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Molecular markers that allow selection of juveniles and broodstock with a high breeding value for
growth traits are useful for the aquacultural industry. In this study, cellular proteomics of hepatic tissues of
large-sized (average body weight = 28.53 + 12.97 g and average total length = 13.30 + 1.82 cm, N = 9) and
small-sized (average body weight = 2.62 + 0.74 ¢ and average total length = 6.00 + 0.55 cm, N = 9) 4-month-
old juveniles of the Asian seabass (Lates calcarifer) was examined. In total, 1578 protein homologues were
identified and 833 proteins significantly matched either unnamed or unknown proteins (52.8%). The remaining
745 protein (47.2%) matched proteins with known functions. Twenty-eight proteins (e.g. calmodulin cAMP-
dependent protein kise catalytic subunit beta, dual specificity phosphatase 6, fidgetin-like protein 1 and
clathrin coat assembly protein AP180-like) showed significantly differential expression between large-sized
and small-sized samples. In addition, several growth-related proteins, for example, transforming growth factor
beta-2 precursor (TGF—BZ precursor), transforming growth factor beta-3 precursor (TGF—B3 precursor),
transforming growth factor beta-2-induced protein ig-h3 precursor (TGF—BZ—induced protein ig-h3 precursor)
and activin type IIB receptor (ActRIB) were also identified.

Single nucleotide polymorphism (SNP) in insulin-like growth factor Il (IGF-Il), myostatin (MSTN) and
ActRIIB was further analyzed in 4-months-old juveniles cultured in concrete tanks (N = 99). Polymorphism of
the intron 4 gene segment of IGF-Il and MSTN loci 1 did not associated with growth-related parameters. In
contrast, large-sized d-month-old L. calcarifer carrying SSCP pattern B of the exon 1 gene segment of GF-II
possessed a greater average body weight (30.32 + 15.00 g) than those carrying SSCP pattern C (19.66+5.10 g)
(P < 0.05). For MSTN loci 2, results for overall samples revealed that 4-month-old fish carrying SSCP pattem A
possessed a greater average body weight, total length and hepatic weight (13.13+11.82 g, 9.32+3.34 cm,
0.19+0.19 g, respectively) than those of fish carrying SSCP pattern B (5.26+7.29 g, 6.65+2.15 cm, 0.07+0.06 g,
respectively) (P < 0.05). For ActRIB, juvenile L. calcarifer exhibiting SSCP pattern D had a greater average body
weight, total length and hepatic weight (17.15+13.79 g, 10.24+3.59 cm, 0.24+0.22 g, respectively) than those
carrying SSCP genotypes A (2.64 g, 6.10 cm, 0.08 g, respectively) and B (2.95+0.66 g, 6.26+0.64 cm, 0.04+0.04
g, respectively) (P < 0.05). Considering only large-sized juveniles, those exhibiting SSCP pattern D (average
body weight 26.38+9.48 ¢) had a greater growth-related parameters than those exhibiting SSCP pattem C
(average body weight 17.77+£5.02 ¢) (P < 0.05). Relationships between SSCP patterns of all examined genes
and growth-related parameters were not statistically significant in small-sized fish (P > 0.05).

The PCR products of representative individuals exhibiting different SSCP patterns of IGF-Il (exon 4)
and ActRIIB were sequenced. Results indicated three (A/A7,C/Cigs, G/G72C/Ties and A/G7,C/Cigs) and four
(NVG144C Ta6, NG13¢T/Cagg, G/G14qC/T306 and G/G1gqC/Caye) diplotypes, corresponding to SSCP patterns A-C and
A-D of respective genes, were observed. Results demonstrated the potential of SSCP for identification of SNP

in interested genes of L. calcarifer.
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CHAPTER |
INTRODUCTION

1.1 Background information

The Asian seabass (Lates calcarifer) is an economically important fish species
in the tropical and subtropical regions in the Asia-Pacific. The global aquaculture
production of L. calcarifer has increased from 1,403 tons in 1981 to 3,939 tons in
1988. Subsequently, its aquaculture production was increased to nearly 49,172 tons

in 2009 and peaked at 75,405 tons in 2012 (FAO 2013; Figure 1.1).

In Thailand, spawning of Asian seabass had been successfully achieved by
hormonal manipulation since 1973 which has made the Asian seabass fry readily
available. Cage culture of the fish has been done mainly in the southern part of
Thailand. However, culture has expanded to other parts of the country. The
production is sold in the country or exported to neighboring countries such as
Malaysia, Singapore, Hong Kong and Australia. The specific processed in aquaculture
and various sizes of marketable fish will also influence the expansion of the industry

and its foreign market.

Global Aquaculture Production for species (tonnes)
Source: FAO FishStat
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Figure 1.1 A diagram of the global aquaculture production of L. calcarifer during

1980-2012 (FAO 2013).



The fish has been successfully spawned by hormonal manipulation since
1973 in Thailand. The Asian seabass is more expensive than most other local fish

species. The production of Asian seabass was in high demand.

Biotechnology and genetics have great potential to increase production from
seabass farming and to help make its farming sustainable. Genetic improvement
techniques for delivering genetic gain include formal definition of the breeding
objectives, estimation of genetic parameters that describe populations and their
differences, evaluation of additive and non-additive genetic merit of individuals or

families and defining the structure of a breeding program in terms of breeding plans.

The culture period of this species to the market size was approximately 6-8
months. Presently, the production efficiency is decreased due to the lack of high
quality broodstock and it presently takes a longer period of 10-12 months to get the
market-sized fish. Selection for increased juvenile growth rates would be feasible in
this species. Accordingly, genetic markers that allow selection of juveniles and
broodstock with a high breeding value for growth rates would be useful for increasing

the production efficiency of this species.
1.2 Objectives of this thesis

1. Determination of proteomic profiles in juvenile L. calcarifer having different

growth rates by GeLC-MS/MS

2. ldentification of single nucleotide polymorphisms (SNPs) in growth-related
genes of L. calcarifer by single strand conformational polymorphism (SSCP) and DNA

seqguencing.

3. Determination of relationships between SSCP patterns of growth-related
genes and growth parameters (e.g. body weight, total length, liver weight and

hepatosomatic index (HSI) of juvenile L. calcarifer.



1.3 Biology of the Asian seabass (L. calcarifer)

1.3.1 Taxonomy of L. calcarifer

Asian seabass are taxonomically recognized as member the largest phylum in

the animal kingdom, the Chordata. Taxonomic definition of the seabass is as folloes;
Kingdom: Animalia
Phylum: Chordata
Class: Actinopterysgii
Order: Perciformes
Family: Latidae
Genus: Lates

Species: Lates calcarifer (Bloch)

The scientific name of this species is Lates calcarifer (Mathew, 2009) and the

common name is Asian seabass or Barramundi perch.
1.3.2 Morphology and distinctive characters of L. calcarifer

The morphological characters of L. calcarifer are well described. Its body is
elongated, compressed, with deep caudal peduncle. Body large, elongate and stout,
with pronounced concave dorsal profile in head and a prominent snout; concave
dorsal profile becoming convex in front of dorsal fin. Mouth is large, slightly oblique,
upper jaw reaching to behind eye; teeth villiform, no canine teeth present. Lower
edge of pre-operculum is with strong spine; operculum with a small spine and with a
serrated flap above original of lateral line. Dorsal fin with 7 to 9 spines and 10 to 11
soft rays; a very deep notch almost dividing spiny from soft part of fin; pectoral fin

short and rounded; several short, strong serrations above its base; dorsal and anal



fins both have scaly sheath. Anal fin round, with three spines and 7-8 soft rays;

caudal fin rounded. Scale large ctenoid (rough to touch) (Figures 1.2 and 1.3).

Two phases of colors are observed, either olive brown above with silver sides
and belly in marine environment or golden brown in freshwater environment. In
adult, it is usually blue-green or greyish above and silver below. Fins are blackish or
dusky brown. Juveniles have mottled pattern of brown with three white stripes on
head and nape, and white blotches irregularly placed on back. Eyes are bright pink,
glowing at night.

Sexes of Asian seabass were difficult to identify. In during the spawning
season can be identified. There were some dimorphic characters that were indicative
of sex (Figure 1.4). Such as were the male has a more slender body than the female,
weight of the female was heavier than males of the same size, during the spawning

season, abdomen of the female was relatively more bulging than the males.

A. Villiform teeth
ill arch
——— (“PP?E
par

filaments Fin spine

gil\k —— ?illorch )
rakers lower part) Fin soft ray

B. Detail of gill structures
(not seabass)

D. Ctenoid scaole E. Rounded caudal fin

Figure 1.2 External morphology of the Asian seabass, L. calcarifer

(http://www .fao.ore/../Q8694E02 gif)
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Figure 1.3 Internal morphology of fish (http://www.artscape.us/aquaculture/fish/fish

anatomy.gif)

Figure 1.4 Photograph of adult male and female of L. calcarifer (Mathew, 2009)



1.3.3 Life cycle of L. calcarifer

Asian seabass spends most of its growing period (2-3 years) in freshwater
bodies such as rivers and lakes which are connected to the sea (Figure 1.5). It has a
rapid growth rate, often attaining a size of 3-5 kg within 2-3 years. Adult fish (3-4
years) migrate towards the mouth of the river from inland waters into the sea where
the salinity ranges between 30-32 ppt for gonadal maturation and subsequent
spawning. The newly-hatched larvae (15-20 days old or 0.4-0.7cm) are distributed
along the coastline of brackish water estuaries. After one year, juveniles move into
coastal waters and then migrate upstream where adults reside for three to four years

(Mathew, 2009).

Figure 1.5 The life cycle of L. calcarifer. (http://eatingjellyfish.com/wp-

content/../Barramundi_life_cycle jpg)



1.3.4 Distribution of L. calcarifer

Asian seabass is widely distributed in tropical and sub-tropical areas of the
Western and Central Pacific and Indian Ocean, between longitude 50°E - 160°W
latitude 24°N - 25°S (Fig. 1.6). It occurs throughout the northern part of Asia,
southward to Queensland (Australia), westward to East Africa. It is found in coastal

waters, estuaries and lagoons and usually occurs at depths of 10 to 40 m.

Figure 1.6 The geographic distribution of L. calcarifer. (FAO, 1974,
http://www.fao.org/docrep/../AC230E01 gif)



1.4 Molecular markers for genetic improvement of economically important

species

Molecular genetic markers at the DNA level are the key players in animal
genetics and can be applied for genetic improvement of various economically
important species (Teneva, 2009). Molecular genetic markers are classified into two
categories: type | which are those associated with genes of known function and type
Il markers which are associated with anonymous genomic segments (Liu and Cordes,
2004) (Table 1.1). Various types of molecular genetic markers are classified. These
included hybridization-based DNA markers (e.g. Restriction Fragment Length
Polymorphisms, RFLPs and oligonucleotide fingerprinting), PCR-based DNA markers
(e.g. Random amplified Length Polymorphic DNAs, RAPDs, Simple Sequence Repeats
or microsatellites, SSRs and Amplified Length Polymorphism, AFLPs) and DNA chip

and sequencing-based DNA markers (e.g. single nucleotide polymorphisms, SNPs).
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1.4.1 Single Nucleotide Polymorphisms (SNPs)

SNPs are the most basic unit of genetic variation and represent the
commonest class of DNA-based markers (Varshney et al,, 2007). SNPs are one base
changes including substitution, deletion or insertion occurring in the same genomic
position of the DNA segments of difference individuals distributed with the frequency

of more than 1% in the examined population (Thomas et al., 2009) (Figure 1.7).

SNPs have several advantages over other markers and are recognized as an
important type of markers at present. There are four major reasons for the increasing
interest in the use of SNPs as markers for genetic analysis (Beuzen et al,, 2000).
Firstly, SNPs are prevalent and provide more potential markers near or in any locus
of interest than other types of polymorphism. In the human genome, there appears
to be an SNP approximately every 1000 bases. Secondly, some SNPs are located in
coding regions and directly affect protein function. These SNPs may be directly
responsible for some of the variations among individuals in economic traits. Thirdly,
SNPs are co-dominantly inherited, making them more suited as long-term selection
markers. Finally, SNPs are most suitable for high throughput genetic analysis.
Therefore, SNP is a marker of choice for association analysis of commercially

important traits in various species.

Figure 1.7 General illustration of single nucleotide polymorphism (SNP) (Thomas et

al,, 2009)
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1.4.1.1 Classification of SNPs

SNPs can be classified are two types. Type | or coding SNPs are those located
in exons, results in non-replacement (synonymous) and replacement (non-
synonymous) of amino acid in the polypeptide chain. Type Il or non-coding SNPs are
those located in 5’ or 3’ non-transcribed regions, 5’ or 3’ untranslated regions,

introns and intergenic spacers.
1.4.1.2 SNP discovery

SNP can be detected in the DNA sequences by several methods. DNA
sequencing is the directed method for SNP identification (Figure 1.8). Nevertheless,
several indirect methods can be used by single strand conformational polymorphism
(SSCP), denaturing gradient gel electrophoresis (DGGE), allele-specific amplification
(ASA) (Table 1.2).

Figure 1.8 SNP discovery by alignment of sequence traces obtained from direct
sequencing of genomic PCR products. Box 1: top sequence homozygote AA, middle
sequence heterozygote AG and bottom sequence homozygote GG. Box 2: top and
bottom sequences as heterozygote CT and the middle one as homozygote CC

(Vignal et al., 2002).
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Table 1.2 Comparison of selected mutation screening methods (Shastry, 2002).

Method Fragment Advantage Disadvantage Efficiency
length (bp)
Single strand ~300 No expensive Small fragment, 80
conformational equipment temperature
polymorphism variation
Heteroduplex 300-600 No expensive Condition to be 80
analysis equipment determined
Denaturing 100-1000 Simple, long Gradient gel 100 with
gradient gel and short required, mutation  GC clamp
electrophoresis fragments in GC region may
not be detected
Enzymatic 300-1000 Long and short Identifies all kinds 100
mismatch fragments of mutations
detection
Base excision 50-1000 Accurate Expensive 100
sequence instruments
scanning
RNAase cleavage 1.6 kb Longer Requires special kit 100
fragment and
rapid analysis
Chemical 1-2 kb Large fragment  Multi-steps, labor 100
cleavage intensive and
hazardous
chemicals
DNA sequencing 500 Rapid and Labor intensives 100
easy, no
additional

sequencing
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1.5 Molecular techniques used in this thesis
1.5.1 SDS-polyacrylamide gel electrophoresis (SDS-PAGE)

SDS-PAGE is an analytical method used to separate components of a protein
mixture based on their size. The technique is based upon the principle that a
charged molecule will migrate in an electric field towards an electrode with opposite
sign. The general electrophoresis techniques cannot be used to determine the
molecular weight of biological molecules because the mobility of a substance in the
gel depends on both charge and size. To overcome this, the biological samples
needs to be treated so that they acquire uniform charge, then the electrophoretic
mobility depends primarily on size. For this different protein molecules with different
shapes and sizes, needs to be denatured (done with the aid of SDS) so that the
proteins lost their secondary, tertiary or quaternary structure .The proteins being
covered by SDS are negatively charged and when loaded onto a gel and placed in an
electric field, it will migrate towards the anode (positively charged electrode) are
separated by a molecular sieving effect based on size. After the visualization by a
staining (protein-specific) technique, the size of a protein can be calculated by
comparing its migration distance with that of a known molecular weight ladder

(marker) (Figure 1.9).
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Figure 1.9 The SDS-PAGE process (http://www.chem.fsu.edu/chemlaby.../
background clip image010.jpg)

1.5.2 Mass spectrometry

Mass spectrometry is a highly sensitive technique of instrumental analysis of
molecules. Currently, a wide range of mass spectrometry types that are specialized
for the analysis of element, small gaseous molecules, or biomolecules and
biopolymer, exists. Protein identification by this analysis used proteomically digested
protein to give higher accuracy of identification than the intact proteins. Proteolysis is
achieved using common enzymes such as trypsin prior to MS analysis. This enzyme
hydrolyzes peptide bonds on the C terminal side of lysine (Lys) and arginine (Arg)
residues, except when they are immediately followed by proline (Pro). Other
enzymes such as pepsin, proteinase K and even chemical digestion using reagent
such as cyanogenbromide (CNBr) can also be used for the protein digestion However,
the use of CNBr vyields large peptide fragment that may not useful for peptide
sequencing by MS.


http://www.chem.fsu.edu/chemlab/.../
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Mass spectrometers are made up of three functional units: an ion source, a
mass analyzer, and a detector. For mass spectrometric analyzes, free gaseous ions
are generated from the sample in the ion source and then focused into and ion
beam in vacuum. The mass analyzer separates ions in this beam according to their
mass/change (m/z)-ratio; these ions are then registered by detector. Individual

measurements are plotted in a mass spectrum with m/z (x-axis) and intensity (y-axis).

Two techniques of mass spectrometry have established in biomolecular
analysis; matrix-assisted laser desorption/ionization (MALDI) and electrospray

ionization (ESI).

Electrospray ionization involves spraying the analyte solution from a
microcapillary that carries a high (negative or positive) potential in reference to the
mass spectrometer. When the electrostatic force of the applied current exceeds the
surface tension of the analyte solution, a Taylor cone forms at the tip of the
microcapillary. Highly charged droplets from and solvent evaporation disintegrates
them further to a fine spray. This analyte spray is they sucked into the evacuated
mass. Analyzer through a microorifice. In the interface area, the droplets are dried
and ion formation occurs. The working schematic of an ESI ion source is show in

(Figure 1.10).
1.5.3 Polymerase chain reaction (PCR)

The polymerase chain reaction (PCR) is a technique to amplify a single or a
few copies of a piece of DNA across several orders of magnitude, generating
thousands to millions of copies of a particular DNA sequence. The technique was
developed by Kary Mullis in 1984 (Joshi and Deshpande, 2011). PCR is based on
enzymatic replication of DNA, without using a living organism. This technique involves
creating oligonucleotide primers that are complementary to sequence of the gene of
interest (DNA template). The primers were designed to flank the interested gene
sequence, usually 18-30 nucleotides in length. Million copies of the target DNA
sequence can be synthesized from the low amount of starting the DNA template

within a few hours.
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Figure 1.10 Schematic view of an electrospray ion source. Analyte solution is sprayed
at atmospheric pressure, droplets enter the evacuated analyzer area through a
microorifice and anion beam is formed (http//www.bris.ac.uk/nerclsmsf/images/

apci.gif)

The PCR components were composed of DNA template, a pair of primer for
the target sequence, dNTPs (dATP, dCTP, dTTP and dGTP), PCR buffer and heat-
stable DNA polymerase (usually Tag polymerase). There are three major steps
involved in the PCR technique: denaturation, annealing, and extension (Figure 1.11).
In step one; the DNA is denatured at high temperatures (from 90 - 97 degrees
Celsius). In step two, primers anneal to the DNA template strands to prime extension.
In step three, extension occurs at the end of the annealed primers to create a
complimentary copy strand of DNA. The cycle was repeated until the desired
amount of DNA is obtained, usually 30-40 cycles, resulting in an exponential increase
of the target DNA. The amplification product was determined by agarose gel

electrophoresis.
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Figure 1.11 General illustration of polymerase chain reaction (PCR) for amplification

of the target DNA (http://www.flmnh.ufl.edu/cowries/amplify.html)

1.5.4 Single-Stranded Conformational Polymorphism (SSCP)

SSCP was originally described by Orita et al. (1989). The SSCP analysis detects
sequence variations (single-point mutations and other small scale changes) through
electrophoretic mobility differences. These variations can potentially cause
conformational changes in the DNA molecules. Under non-denaturing conditions and
often reduced temperature, single-stranded DNA molecules can assume unique
conformations that vary depending on their nucleotide sequences. These
conformational changes can result in detectable differences in mobility as illustrated

in Figure 1.12.

The major advantage of SSCP analysis is that a large number of individuals
may be simultaneously genotyped. Heteroduplexes (product from misannealing of
single stranded DNA from difference alleles) can occasionally be resolved from
homoduplexes (products from annealing of single stranded cDNA of the same
alleles) give additional information on the presence of variants. Therefore, SSCP is
regarded as one of the potential techniques that can be used to detect low
polymorphism in various species prior to conformational of the results by nucleotide

sequencing.
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Figure 1.12 Schematic diagram of the SSCP technique

1.5.5 DNA sequencing

DNA sequencing techniques are key tools in many fields. DNA sequencing is
the process for determine the order of the nucleotides bases; adenine (A), guanine
(G), cytosine (C) and thymine (T) in a molecule of DNA. There are two main methods
of DNA sequencing: the “chemical cleavage” procedure described by Maxam and
Gilbert (1977) and the “enzymatic chain termination” procedure described by Sanger
(1977). The disadvantage of the former method is that the procedure requires the
use of several hazardous chemicals. Therefore, the latter is commonly used at

present.

DNA polymerases copy single-stranded DNA templates, by adding nucleotides
to a growing chain (extension product). Chain elongation occurs at the 3" end of a
primer, an oligonucleotide that anneals to the template. The deoxynucleotide added
to the extension product is selected by base-pair matching to the template. The
extension product grows by the formation of a phosphodiester bridge between the
3'-hydroxyl group at the growing end of the primer and the 5 -phosphate group of
the incoming deoxynucleotide. DNA polymerases can also incorporate analogues of

nucleotide bases. The dideoxy method of DNA sequencing developed by Sanger et
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al. (1977) takes advantage of this ability by using 2,3 -dideoxynuclectides as
substrates When a dideoxynucleotide is incorporated at the 3" end of the growing
chain, chain elongation is terminated selectively at A, C, G, or T because the chain

lacks a 3'-hydroxyl group (Figure 1.13).
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Figure 1.13 DNA strand synthesis by formation of phosphodiester bonds. The chain is
terminated by the use of dideoxycytidine triphosphate (ddC) in place of

deoxycytidine triphosphate (dCTP). The inset shows a schematic representation of

the process.

For automated fluorescent sequencing, fluorescent dye labels are
incorporated into DNA extension products using 5 -dye labeled primers (dye primers)
or 3-dye labeled dideoxynucleotide triphosphates (dye terminators). The most
appropriate labeling method to use depends on your sequencing objectives, the
performance characteristics of each method, and on personal preference. Automated

DNA sequencers detect fluorescence from four different dyes that are used to
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identify the A, C, G, and T extension reactions. Each dye emits light at a different
wavelength when excited by an argon ion laser. All four colors and therefore all four
bases can be detected and distinguished in a single gel lane or capillary injection

(Figure 1.14).

ATTCCACACAACATACGAGCCGGAAGCATAAAG
180 190 200

oW Vo b

Figure 1.14 Four-color/one-lane fluorescent sequencing vs. one-color/four-lane

method such as radioactive sequencing

1.6 Genes functionally involved with growth in fish

Growth performance was traits of major interest in fish production. Molecular
information can improve the accuracy of breeding value estimation by the
application of genetic markers linked to phenotypic traits. The candidate genes are
commonly targeted based on prior knowledge of their role in regulation of specific
metabolic pathways influencing a particular quantitative trait. In candidate gene
studies, putative genes are first surveyed for polymorphisms and the statistical
association between specific alleles and phenotypic expression of the trait of interest
examined. If significant associations are found, this is taken as evidence that the gene

is directly involved in the genetic control of the trait (De-Santis and Jerry, 2007).
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In fish, growth regulation involves many components while the principal
regulator of growth is the GH-IGF-I system (Benedet, 2008) (Figure 1.15). Other
hormones such as thyroid hormones, insulin sex steroid and glucocorticoids also play

in regulating growth and metabolism.

The growth hormone (GH) affects many functions, including somatic growth,
energy metabolism, reproduction, feeding, osmoregulation and immune functions
(Chang and Wong, 2009). The IGF axis is also commonly referred to as the Growth
Hormone/IGF-I Axis. Insulin-like growth factor 1 (IGF-1) is mainly secreted by liver

Hypothalamus
GHRH + mﬁf"m“

GHBP ~— gH

Local IGF-
| & IGF-1I

IGF-l & IGF-Il «—— IGFBPs

Figure 1.15 The model for GH-IGF-I-system. GH (growth hormone), GH-BP (GH binding
protein), IGF-I (insulin-like growth factor 1), IGF-II (insulin-like growth factor II), IGF-BP
(IGF-binding protein), GHRH (growth hormone releasing hormone) (Benedet, 2008).



22

as a result of stimulation by growth hormone (GH). IGF-I is important for the
regulation of normal physiology and insulin-like growth factor 2 (IGF-2) is thought to
be a primary growth factor required for early development while IGF-1 expression is

required for achieving maximal growth.

Gross and Nilsson (1999) examined polymorphism in GHI in the Atlantic
salmon (Salmo salar) and its association with the weight of one-year-old progeny of
the hatchery strain (graded into three-sized groups) Digestion of the GHI fragment
with Tag | detected two novel polymorphism. Significant difference of genotype

frequencies of GHI among the size group was detected (P < 0.05).

KANG et al. (2002) studied variation within the GH gene and its association
with growth trait in the olive flounder (Parlichtys olivaceus). Polymorphism of various
lengths was detected by Southern blot analysis and PCR-RFLP with Sau3Al.
Association between variation in the GH gene and weight of three various sizes (large:
BW > 15.4 ¢, N = 20; medium: BW = 8.2-12.2 ¢, N = 20 and small: BW < 5 g, N = 20)
were analyzed. A total of 15 different genotypes were observed from the random
association of six haplotypes. Significant heterogeneity of the GH gene with

haplotype and genotype frequencies was detected among the different-sized groups.

Myostatin (MSTN) is a negative regulator of skeletal muscle growth and
development. It is a member of the transforming g¢growth factor-beta (TGF-f3)
superfamily. Wang et al. (2010) examined association of growth parameters with SNP
in the myostatin gene (MSTN) of the mollusc (Chlamys farreri) using PCR-SSCP and
DNA sequencing. Two mutations were found including A/G at position 327 in exon 2,
which caused an amino acid change from Thr to Ala (Thr305Ala) and C/T at position
289 in exon3, which caused an amino acid change from Cys to Arg (Cysd22Arg).
Individuals possessing genotype GG of primer M5 had significantly higher body mass,
soft-tissue mass, adductor muscle mass, shell length, shell height, absolute growth
rate of shell height and body mass than those carrying genotypes AG and AA (P <
0.05).



23

Li et al. (2012) examined polymorphism of the MSTNI gene in spotted halibut
(Verasper variegatus) and association between its promoter polymorphism and
individual growth performance by directly sequencing. Five SNP existed in the
promoter region, among which three (G-653T, T-355C and G-253A) were genotyped
and tested for their association with growth traits (body length, body depth and total
mass). Fish exhibiting genotype CC at the locus T-355C had significantly higher growth
parameters than genotypes TC and TT (P < 0.05) in female spotted halibut. The
results suggest that MSTN could be selected as a candidate gene for molecular

breeding of V. variegatus stains with enhanced individual growth performance.

Correlation between genotypic and phenotypic variations in aquatic species is
still not understood. In this thesis, relationships between SNP of growth-related
genes and phenotypes (body weight, total length, hepatic weight and hapatosomatic
index) of L. calcarifer were examined. Candidate markers for genetic improvement

and selection of L. calcarifer is illustrated.



CHAPTER I
MATERIALS AND METHODS

2.1 Experimental animals

Specimens for proteomics based on one dimensional gel electrophoresis
(SDS-PAGE) and nanoLC-MS/MS were 4-month-old L. calcarifer which divided two
groups (N =9 for each group). For first group was large-sized (average body weight =
28.53 + 12.97 ¢ and average total length = 13.30 + 1.82 cm) and second group was
small-sized (average body weight = 2.62 + 0.74 ¢ and average total length = 6.00 +
0.55 cm).

For SSCP and SNP analyses, cultured Asian seabass Lates calcarifer were
collected from Chanthaburi Coastal Fisheries Research and Development Center (4-
month-old juveniles cultured in concreted tanks, N = 99), Thailand. The body weight
and total length of each fish were recorded and specimens were divided to 2 groups
according to their body weight and total length (Table 2.1). For juvenile fish, only

liver and muscle were collected and kept at -80°C and at -20°C until used.

Table 2.1 Experimental animals collected from the Coastal Fisheries Research and

Development Center at Chanthaburi, Thailand

Sample N Average body weight  Average total length
(BW, mean # SD) (TL, mean + SD)
Chanthaburi (4 month-old) 99
- Large size 50 2242 + 8.82 1220 + 1.54

- Small size 49 269 + 0.66 6.00 = 0.55
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2.2. Total protein extraction

Approximately 50 mg of the frozen liver of L. calcarifer was homogenized in
the presence of liquid nitrogenand suspended in 10% trichloroacetic acid (TCA) in
acetone including 0.1% dithiothreitol (DTT) and stored at -20°C for 1 hour. After
centrifugation at 10,000 ¢ for 30 minutes at 4°C, the supernatant was removed and
the protein pellet was washed three times with the acetone solution. The protein
pellet was recovered by centrifugation at 12,000 g for 15 minutes at 4°C. The pellet
was air-dried and dissolved in the 0.5% sodium dodecyl sulfate (SDS). The amount of

extracted protein was measured (Lowry et al,, 1951).
2.3 Determination of protein concentration by a Lowry-Peterson method

The protein pellet was resuspended in the 0.5% SDS and protein
concentration was determined. Briefly, the protein solution was diluted with 0.5%
SDS to the final volume of 10 pl and 200 pl of reagent A was added, vortexed and
kept in the dark at room temperature for 30 minutes. Subsequently, 50 ul of reagent
B was added and the reaction mixture was kept in the dark at room temperature for
30 minutes. The absorbance at 750 nm (ODss5,) of each sample was measured by a
spectrophotometer. The protein concentration of each sample was calculated using
the standard curve, plotted between OD;;, on the Y-axis and BSA protein

concentration (ug/pl) on the X-axis.

2.4 One-dimensional gel electrophoresis

2.4.1 SDS-polyacrylamide gel electrophoresis (SDS-PAGE)

Thirty micrograms of total proteins was mixed with 2X loading dye and boiled
protein mixture at approximately 95°C for 5 minutes and on ice for 5 minute. The
mixture was loaded onto a 12.5% polyacrylamide gel (40% acrylamide in Tris-HCl pH
8.8, 10% SDS). To estimated size of polypeptides, low molecular weight protein
standard marker (BioRad) was used. Electrophoresis was performed in SDS

electrophoresis buffer (25 mM Tris-HC|, pH 8.3, 192 mM glycine and 0.1% SDS). The
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protein separation was electrophoresed at 50 V for 30 minutes followed by 70 V for

3-4 hours.
2.4.2 Silver staining

At the end of each run, the gel protein was fixed in the fixing solution (50%
methanol, 12% acetic acid and 50 ul of 37% formaldehyde to 100 ml fixing solution)
for 30 minutes. The gel was removed in the washing solutions (35% ethanol) twice
for 5 minute each and sensitizing in 0.02% sodiumthiosulfate for 2 minutes. After
washing in distilled water twice for 5 minutes each, the gel was stained with staining
solutions (0.2% silver nitrate) for 20 minutes and washed in distilled water for 30
seconds. The gel was shaken in the developing solutions (60% sodium carbonate,
0.04% sodium thiosulfate and 37% formaldehyde) until regarded protein bands were
visualized and stopped quickly in the stopping solution (14.6% sodium EDTA) for 20
minutes. The gel was washed in distilled water 3 times for 5 minutes each and the

gel was kept in 0.1% acetic acid at room temperature.

2.5 Mass spectrometry analysis

2.5.1 In-gel digestion

The protein bands were excised from silver-stained SDS-PAGE gels. The
protein gels were subjected to in-gel digestion. The gel plugs were placed in a 96-
well plate and subjected to in-gel trypsin digestion. The gel plugs were washed with
sterile water and shaken at room temperature for 5 minutes. The gel plugs were
dehydrated with 200 pl of 100% acetonitrile (ACN) twice and shaken at room
temperature for 5 minutes each. The alkylation step using 50 pl of 10 mM DTT in 10
mM ammonium bicarbonate at room temperature for 1 hour and alkylated using 50
ul of 100 mM iodoacetamide (IAA) in 10 mM ammonium bicarbonate at room
temperature (dark) for 1 hour. After alkylation, the gel plugs were dehydrated twice
time with 100% ACN for 5 minutes each. To perform in-gel digestion of proteins, 20
pl of trypsin solution (10 ng trypsin in 50% ACN and 10 mM ammonium bicarbonate)
was added to the gel slices and incubated at room temperature for 20 minutes and

30% ACN (30 pl) was added to the gels and incubated at 37°C for 3 hours or
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overnight. To extract peptide digestion products, 30 ul of 50% ACN in 0.1% formic
acid (FA) was added into the gels and shaken at room temperature for 10 minutes
for three times. The pooled extracted peptides were dried by incubated at 40°C for

3-4 hours or overnight and kept at -80°C for mass spectrometric analysis.
2.5.2 nanoLC-MS/MS

The nano-electrospray liquid chromatography ionization tandem mass
spectrometry (nonoESI-LC-MS/MS)  was  performed as followed. The extracted
peptides submitted to an integrated the HCTultra ETD I systemTMoperated under
HyS‘tarTM (BrukerDaltonics). This  system  controlled by the Chromeleon
Chromatography =~ Management  system  and  comprised a  two-pump
Micromass/Loading lontrap system with an autosampler. Injected samples were first
trapped and desalted on an AccLaimPepMap C18 u Precolumn Cartridge (5 um, 300-
um inside diameter by 5 mm) for 3 minutes with 0.1% formic acid (FA) delivered by a
loading pump at 20 u/minutes, after which the peptides were eluted from the pre-
column and separated on a nano column, AccLaimPepMap 100 C18 (15 cm x 3 um)
connected inline to the mass spectrometer, at 300 nl/minutes using a 30 minutes

fast gradient of 4 to 96% solvent B (80% CAN in 0.1% FA).
2.5.3 Database searches

After data acquisition, MS/MS ions from nanolLC-MS/MS were identified using

MASCOT  (http//www.matrixscience.com) searched against data of the National

Central for Biotechnology Information (NCBI, nr). For MS/MS ion search, the peptide
charge was 1+, 2+ and 3+, MS/MS ion mass tolerance was +1.2 Da, fragment mass
tolerance +0.6 Da, and allowance for 1 miss cleavage. Variable modification was
methionine oxidation and cysteine carbamidomethylation. Proteins with the highest
score or higher significant score were selected. The significant hit proteins were
selected according to Mascot probability analysis and regarded as positive
identification after additional conformation with molecular weight (MW)/isoelectric

point (p/) values.
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2.6 Nucleic acid extraction and measurement
2.6.1 Genomic DNA extraction

Genomic DNA was extracted from frozen muscle of individual L. calcariferby a
phenol-chloroform-proteinase K method (Klinbunga et al,, 2001). The muscle tissue
(approximately 50 mg) was transferred to a 1.5 mlmicrocentrifuge tube containing
500 ul of the extraction TEN-buffer (100 mM Tris-HCl, 100 mM EDTA 250 mM NaCl,
pH 8.0) and chopped into pieces using sterile scissors. Afterwards, 10% SDS and 10
mg/ml RNase A was added to the final concentration of 1.0% (w/v) and 100 pg/ml,
respectively. The mixture was incubated at 37°C for 1 hour. Subsequently, a 10
mg/ml of proteinase K solution was added to the final concentration of 200 pg/ml
and incubated at 55°C for 3-4 hours until tissue was dissolved. After that, an equal
volume of buffer-equilibrated phenol was added and gently mixed for 5-15 minutes.
The mixture was centrifuged at 12,000 rpm for 10 minutes at room temperature. The
supernatant was transferred to a sterile microcentrifuge tube. This extraction process
was then repeated once with phenol and phenol:chloroform:isoamyl alcohol
(25:24:1) and twice with chloroform: isoamylalcohol (24:1). The final supernatant was
transferred to a sterile microcentrifuge tube and an equal volume of TE buffer (10
mM Tri-HC; pH 8.0 and 0.1 mM EDTA) was added. Subsequently, one-tenth volume
of 3 M sodium acetate, pH 5.2 was added. The DNA was precipitated with two
volumes of cold absolute ethanol and incubated at -80°C for 30 minutes. The DNA
was precipitated by centrifugation at 12,000 rpm for 10 minutes at 4°C. The DNA
pellet was washed twice with 1 ml of 70% cold-ethanol for 15 minutes each and
centrifuge at 12,000 rpm for 10 minutes at 4°C. The supernatant was removed and
the DNA pellet was air-dried at room temperature for 15-20 minutes. The DNA pellet
was dissolved in TE buffer (30-50 pl). The DNA solution was incubated at 37°C for 1-2

hours and kept at 4°C for immediately used or at -20°C for a long storage.
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2.6.2 Measurement of nucleic acids using spectrophotometry and

agarose gel electrophoresis

2.6.2.1 Estimation of DNA and RNA concentrations by spectrophotometry

The concentration of extracted nucleic acid (DNA and RNA) was estimated by
spectrophotometric measurement of UV absorption at wavelength 260 nm and 280
nM (ODyep, ODsgg). An OD,e, of 1.0 is equivalent to a concentration of 50 pg/ml
double stranded DNA, 40 pg/ml single stranded RNA and 33 pg/ml oligonucleotides
(Sambrook and Russell, 2001). Therefore, the nucleic acid concentrations can be

estimated in ug/ml by using the following equation;
Nucleic acid concentration (ug/ml) = OD,, x dilution factor x nucleic acid factor

;where nucleic acid factor = 50 ug/ml for DNA, 40 ug/ml for RNA and 33 ug/ml for

oligonucleotides)

The purity of total nucleic acid can be made from OD,4,/OD,g, ratios. The
OD,¢o/OD,g, ratio of pure DNA is between of 1.8 to 2.0. The ratio lower than 1.8
indicated the contamination of protein or phenol whereas the ratio greater than 2.0

indicated the contamination of RNA in the DNA solution.

2.6.2.2 Estimation of quality and amount of extracted DNA using agarose

gel electrophoresis

The quantification of extracted DNA can be roughly evaluated by agarose gel
electrophoresis. The DNA sample was run through 0.8-1.0% agarose gel in 1X TBE
buffer (89 mM Tris-HCl, 89 mM boric acid and 2.0 mM EDTA; pH 8.3) at 100 Volts. A
rough estimated of DNA content can be obtained by comparing band intensity of
extracted DNA with undigested ADNA as standards. After electrophoresis, the gel was
stained with 05 ug/ml ethidiumbromide and Vvisualized under the UV-
transilluminator. The intensity of the fluorescence band comparing with undigested

ADNA indicated the roughly amount of DNA.



30

2.7 Isolation of growth-related gene homologue using degenerate primers
2.7.1 Degenerate primer design

Candidate growth-related gene homologues identified from proteomic
analysis were selected. Protein sequences from different species of these proteins
were retrieved from GenBank and multiple aligned using Clustal W (Thompson et al.,
1994). Degenerate primers for amplification of each gene were designed from the
conserved region of each gene (Table 2.2) using Primer Premier 5.0. Subsequently,

the amplification reaction was performed in a 25 ul reaction mixture (Table 2.3). The

PCR product was eluted, cloned and sequencing by MACROGEN (Korea).

Table 2.2 Genes name, primer sequences, primer length and expected size of

degenerate primer designed of growth-related proteins of L. calcarifer from

proteomics results.

Gene Sequence Length Size

(bp) (bp)

PDZ-domain containing  F: 5’-GGCGAGGAKGGTCACTCGATCMG-3’ 23 309
proteinl R: 5’-CAGRTARCASAGTTTRGSTTT-3’ 21

Proteasome subunit F: 5’-TGYGTBGGDGARGCHGGWGA-3’ 20 264
beta type 2 R: 5’-CCRTGDGCRGCRAASGGRGC-3’ 20

Cell division cycle 2-like F: 5’-AAYGAYAAAGGYGCBTTYTA-3’ 20 285
protein kinase 5 R: 5’-GTGATSACYTTRTTVGTRTABGG-3’ 23

DEAD (Asp-Glu-Ala-Asp) ~ F: 5’-GTNCCMACCAARGARCTGGG-3’ 20 435
box polypeptide 56 R: 5’-TGCTGYAGCTGKSWGCTGTC-3’ 20

Acyl-CoA thioesterase F: 5’-TACCTGAGYTACAAYAATGT -3’ 20 378
11 R: 5’-ACWGAACGCAGRGCGATCARRTA -3’ 23

14-3-3A2 protein F: 5’-GCMTAYAAGAAYGTGGTRGG-3’ 20 423
R: 5’-GTGATSACYTTRTTVGTRTABGG-3’ 23
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Table 2.3 PCR conditions used for amplification of cDNA and genomic DNA L.

calcarifer using degenerate primers of various genes

Gene dNTP  MgCl, Primer PCR conditions
(mM)  (mM)  (uM)

PDZ-domain 0.2 20 0.2 94°C, 3 min for 1 cycle followed by 94°C, 45

containing sec; 42°C, 1 min and 72°C, 1.30 min for 5

proteinl cycles and 94°C, 45 sec; 50°C, 1 min and
72°C, 1.30 min for 30 cycles and 72°C, 7 min
for 1 cycle

Proteasome 0.2 2.0 0.2 94°C, 3 min for 1 cycle followed by 94°C, 30

subunit beta sec; 50°C, 45sec and 72°C, 1.30 min for 35

type 2 cycles and 72°C, 7 min for 1 cycle

Cell division 0.2 2.0 0.2 94°C, 3 min for 1 cycle followed by 94°C, 30

cycle 2-like sec; 50°C, 45sec and 72°C, 1.30 min for 35

protein kinase 5 cycles and 72°C, 7 min for 1 cycle

(Cdk13)

DEAD-box 0.2 2.0 0.2 94°C, 3 min for 1 cycle followed by 94°C, 30

polypeptide 56 sec; 50°C, 45sec and 72°C, 1.30 min for 35
cycles and 72°C, 7 min for 1 cycle

Acyl-CoA 0.2 2.0 0.2 94°C, 3 min for 1 cycle followed by 94°C, 30

thioesterase 11 sec; 50°C, 45sec and 72°C, 1.30 min for 35
cycles and 72°C, 7 min for 1 cycle

14-3-3A2 protein 0.2 2.0 0.2 94°C, 3 min for 1 cycle followed by 94°C, 45

sec; 42°C, 1 min and 72°C, 1.30 min for 5
cycles and 94°C, 45 sec; 50°C, 1 min and
72°C, 1.30 min for 30 cycles and 72°C, 7 min

for 1 cycle
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2.8 Identification of SNP in the amplified gene segment of L. calcarifer using

single-stranded conformational polymorphism (SSCP) analysis
2.8.1 Primer design

PCR primers were designed from growth-related genes of L. calcarifer found
in the GenBank (http://ncbi.nlm.nlh.gov) (Table 2.4) using Primer Premier 5.0. The

amplification genomic DNA as expected from sequence of growth-related genes.
2.8.2 Polymerase Chain Reaction (PCR)

PCR amplification was performed in a 25 pl reaction mixture. The
amplification profiles were carried out following condition described in Table 2.5. The
amplification products are separated by using 1.2-2.0% agarose gel electrophoresis.
The gel was stained with 0.5 pg/ml ethidium bromide and visualized under the UV-

transilluminator.



33

Table 2.4 Genes, primer sequences, primer length and melting temperatures of

primer designed of growth-related genes of L. calcarifer from GenBank.

Gene Sequence Length Tm

(bp) (°O)

Insulin-like growth factor | F: 5’-ATCTCCTGTAGCCACACCCTCT-3’ 22 68
R: 5’-AGCCATAGCCTGGTTTACTGAA-3’ 22 68

Insulin-like growth factor Il F. 5’-CGTTCTTGTTCAGTCTGCGTCC-3’ 22 68
(exon) R: 5-AGTTTCCCAGTTGGTGAGGCTA-3’ 22 66
Insulin-like growth factor Il F: 5’-CGTTCTTGTTCAGTCTGCGTCC-3’ 22 68
(intron) R: 5’-AGTTTCCCAGTTGGTGAGGCTA-3’ 22 66
Follistatin F: 5’-CGCACCAGACTGCTCCAACATC-3’ 22 70
R: 5’-CGTCACCTCAGGGCAAATCCGA-3’ 22 70

Activintype IIB receptor F: 5’-GACCACCTGAAGGGTAACAC-3’ 20 62
R: 5’-GAAGGAGTCTCGCTGGAAGT-3’ 20 62

Myostatin F: 5’-GCTTTGGGTCCAGTAGTTTTGA-3’ 22 66

R: 5’-TTATTGTCTCTGTGATGGCGTG-3’ 22 68
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Table 2.5 Genes name, the expected size, PCR conditions and PCR profiles used for

amplification of genomic DNA of L. calcarifer

Gene Size dNTP MgCl, Primer PCR

(bp) (MM) (MM)  (uM) Conditions
Insulin-like 163 0.2 2.0 0.2 94°C, 3 min for 1 cycle followed
cgrowth factor | by 94°C, 45 sec; 50°C, 1 min and
72°C, 1 min for 35 cycles and

72°C, 7 min for 1 cycle
Insulin-like 225 0.2 25 0.2 94°C, 3 min for 1 cycle followed
growth factor by 94°C, 45 sec; 61-55°C, 45sec
Il (exon) and 72°C, 45 sec for 12 cycles
(decreased for 2°C every 3 cycles)
and 94°C, 45 sec; 53°C, 45 sec and
72°C, 45 sec for 25 cycles and

72°C, 7 min for 1 cycle
Insulin-like 434 0.1 2.0 0.2 94°C, 3 min for 1 cycle followed
growth factor by 94°C, 1 min; 53°C, 45 sec and
I (intron) 72°C, 1 min for 35 cycles and

72°C, 7 min for 1 cycle
Follistatin 247 0.2 2.0 0.2 94°C, 3 min for 1 cycle followed
by 94°C, 45 sec; 60°C, 1 min and
72°C, 1 min for 35 cycles and

72°C, 7 min for 1 cycle
Activintype 1B 321 0.2 2.0 0.2 94°C, 3 min for 1 cycle followed
receptor by 94°C, 45 sec; 53°C, 45 sec and
72°C, 1 min for 35 cycles and

72°C, 7 min for 1 cycle
Myostatin 319 0.2 2.0 0.2 94°C, 3 min for 1 cycle followed

by 94°C, 45 sec; 58°C, 45 sec and
72°C, 1 min for 35 cycles and
72°C, 7 min for 1 cycle
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2.8.3 Agarose gel electrophoresis

The electrophoresis unit was prepared by cleaning the tray, running platform
and combs. A 1x TBE buffer was added to a volumetric flask containing desired
amount of powder agarose. The agarose was heated in microwave until the powder
agarose completely dissolved. The melting gel was left at room temperature to
approximately 50-55°C. The warm agarose solution was poured into the tray slowly
and the comb was inserted. The agarose gel was allowed to set for 30-45 minutes
and 1x TBE buffer was poured on the top of the gel and the comb was removed.
The 1x TBE buffer was added in the gel chamber and the gel was placed in the gel
chamber. The PCR product was mixed with the loading dye (0.25% bromophenol
blue and 25% ficoll) and loaded into the well of agarose gel. A 100 bp DNA ladder
was loaded alongside with the sample as a standard DNA marker. The sample was
running at 100 volts until the tracking dye migrated about three-quartered of the gel.
After electrophoresis, the gel was stained with 0.5 ug/ml ethidium bromide for 5
minutes and destained to remove unbond ethidium bromide by tap water for 15-20

minutes. The migrated DNA was visualized under a UV-transilluminator.
2.8.4 SSCP analysis
2.8.4.1 Preparation of glass plates

The two glass plates were washed thoroughly using water with detergent and
rinsed under running tap water until no remain of detergent and air-dried. The glass
plates were wiped three times by 95% ethanol with tissue paper. The long glass
plate was coated with 1 ml of freshly prepared Bind silane (4 ul of Bind silane,
Amersaham Biosciences, 980 ul of 95% ethanol and 10 pl of 5% gracial acetic acid)
and left for approximately 10-15 minutes. After coated, the long glass was cleaned
once with 95% ethanol. The short glass plate was coated with Repel silane (2%
dimethyldichlorosilanein octamethylcyclotetrasitoxone) and left for approximately
10-15 minutes. After coated, the long glass was cleaned once with 95% ethanol.

After the coated glass plates were assembled with a pair of 0.4 mm spacers.
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2.8.4.2 Preparation of non-denaturing polyacrylamide gel electrophoresis

Different concentrations of low crosslink non-denaturing polyacrylamide gels
(37.5:1 or 75:1 of acrylamide and bis-acrylamide) were prepared from a 40% stock
solution. The 40% stock solution was diluted by 10x TBE and sterile water to
required percent gel concentration. A 40 ml of acrylamide gel solution was mixed
and degassed under vacuum for 15 minutes. After degassed, 300 ul of 10% APS
(prepared freshly) and 30 pl of tetramethylethylenediamine (TEMED). was added to
the acrylamide gel solution. The mixture was mixed immediately and quickly poured
to the casting gel cassette. The analytical comb was inserted into the prepared gel

and allowed to polymerize for at least 4 hours or overnight.
2.8.4.3 Preparation of samples

Six microliters of each amplification product was mixed with four volumes (24
pl) of the SSCP loading dye (95% formamide, 0.25% bromophenol blue, 0.25%
xylene cyanol and 10 mM NaOH). The samples mixture was denatured at 95°C for 5
minutes and immediately cooled on ice for 5 minutes. The denatured product was
electrophoretically analyzed in non-denaturing polyacrylamide gels at 200-250 volts

for 15-16 hours at 4°C.
2.8.4.4 Silver staining

After electrophoresis, the gel plates were carefully separated apart. The long
glass plates with the gel were transferred to a plastic tray containing 2 liters of the
fix/stop solution (10% glacial acetic acid) and agitated well for 30 minutes with
shaking. The gel was washed with deionized water three times for 10 minutes each
and shaking. The gel was transferred to 1.5 liters of staining solution (0.1% silver
nitrate) and agitated well at room temperature for 30 minutes. The gel washed in 1.5
liters of deionized water with shacking for 10 seconds and transferred to the
developing solution. The developing solution was prepared by added 2.25 ml of
formaldehyde and 300 ul of 10 mg/ml sodium thiosulfate to 3 liters of cold sodium
carbonate solution (a half of the cold developing solution). The gel was shaken until

the first bands are visible (usually 1.5-2 minutes) and then transferred to another tray
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containing 1.5 liters of cold developing solution and shaked until band from every
lanes were observed (usually 2-3 minutes). The fix/stop solution was directly added
to the developing solution and continued shaking for 3 minutes each. The gel was
washed in deionized water for 15 minutes and air-dried at room temperature for 2-3

hours.
2.8.4.5 Data analysis for SSCP

Relationships between SSCP genotypes of each gene and growth parameters
(body weight, total length, hepatic weight and hepatosomatic index) of 4-month-old
seabass were statistically analyzed using one way analysis of variance (ANOVA)
following by Duncan’s new multiple range tests. When only two SSCP patterns were
found in the examined sample, an independent t-test was applied. The significant

differences were considered if P-value was less than 0.05 (P < 0.05).

2.9 Identification of polymorphic site in the growth-related genes of L. calcarifer

from sequencing of cloned PCR products
2.9.1 PCR and electrophoresis

The ampilification product of each SSCP pattern (N = 5 - 10 for each pattern
for the total identified patterns) was amplified by PCR. The electrophoresis of the
PCR product was fractionated through agarose gels in duplicate. One was run side-by-
side with a 100 bp DNA markers and other was loaded into the distal well of the gel.
After electrophoresis, the lanes representing the DNA marker and its proximal DNA
sample were cut and stained with 0.5 ug/ml ethidium bromide for 5 minutes. The
position of cut band was used to align for the position of non-stained target DNA
band. The DNA fragment was excised from the gel with a sterile razor blade and put

in a pre-weighed microcentrifuge tube.
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2.9.2 Elution of DNA from agarose gel

DNA in pieces of excised gel (200-300 mg) was purified using an illustra”™ GFX
PCR DNA and Gel Band Purification Kit (GE Healthcare). The capture buffer type 3
(500 pl) was added to the gel slices. The mixture was incubated at 60°C for 15-30
minutes and the tube was inversed every 3 minutes until the gel pieces were
completely dissolved. The gel solution was transferred into the assembled GFX
MicroSpin column and incubated at room temperature for 1 minute before
centrifuged at 13,000 rpm for 2 minutes. The GFX MicroSpin column was washed by
an addition of 500 pl of wash buffer type 1 and centrifuged at 13,000 rpm for 1
minute. After discarding the flow-through, the column was dried by centrifugation at
13,000 rpm for 2 minutes. A dried column was placed in a new microcentrifuge tube
and 15 pl of elution buffer type 4 was added to the center of column. The column
was incubated at room temperature for 2 minutes before centrifugation at 13,000

rpm for 2 minutes. The eluted sample was stored at -20°C until required.
2.9.3 Ligation of eluted DNA to pGEM®-T Easy Vector

The gel-eluted PCR product was ligated to pGEI\/\®—T Easy Vector in a total
volume of 10 pl containing 3.5 ul of gel-eluted DNA, 5 pl of 2x Rapid Ligation Buffer
(60 mMMTris-HCL, pH 7.8, 20 mM MgCl,, 20 mM DDT, 2 mM ATP and 10% PEG 8000), 25
ng of the pGEM®—T Easy Vector and 3 Weiss units of T4 DNA ligase. The ligation

mixture was gently mixed by pipetting and incubated at 4°C overnight.
2.9.4 Transformation of the ligation product into E. coli JM 109
2.9.4.1 Preparation of competent cells

For the preparation of bacterial cell starter, a single colony of E. coli JM 109
was inoculated in 5 ml of LB broth (1% bactotryptone, 0.5% bacto yeast extract and
0.5% NaCl, pH 7.0) with vigorous shaking at 37°C for 16 hours. The starting culture
was inoculated into 100 ml of LB broth and continued culture at 37°C with vigorous
shaking to the ODg, of 0.4-0.6. The cultured cells were transferred to 50 ml tube and
then chilled on ice for 30 minutes and centrifuged at 3,000 ¢ for 15 minutes at 4°C.
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After discarding cell medium, the cell pellets were resuspended in 30 ml of ice-cold
MgCl,-CaCl, solution (80 mM MgCl,and 20 mM CaCl,), chilled on ice for 45 minutes
and centrifuge at 3,000 rpm for 15 minutes at 4°C. The supernatant was discarded
and the pellet was resuspended in 2 ml of ice-cold 0.1 M CaCl, and divided into 100
ul aliquots. These competent cells were either used immediately or stored at -80°C

until needed.
2.9.4.2 Transformation of the ligation product to E. coli host cells

The competent cells were thawed on ice for 5 minutes. The ligation mixture
(2-3 pl) was added and gently mixed by pipetting. The cell mixture was incubated on
ice for 30 minutes. After incubated, the cells were heat-shock at 42°C for exactly 45
seconds and immediately cooled on ice for 5 minutes. The cell mixture was
transferred to the tube containing 1 ml of SOC medium (2% bactrotryptone, 0.5%
bacto yeast extract, 10 mM NaCl, 2.5 mM KCl, 10 mM MgCl,, 10 mM MgSO, and 20
mM glucose). The cell suspension was incubated with shaking at 37°C for 90 minutes.
Afterward, the cultured cell was centrifuged at 8,000 rpm at room temperature for 1
minute. The cell pellet was resuspended in 100 pl of SOC medium and spread on a
selective LB agar plate (containing 50 ug/ml of amplicillin, 25 pg/ml of IPTG and 20
pg/ml of X-gal). The spread agar plate was further incubated at 37°C overnight
(Sambrook and Russell, 2001). The recombinant cloned containing inserted DNA is

white while those without inserted DNA are blue.
2.9.5 Detection of recombinant cloned by colony PCR

Colony PCR was performed in a total volume of 25 ul containing 1x buffer (10
mM Tris-HCL, pH 8.8, 50 mM KCl, 0.1% Triton X-100), 0.1 mM dNTP, 2.0 mM MgCl,, 0.1
mM  of pUCT  (5-TCCGGCTCGTATGTTGTGTGG A-3) and puUC2 (5-
GTGGTGCAAGGCGATTAAGTTGG-3') primers and 0.5 units of TagDNA polymerase. A
recombinant colony was picked up by the sterile toothpick and mixed well in the
amplification reaction. The PCR profile was pre-denaturing at 94°C for 3 minutes,
followed by 35 cycles of 94°C for 30 seconds, 50°C for 60 seconds and 72°C for 90

seconds and the final extension was carried out at 72°C for 7 minutes. The amplified
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PCR product was analyzed by agarose gel electrophoresis and visualized under a UV-

illuminator after ethidium bromide staining.
2.9.6 Isolation and digestion of recombinant plasmid DNA

A recombinant clone was inoculated into 3 ml of LB broth containing 50
pg/ml of amplicillin and incubated at 37°C with shaking at 250 rpm overnight. The
recombinant plasmid was extracted using an iLlustraTMplasmidPrep Mini Spin Kit (GE
Healthcare). The culture cells were transferred into a 1.5 ml microcentrifuge tube
and centrifuged at 12,000 ¢ for 1 minute. The supernatant was discarded and the cell
pellet was resuspended with 175 pl of the lysis buffer type 7 and mixed by
vortexing. The mixture was then lysed with 175 pl of the lysis buffer type 8 and
mixed by inverting the tube approximately 10 times. Additional, 350 pl of the lysis
buffer type 9 was added and gently mixed. The cell mixture was centrifuged twice at
12,000 g for 15 minutes each. The supernatant was transferred into the illustra
plasmid mini column and centrifuged at 12,000 g for 1 minute. The supernatant was
discarded and the column was washed by 400 ul of wash buffer type 1 and
centrifuge at 12,000 g for 1 minute. The column was dried by centrifugation at 12,000
g for 2 minutes. The column was placed in a sterile microcentrifuge tube and 30 pl
of the elution buffer type 4 was added to elute the extracted plasmid DNA. The
column was incubated at room temperature for 2 minutes and centrifuge at 12,000 ¢

for a minute.

The insert size of recombinant plasmid was examined by digestion of the
recombinant plasmid with Eco RI. The digestion was carried out in a total volume of
15 pl containing 1x buffer with BSA, 1 pl of recombinant plasmid and 3 units of Eco
Rl (Promega). The reaction was incubated at 37°C for 3-4 hours or overnight and

analyzed by agarose gel electrophoresis.
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2.9.7 DNA sequencing

Nucleotide sequences of recombinant plasmids were examined by
automated DNA sequencer using M13 forward and/or M13 reverse primers.
Nucleotide sequencing was commercially serviced by MACROGEN (Korea). The
nucleotide sequences were searched against the non-redundant nucleotide database

in  GenBank  (http//www.ncbi.nlm.nih.gov/blast) using BlastX. The nucleotide

sequences were multiple-alignment using clustalWw

(http://www.ebi.ac.uk/Tools/msa/clustalw?).

2.10 Identification of polymorphic site in growth-related genes of L. calcarifer

by PCR-direct sequencing
2.10.1 PCR products amplification

The amplification product of each SSCP pattern (N = 5-10 for each pattern for
the total identified patterns) was amplified by PCR. The amplification product was
performed in a 50 ul reaction mixture. The amplification product size was

determined by electrophoresed through 1.5% agarose gel.
2.10.2 Purification of the PCR product

The amplification product was purified using an illustra " GFX PCR DNA and
Gel Band Purification Kit (GE Healthcare). The amplification product was transferred a
sterile microcentrifuge tube and 500 pl of capture buffer type 3 was added. The
solution was transferred into the assembled GFX MicroSpin column and incubated at
room temperature for 1 minute and centrifuged at 8,000 ¢ for 1 minute. The GFX
MicroSpin column was washed by added 500 ul of wash buffer type 1 and centrifuge
at 14,000 ¢ for 1 minute. After discarding the flow-through, the column was dried by
centrifugation at 14,000 ¢ for 2 minutes. A dried column was placed in a new
microcentrifuge tube. The addition of 20 pl of the elution buffer type 4 to the center
of the column. The column was incubated at room temperature for 2 minutes
before centrifugation at 14,000 ¢ for 2 minutes. The eluted sample was stored at -

20°C until required. Nucleotide sequence of the purified PCR product was examined
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by an automated DNA sequencer using primers of the corresponding growth-related

genes by MACROGEN (Korea).

2.11 Characterization of L. calcarifer of Cell division cycle 2-like protein kinase 5
(Cdk13) using Rapid Amplification of cDNA Ends-Polymerase Chain Reaction
(RACE-PCR)

2.11.1 Preparation of the 5’ and 3’ RACE template

Total RNA was extracted from liver of L. calcarifer using TRI Reagent.
Messenger (m) RNA was purified using a QuickPrep micro mRNA Purification Kit. The
RACE-Ready cDNA template was synthesized using a BD SMART'" RACE cDNA
Amplification Kit (BD Bioscience Clontech). The RACE-Ready cDNA template was
prepared by combining 1.5 ug of hepatic mMRNA with 1 ul of 5'CDS primer and 1 ul of
10 uM SMART II A oligonucleotide for 5'RACE-PCR or 1 pl of 3'CDS primer and 1 pl of
10 UM SMART I A oligonucleotide for 3’ RACE-PCR (Table 2.6). The components were
mixed and briefly centrifuged. The reaction was incubated at 70°C for 2 minutes and
snap-cooled on ice for 2 minutes. The reaction tube was briefly centrifuged. After
that, 2 pl of 5x First-Strand buffer, 1 ul of 20 mM DDT, 1 pl of dNTP Mix (10 mM
each) and 1 ul of PowerScript reverse transcriptase were added. The reaction mixture
was mixed by gently pipetting and briefly centrifuged. The tube was incubated at
42°C for 1.5 hours in a thermocycler. The first-strand reaction product was diluted
with 125 pl of Tris-TE buffer (10 mM Tris-HC|, pH 8.0 and 0.1 mM EDTA) and heated
at 72°C for 7 minutes. The RACE template was stored at -20°C until required.
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Table 2.6 Primer sequence for the first-strand cDNA synthesis and RACE-PCR

Primer

Sequence

BD SMART A
Oligonucleotide
3’RACE-CDS Primer A

5’RACE-CDS Primer A

10x Universal Primer A Mix
(UPM)

Nested Universal Primer A
(NUP)

5’-AAGCAGTGGTATCAACGCAGAGTACGCGGG-3’

5’-AAGCAGTGGTATCAACGCAGAGTAC(T)s, V N-3’
(N=A, C,Gor T; V=A, G or Q)

5'-(T)ps V N-3

(N=A, C, Gor T; V=A, G or Q)

Long (0.4 uM):
5’-CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACG
CAGAGT-3’

Short (2.0uM):
5’-CTAATACGACTCACTATAGGGC-3’

NUP (10 uM)
5’-AAGCAGTGGTATCAACGCAGAGT-3’

2.11.2 RACE-PCR of Cdk13

2.11.2.1 Primer design for RACE-PCR

A Gene-specific primer of Cdkl13 was designed from the partial cDNA

sequence of CdkI3 using Primer Premier 5. The antisense primer and nested primer

for 5" and/or 3° RACE-PCR were designed (Table 2.7).

Table 2.7 Gene specific primers (GSPs) and nested GSP used for isolation of the full-
length cDNA of Cadk13 of L. calcarifer

Gene specific primers Sequence Tm
O
5'RACE-Cdk13 5’-TGGCAGTAATCAAGACCCTCCAGCAGC-3’ 84
3'NESTED-Cak13 5’-GCTGCTGGAGGGTCTTGATTACTGCC-3’ 82

3'RACE-Cdk13

5’-TGGACCACGACCTGATGGGTTTACTC-3’ 80
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The master mix for 5 and/or 3 RACE-PCR (and semi-nested PCR) and the

control reaction was prepared (Table 2.8). The PCR amplification was performed in a

25 pl reaction mixture. The reaction mixture including 2.5 pl of 10x Advantage® Il PCR

buffer, 1 pl of 10 mM dNTP mix, 0.5 pl of 50x Advantage® Il polymerase mix and 13.5

ul of sterile deionized water was combined. The reaction was carried out for as

described in Table 2.9.

Table 2.8 Compositions for amplification of 5 and 3’ RACE-PCR of Cdk13 of

L. calcarifer

Component 5’ RACE 3’ RACE GSP1 only

sample sample (control)

57 or 3’ RACE-ReadycDNA template 1.5 ul 1.5 ul 1.5 ul
10x UPM primer 5.0 ul 5.0 ul -
10 uM GSP primer 1.0 ul 1.0 pl 1.0 ul
sterile deionized water - - 5.0 pl
Master mix 17.5 pl 17.5 pl 17.5 pl
Final volume 25 ul 25 ul 25 ul

Table 2.9 The amplification condition for RACE-PCR of L. calcarifer Cdk13

Gene Amplification conditions

5’ and/or 3’ RACE-PCR 94°C, 30 sec; 72°C, 3 min for 5 cycles followed by 94°C,
30 sec; 70°C, 30sec; 72°C, 3 min for 5 cycles and 94°C,
30 sec; 68°C, 30sec; 72°C, 3 min for 20 cycles and 72°C,

7 min for 1 cycle

5’ and/or 3’ (Semi-nested) 94°C, 30 sec; 65°C, 30 sec and 72°C, 3 min for 25 cycles

RACE-PCR and 72°C, 7 min for 1 cycle




CHAPTER Il
RESULTS

3.1 Cellular proteomics of hepatic proteins of large- and small-sized L.

calcarifer analyzed by GeLC-MS/MS

Two groups of 4-month-old L. calcarifer (N = 9 for each group) including a
larger size (average body weight = 28.53 + 12.97 ¢ and average total length = 13.30 +
1.82 cm) and a smaller size (average body weight = 2.62 + 0.74 ¢ and average total
length = 6.00 + 0.55 cm) were used for cellular proteomics for isolation of candidate

proteins related with growth of this species.

Thirty micrograms of total proteins from liver of each fish were size-
fractionated. The electrophoresed proteins were eluted out from the gel slices and
further analyzed further analyzed by nanoESI-LC-MS/MS. The raw data of protein
from mass spectrometry were analyzed using DeCyder MS Differential Analysis
software. The analyzed MS/MS data from DeCyder MS were submitted to database
search using the MASCOT.

In total, 1578 protein homologues were identified. Examples of identified
protein homologues were 14-3-3 Protein gamma-2 (Acc. No.: gi|308321470, Score:
8.09), activin type IIB receptor (Acc. No. gi|291277947, Score: 2.00), transforming
growth factor-beta (Acc. No. ¢i[35902884, Score: 16.93), ubiquitin carboxyl-termil
hydrolase BAP1 (Acc. No.: ¢i|255522786, Score: 12.94), dual specificity phosphatase 6
(Acc. No.. ¢i|38322768, Score: 4.83), fibroblast growth factor 8a (Acc. No.
gi|114306820, Score: 2.98), estradiol 17-beta-dehydrogese 1 (Acc. No.. ¢i|45387597,
Score: 10.02), growth hormone 1 (Acc. No. gi|188532133, Score: 4.45), growth
hormone-regulated TBC protein (Acc. No.: €i|62955593, Score: 3.34), armadillo repeat-
containing protein 10 (Acc. No. ¢€i|326680250, Score: 1.78), Squint (Acc. No.
gi|317419481, Score: 11.65) and dysferlin (Acc. No.. ¢i|380692350, Score: 5.49)



a6

Six proteins were found only in large-sized fry while fifteen proteins were
observed only in small-sized fry. Examples of protein homologues in the former
group were CcAMP-dependent protein kinase catalytic subunit beta (Acc. No.
gi[223649260, Score: 10.25), glutathione S-transferase kappa (Acc. No.: gi|239509199,
Score: 4.30), clathrin coat assembly protein AP180-like (Acc. No.: ¢i|326675056, Score:
4.43) and guanylate cyclase 2G-like (Acc. No. ¢i|326672477, Score: 1.97) while
examples of those in the latter group were clathrin fidgetin-like protein 1 (Acc. No.:
gi[192455670, Score: 11.67), connector enhancer of kise suppressor of ras 2 (Acc. No.:
gi|189536778, Score: 1.50), pleckstrin homology-like domain family B member 3-like
(Acc. No.: ¢i[292622857, Score: 4.00), spectrin beta chain, brain 4-like (Acc. No.
gi|189530996, Score: 3.85), retinitis pigmentosa GTPase regulator protein 2 ORF15
(Acc. No.: gi|282722852, Score: 1.78), unnamed protein product (Acc. No.: gild 7216520,
Score: 9.00) and unnamed protein product (Acc. No.: gild7223329, Score: 7.67) (Table
3.1).

Identified proteins found in liver of 4-month-old L. calcarifer were

functionally categorized according to the biological process and molecular functions

of their homologues using the Gene Ontology Categorizer (http//www.uniprot.org/).
The most abundant protein found in this study were those classified as unnamed
protein (484 proteins accounting for 30.7% of identified proteins) followed by those
in unknown function (349 proteins accounting for 22.1% of identified proteins) (Figure

3.1).

Among proteins with known function, 124 proteins accounting for 7.9% of
identified proteins in this study were categorized in regulation. They were, for
example (growth hormone-regulated TBC protein 1, E3 ubiquitin-protein ligase CBL),
113 proteins accounting for 7.2% of identified proteins in this study were classified in
binding. Examples of proteins in this functional category were ATP-dependent RNA
helicase DHX8 and Insulin-like growth factor la receptor. Proteins in other functional
categories found in at least 1.0% of the characterized hepatic proteins were transport
proteins (44 proteins accounting for 2.8%; e.g. Na+/K+ ATPase beta subunit isoform 1,

rabenosyn-5) and those in catabolic process (40 proteins
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accounting for 2.5%; e.g. elongation factor EF1 alpha, catalase), transcription (25
proteins accounting for 1.6%; e.g. DNA-directed RNA polymerase | subunit RPA49,
estrogen receptor alpha), metabolic process (21 proteins accounting for 1.3%; e.g.
Methylmalonyl-CoA mutase, mitochondrial, Alanine--glyoxylate aminotransferase 2-
like 1), development (18 proteins accounting for 1.1%; e.g. estradiol 17-beta-
dehydrogenase 1, cortactin-binding protein 2), signaling pathway (16 proteins
accounting for 1.0%; e.g. somatostatin receptor subtype 2, estrogen receptor beta),
biosynthetic process (15 proteins accounting for 1.0%; e.g. mitochondrial ATP

synthase subunit f, exostosin-1c),

Proteins in the remaining categories were found in relatively low frequencies
including those in proteolysis (14 proteins accounting for 0.9%; e.g. bleomycin
hydrolase, mitochondrial intermediate peptidase), DNA recombination (13 proteins
accounting for 0.8%; e.e. ATP-dependent DNA helicase Q1, recombination activating
gene 2), RNA processing (13 proteins accounting for 0.8%; e.g. pre-mRNA processing
factor 8, cold shock domain-containing protein C2), oxidation-reduction process (11
proteins accounting for 0.7%; e.g. estradiol 17 beta-dehydrogenase 8, c-factor),
transferase activity (10 proteins accounting for 0.6%; e.g. microsomal glutathione S-
transferase-like, glutathione S-transferase theta), cell cycle (9 proteins accounting for
0.6%; e.g. cell division cycle 5-like protein, serine/threonine-protein kinase 10),
translation (8 proteins accounting for 0.5%; e.g. 39S ribosomal protein 123,
mitochondrial, 40S ribosomal protein S19), cell adhesion (8 proteins accounting for
0.5%; e.g. collagen alpha-1 (VII) chain, thrombospondin-2), cell communication (7
proteins accounting for 0.4%; e.g. PX domain-containing protein Cé6orfl45, sorting
nexin-7), cell differentiation (7 proteins accounting for 0.4%; e.g. gametogenetin-
binding protein 2, Homeobox protein HMX3-B), immune response (7 proteins
accounting for 0.8%; eg. C-C chemokine receptor type 6, interleukin-8),
recombination (6 proteins accounting for 0.4%; e.g. recombination activating protein
1, RAG1), glycolysis (5 proteins accounting for 0.3%; e.g. Fructose-bisphosphate
aldolase, glyceraldehyde 3-phosphate dehydrogenase), DNA integration (4 proteins
accounting for 0.3%,; e.g. retrotransposable element Tf2 155 kDa protein type 1-like

and Transposable element Tcbl transposase), apoptotic process (4 proteins
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accounting for 0.3%; e.g. protein yippee-like 3, BNIP2 motif-containing molecule at
the C-terminal region 1), structural molecule activity (4 proteins accounting for 0.3%;
e.g. Claudin-10, occludin), protein folding (4 proteins accounting for 0.3%; e.sg.
peptidyl-prolyl  cis-trans isomerase FKBP10, ubiquitously-expressed transcript),
respectively. In addition, 168 proteins (10.6%) collectively recognized in other

functions were also identified.

cell communication
0.4%

oxidation-reduction cell differentiation . :
0.7% 0.4% DNA integration
- 0.3%
structural molecule activity. elladhesion RS
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Figure 3.1 Functional classification of total numbers of hepatic proteins (1,578
proteins) identified from liver of 4-month-old L. calcarifer from Chanthaburi Coastal

Fisheries Research and Development Center, Thailand.

Twenty-eight proteins showed significantly differential expression between

large-sized and small-sized samples. Notably, stage-specific proteins were regarded as
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differentially expressed protein in the present study. Examples of identified protein
homologues were 39S ribosomal protein L23, mitochondrial (Acc. No.: ¢i|50344758,
Score: 1.49), Calmodulin (Acc. No.. ¢il209735446, Score: 7.80) cAMP-dependent
protein kise catalytic subunit beta (Acc. No. ¢i|223649260, Score: 10.25), Dual
specificity phosphatase 6 (Acc. No.: €i|38322768, Score: 4.82), Fidgetin-like protein 1
(Acc. No. ¢i|192455670, Score: 11.67), Glycine n-acyltransferase (Acc. No.
gi|308321650, Score: 5.42), Gamma-enolase (Acc. No.: gi|213513750, Score: 8.97) and
clathrin coat assembly protein AP180-like (Acc. No.: gi|326675056, Score: 4.43).

The functional categories of these twenty-eight proteins were assigned.
Unnamed protein (7 proteins accounting for 25.0%) was the most abundant
functional group protein followed by those in the binding process, 3 (10.1%),
unknown function, (2 proteins accounting for 7.1%), regulations, 1 (3.6%), catabolic
process (1 protein accounting for 3.6%) cell adhesion (1 protein accounting for 3.6%),
metabolic process (1 protein accounting for 3.6%), cell translation (1 protein
accounting for 3.6%) and cell transferase (1 protein accounting for 3.6%). In addition,

4 proteins (14.3%) were collectively classified in other functions (Figure. 3.2).

metabolic process  translation transferase
3.6% 3.6% 3.6%
cell adhesion

3.6%

catabolic process
3.6%

Figure 3.2 Functional classification of differentially expressed proteins (28 proteins)
identified from liver of 4-month-old L. calcarifer from Chanthaburi Coastal Fisheries

Research and Development Center, Thailand.
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A large number of growth-related proteins were identified. Examples of
growth-related proteins that more abundantly expressed (but not statistically
significant) in hepatic tissue of large-sized juveniles than small-sized juveniles were
transforming growth factor beta-2 precursor (TGF-2 precursor), transforming growth
factor beta-3 precursor (TGF- 33 precursor), and transforming growth factor-beta (TGF-
R)-induced protein ig-h3 precursor, proto-oncogene tyrosine-protein kise ROS, ras-
related and estrogen-regulated growth inhibitor-like protein, BMP and activin
membrane-bound inhibitor homolog, dysferlin, fibroblast growth factor receptor 1
isoform, growth hormone 1, myosin, light polypeptide 3, ataxin-7-like, epidermal
growth factor receptor kise substrate 8-like protein 2-like, primary ciliary dyskinesia
protein, tyrosine-protein kise Tec-like, WD repeat-containing protein 16-like isoform 2

and Ubiquitin-conjugating enzyme E2 C.

In contrast, proteins that more abundantly expressed (but not statistically
significant) in the opposite direction were activin type IIB receptor (ActRIIB), type-1
angiotensin Il receptor, ubiquitin carboxyl-termil hydrolase BAP1, dual specificity
phosphatase 6, dual specificity protein kise Ttk, fibroblast gsrowth factor 8a, fibroblast
growth factor receptor 3 precursor, epidermal growth factor receptor precursor,
growth hormone-regulated TBC protein 1, Insulin-like growth factor la receptor,
monoacylglycerol lipase ABHD12, PX domain-containing protein  Cé6orfl145,
stanniocalcin 1, armadillo repeat-containing protein 10 and PR domain zinc finger

protein 16 isoform 2.
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3.2 Amplification of growth-related genes using degenerate primers

From proteomic analysis, several growth-related proteins were found. Protein
sequences of their homologues across different species were retrieved and multiple -
aligned. A primer pair was designed from the conserved domain of a particular

protein and the amplification product was further characterized.
3.2.1 PDZ-domain containing protein 1

Sequence alignment revealed large sequence divergence between PDZ-
domain containing protein 1 from different fish species (Figure 3.3). However,
relatively high similarity was found at the PDZ domain sequence. Degenerate primers
for amplification of the PDZ-domain containing protein 1 gene segment were

designed. PCR was carried out against the cDNA and genomic DNA template.

An intense band of approximately 220 bp was obtained from the cDNA
template whereas several bands were observed from the genomic DNA template
(Figure 3.4). Two amplified bands of approximately 220 and 400 bp were cloned and

sequenced.

Blast analysis indicated that a 220 bp band (Figure 3.5A) did not significantly
match sequence previously deposited in the databases while a 400 bp band (Figure
3.5B) showed the best hit with unconventional myosin-Vila-like of Oreochromis

niloticus (E-value = 3e-39; Figure 3.5Q).
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Figure 3.3 Multiple alignments of amino acid sequences of PDZ-domain containing

protein 1 from various species. Positions of degenerated primers are highlichted and

the PDZ domain found in the deduced protein is underlined.

M 1 2 3

Figure 3.4 A 1.5% ethidium bromine-stained agarose gel showing the ampilification

product of degenerate primers for PDZ-domain containing protein 1 against cDNA

and genomic DNA of L. calcarifer. Lane M = a 100 bp DNA ladder. Lane 1 = the

amplification products against the cDNA template. Lanes 2 and 3 = the ampilification

products against the genomic DNA template. Arrowheads indicated the amplification

products that were cloned and sequenced.
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A

GGCGAGGATGGTCACTCGATCCGTGACAGAAATGACTCTCAGTGCTACTTATGCCTGAATGTCAGCATGTTTGGG

GGAATGTATGTGCCTCTTTATAATTGTGGGTGACTTGATGAGTGAATTTCTGTATGCTTGTGTAACAAGTGTGGA
CATAACTGAAGGGTATATGCATGGATGTGGGAGTGTGTGCGTGCGGATCGAGTGACCCTCCTCGCCA

B.

GGCGAGGATGGTCACTCGATCCGATCTTCGAAGGAGCACTGAAGGCCGAGCCGCTCAAAGACGAGATCTTCTGTC

AGATTCTCAAACAGCTCACAGATAATCACATCAAGTAAGTGTGAAACACACACACACACTCATTGTCAATAACTC
TGTCTGTGCCTTGGCTTTTTGCACAGAGTAAAGGCTGATACACAAACGATATAATTCTGTAAGATTTGAATAAAG
TATTTAACATGTGTGTGTTTGTGTGTAGGTACAGCGAGGAGAAGGGCTGGGAGCTGCTGTGGCTCTGCACTGGTT
TGTTTCCTCCCAGTAACATCCTGCTGCCTCACGTCCAGAAGTTCCTCCAGGCCAAGAAACACTATCCGCTGGCTC
CGGACTGCATGCAGCGCCTACAGAAAGCCTTACGGTAACACACACACACACTCTTAATGTTATATTCTTTCTTAC

ATACACTCTCTTATACATCCATCTCTCATCTCTTTTATTTGTTGCAGAAACGGATCGAGTGACCATCCTCGCCA

C.

PREDICTED: unconventional myosin-VIIa-like [Oreochromis niloticus]
Sequence ID: ref|XP 003453765.1|Length: 2179 Number of Matches: 1

Score = 153 bits (387), Expect = 3e-39
Identities = 82/131(63%), Positives = 82/131(62%), Gaps = 48/131(36%)
Frame = +3

Query 18 DPIFEGALKAEPLKDEIFCQILKQLTDNHIK*V*NTHTHSLS ITLSVPWLFAQSKG*YTN 197
D IFEGALKAEPLKDEIFCQILKQLTDNHIK
Sbjct 1760 DQIFEGALKAEPLKDEIFCQILKQLTDNHIK-------———---—-————————————— 1790

Query 198 DIIL*DLNKVENMCVEVCRY SEEKGWELLWLCTGLFPPSNILLPHVQKFLQAKKHYPLAP 377

YSEEKGWELLWLCTGLFPPSNILLPHVQKFLQAKKHYPLAP
Sbject 1791 ------------——-----YSEEKGWELLWLCTGLFPPSNILLPHVQKFLQAKKHYPLAP 1831
Query 378 DCMORLQKALR 410

DCMQRLOKALR
Sbjct 1832 DCMQORLQKALR 1842

Figure 3.5 Nucleotide sequences of the amplified products of approximately 220 bp
(A) and 400 bp (B) generated from degenerate primers for PDZ-domain containing
protein 1. Primer positions are underlined. (C) Blast analysis of the amplified 400 bp

product against previously deposited sequences in GenBank.
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3.2.2 Proteasome subunit beta type 2

Protein sequence alignments revealed high sequence similarity between
Proteasome subunit beta type 2 from different fish species (Figure 3.6). Degenerate
primers for amplification of the Proteasome subunit beta type 2 gene segments were

designed. PCR was carried out against the cDNA template.

Several amplification bands were obtained. Of these, two intense band of
approximately 280 and 300 bp was clearly observed (Figure 3.7). A 280 bp fragment
was excised from the gel and cloned (Figure 3.8A). Blast analysis indicated that it
showed the closest similarity with protein DJ-1-like isoform 1 of Oreochromis

niloticus (E-value = 3e-59; Figure 3.8B).
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Figure 3.6 Multiple alignments of amino acid sequences of Proteasome subunit beta

type 2 from various species. Positions of degenerated primers are highlighted and the

Proteasome domain found in the deduced protein is underlined.
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Figure 3.7 A 1.5% ethidium bromine-stained agarose gel showing the ampilification

products of degenerate primers of Proteasome subunit beta type 2 gene fragment

against genomic DNA of L. calcarifer. Lane M = a 100 bp DNA ladder. Lane 1 = the

amplification product against the genomic DNA template. An arrowhead indicated an

amplified product that was cloned and sequenced.

A

CCATGTGCGGCAAACGGAGCCCTTATGATGTGGTGCTTCTGCCAGGAGGAATGCCAGGGGCTCAGAATCTGGCCG
AGTCTCCTGCTGTGAAGGAGGTGCTGAAGGATCAAGATGGCAGAAAAGGCCTGATTGCAGCCATCTGTGCAGGTC
CCACCGCTCTTCTGGCGCATGGCATCGGCTTCGGCAGCACAGTCACTACACATCCTGCCATGAAGGAGAAGATGA
TGGCTGGAGACCACTATAAATATTCAGAAGCTCGAGTACAGAAGGATGGACATTACATCACCAGCCTCACCGACA

CAA

B.

PREDICTED: protein DJ-1-like isoform 1 [Oreochromis niloticus]

Sequence ID: ref|XP 003454576.1|Length: 189 Number of Matches:

Score = 191 bits (484), Expect = 3e-59
Identities = 91/93(98%), Positives = 92/93(98%), Gaps = 0/93(0%)
Frame = +3

Query 12 KRSPYDVVLLPGGMPGAQNLAES PAVKEVLKDQDGRKGLIAAI CAGPTALLAHGIGEFGST
K+ PYDVVLLPGGMPGAQNLAES PAVKEVLKDQDGRKGLIAAI CAGPTALLAHGIGEGST
Sbjct 63 KQGPYDVVLLPGGMPGAQNLAES PAVKEVLKDQDGRKGLIAAI CAGPTALLAHGIGEFGST

Query 192 VTTHPAMKEKMMAGDHYKYSEARVQKDGHYITS 290
VTTHPAMKEKMMAGDHYKYSEARVOKDGHYITS
Sbjct 123 VTTHPAMKEKMMAGDHYKYSEARVQKDGHYITS 155

191

122

1

Figure 3.8 (A) Nucleotide sequence of the amplified product of approximately 300

bp generated from degenerate primers for Proteasome subunit beta type 2. The

primer position is underlined. (B) Blast analysis of the amplified 300 bp product

against previously deposited sequences in GenBank.
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3.2.3 14-3-3 A2

Protein sequence alignments revealed high sequence similarity between 14-3-
3 A2 from different fish species (Figure 3.9). Degenerate primers for amplification of
this gene segment were designed. PCR was carried out against both the cDNA and
genomic templates. A single discrete band of approximately 550 bp was generated
from the cDNA template whereas several amplification bands were obtained from
the genomic DNA template (Figure 3.10). A 280 bp fragment was excised from the gel
and cloned (Figure 3.11A). Blast analysis indicated that it showed the closest
similarity with ribosomal protein S8 of Solea senegalensis (E-value = 6e-107; Figure

3.11B).

O.niloticus MVDREQLVOKARLAEQAERY DDMAAAMKSVTE LNEAL SNEERNLLSVAYKNVVGARRSSW 60
I.furcatus MVDREQLVQKARLAEQAERY DDMAAAMKSVTE LNEALSNEERNLLSVAYKNVVGARRSSW 60
I.punctatus MVDRE QLVOKARLAEQAERY DDMAAAMKSVTE LNEAL SNEERNLLSVAYKNVVGARRSSW 60
Salmo salar MVDRE QLVQOKARLAEQAERY DDMAAAMKSVTE LNEAL SNEERNLL SVAYKNVVGARRSSW 60
O.mykiss MADRE QL IQRARMAE QAERY DDMAS AMKQV TE LSE PLSNDDRNLL SVAYKNVVGARRSSW 60
D.rerio MADRE QL IQRARLAEQAERY DDMAS AMKLV TE LNE PL SNE DRNLL SVAYKNVVGARRSSW 60

K KKK KK eke kK e hkh kA AAAdhhke kA’ KAk Ak Kk Khkke ek XAkAkAkAhAAkA AN XX Ak kx Ak %

O.niloticus RVISSIEQKT SADGNEKKIEMVRAYREKIEKE LEAVCQDVINLLDNFLIKNCSDTQHESK 120
I.furcatus RVISSIEQKT SADGNEKKIEMVRAYREKIEKELETVCQDVLSLLDNY LIKNCSDAQHESK 120
I.punctatus RVVSSIEQKT SADGNEKKIEMVRAYREKIEKE LEAVCQDVINLLDNFLIKNCSEAQHESK 120
Salmo salar RVISSIEQKT SADGNEKKIEMVRAYREKIEKE LETVCQDVINLLDNFLIKNCNETQHESK 120
O.mykiss RVTSSIEQRAMADGNDKKLE LVKAYRETIEKELETVCQDVLNLLDQFLIKSCGEDQLESK 120
D.rerio RVISSIEQKTAADGNEKKLELVRVYRE TVEKELESVCQDVLTLLDQY LIKNCDETQVESK 120
Kok kkokk ks s KARK sk Kk sk s Kokk sk AKKK KKK kkk i okkk K . X KKK
O.niloticus VEYLKMKGDY YRYIAEVATGEKRATVVESSEKAYNEAHEI SKEHMOPTHPIRLGLALNYS 180
I.furcatus VEYLKMKGDY YRYLAEVATGEKRSTVVESSEKAYNEAHET SKEHMOQPTHPTRLGLALNYS 180
I.punctatus VEYLKMKGDY YRYILAEVATGEKRAAVVESSEKAYSEAHEI SKEHMOQPTHPIRLGLALNYS 180
Salmo salar VEYLKMKGDY YRYILAEVATGEKRAGVVESSEKSYSEAHEI SKEHMQPTHP IRLGLALNYS 180
O.mykiss VEYLKMKGDY YRYLAEVATAEKKTSAVESSEGAYKEAYEI SKS-MAATHPIRLGLALNES 179
D.rerio VEYLKMKGDY YRYILAEVATGEKRASAVESSEGAYKEAFDI SKG-MPATHPIRLGLALNES 179

KhkKhk Ak hkhkAhkk Ak hhkhkdkkhxkx  Khk oo Kk hkkkk ok kk ek kK * Khkkkkhkkkkk ko K



O.niloticus
I.furcatus
I.punctatus
Salmo salar
O.mykiss

D.rerio

O.niloticus
I.furcatus
I.punctatus
Salmo salar
O.mykiss

D.rerio

VEYYETQNAPEQACHLAKTAFDDATAELDT LNEDS YKDSTLIMOLLRDNLTLWT SDQQODD

VEYYEIQNAPEQACHLAKTAFDDAIAELDTINEDS YKDSTLIMOLLRDNLTLWT SDQQDD

VEYYEIQNAPEQACHLAKTAFDDAIAELDTLNEDS YKDSTLIMOLLRDNLTLWT SDQQODD

VEYYETIQNAPEQACHLAKTAFDDATAELDT LNEDS YKDSTLIMOLLRDNLTLWT SDQQODD

VEYYEIQNAPEEACKLAKEAFDEAIGHLDNINEDS YKDSTLIMOLLRDNLTLWT SDQQDS

VEYYEIQNAPEQACQLAKEAFDDAI GHLDNINEDS YKDSTLIMOL LRDNLTLWT SDQODS

***‘k*****‘k*:**:‘k** *‘k‘k:**"‘k*'**‘k***********‘k*****‘k****‘k***‘
EGGEGNN 247
EGGEGNN 247
EGGEGNN 247
EGGETNN 247
EGGEAQP 246
EGGDANN 246

KhkKk .

240
240
240
240
239
239
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Figure 3.9 Multiple alignments of amino acid sequences of 14-3-3 A2 from various

species. Positions of degenerated primers are highlighted and the 14-3-3 domain

found in the deduced protein is underlined.

bp
1500
1000

500

Figure 3.10 A 1.5% ethidium bromine-stained agarose gel showing the ampilification

products of 14-3-3A2 protein gene fragment against genomic DNA of L. calcarifer.

Lane M = a 100 bp DNA ladder. Lane 1 = the amplification products against the cDNA

template. Lane 2 = the amplification products against the genomic DNA template. An

intense band of 550 bp (indicated by arrowhead) was cloned and sequenced.
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A

TGCATATAAGAATGTGGTAGGAACAAGAAGTACCGTGCTCTGAGGTTGGATGTTGGAAACTTCTCATGGGGCTCT
GAGTGCTGCACACGGAAGACCAGGATCATCGATGTGGTCTACAATGCCTCCAACAACGAGCTGGTCAGAACCAAG
ACCCTGGTGAAGAACTGCATCGTCCTCATCGACAGCCTTCCCTTCAGGCAGTGGTATGAGGCTCACTACGCCACT
CCTCTGGGACGCAAGAAGGGAGCCAAGCTGACTCCCGAGGAGGAAGAGGTCCTGAACAAGAAGCGGTCAAAGAGG
ACCCAGAAGAAATACGATGAGCGTAAGAAGACAGCCAAGATCAGTCCCCTCCTGGAGGAGCAGTTCCAGCAGGGA
AAACTGCTCGCTTGCATCGCCTCCAGACCCGGCCAGTGCGGTAGGGCAGACGGTTACGTCCTGGAAGGCAAAGAG
CTTGAGTTCTACCTGAGGAAGATCAAGGCCAAGAAAGGCAAATAGATGTACAGCTGTTTGATACGTCAATAAATT
CCTCCCACCACATTCTTGTAGGC

B.

ribosomal protein S8 [Solea senegalensis]
Sequence ID: dbj|BAF45896.1|Length: 208Number of Matches: 1

Score = 316 bits (810), Expect = 6e-107
Identities = 154/159(97%), Positives = 157/159(98%), Gaps = 0/159(0%)
Frame = +1

Query 16 GRNKKYRALRLDVGNF SWGSECCTRKTRIIDVVYNASNNELVRTKTLVKNC IVLIDSLPE 195
G NKKYRALRLDVGNFSWGSECCTRKTRIIDVVYNASNNELVRTKTLVKNC IVL+DSLP+
Sbjct 50 GGNKKYRALRLDVGNF SWGSECCTRKTRIIDVVYNASNNELVRTKTLVKNC IVLVDSLPY 109
Query 196 RQWYEAHYATPLGRKKGAKLTPEEEEVLNKKRSKRTQKKYDERKKTAKISPLLEEQFQQG 375
ROWYEAHYATPLGRKKGAKLT PEEEEVLNKKRSKRTQKKYDERKK AKISPLLEEQFQQG
Sbjct 110 RQWYEAHYATPLGRKKGAKLTPEEEEVLNKKRSKRTQKKYDERKKMAKISPLLEEQFQQG 169
Query 376 KLLACIASRPGQCGRADGYVLEGKELEFYLRKIKAKKGK 492

KLLACIAS+PGQCGRADGYVLEGKELEFYLRKIKAKKGK
Sbjct 170 KLLACIASKPGQCGRADGYVLEGKELEFYLRKIKAKKGK 208

Figure 3.11 (A) Nucleotide sequence of the amplified product of approximately 550
bp generated from degenerate primers for 14-3-3A2 protein. The primer position
underlined. (B) Blast analysis of the amplified 550 bp product against previously

deposited sequences in GenBank.



64

3.2.4 DEAD (Asp-Glu-Ala-Asp) box polypeptide 56

Protein sequence alignments revealed high sequence similarity between
DEAD box polypeptide 56 from different fish species (Figure 3.12). Degenerate primers
for amplification of the DEAD box polypeptide 56 gene segments were designed. PCR
was carried out against the cDNA template. An intense band of approximately 400 bp
was clearly observed (Figure 3.13). This fragment was excised from the gel, cloned
and sequenced (Figure 3.14A). However, blast analysis indicated that it showed the
closest similarity with warm temperature acclimation-related 65 kDa protein of

Acanthopagrus schlegelii (E-value = 9e-47; Figure 3.15B).

T.rubripes MASERLQFHEMGIDDRLLKAVADLGWSQPTLIQEKATPLALEGKDLLARARTGSGKTAAY 60
O.niloticus MAHERLQFHEMGLDDRLLKAVADLGWSKPTLIQEKVIPLALDGKDLLARARTGSGKTASY 60
O.latipes MACERLQFHEMGLDDRLLKAVADLGWSQPTLIQEKAIPLALEGKDLLARARTGSGKTAAY 60
D.rerio MEEDSVRFHEMGLDDRLLKALADLGWSQPTLIQEKAIPLVLEGKDLLARARTGSGKTAAY 60
K e akokkok ks Rk k Rk Rk s Rk kR k ks Rk Rk k| Rk k| kR Rk kR kR Rk ok Rk ks K
T.rubripes AVPVIQRITLASKQSVREQDVKALILVPTKELGQQVQTMIRQLTAFCSRDVRVADVSGKAD 120
O.niloticus GIPVIQRILASKQONVREQDVRALIVVPTKELGHQVQ IMMROLTAYCSRDIRVADISSKVD 120
O.latipes AVPIIQHILTSKQSVREQAVRVLVLVPTKELGQQOVQTMMRQLT SFCSRDVRVADISSKAD 120
D.rerio AVPLIQRVLTSKQTVREQAVRAVVLVPTKELGQQVQTMIRQLTVYCSRDVRVADISGKAD 120
cK e kk ek KAk KKKK ke sos ek Ak KKk K KAk K c AR AE kKA Kk kK ke kK K
T.rubripes VSTQRPILMEKPDIVVGTPSRILAHLNAQNLLLHSSLEMLVVDEADLLESFGFEADLKNL 180
O.niloticus LSTQRPILMEKPDVVVGT PSRVLAHLNAQNLVLRSSLEMLVVDEADLIFSFGFESDLKNL 180
O.latipes VSSQRP ILMEKPDVVVGT PARVLAHINAHNLDLQAS LEVLVVDEADLI FSFGFEADLKSL 180
D.rerio LSAQKPILMEKPDIVVSTPSRIQAHINAONLQLHSSLEMLVIDEADLLFSFGFEADLKNL 180
SRk sk Rk okkkokk skk kK ak s Kk kk skk ks akokk s kK LR ARK K kkk oKk ok kkk K
T.rubripes LCHLPKIYQSFLMSATLSEDVQSLKELLLHNPI ILKLQGSQLPDSSQLQQY SINCEEEDK 240
O.niloticus LCHLPNIYQSFIMSATEFNEDVQTLKELLLHNPVILKLOGSQLPDSSQLQQY SIKCEEEDK 240
O.latipes LCHLPKIYQSFILMSATFTEDVQALKE LLLHNPVVLKLOGSQLPDSSQLQOQY TIKCEEEDK 240
D.rerio LCHLPKIYQAFLMSATLNDDVQALKELVLHNPVTLKLOGSQLPDSSQLQQF STKCEEEDK 240
KKK K L KKK KRR KKK ¢ shkok s hkk ks KA K KKKk hhk hok hkk ko h ks ok s A AAK kK
T.rubripes FLLIYTLLKLRLVQGKTLLEFVGAVDRSYRLKLFLEQFGIPTCVLNSELPVGSRCHIISQF 300
O.niloticus FLLVYTLLKLCLVKGKTLLFVGTVDRCYRLKLFLEQFGIPACVLNSELPVQSRCHITIAQFE 300
O.latipes FLLVYTLLKLOQLVRGKTLLFVGAVDRSYRLKLFLEQFSIPACVLNSELPVQSRCHIITQF 300
D.rerio FLLIYTMLKLGLIQGKTLLFVSDVDRSYRLKLFLEQFSIPACVILNSELPVHSRCHIISQF 300
Kokk s KK sk okk ke sk kKK KAR | kkk A KAK KK KRR A | kk s KA KA kKKK Kk kkkk s XK
T.rubripes NOGFYDYIIAADEESLAVPAEGAASAEAAAGKGKKKKN SEKAGKSKDKEFGVSRGVDEQN 360
O.niloticus NOGFYDYIIATDEQSLT---ETAAEPQT TAGK-EKKKT QKKGGKAKDKEYGVSRGVDEQN 356
O.latipes NQGFYDIIIATDEQSLS————--PPAGS SQTKGKEKKNADKGGKAKDKEFGVSRGVDFQN 354
D.rerio NQGFYNYIIASDEQGLES ———PAGSSQK TQEKGNKKKGTGK -~—~KGKDKEYGVSRGIDFHN 355

kkkk ke Khhkkeoekko K . * e ek Kk * K kkkkekkkkk o kk ok
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T.rubripes VSNVINFDFPTTVESY IHRVGRTARADNPGTALSFISHKEVALLSDVEEALTGDHSGSVL 420
O.niloticus VANV INFDFPKTVESY IHRVGRTARADNPGTALSFVSHTELGLLSEVEEALTGDETNSPL 416
O.latipes VANVINFDFPTTVESY IHRVGRTARADNQGTALSFISHTELPLLVEVEEALSTDNAESVL 414
D.rerio VSNVINFDFPTSVESY IHRVGRTARADN PGTALSFI SHAELSMLSEVENALTGDSNNCVL 415
‘k:*‘k**‘k**‘k.:‘k*‘k**‘k**‘k**‘k*‘k** **‘k*‘k‘k:*‘k ‘k: :* :**:*‘k: * . *
T.rubripes KPYKFKMEEIEGFRYRCRDAMRSVTKQAVREARLKE IKQELLNSEKLKTYFEDNPRDLQL 480
O.niloticus KPYEFKMEQIEGFRYRCRDAMRSVTKQAVKEARLKE IKQELLNSEKLKTYFEDNPRDLQL 476
O.latipes KPYQFRMEEIEGFRYRCRDAMRAVTKQAVREARILKE IKQELLNSEKLKTYFDDNPRDLQL 474
D.rerio KPYEFRMEEIEGFRYRCRDGMRSVTKQAVKEARIKE IKQELINSEKLKTYFEDNPRDLQL 475
‘k**:*:‘k*:‘k*‘k‘k*‘k**‘k*.‘k*:‘k*‘k**‘k:*********************:*‘k**‘k**‘k
T.rubripes LRHDKDLHPAVVKPHLRNLPDYLIPDTLRNVINPLS CKNRRKRKEKPKLGVVKTSFKN -T 539
O.niloticus LRHDKDLHPAVVKPHLKNVPEYLIPEALKGVVHPLT SRRRRRKEIQRPGGVIKSSFKKNI 536
O.latipes LRHDKDLHPAVVKPHMKNIPDYLIPQTLRGVVNPLS GRRKRWRVKP PAEGVARSSFKKND 534
D.rerio LRHDKDLHPATI IKPHMKNVPE YLIPTALKSLVNPLNQRRKRKKVKS S - -GVMLSSFKKNY 533
**********::***::*:*:**** :'k:.:::**. :.:* . * % :***:
T.rubripes RGKDPLKSFRY TRGKNRKGKAAQS 563
O.niloticus QGKNPLKSFQYTGGKNRKGKASQS 560
O.latipes PSRNPLKSFRY TRGRNKAAKAGKS 558
D.rerio RGRNPLKSFRYAKKRRGEKKAGKP 557

oo kkhkk ko ko . *k .

Figure 3.12 Multiple alignments of amino acid sequences of DEAD (Asp-Glu-Ala-Asp)
box polypeptide 56 from various species. Positions of degenerated primers are

highligshted and the DEXDc domain found in the deduced protein is underlined.

Figure 3.13 A 1.5% ethidium bromine-stained agarose gel showing the ampilification
products of DEAD (Asp-Glu-Ala-Asp) box polypeptide 56 gene fragment against
genomic DNA of L. calcarifer. Lane M = a 100 bp DNA ladder. Lane 1 = the
amplification products against the cDNA template. An arrowhead indicated the band

that was cloned and sequenced.
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A

GTGCCCACCAAAGAACTGGGCATCGAGGGTCCCATTGAAGCTGCATTTGTCTGCGAGGATCATCACATTGCTCAC
ATCATCAAAGAGGGGAAGATTTATGATGTGGAGTTGAAGGCCAGCCCTCGCGTCGCAGCCAATGAGCGTCCAATT
TCCCTGCTGAAGAAGGTCGATGCTGCCATGTGCGATGCTACAGGAATTAAAGTGATCACAGGCAACCACTTGTGC
CACTTTGAGAGTACCATGGTGTTTGTTACTGCCAAGTCCTTGCCTGAGCAGAAAAGGGTATCCCTGGAGCTGTTC
GGCTGCGATCACTAAGAGGCTTGCTTGACAGGACTGACTAGATTAACAACACAGTAAAACGTGGAGAAACGACAG
CAGACAGCTACAGCAA

B.

warm temperature acclimation-related 65 kDa protein [Acanthopagrus
schlegelii]
Sequence ID: gb|ABL74446.1|Length: 425 Number of Matches: 1

Score = 166 bits (421), Expect = 9e-47
Identities = 80/101(79%), Positives = 84/101(83%), Gaps = 0/101 (0%)
Frame = +1

Query 10 KELGIEGPIEAAFVCEDHHIAHI IKEGKIYDVELKASPRVAANERPISLLKKVDAAMCDA 189

+ELGIEGPI+AAFVCEDHHIAHIIK KIYDVELKASPRVA NER ISL VDAAMCD
Sbjct 325 EELGIEGPIDAAFVCEDHHIAHI IKGNKIYDVELKASPRVAGNERTISLFDNVDAAMCDG 384
Query 190 TGIKVITGNHLCHFESTMVEFVTAKSLPEQKRVSLELFGCDH 312

TG+KVI GNH HF ST FV +SLPEQ RVSLELFGCDH
Sbjct 385 TGVKVIKGNHFYHFISTHGFVAGRSLPEQHRVSLELFGCDH 425

Figure 3.14 (A) Nucleotide sequence of the amplified products of approximately 400
bp generated from degenerate primers for 14- DEAD box polypeptide 56. The primer
position is underlined. (B) Blast analysis of the amplified 400 bp product against

previously deposited sequences in GenBank.



functional domain but high similarity at the domain region of Acyl-CoA thioesterase
11 from different fish species (Figure 3.15). Degenerate primers for amplification of

the Acyl-CoA thioesterase 11 gene segments were designed. PCR was carried out

3.2.5 Acyl-CoA thioesterase 11

Protein sequence alignments revealed low sequence similarity outside the

against the cDNA and genomic DNA template.

template. Two intense band of approximately 250 and 200 bp were clearly observed
(Figure 3.16). A 250 bp fragment was excised from the gel and cloned (Figure 3.17).

Blast analysis indicated that it did not significantly match sequence previously

Smear amplification products

deposited in the databases.

O O HJA 93 O O H1a A o O HA 74 o O HA #4

O O HJ 3

.rubripes
.nigroviridis
.latipes

.niloticus

.rubripes
.nigroviridis
.latipes

.niloticus

.rubripes
.nigroviridis
.latipes

.niloticus

.rubripes
.nigroviridis
.latipes

.niloticus

.rubripes
.nigroviridis
.latipes

.niloticus

MTPEDKS-DMVQY PVPIQGSEEGYRNPTELKMSQIVLPCHANHRGE LSVGQLLKWMDS TA
MTPEDNP-DTVONPVP ILRREEGDRNPTEVKMS QIVLPCHANHRGE LSVGQLLKWMDS TA
MTSGQKDGDAMTDAQL THADGEAYRNPSEVOMSQIVMPCHANHCGE LSVGQ LLKWMDS TA
MTSENKDSDTMPDPLLIQESGEVYRNPTEVQOMSQIVLPCHANHCGELSVGQ LLKWMDS TA
XKk .. k. * *

Kk ke ke okhhhkhk ekhkhkhkhkhk hhkhkhkhkhkkhkk kk khkk kx

CLSAERHAGCSCITASVDDIHFELTIGVGKVVNIIAKVNRAFTSSMEVGILVNCEDLYTD
CLSAERHAGCSCITASVDDIHFEHTIGVGKVVNIIAKVNRAFTSSMEV ————————————
CLSAERQAGCSCITASVDDIHFELTIGVGKVVNIKAKVNRAFT SSMEVGISVTCEDLY TG
CLSAERHAGCSCITASVDDIHFEHTIGVGKVVNIIAKVNRAFTSSMEVGILVTCEDLY TD
B R I L I e

ROWKVCQAFATFVARRTEAGKVQLKQVI PRTQLEQMEY SLAAERRRMRLLHAE ITTDLLS
-—————————-——-—————————-QLKQVIPHTQLEQOMEY SLAAERRRMRLLHAE ITTDLLS
ROWKVCHAFATFVARRTE TGKVQLKQVI PRTHMEQIEY SLAAERRRMRLIHAE IMTDLLS
ROWKVCHAFATFVARRTEAGKVQLKQVI PRTOMEQMEY SLAAERRRMRLIHAE ITTDLLS

KhAkhkAkhkhkhkek oo khke khAAhk Ak Ak hkhkkhkkoekhkhk ko khk kK

SSTAQPGECQEYQDAVPAEQTRVESVELVLPPHTNHQV STFGGQIMAWMENVATI SA - ——
SSTAQPGECQEYQDAVPAEQTRVESVELVLP PHTNHQV STFGGQIMAWMENVATI SARCV
SSTAQLGECQEYEGAVPAERTRVESVELVLPPHANHQV STFGGQIMAWMENVATIAA - ——
SSTAQLGECQEYQDAVPAERTRVESVELVLP PHANHQV STF GGQIMAWMENVATIAA - ——

KAkAkKh Kk KAk Akhkkh ke FhAhKe kAN AAANAKNKAKAKN KK e kXA XA KAk AKX KAk Ak hAhk hk kK « %

SPSSRSWRFRSRWESS SSMSSQLHMPQT PSPOQRRLN SRWPNDAAKP PLSEVRLSSYPLFK

were observed from the genomic DNA
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GELNQLNLLFLKGQGHPTRPQRKQRT GVKRKNRHIRDS YRICGMLLLFLSRLWLHILPCR

m e~~~ SRT,CNAHPTLRSIDMFHFRGPS
CEADVSLSCSLPRVHVRACHGVL TPKLKHCS LS LCFGC SRLCNAHP TLRSI DMFHFRGPS
m e~~~ SRT,CKAHPTLRTIDMFHFRGPS
m e~ SRLCNAHPTLRSIDMFHFRGPS

‘k‘k‘k‘k:‘k‘k‘k‘k‘k*:*‘k*‘k*‘k*‘k*‘k
HIGDRLVLKSIVNNSFKHSMEVGVCAEAYQGRE PLRHI NSAFMTFEVLDSNWK PRTLPRI
HIGDRLVLKSI VNNSFKHSMEVGVCAEAYQGRE PLRHI NSAFMTFE VL DSNWK PRTLPRT
HIGDRLVLKAIVNNSFKHSMEVGVCAEAYQGRE PLRHINSAFMTFE VL DNERK PCTLPRI
HIGDRLVLKAI VNNAFKHSMEVGVCAEA YQGGE PLRHI NSAFMTFE VL DSDRK PC TLPRT

hhkhkhkhkhkkhkkehkhkhkhkehkhkhkhkhkhkhkhkhkhkhkhkhkkhkk dhkkkhkhkkhkhkhkhkhkhkrhkrkx o **x *kk %%k

RPEPVDGKRRYQEATARKKIRLDRKY ITSCKQTEVPVSVPWDP SNQMY LSYNNVSALKTLM

RPEPVDGKRRYQEATARKKIRLDRKY ITSCKQTEVPVS VPWDP SNOMY LSYNNVSALKLM

RPEPVDGKRRYVEATIARKKIRLDRKY ITSCKQPQVSLSVPWDP SNQMY LSYNNVSALKLM

RPEPVDGKRREFQEATARKKIRLDRKY ITSCKQTEVPLSVPWDP SNOQMY LSYNNVSALKLM

Khkhkkhk Ak Ak hkhke KNAKRKNKAAKRAAAAAAK AR A KR, ok e X kXA AKX AKX KK *AXA KAk Ak vkhk k*%

DARTNWVLTSEKNNVRLY TLE ENHMLRFKVEMHVGVAAEQT FQLLS DLRRRKEWDQHY KE

DARTNWVLTSEKNNVRLY TLEENHMLRFKVE THVSIAAEQT FQLLS DLRRRKEWDHHY KE

DTRNNWVLTSEKNKVRLY TLEENHMLCFKVEMY VSVPAEQS FHLLS DLTRRKEWDRHYEQ

DNRNNWVLASEKNKVRLY TLEENHMLCFKVEMNVRV SAEQT FHLLS DLRRRKEWDRHYEE

* ‘k“k‘k‘k‘k:‘k‘k*‘k:‘k*‘k*‘k*‘k*‘k*‘k* * *xkk * :‘*‘k*:*:*‘k*‘k* ******:**::

CEAIMQVNEEDTLYRVTTPSVSKVGKDNDFILLASRRKPCDSRDPYLIALRSVSLPTHPP

CEAIMQVNEEDTLYRVTTPSVSKAGKDNDFILLASRRKPCDARDPY LIALRSVTLPTHPP

CEVIIQADEEDTLYRVVTPSVSKGGKGKDFILLASRRKPCDSRDPYLIALRSVTLPTHPP

CEVINQADEDDTIYRVAT PSVTKGGKGKDEFILLASRRKPCDSGDPYLIALRSVTLPTHPP

khk kK kK e kekhkekkhkk hhkkk ek hhk o khkhkAhkAkhkhkhkhkhkkhkk o khkhkhhkhkhkkkk o kK kkk k%

TDAYTRGEVLCAGFTIREESGSLTKITYYNQATPGVLPYTATD IVGLSSSFYS SFSACSH

SDGYTRGEVLCAGFTIREESSSLTKITYYNQATPGVLPYISTDIVGLS STFYSAFSACSL

TEDYTRGEVQCAGEFTIREESNSVTKLTY YNQATPGVLPYISTDIAGLS SGEYCTFSACSR

TEEYTRGEVLCAGFTIWEESS SVTKITY YNQAT PGVLPYISTDIAGLSSSFYSAFSACSQ

Kokkokk ok kkk KAk kokk  kyokke Kk kkk Kk kkk Kk kkos KAk KkkK Kok ok kkk K
FLEANKDVLTATFL----—-—-=—---—= 572
FLEANKDVLTASFL----——----— 699
FLETSEDTAVVDSAASKEEKSQQOKE 584
FLLANKDSLAALPPSAL-------- 576

Kk . . Kk
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379
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625
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499

558
685
559
559
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Figure 3.15 Multiple alignments of amino acid sequences of Acylt-CoA thioesterase

11 from various species. Positions of degenerated primers are highlighted and the

START domain found in the deduced protein is underlined.
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Figure 3.16 A 1.5% ethidium bromine-stained agarose gel showing the ampilification
products of Acyl-CoA thicesterase 11 gene fragment against genomic DNA of
L. calcarifer. Lane M = a 100 bp DNA ladder. Lane 1 = the amplification product
against the cDNA template. Lane 2 = the amplification products against the genomic
DNA template. An arrowhead indicates the positive amplification product that was

cloned and sequenced.

ACAGAACGCAGGGCGATCAAGTATATAATTGTGGGTGACTTGATGAGTGAAAGTTTATAATCTTGAATCACATAC
ATTTCTGTATGCTTTTAGCGTGTAACAAGTGTGGACATAACTGCTGGCTTTCGTTGAAATGAACTACAACAGGTC
GTGGT

Figure 3.17 Nucleotide sequence of the amplified products of approximately 250 bp
generated from degenerate primers for Acyl-CoA thioesterase 11. The primer position

is underlined.
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3.2.6 Cell division cycle 2-like protein kinase 5 (cyclin-dependent kinase

13)

Protein sequence alignments revealed low sequence similarity outside the
functional domain but high similarity between sequences was found at the domain
region of from different fish species (Figure 3.18). Degenerate primers for amplification
of Cell division cycle 2-like protein kinase 5 (hereafter called cyclin-depaendent
kinase 13, Cdkl13) gene segment were designed. PCR was carried out against the
cDNA and genomic DNA template. No ampilification product was observed from the
cDNA template but a discrete band of 600 bp along with other faint bands was
obtained when amplified against the genomic DNA template (Figure 3.19). A 600 bp
fragment was excised from the gel and cloned. Nucleotide sequence obtained was
527 bp (Figure 3.20A). Blast analysis indicated that it showed the closest similarity
with cyclin-dependent kinase 13 of Astyanax mexicanus (E-value = 3e-39; Figure

3.20B).

T.rubripes MPNSDVL-REGRG-RSPSAQRNANRQDRRSKPGSG-AAPRDRQREKRRSSVSRRRKRRRA 57
T.nigroviridis P, — — —— —— ——— —— ——— —— ————————————
D.labrax MPNSEVL-REGRG-RSPSAQRNANRQDRRSKPGSG-AAQRDRHREKRR SSVSRRKKRRQA 57
O.niloticus MPNSEVL-REGRG-RS PSAQRNASRQDRRSKPGSG-AAQRDRHREKRRSSASRRKKRRQP 57
O.latipes MPNSEVL-RDGRGGRS PSELONANRQGRRSKAA SGT TAPRDRRREKGR SSASRRKKRRQQ 59
D.rerio MPNPEIVGREGRG-RSPPPQOR-SQREARRSKSRRE--RHRDG-KGRSASSS SRRKRHKRG 55
T.rubripes KERSVWPSGAAGDHDNNRKSTFENEAELRTLVEYDDVS SQSERFSGSPSPRLDPHLDRLS 117
T.nigroviridis VW16 N H- i - T dF IS 16 ) —————————
D.labrax RDKDLWPAGTTGDPDNDRKSTFEKEAELRTLVEYDDVS SQSERFSGSPSPKLDPHADRLS 117
O.niloticus KERGLWHTGTIEDPDNDRRSAFEKDVELRTLVEYDDVS SQSERFSGSPSPKLDPHAESLT 117
O.latipes KDRHLWHAVTTDGPD--KRSDFDKELELRTLVEYDDVS SQSERFSGSPSPKIDPHADNLP 117
D.rerio REKQLQ------QPQPWQQODALYDGDAGTLVEYDDVS SQSERFSGSPS----PRTDALS 105
T.rubripes VDQLSDVDLGE YNGPS SPERSHPRGREEACI NKKEPARGHSERSKPGKELGKKKERPSRE 177
T.nigroviridis ————-——-—-—————————-FRSHPRDRGEACINKKEPTRGHSERSKQGKELGKKKERPSRE 42
Dicentrarchus VDRLSDVDYDD -NGPASPDRSHPRDREAVCI GKEEQ TRGPSERSKQEKELARKKERQSRE 176
O.niloticus ADRLSDVDFVDYNGPASPDRSHPREREAVSLSKDEQTRGPSERSRQEKELSKKKDRHSRE 177
O.latipes ADPLSSVNFEY -NGPASLARGQLRDREAVYLSK--EFRGPSERSKQDKDLSKKKDHQSRE 174
D.rerio VDRLSEAELQDCGYEAPAGREHNSSSR-—--—----RRDGPAERIRSEK--DAKRNRSGRE 155

* . * e kKk . * K oo . * %
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RDSSRPRSRSSLSAPKNHRET SRSNDGNGKRPSAQ-SSQPAEKRDSKRHRSKTRSEKE PP
TDPSKSKSRSSLSASKNHRAATRSSDGNGKRTS SQ - SSQPAEKRESKRHRSKTRL DKE PP
RDSSKVRSGGSLSGSKNHRDT TRSNDRNGKRTSTSQPSQSADKRDSKRHRSKT RS DKE PP
RDSSKARSGGSLSGSKNHRDTTRSSDRNGKRTSTSQSSQSADKRDSKT HRSKTRS DKE PP
RDSLKVRTGGSLSGSK -—-TATRSGDKNGKRTS SS—-SQSADKKNAKRHRSKTRT DKE TP
QDAAFKSRSG——————-——-—-VRNHDSNGRKPS SA---SQADKKESRRHKSKPKPEKDAP

*. . Koox oxx x A A
SAYRDAPQSYRDDREDLRAYRRS ~PGFKG--—--ESPYGTSYSYSYQSPAGYNQLASRRSP
SAYRDAPQSYRDDREDLRAYRRS ~PGFKA--—--ESPYGTSYSYTYQSPAGY SQLI SRRSP
SAYR-—-—-—-—-DDREDLRPYRRS -PGFKA----ESPYGTSYSYSYQFPGGYNQLI SRRSP
SAYRDAPQSYRDDREDLRAYRRS -PGFKS—-—--ESPYGTSYSYNYQSPGGYNQLI SRRSP
SAYRDAPQSYRNDREDPRAYRKS ~PGFKT--—--DSPYGTSYSLNYQSPGNYAQLASRRSP

SAYREPPQAYRDDREELRAYRRS SPSFKATADNASPYGTSY ~YGYQSPPANYQLI PWRSP

* kKK ekkke Kk Kkk ok Kk k% Kk Kk kkKk *k K * * * Kk

TYGSKRLSPSTTYYSRDLDVY GAYGAPKSPGSY SSNKRKRS PT SPANWRRS PSYGRHS PY
TYGSKRLSPSSAYYSRDLDVY GAYAAPKSPGSY SSNKRKRS PGSPANWRRS PSYGRHS PY
TYGSKRLSPSSTYYNRDGDSYGAYGMPKSPS SY SSNKRKRS PASPANWRRS PSFGRHS PY
TYGSKRLSPSSTYYSRDVDMY GSYGAPKSPS SY SSNKRKRS PVSPVNWRRS PSYGRHS PY
TYGSKRHSPSATYENRD-DVYGGYGMPKSPT SY SSNKRKRS PASPANWRRS PSYGRHS PF
-———-KKQSPTSTYY-RDPEMYAAYNALN--——--— SSGKRKRS PASPY -WRRSPSYGRHSPY

*: **:::*: * % . *_.*

*k kkkkkk kK Kk hkkk hkk ok kkk ko

EQGDFGSSPYGNRRRSRS PYRKSLSPSPDVRRTVRSRSRSPYS SSRHSRSRSRHRHSRSR
EQADFGSSPYGNRRRSRSPYRKSLSPSPDVRRSARSRS RSPYTSSRHSRSRSRHRHSRSR
EQGEFGSSPYGNRRRSRSPYRKSLSPSPDVRRSARSRSRSPYS SSRHSRSRSRHRHSRSR
EQGEFGSSPYGNRRRSRSPYRKSLSPSPDVRRSARSRSRSPYSTSRHSRSRSRHRHSRSR
EQGEFVSSPYGKRRKSRS PYRKSLSPSPDVRRPARSRSRSPFPSSRHS RSHSRHRHSRSR
EQGEFAGSPYGQRRRSRS ——---—-—-PTPDTRRPVKSGSRSPYPSARHSRSRSRHRVSRSR

KKk ek K KKK ek Kok kK * ek Kk kK ek KkkKk . s ek kk KKk kA KKk KKk kK

SRPSSLSPSTLTFKSS LAAEL SKQKKAKAAEAAAKAKT SSNTSTPTKGSSS ——-APQPSP
SRPSSLSPSTLTFKSSLAAEL SKQKRAKAAEAAAKAKT PSNASTPTKGSSS ——-APQPSP
SRPSSLSPSTLTFKTS LAAEL SKOKKVKAAEAAAKAKNSSNTSTPTKGSSS ——-APQPSP
SRPSSLSPSTLTFKTS LAAEL SKOKKAKAAEAAAKAKNSSNTSTPTKGSSS ——-AHQPSP
SRPSSLSPSTLTFKSSLAAELSKQKKVKAAEAAAKAKNSSNTSTPTKMPSS ——-AHQPSP
SRPSSLSPSSLTLKSSLAAELSKQKKAKAAEAARAKNS SSNASTPTKGSSS SSNAPQP SP

khkkhkkkhkhkkhkkhkkekke kekkhkhkhkkhkhkhkhkhke *hkkk k% . Kk ok kKK Kk * % * kK kK

KNNS LR-KGRPPS PP-PERGPKT PTS SQPQS PSDRT SKKTS DPQSSKDREGKVKE DAVN -
KVNHLARKGRP PS PP-PEKGPKT PTASE PQS PAEKT ARKSTEHGS ~KDRDGKGKEEPVT—
KSNHSSRKGRPPSPPQPEKGPRTPTS SQPQSPSDKS —KRTTDHQTSRDRDGKGKDDSVHR
KSNHNSRKGRPPSPPQPEKGPRTPTSTQPQS PSERS SKKTTEHQTSRDRDVKGKDDST HR
KSNHTAKKGRP PS PPAPEKGPRT PTSNQPQS PADKL ~-KKTAEHQSS S- ——-KGKEDPLHR
VTNHAAKKTRPPS PPPPEKGPRT PVC SQ POS PVERPAKRSADVPLPG -~ RDAKLKEEKKK-

* Kk KK KK KK KK e kK ok K e KKK K e e e e K ke .

—--KKPSAAGQTKDKERPAGPONSVMS -LPLPPTLLEHVDKGDSLKDTS LSGKK ~-KPERKP
- -KKTSAAGONKDKERAAGPQSSAAP -LPLPPAAPEHTEKPES LKDGS LSGKK ~-KVEKKP
DKRKAPVSGTSKEKERATGPLISTLS SLPLPQTVLEHM DKGESLKDSSLSGKK -KSERKA
DKRKAPASGQGKEKERTTGQAMS TLPLLPLPQTVIEHT DKGESLKDSSLSGKK ~KSEKKA
DKKKAPASGQIKDKDRAAGPVISTLPQLPLPQIVAENADKGDNLKDGS LPGKK ~KLEKKT
—-———-——-—-QAVKEKEKTVAPVVATHT PAANNME HLEANDSV SSLKE SS AGKKS SKPERKV

Koo ke e . * . kKo K * * ke Kk
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101
236
237
229
201

291
156
284
292
284
260

351
216
344
352
343
309

411
276
404
412
403
362

468
333
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422

525
390
520
529
515
480

581
446
579
588
574
532
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ROLLSDLPLPPDFSAST-SSPHSPLE DK-RTQAARRRPKICGPRYGEFKETEI DWGKRCV
ROLLADLPLPPDF SSST-SSPHS POEDK-KSQAARKRPRICGPRYGEFKETEI DWGKRCV
ROLLSDLPLPPELTGGT-SSPHSPPEDK-KSQT LRRRPKICGPRYGEIKETEI DWGKRCV
ROLLTDLPLPPELLGST-ASTQSPSDDK-KSQT IRRRPKICGPRYGEIKEIAI DWNGKRCV
ROLLTDLPLPPELPCPS-VSPSSPPDKLEKSQTFRRRPKICGPRFGEIKEIEI DWGKRCV
RALLSDLPLPPELPGLTPASPLSPPDEK -KT PAPRRRPKICGPRFGEIKETEI DWGKRCV

* kk kkk kkx

K kk ek Ak kkk .. . * * % ke kk ekk kk Kok ko kK

DKFEIIGITGEGTYGQVYKAKDKDTGEMVALKKVRLDNEKEGF PITATREIKI LRQLNHK

DKFEILGITGEGTYGQVYKAKDKDTGEMVALKKVRLDNEKEGF PITATREIKI LROLNHK

DKFEIIGITGEGTYGQVYKAKDKDTAEMVALKKVRLDNEKEGF PITATREIKI LROQLNHK

DKFEIIGITGEGTYGQVYKAKDKDTAEMVALKKVRLDNEKEGF PITATREIKI LRQLNHK

DKFEIIGITGEGTYGQVYKAKDKDTGEMVALKKVRLDNEKEGFPITAIREIKI LRQLNHK

DKFEIIGITGEGTYGQVYKAKDKDTAELVALKKVRLDNEKEGF PITATREIKI LRQLNHK

KAKKAK e KAKXKAA KA AKX KA KAAXA AKX KK, Ko kAKX AKX KA K AKX AXA XA XA XX AKX XXX XX * X Ak k kK

SIINMKEIVTDKEDALDFKNDKGAFY LVFEYMDHDLMGLLE SGLVHENENH IRSFMROLL

SIINMKEIVTDKEDALDFKNDKGAFY LVFEYMDHDLMGLLE SGLVHFNENHIRSFMRQLL

SIINMKEIVTDKEDALDEKNDKGAFYLVFEYMDHDLMGLLE SGLVHFNESHIKSEFMRQLL

SIINMKEIVTDKEDALDEFKNDKGAFY LVFEYMDHDLMG LLE SGLVHFNESHIKSEFMRQLL

SIINMKEIVTDKEDALDFRNDKGAFY LVFEYMDHDLMGLLE SGLVHFNESHIKSEFMRQLL

SIINMKEIVTDKEDALDEKNDKGAFYLVFEYMDHDLMGLLE SGLVHFNESHIKSFMRQLL

K AAAAAAA A A A A A I Ak ek kA h Ak kA Ak hkhkkhkhkhkhkkhkhkhkhkhkhkkhk * kkeo kkhkk *%

EGLDYCHKKNFLHRDIKCSNILLNNRGQ IKLADFGLARLYNSEESRPYTNKVITLWYRPP

EGLDYCHKKNFLHRDIKCSNT LLNNRGQ TKLADFGLARLYNSEESRPY TNKVI TLWYRPP

EGLDYCHKKNFLHRDIKCSNILLNNKGQ IKLADFGLARLYNSEESRPY TNKVITLWYRPP

EGLDYCHKKNFLHRDIKCSNILLNNKGQ IKLADFGLARLYNSEESRPYTNKVITLWYRPP

EGLDYCHKKNELHRDIKCSNI LLNNRGQ IKLADFGLARLYNSEESRPY TNKVITLWYRPP

EGLDYCHKKNFLHRDIKCSNILLNNKGQ IKLADFGLARLYNSEESRPY TNKVITLWYRPP

*************************:**********************************

ELLLGEERYTPAIDVWSCGCILGELFTKRPI FQANQELAQLELISRICGSPCPAVWPDVI

ELLLGEERYTPAIDVWSCGCILGELFTKRPI FQANQELAQLELISRICGSPCPAVWPDVI

ELLLGEERYTPATIDVWSCGCILGELEFTKKPI FOANQELAQLELISRICGSPCPAVWPDVI

ELLLGEERYTPAIDVWSCGCILGELF TKKPI FQANQELAQLELISRICGSPCPAVWPDVI

ELLLGEERYTPAIDVWSCGCILGELF TKKPI FQANQELAQLELISRICGSPCPAVWPDVI

ELLLGEERYTPAIDVWSCGCILGELEFTKKPIFOQANQELAQLELISRICGSPCPAVWPDVI

K AAAAAAAAAIAA A A A AT A A I AR A Ak A, ek hk kA hkhkhkhkhkhk Kk hkhkhhkk hkk hkhkk hkk kk kkx k%

KLPFFHTMKPKKQYRRRLREEFAFIPPSALDLEDHMLNLDP SKRCAAEQALNSEFLRDVN

KLPFFHTMKPKKQYRRRLREEFAFIPPS ALDLFDHMINLDP SRRCAAEQALHSEFLRDVN
KLPFENTMKPKKQYRRRLREEFAFIPPSALDLEDHMLNLDP SKRCTAEQALGSEFLKDVD
KLPFENTMKPKKQYRRRLREEFAFIPPAALDLEDHMLNLDP SKRCTAEQALGSEFLKDVD
KLPFENTMKPKKQYRRRLREEFAFIPPAALDLEDHMLN LDPGRRCTAEQALSSEFLKDVD
KLPYFNTMKPKKQYRRRLREEFAFIPILMALDLEDHMLALDP SKRCTAEQALNS DFLRDVD

***:*:********************

Kkhkkhkhkhkhkkk Khhkk o hkke kkkhkhkk K okkok ko

PDKMPPPDLPLWQDCHELWSKKRRROQKQTPEELAAPKAPRKELGLDDSRSNT PQGFPPAT
PDKMPPPDLPLWQDCHELWSKKRRROKQVPEELAAPKAPRKELGPDDSRSNTPQGFPPSA
PDKMPPPDLPLWQDCHELWSKKRRRQKQ IPEELAAPKAPRKELGLDDSRSNTPQGFPAPG
PDKMPPPDLPLWQDCHELWSKKRRROKOMPEELAAPKAPRKELGLDDSRSNTPQGLSAPG
PDKMPPPDLPLWQDCHELWSKKRRROKOMPEELVAPKAPRKELGLDDSRSNTPQGFAAPG
PAKMPPPDLPLWQDCHELWSKKRRROQKOMPEELTAPKAPRKELGLDDSRSNTPQGFGTAA

K KK KA AAAAAAA A AR AA AR R AR A AR A, ek hkhkh hhkhkhkhkhhkkhhkk, *Khkkhhkhhxkkx o
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GAKAPN--AAAPALLDPKASS SQLTQEQLAVLLNFLG-QPS SAVSTAQYVQSI SAKVTQE
GAKAPN -- AVASALLDPKASNSQLTQEQLAVLLNFLG-QPSAAVSASQYVQSASAKASOF
GTKAQN -~ AAASATLDAKGPNSQLTQEQTAVLLNFLG-QPKSAVNT AQ FVQ SMSTKVNQE
ATKAQN--AAASALLDPKGAN SQLTQEQLAVLLNFLG-QPK SAVSTAQLVQSMSSKVNQE
AMKT QN -—ARASVLLE SKGPNSQFTQEQLAVLLNLLG- QSKTAPS- —— ——— = ———————
GGHKPQGSANAAGLLD PK SAN SQLTQDQLAVLLNLLQSKSS AAGGSAQ FMOTV SSKMN PE

Kok kks ALKk kk A RAKAKKL K ook
PPPQLK -NPPAADPADPL PPP PP P—- —- PPQST PSK PPQPAAP SGVPRTPPMPKP PSP PA
TTQQLAKNLPAADPAE PL PPP PP PGGRR PRQAT PNK PPQPAAPLGV PRTPPMPKP PSPPA
TLQOLSKATLAPSDPAE PPPQP TPT~= = === == ==K PPQP~ == === == === == == ——— ——
TLQOLSKALAPTDPAE PPLOPATA-——-—------KPPPPTAPAGV PRTPPMPKP PSPPM
- ~QCSPSSLRPSADQENPK—— == === == === == m o o o oo o

TLOOLSKALPCGLPESERPPEPPALP ————— KT SKALPAAASGPGAPRTPPMPKPPSPP-

SAPPGI PEGEAAVATQTAMTMLLAQLLQAQQ GQRSDRP DGV DAGDG ANAAGAGGG —QP PP
CAPPGLAEGEAAVATQTAVTIMLLAQLLOAQQG - === == === == === == === —— == ———
-——-GIPEGEAAAATQTAMIMLLAQLLQAQQGORQOE SS DGGEGAES NN PAGGAPGGQLLP
SAPSNI PEGEAAAATQTAMTMLLAQL LQAQH TQRQE PVDGGEGVES TN SAGGAAP —-LLP
- === == == —TS TANVRVN PGGWMAQLAACKT G———= = === == === ————— == ——————§
~GPQQADGESSASATQTAVIMLLAQLINVOQG—~~= -~ APGDGTGF DGADGGV PNTAPAP

. XKk

PEAKQPPEPSPISPGNRIGSAELLYSALSRLSEVGT ILPPDKRPPE PPEPPPHADLDYRQ

PEVKQPPEPSPVSPGSPSSVYLFRETAELSEVGGVS ILPPDQRPPE PPEPPPHADLDYRQ
PEVKQPPEPSPVSP---—--—-=-—--=—-=-VSDVSGVS ILPPDQRPPE PPEPPPHADLDYRQ
WDTRVPNE LHPV — - == ————— —— = —— —— —— o m
PEIRQPPEPSPVSPDAEGGG—-----VPSSGTLDSLS ILPPDQRPPE PPEPPPCADLDYRH

PPPEPKTGHAP PMPSAGGGDGGRPPEPDYPPLPS--AEGYGGDYNHPPPPPFTPAGESDG
—-———————-——-—-———-GGDGGRPPEPDYPPLP -—-SEGYGGDYIYPPPPPFTPAGEFSDS
PPPEPKTGHAPPIASAGGGDGGRPPEPDYPPLPTAEGPGYGGDYSHPPPPPFTPAGEGEG
PPPEPKTGHAPPIASAGAGDGGRPPE PDYPPLPTAEGSGYGGEYSHPPPPPFT PAGFGES

AP-------—--——--ESRPAEPPRPPEPDYPPDGS—----GYGGDFGRPPPP-FPHAGFSDS

YMGHMMGGGLP PHALNEVEFSGPGHTAAAAAATS AAGVLAPPQPDLEPQVAGASGP S -MVFE
YLGHMMGGGLP PHALREVEFSGPGQTTAGAGA —— ——— ILAPPQPDLFPQGGGVSGP SRMVFE
YMGHMLGGGLP PHALREVFSGPGQAAGS SAAAG-—-—-VLPPAHPDPF PPGAGAT GP SSMVFE
YMGHMLGGGLPPHTLREVEFSGPGQAASS STAPG ———-ALAPAHPDPEF PPSAGAS GPSSMVE

YLGRMMGAGLP PHAP - —- —=— —— === —=————————————— —— — ], GPEAFARGDHGMVF

SGDKDHREFKYNHS -LPVEGQPNPSAT HMYNHGLPOKEGGPPP—--IPAPGQPWGSP SQVGA
SGDKDHREKYNHS ~-LPVEARP SPGAI HMYNHALPQKDGGPPP—--IPAPGPPWGSP SQVGA
TGDKDHRFKYNHS PLPVEGQPNPNAT HLYNHAMARKDGVPP PPPIPAPGOPWG SP SQVGA
TGDKDHRFEYNHS PLPVEGQSNP SAT HLYNHAMARKDGVPP PPPIPAPGQPWGSP SQV GA

SGDQDHRFEYNHG ~== == === == === ~=~=—~——————— PP P~ ——PPPGQPWT SPSQS -~
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T.rubripes PPLPLGFVPHVNSAATIRGRGLPF 1428
T.nigroviridis PPLPLGFVPHVNSAATIRGRGLPFEF 1189
D.labrax PPLPLGFVPHVNSTATIRGRGLPEF 1400
O.niloticus PPLPLGFVPHVNSTAT IRGRGLPF 1417
O.latipes B it

D.rerio ---———----LGYAAALRGRGLPF 1289

Figure 3.18 Multiple alignments of amino acid sequences of Cyclin-dependent kinase
13 (Cdk13) from various species. Positions of degenerated primers are highlighted and

the S TKc domain found in the deduced Cdk13 protein is underlined.

Figure 3.19 A 1.5% ethidium bromine-stained agarose gel showing the ampilification
products of Cdk13 gene fragment against genomic DNA of L. calcarifer. Lane M = 100
bp DNA ladder. Lane 1 = the amplification products against cDNA template. Lane 2 =
the amplification products against genomic DNA template. An arrowhead indicates

the amplification product that was cloned and sequenced.
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A

AATGATAAAGGTGCGTTTTATCTTGTATTCGAGTACATGGACCACGACCTGATGGGTTTACTCGAGTC
TGGCTTAGTTCATTTCAACGAAAGCCACATCAAGTCTTTCATGCGACAGCTGCTGGAGGGTCTTGATT
ACTGCCACAAGAAAAACTTTCTACACAGAGACATAAAGCGCTCTAATATTCTGCTCAATAACAAGTGA
GTCCTTGGGATCTCCACACTCAACCAGGACAAACACCTTTGTTGTATTTTATTACACTGTCAAACATG
TTTTCCAGCAAGATTTAATCAATGTTGTTTTTTCCCCTCCTAATCAGAGGTCAAATAAAGCTTGCAGA
CTTTGGTCTTGCTCGGCTGTATAACTCTGAAGAGAGGTGAGCCTCTTATATTCTTGCAAAATTTATCC
AACCTGCTAAGCTTTCTTGCTGTATCATCTTCCATATTTTATTTCCACCTATGTATGTGATTCAAGAT
TATAAACTGTATTCTCCTTTCCAGTCGACCGTATACCAATAAAGTGATCAC

B.

PREDICTED: cyclin-dependent kinase 13 [Astyanax mexicanus]
Sequence ID: ref|XP 007238721.1|Length: 1426 Number of Matches: 2

Range 1: 716 to 782

Score = 146 bits (369), Expect = 3e-39

Identities = 66/67(99%), Positives = 66/67(98%), Gaps = 0/67 (0%)
Frame = +1

Query 1 NDKGAFYLVFEYMDHDIMGLLESGLVHFNESHIKSFMRQLLEGLDY CHKKNFLHRDIKRS 180
NDKGAFYLVFEYMDHDIMGLLESGLVHFNESHI KSFMRQLLEGLDY CHKKNFLHRDIK S
Sbjct 716 NDKGAFYLVFEYMDHDIMGLLESGLVHENESHIKSFMRQLLEGLDYCHKKNFLHRDIKCS 775

Query 181 NILLNNK 201

NILLNNK
Sbjct 776 NILLNNK 782

Range 2: 782 to 800

Score = 40.8 bits(94), Expect = 3e-39

Identities = 18/19(95%), Positives = 19/19(100%), Gaps = 0/19(0%)
Frame = +3

Query 318 RGQIKLADFGLARLYNSEE 374
+GQIKLADFGLARLYNSEE
Sbjct 782 KGQIKLADFGLARLYNSEE 800

Figure 3.20 (A) Nucleotide sequence of the amplified products using degenerate
primers for Cell division cycle 2-like protein kinase 5 (cyclin-dependent kinase 13).
The primer position is underlined. (B) Blast analysis of the amplified product against

previously deposited sequences in GenBank.
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3.3 Isolation and characterization of the full-length cDNA of L. calcarifer of

Cdk13

The primary 5 and 3" RACE-PCR generate smear amplification products
(Figures 3.21A and 3.22A). Semi-nested PCR was carried out by amplification of the
diluted primary RACE-PCR product with the same gene-specific primer and nested
adapter primer. After electrophoresis, smear amplification products and several
bands were obtained from semi-nested 5- and 3" RACE-PCR. A 2100 bp fragment
from semi-nested 5’ RACE-PCR (Figure 3.21B) and a 2000 bp fragment from nested 3’
RACE-PCR (Figure 3.22B) were cloned and sequenced.

bp

Figure 3.21 1.5% ethidium bromine-stained agarose gels showing the ampilification
product of 5° RACE-PCR of Cdk13 of L. calcarifer. A primary 5’ RACE-PCR against the
hemocyte (lane 1, A) and the hepatic template (lane 3, A). The primer controls
against respective templates were also included (lanes 2 and 4, A). A semi-nested 5’
RACE-PCR was further carried out against the hemocyte (lane 1, B) and the hepatic
template (lane 3, B). The primer controls against respective templates were also
included (lanes 2 and 4, B). Lanes M1 = ADNA-Hind Ill. Lanes M2 = a 100 bp DNA

ladder. An arrowhead indicated the amplified band that was cloned and sequenced.
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Figure 3.22 1.5% ethidium bromine-stained agarose gels showing the ampilification
product of 3” RACE-PCR of Cdk13 of L. calcarifer. A primary 3’ RACE-PCR against the
hemocyte (lane 1, A) and the hepatic template (lane 3, A). The primer controls
against respective templates were also included (lanes 2 and 4, A.. A nested 3’
RACE-PCR was further carried out against the hemocyte (lane 1, B) and the hepatic
template (lane 3, B). The primer controls against respective templates were also
included (lanes 2 and 4, B). Lanes M1 = ADNA-Hind Ill. Lanes M2 = a 100 bp DNA
ladder. An arrowhead indicated the amplified band that was cloned and sequenced.

An arrowhead indicates the amplification product that was cloned and sequenced.
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Blast analysis indicated that their nucleotide sequences did not matched
Cdk13 but both 2100 and 2000 bp bands showed the closest similarity with
complement component c3 of Epinephelus coioides (E-value = 0.0; Figures 3.23 and

3.24).

A.

AAGCAGTGGTATCAACGCAGAGTTTGAGGTCAAAGAATATGTGTTGCCCAGTTTTGAGGTGAAGCTGACACCTAT
GAGTCCCTTCTTCTACGTGGACAGTCAAGACCTCACTGTCAACATCAAAGCTACGTATCTGTTTGGTGAAGAGGT
TGATGGGACAGCATATGTGGTATTTGGAGTTGTACATGAGCGTCAAAAGAGGAGCTTTCCAAGCTCACTTCAGAG
AGTGCCGATTGTGACAGGTGAAGGACAGGTCACACTGAAGAGAGAGCACATCGCACAGACCTTCCAACAAATCAA
CCAGCTGGTCGGGAGCTCCATATTTGTAGCTGTCAGTGTGTTAACGGAGAGCGGTAGTGAGATGGTGGAGGCAGA
GTTGAGGGGTATCCAGATTGTCACATCACCCTATACCATCCACTTCAAGAAAACGCCCAAATATTTCAAACCAGG
GATGTCCTTCGATGTTTCGATTGAAGTTGTGAATCCAGATGAATCACCGGCACAAGGTATTCCAGTGGTGGTAGA
TCCAGGCATGGTGCGGGGTTTCACCGCAGCTAATGGCATGGCGAAGCTTACCATCAATACAGTGGCAGGAGAGCA
AAGGTTGACAATCACTGCAAAGACCAGTGATCCTCAAATTTCAGCTAACAGACAAGCATCAGCCACCATGGTAGC
TCTCCCATACCAAACTAAGAGTGACAACTACATCCACATAGGAGTGGATACAGCAGAGCTGCAATTAGGAGACAA
CCTGAAAATCAACCTCAACCTCAAGAGGCAGTCAAATGACAACACTGATATCACATACCTGATCCTGAGCAGGGG
CCAACTGGTCAAACATGGCCGATACAAGACAAGAGGCCAAGTACTGATATCTCTAATAATTCCCATCACCAAAGA
AATGCTGCCATCGTTCCGCATCATCGCCTACTACCATACAACTGGCAATGAAGTGGTATCAGACTCTGTTTGGGT
GGATGTCAAGGACTCTTGCATGGGCTCGCTGACGTTGGAATCATCGAGACCTGCTCCGTCTTATGAGCCTTCGCA
GGATGTTTGGTCTGAAGGTCACTGGAGATCCAGGGGCCACAGTGGGACTGGGTGCAGTTGACAAAGGCGTCTACG
TCCTGAATAACAAGCACCGCTCCCCCCAAAAAAAGTGTGGGACATTTTGGAGAAAATTGACACAGGTGGACCCCA
GTGGAAGGAAGAAAGAAATGGGGTGGTTCTCTCCACGCCGCGCCGGTGTTTTAATCCCCCACCTGTCTTTGGGAG
CCCCCCCGGCAAA




B.

complement component c3 [Epinephelus coioides]
Sequence ID: gb|ADU33222.1|Length: 1657Number of Matches:

Score = 590 bits (1521), Expect = 0.0
Identities = 304/385(79%), Positives = 336/385(87%), Gaps = 0/385(0%)
Frame = +1

Query 1 KOQWYQRRVVEEYVLP SFEVKLT PMS PFFYVDSQDLTVSIKATYLFGEEVDGTAYVVFGVV 180
+ ++ V EYVLPSFEVKLTP SPFFYVDSQ+L V+IKATYLFGEEV+GTAYVVEGV+
Sbjct 223 QSYFAEFEVREYVLPSFEVKLT PDSPFFYVDSQELRVNIKATYLFGEEVEGTAYVVFGVM 282

Query 181 HERQKRSFPSSLQRVPIVIGEGQVTLKGEHITQTFQQINQLVGSSIFVAVSVLTESGSEM 360
+ QK+SFPSSLQORVP+ G G VTLK EHITQTF I +LVG SIFVAVSVLTESGSEM
Sbjct 283 ODGOKKSFPSSLQORVPVGRGSGAVTLKREHITQTFPNILELVGKS IFVAVSVLTESGSEM 342

Query 361 VEAELRGIQIVTSPY TVHEFKKT PKY FKPGMSFDVS IEVVNPDESPAQGIPVVVDPGMVRG 540
VEAELR IQIVTSPYT+HF KTPKYFKPGMSFDV++EVVNPDE+PAQG+ VVVDPG V+G
Sbjct 343 VEAELRSIQIVTSPYTIHFTKTPKYFKPGMSFDVAVEVVNPDETPAQGVAVVVDPGNVQG 402

Query 541 FTAANGMAKLTINTVAGEQRLT ITAKT SDPQI SANRQASATMVALPYQTKSDNYIHIGVD 720
FTAANGMA+LTINTVAG RLTI A+T+DP+ISA RQA A+M A+PY TKS+NYIHIGVD
Sbjct 403 FTAANGMARLTINTVAGNARLT INARTNDPRI SAERQARASMTAVPYATKSNNYIHIGVD 462

Query 721 TAELQLGDNLKINLNLKRQSNDNTDITYLILSRGQLVKHGRYKTRGQVLISLIIPITEEM 900
TAELQLGDNLKINLNL RQ N N+D TYLILSRGQLVK GRYKTRGQVLISLI+PIT+EM
Sbjct 463 TAELQLGDNLKINLNLNRQENLNSDTTYLI LSRGQLVKKGRYKTRGQVLISLIVPITKEM 522

Query 901 LPSFRIIAYYHTTGNEvvsdsvwvdvkdsCMGSLTLESSRPAPSYEPRRKFGLKVTGDPG 1080
LPSFRI+AYYHT+GNEVVSDSVWVDV DSCMGSL LES R APSYEPRR FGLKVTGDPG
Sbjct 523 LPSFRIVAYYHTSGNEVVSDSVWVDVTDSCMGSLKLE SLRAAPSYEPRRMFGLKVTGDPG 582

Query 1081 ATLGLVAVDKSV*LPEKQAPPPPKK 1155
+T+GLVAVDK V + KOQ KK
Sbjct 583 STVGLVAVDKGVEVLNKQHRLTQKK 607

79

1

Figure 3.23 (A) Nucleotide sequence of the amplification products generated from

5'RACE-PCR of Cdk13. The position of nested UPM primer is underlined. (B) Blast

analysis of the amplified product against previously deposited sequences in GenBank.
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A

AAGCAGTGGTATCAACGCAGAGTTGTCGAAGAATATGTGTTGCCCAGTTTTGAGGTGAAGCTGACACCTATGAGT
CCCTTCTTCTACGTGGACAGTCAAGACCTCACTGTCAGCATCAAAGCTACGTATCTGTTTGGTGAAGAGGTTGAT
GGGACAGCATATGTGGTATTTGGAGTTGTACATGAGCGTCAAAAGAGGAGCTTTCCAAGCTCACTTCAGAGAGTG
CCGATTGTGACAGGTGAAGGACAGGTCACACTGAAGGGAGAGCACATCACACAGACCTTCCAACAAATCAACCAG
CTGGTCGGGAGCTCCATATTTGTAGCTGTCAGTGTGTTAACGGAGAGCGGTAGTGAGATGGTGGAGGCAGAGTTG
AGAGGTATCCAGATTGTCACATCACCCTATACCGTCCACTTCAAGAAAACGCCCAAATATTTCAAACCAGGGATG
TCCTTCGATGTTTCGATTGAAGTTGTGAATCCAGATGAATCACCGGCACAAGGTATTCCAGTGGTGGTAGATCCA
GGCATGGTGCGGGGTTTCACCGCAGCTAATGGCATGGCAAAGCTTACCATCAATACAGTGGCAGGAGAGCAAAGG
TTGACAATCACTGCAAAGACCAGTGATCCTCAAATTTCAGCTAACAGACAAGCATCAGCCACCATGGTAGCTCTC
CCATACCAAACTAAGAGTGACAACTACATCCACATAGGAGTGGATACAGCAGAGCTGCAATTAGGAGACAACCTG
AAAATCAACCTCAACCTCAAGAGGCAGTCAAATGACAACACTGATATCACATACCTGATCCTGAGCAGGGGCCAA
CTGGTCAAACATGGCCGATACAAGACAAGAGGCCAAGTACTGATATCTCTAATAATTCCCATCACCGAAGAAATG
CTGCCATCGTTCCGCATCATCGCCTACTACCATACAACTGGCAATGAAGTGGTATCAGACTCTGTTTGGGTGGAT
GTCAAGGACTCTTGCATGGGCTCGCTGACGTTGGAATCATCGAGACCTGCTCCGTCTTATGAGCCTCGCAGGAAG
TTTGGTCTGAAAGTCACTGGAGATCCAGGGGCCACATTGGGACTGGTGGCAGTTGACAAAAGCGTCTAACTCCCT
GAAAAACAAGCCCCGCCTCCCCCCAAAAAAAGGGTGGGGCATTTTTGGAGAAATTTAAACAAGCTGCACCCCACG
TGGAGGGAAGAAAGGATTTGGTGGGTTCTTCTATCCCGGGCGGGGGGTTTAGTCCCCCCTCGTCTTTGGGATCCT
TCCCCCAAAAATAGAATTGTCACCCGCCCCCCGGGGAAAACAAGCCCCCCCTTACAAAAAGACCAACCACTTTTG
GGGGGCTTAAACAAAAGATAAACACGACCCCTTGGGGGGGGATAAGAGAAGACCCCTTTTCACTTTTGGAAAAAC
AGGGGTATCCCAAAGGCCCTTTGGGAATCTTCCTTTCCGGGAAAGACCGGCGGGAAAAAGGCCATTTCCCGCCAA
AACTACAAAATTTTTCCCCATAAACAATGGACCCGCCGTGCTGCCGCTTTTTTTTTTTTTTTTTTTTTATCTCGG
TCATCAGTCTCACGGTATTCGGGTTTTTTGTTTTTTTTTTTTTACACTTTCATAAAAACAAATAATAAAAGGACA
TTTAAGACAAAATAGATTTTTTTATTTTTTTATCTGAAAGTGCCCCCCCCCACCCAAAAGCCCCCAAAAGGGGAG
AGGGGGGAAAAAGTTTTTTGGATCATTTTTTTCCGGTAAAACCTTCTTTTTTTTTTTTCGGGCTTTTCCCCCTGC
GGCCCCTGGGTGGTCAGGGGCCGTAACTTTGTGGCCCAATCCTTACGGGGTTAAAAGGGCCCGGAAATTGTGGTT
TGTAATGGGTATAAGGTAAAATTTAAAAAAAAAAAATGAAAAAAGTA
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B.

complement component c¢3 [Epinephelus coioides]
gb|ADU33222.1|Length: 1657 Number of Matches: 2

Score = 572 bits (1475), Expect = 0.0
Identities = 300/392(77%), Positives = 328/392(83%), Gaps = 0/392 (0%)
Frame = +2

Query 17 AEFEVKEYVLPSFEVKLTPMSPFFYVDSQDLTVNIKATYLFGEEVDGTAYVVFGVVHERQ 196
AEFEV+EYVLPSFEVKLTP SPFFYVDSQ+L VNIKATYLFGEEV+GTAYVVEGV+ + Q
Sbjct 227 AEFEVREYVLPSFEVKLTPDSPFFYVDSQELRVNIKATYLFGEEVEGTAYVVFGVMODGQ 286

Query 197 KRSFPSSLQRVPIVIGEGQVTLKREHIAQTFQQINQLVGSSIFVAVSVLTESGSEMVEAE 376
K+SFPSSLORVP+ G G VTLKREHI QTF I +LVG SIFVAVSVLTESGSEMVEAE
Sbjct 287 KKSFPSSLQRVPVGRGSGAVTLKREHI TQTFPNILELVGKSIFVAVSVLTESGSEMVEAE 346

Query 377 LRGIQIVTSPYTIHFKKTPKYFKPGMSEFDVSI EVVNPDES PAQGI PVVVDPGMVRGEFTAA 556
LR IQIVTSPYTIHF KTPKYFKPGMSFDV++EVVNPDE+PAQG+ VVVDPG V+GEFTAA
Sbjct 347 LRSIQIVTSPYTIHFTKTPKYFKPGMSFDVAVEVVNPDET PAQGVAVVVDPGNVQGFTAA 406

Query 557 NGMAKLTINTVAGEQRLTITAKTSDPQ ISANRQASATMVALPYQTKSDNYIHIGVDTAEL 736
NGMA+LTINTVAG RLTI A+T+DP+ISA RQA A+M A+PY TKS+NYIHIGVDTAEL
Sbjct 407 NGMARLTINTVAGNARLTINARTNDPRISAERQARASMTAVPYATKSNNY IHIGVDTAEL 466

Query 737 QLGDNLKINLNLKRQSNDNTDITYLILSRGQLVKHGRYKTRGQVLISLIIPITKEMLPSF 916
QLGDNLKINLNL RQ N N+D TYLILSRGQLVK GRYKTRGQVLISLI+PITKEMLPSF
Sbjct 467 QLGDNLKINLNLNRQENLNSDT TYLILSRGQLVKKGRYKTRGQVLISLIVPITKEMLPSF 526

Query 917 RITIAYYHTTGNEvvsdsvwvdvkdsCMGSLTLESSRPAPSYEPSQDVWSEGHWRSRGHSG 1096

RI+AYYHT+GNEVVSDSVWVDV DSCMGSL LES R APSYEP + + G
Sbjct 527 RIVAYYHTSGNEVVSDSVWVDVTDSCMGSLKLESLRAAPS YEPRRMEFGLKVTGDPGSTVG 586
Query 1097 TGCS*QRRLRPE*QAPLPPKKVWDILEKIDTG 1192

+ Q L KKVWDI+EK DTG
Sbjct 587 LVAVDKGVEFVLNKQHRLTQKKVWDI VEKYDTG 618

Figure 3.24 (A) Nucleotide sequence of the amplification products generated from
3'RACE-PCR of Cdk13. The position of nested UPM primer is underlined. (B) Blast

analysis of the amplified product against previously deposited sequences in GenBank.
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3.4 |dentification of SNP in growth-related genes by SSCP analysis
3.4.1 Genomic DNA extraction

Genomic DNA was extracted from frozen muscle of individual L. calcarifer by
a phenol-chloroform-proteinase K method (Klinbunga et al, 2001). The quality of
extracted genomic DNA was electrophoretically determined using a 0.8% agarose gel.
Hich molecular weight DNA at the similar size as that of undigested A-DNA
(approximately 50 kb) along with degrade DNA was observed (Figure 3.25). The ratio
of OD,g0/OD,g, of extracted genomic DNA was approximately 1.6-1.8 suggesting that

the quality of extracted genomic DNA was acceptable for further applications.

Figure 3.25 A 0.8% ethidium bromine-stained agarose gel showing the quality of
genomic DNA extracted from muscle of L. calcarifer. Lanes M1 and M2 = 50 and 100
ng of undigested A-DNA. Lanes 1-11 = genomic DNA extracted from muscle of ten

individuals of L. calcarifer juveniles.

3.4.2 Amplification of growth-related gene segments by PCR

Four primer pairs were designed from previously deposited sequences in
GenBank including Insulin-like growth factor I (IGF-I), Insulin-like growth factor Il (IGF-II,
2 sets of primers) and Myostatin (MSTN). In addition, a pair of primers was designed
from a gene sequence in GenBank where its protein homologue (Activin type IIB
receptor, ActRIIB) was found from proteomic analysis of proteins in livers of 4-month-

old L. calcarifer.
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3.4.2.1 Insulin-like growth factor I (IGF-I)

Two amplification product of IGF-I gene segment against genomic DNA of 4-
month-old L. calcarifer was obtained even though primers were designed from that
of L. calcarifer (Acc. No: EU136176). One was the expected product size of 163 bp
and the other was a larger product size of approximately 400 bp in size (Figure 3.26
and Table 3.2). Therefore, polymorphisms of these fragments were not further

examined by SSCP analysis.

400 bp
163 bp

Figure 3.26 A 1.5% ethidium bromine-stained agarose gel showing the ampilification
products of IGF-I gene fragment against genomic DNA of individual L. calcarifer (4-
month-old). Lane M = 100 bp DNA ladder. Lanes 1-11 =.the amplification products

against genomic DNA of different individuals of L. calcarifer.

3.4.2.2 Insulin-like growth factor Il (IGF-Il; exon 4 portion)

A discrete 225 bp fragment was obtained from amplification of IGF-II against
genomic DNA of 4-month-old L. calcarifer (Figure 3.27 and Table 3.2). The amplified
IGF-Il exon 4 gene segment was cloned and sequenced. Size of the expected and the
amplified products from genomic DNA were identical suggesting that the amplified

gene segment did not contain a large indel (insertion or deletion).
3.4.2.3 Insulin-like growth factor Il (IGF-Il; intron 1 portion)

A 343 bp fragment was obtained from amplification of /GF-/I against genomic
DNA of 4-month-old L. calcarifer (Figure 3.28 and Table 3.2). Nucleotide sequences
of that in GenBank and the amplified products from genomic DNA were identical

(Figure 3.29).
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225 bp

Figure 3.27 A 1.5% ethidium bromine-stained agarose gel showing the ampilification
products of IGF-II (exon 4 portion) gene fragment against genomic DNA of individual
L. calcarifer (4-month-old). Lane M = 100 bp DNA ladder. Lanes 1-12 =the

amplification products against genomic DNA of different individuals of L. calcarifer.

Figure 3.28 A 1.5% ethidium bromine-stained agarose gel showing the ampilification
products of IGF-II (intron 1 portion) gene fragment against genomic DNA of individual
L. calcarifer (4-month-old). Lane M = 100 bp DNA ladder. Lanes 1-12 =the

amplification products against genomic DNA of different individuals of L. calcarifer.
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A.

GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATTCCAAATACGAGGTGTGGCAGAGGAAGGCGGCCCAACGG
CTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGGAGGCAGGCGGAGAAGATCAAAGCACAGGAG
CAGGTTATCTTCCACAGGCCCCTGATCAGCCTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT

B.

IGF2-Query GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATTCCAAATACGAGGTGTGGCAGAGG 60
IGF2-Subject GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATTCCAAATACGAGGTGTGGCAGAGG 60

KhK AR K KA AKRK AR AKRK AR A KA AKX A K AAKRKAF AR R KA AR K IA AR KA A KT AR A RK AKX A A Ak

IGF2-Query AAGGCGGCCCAACGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGT TTCGG 120
IGF2-Subject AAGGCGGCCCAACGGCTCCGGAGGGGTGTCCCCGCCAT CCTGAGGGCCAAAAAGTTTCGG 120

ek k Kok ok Kk ok koK ok Kk ok Kok ok k ko Kk kk ok ok Kk ok sk ok ok ok kK ok ok kok Kk ok Kk ok ok ok kK Kk k ok ko
IGF2-Query AGGCAGGCGGAGAAGATCAAAGCACAGGAGCAGGTTATCT TCCACAGGCCCCTGATCAGC 180
IGF2-Subject AGGCAGGCGGAGAAGATCAAAGCACAGGAGCAGGT TATCTTCCACAGGCCCCTGATCAGC 180

Kok khkhk Kk kk hkkhkhk kA AR A F A F Ak Ak h Ak Kk h hkhk hkA* Ak kkhk khk Ak k *xk *hk k& kkk *%

IGF2-Query CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF2-Subject CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225

Kokok kok ok ok ok ok ko ok ok ok ok ok ok ok Ak Ak ok kk kok ok ok ok ok ok ok ok Kk ok ok ok

Figure 3.29 (A) Nucleotide sequence of the amplified /GF-II (intron 1 portion) gene
seement. Positions of primers are underlined. (B) Pairwise alignment between

nucleotide sequence from GenBank and that of the amplified IGF-II gene segment.

3.4.2.4 Myostatin (MSTN)

A 319 bp fragment (exon 1) was obtained from amplification of MSTN against
genomic DNA of 4-month-old L. calcarifer (Figure 3.30 and Table 3.2). Size of the
amplification products from genomic DNA and that of the expected product from
genomic data were not different suggesting a lack of obvious indel in this gene

region.

bp
1500
1000

500
319 bp

Figure 3.30 A 1.5% ethidium bromine-stained agarose gel showing the amplification
products of MSTN gene fragment against genomic DNA of individual L. calcarifer (4-
month-old). Lane M = 100 bp DNA ladder. Lanes 1-12 =the amplification products

against genomic DNA of different individuals of L. calcarifer.
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3.4.2.5 Follistatin (FST)

The amplification product of FST against genomic DNA of 4-month-old
L. calcarifer (Figure 3.31 and Table 3.2) was approximately 400 bp in length which is
larger than that expected size (247 bp) from its cDNA sequence. The intron of
approximately 150 bp is existent in the amplified region.

Figure 3.31 A 1.5% ethidium bromine-stained agarose gel showing the ampilification
products of FST gene fragment against genomic DNA of individual L. calcarifer (4-
month-old). Lane M = 100 bp DNA ladder. Lanes 1-11 =the amplification products

against genomic DNA of different individuals of L. calcarifer.

3.4.2.6 Activin type IIB receptor (ActRIIB)

The amplification product size of ActRIIB against genomic DNA of 4-month-old
L. calcarifer was 398 bp (Figure 3.32 and Table 3.2). The amplified fragment was
cloned and sequence was cloned and sequenced and it contained an intron of 193

bp (Figure 3.33).

M 1 2 3 4 5 6 7 8 9 10 11 12

Figure 3.32 A 1.5% ethidium bromine-stained agarose gel showing the amplification
products of ActRIIB gene fragment against genomic DNA of individual L. calcarifer (4-
month-old). Lane M = 100 bp DNA ladder. Lanes 1-12 =.the amplification products

against genomic DNA of different individuals of L. calcarifer.
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A.

GACCACCTGAAGGGTAACACTGTGACCTGGACTGAGCTGTGTCACATAGCAGAGACCATGTCCCGCGGCTTGGCC
TACCTCCATGAGGACATTCCCAGCTACAAGGGAGAGGGGCCGAAACCCACTATTGCACACAGGTATGCGAATCTG
TGCTTAATACACTGAAAACCAGACTTCATTTGATTTTAGATCTCATCTTAAATTAATGGTGCACTTTCCTGGTTG
TGCTCGATTTAGTAATTTTTAACCTGGAAAATAATGGACTAATTTATGTGACTCAACGTCTTTATAATTACGGCA
CTGTAATGACTTCTAAAATGATTTTTCCAGGGACTTCAAGAGTAAGAATGTGATGCTTCGAGATGATTTAACTGC

AGTTATTGGAGACTTTGGGCTCG

B.
ACtRIIB-Query
ActRIIB-Subject

ActRIIB-Query
ActRIIB-Subject

ACtRIIB-Query
ActRIIB-Subject

AcCtRIIB-Query
ActRIIB-Subject

ActRIIB-Query
AcCtRIIB-Subject

ActRIIB-Query
ActRIIB-Subject

ActRIIB-Query
ActRIIB-Subject

GACCACCTGAAGGGTAACACTGTGACCTGGACTGAGCT GTGTCACATAGCAGAGACCATG
GACCACCTGAAGGGTAACACTGTGACCTGGACTGAGCTGTGTCACATAGCAGAGACCATG

ok ke ok ok Kk ok ok ok ok ok kK ok kK ok ok ok Kok kK ok ok ok Kok ok ok K ok kK ok ok kK ok ok ok sk ok kK ok k ok ok ok Kk ok kK ok k
TCCCGCGGCTTGGCCTACCTCCATGAGGACATT CCCAGCTACAAGGGAGAGGGGCCGAAA
TCCCGCGGCTTGGCCTACCTCCATGAGGACATT CCCAGCTACAAGGGAGAGGGGCCGARAA

Khkkhkkhkhkhkhkhkhkhk Ak hkhkhk Ak hkhhkAkh hkhkhkhkhkhkhkdhkhkkhkhkhkhkhkhkhkhhkhkhkhkhkhkhhkkkkdk kkkx kk
CCCACTATTGCACACAG == == == === == ——— —— —mm e —m oo
CCCACTAT TGCACACAGG TATGCGAATC TGTGC TTAATACACT GAAAACCAGACT TCATT

Kokk kkk kk kkk kk kkk Kk

TGATTTTAGATCTCATCTTAAATTAATGGTGCACT TTCCTGGTTGTGCTCGAT TTAGTAA

TTTTTAACCTGGAAAATAATGGACTAATTTATGTGACTCAACGTCTTTATAATTACGGCA

e __GGACTTCAAGAGTAAGAATGTGATGCTTCG

CTGTAATGACTTC TAAAATGATT TT TCCAGGGACT TCAAGAGT AAGAATGTGATGCTT CG
KKK KAKR KK IAKR KK AR KKK AAK*hA AKX KA K KK

AGATGATT TAACTGCAGT TAT TGGAGACTTTGGGCTCG 205

AGATGATT TAACT GCAGT TAT TGGAGACTTTGGGCTCG 398

Kohkkkhkk khk khhkhkhkhkhkk kX hkAk kX Ak Ak Kk khk khkk k*k k k%

60
60

120
120

137
180

240

300

167
360

Figure 3.33 (A) Nucleotide sequences of the amplified ActRIIB gene segments.
Positions of primers were underlined. (B) Pairwise alignment between nucleotide
sequence of ActRIB previously deposited in GenBank and that of the amplified

ActRIIB product. An intron sequence is italicized.
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Table 3.2 Types of growth-related genes, expected sized and observed sized of

L. calcarifer from GenBank and proteomics results.

Gene Expected size Observed size
(bp) (bp)

Insulin-like growth factor I (IGF-)* 163 163 and 400
Insulin-like growth factor Il (IGF-Il) (exon)* 225 225
Insulin-like growth factor Il (IGF-II) (intron)* 343 343
Myostatin (MSTN)* 319 319
Follistatin (FST)* 247 400
Activin type IIB receptor mRNA (ActRIIB)** 205 398

* = primers were designed from the previously deposited sequences of L. calcarifer in GenBank;
** = primers were designed from a sequence in GenBank that encodes the protein homologue

found in proteomic analysis of 4-month-old L. calcarifer

3.4.3 SSCP analysis

SSCP (Weder et al, 2001) are favored for identifying species origins of fish
products due to their convenient and cost effective. Polymorphism of growth-related
genes (IGF-Il, MSTN and ActRIIB) was further analyzed. Subsequently, relationship
between SSCP pattern and growth parameters (body weight, total length, hepatic

weight and hepatosomatic index (HSI) were statically examined.

3.4.3.1 IGF-Il (exon 4 portion)

Polymorphism of the amplified exon region (225 bp) of 99 individuals of 4-
month-old L. calcarifer (N = 50 and 49 for large- and small-sized fish, respectively).
Three polymorphic patterns (A, B and C) were observed (Figure 3.34). Disregarding
sizes of specimens, the SSCP pattern C was found in 59 individuals while pattern A

was found in 25 individuals and pattern B was found in 15 individuals.
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Figure 3.34 SSCP patterns of the IGF-Il (an exon portion) gene segment against
genomic DNA of different L. calcarifer individuals. Three polymorphic patterns were
found. The denatured product was analyzed by a 15% non-denaturing
polyacrylamide gel (37.5:1) at 250 V for 18 hr. Lane M = 100 bp DNA marker, Lane ds
= non-denatured PCR product (double strand control) and Lanes 1-18 = denatured

PCR product of IGF-Il (an exon portion).

Considering distribution frequencies of SSCP patterns between large- and
small-sized fish, the frequency of each pattern in different groups of samples were
comparable fish. Relationships between SSCP patterns of the amplified exon region
of IGF-II were tested against growth-related parameters. Based on the fact that,
specimens was size-selected and cultured separately before samples were collected,

statistical analysis was carried out separately between groups of samples.

In large-sized 4-month-old L. calcarifer, fish carrying SSCP pattern B possessed
a greater average body weight (but not average total length, average hepatic weight
and average hepatosomatic index) than those carrying SSCP pattern C (P < 0.05).
Nevertheless, the result between those carrying SSCP patterns A and B was not
different due to large standard deviation between these samples (P > 0.05).
Relationships between SSCP patterns and growth-related parameters were not

statistically significant in small-sized fish (P > 0.05) (Table 3.3).
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Table 3.3 Relationships between SSCP genotypes of IGF-/I (an exon 4 portion) and

growth parameters of 4-month-old L. calcarifer (N = 99)

SSCP pattern N  Average body Average total  Average HP  Average HSI £

weight £+ SD  length £+ SD  weight + SD SD (%)
(9 (cm) (g)

Large-sized

A 10 2387 +678" 1233+123"  041+0.18° 1.74+0.58°

B 9 3032+1500° 13524232  0.38+0.19° 131+0.45"

C 31 19.66+510°  11.84+1.14°  029:0.14° 1.46+0.58°
Small-sized

A 15 2.96+0.72° 6.17£0.56° 0.02+0.01° 0.80+0.51"

B 6 259+0.80° 6.00+0.78" 0.03+0.04" 0.88+0.86"

C 28 257057 5.93+0.49° 0.04+0.04° 1.56+1.66"

The same superscripts indicate that the body weight of fish possessing different genotypes were

not significantly different (P < 0.05).

3.4.3.2 IGF-Il (intron 1 portion)

The amplification product of the intron region of the L. calcarifer of IGF-II
gene segment was 343 bp in size. Large- and small-sized 4-month-old L. calcarifer
was genotyped. Two SSCP patterns were found (Figure 3.35) and the pattern A was
distributed in a greater number of individuals than those of the pattern B in both

large- (N = 50) and small-sized (N = 49) fish.

Relationships between SSCP genotype of this gene region and growth related
parameters were examined. Results were not significant in both groups of samples
and the average body weight, total length, hepatic weight and hepatosomatic index
of fish exhibiting different SSCP genotypes within the same group were roughly
comparable (P > 0.05) (Table 3.4).
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Figure 3.35 SSCP patterns of the IGF-II (intron portion) gene segment against genomic

DNA of different L. calcarifer individuals. Two polymorphic patterns were found. The

denatured product was analyzed by a 12.5% non-denaturing polyacrylamide gel

(37.5:1) at 200 V for 16 hr. Lane M = 100 bp DNA marker, Lane ds = non-denatured
PCR product (double strand control) and Lane 1-18 = denatured PCR product of /GF-II

(intron portion).

Table 3.4 Relationships between SSCP genotypes of IGF-II (intron 1 portion) and

growth parameters of 4-month-old L. calcarifer (N = 99)

SSCP pattern N  Average body Average total Average HP  Average HSI %
weight + SD  length £+ SD  weight + SD SD (%)
(9) (cm) (g)
Large-sized
A 36 2229+7.27° 12242135  0.3320.16" 1.49+0.58"
B 14 2276+1229° 12.24+200°  0.32+0.17° 1.49+0.56°
Small-sized
A 39 273+0.71° 6.04+0.59° 0.03+0.03° 1.09+1.03"
B 10 2.54+035° 5.90+0.33" 0.04+0.05" 1.84+2.20°

The same superscripts indicate that the body weight of fish possessing different genotypes were

not significantly different (P < 0.05).
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3.4.3.3 MSTN

The amplification product of 319 bp in size was obtained from amplification
of MSTN gene segment against genomic DNA of L. calcarifer. SSCP analysis of 4-
month-old L. calcarifer was carried out (N = 50 for large-sized samples and N = 49
for small-sized sample). Patterns of two different loci were observed suggesting that
MSTN is multi-gene family. Three polymorphic SSCP patterns were identified from
the first loci and two polymorphic SSCP patterns were found from the second loci

(Figure 3.36).

Pattern distribution frequencies for loci 1 indicated that pattern A was the
most common pattern followed by patterns B and C, respectively. Relationships
between SSCP genotype of MSTN and growth-related parameters were examined. In
this thesis, statistical analysis was also carried out in overall samples in case that at
least one SSCP pattern was possessed by only one individual. In this study, pattern C
of MSTN was found in only one individual. Results showed a trend that the average
body weight, total length, hepatic weight and hepatosomatic index of fish exhibiting
SSCP pattern A was sequentially greater than that of B and C, respectively. However,
results were not statistically significant owing to large standard deviation between

fish exhibiting different SSCP genotypes (P > 0.05).
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Figure 3.36 SSCP patterns of the MSTN gene segment against genomic DNA of
different L. calcarifer individuals. SSCP analysis indicated 2 loci. Three and two
polymorphic patterns were observed in loci 1 and 2, respectively. The denatured
product was analyzed by a 15% non-denaturing polyacrylamide gel (75:1) at 200 V
for 16 hr. Lane M = 100 bp DNA marker, Lane ds = non-denatured PCR product
(double strand control) and Lanes 1-18 = denatured PCR product of MSTN gene.
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Similar results were observed in the large-sized fish. Relationships between

SSCP patterns and growth-related parameters were not statistically significant in

small-sized fish (P > 0.05) (Table 3.5).

Table 3.5 Relationships between SSCP genotypes of MSTN (loci 1) and growth

parameters of 4-month-old L. calcarifer (N = 99)

SSCP pattern N  Average body Average total Average HP  Average HSI
weight + SD length + SD weight + SD + SD (%)
(9) (cm) (9

Total specimens
A 83 1357x12.11°  9.42+339° 0.20£0.20° 1.2840.79°
B 10 9.47+8.62° 8.53+2.97" 0.14+0.14° 1.72+1.96°
C 6 5.267.29° 6.65+2.15° 0.07+0.06° 204+1.72°

Large-sized
A 45  22.77+9.17° 12.30+1.58° 0.34+0.16" 151+0.58"
B 4 19.01+4.45° 11.84+1.14° 0.2740.13" 1.41+0.43°
C 1 2013 11.00 0.17 0.84

Small-sized
A 38 2.68+0.65" 6.00+0.55" 0.05+0.06 1.00+£0.92°
B 6 3.11:0.68° 6.32+0.62° 0.04+0.03° 1.92+2.60°
C 5 228034 5.78+0.33" 0.03+0.03" 2.28+181°

The same superscripts indicate that the body weight of fish possessing different genotypes were

not significantly different (P < 0.05).

For MSTN loci 2, only 2 SSCP patterns were found and distributed in 93 and 6

individuals, respectively. In large-sized sample pattern B was observed in one

individual from 50 individuals examined. In small-sized samples, 44 individuals

carried pattern A while 5 individuals exhibited pattern B.
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Statistical analysis for overall samples revealed that 4-month-old fish carrying
SSCP pattern A possessed a greater average body weight, total length and hepatic
weight than those of fish carrying SSCP pattern B (P < 0.05) (Table 3.6).

Table 3.6 Relationships between SSCP genotypes of MSTN (loci 2) and growth

parameters of 4-month-old L. calcarifer (N = 99)

SSCP pattern N Average Average total Average HP Average HSI
body weight length + SD weight + SD + SD (%)
+ SD (g) (cm) (g)
Total specimens
A 93 13.13+11.82° 9.32+334° 0.19+0.19° 1.32+0.98"
B 6 5264729  6.65+2.15 007006  2.04+1.72°
Large-sized
A 49  2247+890°  12.26+154 0.33+0.16" 1.50+0.08"
B 1 2013 11.0 0.17 0.84
Small-sized
A 44 274067 6.04+0.56° 0.03+0.03" 1.14+0.35°
B 5 228034 5.78+0.33° 0.05+0.03° 3.00+0.01°

The same superscripts indicate that the body weight of fish possessing different genotypes were

not significantly different (P < 0.05).

Statistical analysis could not be carried out in large-sized fish as only one
individual possessed pattern B. Relationships between SSCP patterns and growth-
related parameters were not statistically significant in small-sized fish (P > 0.05)

(Table 3.6).

3.4.3.4 ActRIIB

The ampilification products of 398 bp in size were obtained from amplification
of the ActRIIB gene segment against genomic DNA of L. calcarifer. SSCP analysis of 4-
month-old L. calcarifer (N = 50 for large-sized samples and N = 49 for small-sized

samples). Four polymorphic patterns (A, B, C and D) were observed (Figure 3.37).
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Pattern distribution frequencies across overall samples indicated that the two
common patterns were C and D (N = 45 for each pattern) followed by patterns B (N
= 8) and A (N = 1). Interestingly, patterns C and D were found in 23 and 27 examined
large-sized individuals and patterns A and B were not distributed in small-sized
samples while all four patterns (A, B, C and D) were found in small-sized samples

(Table 3.7).

M ds 1 2 3 4 5 6 7. 8 9 10 11 12 13 14 15 16 17 18

Figure 3.37 SSCP patterns of the ActRIB gene segment against genomic DNA of
different L. calcarifer individuals. Two polymorphic patterns were found. The
denatured product was analyzed by a 12.5% non-denaturing polyacrylamide gel
(37.5:1) at 200 V for 16 hr. Lane M = 100 bp DNA marker, Lane ds = non-denatured
PCR product (double strand control) and Lanes 1-18 = denatured PCR product of
ActRIIB gene.

Relationship between polymorphic patterns of ActRIIB and growth parameters
of L. calcarifer across overall samples were examined and results indicated that 4-
month-old L. calcarifer exhibiting SSCP pattern D had a greater average body weight,
total length and hepatic weight than those carrying SSCP genotypes A and B which (P
< 0.05) (Table 3.7). In addition, results between those exhibited SSCP patterns C and
D due to large standard deviation between fish exhibiting these SSCP patterns (P >
0.05).

Considering only large-sized fish, those exhibiting SSCP pattern D had a
greater average body weight, total length and hepatic weight than those exhibiting
SSCP pattern C (P < 0.05). In contrast, growth-related parameters of those carrying
SSCP pattern B, C and D were not statistically different in small-sized samples (P >
0.05) (Table 3.7).
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Table 3.7 Relationships between SSCP genotypes of ActRIIB and growth parameters

of 4-month-old L. calcarifer (N = 99)

SSCP pattern N Average Average total  Average HP  Average HSI £
body weight  length + SD weight + SD SD (%)
+ SD (9) (cm) (9)
Total specimens
A 1 264 6.10 0.08 3.03
B 8 2954066 6.26+0.64" 0.04+0.04" 137+1.50"
C 45  10.11+831"° 8664293 0.15+0.15"  1.37+0.88"
D 45 17.15+1379° 10.24+359°  0.24+0.22 1.33+1.09°
Large-sized
C 23 17.77£502°  11.35+1.19° 0.27+0.13" 1.51+0.62°
D 27  2638+948°  1300+1.41°  0.39+0.17" 1.48+0.53°
Small-sized
A 1 264 6.10 0.08 3.03
B 8  2.95+0.66 6.26+0.64" 0.04+0.04" 1.37+1.50°
C 22 2.64x0.77 5.94+0.59° 0.03+0.03" 1.20+1.05°
D 18 2.69+0.67 6.01£0.55° 0.02+0.03° 1.14+1.64

The same superscripts indicate that the body weight of fish possessing different genotypes were
not significantly different (P < 0.05).

3.5 Identification and characterization of SNP in growth-related genes (IGF-II

(exon position) and ActRIIB) by DNA sequencing

To confirm polymorphic SNP in the amplified position previously examined

by SSCP analysis, the PCR product of representative individuals exhibiting different

SSCP genotypes of IGF-Il and ActRIIB was clone and sequence. Nucleotide sequences

of a particular gene were multiple-aligcned for identification of SNP in each gene

segment.
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The PCR products of representative individuals exhibiting SSCP patterns A (N =
11), B (N = 10) and C (N = 12) of IGF-Il (exon position) were sequenced. Multiple

sequence alignments were performed and shown in Figure 3.38.

IGF-II-A-015
IGF-II-A-042
IGF-II-A-055
IGF-II-A-069
IGF-II-A-073
IGF-II-A-067
IGF-II-A-056
IGF-II-A-022
IGF-II-A-014
IGF-II-A-012
IGF-II-A-009
IGF-II-B-005
IGF-II-B-092
IGF-II-B-004
IGF-II-B-078
IGF-II-B-064
IGF-II-B-036
IGF-II-B-063
IGF-II-B-071
IGF-II-B-087
IGF-II-B-093
IGF-II-C-077
IGF-II-C-060
IGF-II-C-019
IGF-II-C-033
IGF-II-C-089
IGF-II-C-006
IGF-II-C-100
IGF-II-C-025
IGF-II-C-053
IGF-II-C-029
IGF-II-C-051
IGF-II-C-008

GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATTCCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATTCCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATTCCAAATACGAGGT GTGGCAGAGG
GAAGT CCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATTCCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATTCCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATTCCAAATACGAGGTGTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGT CCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
GAAGTCCCAAGGAAGCAGCATGTGACCGTGAAGTATT CCAAATACGAGGT GTGGCAGAGG
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IGF-II-A-015
IGF-II-A-042
IGF-II-A-055
IGF-II-A-069
IGF-II-A-073
IGF-II-A-067
IGF-II-A-056
IGF-II-A-022
IGF-II-A-014
IGF-II-A-012
IGF-II-A-009
IGF-II-B-005
IGF-II-B-092
IGF-II-B-004
IGF-II-B-078
IGF-II-B-064
IGF-II-B-036
IGF-II-B-063
IGF-II-B-071
IGF-II-B-087
IGF-II-B-093
IGF-II-C-077
IGF-II-C-060
IGF-II-C-019
IGF-II-C-033
IGF-II-C-089
IGF-II-C-006
IGF-II-C-100
IGF-II-C-025
IGF-II-C-053
IGF-II-C-029
IGF-II-C-051
IGF-II-C-008

IGF-II-A-015
IGF-II-A-042
IGF-II-A-055
IGF-II-A-069
IGF-II-A-073
IGF-II-A-067
IGF-II-A-056
IGF-II-A-022
IGF-II-A-014
IGF-II-A-012
IGF-II-A-009
IGF-II-B-005
IGF-II-B-092
IGF-II-B-004
IGF-II-B-078
IGF-II-B-064
IGF-II-B-036
IGF-II-B-063
IGF-II-B-071
IGF-II-B-087
IGF-II-B-093
IGF-II-C-077
IGF-II-C-060
IGF-II-C-019
IGF-II-C-033
IGF-II-C-089
IGF-II-C-006
IGF-II-C-100
IGF-II-C-025
IGF-II-C-053
IGF-II-C-029
IGF-II-C-051
IGF-II-C-008

AAGGCGGCCCAACGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAACGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAACGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAACGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAACGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAACGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAACGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAACGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAACGGCTCCGGAGGGGT GTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAACGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAACGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAGCGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAGCGGCTCCGGAGGGGT GTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAGCGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAGCGGCTCCGGAGGGGT GTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAGCGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAGCGGCTCCGGAGGGGT GTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAGCGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAGCGGCTCCGGAGGGGT GTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAGCGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAGCGGCTCCGGAGGGGT GTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAGCGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAGCGGCTCCGGAGGGGT GTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAGCGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAGCGGCT CCGGAGGGGT GTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAGCGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAGCGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAGCGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAACGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAACGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAACGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAGCGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
AAGGCGGCCCAGCGGCTCCGGAGGGGTGTCCCCGCCATCCTGAGGGCCAAAAAGTTTCGG
*kk kk kk Ak )k x A KAA AR A KA Ak kA I AA Ak hhk kA hA A Ak hAhkkhkhkhkkhkdkhk vk kk kkk *% %
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGT TATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCT TCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGT TATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCT TCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGT TATCT TCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCT TCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGT TATCT TCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGATCAAAGCACAGGAGCAGGTTATCTTCCATAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCT TCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCT TCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGT TATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGATCAAAGCACAGGAGCAGGTTATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGT TATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGATCAAAGCACAGGAGCAGGTTATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCTTCCACAGG-CCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGT TATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCTTCCACAGGCCCCTGATCAGC
AGGCAGGCGGAGAAGAT CAAAGCACAGGAGCAGGTTATCTTCCACAGGCCCCTGATCAGC
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IGF-II-A-015
IGF-II-A-042
IGF-II-A-055

CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT
CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT
CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT

225
225
225

IGF-II-A-069 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-A-073 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-A-067 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-A-056 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-A-022 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-A-014 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-A-012 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-A-009 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-B-005 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-B-092 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-B-004 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-B-078 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-B-064 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-B-036 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-B-063 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-B-071 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-B-087 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-B-093 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-C-077 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-C-060 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-C-019 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-C-033 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-C-089 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-C-006 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-C-100 GCTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-C-025 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-C-053 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-C-029 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-C-051 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225
IGF-II-C-008 CTTCCCAGCAAACTGCCTCCCGTCTTGCTCACCACGGACAACTAT 225

KAk AAAA kA A hkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkkhkkkhkk kk kkk xk xx%
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Figure 3.38 Multiple sequence alignments of IGF-Il (exon region) gene segments
amplified from genomic DNA of 4-month-old L. calcarifer individuals exhibiting

different SSCP genotypes (A, B and C). Positions of SNP were highlighted.

Two SNP positions (72 and 165) were found from multiple alignments of
nucleotide sequence of different SSCP genotype of IGF-Il in the 4-month-old L.
calcarifer (Table 3.8). Three SNP genotypes (A/A, G/G and A/G corresponding to SSCP
pattern A, B and C, respectively) were observed at the position 72 of the amplified
gene segment while two SNP positions (C/C and C/T corresponding to SSCP patterns
A+C and B, respectively) were found at position 165 of the amplified exon region of

IGF-II.

Considering polymorphism of these SNP simultaneously, three diplotypes
(corresponding to SSCP genotype A, B and C) were observed. Genotypes of
individuals carrying these diplotypes were A/A;,C/Cigs, G/G7,C/Tigs and A/G7,C/Cogs.
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These diplotypes could differentiate those carrying SSCP genotype A, B and C

unambiguously. Accordingly, results inferred for overall specimens of 4-month-old L.

calcarifer were equivalent as those from SSCP analysis (Table 3.8).

Table 3.8 SNPs of IGF-Il gene segment found in different diplotypes of 4-month-old

L. calcarifer (N = 33)

Diplotype SSCP pattern N SNP position
72 165
I A 151 A/A C/C
I 10 G/G c/T
Il C 12 AG C/C

3.5.2 ActRIIB

The PCR products of individuals representing each SSCP pattern of ActRIIB (N

=1, 6, 5 and 5 for SSCP pattern A, B, C and D, respectively) were sequenced.

Nucelotide sequences were multiple-aligned and shown in Figure 3.39.

ACtRIIB-A-001
ACtRIIB-B-039
ACtRIIB-B-038
ACtRIIB-B-029
ACtRIIB-B-011
ACtRIIB-B-002
ACtRIIB-B-009
ACtRIIB-C-061
AcCtRIIB-C-085
AcCtRIIB-C-053
ACtRIIB-C-057
ACtRIIB-C-086
ACtRIIB-D-064
ACtRIIB-D-063
ACtRIIB-D-056
ACtRIIB-D-090
ACtRIIB-D-059

GACCACCTGAAGGGTAACACTGTGACCTGGACTGAGCTGTGTCACATAGCAGAGACCATG

GACCACCTGAAGGGTAACACTGTGACCTGGACTGAGCTGTGTCACATAGCAGAGACCATG

GACCACCTGAAGGGTAACACTGTGACCTGGACTGAGCTGTGTCACATAGCAGAGACCATG

GACCACCTGAAGGGTAACACTGTGACCTGGACTGAGCTGTGTCACATAGCAGAGACCATG

GACCACCTGAAGGGTAACACT GTGACCTGGACTGAGCTGTGTCACATAGCAGAGACCATG

GACCACCTGAAGGGTAACACTGTGACCTGGACTGAGCTGTGTCACATAGCAGAGACCATG

GACCACCTGAAGGGTAACACTGTGACCTGGACTGAGCTGTG TCACATAGCAGAGACCATG

GACCACCTGAAGGGTAACACTGTGACCTGGACTGAGCTGTGTCACATAGCAGAGACCATG

GACCACCTGAAGGGTAACACTGTGACCTGGACTGAGCTGTGTCACATAGCAGAGACCATG

GACCACCTGAAGGGTAACACTGTGACCTGGACTGAGCTGTGTCACATAGCAGAGACCATG

GACCACCTGAAGGGTAACACTGTGACCTGGACTGAGCTGTGTCACATAGCAGAGACCATG

GACCACCTGAAGGGTAACACT GTGACCTGGACTGAGCTGTGTCACATAGCAGAGACCATG

GACCACCTGAAGGGTAACACTGTGACCTGGACTGAGCTGTGTCACATAGCAGAGACCATG

GACCACCTGAAGGGTAACACTGTGACCTGGACTGAGCTGTGTCACATAGCAGAGACCATG

GACCACCTGAAGGGTAACACTGTGACCTGGACTGAGCTGTGTCACATAGCAGAGACCATG

GACCACCTGAAGGGTAACACTGTGACCTGGACTGAGCTGTGTCACATAGCAGAGACCATG

GACCACCTGAAGGGTAACACTGTGACCTGGACTGAGCTGTGTCACATAGCAGAGACCATG

hhkhkhkhkhkkhkkhkhk khkkhkhkhkhkhkhkhhkhkhkdhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkhkkkkkhkhkk vk hkkk vk k%



ActRIIB-A-001
ActRIIB-B-039
ActRIIB-B-038
ACtRIIB-B-029
ACtRIIB-B-011
ActRIIB-B-002
ActRIIB-B-009
ActRIIB-C-061
ActRIIB-C-085
ActRIIB-C-053
ACtRIIB-C-057
ActRIIB-C-086
ActRIIB-D-064
ActRIIB-D-063
ActRIIB-D-056
ActRIIB-D-090
ACtRIIB-D-059

ActRIIB-A-001
ActRIIB-B-039
ActRIIB-B-038
ActRIIB-B-029
ACtRIIB-B-011
ActRIIB-B-002
ActRIIB-B-009
ActRIIB-C-061
ActRIIB-C-085
ActRIIB-C-053
ACtRIIB-C-057
ActRIIB-C-086
ActRIIB-D-064
ActRIIB-D-063
ActRIIB-D-056
ActRIIB-D-090
ACtRIIB-D-059

TCCCGCGGCTTGGCCTACCTCCAT GAGGACATTCCCAGC TACAAGGGAGAGGGGCCGAAA

TCCCGCGGCTTGGCCTACCTCCAT GAGGACATTCCCAGC TACAAGGGAGAGGGGCCGAAA

TCCCGCGGCTTGGCCTACCTCCAT GAGGACATTCCCAGC TACAAGGGAGAGGGGCCGAAA

TCCCGCGGCTTGGCCTACCTCCATGAGGACATTCCCAGCTACAAGGGAGAGGGGCCGAAA

TCCCGCGGCTTGGCCTACCTCCATGAGGACATTCCCAGCTACAAGGGAGAGGGGCCGAAA

TCCCGCGGCTTGGCCTACCTCCATGAGGACATTCCCAGCTACAAGGGAGAGGGGCCGAAA

TCCCGCGGCTTGGCCTACCTCCAT GAGGACATTCCCAGC TACAAGGGAGAGGGGCCGAAA

TCCCGCGGCTTGGCCTACCTCCAT GAGGACATTCCCAGC TACAAGGGAGAGGGGCCGAAA

TCCCGCGGCTTGGCCTACCTCCATGAGGACATTCCCAGC TACAAGGGAGAGGGGCCGAAA

TCCCGCGGCTTGGCCTACCTCCATGAGGACATTCCCAGCTACAAGGGAGAGGGGCCGAAA

TCCCGCGGCTTGGCCTACCTCCATGAGGACATTCCCAGCTACAAGGGAGAGGGGCCGAAA

TCCCGCGGCTTGGCCTACCTCCATGAGGACATTCCCAGCTACAAGGGAGAGGGGCCGAAA

TCCCGCGGCTTGGCCTACCTCCAT GAGGACATTCCCAGC TACAAGGGAGAGGGGCCGAAA

TCCCGCGGCTTGGCCTACCTCCAT GAGGACATTCCCAGC TACAAGGGAGAGGGGCCGAAA

TCCCGCGGCTTGGCCTACCTCCATGAGGACATTC CCAGCTACAAGGGAGAGGGGCCGAAA

TCCCGCGGCTTGGCCTACCTCCATGAGGACATTCCCAGCTACAAGGGAGAGGGGCCGAAA

TCCCGCGGCTTGGCCTACCTCCATGAGGACATTCCCAGCTACAAGGGAGAGGGGCCGAAA

KAk hkhkhkhkhk hkhkhkhkhk hkkhkhkhk hkhk hkhkhk hkhkhkhkk hkhkhkhkhkhkhkhkhk A hkhkkhhhkkkhkkkkkx khk kx k%

CCCACTATTGCACACAGGTATGCGAATCTGTGCTTAATACACTGAAAACCAGACTTCATT

CCCACTATTGCACACAGGTATGCGAATCTGT GCTTAATACACTGAAAACCAGACTTCATT

CCCACTATTGCACACAGGTATGCGAATCTGT GCTTAATACACTGAAAACCAGACTTCATT

CCCACTATTGCACACAGGTATGCGAATCTGT GCTTAATACACTGAAAACCAGACTTCATT

CCCACTATTGCACACAGGTATGCGAATCTGT GCTTAATACACTGAAAACCAGACTTCATT

CCCACTATTGCACACAGGTATGCGAATCTGTGCTTAATACACTGAAAACCAGACTTCATT

CCCACTATTGCACACAGGTATGCAAATCTGTGCTTAATACACTGAAAACCAGACTTCATT

CCCACTATTGCACACAGGTATGCGAATCTGT GCTTAATACACTGAAAACCAGACTTCATT

CCCACTATTGCACACAGGTATGCGAATCTGTGCTTAATACACTGAAAACCAGACTTCATT

CCCACTATTGCACACAGGTATGCGAATCTGTGCTTAATACACTGAAAACCAGACTTCATT

CCCACTATTGCACACAGGTATGCGAATCTGT GCTTAATACACTGAAAACCAGACTTCATT

CCCACTATTGCACACAGGTATGCGAATCTGTGCTTAATACACTGAAAACCAGACTTCATT

CCCACTATTGCACACAGGTATGCGAATCTGTGCTTAATACACTGAAAACCAGACTTCATT

CCCACTATTGCACACAGGTATGCGAATCTGTGCTTAATACACTGAAAACCAGACTTCATT

CCCACTATTGCACACAGGTATGCGAATCTGTGCTTAATACACTGAAAACCAGACTTCATT

CCCACTATTGCACACAGGTATGCGAATCTGTGCTTAATACACTGAAAACCAGACTTCATT

CCCACTATTGCACACAGGTATGCGAATCTGT GCTTAATACACTGAAAACCAGACTTCATT
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ACtRIIB-A-001
ACtRIIB-B-039
AcCtRIIB-B-038
ACtRIIB-B-029
ACtRIIB-B-011
ACtRIIB-B-002
ACtRIIB-B-009
AcCtRIIB-C-061
AcCtRIIB-C-085
AcCtRIIB-C-053
ACtRIIB-C-057
AcCtRIIB-C-086
ACtRIIB-D-064
ACtRIIB-D-063
ACtRIIB-D-056
ACtRIIB-D-090
ACtRIIB-D-059

ACtRIIB-A-001
AcCtRIIB-B-039
AcCtRIIB-B-038
ACtRIIB-B-029
AcCtRIIB-B-011
ACtRIIB-B-002
AcCtRIIB-B-009
ACtRIIB-C-061
AcCtRIIB-C-085
AcCtRIIB-C-053
ACtRIIB-C-057
AcCtRIIB-C-086
ACtRIIB-D-064
ACtRIIB-D-063
AcCtRIIB-D-056
ACtRIIB-D-090
AcCtRIIB-D-059

TGATTTTAGATCTCATCTTAAATTAATGGTGCACTTTCCTGGTTGTGCTCGATTTAGTAA
TGATTTTAGATCTCATCTTAAATTAATGGTGCACTTTCCTGGTTGTGCTCGATTTAGTAA
TGATTTTAGATCTCATCTTAAATTAATGGTGCACTTTCCTGGTTGTGCTCGATTTAGTAA
TGATTTTAGATCTCATCTTAAATTAATGGTGCACTTTCCTGGTTGTGCTCGATTTAGTAA
TGATTTTAGATCTCATCTTAAATTAATGGTGCACTTTCCTGGTTGTGCTCGATTTAGTAA
TGATTTTAGATCTCATCTTAAATTAATGGTGCACTTTCCTGGTTGTGCTCGATTTAGTAA
TGATTTTAGATCTCATCTTAAATTAATGGTGCACTTTCCTGGTTGTGCTCGATTTAGTAA
TGATTTTAGATCTCATCTTAAATTAATGGTGCACTTTCCTGGTTGTGCTCGATTTAGTAA
TGATTTTAGATCTCATCTTAAATTAATGGTGCACTTTCCTGGTTGTGCTCGATTTAGTAA
TGATTTTAGATCTCATCTTAAATTAATGGTGCACTTTCCTGGTTGTGCTCGATTTAGTAA
TGATTTTAGATCTCATCTTAAATTAATGGTGCACTTTCCTGGTTGTGCTCGATTTAGTAA
TGATTTTAGATCTCATCTTAAATTAATGGTGCACTTTCCTGGTTGTGCTCGATTTAGTAA
TGATTTTAGATCTCATCTTAAATTAATGGTGCACTTTCCTGGTTGT GCTCGAT TTAGTAA
TGATTTTAGATCTCATCTTAAATTAATGGTGCACTTTCCTGGTTGTGCTCGATTTAGTAA
TGATTTTAGATCTCATCTTAAATTAATGGTGCACTTTCCTGGTTGTGCTCGATTTAGTAA
TGATTT TAGATCTCATCTTAAATTAATGGTGCACTT TCCTGGTTGT GCTCGAT TTAGTAA
TGATTTTAGATCTCATCTTAAATTAATGGTGCACTTTCCTGGTTGTGCTCGATTTAGTAA
ok Kk Kk kK k kK k kK kk hhkk hk kkk hhk khhk Kk hkk kk hk Kk hk khk hk khk hk kK Ak Kk k% k%
TTTTTAACCTGGAAAATAATGGACTAATT TATGTGACTCAACGTCTTTATAATTACGGCA
TTTTTAACCTGGAAAATAATGGACTAATT TATGTGACTCAACGT CTTTATAATTACGGCA
TTTTTAACCTGGAAAATAATGGACTAATT TATGTGACTCAACGT CTTTATAATTACGGCA
TTTTTAACCTGGAAAATAATGGACTAATT TATGTGACTCAACGTCTTTATAAT TACGGCA
TTTTTAACCTGGAAAATAATGGACTAATT TATGTGACTCAACGT CTTTATAATTACGGCA
TTTTTAACCTGGAAAATAATGGACTAATT TATGTGACTCAACGT CTTTATAATTACGGCA
TTTTTAACCTGGAAAATAATGGACTAATTTATGT GACTCAACGT CTTTATAAT TACGGCA
TTTTTAACCTGGAAAATAATGGACTAATT TATGTGACTCAACGT CTTTATAATTACGGCA
TTTTTAACCTGGAAAATAATGGACTAATT TATGTGACTCAACGT CTTTATAATTACGGCA
TTTTTAACCTGGAAAATAATGGACTAATT TATGTGACTCAACGTCTTTATAAT TACGGCA
TTTTTAACCTGGAAAATAATGGACTAATT TATGTGACTCAACGT CTTTATAATTACGGCA
TTTTTAACCTGGAAAATAATGGACTAATT TATGTGACTCAACGT CTTTATAATTACGGCA
TTTTTAACCTGGAAAATAATGGACTAATT TATGTGACTCAACGTCTTTATAAT TACGGCA
TTTTTAACCTGGAAAATAATGGACTAATT TATGTGACTCAACGT CTTTATAATTACGGCA
TTTTTAACCTGGAAAATAATGGACTAATT TATGTGACTCAACGT CTTTATAATTACGGCA
TTTTTAACCTGGAAAATAATGGACTAATT TATGT GACTCAACGT CTTTATAAT TACGGCA
TTTTTAACCTGGAAAATAATGGACTAATT TATGTGACTCAACGT CTTTATAATTACGGCA

KK KK AR KA A AR AAA AR AAKA KK AR A K AAKRAA A AR AA A AR AA AR ARk h kA K hk A hx kk kx

240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240
240

300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300

102



ACtRIIB-A-001
ACtRIIB-B-039
ACtRIIB-B-038
ACtRIIB-B-029
ACtRIIB-B-011
ACtRIIB-B-002
ACtRIIB-B-009
ACtRIIB-C-061
ActRIIB-C-085
ACtRIIB-C-053
ACtRIIB-C-057
AcCtRIIB-C-086
ACtRIIB-D-064
ACtRIIB-D-063
ACtRIIB-D-056
ACtRIIB-D-090
ACtRIIB-D-059

ACtRIIB-A-001
ACtRIIB-B-039
ACtRIIB-B-038
ACtRIIB-B-029
ACtRIIB-B-011
ACtRIIB-B-002
ACtRIIB-B-009
AcCtRIIB-C-061
ACtRIIB-C-085
AcCtRIIB-C-053
ACtRIIB-C-057
ACtRIIB-C-086
ACtRIIB-D-064
ACtRIIB-D-063
ACtRIIB-D-056
ACtRIIB-D-090
ACtRIIB-D-059

CTGTAATGACTTCTAAAATGATTTTTCCAGGGACTT CAAGAGTAAGAATGTGATGCTTCG
CTGTAATGACTTCTAAAATGATTTTCCCAGGGACTT CAAGAGTAAGAATGTGATGCTTCG
CTGTAATGACTTCTAAAATGATTTTCCCAGGGACTT CAAGAGTAAGAATGTGATGCTTCG
CTGTAATGACTTCTAAAATGATTTTCCCAGGGACTT CAAGAGTAAGAATGTGATGCTTCG
CTGTAATGACTTCTAAAATGATTTTCCCAGGGACTT CAAGAGTAAGAATGTGATGCTTCG
CTGTAATGACTTCTAAAATGATTTTCCCAGGGACTT CAAGAGTAAGAATGTGATGCTTCG
CTGTAATGACTTCTAAAATGATTTTCCCAGGGACTT CAAGAGTAAGAAT GTGATGCTTCG
CTGTAATGACTTCTAAAATGATTTTTCCAGGGACTT CAAGAGTAAGAATGTGATGCTTCG
CTGTAATGACTTCTAAAATGATTTTCCCAGGGACTT CAAGAGTAAGAATGTGATGCTTCG
CTGTAATGACTTCTAAAATGATTTTTCCAGGGACTT CAAGAGTAAGAATGTGATGCTTCG
CTGTAATGACTTCTAAAATGATTTTTCCAGGGACTT CAAGAGTAAGAATGTGATGCTTCG
CTGTAATGACTTCTAAAATGATTTTTCCAGGGACTT CAAGAGTAAGAATGTGATGCTTCG
CTGTAATGACTTCTAAAATGATTTTTCCAGGGACTT CAAGAGTAAGAATGTGATGCTTCG
CTGTAATGACTTCTAAAATGATTTTCCCAGGGACTT CAAGAGTAAGAATGTGATGCTTCG
CTGTAATGACTTCTAAAATGATTTTCCCAGGGACTT CAAGAGTAAGAATGTGATGCTTCG
CTGTAATGACTTCTAAAATGATTTTCCCAGGGACTT CAAGAGTAAGAATGTGATGCTTCG
CTGTAATGACTTCTAAAATGATTTTCCCAGGGACTT CAAGAGTAAGAATGTGATGCTTCG
Kk Kk kKKK KK KKK AK AR KK KAK K hhk hhk Ak ok hk Khhk khk kkk Kk Ak Kk Ak k& kA& kk k%
AGATGATTTAACTGCAGTTAT TGGAGACTTTGGGCTCG 398
AGATGATTTAACTGCAGTTAT TGGAGACTTTGGGCTCG 398
AGATGATTTAACTGCAGTTAT TGGAGACTTTGGGCTCG 398
AGATGATTTAACTGCAGTTAT TGGAGACTTTGGGCTCG 398
AGATGATTTAACTGCAGTTATTGGAGACTTTGGGCTCG 398
AGATGATTTAACTGCAGTTAT TGGAGACTTTGGGCTCG 398
AGATGATTTAACTGCAGTTAT TGGAGACTTTGGGCTCG 398
AGATGATTTAACTGCAGTTAT TGGAGACTTTGGGCTCG 398
AGATGATTTAACTGCAGTTAT TGGAGACTTTGGGCTCG 398
AGATGATTTAACTGCAGTTATTGGAGACTTTGGGCTCG 398
AGATGATTTAACTGCAGTTAT TGGAGACTTTGGGCTCG 398
AGATGATTTAACTGCAGTTATTGGAGACTTTGGGCTCG 398
AGATGATTTAACTGCAGTITATTGGAGACTTTGGGCTCG 398
AGATGATTTAACTGCAGTITATTGGAGACTTT GGGCTCG 398
AGATGATTTAACTGCAGTTATTGGAGACTTTGGGCTCG 398
AGATGATTTAACTGCAGTTAT TGGAGACTTTGGGCTCG 398
AGATGATTTAACTGCAGTTAT TGGAGACTTTGGGCTCG 398

KK KAKA KK KKK AN KAAA AN KAAXA AN AAXA AR AAXA AN *AAKh Ak *%
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Figure 3.39 Multiple alignment sequence of ActRIIB gene segments amplified from
genomic DNA respective individuals of exhibiting different SSCP genotypes (A, B and
C) 4-month-old L. calcarifer. The positions of SNP were highligshted and exon was

underlined.

Two SNP positions (144 and 326) were found from multiple alignments of
nucleotide sequence of four different SSCP genotype of ActRIB in 4-month-old L.

calcarifer. These SNPs were located in the intron region (Table 3.9).

Two SNP genotypes (A/G and G/G corresponding to SSCP pattern A+B and
C+D, respectively) were observed at the position 144 of the amplified ActRIIB gene
segment and two SNP positions (C/T and C/C corresponding to SSCP patterns A+C
and B+D, respectively) were found at position 326 of the amplified intron region of

IGF-I.
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Considering polymorphism of these SNP simultaneously, four diplotypes
(corresponding to SSCP genotype A, B, C and D) were observed. Genotypes of
individuals carrying these diplotypes were A/G144C/Ta56, A/G140C/Cagg, G/G14aC/ T304 and
G/G144C/Csp. These diplotypes could differentiate those carrying SSCP genotype A, B,
C and D unambiguously. Accordingly, results inferred for overall specimens of 4-

month-old L. calcarifer were as the same as those from SSCP analysis.

Table 3.9 SNPs of ActRIIB gene segment found in different diplotypes of 4-month-old
L. calcarifer (N = 17)

Diplotype SSCP pattern N SNP position
144 326
I A 1 A/G c/T
| B 6 A/G c/C
Il C 5 G/G c/T
\% D 5 G/G c/C




CHAPTER IV
DISCUSSION

Cellular proteomics for isolation of potential proteins functionally related with

growth of L. calcarifer

Efficient growing phenotypes of aquatic species have a major influence on the
profitability of food production. In addition, the use of selected populations of
cultured species having fast growth rate has the potential to reduce aquaculture
effluents leading to more environmentally sustainable production. Accordingly,
successful selection for optimal growth rate or body weight is a key objective in

aquaculture breeding programs.

Conventional selection is typically used to select for growth traits, however, it
requires several generations to optimize genetic improvement. In addition, insight
into the genetic bases of growth can be used to make better selection decisions.
Molecular genetic markers have been applied to identify potential gene and protein
markers associated with traits that genetic variation explaining phenotypic differences

in growth.

Proteomics has been increasingly used in fish biology research. Proteomics
has been applied primarily to investigate the physiology, development biology and

the impact of contaminants in fish model species.

Wang et al. (2011) examined protein profiles in medaka (Oryzias melastigma)
liver and brain experimentally exposed to acute inorganic mercury by two-
dimensional gel electrophoresis (2-DE) and mass spectrometry. Results of protein
expression identified were involved in oxidative stress, cytoskeletonal assembly,
signal transduction, protein modification, metabolism and other related functions

(e.g. immune response, ionoregulation and transporting).
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Zhang et al. (2012) examined effects of perfluorononancic acid (PFNA)
exposure (0, 0.1, 0.5, and 1.0 mg/l for 180 days) in male zebrafish using 2DE and
MALDI-TOF-MS/MS. A total of 57 proteins were successfully identified and
functionally categorized including metabolism (e.g. amino acid metabolism and TCA
cycle), structure and motility, stress and defense, signal transduction, and cell

communication.

In addition, 2-DE and MALDI-TOF-TOF MS was used to examined estrogenicity
of 17(3-estradiol to screen hepatic responses in adult male zebrafish. Eight proteins
were found to be up-regulated more than 2-fold, whereas five protein spots were
down-regulated more than 2-fold after 1 nM E2 treatment for 14 days, which had
caused histological effects in zebrafish livers. Differentially expressed proteins
accounted for a variety of cellular biological processes, such as response to oxidative
stress, cell surface receptor-linked signal transduction, oxidation-reduction and

cellular calcium ion homeostasis (Jin et al., 2010).

The use of 2-DE for proteomic analysis is tedious and time consuming. In
addition, it is difficult (or not possible) to identify proteins with very low and high
molecular weight or those exhibiting very low or high p/ simultaneously. In this thesis,
one-dimensional  gel electrophoresis  (SDS-PAGE) was also used and the
electrophoresed proteins were further characterized by nanoESI-LC-MS/MS. In  this
case, the protein staining method does not interfere the ability to compare whether
the examined proteins were differentially expressed or not as the intensity of each
protein in different specimens was evaluated from nanoESI-LC-MS/MS  spectrum

results.

Molecular mechanisms that regulate fish muscle degeneration/regeneration
have received an interest at present. Muscle deterioration arises as a physiological
response to elevated energetic demands of fish during sexual maturation and
spawning. Salem et al. (2010) characterized proteomic profile in degenerating muscle
of rainbow trout in relation to the female reproductive cycle using a LC/MS-based
label-free protein quantification method and 146 significantly changed proteins in

atrophying muscles was identified. Muscle atrophy was associated with decreased
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abundance in proteins of anaerobic  respiration, protein  biosynthesis,
monooxygenases, follistatins, and myogenin, as well as growth hormone, interleukin-
1 and estrogen receptors. In contrast, proteins of MAPK/ERK kinase, glutamine
synthetase, transcription factors, Stat3, JunB, Id2, and NFkappaB inhibitor, were

greater in atrophying muscle.

In this thesis, cellular proteomics of hepatic tissues of large-sized and small-
sized juveniles was carried out based on GeLC-MS/MS (sized fractionation of proteins
by SDS-PAGE and characterization of electrophoresed proteins by nanoESI-LC-
MS/MS). Among 1578 proteins identified, the most abundant proteins were unnamed
proteins (484 proteins, 30.7%) followed by those with unknown function (349
proteins, 22.1%),.

Functional categories were classified based on their gene ontology identifiers.
Among proteins with known function, those classified into regulation (124 proteins,
7.9%) was the most abundant group followed by binding (113 proteins, 7.2%),
transport proteins (44 proteins, 2.8%), catabolic process (40 proteins, 2.5%),
metabolic process (21 proteins, 1.3%), development (18 proteins, 1.1%), signaling
pathway (16 proteins, 1.0%) and biosynthetic process (15 proteins, 1.0%). Proteins in

the remaining categories were found in relatively lower frequencies.

Although protein specifically found in large- and small-sized juvenile fish were
identified, stage-specific proteins identified in this study were regarded as
differentially expressed proteins and they should play the prominent role in different

growth stage in L. calcarifer.

Examples of protein homologuess found only in the large-sized juveniles
were cAMP-dependent protein kinase catalytic subunit beta, glutathione S-transferase
kappa, clathrin coat assembly protein AP180-like and guanylate cyclase 2G-like.
Cyclic AMP is a well-known second messenger, whose regulatory targets include
kinase and GTP exchange factor activities. In somatic cells, CAMP functions both as a
positive and a negative regulator of the mitotic cell cycle progression (depending on

cell types) (Conti et al,, 2002). The cAMP-protein kinase A (PKA) signaling pathway is
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important for the regulation of cAMP levels which are necessary for the progression
of cell division (Matten et al,, 1994). Clathrin coat assembly protein AP180 plays an
important role in clathrin-mediated endocytosis (Ford et al,, 2001). Glutathione S-
transferase is an antioxidant enzyme functionally involved in detoxification of

reactive oxygen species (ROS).

Examples of proteins specifically found in small-sized L.calcarifer juveniles
were connector enhancer of kise suppressor of ras 2, pleckstrin homology-like
domain family B member 3-like, spectrin beta chain, brain 4-like, retinitis pigmentosa

GTPase regulator protein 2 ORF15.

Several proteins were more differentially expressed towards the large-sized
juvenile fish. These included 39S ribosomal protein L23, mitochondrial, calmodulin,
cytochrome C oxidase subunit 7C, mitochondrial precursor, E3 ubiquitin-protein ligase
LNX, gamma-enolase, glycine N-acyltransferase, thrombospondin-2, guanylate cyclase
2G-like (P < 0.05) while dual specificity phosphatase 6, globin X and complement C4-
like were more abundantly expressed in hepatic tissue of small-sized than large-sized
fish (P < 0.05). Functional involvement of these protein in growth of L. calcarifer

should be further confirmed.

Many growth-related proteins were identified. Although their expression
profiles in large- and small-sized juveniles of L. calcarifer seemed to be different.
Results were not statistically significant owing to large standard deviation between
groups of samples. Based on the fact that specimens used in the present study were
not domesticated stocks but they were offspring of wild L.calcarifer. It is also
important to consider non-significant growth-related proteins identified as the

candidate markers for growth traits in L. calcarifer.

It has been reported that skeletal muscle growth is negatively regulated by
several transforming growth factor 3 (TGF- ) molecules including activin A and
myostatin, which signal through the activin type | and type Il serine/threonine kinase
receptors ((Link and Nishi, 1997); (Lee et al, 2005); (Lee et al, 2012)). In this study,

transforming growth factor beta-2 precursor, transforming g¢rowth factor beta-3
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precursor and transforming growth factor-beta-induced protein ig-h3 precursor were
identified and they were more abundantly expressed in large-sized fish than small-

sized juveniles.

Moreover, activin type IIB receptor (ActRIIB) was also identified. ActRIIB is the
cell surface receptor for multiple TGF-f3 superfamily ligands. Myostatin signaling
through ActRIIB is crucial for the regulation of muscle growth in teleost fish (Phelps
et al, 2013). As a negative regulator of muscle growth and differentiation, the level
of ActRIIB in large-sized juveniles was lower than that in small-sized juveniles of 4-

month-old L. calcarifer.

The primary goal of genetic selection is the growth improvement of
aquacultural species. Although the genes that affect a polygenetic trait such as
growth can typically be identified through the genetic linkage maps, a number of
potential candidate genes can be selected based on a known relationship between
physiological or biochemical processes and a particular trait (KANG et al, 2002). The
candidate genes encoding growth-related proteins are promising for the future

development as gene-assisted selection (GAS) markers.

Identification of polymorphic growth-related genes in L. calcarifer and

relationships between their SSCP genotypes and phenotypic parameters

Molecular markers linked with growth traits can be applied to select fry
and/or broodstock which high growth performance in fish industry. Information on
correlation between genotypic and phenotypic variation in the Asian seabass is

limited.

Growth traits are physiological functions under the control of several genes
and regarded as a phenotype under the control of quantitative trait loci. Genotyping
animals for all the genes encoding a polygenic trait seems impractical and so it is
more realistic to focus on only a few genes having effects that account for a
significant part of the genetic variation in growth traits ((Li et al, 2011); (Dekkers,
2004); (Zhang et al,, 2009)).
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Previously, (He et al. (2012)) examined polymorphism in the prolactin gene
(PRL) in L. calcarifer and its association with growth trait. SNP were found in intron 3

were significantly associated with growth traits (P < 0.05).

Gross and Nilsson (1999) examined polymorphism in the growth hormone 1
(GH1) in the Atlantic salmon (Salmo salar) and its association with the weight of one-
year-old progeny of the hatchery strain (¢raded into three-sized group) Digestion of
the GHI fragment with Tag | detected two novel polymorphism. Significantly
difference of genotype frequencies of GH1 among the size group was detected (P <

0.05).

Xu et al. (2006) characterized two parvalbumin genes and their association
with growth traits in Asian seabass (Lates calcarifer). Expression of PVALB2 was
detected only in muscle, brain, intestine and was up to 10-fold lower than PVALBI
expression. A (CT);; microsatellite was identified in the 3’UTR of PVALBI and three
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 SNPs in PVALB2 were not associated with these important traits (P >
0.05).

From proteomic analysis, PDZ-domain containing protein 1, proteasome
subunit beta type 2, 14-3-3 A2, DEAD box polypeptide 56, Acyl-CoA thiocesterase 11
and cell division cycle 2-like protein kinase 5 (cyclin-dependent kinase 13) were
selected for further analysis. Degenerate primers for amplification of genes encoding
these proteins were designed. Nevertheless, blast analysis revealed that nucleotide
sequences obtained did not match the target genes except that of Cdkl13.
Accordingly, SNP in sequences of genes functionally related with growth traits were
studied instead. IGF-1 regulates MSTN signaling by inhibition of transcription factors
responsible for the induction of the MSTN gene. In contrast, MSTN and ActRIIB are
negative regulators for myoblast proliferation and differentiation. The nucleotide
sequences of IGF-1, IGF-Il, MSTN and ActRIIB of L. calcarifer available in GenBank were

retrieved and primers for amplification of these gene segment were designed.
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SNP by SSCP (SBS) analysis were applied and two bands were observed from
the amplified IGF-I gene segment. This gene was not further analyzed. Specimens in
this study was size-selected and cultured in separate concrete tanks. Therefore,
distribution of large- and small-sized juvenile L. calcarifer was not normal distributed.
As a result, association between SSCP genotypes of each gene and growth
parameters in different groups of samples were statistically tested separately. If,
however, at least one SSCP pattern in each sex was observed, statistical analysis also

tested covering overall samples.

The large-sized juvenile seabass carrying different SSCP patterns of IGF-Il (exon
region), MSTN (loci 2) and ActRIB exhibited different growth-related parameters.
Results preliminary indicated that polymorphism of this genes was linked with
growth-related parameters of non-selected L. calcarifer. Interestingly, pattern
distribution frequencies of ActRIIB across overall samples indicated that patterns C
and D were not found in large-sized juveniles while all four patterns (A, B, C and D)

were found in small-sized samples.

It is not possible to obtain domesticated (or genetically improved) L.
calcarifer families at present. Accordingly, juvenile L. calcarifer was collected from a
fishery station. Therefore, association between SNP in IGF-II (exon region), MSTN (loci
2) and ActRIB genes and age-specific growth rates of L. calcarifer should be

confirmed using a growth-selected stock.

On the basis of SSCP analysis, it was indicated that polymorphism of IGF-II
(exon region), MSTN (loci 2) and ActRIIB was significantly related with growth-related
parameters of L. calcarifer. Considering pattern distribution frequencies of examined

gene segment, ActRIIB seemed to be more potential marker than IGF-II (exon region),

MSTN (loci 2).
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DNA sequencing confirms that SSCP analysis is the potential method for SNP

identification

Nucleotide sequences in representative individuals of 4-month-old L.
calcarifer representing each SSCP pattern of IGF-II (exon region) and ActRIIB was
further examined. Two SNP positions (72 and 165) were found in the former gene
segment. At the position 72, SNP genotypes A/A, G/G and A/G corresponding to SSCP
pattern A, B and C, were observed while SNP genotypes C/C and C/T corresponding
to SSCP patterns A+C and B, were found at position 165. Considering polymorphism
of these SNP simultaneously, three diplotypes, A/A;,C/Cigs, G/G7,C/Tig5 and
A/G;,C/Cye5 were found and these diplotypes corresponded to SSCP genotype A, B
and C. Accordingly, differentiation of fish having different phenotypes in 4-month-old
L. calcarifer can be assessed using SSCP analysis and SNP at the position 72 (single
SNP genotype) or at both positions 72 and 165 (composite SNP genotypes, also
called diplotypes).

Similarly, two SNPs (positions 144 and 326) were found in the ActRIIB gene
segment of the 4-month-old L. calcarifer. At the position 144, SNP genotypes A/G
and G/G corresponding to SSCP pattern A+B and C+D were observed while SNP
genotypes C/T and C/C corresponding to SSCP patterns A+C and B+D were found at
the position 326. Based on the fact that SSCP patterns A and B were not distributed
in the large-sized juveniles, SNP at the position 144 could be used for initial
elimination of small-sized fish from the remaining fish. Considering polymorphism of
these SNPs simultaneously, four diplotypes; A/G14aC/Ta26, A/G1aaC/Cagg, G/ G14aC/ T30
and G/Gy44C/Csy corresponded to SSCP genotype A, B, C and D, were found.
Therefore, differentiation of fish having different phenotypes in 4-month-old L.
calcarifer can be assessed using SSCP analysis and/or composite SNP genotypes

(diplotypes) at both positions 144 and 326.

Although SNP analysis by DNA sequencing is the most direct and reliable
technique, results in this thesis demonstrated that SSCP analysis of IGF-II (exon
region), MSTN (loci 2) and ActRIIB gene polymorphism was comparably potential and

sufficient to examine relationships between their SSCP patterns and growth-related
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parameters in L. calcarifer. Nevertheless, SSCP analysis of additional growth-related
proteins identified by proteomics distribution and genetic should be further studied

for identification of more growth-liked markers in this economically important

species.



CHAPTER V
CONCLUSION

1. Cellular proteomics of hepatic tissues of large-sized and small-sized 4-month-old

juveniles of L. calcarifer was examined.

2. A total of 1578 protein homologues were identified and 745 protein (47.2%) of

these matched proteins with known functions in the databases.

3. Twenty-eight proteins (e.g. calmodulin, cAMP-dependent protein kise catalytic
subunit beta and dual specificity phosphatase 6) showed significantly differential

expression between large-sized and small-sized samples.

4. Several growth-related proteins (e.g. TGF-2 precursor, TGF- 33 precursor, TGF- 32-

induced protein ig-h3 precursor and ActRIIB were also identified.

5. SNP in IGF-Il, MSTN and ActRIIB was further analyzed in 4-month-old juveniles
cultured in concrete tanks (N = 99). Large-sized 4-month-old L. calcarifer carrying
SSCP pattern B of the exon 1 gene segment of IGF-Il possessed a greater average

body weight than those carrying SSCP pattern C (P < 0.05).

6. Similarly, juvenile L. calcarifer carrying SSCP pattern A of MSTN loci 2, possessed a
greater average body weight, total length and hepatic weight than those of fish
carrying SSCP pattern B (P < 0.05).

7. Juvenile L. calcarifer exhibiting SSCP pattern D ActRIIB, had a greater average body
weight, total length and hepatic weight than those carrying SSCP genotypes A and B
(P < 0.05). Considering only large-sized fish, those exhibiting SSCP pattern D had a
greater growth-related parameters than those exhibiting SSCP pattern C (P < 0.05).
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8. Results from DNA sequencing indicated three (A/A7,C/Cigs, G/G7,C/Tig5 and
A/G;,C/Cig5) and four (A/GigaC/Tsps, A/G1gaC/Caps, G/G1gqC/Taps and  G/GygqC/Crgg)
diplotypes corresponding to SSCP patterns A-C and A-D of IGF-II (exon 4) and ActRIIB
genes, were observed This illustrated the potential of SSCP for identification of SNP

in interested genes of L. calcarifer.
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