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CHAPTER I

INTRODUCTION

1.1 Background information

Farming of the giant tiger .shrimp (Penaeus monodon) has achieved a
considerable economie and social importance in Thailand, constituting a significant
source of income and employment. However, the shrimp industry presently faces
several problems such as the reduction of high quality wild broodstock and loss of the
cultured production due to bacterial and viral infections and large size differences of
cultivated P. monodon 1n the same cultured pond. The annual production of P.
monodon was-significantly reduced from approximately 200,000 MT during 1992 -
2002 to about 30,000 MT in 2006 (Limsuwan, 2004; FAO Fishery Statistic, 2009). As
a result, the Pacific white shrimp (Litopenacus vannamei) has been introduced to
Thailand as an alternative cultured species and initially contributed approximately
20,000 MT of the production in 2002 and dramatically increased to 170,000 and
220,000 MT in 2003 and 2004, respectively (Limsuwan, 2004).

The price of L. vannamei is quite low and broodstock used relies almost
entirely on genetic improved stocks brought from different sources. In addition, the
labor costs“in° Thailand are higher than other countries (e.g. Vietnam and China)
preventing the advantage of competition for the world market. In contrast, the market
of premium-sized P. monodon is still open because L. vannamei is not suitable for that
market. Accordingly, P. monodon culture is currently promoted for increasing the

production of this species in Thailand.

Genetic improvement and other biotechnology applications are crucial to the
future development of the shrimp industry (Benzie; 1998; Browdy, 1998). Progress in
genetic and biotechnology researches in'penaeid shrimp have been slow because a
lack of knowledge on fundamental aspects of their biology (Benzie, 1998). A research
concerning domestication of P. monodon has been carried out by production of high

quality pond-reared P. monodon broodstock (Withyachumnarnkul et al., 1998) but



was recently collapsed by the WSSV infection. The domesticated program of
P. monodon 1is start over and it is expected that selective breeding programs of
P. monodon will provide shrimp having commercially desired phenotypes (e.g. high
growth rate and/or disease resistance) and produce P. monodon stocks with the ability
to induce high quality egg development in domesticated females without the
irreversible side-effects caused by a typical eyestalk ablation technique (Lyons and Li,

2002).

Sustainable shrimp industry can be promoted through applications of
knowledge from genetic .andbiotechnological studies 1ncluding development of
genetic markers to assist selective breeding programs of P. monodon. The basic
knowledge gained can be applied for increasing culture efficiency of P. monodon.
Researches in both basic' (molecular and cellular. levels of gonad developmental
processes) and applied (microsatellite/SNP genotyping to assist selective breeding of
high quality pond-related P. monodon) disciplines are required to elevate the culture
efficiency and subsequence to sustain the industry of this economically important

species.

Appropriate genetic markers can be used to elevate culture and management
efficiency of P. monodon in Thailand. The long term objectives for domestication and
genetic selection of P. monodon require comparison of important traits in different
stocks/lines of wild and domesticated P. monodon using quantitative trait loci (QTL)
as marker assisted selection (MAS). Genetic improvement of shrimp can then be
carried out more effectively. Isolation and characterization. of molecular markers
involving important physiological and biological processes of P. monodon is thus
necessary to provide the means to sustain the production of this species. Integration of
the knowledge from various molecular disciplines would provide phenotype-linked
molecular markers that can be used to assist the present domestication jprogram of

P. monodon.
1.2 Objectives of the thesis

The objectives of this thesis are identification of single nucleotide
polymorphism (SNP) in growth- and reproductive-related genes of P. monodon by
single strand conformational polymorphism (SSCP) and DNA sequencing.



Correlations between frequencies of SSCP genotypes and the body weight (for
growth-related genes) or gonadosomatic index (GSI; for reproduction-related genes)
were examined. In addition, association between SNP by SSCP and expression levels

of functionally important genes was also evaluated.
1.3 General introduction

The giant tiger-shrimp (Penaeus monodon Fabricius, 1798) is one of the
world’s most economically important cultured crustaceans. Total aquaculture
production of P. monedon increased gradually from 21,000 tons in 1981 to 200,000
tons in 1988. Later it sharply increased to nearly 500,000 tons in 1993. Since then, the
production has been quite variable, ranging from a low of 480,000 tons in 1997 to a
high of 676,000 tons in 2001 (FAO Fishery Statistic, 2009). The major producers of
P. monodon are Thailand, Viet Nam, Indonesia, India, the Philippines, Malaysia and
Myanmar. The exportation of the chilled and frozen P. meonodon from Thailand

worldwide since 2002 - 2007 was reported in Figure 1.1 and Table 1.1.

Marine shrimp farms and hatcheries are located along the coastal areas of
Thailand where Nakorn Sri Thammarat and Surat Thani in Peninsular Thailand are
the major parts of shrimp: cultivation. In addition, Chanthaburi (eastern Thailand),

Samut Sakhon and Samut Songkhram (central region) also significantly contribute on
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B Amount (Tons) 76,983.58 73,334.26 53,676.27 29,186.11 25,369.23 18,007.61
O Values (Million Baht) =~ 27,308.42 23,341.31 15,662.61 7,902.21 6,278.96 4,122.58

Figure 1.1 The chilled and frozen P. monodon exported from Thailand.



Table 1.1 The exportation of the chilled and frozen P. monodon from Thailand to worldwide countries between 2002-2007

Chilled and

. Year 2002 Year 2003 Year 2004 Year 2005 Year 2006 Year 2007
frozen shrimp
COUNTRY Amount Values Amount Values Amount Values Amount Values Amount Values Amount Values
(D (MB) (T) (MB) (T) (MB) (D (MB) (T) (MB) (D (MB)

ALL COUNTRY 76,983.58 27,308.42 73,334.26 23,341.31 53,676.27 15,662.61 29,186.11 7,902.21 25,369.23 6,278.96 18,007.61 4,122.58
U.S.A. 36,609.45 13,690.15 37,700.69 12,156.86 22,623.97 6,534.96 12,146.95 2,992.49 15,248.38 3,599.27 6,822.45 1,498.44
JAPAN 17,131.66  6,476.46 15,237.90  5,380.86 12,725.46  4,304.66 6,662.47 2,260.72 2,523.07 801.97 1,871.61 528.38
KOREA,
REPUBLIC OF 3,732.61 1,072.74 5,141.09  1,345.48 5,471.74 - 1,358.88 3,704.20 864.16 2,738.61 657.02 1,732.33 364.38
CANADA 4,748.05 1,760.06 5,452.53 1,766.59 B,3P0N0=* "5 17d .95 1,965.59 578.14 2,003.42 528.09 1,725.49 455.28
HONG KONG 1,023.94 259.98 515.66 139.50 707.92 233.90 588.91 169.30 618.16 142.41 1,526.43 352.24
CHINA 942.41 256.76 361.16 73.89 631.25 140.61 663.80 104.85 581.67 71.37 1,520.22 203.63
TAIWAN 2,839.83 757.73 1,886.25 514.63 2,952.10 496.22 1,469.41 381.39 456.40 144.62 633.49 165.04
MALAYSIA 15.16 2.44 44.06 10.22 306.08 97.64 83.38 18.05 7.81 1.62 562.80 136.56
GERMANY, 25832 92.50 7105 23.10 10237 = 49,04 1122 418 820 297 32349 8548
FEDERAL . . . ; . " ] . . . . .
REPUBLIC
AUSTRALIA 2,544.18 818.20 2,668.64 717.87 1,478.74 398.87 295.99 107.53 317.05 107.25 246.39 69.67
VIETNAM - - 9.86 3.8% 28.95 6.20 265.89 54.66 49.20 4.70 204.37 43.41
U. KINGDOM 242.17 70.76 - - 284.72 118.55 94.74 33.05 65.88 19.65 198.68 59.61
CYPRUS 64.67 22.77 125.49 44.05 110.67 35.21 96.17 31.16 85.39 27.50 135.64 39.53
RUSSIAN
FEDERATION 20.81 10.76 99.84 42.27 97.87 39.49 125.47 46.86 36.72 14.82 98.24 31.12
SINGAPORE 4,139.36  1,181.92 2,366.43 611.73 1,141.54 219.52 379.47 65.82 237.65 37.87 71.66 16.70
U. ARAB
EMIRATES 0.01 0.01 14.10 5.29 2.78 1.45 1.66 0.64 4.00 2.08 38.54 5.00
KOREA 1,082.36 343.35 304.23 98.10 77.69 24.05 41.32 14.49 42.73 16.44 31.53 6.39
(NORTH) ,082. . ) . . d : . R . . .
FRANCE 189.40 74.88 78.27 42.73 136.06 64.92 11.49 5.25 0.27 0.12 30.74 7.43
ITALY 13.20 3.31 10.36 2.49 68.03 9.28 23.46 6.17 12.55 4.11 30.32 4.86
POLAND 30.63 13.15 40.16 14.41 17.32 6.69 2.74 0.98 - - 24.90 7.94
NETHERLANDS 81.66 26.24 45.44 13.59 3.44 1.29 0.32 0.19 30.18 13.48 23.13 6.91




Table 1.1 (Cont.)

Chilled and Year 2002 Year 2003 Year 2004 Year 2005 Year 2006 Year 2007
frozen shrimp
COUNTRY Amount Values Amount Values Amount Values Amount Values Amount Values Amount Values
(D) (MB) (1) (MB) (D) (MB) (T) (MB) (D) (MB) (D) (MB)

UKRAINE 4.00 1.60 8.95 3.54 21.34 8.10 39.67 14.21 12.38 5.18 21.06 5.53
NEW ZEALAND 315.07 102.24 392.89 120.03 391.39 112.96 174.70 52.47 76.78 19.58 19.47 5.03
MAURITIUS - - - - - 2 - - - - 19.16 3.81
BELGIUM 278.17 83.05 80.25 24.51 16.50 BiA3 4.57 1.11 113.35 27.72 16.40 4.17
NEW
CALEDONIA - - - - - - - - - - 12.14 1.21
SAUDI ARABIA - - - - - - - - - - 11.09 1.80
ISARAEL 25.31 9.45 55.32 21.00 12.44 4.35 10.08 3.39 12.01 4.67 8.48 2.56
SWEDEN - - 2.61 0.61 0.36 0.21 0.25 0.11 0.50 0.30 6.72 1.04
SWITZERLAND 37.82 14.56 38.91 11.51 138.85 47.47 92.57 30.77 34.01 12.02 5.13 1.18
QATAR - - - - - F - - - - 5.00 0.57
CHILE - - - - - - - - - - 4.93 2.30
LEBANON - - 0.40 0.24 14.44 8.11 - - 0.56 0.27 4.90 1.72
CROATIA 12.20 2.57 4.00 0.73 - - 4.32 1.73 1.50 0.36 2.24 0.97
LAO PEOPLES 10.80 0.55 13.20 0.65 19.60 0.93 18.00 0.85 16.80 0.76 1.51 0.52
DEMOCRATIC
INDONESIA 41.00 10.32 39.49 9.10 60.05 17.60 - - - - 1.47 0.20
DENMARK 16.95 5.80 - - - - - - 0.02 0.00 0.53 0.06
PHILIPPINES 58.70 8.03 - - 0.95 0.33 - - 0.01 0.00 - -
GUAM 50.93 18.34 69.46 23.44 36.92 8.16 45.84 14.09 6.92 1.95 - -
SPAIN 44.49 6.84 28.72 9.94 1.28 0.90 34.12 7.04 0.00 0.00 - -
FRENCH
POLYNESIA 238.44 65.08 287.62 69.61 322.90 87.88 84.74 23.41 - - - -
(TAHITI)
INDIA 0.09 0.00 34.04 11.80 57.38 18.14 20.48 7.96 - - - -
OTHER
COUNTRIES 139.75 45.84 105.19 27.56 92.48 27.63 22.16 4.99 27.05 8.80 14.94 1.91

Source: Department of Fisheries



the country production. The intensive farming system has resulted in consistent
production of marine shrimp of Thailand. Thailand has been regarded as one of the

leading shrimp producer of cultivated shrimp for over two decades.

Still, P. monodon farming relies almost entirely on ocean-caught females for
farm seed supply. This open reproductive eycle and reliance on wild stocks of P.
monodon results in heavy exploitation of female broodstock from wild populations
(Klinbunga, 1996). Mass production: of larvae using closed-life-cycle, captive
populations and selective breeding for improved- culture performance, disease
resistance, and other desirable traits of this species are required for the sustainable of

the shrimp industry.
1.4 Taxonomy of P. monodon

Penaeid shrimp belong to the largest phylum in the animal kingdom, the
Arthropoda. This group of animals is characterized by the presence of paired
appendages and a protective cuticle or exoskeleton that covers the whole animal. The
subphylum Crustacea is made up of 42,000, predominantly aquatic species belonging
to 10 different classes. Within the class Malacostraca, shrimp, together with crayfish,
lobsters and crabs, belong-to-the order Decapoda (Figure 1.2). Taxonomical

recognition of P. monodon is illustrated below.

Phylum Arthrepoda
Subphylum Crustacea
Class Malacostraca
Order Decapoda
Superfamily Penaeoidea
Family Penaeidae Rafinesque, 1815
Genus Penaeus Fabricius, 1798
Subgenus Penaeus

Species Penaeus monodon

Figure 1.2 Taxonomy of the black tiger shrimp, Penaeus monodon Fabricius, 1798

(Brusca and Brusca, 1990).



1.5 Morphology of P. monodon

The exterior of penaeid shrimp is distinguished by a cephalothorax with a
characteristic hard rostrum, and by segmented abdomen (Figure 1.3). Most organs,
such as gills, digestive system and heart, are located in the cephalothorax while the
muscles concentrate in the abdomen. Appendages of the cephalothorax vary in
appearance and function. In the head region, antennules and antennae perform sensory
functions. The mandibles and the two pairs of maxillae form the jaw-like structures
that are involved in food uptake. In the thorax region, the maxillipeds are the first
three pairs of appendages, modified for food handling, and the remaining five pairs
are the walking legs (pereiopods). Five pairs.of swimming legs (pleopods) are found
on the abdomen.

adestral-garina
sormpound eye hapatic carina

rostrum r hepatic spine
antannule h J P L. " abdominal segment
= ABDDMEN
. CEPHALO-
et -
antannal scala - - THORAX I Il
B e~ = i

third maxillipad

telzon

iy | uropod
antenna (tall fan)

Figure 1.3 Lateral view of the external morphology of P. monodon (Primavera,

1990).

The internal morphology of penaeid shrimp is outlined in Figure 1:4. Penaeids
and other arthropods have an open-circulatory system and, therefore, the blood and
the blood cells are called hemolymph and hemocytes, respectively. Crustaceans have
a muscular heart that is dorsally located in the cephalotherax. The valved hemolymph
vessels leave the heart and branch several times before the hemolymph arrives at the

sinuses that are scattered throughout the body, where exchange of substances takes



place. After passing the gills, the hemolymph returns in the heart by means of three

wide non-valved openings (Bauchau, 1981).

A large part of the cephalothorax in penaeid shrimp is occupied by the
hepatopancreases. This digestive gland consists of diverticula of the intestine. Spaces
between these hepatopancreatic tubules are hemolymph sinuses. The main functions
of the hepatopancreases are the absorption of nutrients, storage of lipids and
production of digestive enzymes (Johnson, 1980). One of the hemolymph vessels that
leaves the heart ends in the lymphoid organ, where the hemolymph is filtered. This
organ is located ventro-anteriorly to the hepatopancreases. The hemocytes are
produced in haematopoietic tissue. This organ is dispersed in the cephalothorax, but
mainly present around the stomach and in the onset of the maxillipeds. Lymphoid

organ and haematopoietic tissue are not shown in Figure 1.4.

ovary :
dorsal abdominal

vessel

stomach

ventral nerve
cord

hepatopancreas

Figure 1.4 Lateral view of the internal anatomy of a female Penaeus monodon

(Primavera, 1990).



1.6 Molecular biology approaches used in this thesis
1.6.1. Polymerase chain reaction (PCR)

The introduction of the Polymerase Chain Reaction (PCR) by Mullis and
Faloona (1987) has opened a new approach for molecular genetic studies. This
method is a molecular biology technique for enzymatically replicating DNA without
using a living organismy such as E. coli or yeast andis a method using specific DNA
sequences by the two oligonucleotide primers, 17 - 30 nucleotides in length. Million
copies of the target DNA sequence can be synthesized from the low amount of

starting DNA template'within a few hours.

The PCR reaction components are composed of DNA template, a pair of
primers for the target sequence, dNTPs (dATP, dCTP, dGTP and dTTP), buffer and
heat-stable DNA polymerase (usually Taqg polymerase). The amplification reaction
consists of three steps; denaturation of double stranded DNA at high temperature,
annealing to allow primers to form hybrid molecules at the optimal temperature, and
extension of the annealed primers by heat-stable DNA polymerase. The cycle is
repeated for 30 - 40 times (Figure 1.5). The amplification product is determined by

agarose or polyacrylamide gel electrophoresis.
1.6.2 Genome walking analysis

Genome walking analysis is a method for identifying unknown genomic
regions flanking a known DNA sequences. Initially, genomic DNA is separately
digested with different blunt-end generating restriction endonucleases (usually, Hae
II, Dra 1, Pvu Il and Ssp I). The digested genomic DNA in each tube was then ligated
to the adaptor..The ligated product is.used as. the template for PCR amplification.
PCR was catried out with the primer complementary to the adaptor (AP1) and the
interesting gene (gene specific primer; GSP). The resulting product is amplified with
nested primers (AP2 and nested GSP). The nested PCR. products were cloned-and
characterized (Figure 1.6). This technique allows isolation of the promoter region of
interesting genes and 3’ ‘and 5’ untranslated region (UTR) that required further
characterization of SNPs at 3" and 5" UTR.
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Figure 1.6 A flow chart illustrating the Genome walking analysis protocol.
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1.6.3 DNA sequencing

DNA sequencing is the process of determining the exact order of the bases (A,
T, C and G) in a piece of DNA. In essence, the DNA is used as a template to generate
a set of fragments that differ in length from each other by a single base. The
fragments are then separated by size, and the bases at the end are identified, recreating

the original sequence of the DNA.

There are -two-general methods for sequencing of DNA segments: the
“chemical cleavage” procedure described by Maxam and Gilbert, 1977 and the “chain
termination” procedure was described by Sanger ef al., 1977. Nevertheless, the latter
method is more popular because chemical cleavage procedure requires the use of
several hazardous substances. DNA fragments generated from PCR can be directly
sequenced or alternatively, those fragments can be cloned and sequenced. This
eliminates the need to establish a genome library and searching of a particular gene in

the library.

DNA sequencing is the most optimal method for several genetic applications.
This technique provides high resolution and facilitating interpretation. DNA
fragments generated from "PCR can be directly sequenced or alternatively, those
fragments can be cloned and sequenced. This eliminates the need to establish a

genome library and searching of a particular gene in the library.

The enzymatic sequencing approach has presently been developed to automated
method (Figure 1.7). DNA sequences can be detected using a fluorescence-based
system following labeling with a fluorescence dye. PCR allow the possibility to
isolate homologous DNA ' sequences  from ‘any, organism .of interest with
unprecedented speed. This greatly allows wider application of DNA ;sequencing

analysis for population genetic and systematic studies.
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Figure 1.7 A schematic diagram illustrating principles of Automated DNA

sequencing.

1.6.4 Single Nucleotide Polymorphism (SNP)

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

sequence, with a usual alternative of two possible nucleotides at a given position. For

such a base position with sequence alternatives in genomic DNA to be considered as

an SNP (Figure 1.8), the lowest frequent allele should have a frequency of 1% or
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greater. Although in principle, at each position of a sequence stretch, any of the four
possible nucleotide bases can be present, SNPs are usually biallelic. One of the
reasons for this, is the low frequency of single nucleotide substitutions at the origin of
SNPs, estimated to being between 1 x 10° and 5 x 107 per nucleotide and per year at
neutral positions in mammals. Therefore, the probability of two independent base
changes occurring at a single position is very low. Another reason is due to a bias in

mutations, leading to the prevalence of two SNP types (transitions).

Mutation mechanisms result either in transitions: purine-purine (A <> G) or
pyrimidine-pyrimidine (C-<«>_T) exchanges, or transversions: purine-pyrimidine and
vice versa (A «<>C, A &' T, G & C, G <> T) exchanges. Theoretically, transversions
should be as twice greater than transitions if mutations are random. However, the
observed data indicate a clear bias towards transitions. Results obtained from
identification of SNPs from EST sequences gave a transition to transversion ratio of
1.7 in human. Such a ration is greater in EST (2.3 - 4.0) and non-coding DNA (138
SNPs with a ratio of 2.36) in chicken (Vignal ez al., 2002). One probable explanation
for this bias is the high spontaneous rate of deamination of 5-methyl cytosine to
thymidine in the CpG dinucleotides, leading to the generation of higher levels of C/T
SNPs (or G/A SNPs on:the reverse strand). In addition, one base pair indels
(insertions or deletions) is also recognized as SNPs even though they are occurred by

different mechanisms.

Figure 1.8 General illustration of the Single Nucleotide Polymorphism (SNP).

(http://www.snipscreen.com/genetics.php)
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1.6.4.1 Classification of SNP

SNP can be divided to noncoding SNP (or type II SNP) which is composed of
that found in 5’ or 3’ nontranscribed regions, 5’ or 3’ untranslated regions, introns and
intergenic spacers and coding SNP (or type L SNP) which is located in exons and
results in non-replacement (synonymous) .and replacement (non-synonymous) of

amino acids in the polypeptide chains.
1.6.4.2 SNP identification and characterization

Several molecular. techniques may be used to identify and subsequently to
characterize SNP under investigation. DNA sequencing is the direct method for SNP
identification.-Nevertheless, several indirect methods are also commonly used for
SNP identification (Table 1.2). This mclude restriction fragment length polymorphism
(RFLP), SSCP and Denaturing gradient gel electrophoresis (DGGE), primer
extension, oligonucleotide ligation ‘assay (OLA), TagMan exonuclease detection,

PCR-allele specific amplification. (PASA) and bidirectional PCR-allele specific

amplification (Bi-PASA) and mass spectroscopy (MS).

Table 1.2 Comparisons of selected mutation screening methods (Shastry, 2002)

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

addition sequencing
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1.6.5 Single Strand Conformational Polymorphism (SSCP)

SSCP analysis is one of the most widely used techniques for indirectly
detection of mutations and variation of DNA (deletions, insertions and single
nucleotide polymorphism, SNP). The amplified PCR product (usually less than 300
bp in length) is denatured and loaded into a low crosslink non-denaturing
polyacrylamide gel (with or without glycerol supplementation). The principle of this
technique relies on different mobility due to-differential folding of the single stranded

DNA (Figure 1.9).

Single strand “DNA" molecules take on secondary and tertiary structures
(conformations) due to base pairing between nucleotides within each strand. These
conformations _depend.on the length of the strand, and the location and number of
regions of base pairing. They also depend on the primary sequence of the molecule,
such that a nucleotide change at a particular position can alter its conformation.
Accordingly, molecules differing in their conformations (e.g. due to a single

nucleotide change) can be separated.

The major advantage of SSCP is that a large number of individuals may be
simultaneously genotyped. Heteroduplexes (products from misannealing of single
stranded DNA from different alleles) can occasionally resolve from homoduplexs
(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 confirmation of the results by nucleotide sequencing. In addition, SSCP

required small PCR amplicons which are relative easy to amplify.

The disadvantages of SSCP are reproducibility of the technique because SSCP
patterns ‘are strongly  affected -by ‘temperature and..degree 'of  cross-linking.
Additionally, multi-allelic patterns.of some nuclear DNA markers may cause the

SSCP patterns too complicated for estimation of allele frequencies precisely.
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Figure 1.9 A schematic diagram of SSCP analysis.

(http://www.amonline.net.au/evolutionary_biology/images/sscp.gif)
1.6.6 Reverse Transcription-Polymerase Chain Reaction (RT-PCR)

RT-PCR is a comparable method of conventional PCR but the first strand
cDNA template rather than genomic DNA was used ‘as the template «in the
amplification reaction' (Figure 1.10). Tt is a direct method for examination of gene
expression of known sequence transcripts in the target species. Alternatively, RT-PCR
can also be used to identify homologues of interesting genes by using degenerate

primers and/or conserved gene-specific primers from the original species and the first



17

strand cDNA of the interesting species as the template. The amplified product is

futher characterized by cloning and sequencing.
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Figure 1.10 Overall concepts of the RT-PCR procedure. During first-strand"cDNA
synthesis an oligo d(T) primer anneals and extends from sites present within the total
RNA. Second strand cDNA synthesis primed by the 18 - 25 base specific primer
proceeds during a single round of DNA synthesis catalyzed by Taq polymerase.
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1.6.7 Rapid Amplification of cDNA Ends-Polymerase Chain Reaction
(RACE-PCR)

Rapid amplification of complementary DNA (cDNAs) ends (RACE) is a
powerful technique for obtaining the ends of cDNAs when only partial sequences are
available. Using SMART (Switching Mechanism_ At 5’ end of RNA Transcript)
technology, terminal transferase activity of Powerseript Reverse Transcriptase (RT)
adds 3 - 5 nucleotides (predominantly.dC) to the 3’ end of the first-strand cDNA. This
activity is harnessed by the SMART oligonucleotides whose terminal stretch of dG
can anneal to the dC-rich ¢DNA tail and serve as an extended template for reverse
transcriptase. A complete'cDNA copy of original mRNA is synthesized with the
additional SMART sequence at the end.

Essentially, an adaptor with a defined sequence is attached to one end of the
cDNA; then the region between the adaptor and the known sequences is amplified by
polymerase chain reaction (PCR). Since the initial publication in 1988 (Frohman et
al., 1988), RACE has greatly facilitated the cloning of new genes. Currently, RACE
remains the most effective method of cloning cDNAs ends. It is especially useful in
the studies of the temporal and spatial regulation of transcription initiation and
differentiation splicing of mRNA. A linker at the 3’ end and an adaptor at the 5’ end
are added to-the first strand of cDNA during reverse transcription; amplification of
virtually any transcript to either end can then make use of this same pool of cDNAs
(Figure 1.11).'In addition to being simple, the efficiency of 5-RACE is dramatically
increased because the adaptor is added only to the full-length cDNAs.
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1.6.8 Quantitative real-time PCR

Quantitative real time polymerase chain reaction (qPCR) or “kinetic
polymerase chain reaction” is a laboratory technique based on the polymerase chain
reaction, which is used to amplify and simultaneously quantify a target DNA
molecule. It enables both detection and quantification (as absolute number of copies
or relative amount when-normalized to DNA' input or additional normalizing genes) of

a specific sequence in a DNA sample (Figure 1.12).

The procedure follows the general principle of polymerase chain reaction. Its
key feature is that the amplified DNA is quantified as it accumulates in the reaction in
a real time manner after each amplification cycle. Two common methods of
quantification-are: (1)the use of fluorescent dyes that intercalate with double-stranded
DNA, and (2) modified DNA oligonucleotide probes that fluoresce when hybridized
with a complementary DNA (VanGuilder et al., 2008). Typically, the reaction is
prepared as usual, with the addition of fluorescent dsDNA dye. The reaction is run in
a thermocycler and after each cycle, the levels of fluorescence are measured with a
detector; the dye only fluoresces when bound to the dsDNA (i.e., the PCR product).
With reference to a standard dilution, the dsSDNA concentration in the PCR can be

determined.

A DNA-binding dye binds to all double-stranded (ds) DNA in PCR, causing
fluorescence of the dye. An increase in DNA product during PCR therefore leads to
an increase in fluorescence intensity and is measured at each cycle, thus allowing
DNA concentrations to be quantified. However, dsDNA dyes such as SYBR Green
bind to all dsDNA PCR products, including nonspecific PCR products (such as
"primer dimer"). This can potentially interfere with or prevent accurate quantification
of 'the intended target sequence. Therefore, primers for quantitative real-time PCR
should be carefully designed and tested for the high amplification efficiency (usually

>95%) without any non-specific amplification product and primer dimer.
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1.7 SNP in functional important genes and its applications

Analysis of gene-based single nucleotide polymorphism (SNP) is one of the
efficient approaches for discovery of genes which significantly contribute in
production traits of commercially important species (Liu and Cordes, 2004). This
opens the possibility to locate major loci responding for quantitative traits of P.
monodon where this information is not available in this species at present (Tao and

Boulding, 2003).

Several molecular techniques may be used to identify and subsequently to
characterize SNPunder.investigation. DNA sequencing is the direct method for SNP
identification. Nevertheless, several indirect methods are also. commonly used. These
include restriction. fragment length polymorphism (RFLP), single strand
conformational polymerphism (SSCP) and denaturing gradient gel electrophoresis
(DGGE), primer extension, . oligonucleotide ligation assay (OLA), TagMan
exonuclease detection, PCR-allele specific amplification (PASA) bidirectional PCR-
allele specific amplification (Bi-PASA) and mass spectrometry (MS).

SNP has been widely used in several applications including evolution and
population genetic studies, gene discovery, pharmacology and construction of genetic
linkage maps and linkage disequilibrium mapping for identification of quantitative
trait loci (QTL). Association between genotype and phenotype (disorders) were found
in both non-coding and coding regions. The mutated SNP that influence promoter
activity or DNA and pre-mRNA conformation, play a direct or indirect role in
phenotypic expression. Studies about correlation between SNP and diseases have
been extensively carried out in human (Immervoll et al., 2001; Tan et al., 2001).
Nevertheless, research on'association analysis of SNP and gene expression is rather

limited and still-at the initial stagein aquatic species.

An EST approach (single-pass sequencing of randomly selected clones from
cDNA libraries) has been successfully applied and recognized as an. effective method
for discovery of immune-related genes in L. vannamei and L. sertiferus (Gross et al.,
2001), M. japonicus (Rojtinnakorn et al., 2002), F. chinenesis (Shen et al., 2004) and
P. monodon (Supungul et al., 2004). This approach has been applied for identification
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and characterization of genes involved with reproduction (ovarian and testicular

development) and growth of P. monodon (Preechaphol et al., 2007).

In the channel catfish, He et al., (2003) identified putative SNP markers within
genes by comparative analysis of ESTs from the blue catfish (Ictalurus furcatus) and
the channel catfish (I. punctatus) deposited in GenBank. Result suggested that SNPs
are useful for mapping genes in interspecific resource families (channel catfish x blue
catfish). In addition, SNPs that differed within species were found and can be applied

to genome scans in channel catfish resource families.

Hayes et al., (2007) illustrated an extensive resource of putative SNP markers,
derived from EST in the Atlantic salmon (Salmo salar). A highly valuable resource
for creating a_dense genetic map of the salmon genome for aligning genetic and
physical maps, and for fine mapping of QTL affecting economic traits in Atlantic

salmon aquaculture were found.

Xu et al.,; (2006) characterized two parvalbumin (PVALBI and PVALB2)
genes and their association with growth traits in Asian sea bass (Lates calcarifer).
Pavalbumins are extremely abundant in fish muscle and play an important role in
muscle relaxation. The cDNA for PVALBI and PVALB2 were 840 and 667 bp, in
length, respectively. Both genes consisted of five exons and fore introns, encoded 109
amino acids. Using real-time polymerase chain reaction, expression of PVALBI was
detected in all 10 tissues tested, with expression in brain, kidney, muscle and small
intestine being 15 to 322-fold higher than in the other tissues. Expression of PVALB2
was detected only in muscle, brain, and intestine, was up 'to 10-fold lower than
PVALBI expression. A (CT);7 microsatellite in the 3'UTR region of PVALBI and
three single .nucleotide polymorphism. (SNPs) in.the. third intron of PVALB2 were
identified. The microsatellite in PVALBI was significantly associated with body
weight and body length at 90 days post-hatch (P < 0.01) whereas the SNPs in

PVALB?2 were not associated with these traits.

He er al., (2008) studies association between SNP in cytochrome P450-c19a
and reproductive traits of the Japanese flounder (Paralichthys olivaceus). A SNP in
the exon 7 of CYPI9a gene, SNP2, was significantly associated with 17-estradiol
(E2) (P < 0.05) and gonadosomatic index (GSI) (P < 0.05). Individuals with genotype
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AB of SNP2 had significantly higher serum E; levels (P < 0.05) and GSI (P < 0.05)
than those of genotype AA or BB. In addition, there was significant association
between one diplotype based on three SNPs and reproductive trait. The genetic effects
for both serum E, of diplotype D9 and GSI of diplotype D1 were respectively much
higher than those of other diplotypes (P < 0.05). Results seem to explain effects of

CYP19a gene in reproductive endocrinology of the Japanese flounder.

SNP markers in candidate genes can be treated as similar as other biallelic co-
dominantly segregated DNA markers. The advantage of coding SNP is that they are
located in regions that code for functionally important proteins. Therefore, they are

more likely to be near QTL that affect commercially important traits.

Correlations between genotypic and phenotypic variations in shrimp are still not
understood. Therefore, effects of SNP on expression levels of functional important
genes and phenotypes in P. monodon should be carried out. Analysis of gene-based
SNP is possibly one of the efficient approaches for discovery of genes which are

important in complex traits in P. monodon.

Tong et al., (2002) developed type I markers for genome mapping and other
applications. Primers were designed from ESTs established from the cephalothorax of
P. monodon. Thirty-four primer pairs successfully generated PCR products from
genomic DNA of P. monodon. SSCP analysis indicated that approximately 30% of
the EST tested were polymorphic in investigated shrimp and exhibited Mendelian
segregation patterns. Some ESTs were also cross-species amplified in other shrimp
(P. chinensis, P. japonicus and P. vannamei) allowing the possibility to be used for
comparative mapping between related species. SSCP analysis of CU89 primer also
revealed 2 distinct genotypes in investigated P. japonicus individuals from Australian
(100% of genotype A, N = 5) and the South China Sea (80% and 20% of genotypes B
and A, N =)5).

Kenway et al;. (2006) identifying genetic correlations  between-growth and
survival rates in P. monodon.. Shrimp were reared in eaptivity in tanks over three
generations with full pedigree information. Weights of animals were measured at six
ages between 7 and 54 weeks along with survival in each period. Females were more

variable in weight than males after week 16, and variances between each sex were
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standardized prior to estimation of heritability and genetic correlations. The
phenotypic mean + standard deviation of weights at week 40 was 35 + 6 g for males
and 44 + 10 g for females. Heritability with standard errors at 16, 30, 40 and 54 weeks
was 0.56 = 0.04, 0.55 £ 0.07, 0.45 £ 0.11 and 0.53 + 0.14 respectively. Heritability for
family survival, determined from mean survival within each family, was 0.51 £ 0.18,
0.36 + 0.18 and 0.71 £+ 0.17 over periods 4 to 10, 10 to 16 and 16 to 32 weeks
respectively. The genetic correlations between weight and survival revealed no
significant trend. The results indicated, significant concurrent improvements in both

growth and survival are possible through selective breeding.

Glenn et _al; (2005) studied association analysis of SNP of alpha-amylase
(AMY?2) and cathepsin-L (CTSL) and the body weight in 2 populations of Litopenaeus
vannamei (LV1 and LV2, N =75 and 30 with the mean BW of 0.35 + 0.06 and 2.52 +
0.30 g, respectively) and a mapping population of P. monodon (N = 41) of
investigated shrimp. SNP genotypes were carried out using PCR-RFLP of AMY2 with
Sca I and CTSL with Pyu IL Neither polymorphism of AMY2 nor CTSL were found to
be significantly associated with BW of LV1 and L.V2 populations (P > 0.05).

There are a number of advantages to use' SNP of EST as genetic markers. For
example; if expressed EST markers are genetically associated with a trait of interest, it
is possible that mapped genes directly affect that trait. In addition, EST are derived
from coding genes, they are more transferable across pedigree and species boundaries

than markers derived from non-coding regions.

PCR-SSCP is a simple and effective method for identification of SNP (Orita et
al., 1989) before further analyzed by DNA sequencing. SNP by expressed sequence
tags (SBE) were recently developed by amplification of 102 previously identified
ESTs in ovaries and hemocytes of P. monodon. A total of 48 successfully amplified
genes | were further characterized by SSCP analysis and 44 of which were
polymorphic. The full length of ribophorin I and receptor for activated protein kinase
C (RACK) were successfully characterized by RACE-PCR. Semi-quantitative RT-
PCR of ribophorin I and"RACK were carried out. Significantly different expression
levels of ribophorin I (P < 0.05) but not in RACK (P > 0.05) were observed in ovaries
and testes of P. monodon broodstock. Although the preliminary study did not reveal

significant association between SNP (SSCP patterns) and expression levels of
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ribophorin I and RACK in the limited sample size of P. monodon broodstock, that
approach demonstrates the possibility to further test for association between SNP of
candidate genes allied with growth and reproduction (degrees of gene expression by

the wild type/mutant alleles and growth rates and reproductive performance) of P.

monodon (Buaklin, 2005).

As described previously, correlation. between genotypic and phenotypic
variations in shrimp is still not understood. In this thesis, association between SNP of
growth- and reproduction-related genes and phenotypes (body weight for the former
and gonadosomatic index,~GSI, for the latter) of P. monodon were examined. In
addition, effects.of SNP and expression levels of mRNA of functional important

genes on growth and reproductive maturation in P. monodon were also studied.
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MATERIALS AND METHODS

2.1 Experimental animals

Broodstock-sized P. monodon (14-month-old, N = 66) were collected from the
Broodstock Multiplication Center, Burapha University, Chanthaburi. For SNP
analysis of reproduction-related gene, pleopods of each shrimp are collected and
transported back to.the laboratory. For gene expression analysis, ovaries were
dissected out from each shrimp and immediately placed in liquid N,. Specimens are

kept at -80 'C until'used:

Moreover, 342 individuals of domesticated P. monodon cultured for 3-month

in the same earth pond were also collected. The wet weight of each shrimp is

measured (7 = 13.32 £ 2.42 g). Initially, approximately 16% of shrimp exhibiting

from the top (N = 54, X =16.78 + 2.23 g) and the bottom (N = 56, X = 10.43 +

1.08 g) according to the body weight were used for polymorphic analysis of various-
growth-related genes including dolichyl  diphosphooligosaccharyl  protein
glycotransferase (DDPG) thyroid hormone binding protein "(THBP), epidermal
growth factor (EGF) and insulin degrading enzyme  (IDE). Subsequently,
polymorphism of THBP and EGF was examined in the entire sample. For SNP
analysis, pleopods of each shrimp are collected and transported back to the laboratory.
For gene expression analysis, hepatopancreas was dissected out from each shrimp and

immediately placed in liquid N». Specimens were kept at -80 °C until used.
2.2 Genomic DNA extraction

Genomic DNA was extracted from a piece of pleopod of each P. monodon
individual using a phenol-chloroform-protenase K method (Klinbunga et al., 1999). A
piece of pleopod tissue was dissected out from a frozen pleopod and placed in
prechilled microcentrifuge tube containing 500 ul of the TEN buffer (200 mM Tris-
HCI, 100 mM EDTA and 250 mM NaCl, pH 8.0) and briefly homogenized with a
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micropestle. SDS (10%) and RNase A (10 mg/ml) solutions were added to a final
concentration of 1.0% (w/v) and 100 pg/ml, respectively. The resulting mixture was
then incubated at 37 'C for 1 hour. At the end of the incubation, a protenase K
solution (10 mg/ml) was added to the final concentration 100 pg/ml and the sample
was further incubated at 55 'C for 3 - 4 hours. After the incubation, an equal volume
of buffer-equilibrated phenol was added and . gently mixed for 15 minutes. The
solution was centrifuged at 12,000 rpm tfor 10 minutes at room temperature. The
upper aqueous phase was transferred to a newly sterile microcentrifuge tube. This
extraction process was then repeated once with phenol:chloroform:isoamylalcohol
(25:24:1) and twice with chloroform:isoamylalcohol (24:1). The final aqueous phase
was transferred into a'sterile microcentrifuge tube and mixed with the equal volume
of TE buffer (10 mM Tris-HCl, pH 8.0 and 0.] mM EDTA) and subsequently with
one-tenth volume of 3 M sodium acetate, pH 5.2 was added. After that, DNA was
precipitated by an addition of two volume of celd absolute ethanol and mixed
thoroughly. The mixture was incubated at -80 °C for. 30 minutes. The precipitated
DNA was recovered by centrifugation at 12,000 rpm for 10 minutes at 4 °C. The DNA
pellet was then washed twice with'1 ml of cold 70% ethanol. After centrifugation, the
supernatant was removed. The DNA pellet was air-dried and resuspended in 50 pl of
TE buffer. The DNA solution was incubated at 37 C for 1 - 2 hours and stored at 4 'C

until further needed.
2.3 Measurement of DNA concentration
2.3.1 Estimation of DNA concentration by spectrophotometry

The concentration of extracted DNA was estimated by measuring the optical
density at 260 nanometre (ODx¢g). An ODxgg Of 1.0 corresponds to a concentration of

50 pg/ml double stranded DNA (Sambrook and Russell, 2001). Therefore the

concentrations of DNA are estimated in pg/ml by the following equation;

[Nucleic acid] = ODy¢ x dilution factors x nucleotide factor

* nucleotide factor = 50 for DNA and 40 for RNA and 33 for oligonucleotides
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The value at ODygy allows calculation of total nucleic acids whereas the value
at OD»g( determines the amount of proteins in the DNA and RNA solution. The ratio
between ODy60/ODygo provides an estimate on the purity of extracted DNA and RNA.
Pure preparation of DNA and RNA has ODjy4/ODysp ratio of 1.8 and 2.0,
respectively. The ratios that much lower than those values indicate contamination of
residual proteins or phenol in the extracted DNA and RNA (Sambrook and Russell,
2001).

2.3.2 Estimation of the amount of DNA by gel electrophoresis

DNA concentration” can' also be estimated on the basis of its direct
relationships between the amount of DNA and the level of fluorescence after ethidium
bromide staining. DNA "was electrophoresed through 0.8 - 1.0% agarose gel prepared
in 1X TBE buffer at 100 volts. After-electrophoresis, the gel was stained with
ethidium bromide. DNA concentration was estimated from the intensity of the

fluorescent band by comparing with that of undigested ADNA.
2.4 Agarose gel electrophoresis (Sambrook and Russell, 2001)

Appropriate amount of agarose was weighed out and mixed with 1X TBE
buffer (89 mM Tris-HCl, 8.9-mM boric acid and 2.5 mM EDTA, pH 8.0). The gel
slurry was heated until complete solubilization in the microwave. The gel solution
was left at room temperature to approximately 55 °C before poured into a gel mould.
The comb inserted, the gel was allowed to solidify at room temperature for
approximately 45 minutes. When needed, the gel mould was placed in the gel
chamber and sufficient 1X TBE buffer was added to cover the gel for approximately
0.5 cm. The comb was.carefully withdrawn.” One-fourth volume of the gel-loading
dye (0.25% bromophenol blue and 25% ficoll, MW 400,000 prepared in sterile
deionized H>,O)'was added to each'sample, mixed and loaded into the'well. A 100 bp
DNA Tladder and/or AHind III was used as the standard DNA markers. Electrophoresis
was carries out at 100 volts until the tracking dye migrated about three-quartered of
the gel. After electrophoresis, the gel was stained with ethidium bromide (0.5 pg/ml)
for 5 minutes and destained to remove unbound ethidium bromide by submerged in
H,O for 15 minutes. The DNA fragments were visualized using a UV

transilluminator.
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2.5 Genome walking analysis

For identification nucleotide sequence of the 5" untranslated region (5'UTR) of
functionally  important  genes:  NADP-dependent  leukotriene B4  12-
hydroxydehydrogenase (LTB4DH) and nuclear autoantigenic sperm protein (NASP)

were further characterized by genome walking analysis.
2.5.1 Restriction digestion of genomie DNA

Two and a half miecrograms-of genomic DNA extracted from a single
individual of P. monodonwere singly digested with 50 units of a blunt-end generating
restriction enzyme (EcoRV,Stu I, Pvu Il and Sca I) in the reaction volume of 100 pl.
The reaction was incubated at' 37 "C for 4 hours. Five microliters of the digestion
product was then electrophoresed on 0.8% agarose gels to determine whether the

digestion was complete.
2.5.2 Purification of the restriction digestion DNA

The digested DNA was purified by a phenol-chloroform-proteinase K method
(Klinbunga et al., 1999). An equal sample volume of buffer-equilibrated phenol was
added to the sample. The mixture was vortexed for 5-10 seconds and centrifuged for
5 minutes at room temperature to separate the aqueous and organic phases. The upper
layer was collected and mixed with a sample volume of chloroform:isoamylalcohol
(24:1). The sample was then centrifuged as in the previous step. The upper layer was
collected and mixed with one-tenth sample volume of 3 M sodium acetate, pH 4.5
sequentially with 2.5 folds sample volume of cold absolute ethanol. The mixture was
incubated at -80 "Cfor 30 minutes before DNA pellet was collected by centrifugation
at 12,000 rpm for 10 'minutes at room tempetature. After a brief wash with cold 70%
ethanol, the DNA pellet was air-dried and resuspended in 10 ul of TE buffer. The

purified products were confirmed by electrophoresis on 0.8 % agarose gels.
2.5.3 Ligation of digested genomic DNA to Genome Walker Adaptors

The ligation reaction was performed in a 10 pl reaction volume containing 2.2
ul of digested purified DNA, 1.8 ul of 50 uM GenomeWalker Adaptor (Clonetech)
(GenomeWalker Adaptor : 5-GTAATACGACTCACTATAGGGCACGCGTGG
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TCGACGGCCCGGGCTGGT-3'), 5 ul of 2X ligation buffer and 3 units of T4 DNA
ligase. The reaction mixture was incubated at 16 C overnight and then terminated by
incubation at 70 "C for 5 minutes. The product was 10 fold diluted in TE buffer before

used as the template for PCR step, is also called a mini-library.
2.5.4 PCR-based genomic DNA walking

The primary PCR of LTB4DH and NASP.of P. monodon were carried out in a
total volume of 50.ul reactions containing 1-ul-of-each -mini-library, 1X buffer, 200
uM each of dATP, dCTP, dGTP and dTTP, 2 mM MgCl,, 0.2 uM each of Adaptor
primer 1 (AP1 : 5'~GTAATACGACTCACTATAGGGC -3"), 0.2 uM of GSP1 (Table
2.1) and 1 unit of Advantage® 2 DNA Polymerase (Clonetech). The amplification
reaction was carried out using a amplification condition indicated in Table 2.2. Five
microliters of primary. PCR product was electrophoretically analyzed by a 1.2%

agarose gel. A 100 bp ladder and AHind IlI was included as the DNA marker.

The primary PCR product of NASP was 10-fold diluted in H>O and used as the
template for secondary PCR. The secondary PCR was carried out in a total volume of
50 pl reaction containing 1 pl of diluted primary PCR product, 1X buffer, 200 uM
each of dATP, dCTP, dGTP and dTTP, 2 mM MgCl,, 0.2 uM of Adaptor primer 2
(AP2 : 5'-ACTATAGGGCACGCGTGG T-3'), 0.2 uM of GSP2 (Table 2.1) and 1
unit of Advantage® 2 DNA Polymerase. The amplified genome walked fragment of

each gene was cloned and sequenced.
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Table 2.1 Gene specific primer (GSPs) used for genome walking analysis of LTB4DH
and NASP of P. monodon

Gene specific primer Sequence Tm (C)
LTB4DH

5'GW1 5'- ACCTCCATCTTCACAAGCCAG -3’ 64
NASP

5'GW1 S'=CACATCTCTTTCTTGGACGGCG -3’ 68

5" GW2 (nested) 5'- GGCTGGCACTGGTCTCGGCA -3’ 68

Table 2.2 The amplification conditions for genome walking analysis of LTB4DH and
NASP of P. monodon

Gene Amplification condition
LTB4DH
5"GW1 7 cycles of 94 °C for 25 seconds and 68 "C for 3 minutes

32 cycles of 94 °C for 25 seconds, 63 C for 3 minutes

And the final extension at 63 C for 7 minutes

NASP
5"GW1 7 cycles of 94 °C for 25 seconds and 68 "C for 3 minutes
32 cycles of 94 'C for 25 seconds, 63 'C for 3 minutes
And thefinal extension at 63 € for 7 minutes
5" GW2 (nested) 7 cyclesof 94 °C for 25 seconds and 68 "C for 3 minutes

32 cycles of 94 “C for 25 seconds, 63 'C for 3 minutes

And the final extension at 63 C for 7 minutes
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2.6 Cloning of the PCR products
2.6.1 Elution of DNA from agarose gel

After electrophoresis, desired ;individual DNA bands were excised from
agarose gels (200 - 300 mg) using a sterile scalpel. DNA was extracted from the gel
pieces using an illustra™ PCR band purification'kit (GE Healthcare). Five hundred
microliters of the Capture buffer Type 3 was added to the sample and mixed by
vortexing. The mixture was ineubated at 55 “C for 10 - 15 minutes until the gel slice
was completely dissolved: During the incubation period, the tube was inverted every
2-3 minutes. Anvillustra™ MicroSpin column was placed in a collection tube and 800
ul of the sample mixture was applied into the illustra™ MicroSpin column and
centrifuged at 8,000 rpm for 30 seconds. The flow-through was discarded. The
illustra™ MicroSpin column was placed back in the collection tube. The column was
washed by the addition of 500 ul of the ethanol-added Wash buffer type 1 and
centrifuged at 8,000 rpm for 30 seconds. After discarding the flow-through, the
illustra™ MicroSpin column was centrifuged for 2 minutes at the full speed (14,000
rpm) to dry the column matrix. The dried column was placed in a new
microcentrifuge tube and 15 pl of the Elution buffer type 4 or water was added to the
center of the column matrix. The column was left at room temperature for 2 minutes

before centrifuged for 2 minutes at the full speed to recover the gel-eluted DNA.
2.6.2 Ligation of PCR products to the pGEM®-T Easy Vector

DNA fragment was ligated to the pGEM-T easy vector (Promega) in a 10 pl
reactions volume centaining 50 ng of DNA insert, 5 pl of 2X Rapid Ligation Buffer
(600mM Tris-HCL, pH 7.8, .20 mM MgCly; 200mM DDT, 2 mM ATP-and 10%
PEG8000), 25 ng of pGEM-T easy vector and 3 units of T4 DNA ligase. The reaction

mixture was incubated at 4 C overnight before transformed into E. coli JM 1009.
2.6.3 Transformation of ligation products into E. coli JM 109
2.6.3.1 Preparation of competent cell

A single colony of E. coli JM 109 was inoculated in 10 ml of LB broth (1%
Bacto tryptone, 0.5% Bacto yeast extract and 0.5% NaCl, pH 7.0) with vigorous
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shaking at 37 C overnight. The starting culture was then inoculated into 50 ml of LB
broth and continued culture at 37 C with vigorous shaking to ODgg of 0.5 to 0.8. The
cells were briefly chilled on ice for 10 minutes and recovered by centrifugation at
2700 g for 10 minutes at 4 “C. The pellets were resuspended in 30 ml of ice-cold
MgCl,/CaCl, solution (80 mM MgCl, and 20 mM CaCl,) and centrifuged as above.
The cell pellet was resuspended in 2 ml of ice-cold 0.1 M CaCl, and the suspension
was divided into 200 pl-aliquots. These competent cells was either used immediately

or stored at -80 "C for subsequently used.
2.6.3.2 Transformation

The competent cells were thawed on ice for 5 minutes. Two to four microliters
of the ligation'mixture were added and gently mixed by pipetting. The mixture was
left on ice for 30 minutes. During the incubation period, the ice box was gently moved
forward and backward a few times every 5 minutes. The transformation reaction was
heatshocked in a 42 ‘C water bath (without shaking) for exactly 45 seconds. The
reaction tube was immediately placed on ice for 2 - 3 minutes. The mixture were
removed from the tubes and added to a new tube containing 1 ml of pre-warmed SOC
(2% Bacto tryptone, 0.5% Bacto yeast extract, 10 mM NaCl, 2.5 mM KCI, 10 mM
MgCl,, 10 mM MgSO4 and 20 mM glucose). The cell suspension was incubated with
shaking at 37 ‘C for 90 minutes. The mixture were centrifuged for 20 seconds at room
temperature, and resuspended in 100 pl of the SOC medium and spread onto a
selective LB agar plates (containing 50 pg/ml of amplicillin and spread with 20 pl of
25 pg/ml of X-gal and 25 pl of 25 pg/ml of IPTG for approximately 1 hour before
used) and further incubated at 37 C overnight (Sambrook and Russell, 2001). The
recombinant clonescontaining inserted DNA" are white whereas those without

inserted DNA are blue.
2.6.4 Colony PCR and digestion of the amplified inserts

Colony PCR" was performed in a 25 pl reaction mixture containing 10 mM
Tris-HCI, pH 8.8, 50 mM (NH4)2S04,°0.1% Triton X-100, 100 mM-of each dNTP, 2
mM MgCl,, 0.1 puM each of pUCI1 (5'-CCGGCTCGTATGTTGTGTGGA-3") and
pUC2 (5'-GTG GTG CAA GGC GAT TAA GTT GG-3'), 0.5 unit of Tag DNA

polymerase (Fermentas). A colony was picked by a pipette tip, placed in the culture
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tube and served as the template in the reaction. PCR was carried out in a thermocycler
consisting of predenaturation at 94 'C for 3 minutes followed by 35 cycles of
denaturation at 94 "C for 30 seconds, annealing at 50 °C for 1 minutes and extension
at 72 "C for 90 seconds. The final extension was carried out at the same temperature
for 7 minutes. The colony PCR products were electrophoresed through a 1.2%

agarose gel and visualized after ethidium bromide staining.

The colony PCR products containing the insert were separately digested with
Alu I and Rsa 1 (Promega) in-a 15 pl reaction volume containing 1X buffer (6 mM
Tris-HC1, 6 mM MgCl,,.50 mM NaCl and 1 mM DDT, pH 7.5 for Alu I and 10 mM
Tris-HCI, 10 mM MgCly; S0 mM NaCl and 1 mM DDT, pH 7.9 for Rsa I), 0.1 mg/ml
BSA, 2 units of each enzyme and 4 pl of the colony PCR product. The reaction
mixture was incubated at 37 ‘C overnight. The reaction was analyzed by 1.2% agarose

gel electrophoresis.
2.6.5 Extraction of recombinant plasmid DNA

Plasmid DNA was isolated using an illustra™™ plasmidPrep mini spin kit (GE
Healthcare). A discrete white colony was inoculated into a sterile culture tube
containing 3 ml of LB broth supplemented with 50 ng/ml of amplicillin and incubated
with shaking (200 rpm) at 37 G overnight. The culture was transferred into a sterile
1.5 ml microcentrifuge tube and centrifuged at 14,000 rpm for 1 minute. The
supernatant was discarded. The bacterial pellet was resuspended in 200 pl of the Lysis
buffer type 7 containing RNaseA and thoroughly mixed by vortexed. The resuspended
cells were lysed by the addition of 200 ul of the Lysis buffer type 8 and mixed gently
by inverting the tube for 10 times. The mixture was stood for 2 minutes at room
temperature. After that, 400 ptl of the Lysis buffer type 9 was added to neutralize the
alkaline lysis step and mixed immediately by inverting the tube for 10; times. The
mixture was then centrifuged at 14,000 rpm for 15 minutes. The illustra™ plasmid
mini column was placed in a collection tube and the clear lysate was applied into the
illustra™ plasmid mini column and centrifuged at 8,000 rpm for 30 seconds. The
flow-through was discarded. The illustra’ " plasmid mini column was placed back in
the collection tube. The column was washed by the addition of 400 pl of the Wash
buffer type 1 and centrifuged at 8,000 rpm for 30 seconds. After discarding the flow-
through, 600 pl of the ethanol-added Wash buffer was added and centrifuged as
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above. The illustra™ plasmid mini column was further centrifuged for 2 minutes at
the full speed (14,000 rpm) to dry the column matrix. The dried column was placed in
a new microcentrifuge tube and 50 pl of the Elution buffer type 4 or water was added
at the center of the column matrix. The column was left at room temperature for 2
minutes before centrifuged for 2 minutes at the full speed to recover the purified
plasmid DNA. The concentration = of _extracted plasmid DNA  was

spectrophotometrically measured.
2.6.6 DNA sequencing

Nucleotide sequences of recombinant plasmids were examined by automated
DNA sequencer using M13 forward and/or M13 reverse primer as the sequencing
primer by MACROGEN (Korea). Nucleotide sequences were blasted against data in
the GenBank (http#//www.nebi.nlm.nih.gov/blast) using BlastN (nucleotide similarity

against the nr/nt database) and BlastX (translated protein similarity against the nr
database). Nucleotide sequences of fragments representing different SSCP genotypes

of each gene were aligned by Clustal X (Thompson ez al., 1994).
2.7 Isolation of exon/intron of interesting important genes

The exon/intron structure-of the target gene was characterized. Several primer
pairs were designed from cDNA sequence of each gene and used for the PCR
amplification against genomic DNA as the template (Tables 2.3 and 2.4). The PCR

fragment was cloned and sequenced as described above.

2.8 Microsatellite analysis of P. monodon juveniles and broodstock used in this

study
2.8.1 Specimens and DNA extraction

Forty individuals of 3-month-old juveniles and twenty individuals of 14-
month-old broodstock of P. monodon from Broodstock Multiplication Center,
Burapha' University, Chanthaburi. Pleopods were genotyped by microsatellites
Genomic DNA was extracted from frozen pleopods of P. monodon using a phenol-

chloroform-proteinase K method (Klinbunga ef al., 1999).
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Table 2.3 Genes, primer sequence, length and the melting temperature of primers

used for exon/intron detection

Gene/ Sequence Length Tm
Primer q (bp) (C)

NADP-dependent leukotriene B4. 12-hydroxydehydrogenase (LTB4DH)

LTB4DH-2  F:5- TGGGAGGCACTCAGTCAAGC -3’ 20 64
R :5'- TTCCATCCAGCGATCAAACC -3’ 20 60
LTB4DH-3 F+5'- GAGATGGGAGACTTGCCTAA -3" 19 56
R 5'- TTTGGTCCACGCTACCTGTT -3’ 20 60

DEAD-box protein 52

Deadbox-3 F:5'- GAGCGAGCGAAAGAACTGT -3 19 58
R : 5'- GGCTTATCTGCCATTGTCC -3’ 19 58

Thyroid hormone binding protein (THBP)

RT-THBP F :5'- TACAAGCCCGATACTTATGAC -3’ 21 60
R : 5~ AAGGTTGGGAAGGACTGAAT -3’ 20 58

Insulin degrading enzyme (IDE)

RT-IDE F:5'- GGAGTGGGTGTTTGAAGAGTGT -3’ 22 66
R:5-TCTAACTCATCTTCAGCCTACCA -3’ 23 66

Epidermal growth factor (EGF)

RT-EGF F:5- GTCACTGCTGAAAATAGCCATCT -3’ 23 66

R : 5'- CGGTTCTGAAACACTGAAATACG -3’ 28 66
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Table 2.4 The amplification conditions for the exon/intron region of the amplified

gene segment

Primer Amplification condition
LTB4DH-2 1 cycle of 94 C for 3 minutes, 35 cycles of 94 "C for 30
LTB4DH-3 seconds, 55 C for 45 seconds, 72 "C for 60 seconds and the
Deadbox-3 final extension at 72 'C for 7 minutes
RT-THBP I cycle of 94 °C for 3 minutes, 35 cycles of 94 °C for 30

seconds, 55 °C for 45 seconds, 72 'C for 45 seconds and the
final extension at 72 "C for 7 minutes
RT-IDE 1 eycle of 94 °C for 3 minutes, 35 cycles of 94 "C for 30
RT-EGF seconds, 53 °C for 45 seconds, 72 °C for 45 seconds and the

final extension at 72 C for 7 minutes

2.8.2 Microsatellite amplification and analysis

Three microsatellite loci of P. monodon (CUPmo02, CUPmol3 and
CUPmol5) were used. PCR conditions were optimized for each microsatellite primer
pair as described in Table 2.6. The amplification reaction was carried out in 25 pl
reaction mixture containing 10 mM Tris-HCI, pH 8.8, 50 mM KCl, 0.1% Triton X-
100, 200 uM each of dATP, dCTP, dGTP and dTTP, 2 mM MgCl,, 0.2 uM of each
primer, 25 ng of genomic DNA of P. monodon and 1 unit of DyNAzyme'™ II DNA
Polymerase (Finnzymes). Five microliters of primary PCR product was
electrophoretically analyzed by a 1.2% agarose gel and a 100 bp ladder was used as
the DNA marker.

2.8.3 Denaturing polyacrylamide gel electrophoresis
2.8.3.1 Preparation of glass plate

The long glass plate was thoroughly wiped with 1 'ml of 95% commercial
grade ethanol with a piece of the tissue paper in one direction. This process was then
repeated twice. Afterwards, the long glass plate was coated with 1 ml of freshly

prepared bind silane (4 pl of bind silane, Amersham Biosciences, 991 pl of 95%
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ethanol and 5 pl of glacial acetic acid) and left for approximately 10 - 15 minutes.
Excess binding solution was removed with a piece of the tissue paper. The long glass

plate was further cleaned with 95% ethanol for 3 times.

The short glass plate was treated as described above with the exception that
the binding solution was replaced by the Repel silane (2% dimethyldichlorosilane in
octamethylcyclotetrasitoxone). The cleaned glass plates were assembled with a pair of

0.4 mm spacers.
2.8.3.2 Preparation of denaturing polyacrylamide gel electrophoresis

The PCR product were electrophoretically separated on 5% of denaturing
polyacrylamide gels were prepared by combining 40 ml of the acrylamide solution
(19:1 acrylamide:bisacrylamide with 7 M urea in 1X TBE buffer) with 300 pl of
freshly prepared 10% ammonium persulphate and 30 pl of TEMED. The acrylamide
solution was gently swirled and degassed for 15 minutes. The bottom of assembled
glass plates were sealed with the plastic tape. The bottom and both sides of the
assembled glass plate were securely clamped. The assembled plate sandwich was hold
at a 45 degree angle on the bottom corner. The acrylamide solution was then gently
injected into one side of the assembled plates. The filled plate sandwich was left in the
horizontal position. The flat edge of the shark-tooth comb was then inserted. The gel
was left at room temperature for 1 hour. After that, the polymerized gel was covered
by the water-soaked tissue papers and left at room temperature for 4 hours (or
overnight) for complete polymerization. When required, the spring clips and the
sealing tape were carefully removed. The top of the gel was rinsed with deionized

H,O0.
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Table 2.5 PCR primers and optimized annealing temperatures for P. monodon

microsatellite loci

Locus Sequence Tm (OC)
CUPmo02 F:5-CCAAGATGTCCCCAAGGC-3' 58
R :5'-CTGCAATAGGAAAGATCAGAC-3’ 60
CUPmol3 F:5'-GACTTCGTGGTATCAATGACTGT-3’ 66
R : 5'-TGTCAGTTCATGTAGTCTGCTC-3’ 64
CUPmol5 F . 5-CATCACTTGGTCTACAGCA-3' 19
R 5'-TAAGGTTACTAATGGGCACT-3' 20

Table 2.6 The amplification conditions for P. monodon microsatellite loci

Gene Amplification condition

CUPmo02 1 cycle of 94 “C for 3 minutes, 35 cycles of 94 C for 45
seconds, 53 ‘Cforl minute, 72 °C for 45 seconds and the
final extension at 72 "C for 7 minutes

CUPmol5 1 cycle of 94 C for 3 minutes, 30 cycles of 94 “C for 45
seconds, 56 °C for 45 seconds, 72 °C for-60 seconds and the
final extension at 72 “C for 7 minutes

CUPmol3 1 cycle of 94 “C for 5 minutes, 35 cycles of 94 "C for 30
seconds, 58 °C for 30 seconds, 72 °C for 30 seconds and the

final extension at 72 'C for 7 minutes

2.8.3.3 Electrophoresis

The gel sandwich was placed in the vertical sequencing apparatus with the
short glass plate inward. The gel sandwich was securely clamped with the integral gel
clamps along the sides of the sequencing apparatus. The upper and lower buffer
chambers were filled with approximately 300 ml of 1X TBE. The shark-tooth comb

was reinserted into the gel until the teeth just touched the surface of the gel. Three
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microliters of the polyacrylamide gel loading dye (98% formamide, 200 ul EDTA,
0.25% bromophenol blue and 0.25% xylene cyanol) was loaded into each well. The

gel was prerun at 35 W for 20 minutes.

Six microliters of the amplification products were mixed with 3 pl of the
loading buffer and heated at 95.°C for 5 minutes before snapped cooled on ice for 3
minutes. The sample was carefully loaded into the well. Electrophoresis was carried
out at 35 W for approximately 2 hours (XC moved out from the gel for approximately

30 minutes). Microsatellite band were visualized by silver staining.
2.8.3.4 Silver staining

The gel plates were carefully separated using a plastic. wedge. The long glass
plate with the gel was placed in a plastic tray containing 2 liters of the fix/stop
solution (10% glacial acetic acid) and agitate well for 30 minutes. The gel was briefly
soaked with shaking 3 times for 3 minutes with deionized water. The gel was lifted
out from the tray between each wash and allowed the washed water draining out of
the gel for 5 seconds. The gel was transferred to 0.1% silver nitrate solution (1.5
liters) and incubated with agitation at room temperature for 30 minutes. The gel was
soaked in 1.5 liters of deionized water with shaking (10 forward and 10 backward
agitation) and immediately placed in the tray containing 1.5 liters of the chilled
developing solution. This step is crucial and the time taken to soak the gel in the water
and transfer it-to chilled developing solution (Sodium carbonate) should be no longer
than 5 - 10 seconds. The gel was well agitated until the first bands are visible (usually
1.5 - 2 minutes). The gel was then transferred to another tray containing 1.5 liters of
chilled developer and shaken until bands from every lane were observed (usually 2 - 3
minutes).. One liter of the. fix/stop, solution. was. directly .added to. the.developing
solution and continued shaking for 3 minutes. The ;stained gel was soaked in
deionized water twice for 3 minutes each. The gel was placed in the plastic bag and
air-dried. The sized of alleles were estimated by referenee to 100 and 50 bp marker

ladder.
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2.9 Identification of single nucleotide polymorphisms (SNP) in 5UTR and the

exon/intron region of interesting important genes using SSCP analysis

SNP in the 5'UTR of reproductively related genes: NADP-dependent
leukotriene B4 12-hydroxydehydrogenase (LTB4DH) and nuclear autoantigenic
sperm protein (NASP) and those in the exon/intron region of growth related genes:
thyroid —hormone binding  protein (THBP), .insulin degrading enzyme (IDE),
epidermal growth_ factor (EGF) and dolichyl diphosphooligosaccharyl protein
glycotransferase (DDPG) were analyzed by SSCP.

2.9.1 Primer design

Primers were designed from the 5'UTR of L7B4DH and NASP and the cDNA
sequence of THBP, IDE, EGF and DDPG (Table 2.7) using Primer Premier 5.0
software. The criteria for primer designing were the primer length of 18 - 25 bases,
the melting temperature of 55 - 70 "C, and random base distribution of the primers to
avoid polypurine and polypyrimidine tracts, less than 5 °C differences of the melting

temperature of a primer pair.
2.9.2 PCR

Generally, PCR was carries out in a 25 pl reaction mixture containing 1X
Buffer (10 mM Tris-HCIL, pH 8.8, 50 mM KCl, 0.1% Triton X-100), 200 uM each of
dATP, dCTPy dGTP and dTTP, 2 mM MgCl,, 0.2 uM of each primer, 25 ng of
genomic DNA of P. monodon and 1 unit of DyNAzyme™ II DNA Polymerase
(Finnymes). The amplification condition were initially carries out by predenaturation
at 94.°C for 3 minutes followed by 35.cyeles.of denaturation at.94 "C for.30 seconds,
annealing 53 "C for 45.seconds and extension for 45 seconds. The final extension was
carries out at 72 'C for 7 minutes. Subsequently, more appropriate amplification

conditions were further adjusted as, for example, described in Table 2.8.
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Table 2.7 Genes, primer sequence, length and the melting temperature of primers

designed from growth and reproductively related genes of P. monodon

Gene Sequence Lg: E)t h Tm ('C)

NADP-dependent leukotriene B4 12-hydroxydehydrogenase (LTB4DH)

F:5-TTCAGCCTCTACTATGTTT -3’ 19 52

R : 5'- CTGGGATGCTAGGGACTA -3’ 18 56
Nuclear autoantigenie sperm protein (NASP)

F:5-TCACAGATACGGTCAACAGCG -3’ 21 64

R:5-AACCACTACGGCAAACTCACA -3’ 21 62

R2: 5'- TCGGAAGCAACAAACGAGGGT -3 21 64
Thyroid hormone binding protein (THBP)

F:5- TACAAGCCCGATACTTATGAC -3’ 21 60

R :5'- AAGGTTGGGAAGGACTGAAT -3’ 20 58
Insulin degrading enzyme (IDE)

F:5- GGAGTGGGTGTTTGAAGAGTGT -3’ 22 66

R :5-TCTAACTCATCTTCAGCCTACCA -3’ 23 66
Epidermal growth factor (EGF)

E:'5'- GTCACTGCTGAAAATAGCCATCT -3 23 66

R : 5'-CGGTTCTGAAACACTGAAATACG -3’ 23 66
Dolichyl diphosphooligosaccharyl protein glycotransferase (DDPG)

F:5- TTCTGGCAACGGCAAAGTAG -3’ 20 60

R: 5= ATGGGTCAATGCGAACAAAG -3’ 20 58
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Table 2.8 Amplification conditions used for PCR-SSCP analysis

Gene Amplification condition
5'UTR-LTB4DH 94 °C for 3 minutes, 1 cycle followed by 35 cycles of
5'UTR-NASP 94 "C for 30 seconds, 55 C for 45 seconds, 72 C for
THBP 45 second and the final extension at 72 "C for 7 minutes
DDPG
IDE and EGF 94."C for 3 minutes, 1 cyele-followed by 35 cycles of

94-°C for 30 seconds, 53 "C for 45 seconds, 72 °C for

45 second and the final extension at 72 'C for 7 minutes

2.10 Single Strand Conformational Polymorphism (SSCP) analysis

The PCR product of growth- and reproduction-related genes were successfully
amplified using the amplification conditions described in Table 2.8 but did not exhibit
size polymorphism or allelic variants between individual were further characterized
using single strand conformational polymorphism (SSCP) to examine whether the
amplification product of ‘the same genes in different shrimp individuals were
polymorphic due to the existence of single nucleotide polymorphism (SNP). SSCP
analysis allows the identification of polymorphic sites in DNA. Single-stranded DNA

is resolved based on both conformation and size.
2.10.1 Preparation of glass plates

The long and short glass plates were treated and prepared as previously
deseribed for Microsatellite analysis: The cleaned glass plates were assembled with a

pair of 1.5 mm spacer.
2.10.2 Non-denaturing polyacrylamide gel electrophoresis

Different concentrations of low closslink non-denaturing polyacrylamide gels
(37.5:1 or 75:1 of acrylamide and bis-acrylamide) were prepared by dilution of a 40%
stock solution to required gel concentration and degased in vacuo. The acrylamide gel

solution (30 - 40 ml) was mixed with 300 pl of 10% ammonium persulphate and 30 pl
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of tetramethylethylenediamine (TEMED). The analytical comb was inserted into the

prepared gel and allow for polymerization for at least 4 hours or overnight.
2.10.3 PCR and electrophoresis

PCR was carried out against genomic DNA of P. monodon using conditions
described in Table 2.8. Six microliters of the amplified PCR product were mixed with
four volumes of SSCP loading dye (95% formamide, 0.25% bromophenol blue,
0.25% xylene cyanol and 10 mM NaOH), denatured at 95 'C for 5 minutes and
immediately cooled-won ice for 5 minutes. The denatured products were
electrophoretically analyzed in native polyacrylamide gels at 200 - 250 volts for 12 -

16 hours at 4 C. SSCP band were visualized by silver staining.
2.11 Identification of SNP by direct DNA sequencing of PCR product

The PCR product was amplified from genomic DNA and electrophoretically
analyzed in duplication. One was run side-by-side with a 100 bp DNA markers and
the other was loaded into the-distal well of the gel. After electrophoresis, lanes
representing the DNA standard and its proximal SNA sample were cut and stained
with ethidium bromide (0.5 pg/ml) for 5 minutes. Position of the DNA marker and the
ethidium bromide-stained fragment were used to align the position of the non-stained

target DNA fragment.
2.11.1 Direct sequencing of the PCR product

After electrophoresis, the desired DNA fragment was excised from the agarose
gel using a sterile scalpel and placed in a pre-weighed microcentrifuge tube. DNA
was eluted out from the gel using a illustra™ PCR band purification kit (GE
Healthcare).

The gel-eluted PCR products were sequenced for both directions on the
automated. DNA sequencer (MACROGEN, Korea) using.the original. forward or
reverse primers primers of investigated genes as the sequencing primer. Nucleotide

sequences of different SSCP genotypes of each gene were aligned by Clustal X.
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2.12 Identification of SNP in cloned PCR product

The PCR product was ligated to the pGEM®-T Easy vector. The reaction
mixture was incubated overnight at 4 "C before transformed into E. coli JM 109. After
that, extracted plasmid DNA using an illustra™ plasmidPrep mini spin kit (GE
Healthcare). The recombinant plasmid were sequenced for both direction using the
automated DNA sequencer (MACROGEN;, Keorea)..Nucleotide sequences of different
SSCP genotypes of each gene were aligned by Clustal X.

2.13 RNA extraction

Total RNA was extracted from hepatopancrease and ovaries of each the
shrimp using TRI REAGENT® (Molecular Research Center). A piece of tissue was
immediately placed in mortar containing liquid nitrogen and ground to the fine
powder. This tissue powder was transferred to a microcentrifuge tube containing 200
ul of TRIREAGENT (1 ml/ 50 - 100 mg tissue) and homogenized. Additional 800 ul
of TRI REAGENT were added. The homogenate was left at room temperature for 5
minutes before 0.2 ml of chloroform was added. The homogenate was vortexed for at
least 15 seconds, left at room temperature for 2 - 15 minutes and centrifuged at 12,000
rpm for 15 minutes at 4 C.-The mixture was separated into the lower phenol-

chloroform phase (red), the interphase, and the upper aqueous phase (colorless).

The aqueous phase (inclusively containing RNA) was carefully transferred to
anew 1.5 mlI'microcentrifuge tube. RNA was precipitated by an addition of 0.5 ml of
isopropanal and mixed thoroughly. The mixture were left at room temperature for 10 -
15 minutes and centrifuged at 12,000 rpm for 10 minutes at 4 C, the supernatant was
removed. The RNA pellet was washed with 1 ml of 75% ethanol.and centrifuged at
12,000 rpm for 10 minutes at 4 "C. The ethanol was removed. The RNA pellet was
air-dried for 5 - 10 minutes. RNA was dissolved in DEPC-treated H,O for
immediately used. Alternatively, the RNA pellet was kept under absolute ethanol in. -

80 'C freezer for long storage.

Concentration of extracted total RNA was measured by spectrophometry as
described above. The quality of total RNA was evaluated by electrophoresis of 1 pl of
RNA in 1.0% agarose gels as described previously.
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2.14 DNase I treatment

Fifty-five micrograms of total RNA were treated with DNase 1 (0.5 U/1 pg of
RNA, usb) at 37 "C for 30 minutes. After the incubation, the sample was gently mixed
with the a sample volume of phenol:chloroform:isoamylalcohol (25:24:1) for 10
minutes. The sample was centrifuged at 12,000 rpm for 10 minutes at 4 C, and the
upper aqueous phase was collected. The extraction process was then repeated once
with chloroform:isoamylalcohol (24:1) and one with chloroform. The final aqueous
phase was mixed with one-tenth final sample volume of 3 M sodium acetate, pH 5.2.
After that, RNA was precipitated by adding twice the sample volume of cold absolute
ethanol. The mixture was incubated at -80 ‘C for 30 minutes, and the precipitated
RNA was recovered by centrifugation at 12,000 rpm for 10 minutes at 4 "C. The RNA
pellet was then washed twice with 1 ml of cold 75% ethanol. Alternatively, the RNA

pellet was kept in absolute ethanol at -80 "C until required.
2.15 Synthesis of the first strand cDNA

One and a half micrograms of total RNA from the tissue of P. monodon were
reverse-transcribed to the first strand ¢cDNA using an Improm- II'™ Reverse
Transcription System Kit (Promega). Total RNA was combined with 0.5 pg of oligo
dT2.13 and appropriate DEPC-treated H,O 1in final volume of 5 pl. The reaction was
incubated at 70 'C for 5 minutes and immediately placed on ice for 5 minutes. Then
5X reaction buffer, MgCl,, dNTP Mix, RNasin were added to final concentrations of
1X, 2.25 mM, 0.5 mM and 20 units, respectively. Finally, I ul of Improm- II'™
Reverse transcriptase was add and gently mixed pipetting. The reaction mixture was
incubated at 25 'C'for.5 minutes and at 42 "C. for 90 minutes. The reaction mixture
was_ incubated ‘at 70/ °C for 15 minutes to terminate the Teverse transcriptase activity.
Concentration and rough quality of the newly synthesized first strand ¢cDNA was
spectrophotometrically examined (OD0/ODyg0) and electrophoretically analyzed by

1.2% agarose gels.
2.16 RT-PCR

Typically, the amplification reactions were performed in a 25 pl reaction

volume containing 10 mM Tris-HCI, pH 8.8, 50 mM KClI and 0.1% Triton X-100, 1.5
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- 2.0 mM MgCl,, 100 or 200 uM each of dNTPs, 0.2 uM of each primer, 1 unit of
DyNazyme ™ DNA Polymerase (Finnzymes) and 2 pl of a 10 fold-dilute first strand
cDNA (about 200 ng). RT-PCR was initial performed by predenaturation at 94 'C for
3 minutes followed by 20, 25 and 30 cycles of denaturation at 94 "C for 30 seconds,
annealing at 53 C (or 55 OC) for45 seconds and extension at 72 C for 30 seconds.
The final extension was carried out at 72 € for 7 minutes. Five microliters of the

amplification products were electrophoretically analyzed though 1 - 2% agarose gel.

Table 2.9 Genes, primer sequence, length and the melting temperature of primers

used for RT-PCR

Gene Sequence Lg)l E)t h Tm ('C)
LTB4DH F:5'- TGGGAGGCACTCAGTCAAGC -3’ 20 64
R :5'- TTCCATCCAGCGATCAAACC -3' 20 60
NASP F:5'- GCCGTCCAAGAAAGAGATTGATAC -3 24 70
R :5'- CGGCCATAGTAGAAATAAGCATCAC -3' 24 70
THBP F:5-TACAAGCCCGATACTTATGAC -3/ 21 60
R:5'- AAGGTTGGGAAGGACTGAAT -3’ 20 58
IDE F:5- GGAGTGGGTGTTTGAAGAGTGT -3’ 22 66
R :5-TCTAACTCATCTTCAGCCTACCA -3’ 23 66
EGF F:5- GTCACTGCTGAAAATAGCCATCT -3’ 23 66
R :5'- CGGTTCTGAAACACTGAAATACG -3’ 23 66
Table 2.10 The amplification conditions for RT-PCR
Gene Amplification condition
LTB4DH 94 °C for 3 minutes, 1 cycle followed by 35 cycles of
NASP 94 °C for 30 seconds, 55 °C for 45 seconds, 72 °C for
THBP 45 second and the final extension at 72 "C for 7 minutes
IDE 94 “C for 3 minutes, 1 cycle followed by 35 cycles of
EGF 94 °C for 30 seconds, 53 °C for 45 seconds, 72 °C for

45 second and the final extension at 72 "C for 7 minutes
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2.17 Tissue distribution analysis by RT-PCR

Gene expression in tissue was studies in ovaries, testes, heart, hemocytes,
lymphoid organs, intestine, gill, pleopods, thoracic ganglion, stomach, eyestalk and

hepatopancrease of P. monodon.

For the target genes, 150 ng of the first strand cDNA from various tissues was
used as the template in 25 pl reaction volume containing 10 mM Tris-HCI, pH 8.0, 50
mM KClI and 0.1% Triton X-100, 2 mM MgCl,, 100 mM each of dATP, dCTP, dGTP
and dTTP, 0.2 uM of each primer and 1 unit of DyNAzymeTM DNA Polymerase
(FINNZYMES). Elongation factor-1o. (E : 5'- ATGGTTGTCAACTTTGCCCC -3’
and R : 5'- TTGACCTCCTTGATCACACC -3') were also amplified from the same
sample. The reactions 'were predenaturation at 94 "C for 3 minutes followed by 25
cycles composing of a 94 'C denaturation step for 30 seconds, a 53 C annealing step
for 45 seconds and a 72.°C extension step for 45 seconds. The final extension was
carried out at 72.°C for 7 minutes. Five microliters of the amplification product was

electrophoretically analyzed though a 1.5% agarose gel.

2.18 Isolation and characterization of the cDNA sequence of insulin degrading
enzyme (IDE) of P. monodon using Rapid Amplification of cDNA Ends-
Polymerase Chain Reaction (RACE-PCR)

2.18.1 Preparation of the 5’ and 3’ RACE template

Total RNA was extracted from ovaries of P. monodon broodstock using TRI
Reagent. Messenger (m) RNA was purified using a QuickPrep micro Purification Kit
(BD Biosciences). Thee:RACE cDNA template was prepared by combining 1 pg of
ovarian mRNA with 1 pl of 5-CDS primer and 1 pl of 10 uM SMART 1I A
oligonucleotide for 5" RACE-PCR or 1 pg of ovarian mRNA with T ulof 3" CDS
primer A for 3' RACE-PCR (Table 2.11). The components were mixed and. spun
briefly. The reaction was incubated at 70 “C for 2 minutes and snapcooled onice for 2
minutes. The reaction tube was spun briefly. After that, 2 pl of 5X First-Strand buffer,
I pl of 20 mM DDT, 1 pl of ANTP Mix (10 mM each) and 1 pl of PowerScript
Reverse Transcriptase were added. The reactions were mixed by gently pipetting and

centrifuged briefly to collect the contents at the bottom of the tube. The tube was
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incubated at 42 'C for 1.5 hours in a thermocycler. The first strand reaction products
were diluted with 125 pl of Tricine-EDTA buffer and heated at 72 "C for 7 minutes.

The first strand cDNA tenplate was stored at -20 C.
2.18.2 Primer designed for RACE-PCR and primer walking

Gene-specific primers  (GSPs) for /IDE were designed from ovaries and
hemocytelibraries. The antisense primer (and nested primer) was designed for 5’
RACE-PCR and the sense primer (and nested primer) for the 3 RACE-PCR (Table
2.12).

For sequencing of genes that showed the full length from the 5’ direction, the
product from celony PCR was considered. If the insert was larger than that of the
homologues, the 3" direction was sequenced. Internal primers were designed for

primer walking of theinserted cDNA (Table 2.13).

Table 2.11 Primer sequence for the first strand cDNA synthesis and RACE-PCR

Primers Sequence
SMART II A Oligonucleotide 5'- AAGCAGTGGTATCAACGCAGAGTACGCGGG -3’
3" RACE CDS Primer A 5'- AAGCAGTGGTATCAACGCAGAGTAC(T)30 N-1 N -3’

(N=A,C,GorT;N-1=A,Gor C)

5" RACE CDS Primer 5'-(T)25 N-1 N-3' (N=A, C, Gor T; N-1=A,G or C)

10X Universal PrimerA Mix (UPM) Long : 5'-CTAATACGACTCACTATAGGGCAAGCAGTG
GTATCAACGCAGAGT-3'
Short : 5'- CTAATACGACTCACTATAGGGC -3'

Nested Universal Primer A (NUP) 5'- AAGCAGTGGTATCAACGCAGAGT -3’
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Table 2.12 Gene-Specific Primers (GSPs) and nested GSP used for isolation of the
cDNA of P. monodon IDE

Gene specific Sequence Length Tm
primer 1 (bp) (O
Insulin degrading enzyme (IDE)
5"RACE1 R:5-TCTTTACACTCTTCAAACACCCACTC -3’ 26 74
5" RACE (nested) R5-CCAACAAGAGAGTTCACCCATCCA -3’ 24 72
3" RACE F : 5'-GGAGTGGGTGTTTGAAGAGTGT -3’ 22 66

Table 2.13 Internal primer used for primer walking sequencing of the full length
cDNA of IDE in P.monodon

. Length Tm

Internal primer Sequence o
pr - bp)  (C)
3'RACE-Internal R : 5'- CTACATTCACTGTTGATCCGA -3’ 21 60

2.18.3 RACE-PCR

The master mix which is sufficient for 5 and 3’ RACE-PCR and the control
reactions was prepared (Tables 2.14 and 2.15). For each 25 pl amplification reaction,
14.0 pl sterile deionized H,O, 2.5 pl of 10X Advantage® 2 PCR buffer, 0.5 pl of 10
uM dNTP mix and 0.5 pl of 50X Advantage® 2 DNA Polymerase mix were

combined. The reaction was carried out for as described in Table 2.16.

Table 2.14 Compositions for amplification of the 5'end of gene homologues using 5’

RACE-PCR

@ ohaptnell S'RACE- UPM only GSP only
PCR (Control) (Control)
5'RCAE-ready cDNA template 1.5 ul 1.5 ul 1.5ul
UPM (10X) 5.0l 5.0l -
GSP1 (10 pM) 1.0 ul - 1.0 ul
GSP2 (10 uM) - - -
H,O - 1.0 ul 5.0 ul
Master Mix 17.5 ul 17.5 pl 17.5 ul

Final volume 25 ul 25 ul 25 ul
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Table 2.15 Compositions for amplification of the 3’ end of gene homologues using 3’

RACE-PCR

Compenent 3'RACE- UPM only GSP only
PCR (Control) (Control)
3'RCAE-ready cDNA template 1.5 ul 1.5ul 1.5 ul
UPM (10X) 5.0l 5.0 ul -
GSP1 (10 uM) 1.0l - 1.0 pl
GSP2 (10 uM) - - -
H,O - 1.0 ul 5.0 ul
Master Mix 17.5 ul 17.5 ul 17.5 ul
Final volume 25 ul 25 ul 25 ul

Table 2.16 The amplification conditions for RACE-PCR of various gene homologues

of P. monodon

Gene Amplification condition

Insulin degrading enzyme (IDE)
5' RACE-PCR 25 cycles of 94 “C for 30 seconds, 65 C for 45 seconds, 72

°C for 90 seconds and the final extension at 72 C for 7

minutes
5' RACE-PCR 20 cycles of 94 "C for 30 seconds, 65 C for 45 seconds, 72
(nested) ‘C for 90 seconds and the final extension at 72 C for 7
minutes
3' RACE-PCR 25 cycles of 94 “C for 30 seconds, 65 C for 45 seconds, 72

°C for 90 seconds and the final extension at 72 C for 7

minutes

The primary 5’ and 3" RACE-PCR products were. electrophoretically analyzed
through 0.8 - 1.0% agarose gel. If the discrete expected bands were not obtained from
the primary amplification, nested PCR was performed using the recipes illustrated in
Table 2.16. The primary PCR product was 50-fold diluted. The primary PCR product
was performed using 1 - 5 pl of diluted PCR product as a template using the

conditions described in Table 2.16.
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2.19 Examination of expression levels of interesting genes in hepatopancreases

and ovaries of P. monodon by quantitative real-time PCR

2.19.1 Primer design

The intron/exon structure of LTB4DH and NASP was characterized. Several
primer pairs were designed from ¢DNA ‘sequence of each gene and used to PCR
against genomic DNA as the template. The PCR fragment was cloned and sequenced.
The forward or reverse primer covering intron/exon boundaries or alternatively, a
primer pairs sandwiching the large intron was designed (Figure 2.1). A size of the

expected PCR product'size was-approximately 100 - 200 bp or less than 500 bp.

I3 Primer spans an intron/exon boundary

Genomic DMNA mENA
| —
— "W |
—— | f—
Exon |nbrin Exon Exon Exon
I RTPCR 1 RT.PCR
M@fproduct Froduct
[1 Primers flank anintron
Genomic DNA mERA
=
o — —_— ¥
B —=
Fxon Intron Exan Excn Exon
[ RTRCR l RTPCR
large product small preduct
M, |
I

Figure 2.1 Two approaches of primer design to prevent amplification of the residual
genomic DNA in the template for quantitative real-time RT-PCR based on' primers

spanning exon-intron boundaries (A) or primers flanking an intron (B).
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For quantitative real-time PCR analysis of IDE, EGF and THBP, primers for
SNP detection and RT-PCR were used. These primers did not generate the primer

dimmer and any sign for the contamination of genomic DNA in the cDNA template.

For construction of the standard curve of each gene, the DNA seqment
covering the target PCR product and EF-/a were amplified from primers for
quantitative real-time PCR. The PCR product were cloned Plasmid DNA were
extracted and used as the template for estimation of the copy number. A 10 fold-serial
dilution was prepared corresponding to 10 - 10’ molecules/ul. The copy number of

standard DNA molecules can be calculated using the following formula:

X g/ul DNA '/ [plasmid length in bp x 660] x 6:022x10 = Y molecules/ul

The standard curves (correlation coefficient = 0.995 - 1.000 or efficiency
higher than 95%) were drawn for each run. The standard samples were carried out in a

96 well plate and each standard point was run in duplicate.
2.19.2 Quantitative real-time PCR analysis

The target transcripts and the internal control EF-1a of the synthesized cDNA
were amplified in a reaction volume of 10 pl using 2X LightCycler® 480 SYBR
Green I Master (Roche, Germany). The specific primer pairs were used at a final
concentration of 0.3 uM. The amplification condition was the same as that described
in the Table 2.18. The real-time PCR assay was carried out in a 96 well plate and each

sample was run in duplicate using a LightCycler® 480 Instrument II system (Roche).

A ratio of the absolute copy number of the target gene and that of EF-/o was
calculated.. The relative expression level between shrimp possessing different ovarian
development (or treatment) were statistically tested using one way analysis of
variance (ANOVA) followed by a Duncan’s new multiple rang test. Significant

comparisons were considered when the P value was < 0.05.
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Table 2.17 Genes, primer sequence, length and the melting temperature used for

quantitative real-time PCR

Gene Sequence Lg: E)t h (Tgl)
LTB4DH F :5'- GCTGGCTTGTGAAGATGGAGATGTC -3’ 25 76
R :5'- CCACTCTGGGTTCTTACTCTCAA -3’ 23 68

NASP F:5'- GCCGTCCAAGAAAGAGATTGATAC -3’ 21 64
R :5'- CGGCCATAGTAGAAATAAGCATCAC -3’ 21 62

THBP F:5- TACAAGCCCGATACTTATGAC -3' 21 60
R : 5'- AAGGTTGGGAAGGACTGAAT -3’ 20 58

IDE F:5- GGAGTGGGTGTTTGAAGAGTGT -3’ 22 66
R +5- TCTAACTCATCTTCAGCCTACCA -3’ 23 66

EGF F:5-GTCACTGCTGAAAATAGCCATCT -3' 23 66
R:5- CGGTTCTGAAACACTGAAATACG -3’ 23 66

Table 2.18 Amplification condition for used quantitative real-time PCR

Gene Amplification condition

LTB4DH 95 'C for 10 minutes, 1 cycle followed by 40 cycles of
95 °C for 15 seconds, 58 °C for 30 seconds, 72 °C for
30 seconds

NASP 95 “C for 10 minutesyil eycle followed by 40 cycles of
95 'C for 30 seconds; 58 °C for 45 seconds, 72 ‘Coor
30 seconds

THBP 95 “C for 10 minutes, 1 cycle followed by 40 cycles of
95 °C for 15 seconds, 55 ‘€ for 30 seconds, 72 ‘C for

30 seconds
IDE 95 °C for 10 minutes, 1 cycle followed by 40 cycles of
EGF 95 °C for 15 seconds, 53 °C for 30 seconds, 72 °C for

30 seconds
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2.20 Statistic analysis

Correlation between SSCP patterns of LTB4DH and GSI values of 14-month-
old shrimp and between those of THBP and EGF and the body weight of 3-month-old
juveniles were statistically tested (using independent t-test for EGF or one way
analysis of variance, ANOVA following by Duncan’s multiple range test for others).

Significant differences were considered if P.< 0.05:

The expression levels of LTB4DH and NASP in ovaries of broodsotck shrimp
carrying different GSI values (<0.5% for group I, 0:5=1.0% for group II and > 1.0%
for group III) were statistically tested using ANOVA and Duncan’s multiple range
test. In addition, correlation between the expression levels of LTB4DH in shrimp

carrying different SSCP genotypes (SNP) was also statistically examined as above.

The expression levels of IDE, THBP and EGF in hepatopancreas of juvenile
shrimp exhibiting different growth rates according to the body weight tested using the
independent t-test. In addition, correlation between the expression levels of IDE,
THBP and EGF in shomp carrying different SSCP genotypes (SNP) was also

statistically examined as above.



CHAPTER III

RESULTS

3.1 Genomic DNA extraction

Genomic DNA-was-extracted from a piece-of pleopod of each P. monodon
using phenol-chleroform-proteinase K method (Klinbunga et al., 1996). The quality
of extracted genomic DNA" was electrophoretically determined using a 0.8% agarose
gel. High molecular weight DNA at the similar size as that of undigested ADNA
(approximately 50 kb)along with partially degraded DNA was observed (Figure 3.1).

The ratio of OD ,60/ODyg of extracted genomic DNA was 1.8 - 2.0 suggesting
that the quality of extracted genomic DNA was acceptable for used in further
applications. DNA samples showing the ratio much lower then 1.8 was possibly
contaminated with residual proteins.or phenol. In contrast, those with the ratio greater
than 2.0 may be contaminated with RNA as visualized by the smear at the bottom of
gel (as can be seen in Figure 3.1). However, RNA contamination did not affect the
PCR amplification. Therefore, the extracted DNA was used for various techniques

(e.g. genome walking and PCR-SSCP).

M 1 2 3 45 6 7 8 9 10 112

Figure 3.1 A 0.8% ethidium bromide-stained agarose gel showing the quality of
genomic DNA (Lanes 1-12) extracted from a pleopod of different individuals of P.
monodon. Lane M = 120 ng of undigested ADNA.
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3.2 Identification of 5’ untranslated region (5'UTR) and introns of functionally

important genes

Genome walking analysis was carried out for isolation of the 5’"UTR of several
functionally important genes including A NADP-dependent leukotriene B4 12-
hydroxydehydrogenase (LTB4DH) and nuclear autoantigenic sperm protein (NASP)
In addition, the genomic gene segment of LTB4DH, thyroid hormone binding protein
(THBP), DEAD-box protein 52, insulin degrading enzyme (IDE) and epidermal
growth factor (EGE) were also identified.

3.2.1 ~NADP-dependent = leukotriene = B4  12-hydroxydehydrogenase
(LTB4DH)

Genome walking analysis of LTB4DH was carried out using the Stu 1, Pvu 11
and Sca I mini-libraries as the template. The primary PCR product of 1,400, 900 and
2,000 bp product from the respective mini-libraries was obtained (Figure 3.2). These

fragments were cloned and sequenced.

bp

= 200}
= 14
900

Figure 3.2 The primary PCR product of NADP-dependent leukotriene B4 [2-
hydroxydehydrogenase amplified from the Eco RV (Lane 1), Stu I (Lane 2), Pvu Il
(Lane 3) and Sca I mini-libraries (Lane 4) using reverse gene-specific primers and the

adapter primer (AP1). A 100 bp DNA ladder (Lane M) were used as the DNA marker.
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After sequence assembly, additional 767 bp of the 5S'UTR was deduced from
partial nucleotide sequence of cloned 1,400, 900 and 2,000 bp genome walking
fragments. Sequences from one end of these fragments were perfectly overlapped
with the original full length cDNA sequence of LTB4DH. Moreover, primer
sequences used for PCR amplification were also found suggesting that part of the

S'UTR of this gene was suecessfully identified (Figure 3.3).

ACGCGTGGTCGACGGCCCGGGCTGGTCTGCTTTTCCTCTCCATCTTTICTTTGCTTCCTCTTCICTTTGT
ATAATTAGCACCGACCCTITTACTTITACTTCATCTAATATTTGITTATTTTCTAAATTAAAAAGTTTGC
TAAAATACTCTCCAICITCCTITIGTATTTTCAGCCTICTACTATGTIITCIATTTCCATCCCTTACCACA
CCTATATTTTCAGTTICTAGITTTTITATGCATTTICCTCAGCTACCTTATATATTGCCTITTTICATTGTICTG
TCATGCCATTTTTTATGACTTCCCAGACCGCTATTTTAACTAACTTCATIGCTTTTCAGTITTGCTTICTT
TACACCTTATTTCATCTITCCTTATTTTTIGCTTGTITCCATITATTTITTTTGTTTCATAGATTTICTTATT
CCACCACCAAGTCGGTATTTITITTGCTICITGTATCCTTTGCTGTTATAACCTTTGTCTCCTTCATATTTT
GCCATCCTTCCICICTCTICTGICITCICTITATATTGTITICAGAGGATCATCTGGCTTTGTAAATATT
TATAGAAAATACCAGACTCTGIGCTAAATAATTTCTCACTICTACTCITGACCTGCTTTTTTTCTCCACA
AAGCCTACTCCCTTICCAACATGICCATTTAAGTCTCCTTTCACTGTCACACACACACACCCCTTITCGGG
GACTTTATTATCIGTAGAGATGCATGTGGCTTTTGTCTTIGCAGGAAATCTGTAGTCCCTAGCATCCCAG
AAGCCAAAATGGTGACAGCAAAGGTGTGGAAGCTAGCCAAGCGGCCAGAGGGGATGCCCAAGAAGGAAG

ACTTTGTGTGTGTGGAAGAAGAGCTGGCTTGTGAAGATGGAGGT

Figure 3.3 The 5’ untranslated region (5'UTR) of NADP-dependent leukotriene B4
12-hydroxydehydrogenase. The putative start codon is boldfaced and underlined.
Primers for genome walking analysis is italicized and underlined. Overlapped
sequences between the genome walking fragment and full length cDNA of LTB4DH
is highlighted. A 767 bp fragment was successfully identified.

In addition, a 1001 bp fragment (Figure 3.4A) was amplified by primers
LTB4DH-2F/R. Two introns (461 and 276 bp) were found within the amplification
product along which exons of 56 (partial), 124 'and 84 (partial) bp (Figure 3.4B).

A 738 bp fragment (Figure 3.5A amplified by primer LTB4DH-3F/R was also
cloned and sequenced. Two introns (196 and 315 bp) were found within the
amplification product along which exons of 52 (partial), 121 and. 54 (partial) bp
(Figure 3.5B).
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TGGGAGGCACTCAGTCAAGCAGCGCCTGATAAGATTAACTGCTTICTTTGAAAATGTAAGTITTGGACAC
ATTGTTTTTACCACAGACTTATTTTAATACAATTTAAAGATGAAATGACTCAGAATTTTACTGAATAA
CGTGGGTTATAGAATCTAAAATAGAATTGGTGAATTICTGTAATAGTTTITACATTCACATTTAGAAAAT
GAGAAATTGTGGGTAAAGTATTTAAACTGGACCCATTTATCCAGGTAACCAAGCAACTGTAAGGAGTT
TTGCAGGTATACATAATCCATTAGTICTGAGTCACAAGATTGGTATTTTICTTGTTTTAATAATATATA
ACAATTTTGCTTCTTGATIGTTACAGTTTTGGAGAGTITTTTAATAATGTGGCTATATGAATTTATTTAA
TAGAATTAACAGATATTGAATATACTTAGGTTGATATGGGAGGAAAAAGTAAGTTCTACCCTTIGTTTA
TTACTTGTCTTCTTTATTTTTATTTTTGTTCATTTTAAGGTTGGAGGACAGTTCACTGCTGAAGCTCT
ACCACACATGGCTGAGAGGGGCAGAATGGCAATTTGTGGTGTGATTTCAGAGTACAATGATGACGACA
AGGATTCTGGTGTIGGTIGGCAATGACTAGTAGGTATTTTIGIIGTTTCATTGTCAGTGTAATGACTTTTT
TCCTCCCAGTAGGTTTCTTTTCTGTATATGAATGTCTGTAGAATATATAATTAAAGTTACTTATATGA
TTAGGCCTTTTTAGTAGATAATGTACATTTATTTATAGTGCAGTTTGAAAATTAGAATAGTGGTCTTA
TTTATTTTATTAAATTCTIGGCICCCCIGTIGTTGATAGAATCATATGAGGATAATCCTTTGTTATGGTA
GGGTAAAATGTTTCATCACTCGATGITCCAGGICCGTTGAATCCAGCTACGATACTTTGGAAGCAACT
TGCAGTGGAAGGCTTICATTGTTACAAGGTGGTTTGATCGCTGGATGGAA

Figure 3.4 (A) A 1.5% ethidium bromide-stained agarose gel showing the
amplification product of LTB4DH using primers LTB4DH-2F/R. Lane M = a 100 bp
DNA Jadder, lanes 1-3 = the amplified product from genomic DNA of P. monodon
and lane N = negative control (without genomic DNA"template). (B) The partial
genomic DNA sequence of LTB4DH amplified from primer LTB4DH-2F/R. Introns
are italicized and underlined. Primer sequences are illustrated in boldface and

underlined.
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GAGATGGGAGACTTGCCTAAGAGTCTIGGCTTAGGGATICTGGGCATGCCGGCGGGTATGTCCAGTTATT
AGTCTTGGGTGGTGTAAAAAAAAGAAAAGTCGAGACTAAGTTAAAGTATAGAGCTCATTTGGATTTGG
AGTTGTTTATATGTICTTGATTTTATTGTACATGGAAACCATATAATAATATATTTCTTAAAGAGTGT
TAGTACATTTACAATATATGTATAAAGTTAAATTTTTTATCACAGGAATACAGCATATTTTGGATTTC
TTGAAATCTGCCGACCGAAAGCAGGAGACACTGIGTTGGTAAATGCTGCTGCTGGAGCAGTTGGAAGT
GCTGTGATTCAGATAGCCAAAATCAAAGGTITAGAACTAAAACTGTITTCITTAGAGAAATGCTTAATTA
AGAAACTGTCTCACACAGICTGTTGGACACAATTTATGAAAAGATGGATTACAGTGATAGTTGGGTTC
ATCAAAGCTTGTGTTAGAGAATAAGAATCTAATCGCTIGGATGTAATAAGCATTGGTTATAGAGTAAAG
CAAATTTAAAACACTCAACCCCATGATAAGAAAAGAAACTTTATGGAAAAAATTTGAATTTATAGTAT
CAGTGTAGCTTATGAATATTTTAGGCTITTATTTIGTGAATGCATCATTITTATATAAAGTTTCCCCCTC
TAGGGTGTAAGGTAATTGCCTTTTICGGGATCTGATGAAACAGGTAGCGTGGACCAAAG

Figure 3.5 (A) A 1.5% ethidium bromide-stained agarose gel showing the
amplification product of LTB4DH using primers LTB4DH-3F/R. Lane M = a 100 bp
DNA ladder, lanes 1-3 = the amplified product from genomic DNA of P. monodon
and lane N = negative control (without genomic DNA template). (B) The partial
genomic DNA"sequence of LTB4DH amplified from primers"’LTB4DH-3F/R. Introns
are italicized and underlined. Primer sequences are illustrated in boldface and

underlined.
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Nucleotide sequences of all characterized fragments were assembled and

illustrated by Figure 3.6.

ACGCGTGGTCGACGGCCCGGGCTGGTCTGCTTTTCCTCTCCATCTTTCTTTIGCTTICCTICTICTCTTTIGT
ATAATTAGCACCGACCCTTITTACTTITACTTICATCTAATATTTGTTTATTTTCTAAATTAAAAAGTTTGC
TAAAATACTCTCCATCTTCCTTITTGTATTTTCAGCCTCTACTATGTTTCTATTTCCATCCCTTACCACA
CCTATATTTTCAGTTICTAGTTITTTIATGCATTTCCTCAGCTACCTTATATATTGCCTITTTICATTGTICTG
TCATGCCATTTTTTATGACTITCCCAGACCGCTATTTTAACTAACTTCATTIGCTTITTCAGTITTGCTTICTT
TACACCTTATTTCATCTTCCTIATTTITTGCTTGTTTCCATITATTTTTTTIGTTTCATAGATTTICTTATT
CCACCACCAAGTCGGTATTITITITIGCTCTITGTATCCTTTGCIGTITATAACCTTTGTCTCCTTCATATTTT
GCCATCCTTCCTCTCICIICIGICTTCICTTITATATTGTITTCAGAGGATCATCTGGCTTTGTAAATATT
TATAGAAAATACCAGACTCTIGIGECTAAATAATTTCTCACTCTACTCTITGACCTGCTTTTTTTCTCCACA
AAGCCTACTCCCTTCCAACATGICCATTTAAGTCTICCTTTICACTGTCACACACACACACCCCTTTCGGG
GACTTTATTATCTGTAGAGATGCATGTGGCTTTTGTCCTGAGAGAAATCTGTAGTCCCTAGCATCCCAG
AAGCCAAAATGGTGACAGCAARGGTGTGGAAGCTAGCCAAGCGGCCAGAGGGGATGCCCAAGAAGGAAG
ACTTTGTGTGTGTGGAAGAAGAGCTGGCTTGTGAAGATGGAGGTAATGTGTATCAGCATATTATATACA
TAGTCCCCTTTGGTTTGTATATTCCTATATGATATTCAATTACTTTTATCTGTTGATAATTATCATTGG
TTTTTGTCTCTAGTAATTTAAGGCAATACCATTCCCACATAATGAAATACAAGAAAACTGTTATTCTAA
TGTTCTGGCAAATGATTAACTAACCTTTTTCAGTACTGCAATGTCACTAATGATTTACAAATGCTTTTG
CAGAGATGTCATTATTGAAGCTGAATTTTTGAGTGTAGATCCATACATGCGGTACATGATCAAGCAAAT
CCCTCTTGATGTACCTGTCACCGGTACTCAGGTTGCAAAAGTATGTGACTTTAACTCTCATTATATTAT
TTTTGCTTGAAGAGATTATACTATATATGAAAAATTCACTTACCAGAAGGTTAGGCCTAGAATGATTAA
AGAATTTTTCAGATTAAGCAAAAATGCCTAAATTGGTTGAGGAAAAATAAAGGTCTTTTATTCACTTAA
AAAAAAAAAATCCCTCTAAAGGAAATGTCCTACATTATTGTGAATATTGAGCCATGTATTTTTGTTTAA
AAAATGCATAAATATATAGACAAATTAACAATTGCACACTGGAAGTACAAACAAAAAGTTTAGTAAATC
ATTATGTACTTCTTCCTTTAGTTCTCTCCCATGTAAGCATATTTTCTTTGTGATACAAATACTTTGGAG
AGTTATGATGAAGAATGATAAAAAACATCAATTTTGGTTTCAGAGTGAT TGAGAGTAAGAACCCAGAGT
GGCCAGTGGGTACGTACGITGTITTCACCGTICTGGCTGGCGCTCCCACACCCGACTCACTGAGAAAGACT
TCAAGGCTGATAACTTTTICCAGAAGCCCATGAAGCTGCCAGAGATGGGAGACTTGCCTAAGAGTCTTG
GCTTAGGGATTCTGGGCATGCCGGGGTATGTCCAGTTATTAGTCTTGGGTGGTGTAAAAAAAAGAAAAG
TCGAGACTAAGTTAAAGTATAGAGCTCATTTGGATTTGGAGTTGTTTATATGTTCTTGATTTTATTGTA
CATGGAAACCATATAATAATATATTTCTTAAAGAGTGTTAGTACATTTACAATATATGTATAAAGTTAA
ATTTTTTATCACAGGAATACAGCATATITTGGATTTCTTGAAATCTGCCGACCGAAAGCAGGAGACACT
GTGTTGGTAAATGCTGCTGCTGGAGCAGTTGGAAGTGCTGTGATTCAGATAGCCAAAATCAAAGGTTAG
AACTAAAACTGTTTCTTTAGAGAAATGCTTAATTAAGAAACTGTCTCACACAGTCTGTTGGACACAATT
TATGAAAAGATGGATTACAGTGATAGTTGGGTTCATCAAAGCTTGTGTTAGAGAATAAGAATCTAATCG
CTGGATGTAATAAGCATTGGTTATAGAGTAAAGCAAATTTAAAACACTCAACCCCATGATAAGAAAAGA
AACTTTATGGAAAAAATTTGAATTTATAGTATCAGTGTAGCTTATGAATATTTTAGGCTTTATTTGTGA
ATGCATCATTTTTATATAAAGTTTCCCCCTCTAGGGTGTAAGGTAATTGCCTTTTCGGGATCTGATGAA
ACAGGTAGCGTGGACCAAAGACCTTGGGGCAGACCATGCCTTCAACTACAAAACAGCAAACATTGGACA
GTTCACTGCTGGGAGGCACTCAGTCAAGCAGCGCCTGATAAGATTAACTGCTTICTTTGAAAATGTAAGT
TTGGACACATTGTTTTTACCACAGACTTATTTTAATACAATTTAAAGATGAAATGACTCAGAATTTTAC
TGAATAACGTGGGTTATAGAATCTAAAATAGAATTGGTGAATTCTGTAATAGTTTTACATTCACATTTA
GAAAATGAGAAATTGTGGGTAAAGTATTTAAACTGGACCCATTTATCCAGGTAACCAAGCAACTGTAAG
GAGTTTTGCAGGTATACATAATCCATTAGTCTGAGTCACAAGATTGGTATTTTTCTTGTTTTAATAATA
TATAACAATTTTGCTTCTTGATGTTACAGTTTTGGAGAGTTTTTAATAATGTGGCTATATGAATTTATT
TAATAGAATTAACAGATATTGAATATACTTAGGTTGATATGGGAGGAAAAAGTAAGTTCTACCCTTGTT
TATTACTTGTCTTCTTTATTTTTATTTTTGTTCATTTTAAGGTI GGAGGACAGTTCACTGCTGAAGCTC
TACCACACATGGCTGAGAGGGGCAGAATGGCAATTTIGTGGTGTGATTTCAGAGTACAATGATGACGACA
AGGATTCIGGTIGTGGTGGCAATGACTAGTAGGTATTTTGTTGTTTCATTGTCAGTGTAATGACTTTTTT
CCTCCCAGTAGGTTTCTTTTCTGTATATGAATGTCTGTAGAATATATAATTAAAGTTACTTATATGATT
AGGCCTTTTTAGTAGATAATGTACATTTATTTATAGTGCAGTTTGAAAATTAGAATAGTGGTCTTATTT
ATTTTATTAAATTCTGGCTCCCCTGTGTTGATAGAATCATATGAGGATAATCCTTTGTTATGGTAGGGT
AAAATGTTTCATCACTCGATGTTCCAGGTCCGTTGAATCCAGCTACGATACTTTGGAAGCAACTTGCAG
TGGAAGGCTTCATTGTTACAAGGTGGTTTGATCGCTGGATGGAAGGAATTGATCAGATGAAGCAGTGGA
TCAGTGAGGGTAAAGTCAAGTACAAGGAAACTGTTGTAAAGGGATTTGACAAAATGCCTGAAGCATTCA
TTGGCCTTTTCCTCGGTGAAAATACAGGCAAGGCCATTGTAGCAGTGTGAGGAACCTTGTGTGGAATGA
AAAGATCAAAACAATCTACTTTATTITTCATATTTTICTTAATTTAATAGGGAACCACAACCTAAAAATAT
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AACTTGATAAATTCATCTGTITGAAACTTATTATGGTGGAAAATTGTGCAGCATTGGCAAACATTTTICTT
TGTTTTGGATGTTAAAAATATTTCTATAATAGCTGCATGCACTGGAAAATACTCTTACTTTACAAGTAG
GCCAGTACGTCTATTTCACATCTTICATTTTITGAAGATGCTATTTCATATATATGCAGACCTGTTTATTIG
CTTITTCCATTCTGTAATTTATCTATCTTICCATTCTTCTAAATTATCCTTGTTGAGGCATTGCCAACTTC
AAATAAAGTGCAAACCTCGTGCCGAATTCGGCACGAGGGTCAAATACTTICTTTIGTTIGTGTTGGCCCTG
GGGTTAGCCCTTGTTGCAGCCAAAGAGGACATCCGAAGCGAACGCAGCGTTACTGCAGACAACCACCCT
TACTCGAAGCTATGTGAGAAACAACCTGACAAATTCATTTGCGGCAACTGCAAGACCTTGATCCAGTGT
GTGAAGGGACAGGCCTTCACTCGCCACTGCATTGAGGACCACTTICTGTTCGGAGAGGCCCCAGTTTGGC
GGTGGTGTCTGCTACCCAAATGAACCTCTGGACTGCACCTGCGTGAAGGCCAACGAGTTCCGAGTGGAC
CCCTACGACTCTCAGAGGTTICTTCTCITGCAAGGCTGTTGGCTCCACCCCCGAGAACTACAAGTGCCCA
GATGGTATGGTCTTCGATGAAGGCTCGGCACAGTGCCAGACGGCAAGTGGCCTGCCTCCATGCGTGGTG
GCGGGTACTTTTGCCAACCCAAGCAACTGCAGTGAATACTACTCGTGCATTAGCCTGCGCAGTGGATGG
CTGCAGAAGTCGTTCATGTIGCACCAATGACATGATGTACAACGAACAAAAGGATGCATGTGAAGATCCG
TGCATATACCAGTTCGIGIGCCAGCAGGAAGGCCGTTACCCTGACCTITCTGAACAAGCAGAATTACTTT
GAATGCTACATGCTTGGTGGCGTGTIGCAGCAGCTACGTTACAGCTGCCCTGAGAGCTACAGGTGGGAT
ATCGTGTICTCCAGGTGIGGGCCAGTGCGTGGAGGACCATGGAGATAAAGATTCTAACTATGCCTTCGGG
CAGTGCGACATCCCTGACAACCTGTIGICCTGGCCCGTGAGAACTTGTTTACTAATAAGGGCAACCCTGT
CGCAACACCACTAAATGGAATAGGGGCCAGACCICGACTTCTIGTCTTAAATAAATGTTGCTTTITTAAAA
AAAAAAAAAAAAAAAAAA

Figure 3.6 The partial genomic DNA sequences of NADP-dependent leukotriene B4
12-hydroxydehydrogenase (LTB4DH). Start and stop codons are illustrated in
boldface and underlined. Introns are boldfaced, italicized and underlined. The 5’UTR
is highlighted.

3.2.2 Nuclear autoantigenic sperm protein (NASP)

Genome walking analysis was also applied to isolate the 5'UTR of NASP. The
discrete bands were obtained from the secondary PCR using the template from the
Sca 1 mini-libraries (Figure 3.7). A fragment of 750 bp was selected, cloned and
sequenced. The 5"UTR of NASP of 670 bp was obtained (Figure 3.8). Nucleotide
sequences of all characterized fragments were assembled and illustrated by Figure

3.9.
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M1 1 2 M2

Figure 3.7 The primary. (A) and secondary (B) PCR products of nuclear
autoantigenic sberm protein (NASP). The Stu 1 (Lane 1) and Sca 1 mini-libraries
(Lane 2) were:amplified with the reverse gene-specific primers and the adapter
primers (AP1 and AP2). A-Hind Il and 100 bp DNA ladder (Lanes M1 and M2) were
used as the DNA markers.

CGACCAGCCCGGTCTGGTACTCAATTTATACCAAAATATCGTAAAAGTATTACATATGGAATAATATTA
TATACAATATATGAAAATAATCGATACATATGTAATTCAGAGTGATTTTCGATACCGTTATACTTTTTIG
CCAACAACAATGACCATTCATCACAGGTTTAAATCCCTICGCCAGAGCTCATATGGCGGTCGAAAATAAC
GAATCAATCCTAGTTTTCTATCTTITCAAATTATAGGATAAATTGGTTTATGAAATATATGAAAAAATT
AAATGTAGCATCTAAAATAAATACAAGTTGCAAAAATAATTGCCACAGACTCECTAATCACAGATACGGT
CAACAGCGAACGTCACACAATAATCACCCCTTACAAACGTAGTGAACCATAAAAAGCAAACTGTGTAAT
AGAAACTAACTTATGAATATACATGGAATCCAAATCTCATCCTAAAAGTAACATAAATGAGAAAAAATA
ACGTCAAAAAATGGATGTAGACACGATGACGTCACAGTGAGGGCGGTGGGGATCGCGCGGGAAAGAAGC
GTCAATGGCGTCCAGTGICTCGGCGGGTCCACACTCTTITTCCGGCCTTTGTACGCTCCACACGCGCAAC
CCCGTCACCCTCGTTTGTTGCTTCCGAACGTTGCTAATAGTCGACCACGAIETCCGAGTCGCCGGTAAA
AGCTGCCGAGACCAGTGCCAGCC

Figure 3.8 The 5' untranslated region (5'UTR) of nuclear autoantigenic sperm
protein. The putative start codon is boldfaced and underlined. Primers used for
genome walking are italicized and underlined. Overlapped sequences between the
genome ‘walking fragment and full length cDNA of NASP is highlighted. A 670 bp

fragment was successfully identified.



65

CGACCAGCCCGGTCTGGTACTCAATTTATACCAAAATATCGTAAAAGTATTACATATGGAATAATATTT
ATACAATATATGAAAATAATCGATACATATGTAATTCAGAGTGATTTTCGATACCGTTATACTTTTTGC
CAACAACAATGACCATTCATCACAGGTITTAAATCCCTCGCCAGAGCTCATATGGCGGTCGAAAATAACG
AATCAATCCTAGTTTTCTATCTITTCAAATTATAGGATAAATTGGTTTATGAAATATATGAAAAAATTA
AATGTAGCATCTAAAATAAATACAAGTTGCAAAAATAATTGCCACAGACTCCTAATCACAGATACGGTC
AACAGCGAACGTCACACAATAATCACCCCTTACAAACGTAGTGAACCATAAAAAGCAAACTGTGTAATA
GAAACTAACTTATGAATATACATGGAATCCAAATCTCATCCTAAAAGTAACATAAATGAGAAAAAATAA
CGTCAAAAAATGGATGTAGACACGATGACGICACAGTGAGGGCGGTGGGGATCGCGCGGGAAAGAAGCG
TCAATGGCGTCCAGTGTCTCGGCGGGTCCACACTCITITCCGGCCTTTGTACGCTCCACACGCGCAACC
CCGTCACCCTICGTITTGTTGCTTCCGAACGTTGCTAATAGTCGACCACGATGTCCGAGTCGCCGGTAAAA
GCTGCCGAGACCAGTGCCAGCCCCAAGAGCTCGCCGTCCAAGAAAGAGATGTGAGTTTGCCGTAGTGGT
TTCATGCCTTTGTGTATTTGGCGGAATAAGGTTCGTCAATTTTTTTAAAAATCTAGAACTATTTTGGTA
GCACCTTCGAAATCTCGCTGCAGTGTAGTTGCAAGCTGCGGTGGAGAAGGTTGGCAACGGAGGCCTCGG
ATCTAATTTGTTTTGAGCTATTAGCGGCTTTTCCATAGACTTCACAAGTCTTTGTGAAAACGAAATTGA
TTTGATTTAGCTTTTGCATAAACCGAGAATTTCTTGCACTTTATGATTGTTAGTAACTTAGGTTATAGT
ACATTCTACGTAATGAGCACAAGTATTACTCTTGCATGTTTTAAATGTCTTACAATTTTATATTACCCA
TTTAGACGGTTAGGAACTTCCCACTATATAACCGTCCATGATACATCTGACTCTCTGCAGTTAGATTTG
CGTTTCCTTGGACTTCAACATCTATGCAGACACCAACTCTTGCTATCATTTTCTGTAGCCTTTGGGATT
CTGGAAAAATGGTAATAAACTTCCATATGTTCTGGCAAGACGGGATCACTTCCTTATGGGAATTGCAAA
TTACAAGCAATTGTATTGCCAGAACACTGTTTAGTCCAGCAATGTCAAAAGTGCAATAAGTTTCAACAG
GGAAGCCTTTGTAGATGGCAGTAAGTTATTCATTTTGCAAGACCATAGCCATTGAACACTTCTTAAGTT
GCACTTGGGTGTCAGGATTTGATAAGTTGATTTTTTTTTTTTTTTTTTTAATGAATTCTTGAACAATTA
CCAAATTCTTTGATTCAACCATTGATATTGATTCAACCATTGATATTGATTCAACCATTGATATTGCAT
TTGACCCATATAAACTCAAGGCTTTGATGATAAAGGGTATAAAGTTGACAAAGTGCATGGCCTCCTCCT
GTTGTGACCATACACTAATACCTTCAAAGAATAGCCCCTGTGATAAGTTAAGGAAATGTGAATACAGGT
ATCAAGTGAGAATGGTATAGATATTTTGAAATCTTAATATATAAAAGTATGGGAATAGTATTGCTTGTC
CCCCCCCCCCCATGTGGCCTTTTGACTTGAATGTGGCATGTGGTGCCATGACTGCATAACATGCAGATT
TATAACCTAAAAATTTATCTTGATAAAATTATTGAATTAAAATACCCCCCCCCTTTCCAAGGTATTCCT
ATGGTATTCGTGTAGACTTTCCAATTGACATGAATAATCGTAAATCCATTATCACCACTTAAAACATGG
ATGTAAGTACTTTAAGTTCACTTACTGGTTTGGTAATTAATAACTTTATTGTTGCAGTIGATACAGCAAC
CCAAGCTTTAAATCACTTTGCTCAGGGCAAGAGACACTTGGTTGTTGGTGACATTTCATCTGCAGTTAA
TTCTTTGCAGGAAGTTGTCATTCTACGAATTGTATTTACTCCAACCAATGCTTTGGAAGACTCAGTTTC
AACAGAAATAAAATTAAACCCTAATTTTCATTTTAGAAAGTCCTGTTGTATATTAATCAGTTTCTCGAT
TACTAAAGTTTCACAATTAACTAAGTGATGCTTAAAATTGCAGGAGGCATGTAGACTACTAGCAGAGCA
ATACGGTGAAACTGCTCCCGAGTGTGGTGATGCTTATTITCTACTATGGCCGTGCACTGCTTGAAATGGC
ACGCATGGAGAACGGAGTCTTAGGAAATGCTTTGGATGGAGTTCCCGATGGAGAGGACATGGACAATTC
CCAGGTAGAAAATCCTGAAAAAATGACAGAGGATGAGAAGAACGAGGTAACAGAACAGGTTGGGAAGGC
ATTGGAAGAGAACTITTAAAGATCTTGAGGATGTGTCAAAAAGTAAGTCGGCACAGCAGAATGGAGATGC
AAAGGCAAAGGCAGAAGAGTCTTCAGGTGTTGAGGAGGCTAANATGGATGTIAGATTCAGCTGGAGTGTC
AGAATCAAAGGTGAAGATGGAGGCGAGAGGCAAGAGGATAAGTAGAAAGTCGGAAGGGGAGGAAAAGAG
TAAAGAGGAAACCTCGGACACTGATGGCACCACCACTTCCAAAGTAGAGGCTAGCTCAGTAGATAGTGA
AAAGGTAGACAAGGAAATCAAGCCTGAGAAAAAGGAAGTTGTGGATACCAAAGATAGTTCCAAAGAGGA
GGCAGAGGAATCCGAAAAGGTGACGGAGGAGAAGGTTGAGGCTAAGGAGGAAGAAGGGAAAACCACTGA
GAAGGGAGAGGGAGAGAAGGAAAAGGGATCAGGAGACACTAAAGATGAAAAGGGAAAGGAAGATGCCAA
AGTGGAAGAGGAGAATGTAAAAACTGAAGCAAAGGAAGAGAAATGGAAACTGATTCGTTGTGAGAAGGA
AGGCAGTTCCAATGGAGAGAGGAAGAGGAAGCGGATGGCGATGGTGATGGTGATGGCGAAGGCGAGGGA
GAAGATTCTCAAGAAGATTCCCAGGATGAAGGTGAAAAGGAGTGCCAGCCAAGAAGAAGGCAAGTACTA
CTTATGCTTGGTATGGTATTTGGAGCCCCCATTATTTTAAAAGCAAGATATTAGGGCAGGTTGGGCACT
TGCTCGAGACAATAATTTTTTTACTCTTGTCTTCTGCAAGAAACTGAAAACGTGTAGGAAGGAACAATT
TAAATCTTTTGTTGAATTCTTGCCTTAATTGCTTTTCTTAATCAGTCCTGCCTGTATAAACTGATAGGC
AGAGATCCTTTCTCTGTAAACATGGTTTAGGCAATGAGGAATTGAAGGCAACAAGTCTTTAAATTAAAT
TATCTTGAGGCAAAACTTGATTCAGTCCTCTCTCTCCCTCTCTCCATGTTACCAGAGGGTTTTTATACA
AAACAGTGTAAATGTACACTAGTTAATCTCTGCTCAGCAGTAGATGAAACTGAAATATTGCTAAAGGTA
GATTTGAAAAGGTTGGTACTGTTCCAAAGCTCAAATAGATGAATCATAATGTTTAAATAGGGAGTTGAT
ATGGCTAGTCCCACACATCCTGCCAGTATTAGCAATGCAGACCTTGGCTTGCTTGTAGCATCATGATTA
TACTTTACTCTGAATTATAAAGGGCTAAATATCAATATTAGATATTTTGAAGCCTGTGGATCCAATAAC
CTCGAGCAACTAGATCCACCAGAGACCAGGTACCCTAGATGCACAATGGACAAGTGCCCCCCTCCCCCA
AATGGCACCCCTGTCAGGGATGCCAATATCAGGTTGAGGTCACATTAAAGACCTATCTTTATTTCCCTA
CAAAACTCTGCCACAGTATAGGGCAATGTTACCAAATCCCCAATCTGGACAAGACTAAAGATCTAAATG
TTAGAAATTGAGGGCTAAGTTGTTTATAATGCCTTTTCAAAATAAAACTGAAGAGAAATTTTCTGCAGG
GGAAAAGACTGAGGAGGATGAGGAAGAAGTATCAAACTTGCAGCTCTICTTGGGAGATGTTGGAATTGGC
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AAAGGTTATCTATCAGAAGTAAGTAACTTTTTACAGTAGTGTGAAAATGGGTGTTTTAATAACTACAGT
GGTTGGTTTAATCTTGTAACCTTATTTTTTTCATCTTAGGCAACAGGATGACAACCCAGAGATGGCTAA
GAAAGTTGCCCAAGTGTACCTAAAACTTGGAGAAGTAGGCTTGGAGAGCGAAAATTATTCACAGGGTAT
TGAAGATTTCAAACAGTGTCTGCAAATACAGGAGAAAATTCTTGAGGAAGACAACAGGTGTTTIGGCAGA
AACCCATTACCAGCTTGGTGTAGCACACTCCTITCTGCTCGAAATTAACCCTCACTAAAGGGAACAAAAG
CTGGAGCTCCACCGCGGTGGCGGCCGCTCTAGAACTAGTGGATCCCCCGGGCTGCAGGAATTCGGCACG
AGGAGAAGAGCAAAGAAAGAAAGATGCTGCAGAGAGACCTGATCCATTCTACACCGAAGAAGGCGAGAT
TGAAGAATTGAACAAATTGTTACCAGAGATGAAGGAAAAGGTTACAGATATGGAGGAAATGAAGAAAGA
CAGCAAGGACAGACTCCAGAAAGCGGCAAAGGAAGCATTCATGGCAAATGCAATTGGTGGCACCTCCAA
AGCTGGATCTTCATCACAAACTGGATTTGATGCACCTTCAAGTTCTACATCCTCAACCCCCACAGAAAT
AAAGGCTTCCAACATTACTCATCTTIGTAAGAAAGAAGCAGAGGAAACCTGAGGATGAGGTTGAGGGAGA
AGAGGTGAAAAAGGCAAAAGGCGAGAATGGGGAACCACATGGAACTGCTAATGGACCACCAATGGCACC
AATGGGCACTCTGAAACCATGGAAACAGAGGAAAAGGATACCCCAACAAATGGGGCAAGCACTGAAGAA
TTAAAGGAGAAAGCAGCTGAAGAGATGAAGAAAAAGACGGATATGATCACTGGGAAAACTGAGGCAGCA
TCCTAGATAGTGTATAATGCCTTTAAAACACTIGCCAGITATTGGACTAAGAACTTTTIGTATTTTATTGT
AATGGAAGCCATTTTATTIACCAGTGAACTGTIGTTTTAAGATTTACATAATTTATTAAAAATGAAATGTA
AAAAAAAAAAAAAAAAAA

Figure 3.9 The partial genomic. DNA sequences of nuclear autoantigenic sperm
protein (NASP). Statt and stop codons are illustrated in boldface and underlined.

Introns are boldfaced, italicized and underlined. The S'UTR is highlighted.

Genome walking analysis of other genes was also carried out. Nucleotide
sequence of the amplified product of dolichyl diphosphooligosaccharyl protein
glycosyltransferase (DDPG), thyroid hormone binding protein (THBP), DEAD-box
protein 52, endothelial cell growth factor (ECGF), aspartate amino transferase
(AST), 3-oxoacid CoA transferase and cyclin dependent kinase 7 (Cdk7) could not be
assembled with the original cDNA sequence and did not match any sequence in the
GenBank database. They were regarded as non-specific amplification genome

walking products.

The exon/intron gene segments of LTB4DH, DEAD-box protein 52 and THBP
were. further examined along with insulin degrading enzymes (IDE) and. epidermal

growth factor (EGF).
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3.2.3 DEAD-box protein 52

A 581 bp fragment (Figure 3.10A) was amplified by primer Deadbox-3F/R
was cloned and sequenced. One intron (282 bp) was found within the amplification

product along with the partial sequences of 2 exons (84 and 215 bp; Figure 3.10B).

A.

bp
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GAGCGAGCGAAAGAACTGTTCAAGGAGCTGATTTACGACAACCTGATGGTGGATGCCATTCATGCAGA
TCGAACACAGCTGCAGGTTIGIGTTTGCATTTGTIGTTAACTAACTGTIGTTAACTGATGGATGTTCTAA
AGCATTATTCATIGGCITTGGAAAGCTGTTGTAAACAAAATATCACATAATGTGATTAACATTCTGTAG
AGTTCTTTCTTATATTTTAGAAGGCTTATTGCAAGAGATCATTTTTATATTTGTITTGTAAAACTTGGA
AAGATAATAGCACICCICTTTATTATAACTICATITTICTICAGCATCTTTAAGAATTAGACACCTTACTT
ACCTTACCCICITTCATACATTTCAGCGTGATAATGTTGTACGGGCATTCAGAGAAAGAAAAGTCTIGG
GTTCTGATATGCACAGAACTCATGGCCCGTGGTATTGACTTCAAGGGGGTGAACCTTGTCATCAACTA
TGACTTCCCTCCITCAGCAATCAGITACATTCACAGAGTAGGAAGGACTGGCAGAGCTCATCATCAAG
GAAGAGCGGTCACATTCTGGACAATGGCAGATAAGCC

Figure 3.10 (A) A .1.5% ethidium bromide-stained agarose gel showing the
amplification product of DEAD-box protein 52 using primers Deadbox-3F/R. Lane M
= 100 bp DNA ladder, lanes 1-3 = the amplified product from genomic DNA of P.
monodon and lane N = negative control (without genomic DNA template). (B) The
partial genomic DNA' sequence of DEAD-box protein 52 "amplified from primers
Deadbox-3F/R. An intron is italicized and underlined. Primer sequences are illustrated

in boldface and underlined.
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3.2.4 Thyroid hormone binding protein (THBP)

A 595 bp fragment (Figure 3.11A) amplified by primer RT-THBP-F/R was
cloned and sequenced. One intron (245 bp) was found within the amplification

product along with the partial sequence of 2 exons (134 and 216 bp; Figure 3.11B).

B

TACAAGCCCGATACTTATGACCTCAGCGAGAGTGGGCTTACCGGCTTCGTCAAGAGTTITCCTTGATGGA
AAGCTGAAGCAGCACCTIICIGTCTCAGGATCTGCCAGAAGACTGGGATAAAGAGCCAGTCAAGGTAATA
TCTTTTTCAGGATGTTTGCAATATGGAACTGGATAGATGCATTTGGTATTAAAAGTAATCAGTTTGAAC
ATGTGTGAACAAGTAATAGATGGTIGTATATTTTGTGGATTTGGTTTTGTGGTAACTAGGAGTCAACATG
AAAAAGATTTICGGGAGTTTTCATTTTACAAATATAAAGGTTGAAAAAACAAACTCAATGGCCAAATGAA
ATTGGGGAATATAATATAATTGAACTATTCAGGTITCTGGTGTICCTCCAACTICGATGAAGTTGCCTTGA
ACAAGGAGAAGGATGTCCTIGTAGAGTTCTATGCACCATGGTGTGGACACTGCAAACAGCTGGCACCTA
TCTATGATCAGCTAGGTGAAAAATACAAGGACCACGATACTATTGTTIGTGGCGAAAATGGATGCTACAG
TCAATGAGCTTGAGCATACGAAGATTCAGTCCTTCCCAACCTT

Figure 3.11 (A) A 1.5% ethidium bromide-stained agarose gel showing the
amplification product of thyroid hormone binding protein using primers RT-THBP-
F/R. Lane M = 100 bp DNA ladder, lanes 1-3 = the amplified product from genomic
DNA of P. monodon and lane N = negative control (without genomic DNA template).
(B) The partial genomic DNA sequence of thyroid hormone binding protein amplified
from primers RT-THBP-F/R. An intron is italicized and underlined. Primer sequences

are illustrated in boldface and underlined.
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3.2.5 Insulin degrading enzyme (IDE)

A 313 bp fragment (Figure 3.12A) was amplified by primer pairs RT-IDE-F/R
was cloned and sequenced. One intron (110 bp) was found within the amplification

product along with the partial sequence of 2 exons (106 and 97 bp; Figure 3.12B).

A
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GGAGTGGGTGTTTGAAGAGTGTAAAGACCTCAGTGCCATGACATTCCGCTTTAAGAATAAGGAGCGTCG
CCAGAGTTACACTTGTGCTCITIGCTGAACAGCTGCATGTATGIGTAGGATCTTTTGGTGTATTTTATTG
GTTTTATTTTGIGTTTACTCATAGGATCATGCAATTATTTACATGAAATTTGGTATGTAATGAAAATTC
TCCTTTCAGTATTACCCACTGGAAGAGGTGCTGTGTGGTGGATACCTGTTGAGTGAATACCAGCCACAT
CTTATTGACATGGITCTAACTCATCTTCAGCCTACCA

Figure 3.12 The partial genomic DNA sequence of insulin degrading enzyme
amplified from primer RT-IDE-F/R. An intron is italicized and underlined. Primer

sequences are illustrated in boldface and underlined.
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3.2.6 Epidermal growth factor (EGF)

A 266 bp fragment (Figure 3.13) was amplified by primer pairs RT-EGF-F/R.
The expected size was observed indicating that the amplified product did not contain

any exon.

bp

1500~
T} =

500 =

Figure 3.13 A 1.5% ethidium bromide-stained agarose gel showing the amplification
product of epidermal growth factor using primer pairs RT-EGF-F/R. Lane M = 100
bp DNA ladder, lanes 1-3 = the amplified product from genomic DNA of P. monodon

and lane N = negative control (without genomic DNA template).
3.3 Genotyping of commereially cultivated shrimp using microsatellite analysis

Broodstock-sized and juvenile P. momodon used for SNP analysis were
collected from Broodstock Multiplication Center, Burapha University, Chanthaburi.
Representative individuals of these samples were genotyped to evaluate whether each

shrimp group was established from a single family or not.
3.3.1 Fourteen-month-old broodstock (BU14F)

Genotypes of 14-month-old shrimp were examined at CUPmo02, CUPmol3
and CUPmol5 loci. A total of 3, 4 and 3 alleles generating 4 (A =6, B =5, C =4'and
D=4, AT B=3C=4and D =/3) and 3 (A =110, Bs= 2, and"€|="9)
genotypes were found from 20 individuals examined (Figures 3.14 - 3.16).
Considering allelic segregation, this group of samples should be offspring of a full-sib

family.
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Figure 3.16 Microsatellite patterns of twenty individuals of 14-month-old shrimp
(Lanes 1 - 20) cultured in the same pond at the CUPmo15 locus. The PCR product
was denatured, size-fractionated through 6% denaturing polyacrylamide gel and

silver-stained.
3.3.2 Three-month-old juveniles (BUMO03)

In additien, forty individuals of 3-month-old shrimp were genotyped at three
loci. CUPmo13 loci provided 3 alleles generating 4 (A =6, B=12,C=3and D =4)
genotypes (Figure 3.17). Four and seven alleles were found in CUPmo02 and
CUPmol5 generating 3 and 15 genotypes, respectively (Figures 3.18 and 3.19).
Results from allele segregation analysis suggested that juvenile shrimp should be
originated from a few closely related families.
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Figure 3.17 Microsatellite patterns of forty individuals of 3-month-old shrimp (Lanes
1 - 40) cultured in the same pond at the CUPmol3 locus. The PCR product was
denatured, size-fractionated through 6% denaturing polyacrylamide gel and silver-

stained. Lane M is a 100 bp DNA marker.
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In total, sixty-six individuals of 14-month-old shrimp (BU14F) were used to
identify SNPs in the 5'UTR region of NADP-dependent leukotriene B4 12-
hydroxydehydrogenase (LTB4DH) and nuclear autoantigenic sperm protein (NASP)
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genes. A primer pair of each genes was designed and successfully generated the
fragments of 592 and 316 bp in size against genomic DNA of P. monodon,

respectively (Figures 3.20 and 3.21).

M 1 2NN IT o748 9 10 11

bp

150} =
1My =

S} —=

e G e S S s e S e — — 592 bp

Figure 3.20 A 1.5% ethidium bromide-stained agarose gel showing the amplification
product of LTB4DH against genomic DNA of different individuals of 14-month-old
P. monodon. Lane M is a 100 bp DNA ladder.

=316 bp

Figure 3.21 A 1.5% ethidium bromide-stained agarose gel showing the amplification
product of NASP against genomic DNA of different individuals of 14-month-old P.
monodon (Lanes 1 - 10). Lanes M and N are a 100 bp DNA ladder and.the negative

control (without genomic DNA template), respectively.
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A monomorphic pattern was observed from that of NASP (Figure 3.22) when
the amplification product of this reproduction-related gene was further analyzed by
SSCP.

In contrast, polymorphlc SS P genotypes were observed from that of
LTB4DH (Figure 3.23). Two 1 (A and B) were found in 37 and 29

56 e/(ammed specimens (N = 66, the
average body Welgh% 2.47 g) r ssociation analysis between
%’GSI qmwstock—smed shrimp was

SSCP genotypez;ﬂr?’m;‘and th
examined but th/tus/ T

individuals accounting fi
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Fl ure 3.22 SSCP Eattern of the 5€TR of NASP ampﬂd from different individuals
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non-denaturing PCR product (double strand control), respectively.
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 N

bp
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1000 —

S00 = — 595 hp

Figure 3.24 A 1.5% ethidium bromide-stained agarose gel showing the amplification
product of THBP against genomic DNA of different individuals of 3-month-old P.
monodon (Lanes 1 — 15). Lanes M and N are a 100 bp DNA ladder and the negative

control (without genomic DNA template), respectively.

M 1”2 8 5 07870 1W0TH 121374 15 16 N
=

1500 =
1IMM}—

=240 bp

Figure 3.25 A'1.5% ethidium bromide-stained agarose gel showing the amplification
product of EGF against genomic DNA of different individuals of 3-month-old P.
monodon (Lanes 1 — 16). Lanes M and N are a 100 bp DNA ladder and the negative

control (without genomic DNA template), respectively.
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bp
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Figure 3.26 A 1.5% ethidium bromide-stained agarose gel showing the amplification
product of DDPG against genomic DNA of different individuals of 3-month-old P.
monodon (Lanes 1 — 16). Lanes M and N are a 100 bp DNA ladder and the negative

control (without genomic DNA template), respectively.

Myl 2 38M/<588 778 A 10881 12

bp

1500 —
1000 —

500 —
— 203 bp

Figure 3.27 A 1.5% ethidium bromide-stained agarose gel showing the amplification
product of IDE against genomic DNA of different individuals of 3-month-old P.
monodon (Lanes 1. — 12). Lane M are a.100 bp. DNA ladder.

Subsequently, PCR-SSCP of these genes were then-examined using specimens
exhibiting approximately 16% of the body weight from the top (N = 54) and the
bottom (N = 56) of three-month-old P. monoedon (BUMO3).

Only one SSCP genotype was found from the amplified genomic DNA
segment of DDPG and IDE (Figures 3.28 and 3.29). Accordingly, these candidate

growth-related genes were not analyzed further to covering the entire sample set but
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the expression level of these genes in hepatopancreas of fast and slow-growing

cultured juveniles (3-month-old) was subsequently examined.

i
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Figure 3.28 SSCP pa

individuals of 3-mo
, 1 \
DNA marker and -de atur1 R -u luct (double strand control), respectively.
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individuals of 3-month-old P. monodon (Lanes 1 - 17). A monomorphic genotype was

obtained. Lanes M and D are a 100 bp DNA marker and non-denaturing PCR product

(double strand control), respectively.
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In contrast, four SSCP genotypes (A, B, C and D) were observed from the
partial genomic fragment of THBP (Figure 3.30). These SSCP genotypes were found
in 113, 4, 89 and 134 individuals accounting for 33.24, 1.18, 26.18 and 39.40% of

examined specimens, respectively.

Likewise, two polymorphic ty es (A and B) were also observed
from the partial genomic ‘ -;. 31 These genotypes were found

PCR-SSCP and EGF wa s fur.t r examined using the entire sample

set (340 individuals addition, the co .‘ SSCP genotypes of these
genes and thei SS evel in Hg%ato ancrea 3-month-old shrimp
A2 4

was also examined

|— 55
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ﬂUﬂ'}’ﬂﬂ ne

Flgure 3.30 SSCP patterns of YgBP amplified froﬁenomm DNA of diyent
not E(t Cian!D were foun i ﬁ an e aiiOl

non-denaturing PCR product (double strand control). Lanes 1, 2, 3 and 5 are examples

of genotypes A, B, C and D, respectively.
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3.5 Identification and characterization of SNP by DNA sequencing of the PCR
product

3.5.1 Identification of SNPs in LTB4DH and THBP gene segments by

direct sequencing

Direct sequencing of the amplification fragment was carried out to examine
the accuracy of SSCP analysis in comparison to. DNA sequencing on detection of
polymorphic nucleotides of the samegene fragments. Accordingly, the amplified
product of an individual representing each SSCP genotype of LTB4DH and THBP
was gel-eluted and direct sequenced. Nucleotide sequences of a particular gene were

multiple-aligned.

Two SSCP patterns were found from SSCP analysis of the LTB4DH gene
segment (592 bp) against genomic DNA of BU14F (N = 66). Representatives of these
genotypes: LTB4DH-A (N = 37) and LTB4DH-B (N = 29) were direct sequenced and
545 bp sequences were obtained after multiple alignments. As can be seen from
Figure 3.32, a large indel of 22 bp (AAATAATTTCTCACTCTACTCT) along with
31 SNPs and indels (with one or two bases) were found and could be used to
distinguish genotypes A .and B of this gene unambiguously. Nevertheless, the
amplification product of LTB4DH was approximately 592 bp in length but direct
sequencing of this amplified gene product still did not cover the entire target
fragment. Moreover, too many different polymorphic sites between genotypes A and

B were found and may not be accepted as the real SNPs of this gene.

Likewise, 4 SSCP genotypes of THBP (595 bp) were.found. A representative
individual of each SSCP pattern (THBP-A, THBP-B, THBP-C and THBP-D) was
direct sequenced and 566 bp sequences were obtained after multiple alignments. As
can be seen from Figure 3.33, 4.SNPs that can be used-to distinguish these SSCP

genotypes were found.

Results. suggested that SSCP and direct sequencing are equally potential for
identification of polymorphic DNA fragments but the former is more convenient and

cost-effective.
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LTB4DH-A ATATTTTCAGTTCTAGTTTTTTATAGCATTTCCTCAGCTACCTTATATATTAGCCTITTTC
LTB4DH-B ATATTTTCAGCTCTAGTTTTTTAT-GCATTTCCTCAGCTACCTTATATATT-ACCTTTTC

khkhkhkhkhkkrhkk hhkhkhkhkkrhkkhkrhkd hhkhkhhkhrhkhkhkrhkhhkhkrhkhrhhrkxx * Kk ok ok ok ok Kk

LTB4DH-A ATTGTCTGTICATGGCCATTTTTTATGACTTCCCAGACCGCTATTTTAACTAACTTCATTA
LTB4DH-B ATTGTCTGTICATG-CCATTTTTTATGACTTCCCAGACCGCTATTTTAACTAACTTCATT-

kA hkhkhkhkhkrhkhkhkhk hhhkhrhhkrhkhkhhkdAhhkrhhkrhhkdhkrhhkrhkhkhkhkrkhkhkrhkkhkhxkx*

LTB4DH-A GCTTTTCAGTTTAGCTTCTTTACACCTTATTTCATCTTCCGAATTTTTGCTTIGTTTCCAT
LTB4DH-B GCTTTTCAGTIT-GCITCTTTACACCTTATTTCATCTTCCTTATTTTTGCTTIGTTTCCAT

hhkhkhkkhkkhkrhhhkkh dhkrAhhkhkhkkhkhkhkhhkkkkhkxkhkxkkxk Kk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

LTB4DH-A TTATTTTTTTGTTTCATAGATTTCTTATTEGCACCACCAAGTCGGTATTTTTTGCTCTTGT
LTB4DH-B TTATTITITTGTTTCATAGATTTCTTAT ICCACCACCAAGTCGGTATTTTTTGCTCTTGT
R R R R E SRR SRR EE SR EE EEEEEEEREREEEEEEEEEEEE I I I I I I I I b b I I e
LTB4DH-A ATCETTTGCTGTTATAACCTTTGTCTCCT TCATATTTIGCCATCCTTCCTCTCTCTTCTG
LTB4DH-B ATCCTTTECTGTTATAACCTTTGTCTCCTTCATATTTTGCCATCCTTCCTCTCTCTTCTG
khkhkhkk kA hkhkhkrhkhkhkhkhkhkhhkhkhkhkkhkhbhkr bk hkr bk dhkhkhkhkhkrhrhkkhkhkhrhkhkkhhrhkhkkhhxhhkh*k
LTB4DH-A TCTICTCTITATATTGT TTCAGAGGATCATCTGEGCTTTGTAAATATTTATAGAAAATACC
LTB4DH-B TCTTCTETTTATATTGT TTCAGAGGATCATCTGGC TITGTAAATATT TATAGAAAATACC
LRSS S S S L ESEE LSRR EEEEEREREEREEE S EEES TS RS I I I I I b b I g
LTB4DH-A AGACTQTGCECTr ———====ad T Lo L TGACCTGTTTTTTTTCTCCTCAAGAC
LTB4DH-B AGACTCTGIGCTAAATAATTTCTCACTCTACTCTTGACCTGCTTTTTTTCTCCACAAAGC
*kkkkxkk Kkkhkk khkhkkhkkhkhkk *(hkhkhkkhkkhkhkrkkhkk K*k*k *
LTB4DH-A GTGCTECCTTCTTTCCAARATGCCAATTTAATCCTCCTTTCATGGCCATTCARACCC—~C
LTB4DH-B CAACTCCCCTCTTTCCAACATGTCCATTTAAGTCT CCTTTCACTGTCACACACACACACC
Y khkkhkkk Khkhkhkkhkhkkkk kkk Kk Kxkkkkk * k ok ok ok kk kK * k% **x kK Kk *
[ ]
LTB4DH-A CPTTCCGGGACTTIATTATCTGTACAGATGGGEGTGTTTTTTGTCTTGCAGGAAATCGGG
LTB4DH-B CCTTCCGGGACTITATTATCTGTAGAGATGCATGTGGCTTTTGTCTTGCAGGAAATCTGT
* kkhkkkhkkhkAhkhkhkkkkhkEAhkhkkhkkhkkhkikhkkhkkhk kkk kK * % % khkkkhkkhkhkhkkhkkhkkhkhkrhkkhkkhkhihkhk *
LTB4DH-A GCTTC
LTB4DH-B AGTCC
*  *x

Figure 3.32 Multiple alignments of L7B4DH amplified from genomic DNA of
representative individuals exhibiting different SSCP genotype found in 14-month-old
shrimp which using 5'UTR LTB4DH forward (F) and reverse«(R) primers as the direct

sequencing primers.
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THBP-A TATGACCTCAGCGAGAGTGGGCTTACCGGCTTCGTCAAGAGTTTCCTTGATGGARAGCTG
THBP-B TATGACCTCAGCGAGAGTGGGCTTACCGGCTTCGTCAAGAGTTTCCTTGATGGARAGCTG
THBP-C TATGACCTCAGCGAGAGTGGGCTTACCGGCTTCGTCAAGAGTTTCCTTGATGGARAGCTG
THBP-D TATGACCTCAGCGAGAGTGGGCTTACCGGCTTCGTCAAGAGTTTCCTTGATGGAAAGCTG
khkkhkkhkkhkhkhkkhkkhkhkhkhhkhhkhhkhkkhhhhhkhkhAhhhkdhhhhhkkhhAdhbhhkkhhkrhrkhkkhkhhrhrhkkhhkrhkhkkhhhhkh*k
THBP-A AAGCAGCACCTTCTGTCTCAGGATCTGCCAGAAGACTGGGATAAAGAGCCAGTCAAGGTA
THBP-B AAGCAGCACCTTCTGTCTCAGGATCTGCCAGAAGACTGGGATAAAGAGCCAGTCAAGGTA
THBP-C AAGCAGCACCTTCTGTGTCAGEGATCTGCCAGAAGACTGGGATAAAGAGCCAGTCAAGGTA
THBP-D AAGCAGCACCTTCTGTCTCAGGATCTGCCAGAAGACTGGGATAAAGAGCCAGTCAAGGTA
khkkhkkhkhkhkhkkhkkhkhkhrhhkkhhkhkhkhkdhhkhArhkdkhAhkhhkhhkrhhkhhdhrhhkkhhkrhhkkhkhhrkhkhkkhhkrhkkhkkhhhhkh*k
THBP-A ATATCTTTTTCAAGATGTTTGCAATATGEAACTGGATAGATGCATTTGGTATTAAAAGTA
THBP-B ACATCTTTTTCAAGATGTTTGCAATATGGAACTGGATAGATGCATTTGGTATTAAAAGTA
THBP-C ATATCTTITTCAAGATGTTTGCAATATGGAACTGGATAGATGCATTTGGTATTAAAAGTA
THBP-D ATATCTTTTTCAAGATGTITGCAATATGGAACTGGATAGATGCATTTGGTATTAAAAGTA
Kk hkkkhkhkhkhkhkhkhkhhhkhkhkkhhhhrhhhkhkhhhhkhkhrhhhkrhkhkrkhhhhrhk kot hhkhhkhkhhhxkhxkk
THBP-A ATCAGTTTGAACATGTGTGAACAAGTAATAGATGGTGTATATTTTGTGGATTTGGTTTTG
THBP-B ATCAGTTTGAACATGTGTGAACAAGTAATAGATGGTGTATATTTTGTGGATTTGGTTTTG
THBP-C ATCAGTTITGAACATGTGTGAACAAGTAATAGATGGTGTATATTTTGTGGATTTGGTTTTG
THBP-D ATCAGTTTGAACATGTGTGAACAAGTAATAGATGGTGTATATTTTGTGGATTTGGTTTTG
PR SRR SR LSRR T RS SR SRS EETRER RS ST EEREEEE R RS I S I I I S
THBP-A TGGTAACTAGGAGTCAACATGAAAAAGAT TTCGGGAGTTTTCATTTTACAAATATAAAGG
THBP-B TEGTAACTAGGAGTCAACATGAAAAAGATT TCGGGAGTTTTCATTTTACAAATATAAAGG
THBP-C TGGTAACTAGGAGTCAACATGAAAAAGATTTCGGGAGTTTICATTTTACAAATATAAAGG
THBP-D TGGTAACTAGGAGTCAACATGAAAAAGATTTCGAGAGT TTTCATTTTACAAATATAAAGG
RS SR SR L EE T RS SRS LSRR RS E R SRR RE R SRR R I S I b S S g
THBP-A TTGAAAAAACAAACTCAATGGCCAAATGAAATTGGGGAATATAATATAATTGAACTATTC
THBP-B TTGAAAAAACAAACTCAATGGCCAAATGAAAT TGGGGAATATAATATAATTGAACTATTC
THBP-C TTGAAAAAACAAACTCAATGGCCAAATGAAATTGGGGAATATAATATAATTGAACTATTC
THBP-D TTGAAAAAACAAACTCAATGGCCAAATGAAATIGGGGAATATAATATAATTGAACTATTC
Ak hkhkkhkhkkhkhkdkhhrhkhhkhkhhkhkhkhhkhkrhkkhkhhkhrhkhkhdk kb hbhkhkrhkhkhhhrhk kot hhkhhkhkhhxkhxkk
THBP-A AGGTTCTGGTGTCCTCCAACTTCGATGAAGTTGCCTTGAACAAGGAAAAGGATGTCCTTG
THBP-B AGGTTCTGGTGTCCTCCAACTTCGATGAAGTTGCCTTGAACAAGGAAAAGGATGTCCTTG
THBP-C AGGTTCTGGTGTCCTCCAACTTCGATGAAGTTGCCTTGAACAAGGAGAAGGATGTCCTTG
THBP-D AGGTTCTGETGTCCTCCAACTTCGATGAAGT TGCCTTGAACAAGGAGAAGGATGTCCTTG
khkkhkkhkkhkhkkkhkhhkhkhkkhkhkrhkhkdhkhkhkhkkhkhhkhkhkhkhkhbhkhkhk A dkhhkhkhkhkrhrhkhd, *hkkhhrhrkhkhhhkhkh*k
THBP-A TAGAGTTCTATGCACCATGGTGTGGACACTGCAAACAGCTGGEACCTATCTATGATCAAC
THBP-B TAGAGTTCTATGCACCATGGTGTGGACACTGCAAACAGCTGGCACCTATCTATGATCAAC
THBP-C TAGAGTTCTATGCACCATGGTGTGGACACTGCAAACAGCTGGCACCTATCTATGATCAGC
THBP-D TAGAGTTCTATGCACCATGGTGTGGACACTGCAAACAGCTGGCACCTATCTATGATCAGC
R R SRS E S SR RS R R R EEEEEEEEEEEEEEEEE SR I e I e I I b I I b b I 2 b b S
THBP-A TAGGTGAAAAATACAAGGACCACGATACTATTGTTGTGGCGAAAATGGATGCTACAGTCA
THBP-B TAGGTGAAAAATACAAGGACCACGATACTATTGTTGTGGCGAAAATGGATGCTACAGTCA
THBP-C TAGGTGAAAAATACAAGGACCACGATACTATTGTTGTGGCGAAAATGGATGCTACAGTCA
THBP=D TAGGTGAAAAATACAAGGACCACGATAC TATT GT TGT GGCCAAAATGCATGCTACAGTCA
R i e R R R R R R R R R R e R R I R S R R b Y
THBP-A ATGAGCTTGAGCATACGAAGATTCAG
THBP-B ATGAGCTTGAGCATACGAAGATTCAG
THBP-C ATGAGCTTGAGCATACGAAGATTCAG
THBP-D ATGAGCTTGAGCATACGAAGATTCAG

R R R R I SR I e

Figure 3.33 Multiple alignments of THBP amplified from genomic DNA of
representative individuals exhibiting different SSCP genotypes found in 3-month-old
shrimp using RT-THBP forward (F) and reverse (R) primers as the direct sequencing

primers.
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3.5.2 Identification of SNPs in LTB4DH and THBP gene segments by
DNA sequencing of the cloned PCR products

To confirm polymorphic SNPs identified by direct sequencing, the PCR
product of the same individuals exhibiting different SSCP genotypes of LTB4DH and
THBP was gel-eluted, cloned and sequenced for both directions. Polymorphic sites in

EGF were also detected by the same approach.

The nucleotide sequence covering the amplified product of LTB4DH (595 bp)
was obtained. A large indel of 22 bp in length (GTGCTAAATAATTTCTCACTCTA)
and 9 SNPs/indel (1-2 bp) were observed (Figure 3.34). The polymorphic sites could
be used to differentiate genotypes A and B found in this study.

LTB4DH-A TTCAGCCTCTACTATGETTCTATT TCCATCCCTTAGCATACCTATATTTTCAGTTCTAGT
LTB4DH-B TTCAGCCTGTACTATGTTTCTATTTCCATCCCTTACCACACCTATATTTTCAGCTCTAGT
Ak hkk Ak hkkhhkhkhkhkkhkhkrhkhkdhhkrhkkhkhhkhkhkdhkhkrhkkhkhdrdx khkrrkhkkhkhkhrhkhkkhhrkx *hkkkhk*k
LTB4DH-A TTTTTATACATTTCCTTAGCTACCTTATATATTIGCCTTTTCATTGTCTGTCATGCCATTT
LTB4DH-B TTTTTATGCATTTCCTCAGCTACCTTATATATTGCCTTTTCATTGTCTGTCATGCCATTT
KAk hkhkkhkkk kFkhkhkkhkhkkhk Fdhkhkhhkhkrrhkhhhhkhkhhkkhkhkhrhkhkrhkhkhhkrhkhkrhkhkhhkhkhhhxkhrkk
LTB4DH-A TTTATGACTTCCCAGACCGCTATTT TAACTAACTTCATTGCTTTTCAGTTTGCTTCTTTA
LTB4DH-B TTTATGACTTCCCAGACCGCTATTT TAACTAACTTCATTGCTTTTCAGTTTGCTTCTTTA
khkkhkkhkhkhkhkkhkhkhkrhhkhkhkhkhkhkAhhkhkhkhkkhkhkrhhkdhhhkhkkdkhdhkhkrhkhkhkrrhkkhkhkhrhkhkkhhkrhkhkhhhxkh*k
LTB4DH-A CACCTTATTTCATCITCCTAATTTTTGCTTGTTTCCATTTATTTTTTTGTTTCATAGATT
LTB4DH-B CACCTTATTTCATCTTCCTTATTTTTGCTTGTTTCCATTTATTTTTTTGTTTCATAGATT
khkhkkhkrkrhkhkhhkhkhkhhkhkhkhkd dhhkkhkkhkhkhkhkhkhbrrrhkhkhbdhrhhkhhkhrrhkhkhkhrhhkhhhrhkkhkhhhhkh*k
LTB4DH-A TCTTACTCGACCACCAAGTCGGTATTTTTTGCTCTTGTATCCTTTGCTGTTATAACCTTT
LTB4DH-B TCTTATTCCACCACCAAGTCGGTATTTTTTGCTCTTGTATCCTTTGCTGTTATAACCTTT
khkhkhkk Khhkhkkhhkkhhkhhkkhhkhkhhkhkdhhkkhkhkhkdhhkdk kb hkhhkrhkhkrkhkhkhhrhk kot hkhkhhkhkhhhxkhxkk
LTB4DH-A GTCTCCTTCATATTTTGCCATCCTTCCTCTCTCTTCTGTCTTCTCTTTATATTGTTTCAG
LTB4DH-B GTCTCCTTCATATTTTGCCATCCTTCCTCTCTCTTCTGTCTICTCTTTATATTGTTTCAG
R R R R R SRR E SRR EEEEEEEEEEEEEEEEEEEEEEEEEEE RS EE I Ih I  h Ih I h  Ih b i
LTB4DH-A AGGATCATCTGGCTTTGTAAATATTTATAGAAAATACCAGACTCT ———————————————
LTB4DH-B AGGATCATCTGGCTTTGTAAATATTTATAGAAAATACCAGACTCTGTGCTARATAATTTC
Ak hkhkkhkhkhkhkhkdhhrhkhhkhkhkdhhkhhhhkhkhkkhkhkhhhkhkhhkhkhkhkkhkhkhrkx
LTB4DH-A | |-————== ACTCTTGACCTGCTTTTTTTCTCCACARAAGCCAACTCCCCTCTTTCCAACATG
LTB4DH-B TCACTCTACTCTTGACCTGCTTTTTTTCTCCACAAAGCCAACTCCCCTCTTTCCAACATG
hkhkkhkhkhkhkkhkkhhkhkhkkhkhkhAhrhkkhkhkhkhhkkhhkhrhrhkhkhhhrhrhhkdhrrhkkhkdhrhrhkkhhkrrkhkkhhhxkh*k
LTB4DH-A TCCATTTAAGTCTCCTTTCGCTGTCACACACACAC-—~CCCTTCCGGGACTTTAT-ATCTG
LTB4DH-B TCCATTTAAGTCTCCTTTCACTGTCACACACACACACCCCTTCCGGGACTTTATTATCTG
kK ok kk ok ok kok Kk okok ok okk ok okk ok kokok ok kkokok kok kak ok ok ok hokkkk kkhkkkkkhkkhkkkk Kkkkkx
LTB4DH-A TAGAGATGCATGTGGCTT TTGTCTTECAGGAAATCTGTAGTCCCTAGCATCECAG
LTB4DH-B TAGAGATGCATGTGGCTTTIGTCTTGCAGGARATCTGTAGTCCCTAGCATCECAG

KA AR R KA AR KA AKRAARR AR A AR A ARF A AR I A AR AARARIT AL AN A AT AR A A I AT A KKK

Figure 3.34 Multiple alignments of cloned LTB4DH amplified from genomic DNA of
representative individuals exhibiting different SSCP genotypes found in'14-month-old

shrimp. The amplified fragment was sequenced using M13F and M13R primers.

Eight SNP positions (A — Tgo, T — Ci37, G — Ajs9, A — G3p6, A — G312,

T — Cs3, A — Gupp and A — Gygog) were found from multiple alignments of
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nucleotide sequences of different SSCP genotypes of THBP (Figure 3.35). Results
indicated more polymorphic sites of THBP identified from the cloned gene segment

compared to direct sequencing (4 positions) of the same target fragment.

THBP-A TACAAGCCCGATACTTATGACCTEAGCGAGAGTGGGCTTACCGGCTTCGTCAAGAGTTTC
THBP-B TACAAGCCCGATACTTATGACCTCAGCGAGAGTGGGCTTACCGGCTTCGTCAAGAGTTTC
THBP-C TACAAGCCCGATACT TATGACCTCAGCGAGAGTGGGCTTACCGGCTTCGTCAAGAGTTTC
THBP-D TACAAGCCCGATACTTATGACCTCAGCGAGAGTGGGCTTACCGGCTTCGTCAAGAGTTTC
Ak hkhkkhhkkhkhkdhkhkhk bk rhhkhkh bk r kb dhrhkhkrdkhkhkrhk ko hkhkhhkrhkhkrhkhkhhkhkhhxkxkk
THBP-A CTTGATGGAAAGCTGAAGCAGCACCTTCTGTCICAGGATCTGCCAGAAGACTGGGATAAA
THBP-B CTTGATGGAAAGCTGAAGCAGCACCTTCTGTCTCAGGATCTGCCAGAAGACTGGGATAAA
THBP-C CTTGATGGAAAGCTGAAGCTGCACCTTCTGTCTCAGGATCTGCCAGAAGACTGGGATAAA
THBP-D CTTGATGGAAAGCTGAAGCGAGCACCTTICTGTETCAGGATCTGCCAGAAGACTGGGATAAA
Trhkkhkhkhrkhkkhkhrhkhkhkhkhkhkkhkh drhkhkhkdbhkhkrihhkhrrxhkhkhAhkrrhkhhkrrhkkhkhkhrhrhkkhhkrhrkkhhhhxkh*k
THBP-A GAGCCAGTCAAGETAATATCTTTTTCAAGATGTTTGCAATATGGAACTGGATAGATGCAT
THBP-B GAGCCAGTCAAGGTAACATCTTTTTCAAGATGTT TGCAATATGGAACTGGATAGATGCAT
THBP-C GAGCCAGTEGAAGGTAATATCTTTTTCAAAATGTTTGCAATATGGAACTGGATAGATGCAT
THBP-D GAGCCAGTCAAGETAATATCTTTTTCAAGATGT T TGCAATATGGAACTGGATAGATGCAT
KAk hkrkkhkhkhkhkhkdhkhAhkhkhkd *hkhkhrhkhhkkhhht dhkhkhkhkhhrhkhkhkhkhrhhkrhkhkrkhhkhhkhkhhhxkhxtk
THBP-A TTGETATTAAAAGTAATCAGTTIGAACATGTGTGAACAAGTAATAGATGGTGTATATTTT
THBP-B TTGGTATTAAAAGTAATCAGTTTGAACATGTGTGAACAAGTAATAGATGGTGTATATTTT
THBP-C TTGGTATTAAAAGTAATCAGTTTGAACATGTGTGAACAAGTAATAGATGGTGTATATTTT
THBP-D TTGGTATTAAAAGTAATCAGTTTGAACATGTGTGAACAAGTAATAGATGGTGTATATTTT
khkhkkhkhkhkkhhkhkhhkkhkdArhkhkhhkhkhkhhkhkhk bk dhkhkhkdkhrhk o hkhkhkhrrhkkhkhhrhkhkkhhkrhkkhkhhxhhkh*k
THBP-A GTGGATTTGGTTTTGTEGTAACTAGGAGTCAACAT GAAAAAGATTTCGGGAGTTTTCATT
THBP-B GTGGATTTGGTTTTGTGGTAACTAGGAGTCAACAT GAAAAAGATTTCGGGAGTTTTCATT
THBP-C GTGGATTTEGTTTTGTGGTAACTAGGAGTCAACATGAAAAAGATTTCGGGAGTTTTCATT
THBP-D GTGEATTTGGTTTTGTGGTAACTAGGAGT CAACATGAAAAAGATTTCGGGAGTTTTCATT
khkhkkhkhkhkhkkhkhkhkhhkkhkhkhkhkhAhkhkhkhkdhhrhhhhhkhkkdkhhkhkhrhkhhkrrhkkhkhkhrhkhkkhhkrhkhkkhhhhkh*k
THBP-A TTACAAATATAAAGGTTGAAAAAACAAACTCAATGGCCAAATGAAATTGGGGAATATAAT
THBP-B TTACAAATATAGAGGTTGAAAAAACAAACTCAATGGCCAAATGAAATTGGGGAATATAAT
THBP-C TTACAGATATAAAGGTTGAAAAAACAAACTCAATGGCCAAATGAAATTGGGGAATATAAT
THBP-D TTACAAATATAAAGGTTGAAAAAACAAACTCAATGGCCAAATGAAATTGGGGAATATAAT
khkhkhkk hhkhkkk Ak Ik hkhkdkhkhkhkhkhkhkhk kb hkhrhkhkhhkhkhkrhkhkrhkhkhkhkrhkhkrhkhkhhhkhhkxkk
THBP-A ATAATTGAACTATICAGGTTCTGGTGTCCTCCAACTTCGATGAAGTTGCCTTGAACAAGG
THBP-B ATAATTGAACTATTCAGGTTCTGGTGTCCTCCAACTTCGATGAAGT TGCCTTGAACAAGG
THBP-C ATAATTGAACTATTCAGGTTCCGGTGTCCTCCAACTTCGATEAAGTTGCCTTGAACAAGG
THBP-D ATAATTGAACTATTCAGGTTCTGGTGTCCTCCAACTTCGATGAAGT TGCCTTGAACAAGG
khkkkhkkhkkhkkhkkhkkhkhkhkkhkkhkkhkhkhkkhkhhkkxk kkhkhkhkhkkhkhAhkhrkhkkhkkhkhArAhkhkhkikFrhkkkhkhkhrhkhkkhkhrhkhkhhkhkhkh*k
THBP-A AAAAGGATGTCCTTGTAGAGTTCTATGCACCATGGTGTGGACACTGCAAACAGCTGGCAC
THBP-B AAAAGGATGTCCTTGTAGAGTTCTATGCACCATGGTGTGGACACTGCAAACAGCTGGCAC
THBP-C AGAAGGATGTCCTTGTAGAGTTCTATGCACCATGGTGTGGACACTGCAAACAGCTGGCAC
THBP-D AGARGGATGTCCTTGTAGAGTTCTATGCACCATGGTGTGGACACTGCAAACAGCTGGCAC
* hkkkhkhkhkhkhk kA hkhkhkhkhkkhhhhkrhkhkrkhkhhhrhkhkrhhhrhkhhkdhkhkhkrhkhkrhkhkhhhkhhhkrkk
THBP-A CTATCTATGATCAACTAGGTGAARAAATACAAGGACCACGATACTATTGTTGTGGCGAAAA
THBP-B CTATCTATGATCAACTAGGTGAAAAATACAAGGACCACGATACTATTGTTGTGGCGAAAA
THBP-C @TATGTATGATCAGETAGGT GAAAAATACAAGGACCACGATACTATTGT TGTGGCGARAAA
THBP=D CTATCTATGATCAGCTAGGTGARAAATACAAGGACCACGATACTATTGTTGTGGCGAAAA
kixkhkkhkkhkhkrkkhkkhkhkhrhkkd FrhkhkhhkhkhkhkdkhAihxhkhkdhkhkhrhkdhdrhkhkhdkrhkhkhkrrkhkhkhkhbrhkhhkhxkh*k
THBP-A TGGATGCTACAGTCAATGAGCTTGAGCATACGAAGATTCAGTCCTTCCCAACCTT
THBP-B TGGATGCTACAGTCAATGAGCTTGAGCATACGAAGATTCAGTCCTTCCCAACCTT
THBP-C TGGATGCTACAGTCAATGAGCTTGAGCATACGAAGATTCAGTCCTTCCCAACCTT
THBP-D TGGATGCTACAGTCAATGAGCTTGAGCATACGAAGAT TCAGTCCTTCCCAACCTT

kAKX Kk KAk hhkohkkhkhkk Ak hkkkhkkkhkk hkkkhkhkkhkkkkhkhkxkhkhkkhkkk*hkkkkx*khkkk**xkhk

Figure 3.35 Multiple alignments of cloned THBP amplified from genomic DNA of
representative individuals exhibiting different SSCP genotypes found in 3-month-old

shrimp. The amplified fragment was sequenced using M13F and M13R primers.
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Two SSCP patterns were obtained from SSCP analysis of the EGF gene
segment. Only 2 SNP positions (A — C3; and C — Ays) were found after cloning,

sequencing and multiple alignments of these SSCP genotypes (Figure 3.36).

EGF-A1 GTCACTGCTGAAAATAGCCATCTACAGGAAGAGATTGAACACAGCAAGGCAGATGACCAG
EGF-A2 GTCACTGCTGAAAATAGCCATCTACAGGAAGAGAT TGAACACAGCAAGGCAGATGACCAG
EGF-B1 GTCACTGCTGAAAATAGCCATCTACAGGAAGAGAT TGAACACAGCAAGGCAGATGACCAG
EGF-B2 GTCACTGCTGAAAATAGCCATCTACAGGAAGCGAT TGAACACAGCAAGGCAGATGACCAG

khkhkhkkhkhkhkhkhkhk Aok hkhAkrhkhkkhhkhrhhkkhkhbdhhhk hhkdkdrhkhkhhrhrhkkhkhkhrhkhkkhhkrhkhkkhhhhkh*k
EGF-A1 AGGAACACAGAAACCAAGACGCAGCTCGAACAAAAAATAAATGCACTGAACACCCAAAAA
EGF-A2 AGGAACACAGAAACCAAGACGCAGCTCGAACAAAAAATAAATGCACTGAACACCCAAAAA
EGF-B1 AGGAACACAGAAACCAAGACGCAGCTCGAACAAAAAATAAATGCACTGAACACCCAAAAA
EGF-B2 AGGAACACAGAAACAAAGACGCAGCTCGAACAAAAAATAAATGCACTGAACACCCAAAAA

Tk khkkhkhhk*hkhkhkrhk AhkkhkkhhkrhkdhkhkhkhhhdhbhhkhkdkddhkrbhhkhkkrrhkkhkhAhrhkhkkhhkrhkhkkhhhhkh*k
EGF-A1 GCAGAACTGGGAAGAAACTTGGAACAAGT CAAAACACAAAAAAGTCAGGTTTCAAAATCC
EGF-A2 GCAGAACTGGGAAGAAACTTGGAACAAGTCAAAACACAAAAAAGTCAGGTTTCAAAATCC
EGF-B1 GCAGAACTGGGAAGAARCTTGGAACAAGT CAAAACACAAAAAAGTCAGGTTTCAAAATCC
EGF-B2 GCAGAACTGGGAAGAAACTTGGAACAAGTCAAAACACAAAAAAGTCAGGTTTCAAAATCC

KThkkhkkhkhkhkhrkhkhkhkhkhkhkkhkhkhkhkkhkhhkhkhkhkkhkhhkhkrhhkhkrrkhkhkrdrhkhkhdrrhkkhkhhrhkhkhhkrhrkkhkhhhhkh*k
EGF-A1 ATTTCGAGTGTTCAGAAAGAAATTAAAGACATTGAAACGTATTTCAGTGTTTCAGAACCG
EGF-A2 ATTTCGAGTGTTCAGAARAGAAAT TAAAGACATTGAAACGTATTTCAGTGTTTCAGAACCG
EGF-B1 ATTTCGAGTIGTTCAGAAAGAAATTAAAGACATTGAAACGTATTTCAGTGTTTCAGAACCG
EGF-B2 ATTTCGAGTGTTCAGAAAGAAATTAAAGACATTGAAACGTATTTCAGTGTTTCAGAACCG

kA kI rkhk kA hkhkhk bk drhkrhhkrhkhkdk kA hkhk Ak hhkr kA Ak krhkhkhkhkhkhkkrhhkrhkkhkkhkkxkhkxk*k

Figure 3.36 Multiple alignments of cloned EGF amplified from genomic DNA of
representative individuals exhibiting SSCP genotypes found in 3-month-old shrimp.

The amplified fragment was sequenced using M13F and M13R primers.

Results from this study strongly indicated that SSCP analysis is potential and
cost-effective for initial screening of SNPs in various candidate genes against a large
number of specimens. Due to large sequencing errors found from direct sequencing of
the amplified gene segment, DNA sequencing for identification of SNPs in various

genes of P.monodon should be performed using the cloned gene segments:

3.6 Association between SNPs by SSCP (SBS) and the body weight or GSI of P.

monodon

SSCP analysis of THBP and EGF was further carried out covering 340
individuals of 3-month-old shrimp (the average body weight = 13.32 + 2.43 g).
Genotypes A, B, C and D of THBP were found in 113, 4, 89 and 134 examined
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individuals. Likewise, 2 SSCP genotypes (A and B) of EGF were found in 163 and 45

examined individuals, respectively.

Genotype distribution frequencies of candidate growth-related genes were
used to determine whether SSCP genotypes (SNPs) and the body weight of 3-month-

old shrimp are statistically significant.

Results did not reveal significant correlation between SSCP genotypes of EGF
and the body weight of cultured juvenile P. monodon in this study (t-value = 0.856, df
= 338, P =0.392, Figure3.38). LTB4DH did not show: significant correlation between
SSCP genotypes and the GSI values (P > 0.05, Figure 3.39).

In contrast, a statistically significant difference in allele frequencies between
juvenile shrimp carrying genotypes B (the average body weight of 11.89 +2.34 g, N =
4) and C (the average body weight.of 14.12 + 2.80 g, N = 89) of THBP was observed
(P < 0.05, Figure 3.37). Juvenile P. monodon carrying genotypes A (the average body
weight of 13.49 £2.34 ¢, N = 113) and D (the average body weight of 12.69 + 2.06 g,
N = 134) exhibited slightly lower body weight than that of genotype B but statistical
analysis was not significant (P.>0.05). Accordingly, a larger sample size of juvenile
shrimp should be analyzed to eliminate the possible sampling errors, if any, in this

study.
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Figure 3.37 Histogram showing association between the body weight of 3-month-old

P. monodon (BUMO3, N = 340) and SSCP genotypes of THBP.
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Figure 3.38 Histogram showing association between the body weight of 3-month-old

P. monodon (BUMO3, N = 340) and SSCP.genotypes of EGF.
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Figure 3.39 Histogram showing association between the GSI values of 14-month-old

P. monodon (BU14F, N = 66) and SSCP genotypes of LTB4DH.
3.7 Total RNA extraction

Total RNA was extracted from hepatopancreas of 3-month-old juveniles
(BUMO3) and ovaries of 14-month-old broodstock (BU14F) of P. monodon. The
quantity and quality of total RNA was spectrophotometrically and electrophoretically
analyzed. The ratio of OD60/ODyg0 of extracted RNA ranged from 2.0 - 2.1 indicating
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that RNA samples were relatively pure. Agarose gel electrophoresis indicated smear
total RNA with a few discrete bands implying the accepted quality of extracted total
RNA (Figure 3.40). The first strand cDNA was reverse-transcribed. Agarose gel
electrophoresis indicated that the resulting products ranged between 100 bp - 2 kb
indicating the acceptable quality of the synthesized first strand cDNA (Figure 3.41).

Figure 3.40 A 0.8% ethidium bromide-stained agarose gel showing the quality of
total RNA extracted from hepatopancreas of different individuals of juveniles (Lanes
1 - 5) and ovaries of different individuals of 14-month-old broodstock (Lanes 6 - 10)
of P. monodon. Lane M is a 100 bp DNA ladder.

Figure 3.41 A 1.0% ethidium bomide-stained agarose gel showing the first strand
cDNA reverse-transcribed from DNA-free total RNA of hepatopancreas (Lanes 1 - 5)
of different P. monodon juveniles. Lane M is A-Hind IIl DNA marker.
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3.8 Determination of the expression patterns of functionally important genes in

P. monodon by RT-PCR

Expression profiles of LTB4DH and NASP in ovaries of 14-month-old
broodstock and those of insulin degrading enzyme (IDE), epidermal growth factor
(EGF) and thyroid hormone binding protein (T'HBP) in hepatopancreas of 3-month-
old juveniles were examined by RT-PCR.

The expected product of each gene was obtained from the cDNA template of
all examined individuals (Figures 3.42 - 3.46). The positive product of EF-/a was

successfully amplified from'the same template.

bp M1 ¥ 3 5 6% TUBALS M 11™02%. 13 14 15 16 17

(A)  500-
M 1 7°% 9 10 1M.12 13 14 15 16 17

500

(B) 90—

Figure 3.42 RT-PCR of LTB4DH (panel B) using the first strand cDNA of ovaries of
14-month-old broodstock (BU14F, Lanes 1 - 17). EF-1a was included as the positive
control and successfully amplified in all specimens (Lanes 1 - 17, panel A). Lanes M

are a 100 bp DNA ladder.

bp MI1 2 JTGESGNTNEEETI0 11 1213 14 15 16 17

(A} S00-

§ & TR WL 12 RiyriE ISy 16 17

(B)

Figure 3.43 RT-PCR of homologue of NASP (panel B) using the first strand cDNA of
ovaries of 14-month-old broodstock (BUI14F, Lanes 1 - 17). EF-1a was included as
the positive control and successfully amplified in all specimens (Lanes 1 - 17, panel

A). Lanes M are a 100 bp DNA ladder.
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(A) S00-

S00—
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Figure 3.44 RT-PCR of THBP (panel B) using the first strand cDNA of
hepatopancrease of 3-menth-old juveniles (BUMO3, Lanes 1 - 12). EF-lo was
included as the positive control and successfully amplified in all specimens (Lanes 1 -

12, panel A). Lanes M are a 100 bp DNA ladder.

M 1 1011 12

bp

(A) 500-

M 1 h 10 11 12
500 — B

200

I

Figure 3.45 RT-PCR of homologue of IDE (panel B) using the first strand cDNA of
hepatopancrease of :3-month-old juveniles (BUMO3, Lanes 1 - 12). EF-lo was
included as the positive control and successfully amplified in all specimens (Lanes 1 -

12, panel A). Lanes M are a 100 bp DNA ladder.



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

(A) S00—§8

S0
(B)

200-

Figure 3.46 RT-PCR of homologue of EGF (panel B) using the first strand cDNA of
hepatopancrease of 3-menth-old juveniles (BUMO3, Lanes 1 - 12). EF-la was
included as the positive control and successfully amplified in all specimens (Lanes 1 -

12, panel A). Lanes Mare a 100 bp DNA ladder.

3.9 Tissue distribution analysis of insulin degrading enzyme (IDE) and epidermal

growth factor (EGF) in P. monodon juveniles

Tissue distribution analysis was carried out to examine the expression of /IDE
and EGF in hemocytes, gill, heart, ovaries, hepatopancreas, stomach, intestine,
lymphoid, thoracic ganglion, eyestalk and pleopods of a female and testes of a male of

juveniles.

IDE was expressed in all tissues. Relatively high expression level of this gene
was found in hemocytes, stomach, lymphoid organ, thoracic ganglion, ovaries and
testes but lower expression level was observed in gill, heart, intestine and eyestalk of

juvenile P. monodon (Figure 3.47).

Likewise; EGF was ‘abundantly expressed in all examined tissues where that in
hemocytes, stomach, pleopods and testes were greater than other tissues (Figure 3.48).

Expression levels of these genes in different tissues are illustrated in Table 3.2.
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bp

(A s00-

(B}

Figure 3.47 A 1.5% ethidium bromide-stained agarose gel showing results from
tissue distribution analysis of insulin degrading enzyme (IDE) using the first strand
cDNA of various tissues (B) of 3-month-old P. monodon juveniles. EF-1a was
successfully amplified from the same template (A). Lane M are a 100 bp DNA ladder.
HC = hemocytes, GL = gill, HE = heart, OV = ovaries, HP = hepatopancreas, ST =
stomach, IN = intestine, LO = lymphoid, TG = thoracic ganglion, ES = eyestalk, PL =
pleopods and TT = testes.

M HC GIL-HE OV _HP ST IN 10 TG ES PL TT

(A)

M HC GL HE OV HP ST IN LO TG ES PL _TT

Figure 3.48 A 1.5% ethidium bromide-stained agarose gel showing results from
tissue distribution analysis of a homologue of epidermal growth factor using the first
strand cDNA of various tissues (B) of 3-month-old P. menodon juveniles. EF-le was
successfully amplified from the same template (A). Lane M are a 100 bp DNA. ladder.
HC ='hemocytes, GL = gill, HE = heart, OV = ovaries, HP = hepatopancreas, ST =
stomach, IN = intestine, LO = lymphoid, TG = thoracic ganglion, ES = eyestalk, PL =
pleopods and TT = testes
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Table 3.2 Tissue distribution analysis of insulin degrading enzyme and epidermal

growth factor in varies tissues of 3-month-old P. monodon juveniles

. Tissue
Size

Gene homologues (bp)
P HC GL HE OV HP ST IN LO TG ES PL TT

Insulin degrading 204 4+ + A Y A e - T T -
enzyme (IDE) ¥y

Epidermal growth 240 S + G + ++ 4+
factor (EGF) + + + +

+ = low level of expression, ++ = moderate level of expression, +++ = abundant level of expression

3.10 Isolation and characterization of the partial ¢DNA sequence of insulin

degrading enzyme (IDE)

Several discrete bands were obtained from 5’ and 3" RACE-PCR of IDE. A
700 bp and 2.0 kb fragment generated from nested 5" and 3' RACE-PCR was cloned
and sequenced (Figure 3.49). Nucleotide sequences of these fragments and EST

(Figure 3.50) were assembled.

M 1 Mi

bp

(A) | (B) (€)

Figure 3.49 The primary 5’ (A), 3’ (C) RACE-PCR and secondary 5' RACE-PCR
products (B) of insulin degrading enzyme. Arrowheads indicate RACE-PCR products
that were cloned and sequenced. Lanes M and M1 are a 100 bp DNA ladder and A-
Hind Il DNA marker, respectively.
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A

ACGCGGGATCCAGTAATGCCTACACAGCAGCTGACCACACCAACTATTATTTTGACGTAGCTCCTGAGG
CATTCTCGGGAGCCTTAGACAGATTTGCACAGTTICTTCCTGACACCACTGTTTACTGAAAGTGCAGTGG
ACCGTGAGGTGAATGCAGTITAATTCTGAACACGAAAAAAATTTACAAAATGATTACTGGAGGTTAACAC
AGCTTGAAAAGGCAACTGCTGATCCAACTCATGACTTCAGCAAGTTTAACACTGGAAACAAGGAAACAT
TGGATACAATTCCTAAAGAGAAAGGTGTAAATGTCCGAGATGCTCTGCTGGAATTTCACAAAAAATGGT
ACTCTTCAAACATCATGGCCTTAGCTGICCTGGGCAAAGAAAGTTTAGAAGAGCTGCAAGCAATGGTGC
TGGAATTATTTTCTGAGGTTGAGAATAAAAATGTGACCGTACCTGAGTGGAAGAGCCACCCCTTTGGCC
CCGAACAGTGTCGTAAATATGGGCAGGTITG

B

TGCCTGTGAAGGATATTCGGAACTTGTATATTACTTTTCCGATCCCAGATCTTCATCCTCATTATAAGA
CAGCTCCTGGCCACTATTTGGGGCATCTCATCGGGCATGAAGGTCCAGGGTCATTGCTCTCCTATCTTA
5"RACE-PCR (nested)
AGGGTTGTGGATGGGTGAACTCTCTTGTTGGTGGTCAGAAATCTGGTGCTAAAGGCTTTGCCTICTTTG
TGGTCAATGTTGATCTCACAGAAGAAGGGATTGAGCATGTGCAAGATATTGTGACAGCTGTTTTCCAGT
3’ RACE-PCR
ACCTGAACTTGCTGAGAAGAGAGGGTTCTCAGGAGTGGGTGTTTGAAGAGTGTAAAGACCTCAGTGCCA
TGACATTCCGCTITITAAGGATAAGGAGCGTCCCCAGAGTTACACTTGTGCTCTITGCTGAACAGCTGCATT
ATTACCCACTGGAAGAGGTGCTGTGTGGTGGATACCTGTTGAGTGAATACCAGCCACATCTTATTGACA
5’ RACE-PCR

TGGTTCTAACTCATCTTCAGCCTACCAATATTCGAATTGCTGTGGTAGGGAAAGCTCTAGCAGAGAAGG
CAACGGATGTTGAACAATGGTATGGGACACAGTACAAGATGGATAACATTCAGCAAGACCAACTTGAAC
AGTGGGAAAAAGCTGGGTTCACTGAGTTGTTGAAGTTACCAACCAAAAATGACTTTGTTCCTACAAACT
TTGAGTTGTTCACCGATGAAAAGATTGGAAATACTTTGCCAGAGATGATTAGTGAGTCTCCTTGGCTAG
AATTGGGTCAGCAAGATGACGAA

C-1

TTCAAGCTGCCAAAATCTGTTGTIGTATGCAGAACTTTTTAGTCCTTTGGCGTACCTGGATCCTCACCAC
ACCAATCTACTGCACATGTTTGCACAACTGTTTCGGGATGCACTCACTGAATACACTTATGCTGCTGAG
TTGGCTGGACTTGTCTATTCCTTGTCCAATACCAAGTATGGTCTTACACTGAACGTCAAGGGTTACAAT
3’ RACE-PCR (internal)
GACAAACAACATGTACTGCTAGAGAAAATCATGGATCGCATGACTACATTCACTGTTGATCCGAAGCGT
TTTGAGATTCTTAAAGATGCTTATGTCCGTGCCTTACGTAACTTCAGAGCAGATCAACCACATCAACAT
GTTGTGTTTTATACATCCTTATTGCTGGCAGAAAATGGTTGGACGAAGGAGGAGCT

C-11

TTTGAATGCCACTITCAGAGCTGACAGTIGGAGGCTCTAGAGGCCTTTATCCCAAGGTTCCTTTCAAATCT
CCATATAGAAATGTITAGTGCATGGAAATGCAACAAGAGATGCCGCAGTGCGCATGTCTTCTATCATCCA
AAAACATCTGACTGACAAGGCACACACCAAACCTCTCCTAAATTCCCAGTTGACTCGACAGAGAGAGTA
CCAGCTGAAGGATGGAAGCAGCTTAGTGTACCAGGCTGAGAATACTGTCCATCGTGACTCGGCTATTGA
AACCTTTITCCAGIGTIGGCATGCAGGCGGAACACACCCAAATATGTTGCTGGAATTACTCTGICAAATCTT
TGCTGAGCCTGCATTTGATGAGCTAAGAACCAAGGAACAACTGGGCTACATTATGTGGTGTGGTGTCCG
AAGGGCTAATGGAACCCAGGGCCTAAGGATCATAGTCCAAGGTGACCGICACCCACAGTACTTAGACTC
CAGGATAGAGGCCTTCCTTCACAAAATGGGTGAACGCTTGGAGAGTATCTCAGATGAGGAATTCATGCG
TCACAGAGATGCATTAGCCAGCCGCCGTTTAGAGAGACCAAAGAAGCTGGCACATCTGACGTCCATICTG
GTGGGCTGAGATCACCTCCAATCAGTACAACTTTGACCGAGACACGATTGAGGTGGCGCACTTGAAGAC
GCTTACCAAACAGAATATTGTIIGATITCTACAAGGCCTGTATTGCAAGTTATGCCGAAGAGAAAGAGCT
GTCAGTGCAAGTIGGTGTCGGTTICCCCTGAGGAG

C-111

CAGGGACGTGAGCGCGCCGGCCAGCCGTCCACCCAGCCAGATGACGGACTCTCGCAGCCTCCGCCACTC
GCTGAGGCTGAGAACATCACGGATATATCGGAATTCAAGCAGGGTCTCCCACTCTATCCTCTGATGAGA
CCCTACACACCTTTCTCAAAGACCTCGAAGTCCAAGCTGTAATACCGAATTTAATTTTTAAAATAGAAC
CACTTGTTTCIGTCAAGTTAATCACTTTCTCTACATATTGTACTTGGAGAACTATGAAATAAATAATGA
AATTGATTGTTTGTTTGATATATCCAGATTCGTAGGTATTTATGGATGCGGCGTCATGTTITTTTGCACC
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CATTAGATTATTTTTTGTITTCCACTATACTGTTATTTAGATAAAAAGGTGTTTGATATTTATGGATACA
TTTCGTACCTTCTITTTCTATATGTATTTTTTGGAAGGAGTAGTTGTTTTGAGGAAGTCACAAATCCTGC
AGCCATGACACTTTTCTCATCTICCIGTCTGTITTTTTAAGGATTGTTAAAATAATGTTATCTGTCAGTAA
GTTTTATTTGTATAGTTGGAAATTTTATTTTCTCCTGAATCCCAATTAGATATGTAAATAGGAGCTTCT
TTTATGATGGGTTTATATATTTITTATATTAGAAATGTTTGTGTTATTTTGATGGTCAGAATTATTTTCA
ATATGTTATTCCTCACAGCAGACTGTAATTGGAATATTGAAAATAAACAGATAAATCATAAAAAAAARAA
AAAAAAAAAAAAAAAAAAAAA

Figure 3.50 The sequence of nested 5 RACE-PCR (A), EST (B), 3' RACE-PCR (C-1
and C-III) and internal sequencing of the 3" RACE-PCR product (C-II) of IDE of P.
monodon. RT-PCR primers (IDE-F and IDE-R; highlighted) were initially used for 5’
and 3' RACE-PCR followed by nested 5S'RACE-PCR primers for isolation of the

partial cDNA sequence of this gene.

The combined sequence of IDE is 3269 bp in length containing an open
reading frame (ORF) of 2727 bp corresponding to 908 amino acids with the 3'"UTR of
569 bp (excluding the poly A tail, Figure 3.51). It significantly matched insulin
degrading enzymes of the zebrafish (Danio rerio) with the E-value of 0.0 (Figure
3.52).

ACGCGGGATCCAGTAATGCCTACACAGCAGCTGACCACACCAACTATTATTTTGACGTAG 60
A G S S N A Y'T A A D HT N Y Y F D V A 20
CTCCTGAGGCATTCTCGGGAGCCTITAGACAGATTITGCACAGTTCTTCCTGACACCACTGT 120
P E A F S G A LD RF A Q F F L T P L F 40
TTACTGAAAGTIGCAGTIGGACCGTGAGGTGAATGCAGTTAATTCTGAACACGAAAAAAATT 180
T E S A vV D R E V N A V N S E H E K N L 60
TACAAAATGATTACTGGAGGTTAACACAGCTTGAAAAGGCAACTGCTGATECAACTCATG 240
Q N D ¥Y W R L T Q L E K A T A D P T H D 80
ACTTCAGCAAGTTTAACACTGGAAACAAGGAAACATTGGATACAATTCCTARAGAGAAAG 300
F S K F N T 6 N K E T L D T I P K E K G 100
GTGTAAATGTCCGAGATGCTCTGCTGGAATTTCACAAAAAATGGTACTCTTCAAACATCA 360
V NV R DAL L EVF H K KW Y S S N I M 120
TGGCCTTAGCTGTCCTGGGCAAAGAAAGTTTAGAAGAGCTGCAAGCAATGGTGCTGGAAT 420
A L A VL 6K E S L E E L QA MV L E L 140
TATITTCTGAGGITGAGAATAAAAATGTIGACCGTACCIGAGTGGAAGAGCCACCCCTITTG 480
E¥E [EAVFH NAK BN W T W P _E W WK #S§ H jPj H GJ 160
GCCCCGAACAGTGICGTAAATATGGGCAGGTTGTGCCTGTGAAGGATATTCGGAACTTGT 540
P E Q C R K Y G Q V VP V KD I RN L Y 180
ATATTACTTTTCCGATCCCAGATCTTCAICCTCATTATAAGACAGCTCCTGGCCACTATT 600
I T F P I P DL H P H Y K T A P G H Y L 200
TGGGGCATCTCATCGGGCATGAAGGTCCAGGGTCATTGCTCTCCTATCITAAGGGTTIGTG 660
G [H O I BGN Hil EJGE E BG BSil IBFE S Y AL BGRE G E Gji 220
GATGGGTGAACTCICITGTITGGTGGTCAGAAATCTGGTGCTARAGGCTTIGCCTICTTTG 720
W V N S L VG G Q K S G A K G F A F F V 240
TGGTCAATGTTGATCTCACAGAAGAAGGGATTGAGCATGTGCAAGATATTGTGACAGCTG 780
vV NV DL T EE G I E HV Q DI V T A V 260
TTTTCCAGTACCTGAACTTGCTGAGAAGAGAGGGTTCTCAGGAGTGGGTGTTTGAAGAGT 840
F Q ¥ L N L L R R E G S Q E WV F E E C 280
GTAAAGACCTCAGTGCCATGACATTCCGCTTTAAGGATAAGGAGCGTCCCCAGAGTTACA 900



K DL SAMTT FT RTEFI KT DI KTET RUTPIOQS S YT
CTTGTGCTCTTGCTGAACAGCTGCATTATTACCCACTGGAAGAGGTGCTGTGTGGTGGAT
C AL AEQTULUHYJYUPTILETEUVTLTCG GG Y
ACCTGTTGAGTGAATACCAGCCACATCTTATTGACATGGTTCTAACTCATCTTCAGCCTA
L L S E Y Q P H L I DMV LT HTLOGQP T
CCAATATTCGAATTGCTGTGGTAGGGAAAGCTCTAGCAGAGAAGGCAACGGATGTTGAAC
N I R I A V V G KA LATETZ KA ATTDV E Q
AATGGTATGGGACACAGTACAAGATGGATAACATTCAGCAAGACCAACTTGAACAGTGGG
W Y G T Q Y KMD NI Q@ 0D QULEOQTWE
AAAAAGCTGGGTTCACTGAGTTGITGAAGTTACCAACCAAAAATGACTTTGTTCCTACAA
K A G F T EIUL L K L P T K NTUDTF VPTN
ACTTTGAGTTGTTCACCGATGAAAAGATTGGARATACT RTGCCAGAGATGATTAGTGAGT
F E L F T b E K I G N TL P E M I S E S
CTCCTTGGCTAGAATTGGGTCAGEAAGATGACGAATTCARGCTGCCAAAATCTGTTGTGT
P W L E L' Q QDD EF KLU PI K SV V Y
ATGCAGAACTTTTTAGTCCITTCGCGTACCTEGATCCTCACCACACCAATCTACTGCACA
A E L F 8P LAY L|D,P"HH T NTIL L HM
TGTTTGCACAACTGTTICCGGATGCACTCACTGAATACACTTATGCTGCTGAGTTGGCTG
F A Q Lt RGF XN /T EENEL T W2 ME 1L A G
GACTTGTCTATTCCTTGFCCAATACCAAGTATGGTCTTACACGTGAACGTCAAGGGTTACA
LV Y S dFs A F/d v AN AINN K G Y N
ATGACAAACAAGATGTAGTGCTAGAGAAAATCATGGATCGCATGAGTACATTCACTGTTG
D K Q H vt & E RN BWMARAMATESE F T V D
ATCCGAAGCGTTTTGAGATTICTTAAAGATGCTTATGTCEGTGCCITAGGTAACTTCAGAG
P K R ENFE F L gD "0 VR WA TW"RW F R A
CAGATCAACCACATCAACATETTGTGTTTTATACATCCTTATTGCTGGCAGARAATGGTT
D 0 P H QFHJNV NN FN0wyis LMY VA E N G W
GGACGAAGGAGGAGCTTTIGAATGCCACTTCAGAGCTGACAGTGGAGGETCTAGAGGCCT
T K E E°L W Nf&a 2755 2l A B2 L E A F
TTATCCCAAGGTTCCTITCAAATCTCCATATAGAAATGTTAGTGCATGGAAATGCAACAA
I P R F L S N L H I EMTIL V HG N AT R
GAGATGCCGCAGTGCGCATGTCTTCTATCATCCAAAAACATCTGACTGACAAGGCACACA
D A AV RM S+ I I 0 K HWL T D KO ATHT
CCAAACCTCTCCTAAATTCCCAGTTGACTCGACAGAGAGAGTACCAGCTGAAGGATGGAA
K P L L NS Q L T™UR OO RTZE Y OQULIE KD G S
GCAGCTTAGTGTACCAGGCTGAGAATACTGTCCATCGTGACTICGGCTATTGAAACCTTTT
S L V Y Q AuBEeN-T- 3V H RED®Sa. T E T F F
TCCAGTGTGGCATGCAGGGAACACACCCAAATATGTTGCTGGAATTACTCTGTCAAATCT
QO CGMOQ GTHPNMTULULUETLTULTUC QTIF
TTGCTGAGCCTECATTTGATGAGCTAAGAACCAAGGAACAACTGGGCTACATTATGTGGT
A E P'A F DEZLU RTIEKTE OTLTG GV Y I.MTMWC
GTGGTGTCCGAAGGGCTAATGGAACCCAGGGCCTAAGGATCATAGT CCAAGGTGACCGTC
G VRRANSGTU QG GTILU RTITIUVOQ G DR H
ACCCACAGTACTTAGACTCCAGGATAGAGGCCTTCCTTCACAAAATGGGTGAACGCTTGG
P 0 YL DS R I E A F L H KM G EUR L E
AGAGTATCTCAGATGAGGAATTCATGCGTCACAGAGATGCATTAGCCAGCCGCCGTTTAG
1 0c IofhH AArOm B I " Ee A R OS] A RE™, £
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TGTTTCTIGTCAAGTTAATCACTTTCTICTACATATTGTACTTGGAGAACTATGAAATAAAT
AATGAAATTGATTGTTTGTTTGATATATCCAGATTCGTAGGTATTTATGGATGCGGCGTC
ATGTTTTTTGCACCCATTAGATTATTTTTTGTTTCCACTATACTGTTATTTAGATAAAAA
GGTIGTTTGATATTTATGGATACATTTCGTACCTICTITTCTATATGTATTTTTTGGAAGG
AGTAGTTGTTTTGAGGAAGTCACAAATCCTGCAGCCATGACACTTTTCTCATCTCCTIGTC
TGTTTTTTAAGGATTGTTAAAATAATGTTATCTGTCAGTAAGTTTTATTTGTATAGTTGG
AAATTTTATTTTCTCCTGAATCCCAATTAGATATGTAAATAGGAGCTTCTTTTATGATGG
GTTTATATATTTTTATATTAGAAATGTTTGIGTIATTITTGATGGTCAGAATTATTTTCAA
TATGTTATTCCTCACAGCAGACTGTAATTGGAATATTGAAAATAAACAGATAAATCATAA
AAAAAAAAAAAAAAAAAAAAAAAAAARAAA

2760
2820
2880
2940
3000
3060
3120
3180
3240
3269

99

Figure 3.51 The partial cDNA and deduced amino.sequences of IDE of P. monodon.

The stop codon is.illustrated in boldfaced and underlined.

>ref [NP_001082994.1 [!.-E insulin-degrading enzyme [Danio rerio]

gb|AATI39608.1] 7gc:162603 protein [Danio rerio]
Length=978

GENE ID: 561390 'zgc:162603 | 2gc:162603 [Danio rerio]
(10 or fewer PubMed links)

Score = 1031 bitsi (2666), Expect = 0.0

Identities = 497/881 (56%), Positives 651/881 (73%), Gaps = 2/881 (0%)

Frame = +3

Query 3 AGSSNAYTAADHTNYYFDVAPEAF SGALDRFAQFFLTPLETESAVDREVNAVNSEHEKNL
AGSSNA+T+ +HTNYYEFDV+ E GALDRFAQFFL PLF ES DREVNAV+SEHEKNL

Sbjct 94 AGSSNAFTSGEHTNYYFDVSHEHLOGALDRFAQFFLCPLFDESCKDREVNAVDSEHEKNL

Query 183 ONDYWRLTQLEKATADPTHDE SKENTGNKETLDTIPKEKGVNVRDALLEFHKKWYSSNIM
ND WRL QLEKAT +R_H ESKF TGNK TL+T P ++G+++R+ LL+FH +YSSN+M
Sbjct 154 MNDAWRLFQLEKATGNPKHPESKEFGTGNKLTLETRPSQOGIDIREELLKFHSTYYSSNLM

Query 363 ALAVLGKESLEELQAMVLELFSEVENKNVTVPEWKSHPEFGPEQCRKYGQVVPVKDIRNLY
L VLG+E+L+EL +MV++LF EVENKNV VPE+ +HPF E R++ +VVP+KDIRNLY
Sbjct 214 GLCVLGRETLDELTSMVVKLFGEVENKNVPVPEFPTHPFQEEHLRQFYKVVPIKDIRNLY

Query 543 ITFPIPDLHPHYKTAPGHYLGHLIGHEGPGSLLSYLKGCGWVNSLVGGOKSGAKGEFAFFV
+TFPIPDL +YK+ PGHYLGHLIGHEGPGSLLS LK GWVN+LVGGOK GA+GEF FF+
Sbjct 274 VIERPIPDLOKYYKSNPGHYLGHLIGHEGPGSLLSELKSKGWVNTLVGGQKEGARGEMEFE I

Query 723 VNVDLTEEGIEHVQDIVTAVFQYLNLLRREGSQEWVEFEECKDLSAMTERFKDKERPQSYT
+NVDLTEEG+ HV+DI+ +FQY+ LR EG QEWVEF+ECKDL+ + FRFKDKERP+ YT
Sbjct 334 INVDLTEEGLLHVEDIIFHMFQYIQKLRTEGPQEWVFQECKDLNTVAFRFKDKERPRGYT

Quernys! 903 CALAEQLHYYPLEEVLCGGYLLSEYQPHLIDMVLTHLOPTNIRIAVVGKALAEKATDVEQ
+A | LHYYPLEE+L YLL E++P [LI+MVE, L*PIN+tR+AVV K+ + E+
Sbject 394 SKVAGLLHYYPLEEILAAEYLLEEFRPDLIEMVLDKLRPENVRVAVVSKSFEGQTDRTEE

Querys 1083 WYGTQYKMDNIQQDQLEQWEKAGFTELLKLPTKNDFVPTNFELFTDEKIGNTLPEMISES
WYGTQYK + I + +++W+ A KLP KN+F+PTNFE++ EK + P +1 ++
Sbjct 454 WYGTQYKQEAITDEAIKKWDNADLNGKFKLPMKNEF IPTNFEIYPLEKDSPSAPTLIKDT

Query 1263 PWLELG-QQODDEFKLPKSVVYAELFSPLAYLDPHHTNLLHMFAQLFRDALTEYTYAAELA
BS- SFORDTIWAPKAM-Y W 'SR AW -+EE SEE Nt Gf--F +LE +DSS WY WeAAETA
Sbjct 514 AMSKVWEKQDDKFELPKACLNEEFF SPEAYVDPLHCNMAYLYLELLKDSLNEYAYAAELA

Query 1440 GLVYSLSNTKYGLTLNVKGYNDKQHVLLEKIMDRMTTFTVDPKRFEILKDAYVRALRNEFR
GL Y L NT YG+ L+VKGYNDKQH+LL+KI+++M TF +D KRF+I+K+AY+R+L NEFR
Sbjct 574 GLSYDLONTVYGMYLSVKGYNDKQHILLKKIIEKMATFEIDEKREFDIIKEAYMRSLNNEFR

Query 1620 ADQPHQHVVFYTSLLLAENGWIKEELLNATSELTVEALEAFIPRFLSNLHIEMLVHGNAT
A+QPHQH ++Y LL+ E WTK+EL +A ++T+ L+AFIP+ LS LHIE L+HGN T
Sbjct 634 AEQPHQHAMYYLRLLMTEVAWTKDELRDALDDVTLPRLKAFIPQLLSRLHIEALLHGNIT

182

153

722

333

902

393

1082

453

1262

1619

633

1799

693
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Query 1800 RDAAVRMSSIIQKHLTDKAHTKPLLNSQLTRQREYQLKDGSSLVYQAENTVHRDSAIETF 1979
+ +A+ M +++ L + AHTKPLL SQL R RE Q+ DG VvYQ N VH + IE +
Sbjct 694 KQOSALEMMOMLEDTLIEHAHTKPLLPSQLIRYREVQOVPDGGWYVYQORNEVHNNCGIEIY 753

Query 1980 FQCGMQGTHPNMLLELLCQIFAEPAFDELRTKEQLGYIMWCGVRRANGTQGLRIIVQGDR 2159
+Q MQ TH NMLLEL CQI +EP F+ LRTKEQLGYI++ G RRANG QGLR I+Q ++
Sbjct 754 YQTDMONTHENMLLELFCQIISEPCFNTLRTKEQLGYIVEFSGPRRANGVQGLRFIIQSEK 813

Query 2160 HPQYLDSRIEAFLHKMGERLESISDEEFMRHRDALASRRLERPKKLAHLTSIWWAEITSN 2339
P YL+SR+EAFL M + +E .+ DE F +H;, ALA RRL++PKKLA + +W EI S
Sbjct 814 APHYLESRVEAFLKTMEKSVEEMGDEAFQOKHTQALAIRRLDKPKKLAAECAKYWGEIISQ 873

Query 2340 QYNFDRDTIEVAHLKILTKONIVDEFYKACIASYAEEKELSVQVVSVSPEEQGRERAGQPS 2519
QYNFDRD IEVA+LKTLTK++I+ FY+ = #A A V.V +S E G+
Sbjct 874 QYNFDRDNIEVAYLKTLTKEHIMQFYRDLLAIDAPRRH-KVSVHVLSREMDSCPLVGEFP 932

Query 2520 TQPDDGLSQPPPLAEAENITDISEFKQGLPLYPLMRPYTPE 2642
QD L+ P L + #D++EFKek LPL+PhetP+w. F
Sbjct 933 AQNDVNLAPAPSTLPQOPSLVODMTEFKRSLPLEPLTKPHINEF . 973

Figure 3.52 Similarity analysis based on BlastX of IDE of P. monodon against

previously deposited sequences in the GenBank.

3.11 Examination of expression levels of various functionally important genes of

P. monodon by quantitative real-time PCR

The expression levels of NASP and LTB4DH in ovaries of 14-month-old
shrimp (GSI < 0.5%, N = 6; GSI = 0.5 - 1.0%, N = 12 and GSI > 1.0%, N = 12) and
insulin degrading enzyme (IDE), epidermal growth factor (EGF) and thyroid
hormone binding protein (THBP) in hepatopancreas of 3-month-old shrimp (a large
group with the average body weight of 16.78 + 2.24 g, N = 22 and a small group with
the average body weight of 1043 £ 1.08 g, N = 22 groups) were quantitatively
estimated by real-time PCR.

The standard curves used for.quantitative real-time PCR-analysis of interesting
transcripts are shown dn Figures 3.53 and 3.54. High R’ values and amplification
efficiency of examined transcripts were found. These standard curves were used for

quantitative estimation of the mRNA levels of NASP, LTB4DH, IDE, EGF and THBP.

The expression levels of NASP in ovaries of 14-month-old broodstock
between shrimp exhibiting different GSI values: < 0.5% (group I). 0.5-1.0% (group
IT) and >1.0% (group III), were not significantly different (P > 0.05, Figure 3.55).
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In contrast, the expression level of LTB4DH in ovaries of group II shrimp was
greater that that of group I (P < 0.05) but not significantly different from that of group
II shrimp (P > 0.05, Figure 3.56A). However, expression level of this gene in shrimp
carrying different SSCP (SNP) genotypes was not significantly different (P > 0.05,
Figure 3.56B).

The expression level of IDE in hepatopanereas of small (10.43 + 1.08 g, N =
22) and large (16.78 + 2.24 g N = 22) groups of 3-month-old shrimp was not
significantly (P > 0.05, Figure 3.57).

The expression‘level'of EGF in hepatopancreas of small (N = 22) and large (N
= 22) groups of 3-moenth-old shrimp was not significantly (P > 0.05, Figure 3.58A).
Interestingly, the expression [level of EGF in shrimp carrying the SSCP (SNP)
genotypes B was greater than that of genotype A but the results were not statistically
significant due‘to the large standard deviation within each group (P > 0.05, Figure
3.58B).
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Figure 3.53 The standard ' amplification curves of various genes examined by
quantitative 'real-time’ PCR. The standard ‘curves of NASP (A; R2 = 0.9984,
amplification efficiency = 96.7% or (log2) 1.967 and the equation Y = -3.404 *
log(X) + 38.30),, LTB4DH (A; R* =0.9995, amplification efficiency =95.8% or (logp)
1.958 and the equation Y = -3.426 * log(X) + 36.16) and EF-lo (A; R = 1,
amplification efficiency = 98.4% or (log,) 1.984 and the equation Y = -3.362 * log(X)
+ 36.74) using 10-fold dilution of plasmid DNA of NASP, LTB4DH and EF-1a (10° -

10® copy). EF-1a was used as a reference transcript.
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IDE
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Figure 3.54 The standard amplification curves of various genes examined by real-
time PCR. The standard curves of IDE (A; R* = 0.9988, amplification efficiency =
97.3% or (logy) 1.973 and the equation Y = -3.389 * log(X) + 37.78), EGF (A; R2 =
1, amplification efficiency = 97.4% or (log2) 1.974 and equation; Y = -3.386 *1log(X)
+38.39) and THBP (A, R*=0.9997, amplification efficiency =97.9% or (log,) 1.979
and the equation Y =-3.374 * log(X) + 38.08) using 10-fold dilution of plasmid DNA
of IDE, EGF and THBP (10° - 10° copy). EF-1o was used as a reference transcript.
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Figure 3.55 Histograms showing the relative expression levels of NASP in ovaries of
14-month-old broodstoek exhibiting GSI < 0.5% (I). >0.5-1.0% (II) and >1.0% (I1I).
Expression levels were measured as the absolute copy number. of NSAP and LTB4DH
mRNA (50 ng template) and normalized by that of EF-Ia mRNA (50 ng template).
The same letters indicate non-significant differences between relative expression

levels of different groups of samples.
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Figure 3.56 Histograms showing the relative expression levels of LTB4DH in ovaries
14-month-old broodstock considering those of exhibiting GSI < 0.5% (I). >0.5-1.0%
(I) and >1.0% (11I) (panel A) or those possessing different SSCP genotypes (panel
B). Expression levels were measured as the absolute copy number of LTB4DH mRNA
(50 ng template) and normalized by that of EF-/a mRNA (50 ng template). The same
letters indicate non-significant differences between relative expression levels of

different groups of s
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Figure 3.57 -Histograms showing the relative expression levels of [IDE in
hepatopancreas of 3-month-old juveniles exhibiting 16% from the top (large) and
bottom (small) of the body weight. Expression levels were measured as the absolute
copy number of IDE mRNA (100 ng template) and normalized by that of EF-la
mRNA (10 ng template). The same letters indicate non-significant differences

between relative expression levels of different groups of samples.
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Figure 3.58 Histograms ' showing the' relative expression 'levels of EGF in
hepatopancreas of 3-month-old juveniles considering those exhibiting 16% from the
top (large)-and bottom (small)-of the-body weight (A)-or those possessing different
SSCP genotypes (B). Expression levels. were measured as the absolute copy number
of EGF mRNA (100 ng template) and normalized by that of EF-/ac mRNA (10 ng
template). The same letters indicate non-significant differences between relative

expression levels of different groups of samples.
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The expression level of THBP in hepatopancreas of small (N = 22) and large

(N = 22) groups of 3-month-old shrimp was not significantly (P > 0.05, Figure

3.59A). Similarly, the expression levels of EGF in shrimp carrying different SSCP

(SNP) genotypes were not significantly different (P > 0.05, Figure 3.59B).
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Figure 3.59 Histograms: showing the relative expression levels of THBP in

hepatopancreas of 3-month-old juveniles considering those exhibiting 16% from the

top (large) and bottom (small) of the body weight (A) or those possessing different

SSCP genotypes (B). Expression levels were measured as the absolute copy number

of THBP mRNA (100 ng template) and normalized by that of EF-/a mRNA (10 ng

template). The same letters indicate non-significant differences between relative

expression levels of different groups of samples.



CHAPTER IV

DISCUSSION

Genes significantly matched growth- and reproduction related genes were
chosen for association analysis between their-polymorphism and the body weight of
juveniles or GSI of domesticated broodstock of P. monodon, respectively. SSCP is
favored for examining genetic-diversity of various species owing to its convenience
and cost effectiveness (Orita et al., 1989). Previously, SNPin the coding sequence of
the bovine transferrin gene: was reported. Two alleles (SSCP1 and SSCP2) were
detected and the mutation point was identified and confirmed by direct sequencing of
the amplified gene segment. The relationship between deduced proteins and DNA
polymorphism was_established. Protein variants A, D1 and E correspond to SSCP
allele 1 and a wariant D2 corresponds to SSCP allele 2. DNA sequences from
genotypes AA, AE, AD2, DIE, D2E and D2D?2 reveal an A/G substitution at position
1455 of the cDNA which causes a Gly/Glu substitution. Identification of multiple
variants suggested that other SNPs also exist in the bovine transferrin gene (Laurent

and Rodellar, 2001).

No validated marker linked to performance and production traits has been
identified in penaeid shrimp up to date. Recently, a genetic linkage map of a full-sib
F2 intercross family of M. japonicus was constructed for-identification of QTL
influencing growth (weight, total length, and carapace length) using AFLP analysis. A
homologue of gene encoding the elongation of very long chain fatty acids-like
(ELOVL) protein family resided within the QTL peak was cloned and-sequenced.
Howeyver, association between SNP and growth rates or expression levels ‘of this gene

has not been examined (Lyons ef al.,2007).

The fundamental controls of growth in P. monodon have not been reported.
Several gene homologues encoding vertebrate-like growth factors'(e.g. growth factor
receptor bound protein and endothelial cell growth factor 1) and cell cycle regulating

proteins (e.g. cyclin A, cyclin dependent kinase 1 and cell division cycle 2) were
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identified and characterized by EST analysis (Preechaphol er al., 2007; Leelatanawit
et al., 2009).

Likewise, several reproduction-related genes (e.g. profilin, ubiquitin-
conjugating enzyme, egalitarian CG4051-PA isoform 1, cofilin/actin-depolymerizing
factor homolog, checkpoint kinase 1 and serine/threonine-protein kinase LATSI)
were also found from EST analysis of ovarian- cDNA libraries of P. monodon
(Preechaphol, 2008). However, correlation between SNP in growth- and reproduction-
related genes and commercial important phenotypes has not been reported in this

species.

In this study, polymorphism at the 5'UTR and exon (and intron) of various
genes in P. monodon was examined. Correlations between genotypes (SNP through
SSCP patterns) and phenotypes of juveniles or domesticated broodstock were
searched and, if it is significant, possibly applied for selective breeding programs of

P. monodon.

Identification of polymorphic SNP in reproduction-related genes of P.

monodon and association analysis

The 5'UTR of LTB4DH (767 bp) and NASP (670 bp) of P. monodon were
successfully identified by genome walking analysis. Polymorphism of the amplified

5'UTR segments of these reproduction-related genes was examined by SSCP analysis.

NASP was monomorphic in 14-month-old shrimp but two SSCP genotypes (A
and B for which their sequences were different by several SNP positions). Association
between SNP by SSCP genotypes of LTB4DH and GSI values (<0.5, N = 6; 0.5-1.0,
of N =12 and >1.0%, of N = 12) of domesticated P. monodon (14-month-old with the
average body weight of 87.32 + 12.47 g, N = 66). Nevertheless, SSCP genotypes of
LTB4DH and the GSI values of broodstock-sized shrimp were not significant (P >
0.05).

Several publications revealed  significant association ‘of "SNP (and SSCP
patterns) at the 5'UTR and phenotypes (e.g. growth rates) and/or levels of gene

expression. Morganti et al., (2005) reported relationships between promoter
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polymorphism in the thymidylate synthase gene and mRNA levels in colorectal

cancer.

Aoki-Suzuki et al., (2005) revealed specific haplotypes encompassing
alternatively spiced exons of the nitrin-Gl1 (NTNGI) were associated with
schizophrenia. The mRNA of different isoforms was significantly different between
schizophrenic and control brains. An association between NTNG2 and schizophrenia

was also observed with SNP and haplotypes of the S'UTR.

Liang et al.;(2005) studied polymorphism of 5’ flanking region in chicken
prolactin (cPRL) and provided the possibility. that polymorphic SNP site might be
related to the broodiness in chickens via modulating the transcriptional level of cPRL.
The dissociation among cPRL gene transcription, mRNA storage and hormone was

observed.

Trakooljul ef al., (2004) showed that the androgen receptor (AR) was highly
polymorphic and polymorphism affect the predicted amino acid sequence and the
transcription factor binding sites and are associated with allele-specific differences of

the AR mRNA transcript level in liver of the porcine.

Villette et al., (2002) studied SNP in the 3’UTR of membrane associated
phospholipid hydroperoxide glutathione peroxidase (GPX4) of human. SNP was
identified as a'C/T variation at the 718" position. Individuals of different genotypes
exhibited significant differences in the level of lymphocyte 5-lipoxygenase total
products, with Cy;3 showing increase levels of those products compared to T7;g and
T/C718 (36% “and 44% increases, respectively). This suggests that SNP;;3 has
functional effects and support the hypothesis that GPX4 plays a regulatory role in

leukotriene biosynthesis.

Therefore, the correlation between SSCP genotypes of NASP and LTB4DH
and its expression levels in ovaries of cultured 14 months olds shrimp (phenotype)

was subsequently examined by quantitative real-time PCR.

Generally, the efficiency to detect single-base substitutions by SSCP was
approximately 80% of those verified by DNA sequencing (Shastry, 2002). Therefore,
SNP in polymorphic SSCP patterns A and B of LTB4DH were examined by
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sequencing of the amplified PCR products and cloned PCR products. Like results
previously reported by Buaklin (2005), the level of sequencing errors by direct
sequencing of the PCR products was far greater than the cloned fragments. Therefore,
SSCP is suitable for screening of the target gene segments and polymorphism
between SSCP genotypes of genes exhibiting significant association with an
interesting phenotype (s) should be verified by sequencing of the cloned gene

segments.

Association analysis between SNP through SSCP patterns of growth-
related genes and the body weight of P. monodon

Recently, correlations’ ‘between SNPs in the actin and crustacean
hyperglycemic_hormone (CHH) genes with individual growth performance in the
giant freshwater prawn (Macrobrachium rosenbergii) were examined by DNA
sequencing. Thirty SNPs were detected in the actin and CHH genes in broodstock of
three M. rosenbergii strains (Dong Nai, Mekong, and Hawaiian) and their offspring.
A preliminary study that evaluated all SNPs suggested an association between SNPs
in intron 3 of the CHH gene and individual growth performance. A larger number of
offspring (N = 243) then were genotyped and tested for the associations between
SNPs in intron 3 and individual growth performance. Four intronic SNPs were
associated significantly with growth traits (body weight, carapace length, and standard
length). Of these, CH3-2402 and CH3-2561 were highly correlated with all three
traits, while CH3-2407 and CH3-2409 were correlated significantly only with body
weight. A further haplotype-trait association analysis confirmed that these four SNP
markers were_in linkage disequilibrium, and the specific _haplotype TGAA had
significant associations with high growth (P < 0.01). The findings indicate the
possibility to developing improved culture lines of M. rosenbergii (Thanh et al.,

2010).

A particular gene product may have multiple. functions in physiological
processes..Recently, polymorphism of an ATP-dependent DNA helicase gene; RuvB-
like 2'in correlated with body weight and its expression during ovarian development
of the giant tiger shrimp (Penaeus monodon) was examined. The full length cDNA of
P. monodon RuvB-like 2 (Pm-RuvBL2) was 3791 bp in length containing an ORF of
1395 bp corresponding to a polypeptide of 464 amino acids. Polymorphism of the
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amplified Pm-RuvBL2 gene segment (484 bp containing an intron of 259 bp) was
initially examined in wild P. monodon (N = 15) by single strand conformational
polymorphism (SSCP) analysis. Subsequently, correlation between Pm-RuvBL2
genotypes and the body weight of P. monodon was tested using commercially
cultivated shrimp from the same pond (approximately 3 months old, average BW =
17.39 £4.36 g, N = 359). Disregarding sexes, the body weight of shrimp carrying
genotypes A (average BW = 19.277 +3.640 g,N = 37) and B (average BW = 19.293
+4.548 g, N = 79) was significantly greater than that of shrimp carrying C (average
BW = 16.528 £3.847 ¢, N =93) and D (average BW = 16.365 £4.378 g, N = 124)
genotypes. One exonic (G-Agy) and two intronic (A-Tj9s and G-Trsg) SNPs
corresponding to ATG, A[T/A]JG, GAG and GAT for respective SSCP genotypes
were found. Pm-RuvBL2 was more abundantly expressed in ovaries than testes and
other tissues of P..monadon broodstock (P < 0.05). The relative expression levels of
Pm-RuvBL?2 in ovaries of juvenile shrimp carrying different SSCP genotypes were not
significantly different (£ < 0.05). Interestingly, expression of Pm-RuvBL2 in ovaries
of P. monodon juveniles was significantly up-regulated upon 5-HT administration (50
pg/g body weight, P < 0.05). The expression level of Pm-RuvBL2 in ovaries of
broodstock was greater than that of juvenile shrimp (P < 0.05). Results critically
suggested that Pm-RuvBL2 should play an important role in growth and reproduction
of P. monodon (Prasertlux-et al., 2010).

It is not possible to obtain single-parent families of P. monodon that have been
domesticated~ for several generations at present. Accordingly, juvenile and
broodstock-sized P. monodon was collected from the early generation of domesticated
shrimp with unknown pedigrees. Microsatellite analysis indicated that 14-month-old
shrimp used:in this study was established from a single pair of parents but 3-month-
old shrimp were compeosed of a few genetically related families. Therefore, the power
of the test for identification of growth-related markers in juvenile P. monodon was
reduced due to the discontinuous distribution of the'body weight among different

shrimp families.

In this study, correlation between SNP through SSCP genotypes and the body
weight the cultured juvenile P. monodon (3 months old shrimp, the average body

weight of 13.32 £ 2.43 g, N = 340) were examined. Initially, only shrimp exhibiting
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approximately 16% from the top (N = 54, the average body weight of 16.78 + 2.23 g)
and the bottom (N = 56, the average body weight of 10.43 + 1.08 g) according to the

body weight were examined.

THBP and EGF were polymorphic whereas DDPG and I[IDE were
monomorphic. Correlation of SNP through SSCP of THBP and EGF and the body
weight of 340 juvenile individuals were examined. Significant result was observed in
THBP (P < 0.05) butnot in EGF (P > 0.05). It should be noted that the average body
weight of shrimp carrying SSCP genotype A and B of EGF seem to be different but

non-significant resulted were form large standard deviation with each group.

Eight SNP positions (A — Tsg, T — Ci37, G — Ajag, A — G306, A — G312, T
— C330, A = Gyp and A — Gyoq) were unambiguously differentiated 4 SSCP
genotypes of THBP. Likewise, two SNP positions (A — Cs; and C — Ays) were
unambiguously differentiated 2 SSCP genotypes of EGF.

Recently, the full length ¢cDNA of P. monodon cellular thyroid hormone-
binding protein was successfully characterized. It was 2220 bp in length composing
of an ORF of 1506 bp corresponding to a polypeptide of 501 amino acids and the 5’
and 3'UTRs of 71 and 643 bp, respectively (Preechaphol, 2008).

Analysis of gene-based SNP is one of the efficient approaches for discovery of
genes which are significantly contributed in complex traits of P..monodon. Although
larger sample sizes are required for association analysis of SNP in functional
important genes and age-specific growth rates, this preliminary study demonstrated
the possibilityto a lovus responding for quantitative traits of P. monodon where the
information on correlations of genotypes and phenotypes through genetic linkage

maps in this species are not available at present.

However, P. monodon has not yet domesticated therefore specimens from the
same families and/or lineages are not available at present. Screening of various gene
homologues were then carried out using juvenile and broodstock-sized shrimp from a
few families cultured in the same cultured environments. Therefore, correlation
between SNP in the THBP gene and protein and age-specific growth rates of P.

monodon should be confirmed using a growth-selected stock.
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In addition, the correlation between SSCP genotypes of THBP, EGF DDPG
and IDE and its expression levels in ovaries of cultured 3-month-old shrimp

(phenotype) was subsequently examined by quantitative real-time PCR.

Characterization of the cDNA sequence of insulin degrading enzyme (IDE)

of P. monodon

Insulin degrading enzyme (IDE) also kmown as insulysin, is a zinc
metalloprotease first described based on its ability to cleave insulin. Mutations in /IDE
are linked to a type Il diabetic phenotype in the GK rat. In addition /DE has been
shown to play a key role in Alzheimer’s disease in that it is one of the major enzymes

responsible for amyloid 3 peptide (AP) clearance in the brain (Song et al., 2010).

Several different transcripts of the IDE gene have been reported in different
organisms and different tissues, suggesting that multiple proteins may be produced by
this gene and it may be differentially expressed and developmentally regulated. In rat,
two transcripts of 3.7 and 5.5 kb were found in various tissues, consistent with other
studies and consistent with the production of at least two IDE-related proteins but
three different transcripts were found in testis (3.7, 4.1, and 6.1 kb). The 4.1- and 6.1-
kb transcripts correlated” with testis-specific gene  activation and sperm cell
differentiation, supporting -a role for IDE-related proteins in differentiation and

development in specific tissues (Baumeister et al., 1993).

The partial cDNA sequences of IDE combined from EST and RACE-PCR
sequences was 3269 bp in length containing an ORF of 2727 bp corresponding to 908
amino acids and significantly matched insulin degrading enzymes of the zebrafish
(Danio rerio) with the E-value of 0.0. Although the full length cDNA of P. monodon
IDE was not successfully characterized, SNP in this gene could be further determined
and tested for correlation with its expression levels in fast-and slow-growing juveniles

cultured in the same pond.

Association analysis between SNP through SSCP patterns of functionally

important genes of P. monodon and their expression levels

Correlation between expression levels of NASP in ovaries of 14 months old

shrimp in shrimp exhibiting different GSI values; group I (< 0.5, N = 6), group 1I (0.5
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- 1.0, N=12) and group III (> 1.0, N = 12) were not significantly different (P > 0.05).
In contrast, the expression level of LTB4DH in ovaries of group II shrimp was greater
that that of group I (P < 0.05) but not significantly different from that of group III
shrimp (P > 0.05).

LTB4DH is the key enzymes responsible for biological inactivation of
prostaglandins and related eicosanoids. Prasertlux (2006) identified and characterized
LTB4DH of P. monodon. The full length cDNA of LTB4DH was 2485 bp in length
with the ORF of 1038 bp encoding a polypeptide of 345 amino acids. LTB4DH was
preferentially expressed in-ovaries than testes of P. monodon broodstock. Expression
of LTB4DH in ovaries of normal P. monodon broodstock was temporally lowered at
the stage II (vitellogenic stage, P < 0.05), returned to the normal level at the stage 111
(early cortical tod stage, P> 0.05) and significantly down-regulated again at the stage
IV of ovarian development (mature stage, P. < 0.05). In eyestalk-ablated female
broodstock, LTB4DH was significantly up-regulated at the stage IV of ovarian
development (P < 0.05). More importantly, relative expression levels of LTB4DH in
each ovarian stage of eyestalk-ablated females were lower than those in normal P.
monodon females (P < 0.05). This strongly suggested that eyestalk ablation
potentially suppresses expression of LTB4DH possible leading to the activation of

prostaglandins and related eicosanoids during ovarian maturation of P. monodon.

The expression levels of IDE, EGF and THBP in hepatopancreas of fast- (N =
22) and slow-growing (N = 22) 3-month-old juveniles were not significantly (P >
0.05). Non-significantly different levels of these transcripts suggested that the steady
state amounts_of these mRNA may be sufficient to maintain their translations in
hepatopancreas of P..monodon. It is interesting.to further examined the correlation
between' SNP and the expression level of IDE, EGF and THBP proteins in the

appropriate sample set'of P. monodon.

The information on genome-wide sequences is important for a large scale
studies about correlations between genotypes and commercially important phenotypes
in shrimp. A large number of gene homologues in P. monodon identified by an EST
approach (Tassanakajon et al., 2006; Preechaphol et al., 2007; Leelatanawit et al.,
2009) provide gene catalogues for further polymorphic studies of SNPs and indels in

EST-derived markers. The availability of appropriate families with a particular
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selected trait of domesticated P. monodon will allow the direct application of

phenotype-associated SNPs to assist genetic selection of this economically important

Wy

species.
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CHAPTER V

CONCLUSIONS

1. 5'UTR of NASP (670 bp) and LTB4DH (767 bp) was successfully identified by
genome walking analysis. In addition, the partial eDNA sequence of IDE was further
identified by 3'RACE-PCR and it was 3269 bp in length containing an ORF of 2727

bp correspondingto 908 amino.acids.

2. Nucleotide polymorphism in reproduction-related genes (NASP and LTB4DH) was
examined by SSCP analysis against genomic DNA of 14-month-old P. monodon (N =
66). NASP was monomeorphic whereas 2-SSCP patterns were observed in LTB4DH.
DNA sequencing revealed that these SSCP genotypes could be differentiated by 7
SNPs and 3 indels. For nucleotide polymorphism in growth-related genes (DDPG,
IDE, EGF and THBP), only one SSCP pattern was found in DDPG and IDE (N =
110). In contrast, two and four patterns were observed in EGF and THBP,
respectively (N = 340). Two and eight SNPs were found between different genotypes

of these gene segments, respectively.

3. Association between SNP through SSCP genotypes of L7B4DH and the GSI values
of 14-month-old P. monodon (N = 66) was determined. Non-significant correlation

between genotypes and a phenotype was observed (P > 0.05).

4. Association between SNP through SSCP genotypes of EGF and THBP and the
body weight of the demesticated juvenile P..monodon was determined (N = 340).

Significant correlation between genotypes and phenotype was observed in THBP (P <

0.05) but not in EGF (P > 0.05).

5. The expression levels of NASP in ovaries of 14-month-old shrimp exhibiting
different GSIwvalues were not significantly different (P > 0.05). In contrast, LTB4DH
in ovaries of group Il (GST'= 0.5-1.0%, N = 12) was significantly greater than that of
group I (GSI < 0.5%, N = 6; P < 0.05) but not different from that of group III (GSI >
1.0%, N = 12; P > 0.05) shrimp. However, the expression levels of ovarian LTB4DH
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in shrimp exhibiting SSCP genotypes A and B were not significantly different (P >
0.05).

6. The expression levels of IDE, EGF and THBP in hepatopancreas of 3-month-old

slow (small, N = 22) growth rates were not

, the expression levels of these genes in
//g't_ SSCP genotypes were not

shrimp exhibiting fast (large, N =2
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Table A1 Raw data of 3-month-old shrimp of P. monodon and SSCP genotypes of growth related genes.

APPENDIX A

. Length \ SSCP genotypes
No. Name Sex Weight (g) (el Size THBP DDPG IDE EGF

1 BUMO3-001 F 16.23 13.0 medium A - - B
2 BUMO03-002 F 14.96 14.0 medium A - - A
3 BUMO03-003 F 16.54 13.1 medium D - - A
4 BUMO03-004 F 11.31 11.0 small A A A A
5 BUMO03-005 F 12.03 11.5 small A A A A
6 BUMO03-006 F 13.76 12.2 medium D - - A
7 BUMO03-007 F 16.90 13.0 medium A - - A
8 BUMO03-008 F 16.28 12.8 medium D - - A
9 BUMO03-009 F 13.61 L medium D - - A
10 BUMO3-010 F 11.70 i small B A A A
11 BUMO3-011 F 14.43 12.2 medium - - - -
12 BUMO03-012 F 12.00 oty small D A A A
13 BUMO03-013 F 10.12 11.0 small C A A A
14 BUMO03-014 F 15.18 12.5 medium A - - B
15 BUMO03-015 F 13.39 12.0 medium A - B
16 BUMO03-016 F 12.93 11.8 medium C - - B
17 BUMO03-017 F 17.88 13.0 large i« A A A
18 BUMO03-018 F 12.00 11.5 medium D - - A
19 BUMO03-019 F 17.31 13.0 large A A A A
20 BUMO03-020 F 12.30 11.7 medium A - - A
21 BUMO03-021 F 17.88 13.0 large C A A A
22 BUMO03-022 F 13.17 12.0 medium C - - A
23 BUMO03-023 F 16.90 13.0 large A A A A
24 BUMO03-024 | 16.83 13.0 medium A - - A
25 BUMO03-025 F 16.63 12.7 medium o - - B
26 BUMO03-026 B 12.68 11.8 medium A - A
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Table A1 (Cont.)

. Length \ SSCP genotypes
No. Name Sex Weight (g) (ot Size THBP DDPG IDE EGF
27 BUMO03-027 F 11.64 114 small A A A A
28 BUMO03-028 F 16.05 175 medium A - - B
29 BUMO03-029 F 13.94 28 medium C - - B
30 BUMO03-030 F 11.03 1183 small D A A A
31 BUMO03-031 F 11.20 11.3 small D A A A
32 BUMO03-032 F 15.34 12.4 medium D - - A
33 BUMO03-033 F 17.90 13.0 large A A A A
34 BUMO03-034 F 17.51 13.0 large D A A A
35 BUMO03-035 F L1485 11.4 small D A A A
36 BUMO03-036 F 14.21 12.1 medium A - - A
37 BUMO03-037 F 12.31 N medium D - - A
38 BUMO03-038 F 11.96 11.6 small A A A A
39 BUMO03-039 F 11.02 L2 small D A A A
40 BUMO03-040 F 15.18 12.7 medium C - - A
41 BUMO03-041 F 15.45 12.6 medium C - - A
42 BUMO03-042 F 24.33 14.1 large C A A A
43 BUMO03-043 F 15.47 i24%) medium D - - A
44 BUMO03-044 F 16.91 13.5 large A A A A
45 BUMO03-045 F 16.85 13.0 large C A A A
46 BUMO03-046 F 15.37 12.5 medium @« - - A
47 BUMO03-047 F 14.16 12.3 medium A - - A
48 BUMO03-048 F 15.21 12.4 medium D - - A
49 BUMO03-049 F 14.91 12.3 medium € - - A
50 BUMO03-050 F 13.34 119 medium B - - A
51 BUMO3-051 F 15.64 12.5 medium D - - A
52 BUMO03-052 F 13.12 11.7 medium D - - A
53 BUMO03-053 F 11.82 11.5 small D A A A
54 BUMO03-054 B 11.77 11.3 small G A A B
55 BUMO03-055 B 745 10.0 small D A A A
56 BUMO03-056 B 13.15 12.0 medium D - - A
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Table A1 (Cont.)

. Length \ SSCP genotypes
No. Name Sex Weight (g) (ot Size THBP DDPG IDE EGF
57 BUMO03-057 F 11.24 114 small A A A A
58 BUMO03-058 F 14.00 12.0 medium C - - A
59 BUMO03-059 F 14.16 12.3 medium D - - A
60 BUMO03-060 F 16.23 12.9 medium C - - A
61 BUMO03-061 F 13.44 12.1 medium & - - A
62 BUMO03-062 F 18.93 13.0 large C A A A
63 BUMO03-063 F 14.03 1233 medium € - - A
64 BUMO03-064 F 13.30 12.0 medium D - - B
65 BUMO03-065 F 15.07 12.5 medium C - - B
66 BUMO03-066 F 14.88 12.5 medium A - - A
67 BUMO03-067 F 12.14 11.8 medium C - - A
68 BUMO03-068 F 13.76 1253 medium C - - B
69 BUMO03-069 F 13.71 12.0 medium D - - A
70 BUMO03-070 F 13.99 12.0 medium A - - B
71 BUMO03-071 F 12.06 11.6 medium D - - B
72 BUMO03-072 F 8.77 10.5 small D A A A
73 BUMO03-073 F 13.03 12.0 medium A - - A
74 BUMO03-074 F 23.47 14.5 large A A A A
75 BUMO03-075 F 20.45 13.6 large C A A A
76 BUMO03-076 F 15.23 12.4 medium A - - A
77 BUMO03-077 F 14.09 12.5 medium i - - B
78 BUMO03-078 F 15.46 12.0 medium D - - A
79 BUMO03-079 F .74 11.6 small A A A
80 BUMO03-080 F 13.65 11.8 medium D - - A
81 BUMO3-081 F 14.05 12.1 medium A - - A
82 BUMO03-082 F 13.60 11.9 medium D - - A
83 BUMO03-083 F 11.88 12.0 small D A A A
84 BUMO03-084 E 12.40 11.9 medium D - - A
85 BUMO03-085 ) 13.72 12.1 medium A - - A
86 BUMO03-086 F 13.30 12.0 medium D - - A
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Table A1 (Cont.)

. Length \ SSCP genotypes
No. Name Sex Weight (g) (ot Size THBP DDPG IDE EGF
87 BUMO03-087 F 13.92 12.0 medium C - - B
88 BUMO03-088 F 12.10 11.6 medium D - - A
89 BUMO03-089 F 12.71 11.6 medium C - - B
90 BUMO03-090 F 11.69 11¥5 small C A A B
91 BUMO03-091 F 16.00 1.5 medium D - - A
92 BUMO03-092 F 13.30 12.0 medium A - - A
93 BUMO03-093 F 11.86 11.6 small A A A A
94 BUMO03-094 F 16.64 13.1 medium A - - A
95 BUMO03-095 F 13.07 11.8 medium C - - B
96 BUMO03-096 F 14.92 12.3 medium A - - A
97 BUMO03-097 F 15.36 9 medium C - - A
98 BUMO03-098 F 12.90 11.9 medium A - - A
99 BUMO03-099 F 12.78 11.6 medium D - - A
100 BUMO3-100 F 12.22 11.9 medium A - - B
101 BUMO3-101 F 17.10 13.0 large C A A A
102 BUMO03-102 F 11.82 11.7 small D A A A
103 BUMO03-103 F 11.68 114 small C A A B
104 BUMO03-104 F 11.73 15 small D A A A
105 BUMO3-105 F 14.22 12.4 medium D - - A
106 BUMO03-106 F 14.56 12.5 medium D - - A
107 BUMO3-107 F 10.50 11.1 small D A A A
108 BUMO3-108 F 12.40 11.8 medium D - - A
109 BUMO3-109 F 18.44 13.4 large D A A A
110 BUMO03-110 F 14.52 12.3 medium A - - A
111 BUMO3-111 F 11.74 11.5 small A A A B
112 BUMO03-112 F 12.95 11.9 medium D - - A
113 BUMO3-113 F 17.33 13.2 large C A A B
114 BUMO3-114 B 18.30 13.3 large G A A B
115 BUMO3-115 B 15.91 13.0 medium D - - A
116 BUMO3-116 B 16.17 13.0 medium i - - A
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Table A1 (Cont.)

. Length \ SSCP genotypes
No. Name Sex Weight (g) (ot Size THBP DDPG IDE EGF
117 BUMO03-117 F 16.28 12.8 medium C - - B
118 BUMO3-118 F 21.02 13.6 large C A A A
119 BUMO3-119 F 19.19 134 large A A A A
120 BUMO03-120 F 18.14 13.0 large C A A A
121 BUMO03-121 F 17.18 12.9 large D A A A
122 BUMO03-122 F 18.34 13.1 large C A A A
123 BUMO3-123 F 17.18 1351 large D A A A
124 BUMO03-124 F 16.06 12.5 medium ¢ - - B
125 BUMO3-125 F 17.15 12.8 large @ A A B
126 BUMO03-126 F 13.54 11.8 medium A - - A
127 BUMO03-127 F 15.53 12.8 medium D - - A
128 BUMO3-128 F 15.75 12.6 medium D - - A
129 BUMO03-129 F 13.36 12.0 medium A - - A
130 BUMO03-130 F 12.61 11.8 medium D - - A
131 BUMO3-131 F 16.51 13.0 medium C - - A
132 BUMO03-132 F 13.46 12.0 medium D - - A
133 BUMO03-133 F 15.95 i24%) medium C - - A
134 BUMO03-134 F 18.25 13.5 large A A A B
135 BUMO3-135 F 15.75 12.6 medium A - - B
136 BUMO03-136 F 15.30 12.3 medium @« - - A
137 BUMO3-137 F 13.48 124 medium A - - A
138 BUMO3-138 F 15.34 12.3 medium A - - B
139 BUMO03-139 F 14.97 12.5 medium A - - A
140 BUMO03-140 F 17.34 132 large A A A B
141 BUMO03-141 F 15.39 12.8 medium A - - A
142 BUMO03-142 F 12.68 11.9 medium D - - A
143 BUMO03-143 F 14.08 12.5 medium D - - B
144 BUMO3-144 B iI'S. 12.3 medium G - - A
145 BUMO3-145 B 15.77 13.0 medium A - - A
146 BUMO03-146 B 13.55 12.1 medium A - - A
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Table A1 (Cont.)

. Length \ SSCP genotypes
No. Name Sex Weight (g) (ot Size THBP DDPG IDE EGF
147 BUMO03-147 F 16.03 12.8 medium A - - A
148 BUMO3-148 F 15.38 13.0 medium A - - B
149 BUMO3-149 F 15.06 12.7 medium A - - A
150 BUMO03-150 F 13.16 12.0 medium D - - A
151 BUMO3-151 M 11.28 12.8 medium & - - A
152 BUMO03-152 M 14.73 12.3 large C A A A
153 BUMO3-153 M 10.99 1235 medium D - - B
154 BUMO03-154 M 10.53 11.6 medium © - - A
155 BUMO3-155 M 12.45 11.8 medium D - - A
156 BUMO3-156 M 12.46 11.8 medium A - - A
157 BUMO3-157 M 12.50 11.8 medium A - - A
158 BUMO3-158 M 14.78 12% large C A A A
159 BUMO3-159 M 12.05 11.8 medium A - - A
160 BUMO03-160 M 9.60 10.9 medium C - - A
161 BUMO3-161 M 16.88 | o large A A A A
162 BUMO03-162 M 9.99 112 small D A A A
163 BUMO3-163 M 13.64 i24'8} medium A - - B
164 BUMO3-164 M 15.27 12.6 large A A A A
165 BUMO3-165 M 14.61 12.7 large A A A A
166 BUMO03-166 M 12.08 11.8 medium A - - B
167 BUMO3-167 M 12.00 11.8 medium = - - B
168 BUMO3-168 M L9 11.6 medium A - - A
169 BUMO3-169 M 12.42 12.0 medium A - - A
170 BUMO03-170 M 13.83 122 medium D - - A
171 BUMO03-171 M 15.29 12.8 medium D - - A
172 BUMO03-172 M 14.50 12.3 large A A A A
173 BUMO3-173 M 14.55 12.5 large C A A A
174 BUMO3-174 M 15.19 12.3 large G A A A
175 BUMO3-175 M 14.18 12.5 large D A A A
176 BUMO03-176 M 14.46 12.5 large A A A A
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Table A1 (Cont.)

. Length \ SSCP genotypes
No. Name Sex Weight (g) (ot Size THBP DDPG IDE EGF
177 BUMO03-177 M 10.47 11.2 small C A A A
178 BUMO3-178 M 10.68 132 medium D - - A
179 BUMO3-179 M 9.98 11.1 small D A A A
180 BUMO03-180 M 14.20 12.2 large A A A A
181 BUMO03-181 M 11.65 11.6 medium D - - A
182 BUMO03-182 M 14.65 12.5 large D A A A
183 BUMO3-183 M 12.96 12.0 medium D - - A
184 BUMO03-184 M 13.86 12.0 medium ¢ - - B
185 BUMO3-185 M 9.37 11.0 small B A A A
186 BUMO3-186 M 12.72 11.9 medium D - - B
187 BUMO3-187 M 11.58 11.8 medium A - - A
188 BUMO3-188 M 11.31 115 medium D - - A
189 BUMO3-189 M 10.91 LigS medium D - - B
190 BUMO03-190 M 10.84 =3 medium A - - B
191 BUMO3-191 M 12.58 12.0 medium A - - B
192 BUMO03-192 M 12.50 12.1 medium C - - A
193 BUMO03-193 M 11.41 I1Fe) medium D - - B
194 BUMO03-194 M 10.44 12 small D A A A
195 BUMO3-195 M 13.50 12.3 medium D - - A
196 BUMO03-196 M 16.54 13.0 large C A A A
197 BUMO03-197 M 9.90 10.9 small C A A A
198 BUMO3-198 M 10.31 11.3 small D A A A
199 BUMO3-199 M 11.02 11.4 medium D - - A
200 BUMO03-200 M 14.34 122 large {0 A A A
201 BUMO03-201 M 14.00 12.0 medium A - - B
202 BUMO03-202 M 11.84 11.8 medium D - - A
203 BUMO03-203 M 13.08 12.1 medium D - A
204 BUMO03-204 M 11.80 11.8 medium G - - A
205 BUMO03-205 M 11.09 11.4 medium C - - B
206 BUMO03-206 M 14.18 12.1 medium D - - A

(43!

132



Table A1 (Cont.)

. Length \ SSCP genotypes
No. Name Sex Weight (g) (ot Size THBP DDPG IDE EGF
207 BUMO03-207 M 11.18 11.6 medium A - - B
208 BUMO03-208 M 13.10 12.0 medium A - - B
209 BUMO03-209 M 10.90 4 medium D - - A
210 BUMO03-210 M 11.05 11¥5 medium A - - B
211 BUMO03-211 M 12.70 11.9 medium A - - A
212 BUMO03-212 M 13.75 12.0 medium C - - A
213 BUMO03-213 M 9.49 10.7 small D A A A
214 BUMO03-214 M 10.70 11.6 medium ¢ - - B
215 BUMO3-215 M 14.16 12.3 medium D - - A
216 BUMO3-216 M 11.11 11.5 medium C - - B
217 BUMO03-217 M 14.56 %) large D A A A
218 BUMO3-218 M 13.10 124 medium C - - B
219 BUMO3-219 M 9.75 11.0 small D A A A
220 BUMO03-220 M 11.71 11.8 medium D - - A
221 BUMO03-221 M 12.50 119 medium A - - A
222 BUMO03-222 M 12.85 12.0 medium D - - A
223 BUMO03-223 M 10.18 11.0 small C A A A
224 BUMO03-224 M 12.92 JekeB medium A - - A
225 BUMO03-225 M 12.26 11.9 medium D - - A
226 BUMO03-226 M 12.70 11.8 medium D - - A
227 BUMO03-227 M 13.31 12.1 medium D - - A
228 BUMO03-228 M L9 11.5 medium (@ - - B
229 BUMO03-229 M 14.65 12.4 large D A A A
230 BUMO03-230 M 11.45 114 medium D - - A
231 BUMO03-231 M 14.90 12.4 large A A A A
232 BUMO03-232 M 12.51 11.9 medium C - - A
233 BUMO03-233 M 11.70 11.7 medium D - - A
234 BUMO03-234 M 12.25 1.9 medium A - - B
235 BUMO03-235 M 14.88 12.6 large A A A B
236 BUMO03-236 M 14.28 12.3 large A A A B
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Table A1 (Cont.)

. Length \ SSCP genotypes
No. Name Sex Weight (g) (ot Size THBP DDPG IDE EGF
237 BUMO03-237 M 10.60 114 medium A - - A
238 BUMO03-238 M 13.28 1272 medium D - - A
239 BUMO03-239 M 10.00 11.0 small D A A A
240 BUMO03-240 M 8.96 10.6 small C A A A
241 BUMO03-241 M 11.65 11.8 medium A - - A
242 BUMO03-242 M 11.83 11.6 medium D - - A
243 BUMO03-243 M 9.80 10.9 small A A A A
244 BUMO03-244 M 10.51 11.3 small A A A A
245 BUMO03-245 M 13.15 12.1 medium D - - A
246 BUMO03-246 M 9.26 10.8 small A A A B
247 BUMO03-247 M 15.33 %) medium C - - A
248 BUMO03-248 M 10.55 11.2 medium A - - A
249 BUMO03-249 M 9.10 10.8 small C A A B
250 BUMO03-250 M 14.75 123 large C A A A
251 BUMO03-251 M 14.82 12:5 large A A A A
252 BUMO03-252 M 10.94 11.0 medium A - - B
253 BUMO03-253 M 16.89 13.0 large A A A A
254 BUMO03-254 M 13.91 124 medium D - - A
255 BUMO03-255 M 12.49 11.8 medium A - A
256 BUMO03-256 M 13.99 12.2 medium & - - A
257 BUMO03-257 M 12.02 11.9 medium A - - A
258 BUMO03-258 M 12.89 11.9 medium A - - B
259 BUMO03-259 M 11.99 11.8 medium D - - A
260 BUMO03-260 M 10.91 11.5 medium A - - A
261 BUMO03-261 M 11.82 11.8 medium D - - A
262 BUMO03-262 M 8.63 10.4 small A A A A
263 BUMO03-263 M 14.21 12.2 large D A A A
264 BUMO03-264 M 11.77 11.7 medium G - - A
265 BUMO03-265 M 11.45 11.6 medium A - - A
266 BUMO03-266 M 12.93 12.1 medium D - - A
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Table A1 (Cont.)

. Length \ SSCP genotypes
No. Name Sex Weight (g) (ot Size THBP DDPG IDE EGF
267 BUMO03-267 M 11.18 1) medium D - - A
268 BUMO03-268 M 11.45 11.6 medium D - - A
269 BUMO03-269 M 15.45 12.8 large C A A A
270 BUMO03-270 M 12.81 12.0 medium C - - B
271 BUMO03-271 M 13.10 11.9 medium A - - A
272 BUMO03-272 M 9.76 11.0 small A A A A
273 BUMO03-273 M 10.10 11.1 small D A A A
274 BUMO03-274 M 12.70 11.8 medium ¢ - - B
275 BUMO03-275 M 13.05 12.0 medium D - - A
276 BUMO03-276 M 14.31 12.4 large e A A A
277 BUMO03-277 M 10.08 11.0 small D A A A
278 BUMO03-278 M 11.62 11§ medium C - - A
279 BUMO03-279 M 10.31 L2 small C A A A
280 BUMO03-280 M 12.86 12.0 medium D - - A
281 BUMO3-281 M 14.05 2 medium C - A
282 BUMO03-282 M 10.75 11.3 medium D - - B
283 BUMO03-283 M 9.62 10.8 small D A A A
284 BUMO03-284 M 10.35 Lelecd small D A A A
285 BUMO03-285 M 12.80 11.2 medium - - - -
286 BUMO03-286 M 18.50 13.4 large C A A A
287 BUMO03-287 M 12.89 11.6 medium = - - A
288 BUMO03-288 M 13.54 12.0 medium A - - B
289 BUMO03-289 M 13.57 12.3 medium A - - A
290 BUMO03-290 M 12.11 11.8 medium A - - A
291 BUMO03-291 M 11.61 11.7 medium D - A
292 BUMO03-292 M 12.24 11.9 medium C - - A
293 BUMO03-293 M 11.70 11.8 medium A - - A
294 BUMO03-294 M 18.18 13.5 large D A A A
295 BUMO03-295 M 12.73 11.9 medium D - - A
296 BUMO03-296 M 8.92 10.8 small A A A B

cel

135



Table A1 (Cont.)

. Length \ SSCP genotypes
No. Name Sex Weight (g) (ot Size THBP DDPG IDE EGF
297 BUMO03-297 M 10.38 11.2 small D A A A
298 BUMO03-298 M 12.49 12.0 medium D - - A
299 BUMO03-299 M 12:19 12.0 medium D - - A
300 BUMO03-300 M 13.23 12.1 medium D - - A
301 BUMO03-301 F 13.3¢ 12.0 medium D - - A
302 BUMO03-302 F 13.35 12.0 medium B - - A
303 BUMO03-303 F 12.27 11.8 medium D - - B
304 BUMO03-304 F 11.80 11.6 medium A - - B
305 BUMO03-305 F 14.37 12.5 medium D - - A
306 BUMO03-306 F 11.08 119 medium D A
307 BUMO03-307 F 12.92 12.0 medium A - - A
308 BUMO03-308 F 12.85 11.8 medium C - - A
309 BUMO03-309 F 13.24 12.0 medium D - - A
310 BUMO3-310 F 13.92 1222 medium A - - B
311 BUMO3-311 F 12.79 114 medium C - - A
312 BUMO03-312 F 13.40 123 medium D - - B
313 BUMO03-313 F 8.67 10.5 small D A A B
314 BUMO03-314 F 13.48 11.6 medium A - - A
315 BUMO3-315 F 11.46 11.8 medium A - - A
316 BUMO03-316 F 13.30 12.3 medium A - - A
317 BUMO3-317 F 11.50 11.6 medium D - - A
318 BUMO3-318 F 13.66 12.3 medium (@ - - B
319 BUMO3-319 F 11.88 114 medium D - - A
320 BUMO03-320 F 11.74 11.5 medium D - - A
321 BUMO03-321 M 10.08 11.3 small D A A A
322 BUMO03-322 M 12.05 11.8 medium D - - A
323 BUMO03-323 M 12.08 11.7 medium A - - A
324 BUMO03-324 M 12.49 11.8 medium A - - B
325 BUMO03-325 M 13.51 12.2 medium D - - A
326 BUMO03-326 M 10.88 11.2 medium C - - A
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Table A1 (Cont.)

. Length \ SSCP genotypes
No. Name Sex Weight (g) (ot Size THBP DDPG IDE EGF
327 BUMO03-327 M 14.08 1 S medium D - - B
328 BUMO03-328 M 11.76 1F5 medium D - - A
329 BUMO03-329 M 10.94 yig medium D - - A
330 BUMO03-330 M 10.08 11¥3 small D A A B
331 BUMO03-331 M 11.92 11.6 medium A - - A
332 BUMO03-332 M 11.48 11.3 medium A - - A
333 BUMO03-333 M 11.69 11.4 medium & - - A
334 BUMO03-334 M 12.52 11.8 medium C - - A
335 BUMO03-335 M 9.27 10.8 small D A A A
336 BUMO03-336 M 9.58 10.8 small D A A A
337 BUMO03-337 M 11.23 M medium A - - B
338 BUMO03-338 M 9.81 11.0 small A A A B
339 BUMO03-339 M 12.85 12.0 medium D - - A
340 BUMO03-340 M 12.39 11.8 medium D - - A
341 BUMO03-341 M 16.38 13.0 large A A A A
342 BUMO03-342 M 17.54 13.0 large D A A A
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Table A2 Raw data of 14-month-old shrimp of P. monodon and SSCP genotypes of reproductive related genes.

. Length SSCP genotypes
No. Name Sex Weight (g) (o} Ovary (g) GSI Group I TB4DH NASP

1 BU14F-01 F 82.82 20.50 0.88 1.06 GSI-III B A
2 BU14F-02 F 82.68 21.00 1.42 s/ GSI-III A A
3 BU14F-03 F 81.02 20.70 1.20 1.48 GSI-III B A
4 BU14F-04 F 96.57 2210 a7 1.21 GSI-III A A
5 BU14F-05 F 104.66 23.70 1 1.10 GSI-III B A
6 BU14F-06 F 90.42 21.10 1.37 152 GSI-III A A
7 BU14F-07 F 89.78 21.60 0.82 0.91 GSI-II A A
8 BU14F-08 F 80.56 22.00 0.58 0.72 GSI-II A A
9 BU14F-09 F 90.32 21.50 0.71 0.79 GSI-II B A
10 BU14F-10 F 85.53 22.50 0.83 0.97 GSI-II A A
11 BUI4F-11 F 86.40 21.00 ey 1.53 GSI-IIT B A
12 BU14F-12 F 93.32 21.60 1.61 1.73 GSI-III A A
13 BU14F-13 F 76.39 20.00 0.27 0.35 GSI-I A A
14 BU14F-14 F 99.63 22440 0.84 0.84 GSI-II A A
15 BU14F-15 F 62.18 18.60 0.76 1.22 GSI-III A A
16 BUI14F-16 F 103.66 21.80 1.44 1.39 GSI-III A A
17 BUI14F-17 F 83.23 20.60 1.10 1.32 GSI-III B A
18 BU14F-18 F 67.32 19.30 0.76 1.13 GSI-III B A
19 BU14F-19 F 99.87 21.90 1.63 1.63 GSI-III B A
20 BU14F-20 F 80.20 20.60 0.94 .7 GSI-II A A
21 BUI14F-21 F 90.10 21.00 1.14 =2 GSI-III A A
22 BU14F-22 F 69.07 20.00 0.60 0.87 GSI-II A A
23 BU14F-23 F 77.01 20.40 0.39 0.51 GSI-II B A
24 BU14F-24 F 86.10 21.50 1.51 1.75 GSI-II A A
25 BU14F-25 F 85.80 21.00 0.25 0.29 GSI-I B A
26 BU14F-26 F 59.64 19.30 0.66 1.11 GSI-III B A
27 BU14F-27 F 83.64 21.00 0.37 0.44 GSI-I B A
28 BU14F-28 E 76.40 20.50 0.56 0.73 GSI-II A A
29 BU14F-29 B 96.74 22.00 0.81 0.84 GSI-II A A
30 BU14F-30 F 100.95 22.00 1.44 1.43 GSI-IIT A A
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Table A2 (Cont.)

. Length SSCP genotypes

No. Name Sex Weight (g) (o} Ovary (g) GSI Group I TB4DH NASP
31 BUI14F-31 F 89.40 21.50 0.56 0.63 GSI-II A A
32 BU14F-32 F 95.40 21.60 0.92 0.96 GSI-II B A
33 BU14F-33 F 83.21 20.50 0.37 0.44 GSI-I B A
34 BU14F-34 F 72.75 12.50 129 1.77 GSI-III A A
35 BU14F-35 F 78.76 20.20 0.42 0.53 GSI-II A A
36 BU14F-36 F 93.58 22.00 0.78 0.83 GSI-II B A
37 BU14F-37 F 71.64 19.50 0.65 0.91 GSI-II A A
38 BU14F-38 F 65.87 19.50 0.60 0.91 GSI-II A A
39 BU14F-39 F 84.19 21.00 0.65 0.77 GSI-II A A
40 BU14F-40 F 55.96 18.70 0.58 1.04 GSI-IIT A A
41 BU14F-41 F 101.04 23,30 1.22 1.21 GSI-III B A
42 BU14F-42 F 99.47 23.50 0.99 1.00 GSI-II B A
43 BU14F-43 F 93.78 21.00 0.61 0.65 GSI-II B A
44 BU14F-44 F 99.67 23.00 1.12 1.12 GSI-III B A
45 BU14F-45 F 104.21 24.00 0.79 0.76 GSI-II A A
46 BU14F-46 F 96.03 21.70 0.82 0.85 GSI-II A A
47 BU14F-47 F 88.54 20.20 0.84 0.95 GSI-II A A
48 BU14F-48 F 98.93 21.50 0.90 0.91 GSI-II A A
49 BU14F-49 F 89.46 21.00 0.68 0.76 GSI-II B A
50 BUI14F-50 F 84.86 20.70 0.42 0.49 GSI-I B A
51 BUI14F-51 F 100.66 22.00 0.89 0.88 GSI-II A A
52 BU14F-52 F 75.88 20.00 0.57 0.75 GSI-II A A
53 BU14F-53 F 110.76 22.80 0.55 0.50 GSI-II B A
54 BU14F-54 F 81.07 20.90 0.66 0.81 GSI-II B A
55 BU14F-55 F 101.52 22.80 1.01 0.99 GSI-II A A
56 BU14F-56 F 86.91 20.10 0.60 0.69 GSI-II A A
57 BU14F-57 F 108.16 22.40 0.79 0.73 GSI-II A A
58 BUI14F-58 E 84.51 il .20 0.71 0.84 GSI-II A A
59 BU14F-59 B 82.26 20.90 0.57 0.69 GSI-II B A
60 BU14F-60 K 76.34 20.30 0.61 0.80 GSI-IT B A

6¢l
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w_—-"
Table A2 (Cont.) ‘
. ~— SSCP genotypes
61 BU14F-61 F 102.48 ' 84 GSI-II B A
62 BU14F-62 F iy 0 GSI-I B A
63 BU14F-63 F GSI-III B A
64 BU14F-64 F GSI-IIT A A
65 BU14F-65 F GSI-II A A
66 BU14F-66 F GSI-II B A
GSI-1=<0.5%, GSI-II = 0.5 — 1.0%, GSI-IIl = > 1.0%
M M
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APPENDIX B

Table B1 Raw data of standard real-time PCR
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Log mean concentration

7.990339
7.007107
6.014940
4.986772
4.017033
2.995416

7.069213
5.908487
4.960422
4.063477
2.915236
2.029762

7.946291
7.090427
5.971447
4.995566
4.001515
3.002408

8.000000
7.000049
5.998655
4.986412
4.006227

7.024626
5.946497
5.028912
3.947743
3.013945

8.030180
6.941486
6.039852
4.990613

Sample Mean Cp Mean concentration
NADP-dependent-leukotriene B4 12-hydroxydehydrogenase (LTB4DH)
1E8 9.44 97800000
1E7 12.80 10165000
1E6 16.20 1035000
1E5 19.73 97000
1E4 2290 10400
1E3 2599 989.5
Nuclear autoantigenic sperm.protein (NASP)
1E7 13:20 1 1¥2%/28.96
1E6 17.13 810004.02
1E5 20:37 91289.84
1E4 23.43 11573.84
1E3 27481 822.69
1E2 #1.37 107.09
Elongation factor - 1 alpha (EF-1 )
1E8 oy 88367251.53
1E7 12.79 12314792.62
1E6 16.56 93636935
1E5 19.84 98984.31
1E4 23.18 10034.94
1E3 26.67 1005.56
Thyroid hormone binding protein (THBP)
1E8 10.21 100000086.80
1E7 13.58 10001144.18
1E6 17.01 996909.03
1E5 20.59 96919.82
1E4 24.17 10144.43
Insulin degrading enzyme (IDE)
1E7 12.83 10583429.93
1E6 16.48 884092.26
1E5 19.59 106883.72
1E4 23.46 8366.31
1E3 /02 | 1032.63
Epidermal growth factor (EGF)
1E8 11.08 107196434.00
1E7 14.78 8739493.30
1E6 17.83 1096103.64
1E5 .57 V3
1E4 24.80 9445.68

2 /5283
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Table B2 Raw data of real-time PCR of EF-I« of 14-month-old shrimp

Sample Mean Cp Mean concentration GSI
BU14F-13 12.54 22972048.20 |
BU14F-25 12.21 28614311.73 I
BU14F-27 11.75 39429997.76 I
BU14F-33 13.14 15221587.72 I
BU14F-50 12.98 16947504.57 I
BU14F-62 N30 36688280.30 I
BUI14F-14 12.64 21366231.68 II
BU14F-22 L2505 22792386.67 II
BUI14F-31 10D | 28622387.78 II
BU14F-32 12.45 24394600.31 II
BUI14E-36 12.06 31837268.83 II
BU14F-42 12733 26393259.15 II
BU14F-47 12:85 18498510.16 II
BU14F-48 12.18 29237545.40 II
BU14F-54 1£.28 27415938.61 II
BU14F-55 12.64 21405485.65 II
BU14F-65 11.94 34595007.64 II
BU14F-66 12.71 20388228.66 II
BUI14F-11 12.79 19257376.01 111
BU14F-15 13.3% 13439034.74 I
BUI4F-16 14.26 7030225.79 111
BU14F-17 12.64 21449209.72 I
BUI14F-19 11.92 34914304.27 11
BU14F-21 12.67 20982545.00 I
BU14F-24 12.44 24447040.84 III
BU14F-26 13.24 14137092.12 I
BU14F-30 14.29 6912354.58 11
BU14F-34 12.83 18740992.90 I
BU14F-40 12.33 26510179.82 11

BU14F-41 12.44 24570630.43 III




143

Table B3 Raw data of real-time PCR of LTB4DH of 14-month-old shrimp

Sample Mean Cp Mean concentration GSI
BU14F-13 19.63 92049.73 I
BU14F-25 20.48 51428.86 |
BU14F-27 19.97 72893.11 I
BU14F-33 21.25 30202.56 I
BU14F-50 21.26 29954.21 I
BU14F-62 19.68 89062.73 I
BU14F-14 20.28 58982.81 II
BUI14F-22 19.88 77775.23 II
BU14F-31 19.60 94115.58 II
BUI14F-32 20.64 45847.51 II
BU14F-36 19.14 129142.02 II
BU14F-42 1957 96085.14 II
BU14F-47 20.05 68922.06 II
BUI14F-48 19.24 121215.45 II
BU14F-54 9.7 83863.20 II
BU14F-55 19.87 78008.70 II
BU14F-65 19.03 140085.63 II
BU14F-66 20.09 67168.58 II
BU14F-11 20.05 69090.57 I
BU14F-15 21.28 29508.07 11T
BU14F-16 23.56 6119.06 I
BU14F-17 19.69 88659.87 III
BU14F-19 19.38 109593.39 I
BU14F-21 2ALS2 49985.24 III
BU14F-24 19.49 101515.23 I
BU14F-26 21.05 34615.82 III
BU14F-30 22.36 14025.96 I
BU14F-34 19.86 79005.02 III
BU14F-40 20.17 63803.62 I

BUI14E-41 20.26 59732.86 111
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Table B4 Raw data of real-time PCR of NASP of 14-month-old shrimp

Sample Mean Cp Mean concentration GSI
BU14F-13 15.51 3000807.47 I
BU14F-25 15.43 3169676.73 I
BU14F-27 16.04 2076662.02 I
BU14F-33 16.32 1716566.68 I
BU14F-50 18.01 532505.33 I
BU14F-62 14.91 4536372.34 I
BU14F-14 15.68 2676798.91 II
BU14F-22 15.76 2528086.42 II
BU14F-31 +5-75 2539451.82 II
BUI14E-32 15.66 2700088.12 II
BUI14F-36 ¥5,50 3016505.59 II
BU14F-42 15.99 2153678.41 II
BU14F-47 16.05 2066603.57 II
BU14F-48 543 2602647.04 II
BU14F-54 15.66 2705787.02 II
BU14F-55 15.78 2495314.43 II
BU14F-65 1§13 3909064.92 II
BU14F-66 15.81 2430536.36 II
BU14F-11 15.88 2326089.39 I
BUI14F-15 18.99 269650.77 111
BU14F-16 22.07 31842.35 I
BU14F-17 T3, Nt 2596145.84 III
BU14F-19 15.01 4234247.66 I
BUI14F-21 18.38 410483.62 111
BU14F-24 1520 3599823.47 I
BU14F-26 18.23 456318.61 III
BU14F-30 19.92 140745.55 I
BUI14F-34 15.90 2287624.44 111
BU14F-40 15.31 3442925.95 I

BUI14E-41 15.77 2502513.95 111
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Table BS Raw data real-time PCR of EF-1« of 3-month-old shrimp

Sample Mean Cp Mean concentration Group
BUMO03-004 21.26 153137.78 small
BUMO03-057 23.44 34475.78 small
BUMO03-249 21.31 147856.99 small
BUMO03-074 21.45 133935.64 small
BUMO3-134 27 110563.51 small
BUMO03-286 Ay, 123575.55 small
BUMO03-010 20.93 191814.10 small
BUMO03-107 21.63 118249.05 small
BUMO03-262 von v Y 168824.35 small
BUMO03-075 2124 154853.79 small
BUMO3-161 21.09 172098.05 small
BUMO03-294 21:40 139456.15 small
BUMO03-013 21.63 118559.95 small
BUMO03-313 25.09 11376.29 small
BUMO03-283 2f.39 121665.10 small
BUMO03-109 22.94 48317.92 small
BUMO3-164 21.43 136328.71 small
BUMO03-341 23.05 44925.31 small
BUMO03-030 20.95 188886.35 small
BUMO3-185 21.90 08281.17 small
BUMO03-296 21.58 122651.62 small
BUMO3-114 AN 111644.12 small
BUMO3-174 20.50 256532.94 large
BUMO03-342 23.05 44923.62 large
BUMO03-031 20.02 357829.06 large
BUMO03-213 20.60 239712.20 large
BUMO03-335 25.70 7659.80 large
BUMO03-118 21.64 117532.69 large
BUMO3-182 21.18 161514.92 large
BUMO03-039 20.94 190336.20 large
BUMO03-219 20.88 198596.14 large
BUMO03-336 26.44 4766.25 large
BUMO3-119 20.70 224010.69 large
BUMO03-196 21.78 106990.58 large
BUMO03-055 21.63 118543.01 large
BUMO03-240 21.29 149973.88 large
BUMO03-042 2 .28 156440.35 large
BUMO03-120 20.99 183349.61 large
BUMO03-253 23.83 26406.08 large
BUMO03-072 21.13 166978.24 large
BUMO03-246 s 217447.16 large
BUMO03-062 ) I 153453.87 large
BUMO3-122 21.58 122606.36 large

BUMO03-269 25.46 8922.36 large
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Table B6 Raw data real-time PCR of THBP of 3-month-old shrimp

Sample Mean Cp Mean concentration Group
BUMO03-004 20.70 93305.34 small
BUMO03-057 22.79 23642.28 small
BUMO03-249 21.18 68352.31 small
BUMO03-074 19.88 160875.78 small
BUMO03-134 21.60 51692.89 small
BUMO03-286 21.46 56536.35 small
BUMO03-010 19.92 155981.51 small
BUMO3-107 20.89 82611.70 small
BUMO03-262 20.86 84313.06 small
BUMO03-075 19.92 156804.62 small
BUMO3-161 20.72 92132:72 small
BUMO03-294 2110 71832.60 small
BUMO03-013 20.65 96684.83 small
BUMO03-313 2557 3820.82 small
BUMO03-283 21.92 41991.95 small
BUMO03-109 22.83 2093 2 small
BUMO3-164 21.14 69962.92 small
BUMO03-341 B.37 16085.54 small
BUMO03-030 19.63 189739.16 small
BUMO3-185 22.14 36185.39 small
BUMO03-296 R2.24 34661.55 small
BUMO3-114 20.67 95709.54 small
BUMO03-174 20.63 98050.85 large
BUMO03-342 o e 17846.99 large
BUMO03-031 18.94 298998.79 large
BUMO03-213 20.63 97864.31 large
BUMO03-335 26.70 1796.50 large
BUMO3-118 210k 51433.87 large
BUMO03-182 21.04 74736.42 large
BUMO03-039 19.77 172102.33 large
BUMO03-219 20.08 140760.76 large
BUMO03-336 27.09 1384.67 large
BUMO3-119 19.93 155856.29 large
BUMO03-196 21.85 43703.06 large
BUMO03-055 19.45 212756.34 large
BUMO03-240 20.47 109105.45 large
BUMO03-042 20.56 102655:28 large
BUMO03-120 20.39 114367.94 large
BUMO03-253 23.49 14870.76 large
BUMO03-072 19.59 194106.70 large
BUMO03-246 20.49 107066.01 large
BUMO03-062 19.96 152633.92 large
BUMO3-122 21.14 69924.28 large

BUMO03-269 22.84 22865.88 large
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Table B7 Raw data real-time PCR of IDE of 3-month-old shrimp

Sample Mean Cp Mean concentration Group
BUMO03-004 26.64 1273.84 small
BUMO03-057 29.55 194.77 small
BUMO03-249 26.62 1294.30 small
BUMO03-074 26.28 1609.19 small
BUMO03-134 27.44 761.52 small
BUMO03-286 2 AaS 792.29 small
BUMO03-010 26.56 1338.45 small
BUMO3-107 R 849.20 small
BUMO03-262 26.50 1393.45 small
BUMO03-075 27.04 083.66 small
BUMO3-161 26.92 1067.19 small
BUMO03-294 26.68 1241.61 small
BUMO03-013 26.99 00,39 small
BUMO03-313 3007 126.47 small
BUMO03-283 26.89 1087.84 small
BUMO03-109 28.57 366.34 small
BUMO3-164 2§12 933.76 small
BUMO03-341 28.26 449.23 small
BUMO03-030 26.22 1674.11 small
BUMO3-185 28.20 464.53 small
BUMO03-296 26.82 1131.76 small
BUMO3-114 28.51 381.26 small
BUMO03-174 27.44 760.94 large
BUMO03-342 27.86 580.25 large
BUMO03-031 2531 3018.50 large
BUMO03-213 26.06 1856.80 large
BUMO03-335 2950 200.81 large
BUMO3-118 27.05 976.47 large
BUMO03-182 26.73 1204.46 large
BUMO03-039 26.62 1289.19 large
BUMO03-219 26.35 1540.46 large
BUMO03-336 31.25 64.99 large
BUMO3-119 26.23 1663.40 large
BUMO03-196 27.59 688.38 large
BUMO03-055 26.57 1336.53 large
BUMO03-240 o .0 1004.96 large
BUMO03-042 26.88 1091.14 large
BUMO03-120 26.42 1465.99 large
BUMO03-253 29.15 252.29 large
BUMO03-072 26.42 1468.00 large
BUMO03-246 26.50 1396.01 large
BUMO03-062 26.58 1324.37 large
BUMO3-122 20. 1 1174.83 large

BUMO03-269 31.27 63.99 large
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Table B8 Raw data real-time PCR of EGF of 3-month-old shrimp

Sample Mean Cp Mean concentration Group
BUMO03-004 29.74 327.91 small
BUMO03-057 28.74 647.44 small
BUMO03-249 25.01 8218.59 small
BUMO03-074 27.66 1357.36 small
BUMO03-134 22,58 43002.23 small
BUMO03-286 24.58 11043.27 small
BUMO03-010 2l 2 1955.79 small
BUMO3-107 30.84 155.88 small
BUMO03-262 24.76 9737.65 small
BUMO03-075 34.16 16.19 small
BUMO3-161 2791 2106.30 small
BUMO03-294 23.08 30564.16 small
BUMO03-013 27.61 1401.14 small
BUMO03-313 24.83 9307.02 small
BUMO03-283 28.95 4320.65 small
BUMO03-109 2506 6934.09 small
BUMO3-164 27.64 1369.37 small
BUMO03-341 27.59 1416.23 small
BUMO03-030 28.86 597.03 small
BUMO3-185 25.18 7305.24 small
BUMO03-296 25.82 4722.30 small
BUMO3-114 26.70 2602.36 small
BUMO03-174 25.40 6301.52 large
BUMO03-342 24.14 14898.88 large
BUMO03-031 26.26 3512.57 large
BUMO03-213 23.88 17791.36 large
BUMO03-335 32 4l 63.05 large
BUMO3-118 Pkl 1261.64 large
BUMO03-182 25.43 6157.20 large
BUMO03-039 26.67 2657.42 large
BUMO03-219 24.47 11903.02 large
BUMO03-336 31.46 101.83 large
BUMO3-119 26.08 3979.26 large
BUMO03-196 28.40 815.27 large
BUMO03-055 27.15 1916.01 large
BUMO03-240 26.81 2421:76 large
BUMO03-042 28.91 576.47 large
BUMO03-120 24.36 1654.72 large
BUMO03-253 26.29 3431.44 large
BUMO03-072 24.90 8832.71 large
BUMO03-246 20 5 7002.96 large
BUMO03-062 .19 4822.27 large
BUMO3-122 28.62 704.49 large

BUMO03-269 30.93 146.39 large




APPENDIX C

Chemicals for Preparation of Polyacrylamide Gels and Silver Staining

1. 4.5% Denaturing acrylamide solution(crosslink = 19:1), 500 ml

Acrylamide 21.375
Bis-aclylamide 1.125
7 M urea 210
IX TBE to 500

2. 40% acrylamide solution (erosslink = 37.5:1), 500 ml

Acrylamide 194.80
Bis-aclylamide 5.19
1X TBE to 500

3.40% acrylamide solution (crosslink = 75:1), 500 ml

Acrylamide 78.94
Bis-aclylamide 1.052
IX TBE to 500

4. Fix/stop solution (10% glacial acetic acid), 2 liters
Glacial acetic acid 200

Ultrapure or deionized water 1800

5. Staining solution, 1.5 liters

AgNO; 1.5
37% Formaldehyde 2.25
Ultrapure or deionized water to 1500

6. Developing solution, 3 liters

N a2C03 90
37% Formaldehyde 5
Sodium thiosulfate (10 mg/ml) 600

Ultrapure or deionized water to 3000
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