumes of prechilled @bsglatc ethanol. The m r:\\’ﬂ\ ept at —80°C for at least 30
minutes before centrifigation at J750C  at ': ., \ minutes. The mRNA pellet
2.3.4 Measuring calice 5 f V. '-,s'__ sing spe ctrophotometry
The concentration offtoggh BN /as dete Mhed s described for DNA but an
OD unit at 260 nm cnrresponds,m- PotRNA (Sambrook ef al., 1989).

2.3.5 Isolati f ot ngth ¢cDNA using Rapid
Amplification ﬁc [ C aiﬂﬂe&dfﬂn (RACE-PCR)

NINYINT

The fulljlength cDNA ofﬂltemstlng gene ho f]ngues were characterized
using ﬁ Clontech). The
MCEﬁmmn ﬁmﬁn unﬁcd mRNA
with 1 pl of 5-CDS primer and 1 pl of 10 pM SMART 1l A oligonucleotide for 5'-

RACE-PCR or 1 pg of mRNA with 1 pl of 3-CDS primer A for 3'-RACE-PCR

(Table 2.8). The component were mixed and spun briefly. The reaction was incubated

2.3.5.1 ?‘rr strafdRACE-cDNA

at 70°C for 2 minutes and immediately put on ice for at least 2 minutes. Two
microliters of 5X First-Strand buffer, 1ul of 20 mM DTT, 1pl of dNTP mix (10 mM

each) and 1ul of PowerScript Reverse Transcriptase were added. The mixture was
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incubated at 42°C for 2 hours in thermocycler. The first strand products were diluted
with 125 pl of TE buffer and heated at 72°C for 7 minutes and kept at -20°C.

Table 2.8 Primers used for the first strand cDNA synthesis and RACE — PCR

Primers Sequence (5°-3")
SMART II'™ A Oligonucleotide AAGCAGTGGTATCAACGCAGAGTACGCGGG
3'-RACE CDS Primer A AAGCAGTGGTATCAACGCAGAGTAC(T)wNAN (N =

A,C,GorT;N,,=A,GorC)
“RACE CDS Primer

TAATACGALTCACTATAGGGCAAGCAGTGGTATC

—_

AACGCAGAC R
' ﬁm\\ CTCACTATAGGGC
L 2 ‘\x \

Mested Universal Prim ACGCAGAGT

Table 2.9 Name of pri
specific primers, nested prife
full length cDNA of varidus

. ~ melung temperature of gene-

xing used for isolation of the

Gene/ Primer sequence (5-3") Tm
(*C)
Alpha-methylacyl CoAgBcemase 2
3-RACE : A€ TTTGCT G 74
Nested 3'RACE Iﬂ C AGG@' CAGCTTGT 76

Carnitine O-palmitoyltransferase I

5"-RACE ﬂ u E] ’JG‘H‘ ﬁm ‘fw :gq(ﬂ'féﬁ CCA TGTG 84

3-RACE TGT CGA TCA TGC ACTGTG GAG TCTTGT G LE
Walk 3! m ﬁ 76
(7% | myt‘ A “th ‘ET Eﬁi hydratase

rfry‘imcnanaf protein)

3-RACE GGC CTTGTT GAC AGC TTG GTA GAT CC B0
Walk 3-RACE CACTCCCTATCG CCAGAATIGC 68
Vacuolar H+ ATPase 14kDA subunit

5-RACE AAT GAT GGC AAT GTCATCCCGCTTC 74

3-RACE TGC CTG GAG TAC AGT GCT CAG TGT GA 80
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2.3.5.2 Primer design

The 5" and 3" gene-specific primer (GSP) and 5" and 3" nested GSP were
designed from homologues of 4 metabolism-related genes; alpha-methylacyl CoA
racemase and Carnitine O-palmitoyltransferase I found in the testis cDNA library,
hydroxyacyl CoA dehydrogenase/ 3-ketoacyl CoA thiolase/ enoyl CoA hydratase
(trifunctional protein) found in the ovary ¢cDNA library and vacuolar H+ ATPase
14kDA subunit found in the hemucyte cDNA library (Table 2.10).

/RACE)-PCR

The master mix of 5-RAE] wtmm was prepared in 25 pl
volume. Each amplificatign®re nkof PCR-Grade Water, 2.5 pl of
10X BD Advantage 2 PG i-‘ 0.5 \\\ dNTP mix, 0.5 pl of 50X BD
10X [0pM 5'-RACE or 3-RACE
specific primer and 1.511 of SERACE Ready ¢ F-Ready cDNA.

2.3.5.3 Rapid Amplifica

Advantage 2 polymerase

Amplification was ‘using UPM and GSP of each gene.

The amplification reaction Was carried out'fer 5 cycles composing of a 94°C for 30

seconds, 70°C for | minute an F25€ for 2 minutes followed by 20 cycles of a 94°C
.l‘ #} f 1

for 30 seconds, 68°G,ford m inutes. The final extension was

carried out at ‘y“'__—__‘ ug Jperformed using primers
described in Table Z.ﬁ The pri duc wﬁ{]-fnlddiluled (1 pl of the
product + 49 pl of TE hqu The mpiiﬁcuon reaction was performed using 5 pl of

the diluted PCﬂpﬁﬁ é}hﬂeﬁ% %W@tmn for the first PCR

except the NURI primer was used lnstead of Lhe UPM pnmer The amplification

‘"""““Em"fﬂ‘ﬁ TSN Y

2 .5.4 Cloning and sequencing of 5 and 3-RACE-PCR products

The RACE-PCR product of each reaction were eluted from the agarose gel by
HiYield™ Gel/PCR DNA Extraction Kit (RBC; Real Biotech Corporation) and
ligated to pGEM®-T Easy vector. The ligation product was transformed to E. coli
JM109. Recombinant clone was identified by colony PCR. Plasmid DNA was
extracted by a QIAprep” Spin Miniprep Kit and unidirectional sequenced. The
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nucleotide sequence of RACE-PCR fragment was compared with those previously
deposited in the GenBank using BlastV and BlastY, (http://www .ncbi/nlm/nih.gov).
Significant probabilities of matched nucleotides and proteins were considered when

the E-value was < le-04.

The transmembrane helices, protein domain, p/ and molecular weight and
hydrophobicity of deduced amino acids of transcripts were searched using TMHMM
(http://www.cbs.dtu.dk/servicessy TMHMMY/), SMART (http://smart.embl-
heidelberg.de/), Protparam  (http:Aww.expasy.org/tools/protparam.heml)  and

ProtScale (http://www.expasy tml), respectively
2.3.6 Examination wing genes in hepatopancreas
of H. asinina by qua ime PCR.._

respectively.
2.3.6.2 First' st

One and a haiEﬂn' orar al RN A erse-transcribed to the first
strand cDNA using an IhPgom- 1™ Revegse Transcription System Kit (Promega).

First, total mﬂuaﬁbwﬁbﬂgﬁf%ﬂﬂ ﬂnﬁan appropriate amount

of DEPC-treated 'H;0 to make up of:5 pl final vnlume The mixtw was incubated at

C @ YRS ESERAHATE ) T b o minas
Afterwards, the mixture (15 pl) of 5X reaction buffer, MgCl; (25 mM), dNTPs Mix
(ImM), Recombinant RNasin Ribonuclease Inhibitor and ImProm- II'™ Reverse
transcriptase were added to final concentrations of 1X, 2.5 mM, 0.8 mM and 20 units
and 1 pl, respectively. The reaction mixture was incubated at 25°C for 5 minutes,
42°C for 90 minutes, followed by 70°C for 15 minutes to terminate the reverse
transcriptase activity. Concentration and quality of the synthesized first strand cDNA
were examined by spectrophotometry and 1.2 % agarose gel electrophoresis.
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2.3.6.3 Primer design

Forward and reverse primers were designed from cDNA sequence of each
interesting gene and f-actin (house-keeping gene) using Primer Premier 5.0 (Table
2.10).

2.3.6.4 Quantitative real-time PCR analysis

The target transcripts (alpha-methylacyl CoA racemase, Carnitine O-

palmitoyltransferase I, hydroxyacyl, GoAd 5:3; vdrogenase/ 3-ketoacyl CoA thiolase/

u ' 4 kDA subunir) and the internal
control (f-actin) were am d i 10 ' e using 2X LightCycler® 480

SYBR Green I Master “Cemnany). <

PCR products were i ) JpG MR 8 \- . The ligation product was
transformed to E. coli) Plasmidt DNA was extracted and unidirectional

sequenced as previously” d EH@JT he nucleotide sequence of fragment was
compared with those previghisly-depc ,-1}7 > GenBank using BlastV and BlastY,
(hnp:ffwww.nchnlnﬂm.go _ ; m s used as the template for estimation
of the copy number. A, lutio prepa 53 corresponding to 10°-10°
molecules/pl. The copy number of standard J*?‘F s can be calculated using

iy
X g/ pl DF.T ﬂlé@wﬂ%w ﬂ?ﬁﬂaﬁe Y molecules/ pl

The s!anﬂard curves (correlation coefficient = 0.995-1.000,05 efficiency higher
oo B PRSI R WG 7GR B
9

Quantitative real-time PCR of each specimen was carried out using the final
concentration of 0.1 - 0.4 pM and 100 ng the first strand cDNA template. The thermal
profile for SYBR Green real-time PCR was 95°C for 10 minutes followed by 40

cycles of a 95°C for 15 seconds, 58°C for 30 seconds and 72°C for 30 seconds.

the following furmulam

Cycles for the melting curve analysis was 95°C for 15 seconds, 65°C for 1 minute and
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98°C for continuation and cooling was 40°C for 10 seconds. Each sample was run in

duplicate.

Table 2.10 Nucleotide sequences, length and Tm of primers used for quantitative

real-time PCR. analysis of various genes in f{. asinina

Gene/ Primer Sequence (5'-3%) Length Tm
(bp) (°C)

Alpha-methylacyl CoA racemase

Forward CTC CAA GGE ATC \ 20 60

Reverse ~ A 20 62
Carnitine O-palmitoyltransferase f

Forward 19 58

Reverse 3« 20 62
Hydroxyacyl CoA dehyfogeané ey % fenoyl CoA hydratase
(trifunctional protein) o

Forward 22 66

Reverse 22 66
Vacuolar H+ ATPase 145D A

Forward 20 56

Reverse 20 62
f-actin

Forward 22 66

Reverse 21 66

zjﬁﬂ,ugyg,wﬂmwmm

FRARIAGRHHAIBRAR ot

calculatéd. The relative expression level between the large and small H. asinina were
statistically tested using one way analysis of variance (ANOVA) followed by a
Duncan’s new multiple range test. Significant comparisons were considered when the
P value was < 0.05.



CHAPTER III
RESULTS

3.1 DNA extraction

Total genomic DNA extracted from the epipodial tentacles and foot muscle of
each abalone showed acceptable qu#ﬁ’ urther used on population genetic
analysis. The approximate qlk’ﬂ__t! of extral “jpmic DNA was electrophoretically
estimated using a 1.0% ame—gei High 1 nﬂéc"’&ﬂ;-wclght DNA at approximately
23.1 kb along with slight "

\ "“--...

' |ty at 260 and ZBU nm (OD2gon80)was 1.6 -
J\ f!\i":inﬁsnn%:: mdiwduals was contaminated with
ing 0&’}7%’23’6 1“8) or w1th RNA (samples having
al Iiqu.::"h% $o
nce sith “phenol/c lofoform followed by ethanol
n%ﬁ RH@M nation did not affect the PCR
amplification. Therefore, the ,smgf:md mth OD6/ODagp > 2.0 was used
without further elmu_némn of RNA.

The ratio betwe
2.2, indicated that extr
protein or phenol (samp!
0D260/280 > 2.0).

proteins was re-extract

sible contamination with residual

precipitation before used.

Figure 3.1 Genomic DNA extracted from the foot muscle of nine individuals of /.
asinina (lanes 1 - 9). The extracted DNA was electrophoresed through 1.0 % agarose

gel and stained with ethidium bromide. Lane M = A-Hind 111 DNA.
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3.2 Development of type I microsatellites from microsatellite-containing ESTs in

testis, ovary and hemocyte cDNA libraries of H. asinina
3.2.1 Identification of ESTs containing microsatellites

A total of 2,876 EST sequences composing of 649 EST sequences from testis,
ovary, and hemocyte cDNA libraries of /. asinina (Amparyup, 2004) and additional
of 2,227 ESTs from H. asinina, H. discus, and H. diversicolor supertexta deposited in
the GenBank (http://ncbi.nlm.nih.go¥)’ baolore February 6™ 2007 were in silico
analyzed for the existence of |

2.2 (Benson, 1999).

Motifs that co eats greater than 10 for

mononucleotide, 6 for ‘-_ and 3 for tetranucleotide,

ntanucleotide, and ( n r
pe | \ \

otif were shown in Appendix

egarded as microsatellite-
containing ESTs. R
A, B. Twelve EST-co : sequ were selected and a primer
pair that flank microsatelli ._ I&r Tf asidesigned (Table 3.1).

ffom local cDNA libraries and 3 loci
. # ; " -
(DW404, DW4535, and D503 irc e GenBankptogether with six loci of type 11

I — i m—— i i —

microsatellites; Ha : fauic, Hap " Ji d Hapul0 (Selvamani er

[
Type 1 microsatellite p

al., 2000) were scree {7asinina. PCR products were

initially analyzed by agausr: gel :]Ectruphurcms

ol SN DI AR T s o

H. asinina. Non-specific amplificagion products yere found at PHel56, PO97 and
ror DY VTP 403 P& iy v
and DW404 (approximately 1700 bp) were much longer than that of the expected
prodict (121 and 289 bp, respectively) suggesting that the amplified region contained
the relatively large intron (s) (Figure 3.3 D and Figure 3.4 A). Accordingly, PCR
products of 7 loci of type | microsatellites (PHe4, PHe24, PHel77, PT101, PT102,
DW455, and DW503) were further analyzed with denaturing polyacylamide gel

elexctrophoresis.



Table 3.1 Names of loci, characteristics of repeats, primer sequences, and annealing temperature (Ta) of type I microsatellite loci used in

88

this study
Locus Gene homologue Primer Sequence (5 - 3’) Expected size
(bp)
PHe4 B-cell translocation gene 2 AGGAAAGCAGTCTCAGC 141
ACACGAATACCCAATC
PHe24 Unknown :: CCGCTTCATAGATTGT 198
CTATTCTGCCACG
PHel56 Unknown CACGAAACAAGCAAT 196
CTTCCCCTTTTACAT
PHel77 Unknown CATTCACTGATTT&GG 182
ATTATCTGACCGAGCA
PHe221 Thrombospondin 1 JyTTGGCGGTTGTCCTT 121
TATCTGGTGTAGCCGTATCC
PO97 Unknown (TA : CAGGGGCTTGGTGGATGGAG 120
R: CAAACAGTGAACAGAGGGGG
POI79 Cysteine proteinase | ) NG -+ AC _ﬁTACGCTAGCAGTCA 127
precursor . . ___—,, .,,ﬂ AGGGGTCTTTGTT
PTI101 Ribosomal protein L41 .7 GOIGTTGTGGCGTGTG 160
ACTGACTATCTCATTCTCTGG
PT102 Ribosomal protein L41 ATG}m F: TGCITGTGAAGGACAGTATC 183
R: ACCAACACGCACTGACAT
DW404 Unknown GGTGTGGTCG 289
AU N RS s
DW455 Unknown (TG)x(GC,, F: cemcmeammﬂmca 221
CAAACGGA
o s 3 1) 5 R0 Y1 RO 2

88


nkam
Typewritten Text
88
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AM123456 BM123

1.5
1.0

500 bp

100

Figure 3.2 Agarose gel electrophoresis Hhm_y!:ﬂg the PCR products of PHel356 (lanes
1 - 3; A) and PO97 (lanes 4 -"6; A), and Euﬁy (B) against genomic DNA of H.
asinina from SAME (lanesslsand4, AW PHEfanes<2vand 5, A), and TRGW (lanes 3
and 6, A). Lanes M isa 100 E..p CLA marker.

g .

M1 2 A6 7T 8 M12345678

M1 23 4567 8

FAM< 2345678

15
1.0

100

Figure 3.3 Agarose gel electrophoresis illustrating the amplification products of type
| microsatellites at PHe4 (A), PHe24 (B), PHel77 (C), PHe221 (D), PT10/ (E), and
PT102 (F) loci against genomic DNA of H. asinina from CSMaRTH (lanes 1 - 2),
SAME (lanes 3 - 4), TRGW (lanes 5 - 6), CAME (lanes 7 - 8). Lanes M are a 100 bp
DNA marker.
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B M1 234567 8 9101112131415

M1 234 567 8 9101112131415

Figure 3.4 Agarose gel eleetrophoresis iHustratmgethesamplification products of type I
microsatellites; DW404 (A) .’fg”u,mr ;cfmmiﬁ; DNA of abalon€ from SAME, PHI, and TRGW
5 113), %ui DIFS03(C) wWith specimens from CSMaRTH

(lanes 1 - 3, respectivelyyand
(lanes 1 - 2), SAME (lan

& l
gd's - 3, ‘J’R.Gﬁ' Uaf;eiﬁ = 7), CAMEYlanes 9 - 11), PHI (lanes 12 -
13), and CTRGH (lanes 1447531 aha§ M5r¢ & 100 bp DNA marker.

6] M 1+2% FimM4 2'3¥s6 789

Figure 3.5 Agarose gel electrophoresis illustrating the amplification products of type Il
microsatellites; HaulM (A), Hau2K (B), Hau3E (D), Hau9 (E), and Haul0 (F) against
genomic DNA of H. asinina from SAME (lanes 1 - 3), TRGW (lanes 4 - 6), and CAME
(lanes 7 - 9) and Hau3C using specimens from SAME, PHl and TRGW (lanes 1 - 3, C).
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For type Il microsatellite, Hau3C generated the non-specific amplification
products whereas 5 loci (HaulM, Hau2K, Hau3E, Hau9, and Haul0) were further
characterizede by denaturing polyacrylamind gel electrophoresis (Figure 3.5).

Four type 1 (DW455, DW503, PHel77, and PTI02) and 2 type II
microsatellite loci (Hau9 and Haul0) that gave polymorphic and easily scorable

patterns were selected for determination of genetic diversity in wild and domesticated

{ﬁ] ATCR 1 33 & 3 & 70 P00 BDMLMDI " lTCﬂIlliiili'FJ-II!-I.‘III-HIJ}II:IIIEI(-D]

fﬂ] ATCOL 33 43 47 0wl J IIJ‘TlFDILHHIIUNHI”ﬂm

i

3

| RIS

Figure 3.6 Examples of microsatellite patterns resulted from analysis at DW435 (A) and
Hau9 (E) using abalone samples from CTRGH (lanes 1 - 10) and CSMaRTH (lanes 11 - 20)
and DW503 (B), PHel77 (C), PT102 (D), and Haul0 (F) using genomic DNA of H. asinina
from SAME (lanes 1 - 4), CAME (lanes 5 - 8), TRGW (lanes 9 - 12), CTRGH (lanes 13 - 16),
and CSMaRTH (lanes 17 - 20).
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H. asinina. Patterns of DW455, DW503, PHel77, and PT102 were visualized by
silver staining whereas those of Hau? (HEX) and Haul(0 (FITC) were fluorescently
detected (Figure 3.6).

DW455, DW503, PHel77, PT102, Hau9, and Haul0 generated 10, 7, 6, 6, 10,
and 12 alleles, respectively. Sizes of allele distribution for respective loci were 191 -
272,174 - 201, 157 - 183, 173 - 190, 107 - 137, and 134 - 181 bp, respectively (Table
S22

bp alleles had the highest
33 bp allele (0.5000) had
w0 alleles (233 and 252 bp)

frequency (0.5200) 1
the greatest frequenc

possessed low frequencigs oastal populations of Thai abalone.
For cultured samples, the oottt “all 1; ot both CTRGH and CSMaRTH
samples was the allele 191 bp). Lik& .L.‘L- s the Gulf of Thailand, the most
common alleles in the u:llmmt:sr.iil : < as the 191 bp allele. A 267 bp alleles
commonly found in 4yild aba from the ‘Anda eg-was found in only 0.0104
and 0.0138 of CTRGH-and CSMar HH, Tespec w TRGW and CSMaRTH
did not conform to Harﬂ

At the | ﬁﬁ%ﬁrﬁ m A‘% e from the Andaman
Sea for which [e YL Qe’j 400). This allele was not

found in the An aman samples. A lgwer number of alleles per logus was observed in
srv e QAR P B FRHAR PR B n crecn
and CSMARTH was the same as that of the Gulf of Thailand samples (196 bp). A 174
bp allele commonly found in TRGW was found at extremely low frequencies (0.0208
and 0.0166) in domesticated stocks. All examined samples conform to Hardy-
Weinberg expectations (P > 0.05).

Limited numbers of alleles of PHel77 was observed in wild abalone (2, 2 and
3 in SAME, CAME and TRGW) and the Philippines (3 alleles) but a greater number
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Table 3.2 Allele frequencies, number of alleles per locus (NA), number of specimens
(N), observed and expected heterozygosity and Hardy-Weinberg expectations of each
microsatellite locus in wild and hatchery stocks in this study.

Locus Allele Wild Hatchery

(bp)  SAME CAME TRGW PHI CTRGH CSMaRTH

DW455 191 0.4063  0.5500 - - 0.4479 0.4696
194 0.0313 - - 0.0276
203 0.0313 0.2000 0.1458 0.0276
209 0.1979 0.1851
217 - 0.0208 0.0718
233 0.1354 0.0442

252
256

- 0.0417 0.1602

2a7 0.0104 0.0138
272 - - =
NA 7 8
N 48 181
HW 0.9999 0.0112*
DWs03 174 . 0.0208 0.0166
]?'}' .—“.:.ZZ.T._..'. ._ & =
180 : 0.0938 0.1768
183 1750 - .
L0200 -
ﬁuHQMEM§M&1ﬂiom: o
0.0313 ﬂ.}ﬂﬂ-l] 0. nz{m 0.6250 J.{IH] 0.0442
wwanimymaaa :
N ‘qq r] ﬂ 1 2 w 5 ﬂ r] 8 181
HW 1.0000 0.5672 098738 0.7859 0.2726 0.3541
PHel?7 157 - - 0.1600 0.2000 0.0417 0.0856
163 = 0.0750 - 0.5250 0.0833 0.1216
166 - - 0.2600 0.2750 0.0938 0.0083
170 - - 0.5800 - - 0.0249

180 0.9688  0.9250 = - 0.7188 0.6934




Table 3.2 (cont.)
Locus Allele Wild Hatchery
(bp)
SAME CAME TRGW  PHI CTRGH CSMaRTH
183 0.0313 ; 3 = 0.0625 0.0663
NA 2 2 3 3 5 6
N 48 181
HW 0.4840 0.0276*
PTI02 173 0.0208 0.0249
177 0.1563 0.1879
183 . -
186 0.7500 0.7376
188 0.0729 0.0497
190 : E
NA 4 4
N 48 181
HW 0.2596 0.9920
Hau9 107 - -
110 - 2
122 = 0.0313 0.0884
123 %40 0.4896 0.2679
126 J0.1563 03250 0.0800 {03000  0.4167 0.2707
127  ©3350  0.0500 - 0.0417 0.2072
COREY abmw UNAT oom o
e 0. zﬁun = 0.0028
awmmmumwma EI_;
NA 7
181
HW 1.0000  0.0338* 0.9025  1.0000  0.1284 0.0000*
Haul0 134 z . 0.2200 - - -
140 - : 0.2800 - - -
141 - . 0.2600 = - :
143 s - 0.2400 - - 0.0083
154 0.0625  0.0500 = z = 0.0359
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Table 3.2 (cont.)

Locus Allele Wild Hatchery
(bp)
SAME CAME TRGW PHI CTRGH CSMaRTH
158 0.1250 0.1500 - 0.3500 0.0417 0.0469
161 0.0313 0.1000 - 0.6500 - 0.1298
163 0.2813 0.0250 - - 0.2708 0.3204
167 0.1563 0.2750 - - 0.0208 0.2209
173 0.2188 ) - - 0.3750 0.0663
176 0.0313 0275 - 0.1146 0.0773
181 0938 . 0.1771 0.0939
NA 2 6 9
N 181
HW " ).4258 0.0018* 0.0000%
*Significant at P < 0.05; HW¢'H; , U"??'-'F-' 3, ""' v ‘-- , **heterozygote excess test and
significant at P < 0.05, a #fetgfoz

pdte delic ?‘l.ﬁ‘ \l\.
5 ;T.' \
’5“4:;

il
W

of alleles per locus wagfobServ ,p TF I CSMaRTH (5 and 6 alleles,

respectively). The most cofimgjtaticles ir #, CAME and domesticated stocks
(CTRGH and CSMaRTH) as *PW ound at 0.9688, 0.9250, 0.7188 and
0.6934, respectively. ALl POSSS ssed the non-overlapped
common allele of 190/and 163 bp in len; MalTH deviated from Hardy-

Weinberg expeclationﬂ‘ < 0.05). m

A grea w m ﬂeles} than the Gulf of
Thailand mpﬂyaal‘gm were observe c mnsﬂnmmnn allele in the Gulf
of Tha ,ﬂf m and 0.7250),

ﬁﬁjﬁﬁﬁ? ﬂhmmﬂﬁ e Philippines

(PHI, 190 bp with the frequency of 0.6250) was different. A 186 bp allele was also

common in domesticated stocks. Only TRGW deviated from Hardy-Weinberg
expectations (P < 0.05).

Comparable polymorphic levels were observed when the same sample set was
screened with type Il microsatellites. At the locus Haw9, approximately equal
frequencies of 107 (0.2000), 110 (0.2000), 122 (0.3000) and 126 (0.3000) bp alleles
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were observed. Likewise comparable distribution frequencies between 4 alleles in
SAME were also noticed. Five and seven alleles were found in CTRGH and
CSMaRTH whereas only 4 - 5 alleles were observed in other groups of samples.
TRGW and CSMaRTH deviated from Hardy-Weinberg expectations (P < 0.05).

Hap 10 showed non-overlapping alleles between wild abalone originating from
the east (CAME and SAME) and the west (TRGW) coasts. Only 3 individuals
(0.83%) of the domesticated CSMaRTH stock exhibited the Andaman allele (143 bp).
mbers of alleles in the Gulf of Thailand
than the Andaman Sea samp The ; ted stocks possessed comparable

numbers of alleles with wildwsaiip 1 askweast of Thailand.
e
3 in.-wild populations ranged from

N\

0.0625 - 0.8448 and 0.06: : H in CTRGH and CSMaRTH
were 0.3441 - 0.7769 a . . respeetively. The highest expected
heterogeneity values afong wild populafions. were observed at the locus Haul0
(0.8448) and the lowest ylughwds foufit alithe 1ct \ 177 (0.0625) in SAME. The
greatest observed heterozygos ity '-L TVE -_\ population at DW43535 (1.0000)
and Hau?9 (1.0000) whereas 11il St -d Reterozygosity was found at the

as. "‘*‘*n{: lomesticated stocks. The
highest and lowest e ectec served at Haul0 in CSMaRTH
(0.7769) and at DW3®3 in CTRGH (0.3441). The loWest and highest observed

heterozygosity j Wﬂsﬁ%’mﬁf and DW503 loci in
CTRGH (0.3333 8750). elé wa in“domesticated samples
suggest;nqg the loss of low fﬁ]ﬂc%em flleles througlsdomestication®f /. asinina.

WIANTL ISUNW TIVIE e

Td eliminate the effects of different sample sizes, a ratio
of genotypes/genotype and the number of investigated specimens in a particular
population (genotype/allele discrimination capacity), which is more reliable than the

number of genotypes alone was introduced (Klinbunga er al., 2005).

The allele discrimination capacity which was deduced from the number of
identified allele/number of investigated individuals, showed the greater values in

natural population than hatchery populations. The greatest allele discrimination
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Table 3.3 The expected and observed heterogeneity of different groups of H. asinina at six

microsatellite loci,

Samples Locus
DW455 DW503 PHel77  PTI02 Hau9 Haulo
Wild

SAME H, 0.7238 0.1229 0.0625 0.1229 0.7480 0.8448
H, 0.8750 0.1250 0.0625 0.1250 1.0000 0.6875
TRGW H, 0.6751 0.6735 0.5820 0.7233 0.5739 0.7633
H, 0.4400 0.3600 0.5200 0.6800 0.4800
CAME H, 0.6679 0.4089 0.7397 0.8231
H, i 0.3500 0.4500 0.8500
PHI H, 0.5526 0.7590 0.4667
H, 0.5500 1.0000 0.4000

Hatchery
CTRGH H, 0.4116 0.5897 0.7471
H, 0.3958 0.4583 0.6250
CSMaRTH H, 0.4159 0.7546 0.7769
H, 0.4757 0.5637 0.5256

Table 3.4 Allele discrimination shpatity o

microsatellite loci.
Samples

roups of H. asinina populations at six

77 B

Hau9  Haul0

Wild

e f] USRS e oo

0.2000

ﬁi."ﬂﬂl]

0. liﬁﬂ

0.2400

0. lﬁ{lﬂ 0.1600

oS nmdsn o

Average 0.2719 0.1794  0.1238 0.1694 02150  0.2900
Hatchery
CTRGH 0.1458 0.0830  0.1042 0.0830  0.1042  0.1250
CSMaRTH 0.0442 0.0221 0.0331 0.0221] 0.0331 0.0497
Average 0.0950 0.0526  0.0687 0.0526  0.0687  0.0874
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capacity among each locus was 0.5000 for Haul0 whereas the lowest value was
0.0221 for DW503 and PT102. This suggested more discrimination power of the
former than the latter and the remaining loci (DW455, PHel77, and Hau9) in this
study (Table 3.4).

Higher levels of the genotype discrimination capacity (no. of identified
genotypes/number of examined specimens) in wild than domesticated stocks were
also observed and showed the higher level in wild population than cultured samples.

In wild samples, the greatest genotype y imination capacity was observed at
Hap10 (0.6500) whereas théslowest valu é:ed at PHel77 (0.1463) (Table

(0.0681) genotype discrimipatita€apagity for domesticated stocks, respectively.

but lower levels of allele

and genotype discrimigétiog” ciips degrees of genetic diversity

Table 3.5 Genotype dlscnml

Aiien caps of different groups of H asinina
4 :"'J"' .:_; a:‘x .

populations at six miggosa
» :‘
Samples Locus%

L5 W, 7 [ATI 2q Hau?  Haull
Wild FIHgE'i%EI%HE’IIId
U

0.3750 0.1875  0.1250,, 0.1875 052500  0.6250

ﬂﬁvW ) 6 28403 Bl 18 iepo) ibac’) s 03200

0.4500  0.1500 0.1000 0.1500 03500 0.6500

PHI 0.1000 02000 0.2000 0.2000 0.1000 0.1500
Average 0.3013  0.2244 0.1463 0.2344  0.2350 0.4363
Hatchery

CTRGH 0.2083  0.1250 0.1667 0.1250  0.1250  0.1458

CSMaRTH 0.1215 0.0112 0.0773 0.0387 0.0773  0.1657
Average 0.1649 0.0681 0.1220 0.0819 0.1012  0.1558
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Fsr-statistics and the exact test between pairs of samples at each locus clearly
revealed significant differences between wild abalone from the east (SAME, and
CAME) and west (TRGW) coasts of Thai waters and the Philippines (Table 3.6).
Both domesticated stocks (CTRGH and CSMaRTH) were genetically different from
TRGW (west) and PHI at all loci.

Genetic heterogeneity between the Gulf of Thailand samples was observed at
DWS503, PT102, Hau9, and Hapl0 loci (P < 0.05). CTRGH was genetically different
from SAME at 4 loci (DW455, PHel¥ u9, and Haul(0) and from CAME for 4

loci (DW455, DW503, PT102,; \ f zpestingly, the domesticated CTRGH
and CSMaRTH bred from the.same cultured at different hatcheries
also exhibited genetic hetgzo at 4lloci (DWHSS, PHel 77, Hau9 and Haul0).

AULINENINYINS
AR TUAMINYAE



Table 3.6 Genetic heterogeneity analysis based on the exa

microsatellite loci.
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L tes \ nd JFé-statistics between pairs of H. asinina samples based on six
S

Samples DW455 DW503 PHe 17 - PT102 Hau9 Haul0

. " ,‘///-]@g:\ T =
TRGW-SAME 0.0000  0.0000*  0.0000°  0.004 0.0¢ ‘a 0.0000 _ 0.0000*  0.0000°  0.0000* _ 0.0000°
CAME-SAME 0.1261"  0.0919"™  0.0059* <0 0.0096*  0.0000*  0.0000*  0.0105*  0.0022*
CAME-TRGW 0.0000*  0.0000*  0.0000* 0 0.0000*  0.0000*  0.0000*  0.0000*  0.0000*
PHI-SAME 0.0000*  0.0000*  0.0000*  0.0800 0.0000*  0.0000*  0.0000*  0.0000*  0.0000*
PHI-TRGW 0.0000*  0.0000*  0.0000*  0:0000" 0.0000*  0.0000*  0.0000*  0.0000*  0.0000*
PHI-CAME 0.0000*  0.0000*  0.0000*  0.000¢ 0.0000*  0.0000*  0.0000*  0.0000*  0.0000*
CTRGH-SAME 0.0000*  0.0000* 03107™  0.435 0.1057*  0.1662™  0.0000*  0.0000*  0.0060*  0.0011°*
CTRGH-TRGW 0.0000*  0.0000*  0.0000*  0.0000% it 0.0000*  0.0000*  0.0000*  0.0000*  0.0000*  0.0000*
CTRGH-CAME 00166*  0.0394*  0.0016* ~00016% ~ 0.0027* 0.0454%m 00004*  0.0006* 00005  0.0000°  0.0000°  0.0000*
CTRGH-PHI 0.0000*  0.0000*  0.0000* [ -{:0000=——0:0000==—0:0000%=:0000*  0.0000*  0.0000*  0.0000*  0.0000*  0.0000*
CSMaRTH-SAME 0.0035*  0.0015*  0.0433* 94226 o133+ ooss! " 0.0820™  0.0924*  0.1742*  0.0420*
CSMaRTH-TRGW 0.0000*  0.0000*  0.0000* $.0000* 0,0000° 0.0000* 0.0000*°  0.0000*  0.0000*  0.0000*  0.0000*  0.0000*
CSMaRTH-CAME 0.0223*  0.0151*  0.00 % 0.0000*  0.0037™  0.0005™  0.0000*  0.0000*
CSMaRTH-PHI 0.0000*  0.0000* ﬁ u ‘iﬂﬁgfl ﬁuwij %ﬁ% 0.0000*  0.0000*  0.0000*  0.0000*  0.0000*
CSMaRTH-CTRGH 0.0o00* 0.0000* 0. 162 0.1050™ 0. @16" 0. ﬂﬂl]ﬁ‘ 0.4937™ q}“ﬁﬂ" 0.0000* 0.0000* 0.0000* 0.0000*

*Significant at P < 0.05; ns, not signifiCa

001
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3.3 Development of population-specific SCAR markers in H. asinina using AFLP

technique
3.3.1 Screening of candidate population-specific AFLP

Genomic DNA of H. asinina from the Po of Samet founders (SAME, N = 2)
and Trang (TRGW, N = 2) were used for identification of candidate population-
specific markers. Total DNA were digested with Eco RI and Mse 1. After ligated with

double stranded Eco Rl and Mse | ada mplification was carried out using a
single pre-selective nucleotide of £co and Mse 1 primer (Myc). The
smear preamplification products : =stion/ligation of H. asinina
genomic DNA with Eco Rl

A total of 64 primer combinations Were screened against representative
individuals of H asinina. JAI sEeencd i:rs combinations were
successfully amplified. . | 1\ pi were electrophoresd
through 1.8% agarose gel ([Figufe 3. ary screening. The products were
further size fractionated throug! 3

(crosslink = 19:1) (Figure 3.9).

efylamind gel electrophoresis

Results from depaturing” polyacrylammd " géluelec cophoresis of selective
amplification products s *,mm' /it size. A total of 1,128
bands were found (666 moho rphic bands). Of these,
166 and 174 bands were only nhserved in representauve individuals of TRGW or

SAME. ,Especmﬂw ';W] E]‘V]ﬁw 1N

3.3.2 Cfomn , characterization gnd development of SCAR mgrkers

ARSI D TR .

AFLP fragments from TRGW and SAME and one polymorphic AFLP fragment)
were converted to sequence-characterized amplified region (SCAR) markers for more
reliable amplification by PCR. AFLP fragments were excised from the

polyacrylamind gel, reamplified, cloned and unidirectional sequenced.
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1.5 kb
1.0 kb

500 bp

100 bp —

Figure 3.7 Agarose gel electrophoresis slm-ugirlg reamplification products of SAME
(lanes 1 - 2) and TRGW (lanes 3 = 4) using, ;t/ﬂiyp;‘!iﬁed Eco RI (E») and Mse |
primers (Mic). Lane M is a 100%p-NA marker=Ssss
——— |

..--""/. '3
A/7°8 910114,1213141516

b

Figure 3.8 A 1.8% agd.rdsue gel ele—::lmph-:}resls showing Ih§ selective amplification
products of SAME {Imes/l 2,5,6,9,10,13, l4}andTRAG—flanL3 3,4,7,8,11, 12,
15, 16) using primer I:,qlﬁ,gﬁh—i{;,“- (lanes 1 - 3), Eaca/Mcadillanes 5 - 8), Exco/Mcra
(lanes 9 - 12), Eace/Mcrg (1ahesal 3 - 16). Lane®M is a M/ Hind 111 DNA marker.

Restits ftom :h.qm(}k:gy sedréhl and the charactéristic of each, SCAR marker is
illustrated by" Table 3.1. Nucleotide sequences of all fragments did not match to any
previously deposited sequence in the GenBank (E-value > 10™) and were regarded as

novel (unknown) DNA of H. asinina (Figure 3.10).

Six SCAR primers were designed from Eaga/Mcoe-345, Eaga/Mcca-380,
EnT(‘a‘fMCAG'355, EﬁTC‘J;ME"r—['ESI. EATC.'"?\I'I;;'{_',]'-336 and E,.-.,'[(-."'M(~(-{--344 {hcreaﬁcr
called HaSCAR325, HaSCAR 147, HaSCAR;339, HaSCAR 320, HaSCAR 95, HaSCAR3;7,



103

respectively) and tested against genomic DNA of H. asinina. Sequences of
Eate/Meca, Eate/Mcoe, and Earc/Mcgg were 164, 102, and 127 bp, therefore, they
were not converted to SCAR markers (Figure 3.11).

M1 3 5 7 9 11 13 15 17 19 m

Figure 3.9 A 4.5% denaturing polyacrylamide gel electrophoresis showing AFLP
pattens from five selective primer combinations; Eaac/Mcor, Eaac/Mcec,
Eaca™cra, Eaca™cac, and Exga/Merr corresponding to lanes 1 -4,5-8,9-12,13
- 16, and 17 - 20, respectively. Arrowheads indicate candidate population-specific

AFLP markers. Lanes M and m are 100 bp and 50 bp DNA markers, respectively.
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Table 3.7 Name of SCAR marker, blast analysis, primer sequence, the annealing temperature and the expected product size of AFLP-derived

markers of H. asinina '/y/

AFLP Type of AFLP  Size of Blast 'ﬁ Primer Sequence (5" -3") Ta Expected
primers Band fragment analysis (*C) product
(bp) Jf/’ NN (bp)
EacWMcae  Polymorphic 345 Unknowg R \\\M ATTCAGACTACACGCAA 57 328
- Ny AACGCTCTCAATGAGAGA
EacA/Mcca  TRGW specific 380 Unknovy SEAR \ "CT “ACATTGTAGCCTTTG 50 167
NGV, \ ATGGAAAGAAAAGTG
Earc/Mecac  SAME specific 356 Unknowg C ARG ATTCATCAAAGGGAC 57 339
AT N \TTAACAGACTGCTGCCCA
Exrc/™crr  TRAG specific 351 Unknownd HaSCARi¢ ) F: T4 AATTCATCCTCGATAGTC 50 320
— —p: GATTAACTTGGCAACAAGTGA
Exrc/cer  TRAG specific 33  Unknown TACGAATTCATCGCTCTAATCAT 55 295
\CAGACCGGAACTCTCATG
Exrc/Mcce  SAME specific 344 Un TTOME 5 TTCATCCAACAAAGG 50 327
fo——— R ATIAZUCCTAACCTATCGTAAA
EsrgMcc  SAMEspecific 164 Unkiel@ N ND ND
ExtdMcce  SAMEspecific 102 UnknoWh NI it m ND ND ND
EarcMcas  TRAG specific 127 Unknown  ND ND ND ND

*ND = not determined. SCAR markers further used for SSCP @n&lysis are illustratéd/in boldface.

‘UEJ’J‘VIEJW?WEJ’m‘i
ama\amm UA1AINYAY

¥01
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A

GACTGCGTACCAATTCAGACTACACGCAATTATAAATGAATCGGCTAATGAAAGACTGA
AAGTCTGTGTTGGCATCATTATGTTTTCAGCGACTGGAATAAGACACCATAGATTGATAAA
AAGGTCCCGTGATATAACTGAATGTGAGATGGATCATAGAATAGATTCAGTTCATAGGCT
GAATCATGATGATACTGTTGGGCGGAAAGGAAACTATGGTCATAAACTTTGATTGAATGA
CGGCAATAATGATGATCTGACGATACATTTAGATCGCCTTGTGTCACAGCAAATCCTGGCC
AGCCTAAGAAAATCTCTCATTGAGAGCGTTACTCAGGACTCATC

TACCAATTCAGAGTGTTCAAGATGTACTATGTCGTGTCTGGTTACTCAGGACTCATCATGA
CTGCGTACGAATTCAGAATGTTACATTATTACCTAAAAGGTTCATGGCCATGGTGGTCATT

GATAAAGACTCTTTGAACTCGTCGTTTGAGTATGCTCTCACATTGTAGCCTTTGTGTAGG
CACATGACTCTGCACACTACTTTTGATT S A AGCACATCTTACTTGAAAGAACTAACGTT
GCTAAAGGATTCAAATTATTGTGACGK ! TECCAGACTGTAAAATGTCAACATATCA
CITTTCTTITCCATTTCAATTGAACT :\ A TCAGAATCAGCTGGAGTACATTG
ACATTGGTTAATCAGGA i

C

GACTGCGTACCAATTCATE K M TGAGTTGCAGCTTCAAACAG
GGCATAAGAACTGTTACAAR §/ 1‘ &J CTOGIG CTCCCCTATCTTGCATTTGTG

TCATGT&CAGTGATAT f‘ : : ‘\k AATACCTGTACATCGGAACA
' FATT AACTGAGGTTTGTACATTG

TATACCTATATATACTGTE Q ‘\.
t- TGAGTGAGTGAGTCTGC

TGAACATTCATAACATGT - '- W !ﬁ
ACTCAGCAATATTCCAG T ‘Ol_L‘vL ACTCAGGACTCATC

D

GACTGCGTACCAATTCA ATTACGATTACACTCAACT
ATACCCTGGATGCATCTATG C ACCTCCCTTTGCTGGCTGTG

CTTTCTTACTATAGGCAATFA CCAATGTCAACAAAGA
TGGTGGTTGCAAGTGCAGAGH ‘ \ECCAGATTTTGGGGAAATCATAC

AGACAAACTGACAGGTCCAAAAL . ATATATGTTCGAGAGCTCCTACCTCCTC

TTTCAGAGTACCTCTGCATCA LTACTCAGGACTCATC

E -

GACTGCGTACCAATTGA AT *\'a TGATGTCATCTCATTGA

AATCTAATTGTATTTGACAG BTTCTTTACACAAATGTCT
TACGGCTGCTGTTGTTTG CTCCACATGAATGTTCCA
GTCTGTTCTTGTTTGACA GC&GATTI'CCACCGCTAC ACATAAATGCATGTTTGC

TGTTGGTTG&CA&GGAG%E:E:CGTCGTTHCTTWTTCAC ATGAGAGTTCCGGTCTGTTCT

: N BYINYINT

GACTGCGTACCAATT ATC CAAC& GTCATGAGACGTTATCATCEATCCTGTCAGCAT

ATCA TACGTTCTGA
CAAA T ?%EETACTGGGTAG
TAACTGCECCGACATITCGC AT CAATTCCGAG

AGC&CGCA&TGAACAGATGTCAAGGGGAGGCTG'ITATTGGGTGGAGGCCCT AGGTAAACT
ATGGTATITTACGATAGGTTAGGGTTACTCAGGACTCATC

Figure 3.10 Nucleotide sequence of HaSCAR;; (A), HaSCAR; (B), HaSCAR;; (C),
HaSCAR;3 (D), HaSCARys (E) and HaSCARs;;; (F) derived from Eaga/Mcoc-345,
Eaca/Mcca-380, Exrc/Mcag-356, Exro/Merr-351, Eare/Megr-336 and Eaqe/Mccc-344 AFLP
markers, respectively. Positions of the forward and those complementary to the reverse

primer of each SCAR marker are boldfaced and underlined.



106

A
GATGAGTCCTGAGTAACCGTGTTCACTCATTCAAACCATCAACCGCGTAATCGTGAGTGG
GCTTCGTTCCTATCTTTCAACAGAAGTTGGTGGACATATGAGATTGTGACTTTGCTGGTTA
CAGATATATTGCATTTATAATTTTCATGAATTGGTACGCAGTC

B

GACTGCGTACCAATTCATCTACCGTTATCTATTGACAAACGTGATTGGATGGCACCGTCTG
GAATGCATGGTGCGTTACTCAGGACTCATCAACCTAAATAG

C
GACTGCGTACCAATTCATCACGCGGTTGTTATCAACTTACAGCACAGGACGATGTAGCCGT
TACTCAGGACTCATCATCACATTAATTGCGTTGCGCTCACTGCCCGCTTCGTGCCAGCTGC
ATTAA

Figure 3.11 Nucleotide sequence of En-mc/vf,;/,(f_f_}.ﬁé (A), Earc/Mcee-102 (B) and
Eatc/Mceo-127 (C) generaled Fom AFLP analysis.

3.3.3 Amplificat

analysis

ajed lh-éT 11{18{%1\'& applification product (Figures 3.12-

ffu$rm,ﬁ¢}, HaS€AR 0, HaSCARs20, HaSCAR s,
.|r.||.

f’-,cwrc‘nmly; uenée polymorphism of each SCAR

All primer pairs
3.17). Size polymorphisg
HaSCAR ;337 was not observ
marker was further delcrmmed E‘f v.ngF sfja“nd conformational polymorphism

(SSCP). In contrast, lxnglh pu]}'m{:-rphlsm of HﬂSCAR,{w were found and it was
genotyped by dendulm{?nlyacr}'lammd gel clcctmph&resr;.J

M1 2 3 4-5 6 7 8 910 111213 14 1546 17 18 19 2021 22 2324

Figure 3.12 Agarose gel electrophoresis showing the amplification product of
HaSCAR;z;5 against genomic DNA of H. asinina from SAME (lanes 1 - 5), CAME
(lanes 6 - 10), TRGW (lanes 11 - 15), CTRGH (lanes 16 - 20), and CSMaRTH (lanes
21 - 24). Lanes M is a 100 bp DNA marker.
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M 1 2 3 4 5 6 7 8 9 10

Figure 3.13 Agarose gel electrophotesis jshowing the amplification product of
HaSCARs7 against genomic DINA of {1 a.if;f?’w‘t'mm SAME (lanes 1 - 2), CAME
(lanes 3 - 4), TRGW (lanes"S*=6}, CTRGH ﬂanﬂ T - 8), and C5MaRTH (lanes 9 -
10). Lane M is a 100 bp BiNerisktr,

Figure 3.14 Agarose gel clectmthw:i?ﬁ;mmg the amplification product of
HaSCAR ;39 against bngumlc DNA of H. axmma from qﬁ‘»ﬂ (lanes 1 - 3), CAME
(lanes 4 - 5), TRGW gl" ee& 7). LaneMusalﬂDprNamdrku

M1 23 45 6 7 8 9 1011 1213 14

Figure 3.15 Agarose gel electrophoresis showing the amplification product of
HaSCAR;;p against genomic DNA of H. asinina from SAME (lanes 1 - 2), CAME
(lanes 3 - 5), TRGW (lanes 6 - 10), CTRGH (lanes 11 - 12), and CSMaRTH (lanes 13
- 14). Lane M is a 100 bp DNA marker.
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M 1 2 3 4 5 6 7 8 9

Figure 3.16 Agarose gel clectrophoresis“stowinig the amplification product of
HaSCAR;95 against genomiic DNA-of .’-7[) asiming ftom SAME (lanes 1 - 3), CAME
Lo

(Ianes 4 - 6), TRGW (lanes 7«9 Cric T\ﬁis a 100’ bp.DNA marker.

El

50 45 6.7 8 910 11

G E T S s T GD G e e G

100 bp

Figure 3.17 Afgargsé gel glegtfophoredis showipg thel amplification product of
HaSCAR3;; against genomic DNA of H. asinina from SAME (lanes 1 - 3), CAME
(lanes 4 5 W TRGW-llane$6 413 Lane Miis 4 100bp/DNA miarkdr.

The PCR products of HaSCAR;s;, HaSCAR;339, HaSCAR;3z9, HaSCAR;os,

HaSCAR;;; were denatured and electrophoresed through low crosslink non-denaturing

polyacrylamind gels (37.5:1).
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AM1234567391D

B

M 1 2 345 6 7 8 9 10

Figure 3.18 SSCP pattey Bize ne 'mﬁ'ﬁinn of three SCAR markers;

HaSCAR3x% (A), HaSCARE); B)~ ;0 % Ry7 (C), of H asinina from the
domestication stocks (genotypes ". r _ aICH R 329 and HaSCAR 395, lanes 2 - 4 and

genotypes A, lane 4 and C, lanc'ﬁ‘-?'s“ fAR 327), Talibong Island (lanes 5 - 7,
genotypes B, B and Bﬂ and m %—Wu : pes A, A and C) through
15% non-denaturing péiyacrylamide-gei-eiectrophoress: anf.:s M and 1 are 100 bp
DNA ladder and mﬁ non-denatured PC :

respectively.

Figure 3.19 SSCP patterns resulted size fractionation of HaSCAR ;39 marker of H.
asinina from SAME (lane 2 - 4), TRGW (lane 5 - 7) and CAME (lane 9 - 10) though
15% non-denaturing polyacrylamide gel electrophoresis. Lanes M and 1 are 100 bp
DNA ladder and the non-denatured PCR product (double standard control),

respectively.
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Three, two and three SSCP genotypes were found from HaSCAR:z,
HaSCAR 95, HaSCAR 337, respectively (Figure 3.18). The amplification products of
HaSCARs; was not successfully analyzed with SSCP whereas the product of
HaSCAR;39 shows monomorphic patterns in samples from different geographic
locations of H. asinina (Figure 3.19). Allelic polymorphism of HaSCAR;zs of wild

and hatchery H. asinina was observed and showed in Figure 3.20.

A M1 3 5 7 9 11 130495 7/9 .21 23 25 277 29 31 3 35 Im

29 31 33 35 37 I m

M1 3 5 7% 9011 13 15 1 ﬂz-l"’"

mgur@zﬁﬁ ’%@ﬁﬂﬂﬁ@e&%ﬁﬂe}’} &N st o

SAME d TRGW (A; lanes 1 - 16 and 17 - 37, respectively), CAME and PHI (B;
lanes 1 - 19, and 20 - 40, respectively) and hatchery CTRGH and CSMaRTH (C; lane
1 - 20 and 21 - 41, respectively) of H. asinina. Lanes M and m are denatured 100 bp
and 50 pb DNA markers, respectively.
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SSCP genotypes of H. asinina from the Gulf of Thailand and Andaman Sea
did not overlap at the HaSCAR;;; locus whereas a single individual from the west
coast (TRGW) exhibited genotype A at HaSCAR;;p and HaSCAR 295 loci which was
carried by all examined individuals of CAME and SAME samples (Table 3.8).
Almost all of the hatchery-propagated samples possessed the Gulf of Thailand
genotypes except only 3 specimens from the CSMaRTH hatchery at HaSCAR3zp
exhibited genotype B which was typically found in the Andaman Sea population. In
addition, 3 and 4 individuals of CTRG ved SSCP genotype B at HaSCAR 395 and
HaSCAR 337 loci typically found.ir the AndahfurSe: pulation, respectively.

Table 3.8 Distribution frégucs a yPes of HaSCAR3z0, HaSCAR 305

and HaSCAR;;7 in wild I 1’ ; Aled ¢ ,.\

Sample Ha¥ I / / ﬁ ’ ‘:ﬁ:i \“\ HaSCAR ;27

A Ilﬁﬂ\\\Y‘ L

SAME 18 18 5 2
CAME 14 \ 22 = =
TRGW 1 - 25 -
CTRGH 32 25 4 1
CSMaRTH 84 79 - 16
Total 149 VF— *;;' A4 29 2

Six mﬁ%ﬁ@wﬁw{ A B . Genotyes A,

AAC and CAA Were restrictively at‘:;erved in 1he Gulf of Tha:land whereas ABB,

B WA GUMEL AL

t composite genotypes were found in the domesticated samples and only
three of which were observed in CAME and SAME. Composite genotypes BAA and
BAC were found only in CSMaRTH while AAB and ABC were restrictively observed
in CTRGH. The disappearance of these composite genotypes reflected greater genetic
diversity of the domesticated than wild stocks of H asinina in this study. PCR
products of each individual representing to each SSCP genotype of three SCAR
markers were amplified and directly sequencing. Multiple alignment of SSCP
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genotype of HaSCAR 30, HaSCARz95 and HaSCAR3;7 were illustrated in Figure 3.21.
Nucleotide divergence between these composite genotypes was 0.10% (between
ABB-BBB) - 1.46% (between ABB-CAA).

Table 3.9 Distribution frequencies of composite SSCP genotypes of HaSCAR;zp,
HaSCAR 3905 and HaSCAR 337 markers in wild and domesticated stocks of H. asinina

Composite Domestication

haplotyPe  SAME __JGAM CTRGH  CSMaRTH
AAA 16 (0.80 100, 18(0.45) 70 (0.74)
AAB 4(0.10) i
AAC 2(0 7(0.18) 14 (0.15)
ABB - £ (0.0 - .
ABC x - % N\ 3(0.07) :
BAA - & L4 i 2 (0.02)
BAB : : ;
BAC : - 1(0.01)
BBB : i _ . ;
CAA 2(0.10) _£406) /5 7(0.18) 7(0.07)
CAC s A (0.02) 1(0.01)

Total (N) o 95

|

] I

!
[ 1 . . o
An ﬂ-ﬂm g e polymorphic sites of
examined seq al i | s j e genotypes perfectly
currcspundﬁu specimens from th€ Gulf of Thailand (lineage Ifdnd Andaman Sea

ineagth spd G s § 3> ol diéhficks b witin tincage

gmot}'peg (2 - 4 mutation steps) were lower than those between lineage genotypes (8

mutation steps) where an interconnection between the common genotype AAA
(lineage I) and BBB (lineage II) required 14 mutation steps. Interestingly, composite
genotypes ABB, BAB and BBB found in wild abalone from the Andaman Sea and
regarded as members of the lineage I were not found in the domesticated stocks
(CTRGH and CSMaRTH). All individuals of CSMaRTH (95/95; 100%) carried
lineage I composite genotypes. Only 4 individuals of CTRGH (4/40, 10%) possessed
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G STTTGAR TG T AT mmwrrccm

GCTG T 3 { L i o Al [CEACATGAATGTTCCAGTC
Tl s ! gl GEERREE R R R
“’i‘* TARATGCATGTTTGCT
[ CACATARATGCATGTTTGCT
IIIIIII { ] o SILii Il
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Figure 3.21 Nucleotide sequence of an individual representing each genotype of HaSCAR;; (A),
HaSCAR ;55 (B) and HaSCAR ;- (C).
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the AAB genotype which was parsimoniously recognized as a member of the lineage
Il genotypes. This indicated that the gene pools of domesticated stocks have been
genetically contributed by almost all of the brooders from the Gulf of Thailand.

A UPGMA dendogram constructed from genetic distance between pairs of
composite genotypes (Figure 3.23) allocated all composite haplotypes to 2 clusters; |
and II. Interestingly, wild abalone from the Gulf of Thailand were phylogenetically
recognized as members of cluster | whereas those of the Andaman Sea were allocated
to cluster II, respectively. All g otyp: !y ed in cultured stock (CTRGH and
CSMaRTH) are located in cluster [ ex ch was allocated in a member of

ifi
—J.
——

cluster 11.

Lineage I1

QRIRINTANMINYIAD

Figure 3.22 An unrooted maximum parsimony network illustrating genetic
relationships between composite SSCP genotypes of HaSCAR3z, HaSCARzs and
HaSCAR3;;. Numbers between pairs of composite SSCP genotypes indicate the

number of mutation steps required for their connections.
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e 'Ei . .
AULINENINYINS

Figure 3.23 A UPGMA dendrograf constructedsfrom Eenﬂic distance (Nei, 1978)

s of Ghesdsorbbe Wi 8 HSCARG) s i

H. asinina in wild and cultured populations.
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3.3.4 Genetic diversity and heterogeneity of cultured and wild population of

H. asinina

Limited genetic diversity was observed in wild samples. The average
polymorphic bands and gene diversity of all primers in TRGW (23.08% and 0.0847)
was slightly lower than that of SAME (30.77% and 0.0836) but greater than that of
CAME (15.38% and 0.0617). Genetic distance between pairs of wild samples were
0.0154 (CAME and SAME), 1.0473 (TRGW and SAME) and 1.0926 (TRGW and

CAME), respectively (Table 3.10). ’ ,
Modest genetic diversity was % the domesticated stocks. The

i era primers in CSMaRTH (69.23%
' (23.08% and 0.0934) were

ce were observed between

and 0.2322) was comparabie
greater than those of wilde®
these and SAME and C

observed when compa

i ‘7 ]
-

~
ge genetic distance were

\ T ?\‘:‘ RGW; 0.6951 - 1.0187).
Genetic heterogene = * en 4 balone from different coastal

: 217 s sl
regions (P < 0.0001 for the ¢ act st and Bk 0.0 01 {Or Fsy statistics) but not within

the Gulf of Thailand (P > 0.083 {Table 3

exact test indicated that

Genetic heterogeneity based on the
; l_were penetically different (P <
0.001). The gene ps """"-‘“""7’”."_'-‘“"’ 35 not different v wild abalone from the
Gulf of Thailand (CA GE a
observed between CTF H and CAME (P <0.017) a d between the domesticated

“’“”‘““‘”Wﬂ”ﬂ’%ﬂmwmm
Tl Y6 GG VT PR s b

(below diagonal) pairs of H. asinina samples

«r, genetic heterogeneity was

SAME CAME TRGW CSMaRTH  CTRGH

SAME 0.0836

CAME 0.0154 0.0617

TRGW 1.0473 1.0926 0.0847

CSMaRTH -0.0005 0.0217 1.0187 0.2322

CTRGH 0.0279 0.0565 0.6951 0.0241 0.0934
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Table 3.11 Genetic heterogeneity analysis based on the exact test (above diagonal)

and Fsr estimate (below diagonal) between pairs of H. asinina samples

SAME CAME TRGW CSMaRTH CTRGH

SAME - P=0.9243" P<0.0001* P=1.0000" P=0.5125"
CAME 0.1635* - P<0.0001* P=0.1461" P=0.0115*
TRGW 0.8759* 0.8919* - P<0.0001* P <0.0001*
CSMaRTH -0.0058" 0.1826* - P <0.0001*
CTRGH 0.1220* .22 0.1478* -

= not significant, * = sigmheait R':: £ < G fliowing the sequential Bonferroni

adjustment (Rice, 1989).

=
3.3.5 Develop matke

primers of P. mo
3.3.5.1 Penaeus

A total of 135 g , ovary and hemocyte cDNA
nic DNA of an individual from

rom five primers for amplification

libraries of P. monodon
TRGW, SAME, and PHI. Six dv
of P. monodon gl —-= -I _ INA primagse (DNAP), herterogeneus
nuclear ribonucleopFo ‘. @i death protein 6 (PCDP6),
and Wolf-Hirschorn I protein [j: HSC, 1400 and 700 bp,

’“”““""”‘”Fﬁlﬁ“’ﬁ?‘l ﬁﬁ%Wﬁwnﬁ

Nucleotile sequences of a] chamctenzed fragments dld not match any

e R T
{Table!i ﬁn e-s fw désig ese unknown

transcripts and called HaSCARy;, HaSCARy;, HaSCAR 3, HaSCAR 4, HaSCARys,
and HaSCAR, respectively. Primer pairs were amplified with few individuals of
genomic DNA of H. asinina from wild and cultured stocks. All designed primers
successfully generated the positive amplification products (Figure 3.25) and subjected
for further analysis using non-denaturing polyacrylamind gels.
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Figure 3.24 Agarose gel'electrophoresis showing the amplification"products from P.
monodon primers for amplification of glycogen phosphorylase (GlyP, A), DNA
primase (DNAP, B), herterogeneus nuclear ribonucleoprotein 87F (HNRNP, C),
programmed cell death protein 6 (PCDP6, D), and Wolf-Hirschorn Syndrome
candidate | protein (WHSC, E) tested against genomic DNA of H. asinina (lanes 1 - 3

= specimens from SAME, PHI, and TRGW, respectively).
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Table 3.12 Name of original gene-specific primers, blast analysis, primer sequence, the annealing temperature of H. asinina obtained from

\,\

characterization of the PCR products using heterospecific pnm from cm

Drigina'I Size of Blast' - Sequence (5" -3") E‘a Expecteg
i % \\\\ R e
GlyP 663 Unknown PN ; AGT GCT CTT GC 57 204

: \'\\ GTC CTC CTC GG
DNAP 898 Unknown “TCA ATG TCT CC 57 224
0T GGC AAA GCA CT
HNRNP 699 Unknown TCT TGG AGT TA 57 263
C CTT CAT TCG TG
PCDP6 1007  Unknown P 5 313
BICGT TTG TGT GC
WHSC-1400 1496  Unknown B o arnaares, & 319
m R: ( AT} CTA TTG TGA CCT
WHSC-700 680 Unknown aSC'ARw o A‘%S O, R ” 246

RIT _1_,_. T GTA GT

ammnm UA1ANYAY

611


nkam
Typewritten Text
119


120

A M1 234586788910 D M1 2345678910
i3

500
100

B mMm12345678910 E M12345678910
1‘3

100

. and HaSCARys (A - F, respectively) using
genomic DNA Dfahalune from LﬁHﬂRIH rlanuw."lq-%} SAME (lanes 3 - 5), TRGW (lanes 6

- 8) and PHI (lanes 9 ﬂ{b respectively, Lanes M are 3 100 hnébi,-‘\ marker.
Yy )

=

<’ i

SSCP analysis reyvealed! that |HeSCARy;  was mohamgrphic (Figure 3.26A).
HaSCARy;, HaSCARyy, and HaSCARys illustrated that genotypes, of abalone from
TRGW whas| differend frong other Beographic) samplesi The SSCPypaftern of PHI was
clearly different from H. asinina in Thai waters revealed by polymorphism of
HaSCARy;.

M12345678910
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3.3.5.1 Amplification of functional important gene homologues of H.

asinina

Four primer pairs were designed from ESTs representing isocitrate
dehydrogenase (IcDh), arginine kinase (AK), ADP/ATP carrier (ATPCa) and NADH
dehydrogenase subunit II (ND-II) of H. asinina and tested against genomic DNA of a
few individuals of abalone from wild and cultured stocks. Non-specific products were
obtained from amplification of AK and leDh genes (Figure 3.27A). In contrast,
ATPCa and ND-II were successﬁ;{l | Wlﬁed by PCR (Figure 3.27B - ().
Polymorphism of the amphﬁed gene s were further examined by SSCP

analysis.

"'"._“"--
8 91041121314151617 M

1314151617 M

Figure 3.26 Non-denaturing polyacrylamind gel electrophoresis illustrating SSCP patterns of
HaSCARy; (A), HaSCARy; (B), HaSCARy,, (C) and HaSCARy;s (D) using genomic DNA of
abalone from CSMaRTH (lanes 2 - 3). SAME (lanes 4 - 5), TRGW (lanes 6 - 9), CAME
(lanes 10 - 13) and PHI (lanes 14 - 17), respectively. Lanes M and | are 100 bp DNA ladder

and the non-denatured PCR. product (double standard control), respectively.
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Figure 3.27 Agarose gél eleefrc 55 -.shﬁwjng the amplification products of H. asinina
samples from SAME, PH ang \ u-:: LELFQSPL cific primers for arginine kinase (AK)

and isocitrate dehydrogen: ) (ﬁu lﬂnn h- 3 and 4 - 6, respectweiy] ADP/ATP carrier

marker.

4
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Nevertheless,. A?Pta was mnnomm’phlc in all exé:u):m,-:l abalone individuals.

Only ND-II pnl;rmmp#ﬁ::m was examined in all Mem‘gﬁgum 3.28). The Gulf of
Thailand and Philippiges samples cxhibiled an idedfical pattern. Two different
genotypes (B and C) weré feund in the TRGA sample (Table 3.13).

Nucleotide sequences of representative individuals carrying each genotype of
ND-1I were, alearly~different-owing to jbase subslitutions; (15,~134and 2 positions
between AA"-"B,! A'- C! andV B’ *9C“Figure '3.29). 'HaSCARS 7, “"HaSCAR s and
HaSCAR;3z7, ND-1I polymorphism could be used to infer geographic origin of H

asinna in this study.
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A M 12345678891011121314151617M

BM123456 78 91011121314151617 M

Figure 3.28 Non-den/ ‘ i vhoresis illustrating SSCP

patterns of ATPCa (A) D- Hsin : uhlj'bli from CSMaRTH (lanes 2 -

: %m:s 10 - 13) and PHI (lanes 14
e non-denatured PCR product

g nJ..l"

(double standard control), res Ctlﬂf

f o
..----'_.'_...-"‘l "'H"'"I"-

Table 3.13 Distribiilion‘frequencies i Ssgﬂfj of ND-II in wild and

domesticated H. asi

ﬂuﬂ%w—%ﬁ&%ﬂﬂ%

A9 I, ﬁwnwmaa

CSMaRTH 95 - .
Total 197 18 7
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ND-IIA  ATCGGGTTCGTGTTCTCCTTTATCACATTTTTAGGCTEATCATCTCCCIBTCCTCAGTC 60
ND-IIC  ATCGGGTTCGTGTTCTCCTTTATCACATTTTTAGGCTCTATCATCTCCCTGTCCTCAGTC 60
ND-IIB  ATCGGGTTCGTGTTCTCCTTTATCACATTTTTAGGCTCTATCATCTCCCTGTCCTCAGTC 60
ol ol ol ool ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol ol el el el
ND-IIA  CHBTGACTAAGGATCTGAGTCGETTAGAAATTAACATAATAGGATTCATCCCCCHETTA 120
ND-IIC CATTGACTAAGGATCTGAGTCGGGTTAGAAATTAACATAATAGGATTCATCCCCCTCTTA 120
ND-IIB CATTGACTAAGGATCTGAGTCGCETAGAAATTAACATAATASGATTCATCCCCCTCTTA 120
ol ool IR R R R R R R R R R R R R R R O R R R R R R R
ND-IIA  ATTTACCABGGCCTRACCATAGAEACAGAATCTAGGATTAAATACTTCATTABCABGOG 180
ND-IIC  ATTTACCGAGGCCTAACCATAGAGACAGAATCTAGGATTAAATACTTCATTATACAAGCG 180
ND-IIE  ATTTACCGAGGCCTAACCATAGAGACAGAATCTAGGATTAAATACTTCATTATACAAGCG 180
kR kR E kbR kR R R AR R R R AR R R R o W
ND-IIA  CTAGETCAAGARTACTRATATTTGGAAGACTIBTATCATTTAATCTCTCCCTGTCATGE 240
ND-IIC CTAGGATCAAGAATACTCATATTTGGAAGACTTTTATCATTTAATCTCTCCCTGTCATGE 240
ND-IIB CTAGGATCAAGAATACTCATATTTGGAAGACTTTTATCATTTAATCTCTCCCTGTCATGE 240

LR R R e e e R R R

ND-IIA 266
ND-IIC 266
ND-ITH 266

Figure 3.29 Multiple alignments- shoy ngae sequence of an individual

3.3.6 Associatioubeilb eénfmicrosatellite & \ “UR genotypes and the body
3.3.6.1 Regression a ,  genotypes and phenotype (growth) in

Correlation between” genotypes (fix' ¢ nd ghe body weight (variable

effect) was initially ;#"_:':7.:;::_;;;_-_ T 11 ¢ alysis. A simple linear
regression indicated s@ﬁ an wer yse factors at DW455 and
Hapl0 loci (P < 0.05) gl" able 3.14). SCAR marker (HaSCAR;;s) developed from

AFLP analysis ﬁsucﬂmaz?rﬂlﬂﬁsw mﬂt sults (P > 0.05).

3.3.6.2 Geetic di ifferences between fast aud slow growing domesticated H.
SRR AN Y

Genetic heterogeneity in allele and genotype distribution frequencies between
BL and BS groups exhibiting high and low growth rates collected from the
domesticated B sample is shown in Table 3.15. Significant genetic differences
between subgroups BL-BS were observed at DW4355 and Haul0 loci (P < 0.05).
Nevertheless, the Fsy-statistics and the exact test between subgroup BL and BS
examined by HaSCAR 3,5 were not significantly different (P > 0.05).
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Table 3.14 Correlation between genotype and the body weight in the domesticated

sample (group B) of H. asinina based on six microsatellite loci and a HaSCAR ;s
SCAR marker

Locus Regression value P-value
DW455 0.246 0.031*
Dws503 0.016 0.892™
PHel77 0.981™
PTI1O2 0.368™
Hau9 0.220™
Haul0 0.023*
HaSCAR ;25 0.361™

"Signiﬁca.;lt at P <0.05

Table 3.15 Genetic difi€re

cultured in the same envig®

(BS) growing H. asinina

atistics and the exact test

Locus Exact test
DW455 0.0170*
DW503 0.5121™
PHel77 0.9677™
PTI102 0.0690™
Hau9 'D 4580™ 0.3028™
maie 61112739 El 'Vl’ﬁ"ﬁ"tl'] ] ‘i s

All microsatellife loci 0.0119™

"Slgmﬁ::alt at P < t'H]S for smg]e [n-cus comparisons and P < DD] for multiple locus

comparisons according to the sequential Bonferroni adjustment (Rice, 1989)

Significant differences between the body weights of the B sample having
different genotypes were further analyzed using ANOVA followed by Duncan’s new
multiple range test. Significant differences were only observed at the Hau/0 locus (P
< 0.05).
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At the Haul0 locus, heterozygotic of allele 163 had a higher body weight than
exhibit in homozygote whereas the appearance of allele 158 showed the lower weight
of examined abalone (Table 3.16). Abalone exhibiting the 161/163 genotype had the
highest body weight whereas those carrying the 158/158 genotype had the lowest
body weight. Homozygote and heterozygote individuals carrying the 176 bp allele had
greater or approximately equal body weight to the mean body weight for this group of
samples. Interestingly, abalone possessed 176/176 and 153/153 were found in 21.25%
and 20.00% of examined individuals with the average body weight of 9.252 + 4.113

Table 3.16 Statistical andly

sample (B) of H. asinin@ Cag /A ey '_

)

f /) l," F%‘L‘\ oht + SD (g)

b dy weight of the hatchery

Genotype (V)
158/167 (1) ,,.q,- ) 4.000™
158/176 (1) N -'\- 700"
158/173 (1) ﬁ..s!ﬁ:’—f“-‘ i N ) + 4.000"°
158/163 (1) e _‘ 15500 + 3.900™"
161/173 (1) == 11.700 + 4.100™°
167/173 (1) TR .800 + 5.200™°
158/158 (2) | L £op4°
163176 2) O v
163/163 (16) 145.034%
161/161 (5) 7.226 43 877*
163/181 (5) ¢ 7.224 + 4.148**
i 187 9] ﬂmwmm
167/176
163/167 ( 2860+ 4.162"" g
wgmmm R BIHLE B
167/167 (17) 0.252 + 4.113%b¢
167/181 (5) 10.308 + 4.986"*
176/176 (2) 11.460 + 3,932
176/181 (2) 11.530 + 3.962°¢
161/163 (2) 16.460 + 8.952°

The same superscripts indicated non-significant differences between genotypes. ND = not determined.
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3.4 Isolation, characterization and expression analysis of genes functionally

related with metabolisms in H. asinina
3.4.1 RNA extraction

Total RNA was extracted from hepatopancreas of each H. asinina. The
quality and quantity of total RNA were determined by spectrophotometry and agarose
gel electrophoresis (Figure 3.30). The ratio of OD340/ OD3g of the extracted RNA was
1.8-2.0 indicating that its quality was acceptable for further applications. Agarose gel
electrophoresis showed discrete ribiose bands reflecting good quality of the
extracted RNA. Total RNA ﬂag mvﬂse—@d to the first strand cDNA for
{Flgﬂre 3_‘\_
for further used for the cons af af te 1pl_ate forRACE-PCR analysis.

quantitative real-time PC ssenger (m) RNA was purified

Figure 3.30 A 1.0°

| showing the quality of
mdividualg'aof H. asinina (lanes 1 — 8).
Lanes M and m are 100 DNAyJadder and A-Hijpd 111 markers, respectively.

ﬂiJEJ’JWEJWﬁWEJ’]ﬂ‘ﬁ

total RNA extracted ﬁ'oﬂl hepatoparicreas b“

Figure 3.31 A 1.0% agarose gel electrophoresis illustrating the quality of first strand
c¢DNA synthesized from total RNA of H. asinina (lanes 1 — 8). Lane M is h-Hind 111

marker.



128

3.4.2 Rapid Amplification of c¢DNA Ends-Polymerase Chain Reaction
(RACE - PCR)

Normal and subtractive complementary DNA library were constructed from
ovaries, testes and hemocyte of H. asinina and sequenced (Amparyup, 2004). ESTs
sequences were divided to 7 categories, which are functionally related to sex and
reproduction, stress response, detoxification and cell defense proteins, protein

synthesis and ribosomal proteins, cell division and DNA replication, metabolism,

Four genes hom = olvi =“fi-oxidation: a-methylacyl-CoA
racemase (AMACR), ca : _ : P 1A (CPT-14), hydroxyacyl-
CoA dehydrogenase/ 3ekeigaty <Gyt thio \\ enpy~CoA hydratase (trifunctional
protein) a-subunit and e (VA ‘;\\ Da subunit, were selected
for further characterized ' \

The 3"-end geng®SpgCiliE primer Was dés N om an EST of the testes
c¢DNA library of H. asinifla (€lone, A9, -‘x-- sert) significantly matched a-

methylacyl-CoA racemase (1% " of Macaca mulatta (E-value = 4 x
10 (Table 3.17) and used gicT £ RACE of this gene.

The smear a " cation resuits were obtained fro "; he initial 3"-RACE-PCR
of AMACR. Therefo | h 4--.\ and use in nested-PCR
with Nested Univ rimer A (NUP). Approximately a 1200 bp fragment was

obtained. This . ‘in S cleotide sequences of
EST and 3’ M@Hﬂ:ﬁﬂﬁmmﬁs bled. The full length
cDNA inina- iﬁi i isti Mﬁf 1140 bp
cunespﬁdlwﬂa’:ﬁﬁﬂl | ﬂﬂﬂﬁnﬁﬁm : of 106 and
483 bp, qrcspectivcly (Figure 3.34). It significantly matched a-methylacyl-CoA
racemase (AMACR) isoform 3 of Gallus gallus (E value = 5 x 107'?7), The predicted

CoA_transf 3 domain was found at positions 53 — 244 amino acids (E-value = 1.3 x
10*2, Figure 3.35) of the deduced AMACR protein of H. asinina.
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Table 3.17 Names, nucleotide sequences and melting temperature of gene- and nested
gene-specific primers and internal primers for isolation of the full length cDNA of
various genes by RACE-PCR

Gene/ Primer Sequence (5°-3°) Tm
(°C)

Alpha-methylacyl CoA racemase
3"-RACE GTC ﬁnﬁ.T TIG GGTGACTITGCTG 74
Nested 3'RACE A A \ %/&GG CTC AGC TTG T 76
Carnitine G—pafmiloyhrmﬁr '
5"-RACE €1 aGA 9CA Tie 3 CATAGCCATGTG 84
3-RACE g G GAG TCTTGTG 84
Walk 3-RACE / ﬂ \"‘\h oy T GTC CTA TG 76
Hydroxyacyl CoA dehya pacyl | CoA hydratase
(trifunctional protein)
3-RACE GTA GAT CC 80
Internal 3°-RACE ATIGC 68
Vacuolar H+ ATPase 14kDASul; A
5-RACE A _h AT GG I GICATCCCGCTTC 74
3-RACE 80

AGT GCT CAG TGT GA

Y]
In addition, gt:ﬁ»spe ifie d ZﬁRACE-PCR were designed
from an EST signiﬁcanﬂrlgtched Cam:‘.rirz,ﬂ palmitoyltransferase 14 (CPT-14, of

oo o B R BT B VA 1
B 1T i T

(Figure 3?36}. Primer walking at the 3" end was applied for further sequenced of the

cloned fragments using internal sequencing primers. Nucleotide sequences of EST 5°-
and 3° RACE-PCR of this gene were then assembled (Figure 3.37).

The full length cDNA of H. asinina-CPT-14 was 4067 bp in length containing
an ORF of 2304 bp corresponding to a polypeptide of 768 amino acids and the 5’ and
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from 3'-RACE and nestw
A. /

\._TGGGGGTGGTGCTGGCCCTGTTT
CAGGGCTCAGCCTATGTCTCT
: GARCCTACTGGACACA
ATGTCTGTTGGTGCCTTGGAACCA
AAAGTACCACAGTATAGCGATAGA

C P ERCP ; ACTCGGGATGAGTGGACTGAGGCCTTT
AGAGATTTAGACGCATGTGTGEA : CAGGCACCCATGCACCCTCATAATCAA
GCTAATAATACATTCTTGATGAR ‘ TGA A GG ACCTGCACCTGCTCTGTCACGG

ACACCAGGGGTCAGCAC ACATERSTY TTEGTGANCACACACTGGAGGTACTGCAGGAT
mmnmccmmcnmmw TGGGGTAGTTCAACAGACAAGCACTAGC
TCCMGTTG-GRGGCATG RCACCTCAACGTTAATTAGTACATTGAAC
CCTGTCAGGGAAAGATT GLTGATGCTGAGCATTGGCTTCT

CAGCCCRAACAGAG ‘"sﬁiTTTGhﬂTTﬁATRACGBTAAT
ARTGGACAATGGATA it AATCTA CAPGCCCAAAGTGGARCATTACTG
ATGTCAACAACTTGATCA CATGGTT ATGTUCATACGTGACATGATGGTTGAA

TTTTTTATGCTATGAACC CAGTGATCCTATCAAGCATGTCTA ACCGAGGTGCCTTGTATTAGT

CEGChAACTCAGAAGHGTCG%IHTGGhAATAAAAEThTATGHTTTTCTGCC&TRﬁAAAAAAAﬁAAAAAA

5. ﬂum‘nﬂmwmm

GTGGCTGGCA
GTCATCGAGAT
TG : : - TTATCAGAATA
GACAGGACAAGGAATCCTCCTGACACCGACCGCTTAGGTCAGGGAAGAGGTCAGTAGCTGTAGACTTGA
AGCARMRGAAGGGAACTGAAGTTGTGAAAAAACTCTGCTCAGCAGCTGATGTGCTGATAGAACCTTTCC
GCCCAGGTGTGATGGAGAAGCTTGGACTGGGACCGGAGACGCTGATGGCTGACARCCCACGCCTTGTGT
ATGCCAGACTGACTGGCTATGGACAGAAGGGAAGTCTGTCCCATCGAGCTGGACATGACATCAATTACA
TTGCTACATCAGGTGTTCTTTCTACTCTGEGETCGTAAGCATGAGAATCCTTGTGCTCCTGTCARTCTGT
TGGGTGACTTTGCTGGEGGTGGATTGATGTGTGCCTGGGGETGETGCTGGCCCTGTTTGARAGGACCGE
TCAGGCAGGGGGCCARAGTGETGATGCCARCATGGTGCAGGCTCAGCTTATGTCTCTACTTCCTGTGGGT
RATGARGACACATTGTGTGGCGGCGCAGAGAGAGGEG

Figure 3.33 Nucleotide sequence of 3' RACE-PCR (A) and EST (B) of a-methylacyl-

CoA racemase of H. asinina.



131

GTCTGCTTGGETTCARAGTTCCTCARAACGTGGTCACAGATTARAGCTCCACAAGATCCARAG 60
WWTWTGWTHCGMCALGGCCCTCM 120

M A L Q G 5
TATCCGAGTCATCGAGATGECAGGEGCTGGCACCAGCCCCCTTCTGTGGAATGGTCTTGTC 180
I R ¥ I E M A G L A P A P F C G M V L 8 25
AGACTTTGGAGCTAAAGTTATCAGAATAGACAGGACAAGGAATCCTCCTGACACCGACCG 240
D F G A K v I R I DR T RMANWNUPPDTUDR a5
CTTAGGTCGAGGGAMGAGGTCAGTAGCTGTAGACTTGAAGCARAARGAAGGGAACTGAAGT 200
LGRGEKR S JSVEINENONKERECIINENY
TETGAAAARACTCTGCTCAGCAGCTGATGTGCTGATAGAACCTTTCCGCCCAGGTGTGAT 360

GGAGAAGCTTGGACTGGGACCGGAGACGCTGATGGCTGACAACCCACGCCTTGTGTATGC fgu
CAGAL‘I‘GACI'GG mammmﬂmchmTCGnmmmme : : 2
ﬂmmﬂncmmmmwcm _‘?;_‘H; J ;f mmmmm-rcmsmc ;ig
;
TCCI‘GTCMTCTG‘I‘TGGGTGL TTCTE AT GAn ::g
GCTGGCCCTGTTTGAGAGGACC r'mmw Gnmccmmr ;:g
y -1 s
Gcmacc'rcmccmm*rcrr oy Jf ',,fh& TGAARGACA ma‘mmc;ac gi
cscmmmmc ,-;1"-",; v**"“'igxmx cammsnc Egi
TGCI'G&TMTTCMGT ﬂl‘ ?j,f Eﬁ aTGchCACTG :fi
CAAAGGCCTTCAGCTTGATC v ARGT -?‘“" AGT LAGCGA] A{;mc;mmin 333
K 'E L 5 b # IVJ#__KEHKZEE

AAAGTTGTTCACAGACA

TGHCH GATGRGTGGACTGAGGCCTTTAG 960
K L FTUDTIF 5 KR RED BNV

" ! T E A F R 285
AGATTTAGACGCATGTGTGGAACUCATCATC BATGABGCACCCATGCACCCTCA 1020
D L D A CV E P M H P H 305

TAATCAAGCTAATAATACATTCTTG = TGATTATGAGGCTGGACCTGC 1080
HQAHHTFL_HW;B R, Y E A G P A 325
ACCTGCTCTGTCACGGREAC! T IFGTGATTGGTGA 1140
P AL S R - I G E 345
ACACACACTGGAGGTACHTC GATEACHT JAGGAGTCTGGT 1200
H T L E V L J . ' I "R 8 L VvV 365
GGATGCTGGGGTAGTTCAACAGACAAGCACT. : ‘TGTGAGAGGCATGAAATCT 1260
D AG YV V @ T S TS S KL ¥ 380
mewnmmcmmﬂmnm TAGAFTGAACCCTGTCAGGGARAAGATT 1320
afap | AGCCCAA 1380

G AACGATAA 1440
ATTTGGTGATGTTCCARTCTACTCCATARGCCATGCCCARAGTGG 1500
CMCTTGATCHCMTGTECATGG CTGCR AT 1560

AAGEATG 1620
] ; 5 rGBha AR 1680
------- \AAT 1729

Figure 3.34 The full length ¢cDNA and deduced animo acid sequence of a-
methylacyl-CoA racemase of H. asinina. The putative start and stop codons are
boldfaced and underlined. The polyadenyltion signal (AATAAA) are boldfaced.
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Figure 3.35 Diagram illustrating a predicted CoA_transf 3 domain functionally
important in fatty acid metabolism and transport was found in the deduced a-

methylacyl-CoA racemase protein (residues 53 - 244) of H. asinina.

3 x\\',////

3' UTRs of 156 and 1607 E@ive}, (Fr AR). The H. asinina CPT-14 show

the highest similarity to. aipdelphis doniestieds E-value = 0.0). The deduced

carnitine palmitoyltra
(residues 8 - 19), three 4
136, respectively) and ¢ 3
107™) (Figure 3.39). dhigl s
palmitoyltransferase 1A"1s an

fane do
-I'l - 'IJq.' ,

.

sf dpmain 1'esld‘m=.'s‘h 170 - 761, E-value = 4.6 x

—

Figure 3.36 Agarose gel electrophoresis of 3" RACE-PCR (lane 1), and 5" RACE-
PCR (lane 2) products of carnitine O-palmitoyltransferase 14. Arrowheads indicate
bands selected for further analysis. Lane M is a 100 bp DNA marker.
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A.

CTAATACGACTCACTATAGGGCARAGCAGTGGTATCARCGCAGAGTACGGGGEGAGATTCGTCGGACGCT
GETACGTTTTGGTTCACGTCGTGTTGTTGTCGGAATARATAGCTTATTGCTTTGATTTTGGACTGCACA
CGTTTGAMAMGCTCATCAAGTATTTGGEA.EEHAGACETI‘GG‘H‘I*CTGCGCCGTGATA-GCE
GAAGCTCATGCCGCTGTAGCCTTCTCCTTCACTGTCACCCCAGATGGAGTCAATGTCAACCTCARCCAT
GAGGCTATCARGGCAGTATGGGACAGTGGTTTACTGTCCTGGAAGAAGAGAATAGGACGTATGAAARAC
AACTTCCATAATGGAGTTTACCCGGCGTCCCCTGTCTCACTGATCTTCACRATTACATTGATACCGGCT
CTTGTCCTTGGAGGATATGACCCTTCCTACGGCTGTATCTCCTACATCCAGGCCCATATCCCACTCCTG
GGTGTAGCCAGTACGTCCATGTGCCTATATGTGAGCTGTGTGTTGTTCTCTACACTTCTGTGGCTGGTG
GTAATCTTTGCCATACAGTACACCCTGCGTCTGCTCCTTACCTACCATARCTGGATATATGAGETGCGT
GGAACCATCTCACTCAGGACCAARATCTGGATGGGCCTAGTGCCAGTGTTTGGAGGTCGARAACCTCTC
CTTARCAGCTACCAGGGTTCTCTGCCAARGCTGTTTGTCCCACCACTGGATGGCACATTGTCARGGTAC

CTGARGTCAGTTCAACCTCTGCTGGATGA L) ATGCCCGTATGGARAAGTTGEGTCAGGAGTTC
CGTAATGGAATTGGACCCARATTACAGCE ui ‘ ,y RAGTCATGGTGGTCTGCCAACTATGETG
TCTGACTGGTGGGAACAGTATG M \‘ ﬂ 1"! ¥ ’ JV ACCTATCATGATCARCAGCARCTTCTAT
GGAATTGATGCTGTGCTGGAGAR ACGTGCAGCCAACATCATCTACGCC
ATCCTGCAGTACAGACGTGR REE P CGATTTTATTGAACARGACTGTTCCA

CTGTGTTCTGCTCAGTATGAGRERTE CACGACH ; TGECATCGAAACAGACACCTTG
GTACATCACARAGACAGTARSEN ke > (TATT G EECATACTTTAAGGTCTACATCAGG
CATARGGGCAGACTACTCAAG i 3 ' ATCAATG AGAAGATTTTAGATGACACCACT
GAGCCATCATATGGTGARGHETE =P TECCCTGACTGECC IGAGGGTCAACTGGGCGARGGCA

AGGAAGGAGTTTTTCTCAANGEECHAGANCAAGECT mmmmcmccnmr
GTGACATTGGAT ACB P IGATGCEGARTEATCCA

TGTCCGATCATGCACTSTGEAG] TGeATTTGTGAGAS: GEATGACARGAATAACACTAATGC
TGEACGTATCAAACTGCTGARG EAJECTCtAC? GTCCATCA CATGCGTATAGAGAGTGCATGACTGG
ACTTGGTATTGACAGGCATCTCTY T ATGT0C T CTOTARATACCTTGGTGTTGACTCTCCATT
CTTGGCTGAAGTTCTCAGTGGG : ; o W AGACTCCTCACCAGCAGACAGACAR
GCTGGACCTGARGARATTCCCAGACAGES : ACBAGGTGGCTTTGGGCCGGTTGCTGATGATGG
GTATGGAGTGTCCTATGTTGTAG BE6G _ ETTCTTCCATATATCGTCCAAGAAGTCCTG
TCCACTTACTAATTCTCCGAAGRITEGE: AT T ACECEETCCCTTAATGACATGCGAGAGCTGTT
CACGARAGAGGATEGACA: AGGTAGAT CAGATACCTAGACACACCAGCCA
ACCACATGATCCACTTG CAGGTEEAGTCCT w*el TGTAGGTGATATAGATCT
GAAGAGCCATGTTT TG ¢ ATGTGTTAACTGTTTTT
TﬁCATTTATCATTTCTGT -h- ; BCATATTATGAACGTGCACATCARATGCA
ATCTTTTTACTCAATGCA' TACAATTTTAATTTATTTGAG GACATTTTAGCGGAATATCCT
- AAATTAACACTAAGTCGACTGGTTCTCA

. A CCARRCTGETGCTATTTTT
.-ﬁl CTGAAAGCAATGTGCCA
: TTTAGCATGCTGTGTCT

AAGCAY mmanmmmemmmcmmﬂnmsﬂﬂmcm
ARCCAGTAAGGGAATAGGTATGATGTCCCTGTTGGCTAGETGTCACATGTTTACTGTCTACTGTGTCTC
ARCAGATCTCATGTTTATCATATTTCCTGTACCAAGAGAGGGTAGATGARATACAGATATARTATCAAT
GGTATCAGGATTTTTAGAGATTATTGTCCAGGTAAAACTGCGAARTGTACATAATTTTAAGGAARTGTCA
AGTTTATTCATACTGGATATTCTARAATCAATTTTGACAAARATATTTCATTTTATTTACARARCAATT
ACAARCTAARATGTTCATGTTTTARCCCTTTTAGGAATTTTTARARGATARAAAAATATGAGACAGAATCT
TCAATCCACATACTACAGARCTGTGACCTTGTTACCATGEGGAATAAGAACAGGTTTAGTARCARCAGCT
GTTGTAGCACTGATAACTGGCGTAGCCACATCATCATCARAAATGCATCATCATTGTCATCTGTATGTT
CAGRATGTATGTTTCTGTTTATGTGCACTGTTTTCACATTGGTACAAATTTTATTCTTCTGCTTGAGGT
AGGGTGATTTTAGTTAATTTATTGACAARAARACAACAACAGATGETTCTAGTTTTGTGARAATARRARA
GGTGTACTACARARARARARAARRAARARARRARRRAR
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C.

GGCGAAGGCAAGGAAGGAGTTTTTCTCARRAGGGCARGARCAAGGCTTCACTGGATGCTATTGAGAAGEC
TeCCTTCTGTGTGACATTGGATGAAGRAGCACATGGCTATGATGCGARATGATCCAGCCAGTCTGGACAG
GTTTGGAARAAGCCATGCTTCATGGAARAGGCCATGACCGGTGETTTGACAAGTCTTTCACTCTGGTTGT
GTGTTCTARCGGTCATATTGGCTTCAATGCAGAGCATTCCTGGGCTGATGCCCAATCATGGCTCATATG
TGGGAGTACGCAATCAGTGATGARGTACATTATGCAGGATACACCTCAGARAGGCAAGTGTGTTGGTGAM
GCTGATCCTAACACACCTARCCCCATAAGACTGGAGTEGCACATCTCGGAACAGGCCARCTCGGTGATA
GAGAACAGCTTGCAGATTGCACACCAGCTCATTAGTGATGTTGATCTCAATGTGATCATGTTCAAAGAT
TATGETARAGETTTCATCARGAAGTGCARAGTGTCCCCTGATGCCTTCATACAGATGGCTCTACAGCTC
ACATACCACAGGETCTACCAACARGTTCTGTCTTATCTATGAGTCCTCCATGACCCGACTGTTCAGAGAA
GGATGAACTGAGAATGTCGATCATGCACTGTGGAGTCTIGTGCATT TGTGAGAGCAATGGATGACARGA
ATAACACTAATGCTGGACGTATCAARCTGCTGARGGAGE

60
GCTCATCAAGT 120
CATGCCGCTGTA 180
H A AV
GCCTTCTCCTTCACTGTE ; CATGAGGCTATC 240
Arsr:rv:r ] - y H E A I 28
ARGGCAGTATGGGACAGTEE TR IGE COPEaRhGAAGAC SACGTATGAAAAAC 300
K AV WD 8§ 3 r RG R M K N 48
AACTTCCATAATGGAGTTTS Gy - ICTBATCITCACAATTACATTG 360

N F H NG V \ T I T L 68
ATACCGGCTCTTGTC RECAPATCACCCTTCCTACGACTErATCTCCTACATCCAG 420
I P AL V L G . i I 8 ¥ I Q B8
GCCCATATCCCACTCCTGGGTGIRAGREAGTACGTECATETGEL TATATGTGAGCTGTGTG 480

A H I P L L G V A% L Y Vv 8 C WV 108

TTGTTCTCTACACTTCTGTGGCTGGIGEFAATCIDIGESATACAGTACACCCTGCGTCTG 540
L F 8 T L L_W e Y T L R L 128
CTCCTTACCTACCATAA : PEACTCAGGACCAAA 600
; R T K 148
ATCTGGATGGGCCTAGTEE T ACAGCTACCAG 660
I WMG L V LNS‘IQ 168
GGTTCTCTGCCAAAGCTCH CCCACCACTGGATGGCACATTGFCAAGGTACCTGAAG 720
c s T ThogeL [ 188
TC’*GTTCM = t..:!.u -..I.*‘ ".i..s....l......h... p -....;'.‘.i,--‘..l SETCHGERE ;g:
TTCCGTAAT, -ﬂ_l;_"'.;rﬁ'T'ﬂ'-'l.'. ACRGCGTTACCTTTTGCTCAAGTCR! TGGTCT 840
E F ™ & E ' & E [ [= 3 - i g 225
GCCAACTATGEIGTCTGS W'w" ATC 900
AR n:- 1-:_-1 :ln n l-" -*—-ﬁ-ﬂ - T lh&- « i i 248
feﬂ"l' *PCT "F#'!" """""F" ’#'.-ﬂl" .'."- o BCAG 960

i ) ¥ K . G hi il 268
G'rcsmG'I*G-::AGccmcn‘rcn.'rcrmcccmccmcmmcnsncsmmmsnmes 1020
] - 288
GAAGAGCTCAAGCCGATTTTATTGAACAAGACTGTTCCACTGTGTTCTGCTCAGTATGAG 1080
308

AGACAGTTCAGCACGACACGTATTCCTGGCATCGARACAGACACCTTGGTACATCACAAA 1140
T 4 i g ] e ; ) 1 D i ; " Hed HIX® B 328
1200

348

1260

368

ACCAETGAGCCRTCATATGGTGAAGAGCATCTGGCTGCCCTGAETGCCGGGGAGAGdGTC 1320
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388
1380
408
1440
428
1500
448
1560
468
1620
488
1680
508
1740
528
1800
548
1860
568
1920
588
TCCTCCAIG&CCCGACTGTT $gjff AACY 1333*3_L ATCATGCACTGTG 1980
608
GEGTCTTGTGCFLTTTGTGE _;r {y ﬂm,_\'i;‘_?,,;_- ATGCTGGACGTATC 2040
] i 628
mmcmsmseccsc Ij" mz“y‘ AG? mmmn 2100
BN A I i i 648
CTTGGTATTGnCAGGcn T 2160
e - VT 668
TCTCCATTCTTGGCTGA? : 00 Lf.l,, TCAACAT 2220
i ) FEER TSNS EET : 688
cnccnscnsmcnﬂncnns GAGC TGAABAAATIEEC AGAGACAP 2280
O i T ) T ok 708
GGCTTTGGGCCGGTTGCTGATGA , A 2340
G r Y ¥ is - ; ! - ] H T28
hCEATCTTCTTCEhThT CCARGARGTCCT ACTTACTA? "CGAAGTTT 2400
\ 748
TTGA 2460
768

gy

CETGAGTMGCAGGTAG# ALCP GA CAGCCMCCACAT 2520
GATCCACTTGAAATGTCCTG TﬁTGChGGTGGHGTCCGMTGTG AGGTGATATAGAT 2580

CTGAAGAGCCAT G'I'I'I'GACT e

ACAGGTGTI‘ETA‘I’I"I'I‘ETGTGT 2640

TAACTGTTTTTT SEGATATTAT 2700
GAACGTGCACH 2760
TGAGAGATGACA GCRF ; 2820
TGCCATGCTTAAA MC‘ACTMGTCGHEEGGTTCTCMH : L? 2880
GGAGCT, : ACT L F 2940
CTGTAT 3000
ATATTCHA 3060

TGTCTTT. TTTPATC'ITCMTGC‘I‘GGCATGAGAGT CTTTCCTTTATTATGACATGTTTA 3120
ACARAAAGAAATACTTTTATTGTGTATCATTTGAATTGCCATTTTCATACAGATATTATCT 3180
TGAARGTCAGGTTTTTACTTCACTGAATTACATTTCAAATTGTACTTTTATTCTTTATGC 2240
ARACACATAARATTTAACATAGATCATTTGTATATTTATTAARAGAACTGTTTTAATTGT 3300
ACATATTGGTGTGCGATGTAGTGAGAGTGTTCACTCATAATTTARAGCATAATGTGTATC 3360
ACTTAAGTCTGGGTTTCTCTCTTCCTTCATTTTGGTTATTGGGTTAGCATAACCAGTAAG 3420
GGAATAGGTATGATGTCCCTGTTGGCTAGGTGTCACATGTTTACTGTCTACTGTGTCTCA 3480
ACAGATCTCATGTTTATCATATTTCCTGTACCAAGAGAGGGTAGATGARATACAGATATA 3540
ATATCAATGGTATCAGGATTTTTAGAGATTATTGTCCAGGTARAAACTGGAAATGTACATA 3600
ATTTTAAGGAAATGTCAAGTTTATTCATACTGGATATTCTARAATCAATTTTGACARRAR 3660
TATTTCATTTTATTTACAAAACAATTACAACTARRATGTTCATGTTTTAACCCTTTTAGG 3720
ARTTTTTAAARGATAARARAATATGAGACAGARTCTTCAATCCACATACTACAGARCTGTG 3780
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ACCTTGTTACCATGGGAATAAGAACAGGTTTAGTAACAACAGCTGTTGTAGCACTGATAA 3840
CTGGCGTAGCCACATCATCATCAAAAATGCATCATCATTGTCATCTGTATGTTCAGAATG 3900
TATGTTTCTGTTTATGTGCACTGTTTTCACATTGGTACAAATTTTATTCTTCTGCTTGAG 3960
GCAGGGTGATTTTAGTTAATTTATTGACAAAAARACAACAACAGATGGTTCTAGTTTTGT 4020
GARAATAAARAGGTGTACTACARARARARARARAARARANDA DA TR 4067
Figure 3.38 The full length cDNA and deduced amino acid sequence of carnitine
palmitoyltransferase IA of H. asinina. The putative start and stop codons are
boldfaced and underlined. The polyadenyltion signal (AATAAA) are boldfaced. The

predicted Carn_acyltransf domain is highlighted.

y,

bty

= \'-'\-

Figure 3.39 Diagram illgStrasing ‘ Shi
109 and 114 - 136, respeg€ti ﬁ

DI ‘- mains (residues 50 - 72, 87 -

aPprea acylh‘ansf domain (residues

170 - Tﬁl)l found in the J¢ :! il ‘ O I ferase 1A protein of H.
asinina.

Pz N
e i Jee

An EST (ovarian cDNA 1ibsary, ¢l6RE no. 149, 785 bp insert) significantly

matched hydrm}wcﬁf.‘ad’ lehydrc 3-ketoacy! oA thiolase/ enoyl-CoA

hydratase (trifunctio -;,.r',, s (E-value = 1 X 107%) was

further characterized. A genc-spe was dc sigﬁd for 3" RACE-PCR of this

gene (Table 3.17).

e bl YA I s v o

and sequenced (ﬂgure 3.40). lntem%l primer was nd‘emgned for ]}TE}ET walking of the
cloned RN TP TV T PR s eone vere
assembled (Figure 3.41). The full length ¢cDNA of H. asinina hydroxyacyl-CoA
dehydrogenase/ 3-ketoacyl-CoA thiolase/ enoyl-CoA hydrarase was 2548 bp in length
consisting of an ORF of 2292 bp corresponding to a polypeptide of 764 amino acids
and the 5' and 3' UTRs of 16 and 240 bp, respectively (Figure 3.42). This transcript
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Figure 3.40 3' RACE-PCR pred ang droxyacyl-CoA dehydrogenase/ 3-
ketoacyl-CoA thiolase/ enoylsGed hydratase= whead indicates bands selected

GGCCTTGTTGACAG - AG ‘; SEATTGE CCGGAGGARAGAACTCTTCAG
' BGGCACTGAAGARGACACCTAGAA
: AAGAACTTTGTTTTCA
AGAAAGCTCGTGGGCAGG ACTTTATECAGCACCTCTGAAGATACTGGAAG
TGGTGAGGACTGGTCTTGA] GERAGEARGCTEGATAC AAGGEAGAGGCAAAGGGATTTGCTCAGC
TGGGAATGACATCTCAGTCCA _ THPACGACTGTACTAT AGACAGCTTGCARARRGAATG
CGTTTGGAGAGCCCAAGAAAGRAGTIAAAGACCCTAGE MEGTGCTGGTCTGATGGGCGCCGGCA
TTGCTCAGGTGAGCATCGACARAGECT : RGGACATGTCCACCCAGGGTCTGGCTC
GGGGACAGGACCAGGTACAGAAGEGHE : AAAAAGAGGAAAATCACAACCGCTGACA
GAGATTTAATCATGTCTAATCTGGACTETA CETATGAGAACTTCAAGAATTGTGACATGGTGA
TTGAAGCTGTGTTTGAAGACAI@quggggmwé A RICAAAGAASTGGAGCAGCACCTGCCTS
AACACTGTATCTTTGCATCCARE GCJ AAAGGCCTCCTCCCGAC
CAGACAGGTTCATTGGARTECE i ST TEACRREA NS AGTTCTTGAGATTTCACCCC
GGACAAGAAGGTGTTCTEICE STCAAGARTGGG TS 5 \CAACCAAGAATTATCGCTCC
CATGTTGGGCGAGAGEGCANTCAGE S TCCAACARGACCTTTGACAGAC
CCAATAAGAAATTTGGC CAGTGGGGREOTECCACCACCTGCOAGATGAAGTGGGCGTTGATTGAAE
CTGCACCTGTAGCAGAAGAT CTAGGARAGGCTTTTGGGGAGAGGTT IGGAGGCGGAAGCCCTGAAGTGT
TGAAGGACATGGTTGCCAGTﬂbzswcCTAGGccGcnaﬁnscGGAAAAGGCTGCTATGGGTATGATAAGG
GATCCARGGAT. £y CCATCTTGAACCTAARC
TAGTGAACAC ‘ ATTTIGTCAATGAGGCAGTAATGTETC
chnnsnnscaan;TcnGAAATccTCTGGAnGGGthATTGGTcCTGTGTTTGGTCTTGGnTchcTc
CHTTCCTTGGTGGCCCGTTCCGCThCATE!hCCTGCHTGﬁgﬁcCHAGCCCCTGE;EGAICGCAIGCTCA
AGTAC CAACGATCCAT
CT . . CAA 'GTIT TR TTATCCATGAC
GTGCAGCAGTTGCCTCCCTTGTTGAGGAGTGTCAGATTTTCATCATGTGCTTATCAAGTTGAATGAGTG
GTGTACACATTTCATGCAAGGTGCTACATCTATTGTARATAATATTGTATCAATGAATATCAGAGTTTT
CCAATAARACTTGCATATGTAACAGARAAARARAAAGAAARAARAARRAARARR

B.

ACCGGCTTCTTTGGAARBEGCCGGCATGAGGGGTGTTEGGCTGCGAGACAGCTAATCCGTGCCAGGAGG
GCTAGCGTTTCAGGGAGACARGARATGCAGGCTTCTCTCCACTTCTGCTGTGATGTGTGCTCAGRARCA
CTTCARAGTTGATCAGAAGGGTGATGTGGCTGTTGTACGGATTGATAGCCCARACTCAAAGGTTAATAC
CTTGTCAGTGGAGGTCCAGACGGAGTTCTTGGAAGTCCTAAATGAGGTCCAGARTAACAGCAGCGTTAC
AGCGTTGTTCTCATATCGCTCARRRACCAGGATGTTTCATTGCAGGCGCAGATATTGGGATGATTGATTC
TTGCAAGACTGAAGAAGAAGTGATGAGAATATCTCAGGCCGGACAACAAGCCTTCCAGACGATGGAGGA
AAGTCCCAAACCGATTGTCGCTGCCATCATGGGATCGTGCCTTGGTGGTGGTCTTGAGGTGGCCTTGCA
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TGTCAGTACCGGCTGGCTGTGARGGATCGCGAGACCAGTCTTGCTTTACCGGAAGTGATGCTTGGTCTT
CTACCGGGAGCAGEGGGCACACARARGACTGCCARGACTTATTAGTGTCCCARATGCCCTTGACATGATG
TTGACTGGGAAAGACATTCGTCCAGACARAGCCARGARGATGGGCCTTGTTGACAGCTTGGTAGATCCT
CTAGGTCCTGECATTGCTCCCCCGGAGGARARAGARCTCTTCAGTATTTGGAGGACGTGGGCATTCARACA
GCCAGGGGTCTAGCARAATGGGCACTG

Figure 3.41 Nucleotide sequence of 3' RACE-PCR (A) and EST (B) of H. asinina
hydroxyacyl-CoA dehydrogenase/ 3-ketoacyl-CoA thiolase/ enoyl-CoA hydratase. The
putative stop codin is highlighted.

oA dehydrogenase/ 3-ketoacyl-Cod
thiolase/ enoyl-CoA hydratase @ H apus/ifuried!is (E-value = 0.0). Three functional
domains including ECH_d6fain (resi @4 E-value = 32 x 10%),
3HCDH_N domain (resi m"“) and 3HCDH domain
(residues 545 — 640, ‘the deduced protein of this
gene (Figure 3.43).

ACCGGCTTCTTTGGARATGGECGEC AN GAGBEGTET TGGEL TRCGAGACAGCTTATCCGT 60
M A M Riic ) wha R D S L 8 V 15
GCCAGGAGGGCTAGCGTTTCABEGAGACARGAAATECAGGCTTETCTCCACTTCTGCTGT 120
P 6 G L A F Q LS L S T S A V 35
GATGTGTGCTCAGAARCA: AP AGTIGH : ATCTGGCTGTTGTACGGAT 180
M C A Q K HPF K V D V 55
TGATAGCCCARACTCAAAGGTTAATACLITLICAG: SGAGG' CAGACGGAGTICTTGGA 240
: B 75
AGTCCTMATGAGGT CAGAR 1-52.;';.1212::;;:2;;%## AT{.‘GE.TCA.AA 300
; ; b 95
AECAGGMGTTTCATTG 5,!5__ TCTIGCAR ncmm 360
' " L H i 115
ccssmcmcmccamc 'IGGAGGAAAGTCC 420

' QMC s | 135

480
155
540
175
600
195
660
. M ¥ < W E 1 T £ X 13 @ LI - H 5 215
GATGGGCCTTGTTGACAGCTTGGTAGATCCTCTAGGTCCTGGCATTGCTCCCCCGGAGGA 720
P LGP G I A P P E E 235
AAGAACTCTTCAGTATTTGGAGGACGTGGCCATTCARACAGCCAGGGGTCTAGCARATGG 780
R T L QY LEDVATIGQTA ARTGTULANG 255
GACACTGAAGAAGACACCTAGARAAANAGGTTTACAAGATAAGATCATGGACACCATGTT 840
T L K K T PR KIKGULOGOQDIKTIMDTMTIL 275
ACAGTATGACTTTGGCAAGAACTTTGTTTTCAAGAAAGCTCGTGGGCAGGTGATGAAATT 900
Q ¥YDF G KNTFV F KKARG G QVMIKTL 295
GTCACAGGGACTTTATCCAGCACCTCTGAAGATACTGGAAGTGGTGAGGACTGGTCTTGA 960
S 0 6 L Y P A PLIEKTITLEVYVYVRTGTELD 315
TGAAGGGARGGARGCTGGATACAAGGCAGAGECAAAGGGATTTGCTCAGCTGGGAATGAC 1020




E G K E A G ¥ K A E A K G F A Q L G M T
ATCTCAGTCCARGGGCCTTATAGGACTGTACTATGGGCAGACAGCTTGCARRAAGRATGC
5§ ¢ 8 K 6 L I 6 L ¥ ¥ G Q9 T A C K K N A
GTTTGGAGAGCCCAAGAAAGAAGTARAGACGCTAGCAGTGLTTGETGCTGETCTGATGEEGE
F G E P K K E V K
CGCCGGECATTGCTCAGGTGAGCATCGACAAAGGCATGAGCGTTATCCTGARGGACATGTC

CACCCAGGGTCTGGCTCGGEGACAGGACCAGGTACAGAAGGGCTTTGACATGCAGGTCAR

ARAGAGGAARATCACARCCGCTGACAGAGATTTAATCATGTCTAATCTGGACTGTACCTT

GTCGTATGAGAACT TCAAGAATTGTGACATGGTGATTGAAGCTGTGTTTGARGACATTGG

TATCAAGCACAAGGTTGTCARAGAAGTGGAGCAGCACCTGCCTGARCACTGTATCTTTGC

AGACAAGACTTCAAAGGATA

GGTTGTCATCACAGTCAAGGAT f GGUT I TACACARCCAGAATACTGGCTCCCAT
GTTGGCAGAGGCAATCAGGCLECTGELE SHAGGTG TIAGTCCARCAGACCTTGACAGACT
CACTAAGARATTTGGCTTCCCAG TECER SCTSCARCACTTGEAGATGAAGTGGGCGTTGA

TGTGGCTGCACATGTAGCAGAREATC TAGGA MGG CTT TTEECEAGAGGTTTGGAGGCGG

AAGCCCTGAAGTGTTGAAGEACHTGETTGCOACGTEET TICCTRGGCCGCARGAGCGGRAR

AGGCTGCTATGTGTATGATAAGGGATCCARCGATAGAC CAGARARTGAAGAAGCAAAGAA
K GfF 5.7 7 @E N E E A K K
GATTGTTCAGAAGTACCATCTTGAA ACT: Acccnmmcnmmcmm
IvQKrHLEE;, E D V Q ¥

CCGRCTTGTGTCCAGATITG TC&&TEﬁBGtHG EARG GGAATCCTCAG
R L V 5 R El_

ARATCCTCTGGAAGGGGAER g - CCﬁTTCCTTGG
HN P L E G [ ¥ ‘P F L G
TGGCCCGTTCCGCTACATG GAl PECTC ATCGCATGCTCAR
G P F R ¥ M® L H G A K P L V R M L K

GTACAGAGHCTTGTRTGGﬁRQF GTTCCAGCCA AGTTGCTCCTAGACCATGCCAR

¥ R D L H A N
mmmﬁegcgﬂc%r %ﬁt@@m E
D P 8 K

GTGATGTThTCCA CGTGCAGCHGTTG TCCCTTGTTGAGGAGTGTCAGA TTCAT

335
1080
355
1140
375
1200
385
1260
415
1320
435
1380
455
1440
475
1500
495
1560
515
1620
535
1680
555
1740
575
1800
585
1860
615
1920
635
1980
655
2040
675
2100
695
2160
715
2220
735
2280
755
2340
764
2400
2460
2520
2548
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Figure 3.42 The full length cDNA and deduced amino acid sequence of hydroxyacyi-

CoA dehydrogenase/ 3-ketoacyl-CoA thiolase/ enoyl-CoA hydratase (trifunctional

protein) of H asinina. The putative start and stop codons are boldfaced and

underlined. The polyadenyltion signal (AATAAA) are boldfaced.



140

Figure 3.43 Diagram illustrating predicted ECH (residues 51 — 224), 3HCDH N
(residues 365 — 543), and 3HCDH (residues 545 — 64(0)) domains found in the deduced
hydroxyacyl-CoA dehydrogenase/ 3-ketoacyl-CoA thiolase/ enoyl-CoA hydratase of

H. asinina.

In addition, an EST exhlbz similarity to vacuolar H' ATPase
(V-ATP) 14 kDa subunit nf gfe éﬂl}' identified from the hemocyte
cDNA library of H. asinindtelonen rl ) was also characterized for

both 5 and 3 directions! signed (Table 3.17) and used

a o A \ 1 g b \
The amplification 1 o appr Iy, 1450 bp obtained from 5° RACE-

1 .
3 RACE-PCR were cloned and

sequenced (Figure 3.44), Tu5° and 3 RACE-PCR of this

123 amino acids and the 5' md‘%)l R -'-Er

.r-"_-_, _I__.p

= 1.4 x 10" (Figure -f:j). g _
@uuzﬁuﬂm%’wamq
SLRL- 3

500

100

Figure 3.44 Agarose gel electrophoresis of 3° RACE-PCR (A), and 5° RACE-PCR (B)
products of vacuolar H' ATPase (V-ATP), 14 kDa subunit. Arrowheads indicate bands
selected for further analysis. Lane M isa 100 bp DNA marker.
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A.

ACCGGGGGCAC TI‘GTI'CAAG'G CGATATCAGCAGCAAGGEGACGEGCTAATAGCTGTCATTGGTGATG
AGGACACCTGCACTGGTTTCGTGCTGGGTGGAATTGGAGARATGAACAAACACAGACACCCARATTTCC
TGATTGTTGACAAGAACACAAGTGTTACAGAGATAGAGGATGTATTCCGGTCTTTTTTGAAGCGGGATG
ACATTGCCATCATT

B.

TGCCTGEAGTACAGTGCTCAGTGTCGATGTAGGCTGGCCTACCTCCGGTCCCTTGGACTCACCTCCATGT
TGAGGGACACAGTCAATATATATTAGCAGAGGACATTGTGTGCAGGCGGCAGACAACAAGAAGCARATT
TAATARATACTACTCTGTAACTCTACAGCCTTARACATTTGTTTCTATTATTGTTGCTGGCCCAGCTTG
AATGAGATGTCTCTGAGCAT TATCTTTGTTTACATTTTTGTCTGTTTAATTTCATTCCCCTTTTAATTA
AAACTGGTTCAGAATTCTGCTCTAACTCTATGAGTCAATAAGGACCAACACTGCTGGTGTTCTCCATAC
AATTGTTTTATTTTAGGCGAGAGGAAG ; 5' mmmcrsmcnnmmcmmn
TAACRAATGARGATAATATTGGCATG b\ T i F A TATTTCACATTTATGATTGTTCARAGTTTA
CATGACAATATGAATTGATGTTA bt ; ’ r)‘p‘ CCTGTCTACARATGTCATTGAAGTGAR

CﬁTMCﬁTTTTGTCThTGhCCT ATT ,_\ WATRA 1? A GGCTGAATCTCTCTCTGCACACATGCC
TTGETATGGGGTATTATATAAT B AT CAT : s T AAGAGTAATCARARCTAGATT
GTAGAAATCTTTTCTCA [CAGCCRATAACK P AT T CTTTGATTCAGATTATCACTC
TACTTCTCTTTCGTCCAR Tk IACACOTRERCATTTCGTACTGATTCACATAGAR

GCAAACATTTCTTTTTG TTCATITTRGAG TITATGCAAGCTATAATATGATCTCATG
AGACCAAGGAACACTAGTGIEA TGICARETETAAC ATETEACATGTCTGGGTTGGTTAATAT
TACCTGATACCACGGATGTAGERAGH TGEAR AAGACATTATARATGACTTGTGTG
ACTTGTGARRACAAGGGAGETAMET A1 TI 1] CACATECTAGCAGT AAAGGCAARTAAATGTTACAC
CTAGTAACTCTGAAACAR S fCRAGTCARAL TCTEAGTGTTATCACATCTTTGTTGTTT
ACAGATTGTTTTGACTACAICTAE TR SR CACEABGC CIGTTE TGTAAGTGTCTGTTTCT
CTTCATGTTATTTGAATARGGHATARSTATGANAN CTGAAAT AAAATAGATCAGTACAARARARRAARA
AAARARAAAAAARAARA : .

C.

TGGCGATATCAGCAGCAAGGGGH SGOTEEEATTEE TGATGAGGACACCTGCACTGGTTTCG
TGCTGGGTGGAATTGGAGAAATCARGKAACHCE *, TTTCCTGATTGTTGACAAGAACACAA
GTGTTACAGAGATAGAGGATGTA AAGCGGGATGACATTGCCATCATTCTCATCA

ACCARACTGTA AGATGATIC G TGATTEACICOEAT CTCGAACCCATTCCTGCTGTGCTAG
AGATCCCCAG , CAT, j LATCCGACGTGCTAAGGGCATGT
TTTCTGCAGAAGACTT! AAGATUTGUU TG CAGTGTGATGTAGGCTGGCCTA

PATATTAGCAGAGGACATTGTG

Figure 3.45 Nucleotide sequence of 5' RAEB-PCR (A), 3' RACE-PCR (B) and EST

. 1 v WWW ﬁlfﬂsﬁ"i

M A I 8 A A 14
TIGGTGRWHGGECACCTGCHCTGGMCGTGCTGGGT GGMMAGMTGMCMC 120
n r & 3‘

180
54
240
74
300
94
380
j 1 ] R F 114
GCATGT‘I‘I‘I‘C‘I‘GCMWTGCGGTHGMGHTCTGCCTGGAETAC&GTGCTCAGTGTG 420
M F 8 A E D L R * 123
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ATGTAGGCTGGCCTACCTCCGGTCCCTTGGACTCACCTCCATGTTGAGGGACACAGTCAR 480
TATATATTAGCAGAGGACATTGTGTGCAGGGGGCAGACAACAAGARGCARATTTAATARA 520
TACTACTCTGTAACTCTACAGCCTTAAACATTTGTTTCTATTATTGTTGCTGGCCCAGCT 600
TGAATGAGATGTCTCTGAGCATTATCTTTGTTTACATTTTTGTCTGTTTAATTTCATTCC 660
CCTTTTAATTAAAACTGGTTCAGAATTCTGCTCTAACTCTATGAGTCAATAAGGACCARC 720
ACTGCTGGTGTTCTCCATACAATTGTTTTATTTTAGGCGAGAGGAAGTTCATGAATTTCA 780
AAGGCTGTTTCATTAGTTGCAAAAATGTTTAACAAATGAAGATAATATTGGCATGTTGTG B840
ACATTGGATATTTCACATTTATGATTGTTCAAAGTTTACATGACAATATGAATTGATGTT 200
ATTAAGTGAAGGTTAAATTGCCTGTCTACAAATGTCATTGAAGTGAACATAACATTTTGT 960
CTATGACCTGAATTTGAATACAGATTGTAGGCTGAATCTCTCTCTGCACACATGCCTTGG 1020
TATGGGGTATTATATAATTTTGAAATCATTCTTTTAAGTTCTTTAAGAGTAATCAAAACT 1080
AGATTGTAGAAATCTTTTCTCATTTTCAGCCATAACATTCAARATATTTTTTGCTTTGAT 1140
TCAGATTATCACTCTACTTCTCTTTCGTCCAACTTGTGTGAATTTTCAGTACAGCTTTTC 1200
ATTTCGTACTGATTCACATAGAAGCAAACATTT CATTTCATTTTAGAGGA 1260
ATTATTTATGCAAGCTATAATATGATCTCARGNGAQCAAGGAACACTAGTGTGATGTCAA 1320
GTGTCACTGTTTTCATGTCACATGTCIGEE] -i; GLF P BATTACCTGATACCACGGATGT 1380
ACCAACARARARACGTTGCARTCTAGT \..\‘i i f P IGPG R TGTGACTTGTGAARAR 1440
ACAAGGGAGGTAACTCATGTTTTICACATCC TAGCACTAMREGCAAATAAATGTTACACC 1500
TAGTAACTCTGARACAR LA A R T GAGAGATEILIC T BAGTGTTATCACATCTT 1560
TGTTGTTTACAGATTG ACT AGTTACAPAGGACGGTTGACTGTTCTTTGG 1620
TGTAAGTGTCTGTTTCT ATCRMr T CANTAABCTATAAGTATGAARACTGAAATA 1680
AAATAGATCAGTACAAAAZ BB Bl A A AAAREARA R, 1723

Figure 3.46 The full lgafith @D N/ dnd deduced - id sequence of vacuolar H'
ATPase (V-ATP), 14 kDalSubi H Gl
boldfaced and underlined 4

dtive start and stop codons are
TAAA) are boldfaced.

7 <

1l ﬂ
Figure 3.47 Diagram igslrating a predicted ATP-synt_F{residues 11 — 111) found in

the deduced Vaﬁrﬂlﬁ'ﬁm(ﬁwé’w Erﬁ;ﬁqﬁm of H. asinina.
2o s HANNDIN AN ANEN AL s i

metabolisms of H. asinina by Quantitative real-time PCR

Total RNA was extracted from hepatopancreas of each individual of A
asinina of the group C sample classified into fast (large)- and slow (snall)-growing
subgroups (CL, X = 24.52 + 2.545 g and CS, X =17.59 + 1.468 g, respectively). Gene
specific primers for amplification of a-methylacyl CoA racemase, Carnitine O-

palmitoyltransferase I, hydroxyacyl CoA dehydrogenase/ 3-ketoacyl CoA thiolase/
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enoyl CoA hydratase (trifunctional protein) and Vacuolar H+ ATPase 14kDA subunit
were designed and tested against the first strand cDNA of hepatopancreas of H.
asinina (Table 3.18).

All primers generated the positive amplification product. Accordingly, the
expression levels of these genes were quantitatively estimated by real-time PCR. f-
actin was included as the control. The standard curve for the quantitative assay of
each gene was constructed (Figure 3.48 — 352], The high amplification efficiency and

low error was observed from ampli ch gene segment.

Table 3.18 Nucleotide s

PCR analysis of various g

s used for quantitative real-time

Gene/ Primer Length Tm
®p)  (C)
Alpha-methylacyl CoA race

Forward 20 60
Reverse GIJ AGC T/ L & 20 62

Carnitine O-palmitd, "["'"" ———:___ﬁ:l
Forward A ll GG 19 58
Reverse TC TGA ACA GTC GGG T£ 20 62

R

Forward GAA TAA CAG £AG CGT T'&C AGC G 66

VRETIBURTIRENGY =
Vncuﬂfq H+ ATPase 14kDA subunit
Forward GAC ATT GCC ATC ATT CTC AT 20 56
Reverse GCC TAC ATC ACA CTG AGC AC 20 62
p-actin
Forward TGA TGG TCG GTA TGG GTC AGA A 22 66

Reverse GCA ACA CGG AGC TCG TTG TAG 21 66
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ek e o bl Vol e M i BBl il 2%

Figure 3.48 A standard ewr o nigthylacyl-Cod racemase (AMACR) (error =
0.00985, efficiency = 2.002 az a fationt Y 8 Flog(X) + 36.79) using 10-fold
dilution of (10 - 10 cop

//

To ¥ N EaWa - B

Figure 3.49 A standard curve of carnitine O-palmitoyltransferase 14 (CPT-1A4) (error
= 0.00385, efficiency = 1.954 and equation; Y = -3.437 * log(X) + 38.13) using 10-
fold dilution (10% — 10® copy) of plasmid DNA of CPT-1A4.
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Figure 3.50 A standard et ydraxyc o n {ehydrogenase/ 3-ketoacyl-CoA
thiolase/ enoyl-CoA J # (hifincional pro \‘t rror = 0.0211, efficiency =
2.078 and equation; | q(X) +4B- \ 8'10-fold dilution (10% — 10°
copy)of plasmid DNA g :

DL andieans

690300 UM INYH

Figure 3.51 A standard curve of Vacuolar H' ATPase (V-ATP) (Error = 0.00594,
efficiency = 2.009 and equation; Y = -3.302 * log(X) + 35.99) using 10-fold dilution
(10% - 10* copy) of plasmid DNA of V-ATP.



146

Figure 3.52 A stand e ctih (Erro) \ 0081 1, efficiency = 1.990 and
equation; Y = -3.345 * 46p(J “using 105folddilution (10° — 10°* copy) of
plasmid DNA of f-actin. >

The relative expre Jevekol acyl-CoA racemase and vacuolar H'
ATPase in large and small sub ZFOUDS V35 | agnificantly different whereas carnitine
O-palmitoyltransferase sed in the large than the small

subgroups (P < 0.0 3’;-':“ Me/PCR of hydroxyacyl-CoA
dehydrogenase/ 3-ketoagyl-CoA thiolase”enoyl-CoA hy datase (trifunctional protein)
was not carried out owing'tg.its limited exprgssion levels (< 10° copy).

AUGANENINGINT
PRIAATUAMINYAE
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Figure 3.53 Histograms showing the relative expression profiles of a-methylacyl-Cod
racemase (A), carnitine O-palmitoyltransferase 14 (B), and vacuolar H' ATPase (C) in
hepatopancreas of large and small subgroups of H. asinina cultured in the same pond.
Expression levels were measured as the absolute copy number of mRNA (100 ng template)
and normalized by that of f-actin mRNA (100 ng template). The same superscripts indicate

non-significant difference between groups of samples.



CHAPTER IV

DISCUSSION

Domestication and selective breeding programs aim to increase commercially

important traits in selected populations (Cock et al., 2009). Basically, short generation

The benefits of helgiosis Hay dempnsigated in aquatic species (Goyard
Pselective breeding programs of
Thai H. asinina should®fake” il Advantage of | ation genetic differentiation
(genetic differences amga gfogra fiically differe imples previously reported by
molecular genetic mar e veeri'major stoeks of M \gsinina: the Andaman Sea and
the Gulf of Thailand; 0 ., 2004 and 2005). In terms of
aquaculture, the establishimey -,- inropriate dor mesti ated stocks requires samples

from different geugraph:c Dcations '- ¢ foutider stocks for genetic improvement

Loss of gene Ty—;——  Eonsequence of genetic drift
and inbreeding is cumgmly' ob saplive sﬁks (Sbordoni et al., 1986).
The low levels of genetig Enab:llty may uce the mean fitness of a population,

s 4 BB T I 8. v s

reduce growth Qiability and rcpru%}lctwe perfnnn-mce (Hanssnn and Westerberg,

2002). ala mm?mw @:I orm:t:es from
lethal andysub-l recessive 004). Inbreedin e avoided if a

wide genetic variation is secured in the base or founder population, and even better if

parentage of animals is known avoiding mating among relatives.

In general, the effective number of founders (N.) = 50, which is not a census
number of male and female in the hatcheries, is minimally required for producing an
inbreeding coefficiency of 1% per generation. Practically, as high N, as possible

should be maintained through generations.
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To carry out effective breeding programs in H. asinina, high genetic diversity
stocks should be established. Integrated knowledge on population genetics for
estimation of genetic variation levels, molecular genetics for the identifying genetic
markers at different levels and quantitative genetics for selection scheme and
estimation of heritability for economically important phenotypes are required to

improve the efficiency of genetic improvement in this species.

4.1 Genetic diversity in wild d stocks of H. asinina analyzed by

microsatellites
Microsatellites ation of population structure,
parentage assignmen ffcrén) Sfamilies reared™together in the same pond,

construction of genetigs Pofninp and m ni nring changes in genetic diversity in
2004). The ability to track large
numbers of individuals agd {@mi! .‘ 5.2 # de nant of the power and precision
of breeding programs, ig€luding il pacity “.\ quantify interactions between
genotypes and their enviro LAlmoStlall of \the microsatellites developed in
abalone were type II (non-Codit ellites). Although it is believed that type I
microsatellites are selective - oding) microsatellites may also useful
for various applicatits ' e
ESTs which contain 4: G

'.;;='-'...'.'.;5P markers developed from
pe E*:- orphic but more conserved

than non-coding re ns makmg them more

:::";::::;:Emm?:m{wm g
BO 17 111

- 13 alleles for ten loci of EST-derived microsatellite in the Pacific abalone, H. discus

erable across species for

(Aibin er al., 2008). However, higher numbers of alleles per locus were observed in
type Il microsatellites of several abalone species; for instance, 3 - 26 alleles in A
asinina (Tang et al., 2004 and 2005), 2 - 32 alleles in H. midae (Evans et al., 2004); 6
- 45 alleles in H. discus hannai (Li et al., 2004); and 10 -24 alleles in H. fulgens
(Gutierrez-Gonzalez and Perez-Enriquez, 2005).
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The domesticated stocks in this study were initially established from abalone
covering both coastal sides of Thai waters (Gulf of Thailand and Andaman Sea).
Therefore, genotyping of the maintained stocks was carried out and wild specimens
originating from Samet Island, Talibong Island were included to identify whether the
domesticated stocks equally contributed from founders originating from different

coastal regions.

The allele distribution frequencies of microsatellites in this study indicated

that the present generation of abalone has been contributed by founders from

er, greater levels of the “Gulf of
¢ observed at all loci. More
e —
importantly, Haul0 shoyedmon-oy ping-dllel veen wild abalone originating
from the east and the v aftsand only, -. 0.83%) of the domesticated
CSMaRT stock exhibitedthefidamar dllel ‘*- is clearly indicated that the
Gulf of Thailand foundefs soge feeret "'* \. to the present stocks than
those from the Andaman $€a /1 44 " i@ pusslb;hty that abalone from
the east coast should haVe b€t -_ . sand b \ ore adaptable to the cultivated
conditions than those frofh (e wegsl-coast JAdditional molecular markers exhibiting
fixed genotypes (or alleles) iAleither coastalample are required to confirm this

circumstance.

& Jper locus) relative to wild

-@pagaled species (H. discus
hannai). The reduction ig Enctm vanatlun these hatchery samples may be caused

by suboptimal ﬂpunﬁbﬁ}ﬂﬂﬂqﬁ W%Q:ﬁ %cr&tmn increasing the

effect of genetitd drift, as has pre?ausly been ﬁ:pnrted for ulher hatchery-reared

TRRIRRN I UAIAINYA Y

Genetlr: diversity of hatchery-propagated stocks (G8, N =102 and B, N = 120)

Reduction i iv’

populations seems lnB a charaete

and a wild sample originating from Talibong Island (N = 14 - 25) of the same stock of
H. asinina were examined at 5 microsatellites loci. A total number of alleles per locus
at CUHas2, CUHas3, CUHas8, Hap2J and Haul3 across all samples were 9, 14, 14,
7 and 6 alleles, respectively. Sizes of allele distribution were 310 - 352, 155 - 183,
144 - 220, 228 - 240 and 124 - 135 bp, respectively. The number of CUHas?2,
CUHas3, CUHas8, and Haul3 alleles in the hatchery-propagated abalone was greater
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than that of the Talibong sample. In contrast, those of the Hau2J locus in the wild
sample (6 alleles) were greater than in the hatchery samples (4 alleles). The allele
discrimination capacity was 0.175 + 0.096, 0.216 + 0.133 and 0.349 + 0.201 for G8, B
hatchery samples and the Talibong sample, respectively. Observed heterozygosity in
the respective hatchery samples was 0.69 + 0.308 and 0.56 + 0.241 which is slightly
greater than that of the Talibong sample (0.52 + 0.180). The estimated effective
number of population size (N;) and inbreeding coefficient of each hatchery stock was
20 individuals and 2.5% per generation. Results indicated relatively high levels of

Considering the es perto and heterozygosity, comparable
levels of genetic diversifyWe e b5ty J. asininagxamined in the present study.
When allele and genotyp€ digCufuigation capacily svere taken into the account, these
parameters in the domegiCajéd S0 s wer ' ahtly lower than those of wild stocks
suggesting moderate Tedufligh gf.gefetid diversity in domesticated H. asinina after

propagated for 5 - 6 gedCrayt

Selvamani er al. (204 £an 7' ntage assignment of H. asinina veliger
larva produced from the Hcmn & {Creat Barrier Reef, Australia) founders
using 5 m:cmsateﬂﬁ -w\"" B ymo: jrul3 and Hau2K, and 3
moderately polymol ‘H'.;'Tﬁ g i ud ). The allele number per
: : 'tcdﬁelemgen&it}' were 0.7700 -
0.9600. The parents of an in individual w:h could be determined from as few as 3

loci. The lucﬂ}uﬂgﬁ}:wgﬁﬁ Wtﬂ;e}am of wild abalone

populations whégkas it gave 14 alleles when exmmnod with hatcher}' samples.

AR IR T HY AR s v

invcstlga?cd with six microsatellite loci. The hatchery strains possessed less genetic

locus range between B -

variation as revealed in lower number of alleles and lower expected heterozygosity (2
— 14 alleles per locus and 0.238 — 0.876, respectively) than natural populations (5 — 45
alleles and 0.525 — 0.973, respectively). This implied that bottleneck effects occurred
when each strain was founded (Li ef al., 2004). Comparing to this study, the number
alleles per locus and expected heterozygosity was 2 — 8 and 0.3441 — 0.7769 in the
domesticated stocks and was 4 — 9 alleles and 0.0625 — 0.8448 in wild stocks,
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respectively. Therefore, severe reduction of genetic diversity in domesticated H.

asinina is not observed at present.

There are obviously significant differences between wild samples from the
east coast (SAME, and CAME) and the west coast (TRGW) at all loci (P < 0.05).
Significant differences were observed between samples from the same coastal region
(SAME and CAME). The Philippines sample is recognized as a different stock. Result
from this study strongly supported the previous reports on the existence of

of. H. asining in Thai waters based on

intraspecific population differentiatio

(Klinbunga et al., 2003). Mazcove: <Ci provided the further insights on
differentiation between CAldiseatid £ , J iginated from the same coastal

region.

The Fsr-stati ated significant genetic

heterogeneity betwee in the fact that these stocks
. . 0] ¢parated maintained at SMaRT
(CSMaRTH) and at the f@fmfin“Trang (CFRE ‘ gh mortality rates reflected the

occurrence of genetic drift in t IE5ES o a tesult, a large number of brooders

should be used for breeding of ‘ ig i eaLh generation.

Although resulis ¢ s and heternad of H. asinina based on
type 1 microsatelhi€s, (1 ith those from type II

microsatellites (Rungpyuckmana, 2007). Theoretically, e neutrality concepts predict

the amount of i ‘ lity, wathin, 5 _ i function of mutation
rate, gene ﬂn@ﬂﬁiﬂw wﬂﬁnﬁ; (Kimura and Ohta,
1971). The absence from assumptions is selectian coefficient,abecause alleles are
asmmtﬂtwq@ﬂ ﬂ:ﬁ sutmtaaghmqalﬂaﬁabiﬁty is a
function %f the neutral mutation rate and the evolutionary effective population size,

N.. Therefore, type I molecular markers must be used with cautions due to the

functional constraints of the translated gene products.

Significant association of microsatellite polymorphism and phenotypes (e.g.
growth rates) of aquatic species was reported. Recently, Xu and Zhu (2006)

characterized two parvalbumim genes and their association with the growth traits in
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the Asian sea bass (Lates calcarifer). Expression of PVALB2 was detected only in
muscle, brain, and intestine, was up to 10-fold lower than PVALBI expression. A
(CT),7 microsatellite was identified in the 3'-untranslated region of PVALB/ and three
single nucleotide polymorphism (SNP) were identified in the third intron of PVALB2.
The microsatellite in PVALBI was significantly associated with body weight and
body length at 90 days post-hatch (P < 0.01) whereas the SNPs in PVALB2 were not
associated with these traits (P > 0.05).

Considering association b '- o mtigrosatellite genotypes and the body weight

of domesticated stocks, low (but

;"-~+

es of correlation was observed in
the small sample size of cv
(P < 0.05). Genetic hete

n the simple regression analysis
at BL. and BS subgroups were
55and Haul0).

Significant differe

different genotypes wef€ folind'( 2 - ') Homozygote
carrying the 176 bp allelg'had oz L Approxir ;\

of the B sample having
d heterozygote individuals
eagual body wetght to the mean
body weight for this grouglof Safiples. fnterest , dbalone possessed 176/176 were
found in 21.25% of examingd indivie al forg, breeding of founders carrying a

176 allele should be conside 1'*"‘="-- tquent generation of this domesticated

stock. However, these, inary k) . ed in larger sample sizes
of domesticated H. dsT] ')

1y
12 Genetc R0 I IARIRT I B4 P Feiin examine by

SSCP analysis of AFLP-derived SgAR marl’-:ers

Phobioh AAASDLIRAID NEAAY o i o

abalone m Thai waters can be utilized for identification of seed stocks, and
distribution and recruitment of abalone larvae, leading to increasing efficiency in

management of local H. asinina stocks in Thailand (Klinbunga er al., 2003).

SSCP which is favored for examining genetic diversity of various species
owing to its convenience and cost effectiveness was applied to determine

polymorphism of the developed SCAR markers. The major advantage of SSCP is that
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a large number of individual could be simultaneously genotyped (Khamnamtong er
al., 2005) and variations according to one or a few substitutions could be detected
(Orita et al., 1989). Therefore, SSCP is one of the potential techniques for detection of

genetic polymorphism at different taxonomic levels of organisms.

Jarayabhand er al. (2002) examined genetic diversity in /. ovina originating
from Chon Buri (N = 24) and Rayong (N = 18) located in the Gulf of Thailand and
Trang (N = 18) and Phangnga located in the Andaman Sea (V= 11) by PCR-RFLP of

indengthywith Bam Hl, Eco RI, Hae 111 and Alu 1.
ABBB, AA gﬁﬁﬂﬂ} were found across overall
specimens. No overlapping latypes we n H. ovina originating from

if peninsular Thailand.

In contrast, distrih atierns af lotype:s of 1685 rDNA based
on the same approach (A / ;

structure in Thai H

c of intraspecific population
estriction analysis of /8§
[ /68 (mitochondrial) rDNA with
»veal differentiation between
gcngraphin:ally different pophlati 51 paih Thai waters but showed partial
. Ipines samples (P < 0.0021, Klinbunga er
al., 2003). Under the Pres
history of H. asinina t'__ va.
H. asinina. (Klmbungag al., 200

ofmolecular markers and life

# ay have occurred in Thai

In this Mﬁ?ﬂﬂ m 1n erated from all single
genotypes gen I]m{ ﬁ AR;327. All composite
genotypes ﬁ.\ be related by af’ least two futations. No @irect intermediate
genot}'ﬂ qmnm “m QJQ mfc]ﬁ t&lncrcased from

222 lndlwduals used in the present study to identify direct intermediate genotypes
between their evolutionary pathways.

Two lineages of composite genotypes were clearly observed. Wild sample in
this study did not reveal shared genotypes between abalone from different coastal
regions. Distributions of H. asinina composite SSCP genotypes clearly indicated the

existence of strong intraspecific genetic differentiation within /. asinina in Thai
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waters. The information also suggests that H. asinina from the Gulf of Thailand and
Andaman Sea may have been colonized by two independent ancestral populations,

one from the west, one from the east.

Unlike results from PCR-RFLP of /65 and /85 rDNAs, SSCP analysis of ND2
also showed significant population differentiation between H. asinina from the Gulf
of Thailand (HASAME and HASAME) and Andaman Sea (HATRGW). Accordingly,
patterns of genetic differentiation of H. asinina in Thai waters could be finally

confirmed. Based on the fact that BER-RFLP examined polymorphism only at

restriction sites whereas SSCP. - yariations according to one or a few

{Oni & Moreov er, strong degrees of
coastal differentiation v
AFLP-derived SCAR.

of H asinina in Thai

cllites and SSCP analysis of

iemns of genetic differentiation

analysis approaches rathg i ":‘; } fou der effects or female-biased

gene flow per sex.

Shephred and Bgfwy 3

differentiation within eac Abalere sp

microgeographic population
I be occurred due to its short

planktonic larval stages and

: ,,; —dn ability. Accordingly, intraspecific

genetic differentiati oM

b a]e of a few kilometers.
)

Recently, [:nh}r g wsinina collected from 16

geographically discret@ snes lhroughout the Indo-Mala¥ Archipelagoes, and eastern
Indian and we ﬁﬁ m polymorphism of the
mituchundrialw ﬂ\ﬂn g m (482 bp, N = 206).
Limited ce dwe rgence amon hlc-hm les ranged T¥bm 1.1% between
Indian mﬁ' mil ﬁ’ ﬁ ites and 3.0%

between Pacific and Ir:.dn—]f'win]:i}.r sites, was observed. No finer scale
phylogeographical structure was resolved within the respective geographical regions

(Imron et al., 2007).

Genetic heterogeneity of H asinina in Thai waters was reported based on
polymorphism of six microsatellite loci (CUHasl, CUHas2, CUHas3, CUHas4,
CUHas5 and CUHas8). Relatively high genetic diversity and strong population
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differentiation in H. asinina was found between samples from the Gulf of Thailand
(Samet Island and Cambodia) and Andaman Sea (Talibong Island) (P < 0.0001; Tang
et al., 2004 and 2005).

On the basis of genetic distance values in this study, clear genetic differences
were observed between pairwise comparisons of the east (CAME and SAME) and
west (TRGW) coastal samples. Like results from microsatellites, genetic
heterogeneity analysis and Fsr statistics revealed significant genetic differentiation
between abalone from different coastal fegions (P < 0.0001). This suggested that the

Genetic differentiat : iria could be explained by a major physical
barrier as the main currentd ' falace es from the south to the north
throughout the year ( ‘ Thi ~ ected the gene flow levels of H.

asinina in Thai wate ¢ . ., \
-§:~ I’

-- stage. The failure to contact

ettle on specific species of

suitable algae within ap " hatehing usually results in death.

These life cycle characteristi€s a f§ lispersal level of H. asinina (Imron
ef al., 2007). :
Considering e 1ife histor  development, o P dispersing ability of H.

i
asinina, contradictory dilferentiation of natural H.

sed on analysis of mitochondrial DNA /6S rDNA (panmictic
gene pool; J ﬁ g microsatellites and
nuclear Ha.’;%m %ﬂ W(ﬂjﬁdi:nc pool; Tang et al.,

2004 and 2005 and this smdi iito havessesulted from the sensitivity of the

i Wlordo B ok ieniiod i GG Dian dcrce

by mlcmsatcll:tes but not by HaSCAR;39, HaSCAR 95 and HaSCAR3;; should have

asinina in Thai waters®

resulted from a greater polymorphic level of the former than the latter. Nevertheless,
AFLP-derived markers (HaSCAR;3zy, HaSCARzs and HaSCAR;»;) are more
appropriate for detecting population origin of H. asinina in Thai waters owing to non-
overlapping composite SSCP genotypes between abalone from different coastal
regions generated by these markers.
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Therefore, the previous assumption of a large single breeding stock in Thai H.
asinina previously reported based on /6S and /8S rDNAs polymorphism must be
changed (Ward and Grewe, 1994; Klinbunga er al., 2003). Geographically and
genetically different populations of Thai H. asinina should be recognized as different
stocks and managed separately by fishery managers and government organizations
(Carvalho and Hauser, 1994; Conover ef al., 2007).

Higher genetic diversity of the domesticated stock (CTRGH and CSMaRTH)
than wild samples based on polymorpi developed SCAR markers suggested
'\

' . of
‘ g iCgestablished stocks at present. The

ished from mass spawning of
founders from different s il Thaiggaters. The finding that the gene
pools of domesticated aintained by progeny bred

from the east coast rat n MHoge bred the west ceast founders strongly reflects

better adaptability of H. g@fiuhql in theeCulf of Tha land than the Andaman Sea to
; _ \

aquacultural conditions. Mey€riheless. this! circiy > may be biased by the

including of larger n P ;_- i& edst than the west coasts of Thai

ing of '! breeding program.

Significant  genetic }i Erogeneily ‘between CSMaRTH and CTRGH
(domesticated stoc % g s

Regarding that both/domesticat J¥fjom the same group of
domesticated fuundersﬁnd offsprir ed st paz&[y in the hatcheries located
at different geographic arfaﬂ‘:CSMaRTH atéMaRT and CTRGH at Trang province),

the possihiliryﬁfﬁnm Gﬁ}ﬁnﬁﬂfj WQﬂﬁd abalone may have

occurred. Accofdingly, HaSCAR;z9, HaSCAR 295 and HaSCAR3;; should be further

¢
sunfiv:li; " the i ondi g cultured stock

established from approximately equal founders from either coastal region.

C } E (east) were observed.

Population-specific SCAR markers developed in this study can be further
applied to assist genetic improvement and breeding programs of H. asinina; for
example, determination of correlation between genotypes and survival rates afier
settlement of larvae. In addition, HaSCAR;3z0, HaSCAR95 and HaSCAR;;; may be
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used to monitor effects of aquacultural activity on the long-term levels of population
differentiation of natural H. asinina in Thai waters.

4.3 Isolation and characterization of genes functionally involved with growth of

H. asinina

An EST approach (single-pass sequencing of randomly selected clones from

cDNA libraries) has been successfullylapplied and recognized as an effective method
for discovery of novel genes in NS petieS MAmparyup et al., 2004; Preechaphol
et al., 2007). —

In H. asinina, n - '\S\\g\\g ientary DNA libraries were
established from ovaries \ dota randomly selected clones were
| 4.5%) and 73 (61.9%) of

s significantly matched with

unidirectionally sequenceg
normal cDNA libraries
known genes (E value & ! eseddvitelline coat proteins (VCPs; 40 clones,
20.0%) were predominany i . lysin (9 clones, 7.6%) was
r subtractive cDNA libraries, 71

wary (forward subtraction) and testis

Ex ::S ion of sex-related genes
was further *l'r__— 1 BB chain reaction. Gender-
specific expression was found from homelogucs o VC@ VCP3, VCP7, VCP49, and
VTG and axonemal p66gd0gdektin Al, and sperm lysin in female and male H. asinina,

reapentively ﬂumwﬂmwmm
" mﬂ ST SING M BN 1) a1 M

by the lack of genome information. In this study, the full length cDNA of four
metabolic related transcripts, a-methylacyl-CoA  racemase, carnitine O-
palmitoyliransferase 14, hydroxyacyl-CoA dehydrogenase/ 3-ketoacyl-CoA thiolase/
enoyl-CoA hydratase (trifunctional protein) a-subunit, and vacuolar H' ATPase (V-
ATP) 14 kDa subunit were successfully identified allowing the examination of
expression levels of these genes in abalone cultured in the same conditions but

exhibiting different growth rates.
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Quantitative real-time PCR analysis indicated that expression of carnitine O-
palmitoyltransferase 1A but not a-methylacyl-CoA racemase and vacuolar H'
ATPase (P > 0.05), in fast-growing abalone was significantly greater than that in
slow-growing H. asinina. This suggested that a higher level of carnitine O-
palmitoyltransferase 14 mRNA may be required for lipid metabolism in the fast-
growing subgroup.

The information on correlations of genotypes and phenotypes through genetic

ailable at present. It is interesting to study the

possible correlation between single nuclegtidealymorphism (SNP) of this gene and
the growth rates of domestieated aba A&m ent growth-related biomarkers
" ——

.similar as other bi-allelic co-

linkage maps in this species are notx A

dominantly segregated BiNA_m® “The advantag - coding SNP (type 1) is that
. Llyamportant proteins. Therefore,
they are more likely bedngar '! '.,' at ommercially important traits.
Therefore, analysis of géne ope __me efficient approaches for

discovery of genes whiéh ag sinificantly gontributed in complex traits of H. asinina.

In conclusions, levelgof genstic diversity in wild and the present generation of
domesticated stocks of H. asini < oxamined and provided the useful information

to elevate management efficiency of of ghis economically important

pt€d to reduce the inbreeding
coefficient of the hatcla-y stock. € sity of Llﬁstab]isheﬁ stocks should be
maximized and rtgu]aﬂy.‘twuumd by hl polymorphic microsatellites. Different

contribution uﬂuﬂlﬁ www ﬁ%ﬂ%ﬂm in Thai waters

should be furthéd verified to rcduce biased mass mﬂ]’tﬂ]ll’}’ in this S]}EE]ES leading to

the tion between
m:cmss‘ﬂhc gcng ﬁﬂzw typmrg\nym ﬂl require further

studies. In addition, different expression levels of carnitine O-palmitoyltransferase 14

species. Appropriate Hiré

mRNA in the fast- and slow-growing subgroups were observed. Results from this
study demonstrated the possibility to apply molecular markers (different alleles of
microsatellites and/or differential expression levels of carnitine O-

palmitoyltransferase 1A4) for genetic selection of H. asinina in the future.



CHAPTER YV
CONCLUSION

1. Type | microsatellites (DW455, DW503, PHel77 and PT102) were successfully
developed from ESTs that contain simple repeat sequences. These and type II
microsatellites (Hau9 and Haul0) were used for genetic studies of H. asinina. The
expected and observed heterogeneity in wild populations ranged from 0.0625 - 0.8448
and 0.0625 - 1.0000 whereas those alies in domesticated CTRGH and CSMaRTH
stocks were 0.3441 - 0.7769 __u_._;d;}g “" R Uerespectively.
—
sxamined samples clearly revealed
st (SAME, and CAME) and
. Both domesticated stocks
TRGW (west) and PHI at all

2. Fgr-statistics and the exacl lesth
significant differences bet
west (TRGW) coasts o
(CTRGH and CSMaRT)

loci.

3. Correlation between geglo ‘b
initially tested at each loc ighifican erences between the body weights of

abalone having different genuty ' - Bserved at Haul0 (P < 0.05).
i Hi.f *

4. AFLP markers for'génetic analys -_..__f A total of 64
V- = g-_i

“individuals of H. asinina.

eight of the group B sample was

primer combination

Nine AFLP bands ctcrlzcd amplified region

;mm %’Iﬁﬁ o [ ia i o —
m,iﬁﬁiﬁﬂﬂﬁmm VAR e

did not overlap at the HaSCAR3;; locus whereas a single individual from the west
coast (TRGW) exhibited genotype A at HaSCAR;; and HaSCAR 395 loci.

e converted to sequence-chs

6. Six composite SSCP genotypes were found in wild abalone. Genotypes AAA, AAC
and CAA were restrictively observed in the Gulf of Thailand whereas ABB, BAB and
BBB were only distributed in the TRGW sample. Eight composite genotypes were

found in the domesticated samples and only three of which were observed in CAME
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and SAME. Composite genotypes BAA and BAC were found only in CSMaRTH
while AAB and ABC were restrictively observed in CTRGH.

7. An unrooted maximun parsimony network inferred from polymorphic sites of
examined SSCP sequences revealed 2 different lineages of composite genotypes
perfectly corresponding to specimens from the Gulf of Thailand (lineage I) and
Andaman Sea (lineage II), respectively. Composite genotypes ABB, BAB and BBB
found in wild abalone from the Andaman Sea and regarded as members of the lineage
Il were not found in the domesticated stacks (CTRGH and CSMaRTH).

8. Genetic heterogeneity beis cen | Andathat_Sea and Gulf of Thailand samples

was also found when analwa

N .
9. The full length c[]/‘ facyi-Ca icemase (AMACR), carnitine O-
I a \'

drogenase/3-ketoacyl-CoA
| @-subunit, and vacuolar H+
ATPase (V-ATP) 14 \\‘ aractenzx:d the full length by

RACE-PCR.

10. The relative expressio oA racemase and vacuolar H+
ATPase in large and small s

(02871 and 0.3883; respédiively). Nevérth ing Q-palmitoyliransferase 14

alone were not significantly different

dastly expressed than that of

2
ﬂ‘lJEl’J“ﬂWlﬁWEl']ﬂ‘i

ammmm UAIAINYA Y

in hepatopancreas -ivf
the small subgroup (P ﬂl.ﬁ -



REFERENCES

Adams, M. D., Kelley, J. M., Gocayne, J. D., Dubnick, M., Polymeropoulos, M. H.,
Xiao, H., Merril, C. R., Wu, A_, and Venter, J. C. 1991. Complementary DNA

sequencing : expressed sequence tags and human genome project. Science. 252:
1651-1656.

Jap C., Jian, Y., Xiaolong, W., Xiaoli, H.,
Chengzhu, H., and Jingjiel, 2008 pment and characterization of

microsatellite markers for the-Pacific at : jotis discus) via EST database

_ \ ' nt of hatchery stocks. In:
N. Ryman & F UtignffedifOs 1\\ nd_fishery management.

Seattle, WA: Washingtbn Se; 1l srsity of Washington Press.
pp. 141-159. ‘ \
Altschul, S. F., Gish, W., Miller o Mverd B ""!u\ and Lipman, D.J. 1990. Basic
ey :

L

local alignment search toold). Mok Hig! 1 5:403410.
e aas
Altschul, S. F., Gish, W., Miller, vars B W., and Lipman, D. J. 1990. Basic

2 T

+

local alignment sedfgh.

A,

Amparyup, P. 2004. vu § tor'increasing_production

efficiency of the cal abalone, Haliolis asinina ‘I'ha:land PhD.’ Thesis.

Programme of lotechﬂﬁffculﬁf B¢ience Chulalun korn University.
Amparyup, P., Kli irono, L., Aoki, T
and J zﬁ:ﬁ é’ 2004. gp ﬁi seiunnfcﬁ Ealésw‘es and testes

An, H. S., and Han, S. J. 2006. Isolation and characterization of microsatellite DNA

markers in the Pacific abalone, Haliotis discus hannai. Molecular Ecology. 6:
11-13.

Anderson, 1., and Brass, A. 1998. Searching DNA databases for similarities to DNA
sequence: when is a match significant. Bioinformatics. 14(4): 349-356.



163

Beheregaray, L. B., Schwartz, T. S., Moller, L. M., Call, D., Chao, N. L., and
Caccone, A. 2004. A set of microsatellite DNA markers for the one-lined
pencilfish Nannostomus unifasciatus, an Amazonian flooded forest fish.

Molecular Ecology. 4: 333-335.

Benson, G. 1999. Tandem repeats finder: a program to analyze DNA sequences.
Nucleic Acids Res. 27: 573-580.

Beridze, T. 1986. Detection of satellite DNAs. In: Satellite DNA, Beridze, T. (ed.).

Springer-Verlag, Berlin, 1-5 pp.

Bhaumik, P., Koski, M. K., Glumeff, T.
Structural biology of the thioesic

., and Wierenga, R. K. 2005.
tion and synthesis of fatty

acids. Curr. Opin. 21-628
Bosch, A., Nunes, V. ™P \ 1993, Tsolafion -and
7/ \\\ N

characterisation of 1| rorm human chromosome 21.

Genomics. 18: 151-

Budowle, B., Chakraborty. {
Analysis of the VNTR : ._ r ; 1 lluwcd by high-resolution

Burton, R. 8. 1996. Molecular toolinfnarine. J. Exp. Mar. Biol. Ecol. 1200
(1-2): 85-101. -
Vi )
Cheng, S., Fockler, C., Bﬂe {. Effective amplification

. - :lj
of long targets from ¢ cgled inserts and huma.n genomic DNA. Proc. Natl. Acad.

. “”Ff'ﬁtl’&"flﬂﬂﬁﬂﬂ']ﬂ‘i

Cook, P., and GorddH, R., 2008. The wor °J:I abalone market and econo::}c reasons for
o

Cox, L. R. 1960. Gastropoda, General characteristics of gastropoda. In: Treastise on
Invertebrate Paleontology. Part 1. Mollusca 1, Moore, R.C., and Pitrat, C.W,
(eds.). The University of Kansas Press and the Geological Society of America,
Inc., 84-69 pp.




164

Crisp, D.S. 1974. Factors affecting settlement of marine invertebrate larvae. In:

Chemoreception in Marine Organisms, Grant, P., and Mackie, A.M. (eds.). New
York and London: Academic Press, 177-265 pp.

Cruz, P., Ibarra, A. M., Mejia-Ruiz, H., Gaffney, P.M., and Perez-Enriquez, R. 2004.
Genetic variability assessed by microsatellites in a breeding program of Pacific
white shrimp (Litopenaeus bannamei). Mar. Biotechnol. 6: 157-164.

Deka, R., Jin, L., Shriver, M. D., Yu, L. M., DeCroo, S., Hundrieser, J., Bunker, C.
H., Ferrell, R. E., and Chakraborty, . Population genetics of dinucleotide
(dC-dA), (dG-dT), polymor smis. sepulations. Am. J. Hum. Genet.
56: 461-474.

Distler, A. M., Kerner, J., a peciromeiric demonstration
ase-l (CPT-1) in heart

mitochondria of ad -:‘ 194 : 431-437.

of the presence of Ve

Dixon, T. J., Coman, G. }
Preston, N. P., Li, Y. 4
Black Tiger shrimp, Fén

’ ons, R. E., Dierens, L.,
ly during domestication of
d using two multiplexed
microsatellite systems. Aque

Donald, K. M., and Spf:nccr H. G 44!
the mudflat topshe

ic microsatellite DNA markers in
podal, Trochidae). Molecular
Ecology. 6: 762-7¢ “f— )

Dong, S., Kong, J., Zhangm Meng, X., and Wang, R. EﬂﬂaParentage determination

:Lii‘:imzﬁ"ﬂﬁ"%’wzﬁ“ﬂ"ﬁ‘m‘”““
e ST T e

Eaton, S., Bartlett, K., and Pourfarzam, M. 1996. Mammalian mitochondrial fi-
oxidation. Biochem. J. 320: 345-357.

Eaton, S., Middleton, B., and Bartlett, K. 1998. Control of mitochondrial B-oxidation:
sensitivity of the trifunctional protein to [NAD')/[NADH] and [acetyl-
CoA)/[CoAl]. Biochim. Biophys. Acta. 1429: 230-238.



165

Estroup, A., Solignac, M., Harry, M., and Cornut, JM. 1993. Characterization of
(GT)n and (CT)n microsatellites in two insect species: Apis mellifera and
Bombus terrestris. Nucleic Acids Res. 21: 1427-1431.

Evans, B., Bartletta, B. J., Sweijde, N., Cooke, P., and Elliotta, N. G. 2004. Loss of
genetic variation at microsatellite loci in hatchery produced abalone in Australia
(Haliotis rubra) and South Africa (Haliotis midae). Aquaculture. 233: 109-127.

Fallu, R. 1991. Abalone Farming. United Kingdom: Fishing News Books, Oxford,
195 pp.

Ferdinandusse, S., Denis, S gt i 14 L2000 Subcellular localization and
physiological role o
1896.

Fishtech. 2007. Worldwide'a
faming. htm].

Geiger, D. L. 1998. Recent Genera’asnd Species ofthe Family Haliotidae Rafinesque,
1815 (Gastropoda: Vetigastrapodd). Nauti

Gordon, H. R. 2000. World abalone supply, markets and pricing: historical, current

o e 183 AN, o T,

South Africa. Bhiversity of Cape T°9wn Fchrua.ry 2000.

o, ARGV G B V] HY S o

Boudryd P., AQUACOP. 2003. Residual genetic variability in domesticated
populations of the Pacific blue shrimp (Litopenaeus stylirostris) of New
Caledonia, French Polynesia and Hawaii and some management

recommendations. Aquat. Living Resour. 16: 501-508.

Griffiths, A. J. F., Miller, J. H., Suzuki, D. T., Lewontin, R. C., and Gelbart, W. M.
1993. The structure and function of eukaryotic chromosome. In: An introduction
to_genetic analysis, 5" ed, Griffiths, A.J. F., Miller, J. H., Suzuki, D. T,




166

Lewontin, R. C., and Gelbart, W. M. (eds.). New York: Freeman, W. H. and
company, 82-487 pp.

Gruenthal, K. M., Acheson, L. K., and Burton, R. S. 2007. Genetic structure of natural
populations of California red abalone (Haliotis rufescens) using multiple genetic
markers. Mar Biol. 152: 1237-1248.

Gruenthal, K. M., and Burton, R. S. 2005. Genetic diversity and species identification

in the endangered white abalone (Haliotis sorenseni). Conserv. Genet. 6: 929-
939.

Gruenthal, K. M., and Burton, R. §
the California black abalone¢fHali
endangered species

ture of natural populations of
ch, 1814), a candidate for
* LCOI 385 47-58.

\ extract test of Hardy-

#361-372.

Guo, S. W., and ThompSon
Weinberg proportion®

Or @iy
Guo, Y., Kaiser, K., Wi€Czg - and Daw, I\ Ay T 1996. The Drosophila
melanogaster gene vhdl4 of the vacuolar ATPase.

Gene. 172: 239-243,

05."A genetic evaluation of stock

enhancement of blue abaloiic Mol otis in Baja California, Mexico.

X

Hahn, K. O. 1989. Surve -H 0 ? abalone snectes in_the
world. Pp. 3-10 in: l Hahn {ed} Handbook of Culture of Abalone and Other

i g SN ENTRING

Hansson, B., and Wekterberg, L. 2002. Qn the cm‘relatmn between hctemzygusny and

S LN GLEEUEREE

Hara, M., afd Sekino, M. 2007. Genetic differences between hatchery stocks and
natural populations in Pacific abalone (Haliotis discus) estimated using
microsatellite DNA markers. Mar. Biotechnol. 9: 74-81.

Aquaculture. 247::233-24

Herlin, A., Taggart, J. B., McAndrew, B. ], and Penman, D. J. 2007. Parentage
allocation in a complex situation: Alarge commercial Atlantic cod (Gadus

morhua) mass spawning tank. Aquaculture. 27281: S195-S203.



167

Herlin, M., Delghandi, M., Wesmajervi, M., Taggart, J. B., McAndrew, B. J., and
Penman, D. J. 2008. Analysis of the parental contribution to a group of fry from
a single day of spawning from a commercial Atlantic cod (Gadus morhua)
breeding tank. Aquaculture. 274: 218-224.

Hiltunen, J. K., and Qin, Y.-M. 2000. B-oxidation-strategies for the metabolism of a
wide variety of acyl-CoA esters. Biochim. Biophys. Acta. 1484: 117-128.

Hinman, V. F., and Degnan, B. M. 2002. Mox homeobox expression in muscle

: evidence for a conserved role in
1-144.

lﬁl 997. Molecular sequences

a. Electrophoresis 18(9):

lineage of the gastropod Haliotis, asi

bilaterian myogenesis. Dev.(enes Evo

Huang, B. X., Chai, Z. L., Hagod P24 and,

of two minisatellites i

1653-1659.

Ibdah, J. A., Paul, H,, leng, K., Cline, M., Matern, D
Bennett, M. J., Ri \‘:\H Lack of mitochondrial
trifunctional protein i lygemia and sudden death. J
Clin. Invest. 107: 1403- \

Jackson, §., Schaefer, J., Middléton: --u"" i, D! M. 1995, Characterisation of

a novel enzymc of h t,'t%, aiL f_‘_, axidation: a matrix-associated,

mitochondrial 2-coyl-CoA hydratase. Biochem. BipHys Res. Commun. 214:
247-253. f:

]ara}fabhand P., and Paphmaslt, N. 1996. A review of the ﬂlturc of tropical abalone

vih it e B el pry 4

Jarayabhand, P., Piyidteeratitivorakul, S., Chaunhahandlt, S., and Rungsupa, S. 1991.

Jeffreys, A. J.,, Royle, N. 1., Patel, 1., Armour, J. A. L., MacLeod, A., Collick, A.,
Gray, 1. C., Neumann, R., Gibbs, M., Crosier, M., Hill, M., Singer, E., and
Monckton, D. 1991. Principals and recent advances in human DNA

fingerprinting. In: DNA fingerprinting: Approaches and applications. Burke, T.,
Jeffreys, A.J., and Wolff, R. (eds.). Berlin: Brikhauser Verlag, 1-19 pp.



168

Jerry, D. R., Preston, N. P., Crocos, P. J., Keys, S., Meadow, J. R. S., and Li, Y. 2004.
Parentage determination of Kuruma shrimp Penaeus (Marsupenaeus) japonicus

using microsatellite markers (Bate). Aquaculture. 235: 237-247.

Jerry, D. R., Preston, N. P., Crocos, P. J., Keys, S., Meadow, J. R. 8., and Li, Y. 2006.
Application of DNA parentage analyses for determining relative growth rates of
Penaeus japonicus families reared in commercial ponds. Aquaculture. 254: 171-

181.

Jiang, Z. 2007. Does o-methylacyl- ase play an important role in
perineural tumer invasion?- rep ﬂ‘? 1289-1291

Jiang, Z., Fanger, G. R., Wod - ﬂale, P., Dresser, K., Xu, J.,
and Chu, P. G. Eﬂﬂ nethylacy"CoA-racemase (P504S) in

various malignant néoplasf
Pathol. 34: 792-796.

udy of 761 cases. Hum.

Kakhai, N., and Petjamrat{"k. ) 2s and broodstock collection of

abalone (Haliotis sppx Eﬁ ﬁ\‘\‘- ad Provinces. Technical

Paper No. 6/1992, R; %@l -t Sta!mn, Department of
Fisheries, Ministry of Agu i, TG40 -w , Thailand, 31 pp. (in Thai,

with English abstrant) _,:..‘,i, i

Kaﬁhﬁ, K., H.l'ld cﬂﬂk, t.— o e BT LY S | EERE '—*r!rﬂ—!;!-'—'—-—,’-":,-':"r-‘—;“j,l‘ FI‘CGA inh.i.bi.ﬁﬂn Df

carnitine pa]mito}rl 257: 133-139.

Kawasaki-Nishi, S., Nishi, 5 and Forgac, M. 201)3 Proton translocation driven by

A PRV I 3

Khamnamtnng, B., @humrungtanakit, S Klinbunga, S., Aoki, T., Hirono, 1., and

AL p ey

Kimpton, C. P., Gill, P, Walton, A., Urquhart, A., Millican, E. S., and Adams, M.
1993. Automated DNA profiling employing multiplex amplification of short
tendem repeat loci. PCR Methods Applications 3: 13-22.

Kimura, M. 1980. A simple method for estimating evolutionary rate of base
substitutions through comparative studies of nucleotide sequences. J. Mol. Evol.
16: 111-120.



169

Kimura, M. and Ohta, T. 1971. Theoretical Aspects OF Population Genetics.

Princeton University Press, Princeton, New York.
Kirby, L. T. 1992. DNA Fingerprinting: An introduction. New York: W. H. Freeman.

Klinbunga, S., Amparyup, P., Leelatanawit, R., Tassanakajon, A., Hirono, ., Aoki,
T., Jarayabhand, A., and Menasveta, P. 2004. Species-identification of the
tropical abalone (Haliotis asinina, Haliotis ovina and Haliotis varia) in Thailand
using RAPD and SCAR markers. J. Biochem. Mol. Biol. 37: 213-222.

yabhand, P., Yoosukh, W. and
Menasveta, P. 2005. Molecul: oA scupped oysters (Crassostrea,
Saccostrea and Striostreay=mthailand QDI 165 and 188 rDNA

I .\\\"\
P 1 ., K., Kiama . \ a, P. 2007. Development
of a species-diagnosticdSCAR ;: \ mmmmg crab (Portunus

pelagicus). Biochem Gea 3554 7 \

Kong, L., and Li, Q. 20077 GeficU€ cotmparison of cu tred and wild populations of

the clam Ceoelomactra”ai 1 5T in China using AFLP markers.

L ong. D. 2005. Use o of protein hydrolysate fr
apyernyong, e L) tein sate from

abalone Haliotis _,— ----- aeus. | . 51t partment of Food

Science. Faculty of Sﬂs u]m

Li, Q. and Kijima, A. 2007, Sequences characterization of microsatellite DNA

v P BV i

47-52.

i 0. v WAR AT OVER T B i o

microsatellite loci in hatchery strains of the Pacific abalone (Haliotis discus
hannai). Aquaculture. 235: 207-222.

Li, Q., Park, C., Kobayashi, T., and Kijima, A. 2003. Inheritance of microsatellite
DNA markers in the pacific abalone Haliotis discus hannai. Mar. Biotechnol. 5:
331-338.



170

Li, Z., Li, J., Wang, Q., He, Y., and Liu, P. 2006. The effects of selective breeding on
the genetic structure of shrimp Fenneropenaeus chinensis populations.

Aquaculture. 258: 278-282.

Li, Z., Xu, K., and Yu, R. 2007. Genetic variation in Chinese hatchery populations of
the Japanese scallop (Patinopecten yessoensis) inferred from microsatellite data.
Aquaculture. 269: 211-219.

Liu, Z. F., and Cordes, J. F. 2004. DNA marker technologies and their applications in
aquaculture genetics. Aquaculture. 238

Locher, R., and Baur, B. 2 1 Isolatioy nicrosatellite markers in the
hermaphroditic land snail*Ar ordinet poda). Molecular Ecology

Lucas, T., Macbeth, M.
Heritability estimates™

Degnan, B. M. 2006.

Haliotis asinina using

W

microsatellites to assi cutage. lure, 259:146-152.

008. Development and

evaluation of microsatellite Kers T Fddentifiea on of individual Greenshell

274: 41-48.

=
e 4

McCombie, W. R., -.;".-...._H-_...‘_..q._..q...._,....-,__,_,...- ‘ G., Utterback, T. R.,
Khan, M., Dubnic )

* 2€¢, and Fields, C. 1992.
Caenorhabditis ;--l

s expressed sequence tags Em\tify gene families and
s. Nature Gerlét 1: 124-131.

potential dis humnﬁnﬁ

s, .5, CQEr S ERT R TV ) B e i
south A 1 ﬁ:’ﬁ i lispers (ﬁﬂg Mar. Biol.
Ecol. 1;4: 175-203.

Meechan, D., Xu, Z., Zuniga, G., and Alcuvar-Warren, A. 2003. High frequency and
large number of polymorphic microsatellites in cultured shrimp, Penaeus
(Litopenaeus) vannamei [Crustacea: Decapoda). Mar Biotechnol. 5: 311-330.

Mileikovsky, S. A. 1971. Types of larval development in marine bottom invertebrates,
their distribution and ecological significance. Mar. Biol. 10: 193-213.



171

Miller, K. M., Laberee, K., Kaukinen, K. H., Li, S., and Withler, R. E. 2001.
Development of microsatellite loci in pinto abalone (Halioris kamtscharkana).
Molecular Ecology Notes. 1: 315-317

Miller, M. P. 1997. Tools for population genetic analyses TFPGA 1.3: a window

for the analysis of allozyme and molecular ulation genetic data.

Department of Biological Sciences, Northern Arizona University.

Moore, S. S., Whan, V., Davis, P. G, Byme, K., Hetzel, J. S. D., and Preston, N.

1999. The development and application of genetic markers for the Kuruma

prawn Penaeus japonicus. /

L] ‘u__’,' ‘_-;}- 2.
Mullis, K. B., and Faloona, . 3 ci@is of DNA in vitro via a
' LY,

polymerase-catalysed ¢ ods En?¥mel. 155: 335-350.

Mateewathana, A., and B ‘-\: distribution of abalones
along the Andaman S€a gdast’of hailind. Kasetsart [Tournal (Natural Science)

22: 8-15.

Nei, M. 1978. Estimation offivesag

ity am \ stic distance from a small
number of individuals. G€nefics.

Nei, M. 1987. Molecular Evo --.~. ‘olumbia University Press, New
York, USA.

Ngow, O., and |£_-=:! 12:2‘--"‘_: abitat_selection of the

abalone, Haliotis »-, (Gn m_coast of Thailand.

Presented at the 19th C‘qng;rcss on Sc:cncc and Technology of Thailand, 27-29

e AR NN

O’Brien, E. K., andiDegnan, B. M. 21]92 Plc:utroplc dcvelupmcntal expression of

RTINS e

Dev. 11¢: 1

O'Brien, E. K., and Degnan, B. M. 2000. Expression of POU, Sox, and Pax genes in
the brain ganglia of the tropical abalone Haliotis asinina. Mar. Biotechnol 2:
545-557.

Orii, K. E., Aoyama, T., Wakui, K., Fukushima, Y., Miyajima, H., Yamaguchi, S.,
Orii, T., Kondo, N., and Hashimoto, T. 1997. Genomic and mutational analysis



172

of the mitochondrial trifunctional protein B-subunit (HADHB) gene in patients
with trifuctional protein deficiency. Hum. Mol. Genet. 6(8): 1215-1224.

Orita, M., Iwahana, H. K., Kanazawa, H., Hayashi, K., Sekiya, T. 1989. Detection of
polymorphisms of human DNA by gel electrophoresis as single-strand
conformation polymorphisms. Proc. Natl. Acad. Sci. USA. 86: 2766-2770.

Palti, Y., Silverstein, J. T., Wieman, H., Phillips, J. G., Barrows, F. T., and Parsons, J.
E. 2006. Evaluation of family growth response to fishmeal and gluten-based

diets in rainbow trout (Oncorhynchus bpkiss). Aquaculture. 255: 548-556.

Pampoulie, C., Jorundsdottir,
M.O., and Danielsdottir, “ATE J6. CGenetic_comparison of experimental
farmed strains and wi yopulations. of" Atlantic cod (Gadus morhua
L.). Aquaculture. 2

Pan, Y. W., Chou, H.

characterization of

. 2004. Isolation and
kers for diversity and
stock analysis in tigeg$ folecular Ecology Notes 4:

345-347.

Park, Y. H., Alabady, M. S.,
M., Kohel, R. J., El-Shihy, O

new cotton fibe |,_ b

kins, T. A., Yu, J., Stelly, D.
R. G. 2005. Genetic mapping of
gllitgs in an interspecific

nmics 274: 428-441.

recombinant inbre 'f

Primmer, C. R., Mo]ler,ﬂ P., and Ellegren, 1996 A wille-range survey of cross-

species mic ﬂﬂ -3‘}'8
Qin, Y., Liu, X ﬂw Zhang, and Guu f:netl{: mapping of size-
irradians)
AW m*rmm

Raymond, M., and Rousset, F. 1995. GENEPOP (Version 1.2): a population genetics
solfware for exact tests and ecumenicism. J. Heredity. 86: 248-249.

Rice, W. R. 1989. Analyzing tables of statistical tests. Evolution. 41: 223-225.

Rungpituckmana, T. 2007. Genetic diversity and microsatellite patterns in atchery-

propagated Thai abalone, Haliotis asinina. Master’s Thesis. Department of

Marine Science, Faculty of Science, Chulalongkorn University.



173

Sambrook, J., Fritsch, E. F., and Maniatis, T. 1989. Molecular Cloning: A Laboratory
manual, 2" ed. New York: Cold Spring Habor Laboratory Press.

Sanger, F., Nicklen, S., and Coulson, A. R. 1977. DNA sequencing with
chainterminating inhibitors. Proc. Natl. Acad. Sci. USA. 74: 5463-5467.

Satou, Y., Kawashima., K., and Satoh., N. 2003. Large scale EST analyses in Ciona
intestinalis: Its application as Northern blot analyses. Dec. Genes. Evol. 213:
314-318.

Sbordoni, V., De Matthaeis, E., Coballi=She

1986. Bottleneck effects z R}“! :

stocks of Penaeus japonicus [Crustace;

i, M., La Rosa, G., Mattoccia, M.,
/)em:uc variability in hatchery

Aquaculture. 57: 239-251.

sis of population structure in
Ag at Sci. 60: 670-675.

Schrey, A. W., and Heist, E. I.
the shortfin mako (/sur,

Schuler A. M., and Wood, P,
fatty acid f-oxidatiofl. |

Scott, D. D., Eggler, P., Seatory
R. J. 2000. Analysis of 5SS des
J’; ‘ ‘.I" -

723-726.

., Lee, L. S., and Henr}r
5T. Theor Appl Genet. 100:

Sekino, M., and Hara, 0 ific abalone Haliotis

discus discus i,r*_"f ropoda, Hal 7 letular Ecology Notes. I:

8-10. Eﬂ m

Sekino, M., and Hara, M¢ 2007. Individuals assignment tests proved genetic

e B TS W Bt oo

Genet.8: 823~

s R AR TR SI ) Bt

DNA ﬁlarkers of Ezo abalone (Haliotis discus hannai): a preliminary

assessment of natural populations samples from heavily stocked areas.

Aquaculture, 243: 33-47.

Selvamani, M. J. P.,, Degnan, S. M., and Degnan, B. M. 2001. Microsatellite
genotyping of individual abalone larvae: parentage assignment in aquaculture.
Mar Biotechnol. 3: 478-485.



174

Selvamani, M. 1. P, Degnan, S. M., Paetkau, D., and Degnan, B. M. 2000. Highly
polymorphic microsatellite loci in the Heron Reef population of the tropical
abalone Haliotis asinina. Mol. Ecol. 9: 1184-1186.

Shepherd, S. A., and Laws, H. M. 1974. Studies on southern Australian abalone
(genus Haliotis). 11. Reproduction of five species. Aust. J. Mar. Freshw. Res.
25(1): 49-62.

Shepherd, S. A., Lowe, D., and Partington, D. 1992. Studies of southern Australian
abalone (genus Haliotis) XI11: larval di
Ecol. 164: 247-260.

and recruitment. J. Exp. Mar. Biol

VL.

5 d prog ulullll and Clﬂlm 'Df d tm_'plcal

Singhagraiwan, T., and Doi

abalone, Haliotis asim 3 a project of fishery resource
development in the K /? \ :}‘ of Fisheries, Ministry of
Agriculture and Coo 1485 T il - d:

Sriphairoj, K., Na-Nakorngt. \ \ G. H. 2007. No AFLP
sex-specific markers d sastanod \ s and P. hypophthalmus.

Aquaculture. 273: 739-74

Stalling, R. L., Ford, A. F., Nelsén, /&2 , Hildebrand, C. E., and Moyzis,
R. K. 1991, Ewvolution am:L

mammalian grnomes.

Y

GT)n repetitive sequences in

-
X,

{ienetic markers in blue

Steven, C. R., Hill, J.,

carbs (Callinectes s¢ fdus) I: isolation and characterization of microsatellite

e L S
Tang, S., Popongviwat, Imbunga, S assa;ﬂ(ajun A, Jarayahhand P., and
QISR AT b AN TS
asinina it mr ol Biol.

38: 182-190.

Tang, S., Tassanakajon, A., Klinbunga, S., Jarayabhand, P., and Menasveta, P. 2004.
Population structure of tropical abalone (Haliotis asinina) in coastal waters of

Thailand determined using microsatellite markers. Mar. Biotechnol. 6: 604-611.

Tassanakajon, A., Pongsomboon, S., Jarayabhand, P., Klinbunga, 5., and Boonsaeng,
V. 1998. Genetic structure in wild populations of the black tiger shrimp



175

(Penaeus monodon) using randomly amplified polymorphic DNA analysis. J.
Mar. Biotechnol. 6: 249-254.

Tharin, S., Dziak, E., Michalak, M., and Opas, M. 1992. Widespread tissue
distribution of rabbit calreticulin, a non-muscle functional analogue of
calsequestrin. Cell Tissue Res. 269: 29-37.

Thiel, T., Michalek, W., Varshney, R. K., and Graner, A., 2003. Exploiting EST
databases for the development and characterization of gene-derived SSR-

markers in barley (Hordeum vulgare L) Theor Appl Genet. 106: 411-422.

Thorson, G. 1964. Light as s

larvae of marine bottom ifive jobifitesy ena 1™ 57-208.

he dispersal and settlement of

, Y., and Paengmark, P.

1986. A survey of specied ant/Uis __' ution 0 e (Haliotis spp) in Surat
Thani, Nakhon Si T Fecho REP. No. 1/1986 NICA, 16
PP-

Tutschulte, T., and Conne He 1984 B luctive, biblogy of three species of

: 195-206.

Uki, N. 1989. Abalone seeding’prdditetion arid eory (1). International Journal of

: ‘ llele frequencies at
microsatellite loci: lﬂ step ﬁeﬂ. Genetics. 133: 737-

740.

Valle imencz, 1] %{Fﬁaqq RSP R 2 By Forotaion geneic

structure of Pdcific white shnmp {erapenaeus vannamei) from Mexico to

R TR YT S TR Y

Vos, P., Hogers, R., Bleeker, M., Reijans, M., van de Lee, T., Hornes, M., Frijters, A.,
Pot, J., Peleman, J., Kuiper, M., and Zabeau, M. 1995. AFLP: a new technique
for DNA fingerprinting. Nucleic Acids Res. 23: 4407-4414.

Wang, L., Zhang, H., Song, L., and Guo, X. 2007. Loss of allele diversity in
introduced populations of the hermaphroditic bay scallop Argopecten irradians.
Aquaculture. 271: 252-259.



176

Waterston, R., Martin, C., Craxton, M., Huynh, C., Coulson, A., Hillier, L., Durbin,
R., Green, P., Shownkeen, R., Halloran, N., Metzstein, M., Hawkins, T., Wilson,
R., Berks, M., Du, Z., Thomas, K., Thierry-Mieg, J., and Sulston, J. 1992. A

survey of expressed genes in Caenorhabditis elegans. Nature Genet. 1: 114-123,

Weir, B. S., and Cockerham, C. C. 1984. Estimation F-statistics for the analysis of
population structure. Evolution. 38: 1358-1370.

Welsh, J., and McClelland, M. 1990. Fingerprinting genomes using PCR with

\ W!S-—?EIE
skl J. A, and Tingey, S. V.

1990. DNA polymorphi ' i mers are useful as genetic

arbitrary primers. Nucleic Acids

Wood, A. D., and Buxton, |
midae (Linne', 1758
Afr. J. Mar. Sci. 17: 6

\_\{ of the abalone Haliotis
. I. Feeding biology. S.

Yang, C., Zhu, X., and Sun, X microsatellite markers and their
utilization in geneticidiversity et wild populations of the
mud carp (Cfrrhin #201-206.

£
U
Yao, G. F., Feng, H. T., Cai, Y L., Qi, W. L, and Kong, K. M. 2007. Characterization

ANy e
" Dp:;ul;a;:maﬂﬂ ?mc;adal I ’ucalm L reveale?ia [H o

Mar. Biol. Ecol. 333: 140-146.

Yue, H. G., Ho, M. Y., Orban, L., and Komen, J. 2004, Microsatellites within genes
and ESTs of common carp and their applicability in silver crucian carp.

Aquaculture, 234: 85-98.

Zeng, S., and Gong, Z. 2002. Expressed sequence tag analysis of expression profiles
of zebrafish testis and ovary. Gene. 294: 45-53.



177

Zhang, J., Wang, H., and Cai, Z. 2007. The application of DGGE and AFLP-derived
SCAR for discrimination between Atlantic salmon (Salmo salar) and rainbow
trout (Oncorhynchus mykiss). Food Cont. 18: 672-676.

Zhao, C., Li Q., and Kong, L. 2009. Inheritance of AFLP makers and their use for
genetic diversity analysis in wild and farmed scallop (Chlamys farreri).
Aquaculture. 287: 67-74. '

':ZF |
AULINENINeINg
ARIAATAUNNINGIAY



FI'HEI’JVIEWI‘J'W 8N
’QW']&\‘Iﬂ‘iﬂJNW]’JﬂEJ']ﬁH



179

clone motif No.of repeats SSRstart SS5H Gene homologue

PHe 004 cag 4 636 G4 B-cell translocation gene 2

caa 4 648
PHe 024 ccga 8 877 Unknown
PHe 027 tta 4 113 Lysin precursor, gene, exons 4 and 5 and partial
PHe 041 ga 5 511 Choline cotransporter
PHe 061 ttg 4 457 Unknown
PHe 085 ttg 4 449 Unknown
PHe 104 g 5 594 Unknown
PHe 140 ta 5 373 Unknown
PHe 150 g 5 386 Unknown

gt 9 416

gt 6 452

gtge 5 432
PHe 156 tg 6 139 Unknown

tca 8 644

gtgtgc 6 146 -

PHe 166 ta 5 889 34 Taemae Mannose-binding lectin-associated serine protease-3b
PHe 177 la 7 634 ' Hnem Unknown
PHe 198 cat 10 639 Haemocyte Unknown
PHe 221 tac 5 ﬂ u EE«J qn E’m 5 wm 5 Thrombospondin 1
PHe 224 ga 5 ﬁ Unknown
PHe 238 at 6 ?94 805 Haemocyte Neurexin IV
ST 099 te 5 - ndal . A , Unknown
STI 16 : A ﬁq aﬁzﬁj ﬁjﬁ’&ﬁiﬁﬁsﬁ 88 kgt
SO 056 tce 4 L ‘ io Mitotic Apparatus Protein P62
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Appendix A (cont.)
Clone motif  No.ofrepeats SSRstart SSR eng e CBNA library Predicted
= - L E g ‘
SO 108 gtg 4 527 k. ~Lestis Subtraction Vitelline coat protein 41
PT 010 cag 7 457 P S Ribosomal protein L41
atg 10 703

PT 036 ga 5 487 ENSANGPO0000014099 [Anopheles gambiae]
PT 039 gat 4 591 High mobility group protein 1; HMG 1

PT 041 aag 4 99 Ribosomal protein S25

PT 044 tg 5 608 Unknown (protein for IMAGE: 4309224) [Homo

sapiens]

PT 061 aag 4 405 Ribosomal protein S24

PT 083 ga 5 487 ENSANGPO0000014099 [Anopheles gambiae]
PT 093 gat 4 52 Unknown

PT 103 ag 5 609 Unknown
PO 022 tca 4 294 Unknown

PO 052 tg 5 510 Ribosomal protein L10A

PO 067 gac 4 331 Elongation factor 1 delta

PO 097 atg 10 130 L Unknown

PO 104 gat 4 342 (73— 713 Eukaryotic translation elongation factor | beta 2
PO 111 gac 4 898 =90 Vitelline coat protein 41

PO 114 tca 4 216 ip27 418 Unknown

PO 138 aat 4 251 262 685 Unknown

PO 179 tgag 5 49 : 555  Owvary Cysteine proteinase | precursor

PO 216 ag 6 5200) 9 | €871 Y1 ‘ RN S Y "‘@.’ﬂ S Ribosomal protein L13

R AL~ R AN ‘ 0

AN TUNMINGAY

081
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Clone motif No. of SSR Gene
repeats start

DW986507 att i 556 H. asinina Unknown
DW986495 tga 6 742 Lasinina Tigger transposable element MLSF6
DW986470 at 5 207 . asinina Unknown
DW986435 caa 4 216 Hoasinina Unknown
DW986434 gaa 4 556 H. asinina Unknown
DW986410 aaaac 4 215 fh asinina Unknown
DW986401 1] 5 31 . asinina Unknown
DW986374 ag 5 112 . asinina Unknown
DW986302 cact 9 459 . asinina Unknown
DW986291 ccg 4 89 H. asinina ribosomal protein S12 ML5B12
DW986231 gagt 4 98 H. asinina Unknown
DW986221 gat 5 132 H. asinina clathrin light polypeptide ML1ES
DW986503 atg 12 165 W, dsipina Unknown
DW986499 ag 4 271 o inina Eukaryotic translation initiation factor ML8G1

get 4 542
DW986498 cca - 339 ;ﬁ.lmma Unknown
DW9B6463 caa 4 156 4'?3 asinina Unknown
DW986455 1g 7 365 3?3‘ P 819 H. asinina Unknown

: & “ﬂﬂﬁl?ﬂ%ﬂ‘ﬂiwmﬂ‘i

gc 7 408
DW986443 tcg 4 183 U 194 H. asinina Unknown
DW986440 ca 5 3 376 hypothetical protein ML7F6
DW986404 gat 8 Q % ’] aﬁ ﬂ j 3] Vi '] ’J ﬁ EFEQ EJ Unknown
DW986393 tcac 8 q'? 9* 4 ini lysin-like ML6GY
DW986392 te 5 69 78 797 H. asinina FERM domain containing ML6G4




Appendix B (cont.)

182

".\' et/ / Organism

Clone motif  No.of SSR SSR end Predicted
repeats start
DW986382 aga 5 121 135 : . asinina Unknown
DW986345 aatg 4 727 742 87 :mm: Unknown
DW986307 ga 5 255 264 ; : . asinina ribosomal protein S17 ML5D3
DW986295 ca 5 183 192 4% FUIE RS . asinina solute carrier family 39 ML5B7
DW986239 caa 11 248 : / 7 " Hasinina Unknown
DW986222 agtg 5 51 . asinina hemocyanin MLI1E9
DY403075 agg 4 323 Hasinina Unknown
DY403054 at 5 344 i asining Unknown
tg 5 406
gc 6 423
DY 402936 aag 5 570 asinina node of Ranvier
DY403115 te 5 31 40 H. asinina Unknown
DY403055 tgta 4 245 H. asinina Unknown
DY403047 ct 4 295 Unknown
caa 4 219
DY403027 ga 5 45 Unknown
DY403023 att 4 244 Unknown
DY403013 cagcaa 4 279 s inina Unknown
DY402968 ta 5 768 Selenoprotein W, 2a
tta 4 524
DY402914 ctac 4 1 inhibitor of differentiation 2
DY402903 tg 6 451 ﬂ &H ’J ‘V] g&n j w ﬂ@% Heat shock protein 10
DY402865 gat 4 482 beta-NAC-like protein
DN856388 tga 4 118 129 . discus disc Unknown
DN856373 cac 4 - Unknown
DN856343  cat 8 Q’?ﬂ’] q’ﬁ N9 ﬂ;;.] 1B ﬁﬁ‘ﬁa d Onknown
DN856331 at 8 70 . discus discus Unknown
CX727307 aaca 4 533 603 740 H. discus Unknown

z81
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Appendix B (cont.)

Clone motif  No.of  SSR _ SSRend & Sequence’ /. Organism Predicted
repeats start ' ;

CX727232 ggaacg 5 696 725 , , H. discus Unknown
CX727231 ot 5 112 12 731 | A ! discus Unknown
CX727214 cac 4 284 !' AN i discus Unknown
aca 4 330 : , A\ N
CX727208 cac 4 469 130" ' Ldliscus Unknown
aca 4 515 BRI
CX727202 aaca 5 506 Ldiscus Unknown
CX727188 cta 4 90 H. discus Unknown
ctg 6 117 -
CX727179 atc 4 79 " discus Unknown
CX727163 atc 4 520 531§ H. discus Unknown
CX727104 g 5 266 275 H. discus Unknown
CX727102 acte 4 246 261 H. discus Unknown
CX727092 tga 8 662 . H. discus Unknown
CX727068 ta 5 80 § =i = £ | discus Unknown
CX727064 ta 5 224 23 ns R Biseus Unknown
CX727058 actc 4 267 g &I5 I dijcus Unknown
CX727054 gt 4 242 19 Ledliscus Unknown
gt 4 393 400 1 I
gat 7 303 3 701
CX727034 gag 4 499 sI09es 650 & Hodisc Unknown
comes w9 s G 1R] Y] B9 TN A ﬁ§ Dakows
CX727008 tge 4 246 ‘Ill 5 ; Unknown
CX726959 gtga 4 117 132 | H. discus Unknown
CX726955 tc 5 12 3R e e e 056 1o o o H discus Unknown
CX726917 agg 4 ﬁ’] ngﬂs ' mw’]q ﬁgﬁqa EJ Unknown
CX726905 ga 4 QQ. ' 99’ | discus Unknown
aag 4 484 495 679

€81
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Clone motif  No. of SSR  SSRend \‘ quence” / Organism Predicted
repeats start —, ;
CX726902 at 4 87 88 : . discus Unknown
agtg 4 338 33 | A
CX726888 tga 4 588 L discus Unknown
CX726880 ta 5 499 . discus Unknown
CX726869 ag 4 96 Ldi Unknown
gea 5 158
CX726838 tg 4 403 Unknown
gt 5 418
gtga 5 426
acgec 11 67
CX726806 geca 5 654 668 H. Unknown
CX726794 ta 8 6 21 H. discus Unknown
tta 11 443 475
CX726787 ga 12 21 44 Unknown
CX726786 ga 12 23 46 Unknown
CX726752 age 4 556 567 Unknown
CX726751 cca 5 411 uE Unknown
CX726742 tga 6 620 i -" ' Unknown
CX726732 age 8 675 [ & Unknown
CX726686 gt 5 456 569 Unknown
CX726647 tg 5 333 fa 479 disc Unknown
cxnslo a5 m ﬂu;fn y]gmﬁw gﬁﬁﬁ Uikzoreh
CX726598 actc 13 481 62 Unknown
CX726578 tgat 4 578 593 H. discus Unknown
CX726573 ga 6 - Unknown
Cxnesd a4 7’}%“ NI gmfn ﬁﬁma 2] Cknown
CX726539 ag 4 Unknown
gca 4 790

¥81



Appendix B (cont.)
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SSR end / Organism
s Lengt

Clone motif No. of SSR Predicted
repeats start
CX726536 att 4 460 471 Unknown
CX726518 actc 11 462 50 Unknown
CX726495 ag 5 150 158 Unknown
CX726491 gt 5 57 66 Unknown
CX726485 cta 4 24 3 Unknown
tac 5 55 69
CX726473 at 4 258 26 Unknown
caa 4 590 '
CX726464 agc 4 597 i discus Unknown
CX726427 tga 9 665 . discus Unknown
CX726423 caac 4 702 H. discus Unknown
CX726415 at 15 308 337 H. discus Unknown
CX726410 gt 6 176 187 H. discus Unknown
CX726390 ta 6 591 H. discus Unknown
at 4 605
CX726361 at 9 47 2. dis Unknown
CX726346 at 4 306 ! Wiscus Unknown
aga 4 315 r
atg 4 402 :
CX726310 actc 4 4]6 431 H discus Unknown
CX726305 ct 6 Unknown
omee @ s s u@q i E!yﬁw B)H 4k Gakaows
CX726244 gee 4 124 Unknown
CX726241 at 8 247 262 H. discus Unknown
ta 13
a7 Q@Wﬁ@ﬂim}mﬂﬂﬂ’mﬂ
ta 7 824 i3
ca 4 547 554 719

S8l
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Clone motif  No. of SSR  SSRend ce’ s Organism Predicted
repeats  start -‘—-4
CX726240 ga 5 24 — Unknown
CX726239 tg 4 256 Unknown
ca 5 475
CX726226 tga 14 672 Unknown
CX726222 cgt 4 620 Unknown
CX726221 tc 5 485 Unknown
CX726204 ga 5 26 Unknown
CX726188 ga 6 28 Unknown
CXT726187 cgt 4 303 Unknown
CX726186 ct 8 26 Unknown
aac 4 685
CXT726174 tca 4 243 Unknown
CX726170 cag 7 123 Unknown
CX726151 actc 4 694 Unknown
CX726147 aag 4 507 H. discus Unknown
CX726144 gt 5 461 T distus Unknown
CX726136 actc 4 32 L liscus Unknown
CX726125 get 4 101 Hediscus Unknown
age 5 535 - 04 s
gea 4 557 553 ¢an 704
CX726118 ag 5 742 Unknown
cxmelos a5 o Al ﬂ}] 1M ﬁi%/n’w B)H 4k ko
CX726072 aag 5 133 disc Unknown
aag 4 373
CX726055 ac 4 Unknown
: i a’m&anmﬁwnmﬂaﬂ
a
CX726042 ac 4 H. discus Unknown
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Clone motif  No. of SSR  SSRend . Sequence’ . & Organism Predicted
repeats start e Length
CX726041 1gag 4 545 560 = ] Unknown
CX726030 ga 6 23 4w 7h68 Unknown
CX726027 tga 6 657 67 5 Unknown
CX726020 at 5 353 3 § Unknown
at 4 521

CX726017 gec 4 265 Unknown
CX726016 tga 6 667 Unknown
CX725994 ctge 4 111 Unknown
CX725957 gt 5 24 Unknown
CX725941 acc 4 223 Unknown
AY449741 gttt 4 528 Unknown

AULINENINYINg
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APPENDIX C

Genotypes of H. asinina in this study at 6 microsatellite loci

Samples Locus
DWd455 DW503 PHel77 PI102 Hau9 Haull

Po generation, Samet Island founders (east)

SAMEI1 1917217 196/196 180/180 186/186 126/127 158/173
SAME2 1917217 196/196 180/180 186/186 123/127 158/173
SAME3 191/217 196/196 B0 § 186/186 123/127 154/167
SAME4 191/217 186/186 123/127 158/181
SAMES 1917217 186/186 127/129 158/173
SAME6 191/191 127/129 167/181
SAME7 2031209 126/129 167/176
SAMES 191/194 123/127 154/163
SAME9 1917252 126/129 161/173
SAME10 191217 127/129 167/181
SAMEII 191217 126/129 167/173
SAMEI12 209/233 123/127 163/163
SAMEI3 209/233 123/127 163/163
SAME14 1917217 127/129 163/163
SAMEILS 191/217 1237127 163/163
SAMEIl6 2171217 126/129 173/173
Talibong Island, Trang province {w

TRGWI 267/267 - . 122/122 140/140
TRGW2 267126 s = A R et 122/122 140/140
TRGW3 256/272 Y 122/132 141/141-
TRGW4 256/272 174/ 122/132 140/140
TRGWS 267/267 ?41’] 74 170/170 173/173 122/132 141/143
TRGW6 ? g 122/132 134/134
TRGW7 ﬁm Eﬁ ﬁ] ﬂ ﬂ w gﬁﬁ] ‘51221132 134/143
TRGWS 2336 174/201 I?DHTD 173/190 132/137 134/134
TRGW9 aﬁﬂ ﬁ/{ 140/141
TRGWI10 q ﬁjﬁﬁﬂ ﬂfm ﬁﬁq Bil’] Ej 143/143
TRGWI11 267/267 180/183 157/166 177/183 132/132 134/134
TRGWI12 267/267 174/196 170/170 186/188 122/126 141/143
TRGWI13 252/256 174/183 170/170 173/183 122/126 134/140
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Samples Locus

DW455 DW503 PHel77 PTI02 Hau9 Haull
TRGW14 2521252 174/180 166/166 173/177 122/122 134/134
TRGW15 267/267 174/183 157/166 186/188 1221122 134/140
TRGW16 2671267 174/188 166/166 173/188 122/132 141/143
TRGWI17 2521256 174/180 170/170 173/177 122/137 141/143
TRGWI1S8 256/267 174/196 170/170 188/188 1221122 140/140
TRGW19 267/267 174/183 157/166 173/183 122/137 141/143
TRGW20 267/267 174/174 170/170 173/173 122/122 141/143
TRGW21 256/267 174/196 ' 188/188 122/122 141/141
TRGW22 256/272 177/183 122/132 140/141
TRGW23 256/272 36 122/132 140/140
TRGW24 272/272 122/126 143/143
TRGW25 256/272 122/132 141/143
Cambodia (east)
CAMEI 191/191 126/126 158/176
CAME2 191/191 126/126 167/181
CAME3 191/209 122/123 173/176
CAMEA4 191/233 122/123 161/176
CAMES 194/233 126/126 158/167
CAME6 191/191 i 126/126 154/161
CAMET 191/217 [86/188 122/123 173/176
CAMES 191/209 86/186 1221122 167/176
CAME? 191/194 186/186 1237123 154/176
CAMEID 191/209 - 186~ 123/123 158/167
CAMEI1I 191/191% . "_-“'Hf‘ 122/122 176/176
CAMEI12 2097217 € %6 126/126 167/167
CAMEI3 2097217 186/1 f 127/129 158/176
CAME14 191/233 mm ISWIE 186/188 123/126 161/167
CAMEIS ﬁ 27129 158/176
CAMEIl6 gu H m ﬂm w EE“T?] ‘EZZI’]EZ 163/167
CAME17 191 196/201 IEﬂJ’lEﬂ 186/186 22/123 161/167
CAMEI1S % g 158/167
CAME19 q Wﬂaﬂﬁﬁm ﬁﬁr] ﬂﬂr] 173/173
CAME20 191/194 196/196 180/180 186/186 1227122 167/176




190

Samples Locus

DW455  DWS5s03  PHel77  PTI02 Hau?9 Hapl0
F1 generation, the Philippines
PHI1 209/233 201201 157/163 190/190  122/126  161/161
PHI2 203/233 180/201 157/166  177/190  122/126  161/161
PHI3 209/233 2017201 157/163 190/190  107/110  158/161
PHI4 209/233 183/201 157/163 183/190  122/126  161/161
PHIS 209/233 2017201 163/166  190/190  107/110  161/161
PHI6 203/233 180/183 163/166  177/183 122/126  161/161
PHI7 209/233 201201 190/190  107/110  158/158
PHIS 209/233 2017204 190/190  122/126  158/161
PHI9 209/233 ' 122/126  161/161
PHI10 209/233 107/110  158/158
PHI11 203/233 107/110  158/158
PHII2 203/233 107/110  158/161
PHII3 209/233 107110 161/161
PHI14 203/233 122/126  158/161
PHIIS 203/233 107/110  158/161
PHI16 203/233 122/126  158/161
PHI7 203/233 122/126  161/161
PHIIS8 209/233 122/126  161/161
PHI19 209/233 63, 122/126  158/161
PHI20 209/233 2012005551631 190/190 122/126  158/161
Hatchery-propagated cultured at Trang. ~ -
CTRGHI 209/217 - 6/196  180/18 126/126  176/181
CTRGH2 233/252% -=-— "—-“-"—--"--; 126/127  173/176
CTRGH3 252/267 126/126  173/181
CTRGH4 191/203 Eﬂwm 307130 186/18 E! 126/126  173/176
CTRGHS 191!203 6/196 180/180 ,  186/186 123/123  173/181
CTRGH6 m Hﬂﬁm Eﬁgﬁ w EEM]?] 23/123 173173
CTRGH?7 3.r|23 163/163
CTRGHS ZD'? 3 196/196  £163/180  _186/186  126/12 163/163
crecito ) Koo\ Vibdaat 04 ud | vdc) | ﬁ EI
CTRGHI10 163/181
CTRGHI1 191/203  201/201 166/180  188/188 126/126  158/176
CTRGH12 191/209 174/196 180/180  173/186  122/126  163/163
CTRGHI13 191/191 196/196 180/180  186/186  123/123  173/176
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Samples Locus
DWA455 DWS03  PHel77 PT102 Hap?9 Haul0
CTRGH14 191/209 180/196 166/180 177/186 123/126 173/176
CTRGHI5 233/252 196/196 163/183 186/186 123/123 173/181
CTRGH16 233/252 196/196 163/183 186/186 123/123 173/181
CTRGH17 191/209 180/196  163/166 177/186 123/127 173/173
CTRGHI18 203/217 196/196 157/180 177/186 123/127 1731181
CTRGH19 191/209 180/201 163/180 177/188 123/123 163/163
CTRGH20 191/209 180/196 163/180 177/186 123126 173173
CTRGH21 209/233 196/196 j 186/186 123/123 163/163
CTRGH22 191/209 186/186 123126 163/163
CTRGH23 191/209 ﬁusa 123/126  163/163
CTRGH24 209/233 123/126  158/176
CTRGH25 191/209 123/126  163/163
CTRGH26 191/209 1231126 1731173
CTRGH27 191/203 122/126  173/181
CTRGH28 191/203 123/126  173/181
CTRGH29 191/209 126/127 1731173
CTRGH30 191/209 123/123 173/173
CTRGH31 191/191 126/126 163/173
CTRGH32 191/203 123/126 176/181
CTRGH33 191/203 126/126  163/173
CTRGH34 209/233 126/126 173173
CTRGH35 191/203 123/123 163/181
CTRGH36 191/203 - 126/126 163/173
CTRGH37 191/209% =" 123/126  173/181
CTRGH38 191/209 “4 123/123  163/173
CTRGH39 203/233 196/19¢ 86/186 123/126  158/176
CTRGH40 191:191 180/196 180/180 177/186 123/123 167/167
CTRGH41 26/126  163/163
CTRGH42 %ﬁ Hﬁm ﬂ'ﬂ‘{w gjﬁh ‘jzsnzz 173/181
CTRGH43 191 196/196  180/180 186/188 126/126  176/181
CTRGH44 176/181
cons BRSO DY o
CTRGH46 191/191 196/196 180/180 186/186 123/126  163/173
CTRGH47 191/191 180/196  157/180 177/186 123/123 163/173
CTRGH48 191/203 196/196  180/180 186/186 123/123 173/173
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Samples Locus

DW455 DW503 PHel?77 PTiO2 Hau9 Haull

Hatchery-propagated cultured at Sichang Marine Science Research and Traning Station

CSMaRTHI1 233/233 196/196 180/180 186/186 122/122 161/163
CSMaRTH2  209/252 196/196 180/183 186/186 122/122 161/181
CSMaRTH3 191/203 196/196 180/180 186/186 126/129 158/176
CSMaRTH4 191/203 180/196 163/180 177/186 126/129 167/167
C5MaRTHS 191/203 180/196 180/180 177/186 126/129 158/163
C5MaRTH6 1917252 180/196 163/180 177/186 123/123 163/167
CS5MaRTH7? 191/203 196/196 B0/ ¥ 186/186 123/127 176/176
CS5MaRTHS 233/252 ' 177/186 1231127 163/163
CSMaRTH9 209/252 186 126/126 176/176
CSMaRTHI0  191/209 123/126 158/167
CSMaRTHI11 1917209 123127 167/181
C5MaRTHI2 191/203 123127 158/167
CSMaRTHI3  191/203 123/127 161/176
CSMaRTHI4  217/252 123/129 161/181
CSMaRTHI5  191/203 123/127 161/181
CSMaRTHI16 191/217 123/127 167/176
CSMaRTH17 191/217 126/129 163/181
CSMaRTHI8  194/194 126/129 158/167
CSMaRTHI19 2177217 126/129 163/176
CSMaRTH20 1917217 1234127 163/181
CSMaRTH21 1917217 126/126 158/161
CSMaRTH22  191/217 . 126/129 161/176
CSMaRTH23  194/252% 123/126 167/181
C5MaRTH24  209/209 V 126/126 167/167

CSMaRTH25  217/217 | 180/19% ; ?w@ 123/126  176/176
CSMaRTH26 209,*209 96/196  157/180  186/186  122/123  176/176
CSMaRTH27 d ﬁ %’ 23/127  163/167
CSMaRTH28 m EI% w gﬁh ‘jzyuﬁ 161/167
CSMaRTH29 191 1 196/19  _180/180  186/186  123/126  167/176

CSMaRTH 161/173
covanih o A1 ol ioafahe I
CSMaR'I’H'JZ 203/209 180/196 170/180 177/186 123/127 154/167
CSMaRTH33 191/191 196/196 180/180 186/186 122/126 143/167

CSMaRTH34  191/191 196/196 180/180 186/186 126/129 143/167
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Samples Locus
DW455 DW503 PHel77 PTI02 Hau9 Haull
CSMaRTH35  209/252 180/196 170/180 177/186 126/127 161/181
CSMaRTH36  203/252 180/180 170/170 177177 123/127 161/181
CS5MaRTH37 191/191 174/196 166/180 173/186 126/129 163/181
CSMaRTH38 191/191 196/196 180/180 186/186 126/129 154/167
C5MaRTH39 191/209 180/196 170/180 177/186 122/126 154/167
CSMaRTH40 1917252 196/196 180/180 186/186 123/126 154/167
CSMaRTH41  194/252 196/196 180/180 186/186 126/129 161/181
CSMaRTH42  191/191 196/196 S50 186/186 123127 163/163
CSMaRTH43 1912252 : 177/186 126/126 163/163
CSMaRTH44  191/203 123/127 154/163
CS5MaRTH45  191/191 122/126 154/163
CSMaRTH46  209/252 126/126 173/173
CSMaRTH47  191/194 127/129 163/163
CSMaRTH48  252/252 123/127 163/173
CSMaRTH49 191/209 126/126 163/163
CSMaRTHS50  191/209 127/127 163/163
C5MaRTH51  191/252 126/126 161/161
CSMaRTHS52 191/252 127/129 163/163
CSMaRTHS3  191/252 126/126 163/163
CSMaRTH54  191/209 126/126 163/163
CSMaRTHS5  191/252 129/129 163/173
C5MaRTHS6  252/252 186/186 126/126 163/173
CSMaRTHS57  191/252 : 7 126/126 161/161
CSMaRTHS8  191/25252a5 1% " 1TTHRG 127/129 161/161
CSMaRTHS9 191209 “4" 196/ 127/129  163/176
CSMaRTH60  252/252 180/196 127/129 163/176
CSMaRTH61  191/191 196/196 163/180 126/126 163/163
CS5MaRTH62 19 ] 180/18( /LB6 27/129 161/163
CSMaRTH63 21 ﬁh ﬁ m ﬂ Iﬁ[ ) w ﬁ*ﬁﬁﬂ 326!12& 154/173
CSMaRTH64  191/252 196/196 163/180 186/186 129/129 163/163
CSMaRTH 1 4 1 163/163
cownxrn) ot Do L A ) T VahE o
CSMaRTH679 191/252 180/196 163/180 177/186 126/126 163/163
CSMaRTH68  191/252 180/196 180/180 177/186 129/129 163/163
CSMaRTH69  194/252 196/201 163/163 186/188 127/127 161/173
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Samples Locus

DW455  DW503  PHel77  PTI02 Hau9  Haul0
CSMaRTH70 1917233 196/196  180/180  186/186 127127  167/181
CSMaRTH71 2177252  180/196  180/180 177186  126/126  161/167
CSMaRTH72 2337252 201201 157163  177/186  126/126  161/173
CSMaRTH73 1917209  180/196  180/180  177/186  123/123  176/181
CSMaRTH74 1917252 180/196  157/180 177186  122/126 161173
CSMaRTH75 2097233 196/196  180/180  186/186  123/126  163/163
CSMaRTH76 191/191  196/196  157/163  186/186  127/129  163/163
CSMaRTH77 191209  196/196 _ 180/l 186/188 1271129 173173
CSMaRTH78  191/194 186/186  127/132 1547161
CSMaRTH79  191/209 126/126 1617167
CSMaRTHS0  191/252 126/126  161/161
CSMaRTHS81  191/191 126126 161/161
CSMaRTHS2 1917233 122123 154/154
CSMaRTHS3 1917252 126/129  163/163
CSMaRTHS4  209/252 1221123 163/18]
CSMaRTHSS 191252 122/126 1817181
CSMaRTHS86  191/233 122/123  163/163
CSMaRTH87  191/191 1261129 1671167
CSMaRTHS88  191/191 123123 161/161
CSMaRTHS89 191233 123/127  158/181
CSMaRTH90 191209 123127 163/163
CSMaRTHO1 1917217 123127 154/154
CSMaRTH92  191/252 - 123127 158/163
CSMaRTH93  191/209'¢ 123127 163/163
CSMaRTHO4  191/200 “4- 123/127  154/181
CSMaRTH95  191/209 126/126 1617181
CSMaRTH96 251:252 ﬁngﬁ 180080 177186 129129  17308)
CSMaRTHO97 ﬁ ! %’ 221122 163173
CSMaRTH98 ﬁou H m EI m w ﬂ/ﬂfﬁﬂ ‘313;113 163/167
CSMaRTH99 180/196  163/180 177186  126/127  167/167
CSMaRTH 161/173
| Ao s e S e
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Samples Locus
DW455 DW503 PHel?7 PTI02 Hau9 Haull

15% higher weight of group B

BL1 209/209 180/196 180/180 177/186 123/126 167/181
BL2 191/194 180/196 163/180 177/186 122/123 167/167
BL3 1917209 180/196 157/180 186/186 127/132 167/181
BL4 1917209 196/196 180/180 186/186 126/126 167/176
BL5 191/233 196/196 157/180 177/186 123/127 161/161
BL6 191/209 180/196 180/180 186/186 123/127 161/163

BL7 209/217 196/196 JU 186/186 123/127 176/181

BL8 191/209 186/186 127127 163/163
BL9 191/209 86/188 123/127 176/176
BL10 191/252 122/122 167/167
BL11 191/191 127127 158/173

BL12 1917252
BL13 191/252
BL14 191/252
BLI15 191/209
BL16 1917252
BL17 1917217
BL18 191/194

1271127 167/167
126/127 163/167
123/123 176/176
123/123 167/181
127/127 167/167
122/126 163/173
123/123 163/173

BL19 191/191 Piaift l 1237123 176/181
BL20 1917209 019G 1 BOEE 6/186 126/127 167/167
BL21 191/191 127/129 163/167

BL22 191/191 . 129/129 173/181
BL23 191/191 -.-:;;,;—,;_——_;_-.= i 126/129 167/167
BL24 191/191 123/127 167/167

BL25 191/191
BL26 209/209

BL27 l 9
BL28

127/127 161/161

lg 70 ]
96!196 180/183 186/186 123/127 167/167
26/126 167/167
EI w g“ﬁh ﬁZﬁHH 167/181

BL29 ]91”19 lEﬂH?ﬁ lll.'h"lBS 177/186 126/129 167/173
BL30O 158/163
aﬁ“;iawmﬂ’ﬁﬁmmﬁ’ﬂ
BL32 191/209 196/196 163/180 173/186 126/129 163/163

BL33 191/209 196/196 163/180 186/186 123/123 163/181
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Samples Locus
DW455 DW503 PHel77 PT102 Hau? Haull

BL34 1917209 196/196 163/180 186/186 1231127 163/181
BL35 209/209 196/196 163/180 186/186 122/122 161/173
BL36 191/191 196/196 157/180 177/186 123/127 167/167
BL37 191/191 196/196 163/180 186/186 123/123 163/163
BL38 191/191 180/196 157/180 177/186 129/129 167/167
BL39 1917191 180/196 180/183 177/186 127/129 163/167
BLA40 191/209 196/196 180/180 186/186 123/126 1617167
15% lower weight of group B

BS] 2337252 177/186 127/132 163/176
BS2 2171217 /186 123/123 163/176
BS3 191/209 127/127 163/167
BS54 191/191 122/123 161/167
BS5 191/209 127/129 163/163
BS6 191/191 122/126 167/181
BS7 191/267 123/123 163/181
BSS 191/233 123/123 167/167
BS59 191/267 123/126 163/163
BS10 1917267 123/123 163/181
BS11 191/191 123/123 158/158
BSI12 209/209 123/123 163/163
BS13 209/209 123/123 158/176
BS14 194/233 122/122 161/161
BSI15 191/191. 127127 163/181
BS16 191/2095—H 1R 1227122 167/167
BS17 191/191 _ 122/122 161/161
BS18 1917209 174 ? 123/129 158/158
BS19 1917191 196!]9& lEm’lBﬂ 186/ 123/129 167/167
BS20 19 123127 167/167
BS21 Sﬁm Hlﬁ % H ﬂ w gﬁh ‘512&’129 163/167
BS22 191909 196/196 IGSIIEH 186/186 129/129 163/167
BS23 163/173
s 9 Poui ¢ Al SN THYNRE e
BS25 209/252 180/196 163/183 177/186 123/123 173/181
BS26 191/191 196/201 180/180 186/188 126/129 167/167
BS27 2521252 180/196 157/180 177/177 126/129 163/163
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Samples Locus

DW455  DW503  PHel77  PTI02 Hap9 Hapl0
BS28 191217 196/196  163/180  186/186  123/127  163/163
BS29 191252 196/196  157/180  177/186  126/129  163/163
BS30 191/209  196/196  163/183  186/186  126/129  163/163
BS31 191217 196/196  157/157  186/186  123/127  163/163
BS32 252/252  196/196  157/180  186/186  123/123  163/163
BS33 209/217  180/196  180/183  177/188  126/129  158/167
BS34 191/191  196/196  180/180  186/186  126/126  163/163
BS35 233/252  196/196 U80S0 186/186  123/127  163/163
BS36 209/252  180/1968 J} BOLF 177186 123123 1617161
BS37 209252 180M8¢ B0/192077/186  123/129  167/167
BS38 2177252 ~ 1&3& 123123 167176
BS39 191/267 168/180 3486 123/123  163/163
BS40 191/267 (180180 . T864186 127127 163/163

AULINENINYINg
ARIAATUAMINYAE



Primer combinations used for screening of polymorphic AFLP markers of

H. asinina

APPENDIX D

Primer Pair

No. of
monomorphic
band

No. of bands
only in
TRGW

No. of bands
only in SAME

No. of polymorphic bands

1 Band 2 Bands

3 Bands

Eaxe/ Mcac
Eaac/ Mcac
Eaxc/ Mcra
Exac/ Mcre
Eaxc/ Mcrr
Eane/ Mcga
Exac/ Mcer
Eanc/ Mcge
Exnc/Mcee
Eaxc/ Mcca
Earc/ Mccr
Eaac/ Mcce
Excal Mcac
Eaca/ Mcag
Eaca/ Mcra

Exca/ Mcre

Exca/ Merr

Exca/ Mcga
Exce/ Mcee

A R RN 0

Excc/ Mcce!
Exce/ Mceac
Exce/ Mcag
Exce/ Mcra
Exce/ Mcre
Eace/ Mcrr

5
10
10
8
16
9

1
1

U

AUEINENINENS

Lad Bd e e

1
1
2
1
3

uwwﬁ?awi@
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Primer Pair

No. of

monomorphic

band

No. of
bands only
in TRGW

No. of bands

only in SAME

No. of polymorphic bands

1
Band

2 Bands 3 Bands

Exce/ Mcca
Exce/ Mcr
Exce/ Mcce
Exga/ Mcac
Excar Mcac
Eaca/ Mcra
Eaca/ Mcre
Eaca/ Mcrr
Eaca/ Mcca
Exga/ Mcce
Eaca/ Mcce
Eaca/ Mcca
Eaca/ Mccr
Eate/ Mcac
Exre/ Mcra
Eare/ Merr
Exre/ Mcga
Eare/ Mcca
Eare/ Mccr
Eare/ Mccg
Eare/ Mccc
Exre/ Meac
Eare/ Mc

Earc/ Mt:m
Eare/ Mcrc
Earc/ Mcrr
Earc/ Mcea
Exre/ Mcer

Earc/ Mcge
Exre/ Mege

ﬂgﬂqwawﬁwannﬁ
méﬂniduwﬂ%maa

15

12
12

2
2
1
1

)

L'j

_— L ba

T SR T T

(F]

[}
e fa— e Lad
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Primer Pair No. of No. of No. ?f bands No. of polymorphic bands
e ey SAYME 1 2Bands 3 Band

Earc/ Mcca 15 4 3 1 o

Earc/ Mcer 14 2 1 1 1

Exre/ Mece 10 2 3 =

Eard/ Mccc 13 4 4 1

Eata/ Mcac 16 | = 2

Eata/ Mera 11 2 1

Eata/ Mcrr 10 - 2
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APPENDIX E

Genotype of of H. asinina examined by 4 AFLP-derived SCAR markers and mtDNA
(ND-IT) polymorphism

Samples SCAR markers

HaSCAR;;y  HaSCARy;ys  HaSCAR;;  HaSCARy; ND-11

Po generation, Samet Island founders (east)

SAME! A A A B A
SAME2 A B A
SAME3 A C A
SAME4 A C A
SAMES A A A
SAMES6 A B A
SAME7 A C A
SAMES A A A
SAME9 A A A
SAMEI0 A A A
SAMEI 1 A B A
SAMEI2 A A A
SAMEI3 A A A
SAME14 A C A
SAMEI1S A B A
SAME16 AN A A
SAMEI7 A A A
SAMEIS B A
SAME19 B A
s Ffium ReNINEING 4

Talibong Island, Trahg province (west) oy

e ANTNNIQUUMINGRY
mov ARAIN gpY
TRGW3 B C B
TRGW4 B B B C B
TRGWS B B B C C
TRGW6 B B B B B
TRGW7 B A B c C
TRGWS B B B C B
TRGW9 A B B C B
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Samples SCAR markers

HaSCAR;;0 ~ HaSCARys  HaSCAR;; ~ HaSCAR;y ND-1I

TRGWI10 B B | &
TRGW11
TRGWI12
TRGWI13
TRGW14
TRGWI5
TRGWI16
TRGW17
TRGWI18
TRGW19
TRGW20
TRGW21
TRGW22
TRGW23
TRGW24
TRGW25
Cambodia (east)
CAMEI!
CAME2
CAME3
CAME4
CAMES
CAMES6

i EI’J mlm ‘Vt?;l’lﬂ‘i*
G awmqnmwwwmaa

CAMELII
CAMEI2
CAMEI13
CAMEI4
CAMEILS
CAMEIL6
CAMEI7
CAME1S

B
B B
B B
B B
B B
B B
B B

o< B o - I v - B v - B v = S = O = O = - R < - S = - B~ S = R « = v = v =
O 0 E 0 EF 0000000000
L=« N - BN -~ B~ H = O = S« = M~ - S - O - - B T~ - B o B~ - I o TR

> » » O T O
> > D W > @

T i i A S

o> > x> 00
> > P> > > >
e = S
> >0 > W > =
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Samples SCAR markers

HaSCAR;;  HaSCARys  HaSCAR;;  HaSCAR;y ND-II

CAMEI9 A A
CAME20 A A
CAME2I A A
CAME22 A A
F1 generation, the Philippines
PHII E

PHI2
PHI3
PHI4
PHI5
PHI6
PHI7
PHIZ
PHI9
PHII0
PHIT1
PHII2
PHI13
PHI14
PHI15
PHI16
PHI17
PHII8

w s NS

Hatchery-propagated cultured at Trang ¢

st § Qﬁ?ﬁﬂﬂ‘iw lWﬂ@'ﬂEﬂﬁ d
CTRGH3
CTRGH4
CTRGHS
CTRGHé
CTRGH7
CTRGHS
CTRGH9Y

> > > >
> W O @
> > > »

A

e O = T« B - = S - O s B« R < T+ L FR =« s B I+ R 7 O =
o< I o T o G N o B o B o S o T o B - - A O & O = TN o G o T, o 0 G
2 A T R S S i i A

> > = > > > 0O >
> > P> > > > >
0= =2 > 2> > >
mwrm> 0@

> = > > P B> > >
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Samples

SCAR markers

=
%
R
&

HaSCAR 3

HaSCAR;;;

HaSCAR

ND-1I

CTRGHI10
CTRGHI1
CTRGHI2
CTRGHI13
CTRGH14
CTRGHI15
CTRGHI16
CTRGHI17
CTRGHI138
CTRGHI19
CTRGH20
CTRGH21
CTRGH22
CTRGH23
CTRGH24
CTRGH25
CTRGH26
CTRGH27
CTRGH28
CTRGH29
CTRGH30
CTRGH31
CTRGH32
CTRGH33
CTRGH34
CTRGH35
CTRGH36
CTRGH37
CTRGH38
CTRGH39
CTRGH40

>0 > > P> > 2> > P> P> P>y 0>>>0>>>>

A
C
A

17
]

AUE INENIRLINT:
RN TU NN Y

A

A
A
B

A
A

ok ®E P EOF® >R >R >R E

A
B
A

A

>R EEEFE>EEE P

Hatchery-propagated cultured at Sichang Marine Science Research and Traning Station

CSMaRTHI
CSMaRTH2
CSMaRTH3

C
C
A

A
A
A

A

A
A

B
A
B

A
A
A
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Samples

SCAR markers

HaSCAR ;3

HaSCAR 35

HaSCARy;;

HaSCAR ;3

ND-I1T1

CSMaRTH4

CSMaRTHS5

CSMaRTH6

CSMaRTH7

CSMaRTHS

CSMaRTH9Y

CSMaRTHI10
CSMaRTHI11
CSMaRTHI12
CSMaRTHI3
CSMaRTH14
CSMaRTH15
CSMaRTHI16
CSMaRTH17
CSMaRTH18
CSMaRTH19
CSMaRTH20
CSMaRTH21
CSMaRTH22
CSMaRTH23
CSMaRTH24
CSMaRTH25
CSMaRTH26
CSMaRTH27
CSMaRTH28
CSMaRTH29

cm@wqumumwmaﬂ

CSMaRTH319
CSMaRTH32
CSMaRTH33
CSMaRTH34
CSMaRTH35
CSMaRTH36
CSMaRTH37
CSMaRTH38

> 0> 0

> o @@ @ 2o >E >0 >2> >0 00 0@

EI’J Vﬁﬂﬂﬁ‘i’fmn‘i

> > > > > >

> > > > > > »

e R

>

@ > = > > @
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Samples

SCAR markers

HaSCAR 130

HaSCAR 35

HaSCARy;;

HaSCAR ;54

ND-1I

CSMaRTH39
CSMaRTH40
CSMaRTH41
CSMaRTH42
CSMaRTH43
CSMaRTH44
CSMaRTH45
CSMaRTH46
CSMaRTH47
CSMaRTH48
CSMaRTH49
CSMaRTH50
CSMaRTHS51
CSMaRTH52
CSMaRTHS3
CSMaRTH54
CSMaRTHS5

CSMaRTHS6

CSMaRTHS57
CSMaRTHS58
CSMaRTH59
CSMaRTH60
CSMaRTH61
CSMaRTH62
CSMaRTH63
CSMaRTHé64

CSMaRTH664

CSMaRTHe67
CSMaRTH68
CSMaRTH69
CSMaRTH70
CSMaRTH71
CSMaRTH72
CSMaRTH73

> > > > > > > > > > 2> 0>02>>2>> > > > >
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B

@ > > E>POAOEE>>>>F>E0E00>00@ >
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Samples

SCAR markers

HaSCAR

HaSCAR 5

HaSCAR;;,

HaSCAR ;34

ND-I1T1

CSMaRTH74
CSMaRTH75
CSMaRTH76
CSMaRTH77
CSMaRTH78
CSMaRTH79
CSMaRTHS0
CSMaRTHS1
CSMaRTHS82
CSMaRTHS3
CSMaRTH84
CSMaRTHS5
CSMaRTHS86
CSMaRTH87
CSMaRTHS88
CSMaRTHS89
CSMaRTHS0
CSMaRTH91
CSMaRTH92
CSMaRTH93
CSMaRTH94
CSMaRTH95

> O > > B> >0 >
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APPENDIX F

I. Hatchery-propagated specimens used in correlation analysis between
genotypes of microsatellites and the body weight H. asinina

Sample Large Body Small Body
Weight (g) Weight (g)
Group B BLI 15.14 BSI 4.58
BL2 12.36 BS2 4.03
BL3 12.09 BS3 4.58
BL4 BS4 431
BLS BS5 3.61
BL6 BS6 2.50
BL7 BS7 431
BL8 BSS 4.03
BL9 BS9 431
BL10 3510 458
BL11 BS11 3.20
BLI12 3512 431
BL13 BS13 4.58
BL14 BS14 4.03
BLI5 BS15 2.92
BL16 BS16 4.17
BL17 BS17 4.03
BL1S - -j‘ 18 278
BLI9| ——t222 7519 4.03
BL20 *Bs20 4.45
BL21 11.81 Upsan 431
BL22 ~10.84 BS22 431
ﬁyﬁl?ﬂ'ﬁl'ﬂﬁw IRy
431

aﬁmﬂﬂ%éu URNINEBNE s

BL27 11.95 BS27
BL28 10.97 BS28
BL29 12.78 B529
BL30 11.53 B530
BL31 17.78 BS31
BL32 11.81 BS32

BL33 13.34 BS33

4.31
3.47
3.75
4.45
3.89
3.75
3.20
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Sample Large Body Small Body
Weight (g) Weight (g)

BL34 10.97 BS34 2.92

BL35 11.67 BS35 2.78

BL36 12.36 BS36 4.31

BL37 12.36 BS37 431

BL38 12.09 BS38 3.20

BL39 14.73 BS39 3.75

4.17

I H. asinina samples from hateher e
metabolism- related genes hy quaititativeReal = lime PCR

BL40 12.92 BS40

for the expression level of

Sample Large a\\\ Small Body
j;r"i Weight (g)

Group C CL1 8.67

CL2 csz 4.80

CL3 CS3 7.46

CL4 Cs4 9.95

CLS 2 CS5 9.81

CL6 P4 7gias = CS6 7.84

CL7 A cs7 8.80

CL8 SELA S8 7.90

CLI.. | £gs9 7.84

cLioLZ 2657 as10 8.47

CLI1 7l cs1i 7.16

CL12 20.83 CS12 6.80

6.13

ﬁﬂﬂ%ﬂ@ﬂﬁﬂﬂﬂﬁﬁ o

2649 Cs1s 8.32

Q‘lﬂf‘lﬂﬂﬁm UAANELAY &7

CL18 27.98 CS18
CL19 24.52 C519
CL20 25.22 C520
CL21 22.36 C521
CL22 22.43 CSs22
CL23 25.02 C523
CL24 22.52 C524

CL25 20.78 CS25

4.23
6.15
7.09
997
4.06
7.80
7.24
6.47
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Sample Large Body Small Body
Weight (g) Weight (g)
CL26 21,02 CS26 8.61
CL27 23.61 CS27 6.37
CL28 27.15 CS28 8.31
CL29 25.04 CS29 7.85
CL30 21.37 CS30 8.01
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