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Isolation and expression analysis of reproductelated genes is important for
understanding molecular mechanisms of ovarian dewe¢nt in the giant tiger shrimpgPénaeus
monodon). In this thesis, the partial cDNA sequences daflear hormone receptoPiilNHR96) and
son of sevenlesP(SOS) were isolated. Their partial open reading fraf@&Fs) were 879 and
1183bp, respectively. RT-PCR analysis revealed #sparagenyl tRNA systhetase (PmAtNS),
aspartate amino transferase (PmAST) andPmSOS were more preferentially expressed in ovaries than
testes oP. monodon.

Quantitative real-time PCR indicated that the egpi@n level ofPmAINS and Pm-mago
nashi was not significantly different during ovarian @epment in both wild intact and eyestalk-
ablated broodstock. The expression level of BatiAST and PmNHR96 was significantly increased
in stage IV ovaries in intac?. monodon broodstock P < 0.05). Eyestalk ablation resulted in
significant greater expression levels PMAST in stage Il ovariesR < 0.05), Pm-mago nashi in
stages I-IV and®PmNHR96 in stages I-1ll ovaries compared to those in intarctodstock P < 0.05).
Results suggested that these genes should playngatant role during ovarian development of
P. monodon.

In domesticated shrimp, the expression levelPofAtNS was significantly decreased in
14-month-old shrimpR < 0.05). In contrast, the expression levelRoiNHR96 was significantly
increased at 14 month-old shrinfp € 0.05) and®mAST was significantly increased at 19-month-old
shrimp P < 0.05). Nevertheles$m-mago nashi was comparably expressed in different ages of
domesticated shrimp.

Exogenous injection of Bfestradiol resulted in significantly reduction ofasian PmAtNS
at 7 days post injection but did not affect the respion level ofPmAST and Pm-mago nashi.
Nevertheless, the expression level of ovaRanmNHR96 seemed to be slightly increased at 7 days
after injection P > 0.05). Eyestalk ablation resulted in significgneater expression levels than that
of the negative control foPmAST at 28 days post injection, fd?m-mago nashi at 7 days post
injection and foPmNHR96 at 14 days post injectio® (< 0.05) but did not affect the expression level
of PmAINS.

The feeding trials for diet supplemented with 1 40dmg/kg 1B-estradiol was carried out
for the duration of 35 days. The expression leVeProAINS after feeding with the diet supplemented
with 10 mg/kg of 1p-estradiol for 7 days was significantly lower thhat of the controlR < 0.05).
Similar results were also found fBmAST. Nevertheless, the treatment with 1 mg/kg di-ggtradiol
resulted in an increase expression levaPoAST after feeding for 35 day®(< 0.05). ForPm-mago
nashi, its expression level was induced after feedinthwhe diet supplemented with 10 mg/kg of
17p-estradiol for 7 days. In contrast, feeding of slisupplemented with both 1 and 10 mg/kg of
17p-estradiol resulted in a lower expression levelPofrmago nashi than that of the control at
14 days post treatmer € 0.05). The expression levelsRPIiNHR96 were not significantly changed
for both 1 and 10 mg/kg of B7estradiol P < 0.05). Eyestalk ablation resulted in significgneater
expression levels than negative control RmnAtSN, PmAST and PmNHR96 at 28, 35 and 14 days
after treatment, respectively.



Vi

ACKNOWLEDGMENTS

| would like to express my deepest sense of gratitude to my advisor Professor
Dr. Piamsak Menasveta and my co-advisor, Dr. Sirawut Klinbunga for their

encouragement, val uabl e suggestion and supports throughout my study.

My ogratitude is aso extended to Associate Professor Dr. Thaithaworn
Lerdwithayaprasith, Associate Professor Dr. Chanphen Chanchao and Dr. Sittiruk
Roytrakul for serving as thesis committee, for their recommendations and aso useful

suggestion.

| would particularly like to thank the Center of Excellence for Marine
Biotechnology, National Center for Genetic Engineering and Biotechnology
(BIOTEC), Faculty of Science, Chulalongkorn University and National Science and
Technology Development Agency (NSTDA) for providing facilities.

| would like to extend my special thank to Ms. Natechanok Thamniemdee,
Ms. Kanchana Sittikhankaew, Ms. Sasithorn Petkon, Ms. Witchulada Taakhun and
everyonein our laboratory for best friendship and friendly assistance.

Finally, 1 would like to express my deepest gratitude to my parents and
members of my family for their love, understanding and encouragement extended

throughout my study.



CONTENS

ABSTRACT (THAD .. ceeeevee e,

ABSTRACT (ENGLISH)...c.oiiiiiiiiie e

ACKNOWLEDMENTS. ...

CONTENTS. ..o e

LISTOFTABLES. ...,

LIST OF FIGURES.... ..o

LIST OF ABBREVIATION......cccvvviiiiiiiiiieen

CHAPTER I INTRODUCTION.........coceiiiiinnenn

1.1 Background .......ccooeie i
1.2 Objective Of thiSthesSIS.......c.covii i,
1.3 Literature rEVIEW ... ...uouutiieiie it e e et e e e e eeeen e
1.4 General iINtroducCtion.............ovviviiiiiie e
1.4.1 Taxonomy dPenaeus monodon.................c.......

1.4.2 Morphology.......oo oo

o 00 W N BB

1.4.3 Distribution and life cycles......

1.4.4 Ovarian developmental stagéomonodon..........

1.4.5 Change of ovarian morphology during o@gts.......

1.4.6 Development of oocyte in different stages..........

ovaries dP. monodoN........ccovie i,

1.4.7 Hormonal control in shrimp ....

1.4.7.1 Eyestalk hormones............c.ccoveiiiiiiiiiennnnn,
1.4.7.2 EcAySteroids ........ccoovviiiiiiiiie i

1.4.8 Control of cortical rods formation andmgenal.........

Vesicle breakdown........ooo oo

1.4.9 Nutrigenomics and expression

with reproduction &. monodon

of geneslvad.......

13
14
15
16
17

23



CHAPTER || MATERAILSAND METHODS. ...,
2.1 Nucleic acid exXtraCtion..........oeee e e

2.1.1 Genomics DNA extraction.........covvvvieiiiiiiiiiieeanns
2.1.2 RNA eXtraction. .. ..o e e e e
2.1.3 Preparation of DNase-I free total RNA ...................

2.2 Measuring concentrations of nucleic acids ex#dtotal.......

RNA, DNA and protein concentration................c...cceuueee.

2.3 Agarose gel electrophoresis.........ccccvviiiiiiiii i,

2.4 Isolation and

characterization of the full lflngDNA of........

functionally important gene homologuesPofimonodon.....

using Rapid Amplification of cONA Ends-Polynase.........

Chain Reaction (RACE-PCR).......c.ccoviiiiiiiiicie e
2.4.1 Preparation of the 5' and 3' RACE teneplat.............
2.4.2 Primer designed for RACE-PCR..........cccioiiiiiiiinenns
243 RACE-PCR....oi i

2.5 Cloning of the PCR-amplified DNA product.......... ...

2.5.1 Elution DNA fragments from agarose gelS.............
2.5.2 Ligation of the PCR product to the pGEmMEasy........

vector...

2.5.3 Preparation of competentcell................ccoooeiii i

2.5.4 Transformation of the ligation produc&aoli.............

hostcells. ...
2.5.5 Colony PCR and digestion of the amplifiegkrts.........

by restriction endonucleases...................ccoemen...

2.5.6 Extraction of recombinant plasmid DNA ............

2.5.7 DNA SEQUENCING ... vuvveieie e e e e v aeeen

2.6 RT-PCR and

tissue distribution analysis............ .o ...

2.6.1 Primer deSign ....o.ueuiirieie it e e e
2.6.2 First strand cDNA synthesis..........c.ccovviiiiiiieennnn.

2.6.3 RT-PCR

viii

Page
27
27
28
28
28

29
29

30
30
31
31
33
33

34
34

34

35
36
36
37
37
37
38



2.6.4 Tissue distribution analysis of intenegtgenes or...........
differential expression pattern by RCR ..................
2.7 Preparation of spenens for expression analysis of..........
interesting genes in ovarieskafmonodorby quantitative.....
real-tiME PCR... ..ttt
2.7.1 Expression levels of reproduction-relagedes in wild...
intact and eyestalk-ablated broodstoi..................
domesticated shrimp®f monodon........................
2.7.2 Effects of 1f-estradiol injection on expression of.........
reproduction-related genes in ovanledomesticated...

P. monodorbroodstock..........ooeoviiiiiiiii
2.7.2.1 Preparation offt@éstradiol.............................
2.7.2.2 IF-estradiol treatment...............ccoevviiieiinnnnn.

2.7.3 Effects of 1F-estradiol-supplented diets on expression...
of reproduction-related genes in casnf domesticated

P. monodorbroodstocK..........c.vuvviviii i,
2.7.3.1 Preparation of dietS............ccovviiiiiiiiiimen.
2.7.3.2Feeding trials........cccviiiiiiiiii

2.8 Quantitative real-time PCR analysis.............ccoocveiiinnns
2.8.1 Primer design and construction of thadaad.............
CUNVES . ettt et e et e ee e et e e et e rae e aeaane e aes
2.8.2 Quantitative real-time PCR analysis.............c.c.....
2.91n vitro expression of the HOLI domain of PmNHR using.....
the bacterial expression SyStem..........covvvvviiviiiinien e
2.9.1 Primers desSign ......ooviue e
2.9.2 Construction of recombinant plasmid on@hg and......
EXPreSSION VECION ... ...vut it eete e ie e ee e ee e
2.9.3 Expression of recombinant proteins ............ coouwm..
2.9.4 Detection of recombinant proteins ......................
2.9.5 Purification of recombinant proteins ........ocw..oo.....
2.9.6 Polyclonal antibody production ................c.ccoeeene...

Page

38

39

39

39
39
40

40
40
41
42

42
42

43
43

43
44
44
45
46



Page
2.9.7 Purification of polyclonal antibody...............«em. ... 46
2.9.8 Determination of the expression pattem®mNHR96...
in ovaries d?. monodorusing Western blot analysis...... 46
2.9.8.1 Total protein extraction..............ccocvevveennn. 46
2.9.8.2 Western blot analysis.............cccoo i i 47
CHAPTER I RESUL T ..o e e e e e e et e 48
3.1 Total RNA eXtraction..........c.ocouveiieiiiiiiinenieine e eenn, 48
3.2 Isolation and characterization of the part@Ne...............
sequences oluclear hormone receptor HRgmNHR96...
andson of sevenlegPmSO%of P. monodon.................. 49
3.2.1 The partial cDNA sequenceRdhNHR96................... 49
3.2.2 The partial cDNA sequenceRofmondon..................
son of sevenlgdFaMSOP ... 54
3.3 Tissue distribution analysis ofrfctionally...............cccceeee.
reproduction-related genes in this study......coeeeeeeeeeenn... 59
.3 APMAINS. . e 59
3.3 2P MAS T . e 59
3.3.3PM-mago Nashi..........cocoiiiiiiiiiii i, 60
3.3APMNHROG. .. ..o 60
3.3 OPMSOS . 62
3.4 Determination of the expression of reproductielated.......
genes in ovaries and teste®omonodornusing RT-PCR...... 62
3.5 Quantitative real-time PCR analysiRohAINS, PmAST.....
Pm-mago nashi, PmNHRB6ovaries ofP. monodon......... 65
3.5.1 The expression level BMAINS, PmAST..............cccoe.
Pm-mago nashi, PmNHR#8Gntact and eyestalk-...........
ablated broodstock of witd monodon................c......... 66

3.5.2 The expression levelPMAINS, PmAST, Pm-magona
sheandPmNHR96n domesticate®. monodon........... 71



3.

3.

3.61n vitro expression of recombinant PmMNHR96 using the
bacterial expression system

5.3 Effects of 1f-estradiol injection on expression of

reproduction-related gene in ovariedamesticated
P. monodon

5.4 Effects of diets supplemented witlf§-Estradiol on

expression of reproduction-relatedegeim ovaries of
18-monnth-ol&. monodon

3.6.1 Construction of recombinant plasmids..................

3.6.2In vitro expression of recombinant protein
3.6.3 Purification of recombinant protein

3.6.4 Western blot alyais of PmMNHR96 protein during

CHAPTER IV DISCUSSION

CHAPTER YV

REFERENCES

APPENDICS

ovarian developmentBf monodon

CONCLUSION. .ottt e

APPENDIX A

APPENDIX B

BIOGRAPHY

Xi

74

80

87
87

88

91

92

94
100
102
110
111
119
129



Tablel.1

Table2.1

Table2.2

Table2.3

Table2.4

Table2.5

Table 2.6
Table2.7

Table2.8
Table3.1

Table3.2

Table3.3

Table3.4

Table3.5

Table 3.6

Xii

LIST OF TABLES

Total shrimp production (metric tons) from....................
the aquaculture sector during 2005 — 20010 in................
SOUtNEAST ASIA. ... .. 4

Primer sequences for the first strand cDNA synthesi...
and RACE-PCR.......oi e 31

Gene-specific primers (GSPs) and nested GSP used.fo
isolation of the full length cDNA of functionally..........

important genes iR. MoNodon...........ccvvvvvviviiennennnn, 32
Compositions for amplification of the &nd of gene.........
homologues using RACE-PCR.............covivviviienen, 32
Compositions for amplification of the 8nd of gene.........
homologues using RACE-PCR.........cccocvvvvii i, 33
Gene homologue, primer sequences and expectedafizes

the PCR product designed from ESTRofmonodon....... 37
Formular of diet...... ... 41

Primer sequences designed from ESP ofmonodorior....
quantitative real-time PCR analysis......... .o evinnnnnnn.. 42

Primer design for protein expression............cc.vcvvvnennns. 43
Expression profiles of gene homologues in variggsies..

of a female and testis of a m&emonodorbroodstock..... 64
Relative expression levels BmAtNSn domesticate.......

P. monodoriemale broodstocK............cccccvveeiiiiieccinnnnee. 72
Relative expression levels BMASTin domesticated.........

P. monodoriemale broodstock .............c.oooviiiiiiennnnn. 73

Relative expression levels Bin-mago nashn..................
domesticated®. monodorfemale broodstock.................... 73

Relative expression levels BMNHR9GN domesticated...
P. monodorfemale broodstock............ccccevveeveii e, 74

Relative expression levels BmAtNSn 14-month-old.......
shrimp followingl B-estradiol injection for 7, 14 and..........



Table3.7

Table3.8

Table3.9

Table3.10

Table3.11

Table3.12

Table3.13

Table3.14

Table3.15

LIST OF TABLES

Relative expression levels BIASTIn 14-month-old
shrimp following 1B-estradiol injection for 7, 14 and

17B-estradiol injection for 7, 14 and 28 days ...............

Relative expression levels BINNHR96n 14-month-old...
shrimp following 1B-estradiol injection for 7, 14 and

Relative expression levels BmAtNSafter feeding with
diets supplemented with g-&stradiol

Relative expression levels BmASTafter feeding with
diets supplemented with g-&stradiol............cccceevvriiniennnn.
Relative expression levels Bin-mago nashafter
feeding with diets supplemented withft&stradiol
Relative expression levels BImMNHR9Gafter feeding
with diet supplemented with B7estradiol

Titers of polyclonal antibody using indirect ELIS&Ssay...
after rabbits were immunized with recombinant NHR96

for 3 times

Xiii

Page

77

78

79

80

82

83

84

86



Figurel1l.1

Figurel1l.2
Figure1.3
Figurel.4

Figure 1.5
Figure 1.6
Figure 1.7
Figure 1.8
Figure 1.9
Figure1.10

Figure1.11

Figure1.12

Figure3.1

Figure3.2

Figure3.3

Figure3.4

LIST OF FIGURES

A diagram of production d?. monodorandP. vanam......

during 2001-2006 in Thailand...............cccceeeee e e vennnn

External morphology oP. monodon...........................
Life cycle of P. monodon............cocoviiiiiiiiii i,
Ovarian developmental stagesfofmonodorvisualized....
externally conventional histology indicated diffete.........
stages of oocytes in a particular stage of ovaries.......
Light microscopy showing an immature ovaries...........
Light microscopy showing a previtellogenic ovaries....
Light microscopy showing an early vitellogenic aest....

Light microscopy showing an late vitellogenic oesi.. ...

Light microscopy showing mature ovaries......................

Diagram illustrating the hormonal controls of................

physiological processes of penaeid shrimp.................

1.0% Ethidium bromide-stained agarose gel showing..

the quality of total RNA extracted from female...............

broodstock oP. MONOdON......couveie e,

A 1.0% Ethidium bromide-stained agarose gel showing
the quality of first stand cDNA synthesized from BN....
free total RNA of female broodstock Bf monodon.........
Nucleotide sequence of an EST significantly matched.
nuclear hormone receptor 480om thelymphoid organ......
cDNA library of P.monodon...............ccoovvveiiinnnnne.
A 1.5% agarose gel electrophoresis showing 5°- and...
3’"RACE-PCR products &®mNHR96...........................

Xiv

Page

10

11

12

12

13

14

16

18

84

49

50

50



Figure 3.5

Figure 3.6

Figure3.7
Figure 3.8

Figure3.9

Figure3.10
Figure3.11

Figure3.12
Figure3.13

Figure3.14

Figure3.15

Figure 3.16

Figure3.17

Figure3.18

Figure3.19

XV

LIST OF FIGURES

Page
Nucleotide sequences of 5°- (A) and 3’'RACE-PCR...........
fragments OPMNHRO6.............ccooviccie e, 51
The partial cDNA and deduced amino acid sequentces.o
PmMNHR6 and its blastX result .............ccccceieeeenniiiiiiiiinn, 53
Diagram illustrating the partial cONA &fmNHR96......... 54
Nucleotide sequence and BlasX result of an EST filzen
lymphoid organ cDNA libraly oP. monodorthat...............
significantly matchedon of sevenles.............................
IXOodes SCAPUIACIS...........uuumeieiiiiee e 54
A 1.5% agarose gel electrophoresis of 5’RACE-PCR...
product ofPMSOS ... e 55
Nucleotide sequence of 5"RACE-PCR produdPofSOS. 56
The partial cDNA and deduced amino acid sequentces o
PmSOSand BlastX result oPmSOSagainst the..................
previously deposited sequences in Genbank................... 56
Diagram illustrating the partial cDNA ¢fmSOS........... 58
1.5% ethidium bromide-stained agarose gels shovesagit......
from tissue distribution analysis BINAINS......................... 59
1.5% ethidium bromide-stained agarose gels shovégglts......
from tissue distribution analysis ®mMAST..................cveueee. 60
1.5% ethidium bromide-stained agarose gels shovésglts......
from tissue distribution analysis &m-mago nashi................ 61
1.5% ethidium bromide-stained agarose gels shovégglts......
from tissue distribution analysis ®MNHR96....................... 61
1.7% ethidium bromide-stained agarose gels shovégglts......
from tissue distribution analysis BSOS....................... 62
RT-PCR ofPmAINS, PmASPm-mago nashi..................
PMNHR96NAPMSOS.........co e, 63

The standard amplification curves of various genes.....

examine by quantitative real-time PCR......................... 65



Figure 3.20

Figure3.21

Figure 3.22

Figure3.23

Figure3.24

Figure 3.25

Figure 3.26

Figure 3.27

Figure 3.28

Figure 3.29

Figure 3.30

LIST OF FIGURES

Histograms showing relative expression levels.of.........

PmAtNSduring ovarian development..........................

Histograms showing relative expression levelPwiAST..

during ovarian development............coooiiiiiiiic i

Histograms showing relative expression levels of.......

Pm-mago nashiluring ovarian development..................
Histograms showing relative expression levels.of.........

PmNHR96during ovarian development........................

Histograms showing relative expression levels.of.........

PmAtNSNn domesticate 5-, 9-, 14- and 19-month-old.......

Histograms showing relative expression levels of.......

Pm-mago nasim domesticated 5-, 9-, 14- and.................
19-month-old ShrimpP......cooii i
Histograms showing relative expression levels.of.........
PmNHR96n domesticated 5-, 9-, 14- and 19- month-old....

PmMAtNSIn 14-month-old shrimp following Bfestradiol...
injection for 7, 14 and 28 days............covceeee i i ienennn,

Histograms showing relative expression levels.of.........

PmASTIin 14-month-old shrimp following Bfestradiol.....
injection for 7, 14 and 28 days.........cocvevii i i i,
Histograms showing relative expression levels of.........
Pm-mago nashin 14-month-old shrimp following...........

17B-estradiol injection for 7, 14 and 28 days...................

XVi

Page

67

68

69

70

71

72

73

74

76

77



Figure3.31

Figure 3.32

Figure3.33

Figure3.34

Figure3.35

Figure 3.36

Figure 3.37

Figure 3.38

Figure 3.39

LIST OF FIGURES

Histograms showing relative expression levels.of.........
PmNHR96n14-month-old shrimp following...............cc.
17B-estradiol injection for 7, 14 and 28 days...................
Histograms showing relative expression levels.of.........
PmAtNSafter feeding with diets supplemented with.........
17B-€Stradiol. .. ......ouiiiiiiiiiiie e

Histograms showing relative expression leveRmAST...
after feeding with diets supplemented witlgdstradiol....
Histograms showing relative expression levels of.........
Pm-mago nashafter feeding with diets supplemented........
with 17B-estradiol......... ..o
Histograms showing relative expression levels.of.........
PmNHR96after feeding with diets supplemented.............
with 17B-estradiol............cccocoiiiiee
Gel electrophoresis showing the PCR fragment of...........
ligand-binding domain (HOLI) oPmNHR96.....................
amplified by domain-specific primer overhang with........
BamHI andXhol-6XHIS........ccccooiiiiiiii e
Nucleotide sequence of the recombinant plasmi coger.
the binding domain, HOLI) dPmNHR96(B).............cc.......
the Blast X result of nucleotide sequence of..................
the recombinant plasmid.............ccccciiiiiiiiiineeeeeiiiien
SDS-PAGE (A) and Western blot analysis (B) showing.
in vitro expression of the ligand-binding domain, HOLL.....
of PmMNHR96 after induction with 0.4 mM IPTG.............
15% SDS-PAGE showing vitro expression of..................
recombinant clone of the ligand-binding domain, HOL.

of PmMNHR96 culture at 37°C and 15°C.............coceveeeen.

XVii

Page

79

82

83

84

85

87

88

89

90



Figure 3.40

Figure3.41

Figure 3.42
Figure 3.43

LIST OF FIGURES

15 % SDS-PAGE showing of the purification of............
rHOLI-PmNHR96 under the denaturing conditions......
15 % SDS-PAGE showing of purified...........ccceeeoo.
rHOLI-PmNHR96 after concentrated...............cccccevvvnnnne.
Western blot analysis of anti-rHOLI-PmNHR96...........
Western blot analysis of anti-rHOLI-PmNHR96...........

after puUrfied. ... ...

Xviii

Page

91

91
92

93



XVili

LIST OF ABBREVIATIONS

bp base pair

°C degree celcius

DEPC diethylpyrocarbonate

DTT dithiothreitol

dATP deoxyadenosine triphosphate
dCTP deoxycytosine triphosphate
dGTP deoxyguanosine triphosphate
dTTP deoxythymidine triphosphate
DNA deoxyribonucleic acid

HCI hydrochloric acid

IPTG isopropyl-thiogalactoside

Kb kilobase

kDa kilo dalton

M molar

MgCl, magnesium chloride

mg milligram

mi millilitre

mM millimolar



ng

oD

PCR

pl

RNA
RNase A
rpm

RT

SDS
SDS-PAGE
Tris

Mg

(i

KM

uv

nanogram
optical density

polymerase chain reaction

isoelectric point

ribonucleic acid

ribonuclease A

revolution per minute

reverse transcription

sodium dodecyl sulfate

SDS polyacrylamide gel electrophoresis
tris (hydroxyl methyl) aminomethane
microgram

microlitre

micromolar

ultraviolet

Xix



CHAPTER |

INTRODUCTION

1.1 Background information

The black tiger shrimpReneaus monodon) is one of the most economically
important cultured speciesSince 1994, Thailand has been regarded as the world
leading shrimp (mainly?. monodon) producer of approximately 200,000 metric tons
(Limsuwan, 2004). However, the aquacultural produnchas decreased since the last
few years, as a result, domesticated Pacific wdhtanp (itopenaeus vannamei) has
recently been introduced to Thailand as a new rdtgpecies (Khamnamtoregal.,
2005).

Farming of P. monodon in Thailand relies almost entirely on wild-caught
broodstock forsupply of juveniles because of poor reproductivetunaion of
cultured P. monodon females (Withyachumnarnket al., 1998; Preechaphat al.,
2007). The high demand on wild female broodstoekisetooverexploitation of the
natural P. monodon in Thai waters (Klinbungaet al., 1999; Khamnamtongt al.,
2005). In additionpreeding of pond-reareB. monodon is extremely difficult and
rarely produced enough quality of larvae requirgdhe industry. The low degree of
reproductive maturation of captivBe. monodon has also limited the ability to
genetically improve this important species by damaton and selective breeding
programs (Withyachumnarnket al., 1998; Kenwayet al., 2006; Preechaphet al.,
2007).

Therefore, closed-life cycle culture (the use oheajecally improved pond-
reared instead of wild broodstock) is required tloe sustainable aquaculture. The
domestication and selective breeding programs aa@ed shrimp would provide a
more reliable supply of seed stock and the imprar@nof their production efficiency
(Makinouchi and Hirata, 1995; Clifford and Prest@f06; Comaret al., 2006).

Molecular mechanisms involving gonadal developm&nP. monodon have
long been of interest by aquaculture industriesn@Be 1998; Preechaphet al.,
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2007). An initial step toward understanding molacuhechanisms of ovarian (and
oocyte) maturation inP. monodon is the identification and characterization of
reproduction-related genes that are differentiaixpressed during ovarian
development of this economically important species.

Unilateral eyestalk ablation is used commercialynduce ovarian maturation
of penaeid shrimp (Okumura, 2004; Okumaral., 2006), but the technique leads to
an eventual loss in egg quality and death of tlevsers (Benzie, 1998). Therefore,
predictable maturation and spawning of captive pehahrimp without the use of

eyestalk ablation is a long-term goal for the slprimdustry (Quackenbush, 2001).

Estrogen-like compounds in invertebrates were fiesicribed in the ovaries of
an echinoderm (Donahue and Jennings, 193'A. tnonodon, the titers of conjugated
pregnenolone and unconjugated and conjugated detydindrosterone (DHEA)
were found to be maximal at early and late vitedlogsis. Unconjugated progesterone
was found in ovaries at the late vitellogenic arature stages of ovarian development
whereas conjugated testosterone was only deteet#tki mature ovaries (Fairs and
Quinlan, 1990).

Results from several studies indicated that sewist® (progesterone and &7
estradiol) enhance the reproductive maturationesfagid shrimp (Fingerman et al.,
1993; Yano and Hoshino, 2006). Understanding mashenand functions of genes
and proteins in different stages of ovarian devalept would provide a new tool
applicable for understanding of their importantlbgical and molecular processes
and finally, for improving reproductive maturati® monodon in captivity to resolve

the major constraint of this economically importapecies
1.2 Objective of this thesis

1. Identification of the cDNA sequences of geneghi@ signal transduction

pathways of oocyte developmentRnmonodon.

2. Determination of the expression levels of traipss functionally involved
with reproductive development and maturatiofPomonodon.

3. Examination of effects of BPBfestradiol on ovarian development of

domesticatedP. monodon.



1.3 Literature review

The black tiger shrimpP. monodon has dominated production of farmed
shrimp along with the Pacific white shrimbitopenaeus vannamei) and is one of the
most economically important penaeid species in Isddast Asia. Farming of
P. monodon has achieved a considerable economic and soqgmrtance, constituting

a significant source of income and employment is tégion.

In Thailand, P. monodon had been intensively cultured for more than two
decades and formerly, had contributed approxima®€%o of the total cultivated
shrimp production. The reasons for this are suppldoly several factors including the
appropriate farming areas without serious distghiom typhoons or cyclone, small
variable of seawater during seasons, and idea &milpond construction. Culture of
P. monodon had increased the national revenue, thereRrenonodon was, until

recently, the most economically important cultuspécies in Thailand.

Farming of P. monodon in Thailand relies almost entirely on wild-caught
broodstock for supply of juveniles because reprtdecmaturation of cultured
P. monodon female is extremely low. As a result, breeding ménd-reared
P. monodon is extremely difficult and rarely produced enoughality of larvae
required by the industry. The high demand on wianéle broodstock leads to
overexploitation of the natural populationsRyfmonodon in Thai waters (Klinbunga
etal., 1999).

Despite the success of the farmed production, tmemg industry has
encountered problems outbreaks of diseases andoemental degradation. Besides
these, the lack of high quality wild and/or domestied broodstock oP. monodon
has possibly caused an occurrence of a large poofictunted shrimp at the harvest
time. The farmed production & monodon has significantly decreased since the last
several years. As a result, domesticated Pacifitevginrimp,Litopenaeus vannamei,
has recently been introduced to Thailand as a nelured species and initially
contributed approximately 360,000 MT of the culturproduction in 2004 and
dramatically increased to 640,000 MT in 2010 (Taldlel) (Source : http
:[lwww.thaiahpa.com/Feed5.pdf).
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Currently, L. vannamei accounts for approximately 98% of the total shrimp

production in Thailand (Figure 1.1). However, thece of L. vannamel is quite low

and broodstock used relies almost entirely on geat improved stocks brought

from different sources. In addition, the labor sost Thailand are higher than other

countries (e.g. Vietnam and China) preventing ttheaatage of competition for the

world market. In contrast, the market of premiumesiP. monodon is still opened for

Thailand becausd.. vannamel

Is not suitable for that market. Accordingly,

P. monodon culture is currently promoted for increasing asniing production.

Table 1.1 Total shrimp production (metric tons) from the aquilture sector during
2005 — 20010 in Southeast Asia

Country 2005 2006 2007 2008 2009 2010
Thailand 380,000 500,000 530,000 495,000 563,000 0,080
China 380,000 400,000 480,000 523,000 560,000 600,0
Vietnam 115,000 150,000 170,000 200,000 200,000 ,0PR4
Indonesia 230,000 260,000 210,000 230,000 180,00040,000
India 100,000 103,000 110,000 870,000 100,000 0P0,0
Malaysia 32,000 42,000 62,000 68,000 92,000 105,000
Philippines 35,000 36,000 38,000 29,000 35,000 GO,
Total 1,272,000 1,491,000 1,600,000 2,415,250 1030 2,199,000

(Source: http://www.thaiahpa.com/Feed5.pdf)
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Figure 1.1 A diagram of production d?. monodon andL. vanami during 2001-2006

in Thailand



1.4 General introduction

1.4.1 Taxonomy ofP. monodon

The black tiger shrimp is taxonomically classifiad a member of Phylum
Arthropoda; Subphylum Crustacea; Class Malacostr&dclass Eumalacostraca;
Order Decapoda; Suborder Natantia; Infraorder Hdeag Superfamily Penaeoidea;
Family Penaeidae, Rafinesque, 1985; Genus Penabsgcius, 1798 and Subgenus
Penaeus. The scientific name of shrimp Benaeus monodon (Fabricius, 1798) where
the English common name is giant tiger shrimp achltiger prawn (Bailey-Brook
and Moss, 1992).

1.4.2 Morphology

The exterior of penaeid shrimp is distinguishedaygephalothorax with a
characteristic hard rostrum, and by a segmentedrabd (Figure 1.2). Most organs,
such as gills, digestive system and heart, areddca the cephalothorax, while the
muscles concentrate in the abdomen. Appendageseofcéphalothorax vary in
appearance and function. In the head region, antesiand antennae perform sensory
functions. The mandibles and the two pairs of niagiform the jaw-like structures
that are involved in food uptake (Solis, 1988).the thorax region, the maxillipeds
are the first three pairs of appendages, moditieddod handling, and the remaining
five pairs are the walking legs (pereiopods). Fragrs of swimming legs (pleopods)
are found on the abdomen (Bell and Lightner, 1#88ly-Brock and Moss, 1992).

The external morphology oP. monodon and sex characteristics of male

(petasma) and female (thelycum) are illustrateligure 1.1.
1.4.3 Distribution and life cycle

The black tiger shrimp is widely distributed thrdwogit the greater part of the
IndoPacific region, ranging northward to Japan draiwan, eastward to Tabhiti,
southward to Australia and westward to Africa. Tenaeid life cycle includes
several distinct stages that are found in a vamétizabitats (Figure 1.3). Juveniles
prefer brackish shore areas and mangrove estuariksir natural environment. Most

of the adults migrate to deeper offshore areaggaeh salinities, where mating and



Figure 1.2 External morphology ofP. monodon (A). Sexes of juveniles and
broodstok of penaeid shrimp can be externally tfidated by petasma of male (B)

and thelycum of female (C).

reproduction takes place. Females produce betwér806-1,000,000 eggs per
spawning (Rosenberry, 1997). The eggs hatch irditht larval stage, which is the

nauplius. The nauplii feed on their reserves foiew days and develop into the
protozoeae. The protozoeae feed on algae and methose into myses. The myses
feed on algae and zooplankton and have many oftiaeacteristics of adult shrimp

and develop into megalopas, the stage commonlgdglbstlarvae (PLs). Larval

stages inhabit plankton-rich surface waters offshaith a coastal migration as they
develop (Karin van de Braak / http://edepot.wut21/288).

1.4.4 Ovarian developmental stages &. monodon

Five ovarian maturation stages are recognizedPfomonodon (Primavara,

1998). The maturation stage can visualized andidias follows;

-Stage | (Immature) Ovaries are thin and lucent. The dorsal of exostele
not are visible throughThe tissue on the dissection they appear colodé&ssds,

devoid of visible eggs.


http://edepot.wur.nl/121288

Figure 1.3 Life cycle ofP. monodon (Rolando R. Platon 1978)

-Stage Il (Early maturing) Ovaries stare to increase the skeleton size can
observed as thin ovaries, linear band, particularlyhe anterior and middle lobes.
The ovaries of dissected was color from cloudy &/totlight-brown.

-Stage 11l (Late maturing) Exoskeleton can visible through of ovaries, as a
thick, solid, linear band. The abdominal regiorptsterior thoracic. The tissue on the
dissection showed olive-green colorless of ovaiiést can be seen granular and firm
in texture with clumps of eggs.

-Stage IV (Mature or ripe) Ovaries are showed diamond-shaped expansion at
abdominal region of ovaries and linear band iskificThe dissected are appear dark
green and distended. They are available spaceibdtly captivity.

-Stage V (spent)Ovaries completely spent are limp, thin and apsaailar
stage | (Immature).
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Figure 1.4 Ovarian developmental stages Ff monodon visualized externally and
conventional histology indicated different stagésoocytes in a particular stage of

ovaries.
1.4.5. Changes of ovarian morphology during oogenies

The reproductive cycle &. monodon includes a series of events starting from
activation of primordial germ cells to the diffetetion of highly yolk-equipped ova.
Staging of reproductive development based on thephwbogical characters of
ovaries is not appropriate. Correct staging of @dpctive maturity requires more
detailed characteristics like size of the germsgalhture and arrangement of oogonial
cells in ovaries, which is possible through micayscal investigations (Diwagt al.,
2009). Light microscopic examinations of ovariesPoimonodon at different staged



of their maturity revealed the chain of nuclear aytbplasmic changes that occur
inside the developing ovaries. Oogonial cells depetl from the primordial germ
cells get transforms into the mature ova with sugft yolk for the development of
the embryo. A series of dramatic as well as comapid changes take place in the
developing oocyte during its developmental phasesed on the changes that occur
inside the cytoplasm and nucleus of the growingytes; process of oogenesis may
by classified into six different phases, such asnature, previtellogenic, early
vitellogenic, late vitellogenic, mature or gravichdaspent oocytes (Diwast al.,
2009).

1.4.6 Development of oocytes in different stages @faries of P. monodon

From conventional histology, the ovarian tissué’>ofmonodon contains a thin
ovarian wall, encompass the ovaries. It consists3 dayers; a thin outer most
pavement epithelium, an inner layer of germinaltregdium and a relatively thick
layer of connective tissue in between. Blood cap#s are also present in the ovarian
wall. A germinal zone (GZ) is found on the latepariphery in the form of a thin
band and this is the "zone of proliferation” frorhieh the displacement of oogonial
cells takes place (Figure 1.5). Invasion of thisemto the ovarian lobes is observed
from the ventral portion of the ovary. The youngcytes moved farther from the
germinal zone upon maturation so the developingtescand ova are found towards
the center of each ovarian lobe.

I mmature stage

An active zone of proliferation with clusters ofveéoping oogonial cells is
the characteristic feature of immature ovaries g 1.5). The primary and
secondary oogonial cells are arranged in a gradmthar in the ovaries so that the
growing secondary oogonial cells are shifted toitierior. The nuclei of the primary
oogonial cells are not conspicuous. These primagonial undergo mitotic division
and gives rise to the secondary oogonia. The sacpnoogonial cells possess a

conspicuous nucleus.



10

Figure 1.5 Light microscopy showing an immature ovaries. &rrginal zone with
developing oogonial cells and B: the oogonial celymatoxylin and Eosin (HE)
staining (40 x) (Preechaphol, 2008).

The oogonial cells appear round ultrastructurahd their large nucleus
occupies approximately 80% of the cell volume (FFégl.5). The oolemma is smooth
and without any particular morphological specidimas at this stage. The diffused
electron-dense chromatin materials as well as sgratule like round nucleoli are
not present in the nucleolemma of these oogonilld. delectron-loose cytoplasm in
these oogonial cells contains only some small demnand filamentous materials

(Figure 1.5). Other cell organelles are not aviible at this stage of development.
Previtellogenic stage (stage | ovaries)

The most striking feature of previtellogenic ovarie the presence of highly
basophilic primary oocytes with much more increasgiwplasmic volume than that
of the oogonial cells. These primary oocytes dgvdlom the secondary oogonial
cells through meiotic division. The nuclei contdi@ to 18 centrally located, deeply
stained granules like nucleoli and prominent chrimamaterials in their
nucleoplasm. These oocytes are devoid of individabiicle cell layers. The early
previtellogenic oocytes are characterized by tispldcement of nucleoli towards the
periphery of the nucleoplasm (Figure 1.6).

At the late of this stage, oocytes begin theiri¢allbogenesis around the outer
surface of each oocyte. The follicle cells in thigge are rectangular or cubical and a

highly vacuolated conspicuous nucleus is also ptese
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Figure 1.6 Light microscopy showing a previtellogenic ovariéfymatoxylin and
Eosin (HE) staining (10 x; A and 40 x; B). EP =lgarevitellogenic oocyte, LP =

late previtellogenic oocyte, n = nucleus, FL =ifallar layers (Preechaphol, 2008).
Early vitellognic stage (stage | | ovaries)

Early vitellogenic ovaries are sudden two fold ease in the size of the
oocytes. The nature of the cytoplasm changes siydfitem homogenous to vesicular
and little bit granular. From the granular naturfetlte cytoplasm and its sudden
increase in the cytoplasmic volume it is seen thating this stage onwards the
oocytes started its active accumulation of yolke Tgranular nature is due to the
accumulation of oil globules in the cytoplasm, whis the characteristic feature of
the primary vitellogenic oocytes. Consequently thieleolar materials made a halo
around the nucleus due to their circular arrangeésnenthe peripheral karyoplasms
(Figure 1.7).

During this stage, the formation of follicle celsound each individual oocyte
occurs. Because of the sudden increase in the legtopc volume the follicle cells

stretched considerably and consequently their ties& decreased (Figure 1.7).
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Figure 1.7 Light microscopy showing an early vitellogenic dea. Hymatoxylin and
Eosin (HE) staining (10 x; A and 40 x; B). n = reuie$, FL = follicular layers
(Preechaphol, 2008).

Late vitellogenic stage (stage |11 ovaries)

Late vitellogenic oocytes are characterized by #dppearance of radially
arranged well developed of the oocytes. The ooplalswhich is full of eosinophilic
yolk granules. The hypertrophied nucleus as wellnasleolus of follicle cells
becomes conspicuous during this stage. Due torbeease in the volume of the
oocytes, the follicle cells encompassing them clrdétirther and appear as a narrow

band of flattened cells around each oocyte (Figusg

Figure 1.8 Light microscopy showing an late vitellogenic aear Hymatoxylin and
Eosin (HE) staining (10 x; A and 40 x; B). n = reuie$, FL = follicular layers
(Preechaphol, 2008).

Mature stage (stage | V ovaries)

Mature oocytes develop club shaped structures efcitrtical rods in the

peripheral ooplasm. The vitellin envelope is visilplst at the top of the cortical
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crypts (Figure 1.9). At early of this stage, theytes appear with a very thin rim of
follicle cells around it. The follicle cells disapgr from around the oocytes when
reach to the late of this stage. Final maturatierfinish when germinal vesicle
breakdown (GVBD) (Figure 1.9). After GVBD, the spang immediately proceeds.

Figure 1.9 Light microscopy showing mature ovaries. Hymatoxynd Eosin (HE)
staining (10 x; A and 40 x; B). CR = cortical grées) GVBD = germinal vesical
breakdown (Preechaphol, 2008).

Spent stage (Stage V Ovaries)

Oocytes of the spent ovary are mostly primary oesgimilar to those of pre-
vitellogenic oocytes in the immature ovary. Resagboocytes are also observed in
between the empty thicker follicle cells causedtly retraction of the follicle cells
from the oocytes. The zone of proliferation is &etwith irregular primary oogonial
cells and developing oocytes at certain portionghefspent ovary. Some regressing

atretic oocytes were commonly observed in the speaty.
1.4.7 Hormonal control in shrimp

Biological and physiological processes (growth rogpction, body color, and
metabolism etc.) are hormonal controlled (Figur@OL. Knowledge from shrimp
endocrinology is necessary to develop the hormoraadipulation techniques in these

species.

In the female shrimp, gonad maturation is the testirapid synthesis and
accumulation of vitellogenin by the oocytes durintellogenesis (Figure 1.11) (Sin
yan kunet al., 2004). The current practice to stimulate ovargevelopment by

eyestalk ablation is stressful to the animal, anzbuld lead to mortality. In order to
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avoid eyestalk ablation, different techniques tmsgtate ovarian development such as
maturation diet and hormone stimulation have begemgpted. The use of these
techniques to variable success reveals our lacgeokral understanding of oocyte
development in crustacean. Therefore, the knowledgeormonal factors influencing

the ovarian and oocyte development in crustaceamersessary to develop the

hormonal manipulation techniques in shrimp.

—* Color changes

Sex determination
—* Reproduction {
Gonadal activity

Continuous

Hormone

—> Growth

=

Discontinuous

Metabolism
—»  Homeostasis —E
Osmolarity

Figure 1.10Diagram illustrating the hormonal controls of plojsgical processes in

penaeid shrimp.

Hormonal regulation is one of the several factdrat tcontrol the female
reproduction. The female reproductive hormone waslyced from various tissues

(Figure 1.7) including eyestalks, mandibular orgad Y-organ.
1.4.7.1 Eyestalk hormones

It is well-known that eyestalk ablation induces wala development and
oviposition. This effect has been attributed to tresence of a vitellogenesis-
inhibiting factor present in the MTXO-SG neuroséorg system (Figures 1.8 and
1.9). A group of neuropeptides that directly affeeproductive performances in
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crustacean have been identified. Many of these ent#s belongs share a high degree

of similarity with crustacean hyperglycemic hormdq@aiH).

Gonad inhibiting hormone (GIH) is secreted from ¥iergan in the eyestalk,
and inhibits the synthesis of vitellogenin in theary. The peptides also have an
impact on the males, and hence it is called gomdwbiting hormone instead of

vitellogenesis inhibiting hormone (Huberman, 2000).
1.4.7.2 Ecdysteroids

Ecdysteroids primarily serves as molting hormonmesrustaceans, a similar
function as in other arthropods. Their roles inrogloiction have been suspected. As
reproductive development in crustacean often oedurat the same period of
continuing somatic growth (molting), one cannot tiwek the importance of the
molting cycle when considering various aspectsro$tacean reproduction. The roles
of ecdysteroids in reproduction are difficult tongealize as each group of species has
different reproductive strategies in relation tce ttiming between molting and
reproductive development. For examples, activellsgenesis and spawning in
peneaid shrimp occurs during the prolonged premehod before ecdysis, while
Macrobrachium spp. alternates between reproductive molt and epmductive molt
(Subramoniam, 2000).

Ecdysteroids are synthesized by the Y-organs istaogan, secreted into the
hemolymph, and distributed to target tissues famveosion into active forms; 20-
hydroxyecdysone (20E; also called crustecdysondysterone; Goodwin, 1978)
(Subramoniam 2000). There is also evidence thatsterbids was also synthesized in
ovaries and testes of crustaceans (Brown et al9;286yrishaveet al. 2008). Its
production is negatively regulated by the molt-biting hormone (MIH), secreted
from the X-organ, and positively regulated by métfarnesoate (MF). Important
forms of ecdysteroids are 20-hydroxyecdysone (20R@HE) and ponasterone A
(PoA).
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Figure 1.11Diagram of the endocrine control of vitellogenisishrimp (Takuji Oet
al. 2004)

1.4.7.3 Prostaglandins and other eicosanoids

It has been proposed that prostaglandins playeinobvarian maturation in
crustacean. Prostaglandins are derived from fatiysasuch as arachidonic acid or
eicosapentaenoic acid. Prostaglandins as a group rhany physiological functions
in many animals. In invertebrates, prostaglandiesewiound in sponges, cnidarians,
nematodes, platyhelminthes, mollusks, annelidstaoeans, acari, urochordates, and
insects (Rowleyet al. 2005; Stanley, 2006). Their known functions indrtebrates
are diverse including immunity, homeostasis, fegdimarval settlement, and
reproduction (Rowlet al. 2005).
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The reproduction-related functions of prostaglandiother animals appeared
to occur at several stages of oocyte maturatiow(&pet al. 2005; Stanley, 2006).
So far the concentration profile of prostaglandinscrustaceans during ovarian
development suggested its importance at the endaayte maturation. This
hypothesis still needs to be confirmed with morseegch. Since precursor of
prostaglandins is fatty acids, dietary manipulatioould have some effects on

prostaglandins in crustaceans.
1.4.7.4 Vertebrate-type steroid hormones

Steroid hormones play important roles in vertebrapgoductive biology. The
classical pathways of steroid hormones, includingirogens, androgens, and
progestogens, are mediated by specific receptaitsatte localized in the nucleus of
target cells. Steroid hormone receptors are membera superfamily of ligand-
modulated transcription factors that include nucl@aogestogen receptor (PR),
androgen receptor (AR), glucocorticoid receptor JGRineralocorticoid receptor
(MR), vitamin D receptor, and the retinoic acideptor (1). Understanding the roles
of steroid hormones on vitellogenesis may leath&development of ways to induce

ovarian maturation in decapod crustaceans (YandHastiino, 2006).

Vertebrate-type steroids have been found in mamumg of invertebrate
including crustacean (Lafont and Mathieu 2007)er&ts such as progesterone (PG),
17a-hydroxyprogesterone (17-OHP), testosterone, aifidekiradiol (E2) are present
in many crustacean species including kuruma pré&dvnaponicus (Cardosoet al.
1997), giant freshwater pravi. rosenbergii (Martinset al. 2007), black tiger shrimp
P. monodon (Quinitio et al. 1994), mud craBcylla serrata (Warrieret al. 2001)

Quinitio et al (1994) analyzed the profile of steroid hormonegeiation to
vitellogenin activity in femaleP. monodon. Progesterone and f+stradiol were
detected in the hemolymph only in shrimp with matoraries, while the level was
low or undetectable in the hemolymph in those witinature ovaries (Quinitiet al.
1994) . The concentration of progesterone showegositive correlation with
vitellogenesis (Quiniticet al. 1994).
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Figure 1.12Steroid hormone biosynthetic pathway

(http://www.ntptalk.com/articles/bio-identical-horme-replacement.php)

Okumura and Sakiyama (2004) compared the hemolyoopleentrations of
several vertebrate-type steroids in kuruma prawimgduwoth natural and induced (by
eyestalk ablation) ovarian development. They oleikino correlation and concluded
that vertebrate-type steroids were not involvedowarian development of kuruma
prawn (Okumura and Sakiyama, 2004).

Yano and Hoshino (2006) reported thaBdestradiol induced vitellogenesis
and oocyte development in previtellogenic ovarykafuma prawnin vitro. They
proposed that P£estradiol is an ovarian vitellogenesis-stimulatmymone (OVSH)

in immature decapods crustaceans.


http://www.ntptalk.com/articles/bio-identical-hormone-replacement.php
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Gunamalai et al (2006) monitored the concentratdnl 73-estradiol and
progesterone in the hemolymph, ovary and hepatopascof mole cralktmeriata
asiatica and freshwater prawhl. rosenbergii. Both 17B-estradiol and progesterone
peaked in all tissues during the intermolt periddhe reproductive molt cycle in
freshwater prawn, and the basal level g8-Estradiol was detectable in the ovary and

hepatopancreas during the non-reproductive molecyc

Martins et al (2007) performed similar experimentionitor the hemolymph
concentration of la-hydroxyprogesterone, testosterone, anf-&3tradiol in female
freshwater prawiM. rosenbergii and correlated the results with each stage of amari
development. They reported high concentration ofa-hydroxyprogesterone
throughout the reproductive cycle and the concaotrapeaked during pre-
vitellogenic M. rosenbergii ovarian stage 2) and late vitellogenic/matuid. (
rosenbergii ovarian stage 5) (Martins et al. 2007). The cotregion of the
glucuronide-conjugated B7estradiol also peaked during the previtellogerages,

while there was no significant variation in tesewehe concentration.

Dietary source of vertebrate type steroids mighayph role in ovarian
development of penaeid shrimp. Meungblal (2007) extracted PG and d-OHP
from polychaete®erinereis sp., a commonly used component in maturation dogts
shrimp broodstock. They also reported that PG aid-QHP, both from the
polychaetes extracts and synthetic, are capablstioiulating development oP.
monodon oocytes from pre-vitellogenic stage to maturatioartical rods) (Meunpol
et al. 2007). It is possible the vertebrate steroidsffmolychaetes could stimulate the
ovarian development in broodstock shrimp or suppl@nsteroids produce by the

shrimp.

Estrogen and androgen receptors were detectedeirbthin and thoracic
ganglion of mud cralScylla paramamosain using immunocytochemistry method
(Ye et al. 2008). The presence of these receptors in thé&ratemervous system
suggested the possibility that estrogen and androtgy act as negative feedback in

the endocrine system of crustacean éral. 2008).
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The effects of 1ff-estradiol on induction of vitellogenin synthesiglaoocyte
development were investigated vitro by incubation of previtellogenic ovary of
immature kuruma prawnMarsupenaeus japonicus) with Medium 199 supplemented
with 17B-estradiol for 3 days. Vitellogenin concentratian®vary incubated in media
containing 3.6 nM, 36.7 nM, 367 nm and 3671 n\}-Estradiol were significantly
< 0.01) greater than that of pure ethanol vehitlee rate of globule stage oocyte in
previtellogenic ovaries incubated with various camtcations of 1f-estradiol
compared to the control was different. Howeverréhevas no difference on this
parameter among ovaries incubated with 3.6, 3&7,ahd 3671 nM of J¥estradiol
(Yano and Hoshino, 2006).

Recently, the full-length cDNA gbrogestin membrane receptor component 1
(Pgmrcl) of P. monodon was successfully identified and characteriZéginrcl was
2015 bp in length containing an ORF of 573 bp apoading to a polypeptide of 190
amino acids. Northern blot analysis revealed alsifiggm of Pgmrcl in ovaries of
P. monodon. Quantitative real-time PCR indicated that the egpron level of
Pgmrcl mRNA in ovaries of both intact and eyestalk-aldabeoodstock was greater
than that of juvenilesH < 0.05). Pgnmrcl was up-regulated in mature (stage IV)
ovaries of intact broodstockP (< 0.05). Unilateral eyestalk ablation resultedaim
earlier up-regulation of Pgmrcl since the vitelloige(ll) ovarian stage. Moreover,
the expression level of Pgmrcl in vitellogenic,leaortical rod and mature (l11-1V)
ovaries of eyestalk-ablated broodstock was grethi@n that of the same ovarian
stages in intact broodstoclk & 0.05).Pgmrcl mRNA was clearly localized in the
cytoplasm of follicular cells, previtellogenic andarly vitellogenic oocytes.
Immunohistochemistry revealed the positive sigr@lshe Pgmrcl protein in the

follicular layers and cell membrane of folliculalls and various stages of oocytes.

In addition, a progesterone receptor-related protein p23 (Pmp23) gene
homologue was isolated from EST analysis of the ADOMrary established from
vitellogenic ovaries ofP. monodon. The full length cDNA ofPmp23 was further
characterized by RACE-PCR and it was 1943 bp, cmimgr an ORF of 495 bp
corresponding to 164 amino acid residues and tlenéd 3 UTRs of 7 and 1441 bp,
respectively. The predicted molecular mass @raf the deduced Pm-p23 protein was
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19.07 kDa and 4.39, respectively. Quantitative-teaé PCR analysis revealed that
the expression levels dPmp23 in ovaries of both intact and eyestalk-ablated
broodstock were significantly greater than thatjwfeniles (4-month-old shrimp)
(P < 0.05). Pmp23 was up-regulated since stage Il ovaries of intaa stage lll
ovaries of eyestalk-ablaté®l monodon broodstock P < 0.05). The mRNA level of
Pmp23 after spawning was not significantly different frostages 11-1V ovaries of
intact broodstockH > 0.05). In situ hybridization indicated that tRenp23 mRNA
was localized in ooplasm of previtellogenic oocyf@ecombinant Pmp23 protein was
successfully expressed in vitro and its polyclargibody was successfully produced.
Western blot analysis indicated that the level\adr@an Pmp23 protein peaked at the

vitellogenic stage and decreased as oogenesisgssait.

No report of progesterone, estrogen and androgeepters in other
crustacean species at present. The presence ofrdsptors in the central nervous
system of crustacean indicates that vertebrate sipmids might play a role in
crustacean endocrine system. Assessing the rolertdbrate steroids in crustaceans
could have many applications. The effect of dieteeytebrate steroids on ovarian
maturation suggested potential uses of these dtertm stimulate reproductive

development.
1.4.8 Control of cortical rods formation and germiral vesicle breakdown

As the eggs of penaeid shrimp reached maturatmntical rods start forming
around the oocytes. Its function during the eggivatbn process includes
establishment of protective jelly layer (Claek al. 1990), and contribution to the

induction of the sperm acrosome reaction (Krueyaganet al. 2007).

Medina et al (1996) reported the inability of pond-reared shriPenaeus
kerathurus to synthesie cortical rods leading to the lackufyfmature oocyes (stage
IV). It was suspected that hormones play a mageifstant role since the sizes of
oocytes are not different between then wild anddp@ised shrimp. Eyestalk ablated

shrimp was not used in Medina et al experiment.

Palacioset al (2003) reported no significant differences in egksablated

wild or pond-reared.. vannamel oocyte’s ability of form cortical rods while Peixot
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et al (2008) reported significantly higher frequencyaafcytes with cortical rods in

domesticated shrimp than that of the wild shrimp.

There are several potentials biomarkers for cdrticads formation.
Thrombospondin (TSP) major protein component oticalr rods were cloned and
characterized in kuruma prawd. japonicus (Yamanoet al. 2004) and Chinese
shrimp F. chinensis (Sun et al. 2006) High expression of cathepsin C gene in the
ovaries of kuruma prawn coincides with the onsetasfical rod formation suggesting
that the gene might play a role during CR synthasis final oocyte maturation (Qiu
et al. 2005). The level of cortical rod protein (CRRP)daMjTSP expression in the
ovary of kuruma prawn did not change after eyestblktion, but the protein levels in
the ovary did increase (Okumumt al. 2006). The results suggested that the
regulatory mechanism of the CRP and MjTSP consroldcurred during translation.

Yi et al (2005) reported high CRP expression dutimg previtellogenic and
early vitellogenic stage. They suggested that CRIP\& synthesis are regulated by
closely-related mechanisms. Cortical rod proteis b@en cloned and characterized in
a species whose oocytes does not form a corticdl stoucture such as giant

freshwater prawmacrobrachium rosenbergii (Kim et al. 2007).

One important step toward oocyte maturation that yet to be extensively
studied in crustacean is that of germ-vesicle bteak (GVBD), the breakdown of
the nuclear membrane surrounding the chromosonoe fwimeiosis resumption of

the oocyte.

In vertebrate, GVBD and oocyte maturation are &igg by gonadotropins,
luteinizing hormone (LH) and follicle stimulatingomone (FSH). In fish and
amphibians, a steroid hormone intermediate, maturahducing hormone, is also
involved in oocyte maturation (Jalabert 2005; Patioal. 2001). Examples of
maturation inducing hormone in fish include 17B20Bhydroxy-4pregnen-3one
(Jalabert 2005) and B722-hydroxy-estradiol (Mishra and Joy 2006).

Yano (1995) hypothesized that final maturation Engeid shrimp can be
induced by prostaglandin whose concentration etedlto fatty acid precursors (such
as arachidonic acid and eicosapentaenoic acid)hén diet of shrimp. Other
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stimulating factor can include mating (for some ceg), UV-irradiated water,

temperature shock or filtration of seawater.

Serotonin (5-HT) in oocyte maturation, particula@y¥BD, has been observed
in several animal phyla. In mollusks, evidence @fosonin’s involvement in oocyte
maturation and spawning was observed in zebra mDbssessena polymorpha (Ram
et al. 1996), oyste€Crassostrea gigas (Kyozukaet al. 1997), Manila clanRuditapes
philippinarum (Fonget al. 1997), and scalloprgopecten purpuratus (Martinez et al.
2005). Two separate pathways involving either sgrotor calcium ion was shown to
induce oocyte maturation in big ribbon wor@erebratulus sp. (Stricker and Smythe
2000). The involvement of protein kinases and ggrophosphatases in the process
were also reported in big ribbon worms (Stricked @&mythe 2006a; Stricker and
Smythe 2006b). The role of serotonin in oocyteuraton in mammals was also

suggested (Dubé and Amireault 2007).

Wongprasert et al (2006) reported the effect onteain induction of ovarian
maturation and spawning . monodon. They noted that spawning occurred while
the ovaries were in Stage Ill and the quality cdveps (numbers of eggs, hatching
rate, and numbers of nauplii) was better in seliotorduced group. The stage of
ovarian maturation was determined by visual obgemain their study, but the
correlation to oocyte development was not made eNbeless, the study provides the

promising evidence for serotonin beneficial rolecomstacean reproduction.

1.4.9 Nutrigenomics and expression of genes invotvevith reproduction

of P. monodon

Nutrigenomics is the studies of effects of diet @gment on molecular
expression of gene, protein or important metalslifeccordingly, it provides a basis
for understanding the biological activity of diatpplement in the examined animal
species. Nutrigenomics has also been describethéoinfluence of genetic variation
on nutrition by correlated with gene and/or proteaxpression. Therefore,
nutrigenomics promotes an increased understandingow nutrition influences

metabolic pathways and homeostatic control.
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In this thesis, effects of exogenous administratieed supplementation of
17R3-estradiol on expression of several geagsataginyl tRNA synthetase, aspartate
aminotransferase, Mago nashi and nuclear hormone receptor 96) previously
identified by EST analysis were examined.

-P. monodon asparaginyl tRNA synthetase
The tRNA synthetases such as aminoacyl tRNA syadiest play a major role
in the translational process during protein syrithed homologue ofasparaginyl

tRNA synthetase (PmAINS, E-value = 7e-75) was identified by EST analysis. Tuike
length cDNA of this gene was 1857 bp with an ORR.680 bp corresponding to a
polypeptide of 560 amino acids.

PmAINS significantly matchedsparaginyl-tRNA synthetase of Aedes aegypti
(E-value = 0.0). The calculatgal and MW of PmAtNS were 6.00 and 64.06 kDa,
respectively. An anti -codon binding domain (pasig 139 — 219-value = 9.10e-
15) and tRNA synthetases class Il domain (posit@86 — 556 E-value = 3.70e-76)
were found in the deduced PmAINS protein (Sittikiesaw, 2006)

-P. monodon aspartate aminotransferase

Aspartate aminotransferase catalyzes the reversible transamination between
dicarboxylic amino and a keto acids essentiallydseén nitrogen and carbon
metabolism in the cells. Aspartate aminotransferastévities are usually used as
general indicators of the functioning of vertebratiwer. The crustacean
hepatopancreas is assumed homologous to the masnmblier and pancreas
(Gibsonand Barker, 1979) and is responsible foromajetabolic events, including
enzyme secretion, absorption and storage of ndgrienolting, and vitellogenesis
(Chanson and Spray, 1992).

Using RACE-PCR, the full-length cDNA d®. monodon AST (PmAST) was
successfully characterized and it was 1944 bp ngtte with the 5 and 3UTRs of
232 and 464 bp (excluding the poly A tail), respety. The ORF ofPmAST was
1248 bp corresponding to a polypeptide of 415 anaicids. The closest sequence to
PmAST wasaspartate aminotransferase of Tribolium castaneum (E-value = 5e-176).

Its calculategpl and MW were 8.55 and 43.29 kDa. Aminotransferase domain was
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found at positions 20 - 388 (E-value = 8.00e-12B)jhe deduced PmAST protein.
(Sittikhankeaw, 2006)

-P. monodon mago nashi

The cDNA of P. monodon protein mago nashi was characterized by EST
analysis and the full-length cDNA was obtained €@ehaphol et al., 2007).
P. monodon protein mago nashi was 858 bp in length composing of an ORF of 444
bp corresponding to a polypeptide of 147 amino saeidd the 5and 3 UTRs of 27
and 387 bp, respectively. It significantly matchpbtein mago nashi of Apis
mellifera (E-value = 5 x 10°. The predicted molecular mass guicbf the deduced
Pm- protein mago nashi was 17.27 kDa and 5.72eoéisgely. P. monodon protein
mago nashi contained Mago nashi domains origindéwytified in Drosophila which
is essential for female germplasm assembly (NewraadkBoswell, 1994).

-P. monodon son of sevenless

Son of sevenless (SOS) is a dual specificity guamncleotide exchange
factor (GEF) that regulates both Ras and Rho fa@ilfPases and thus is uniquely
poised to integrate signals that affect both gempression and cytoskeletal
reorganization (Yang, 2006)he SOS gene functions in signaling pathways initiated
by the sevenless and epidermal growth factor receftrosine kinases (Bonfini,
1992)

The partial cDNA sequence & monodon SOS was previously identified by
EST analysis (Clone No. AG-N-N01-1056-\i;value =2e-61) but the full length

cDNA of this gene in penaeid shrimp has not beemastterized.
- P. monodon nuclear hormone receptor 96

Nuclear hormone receptor proteins is recognizea eass of ligand activated
proteins that, when bound to specific sequencd3NA, serve as on-off switches for
transcription with in the cell nucleus as well dase tcontinual regulation of
reproductive tissues. Nuclear hormone receptoraulae®y gene expression by
interacting with specific DNA sequences upstreartheir target genes.
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Steroid or nuclear hormone receptors constituténgortant superfamily of
transcription regulators that are involved in wideliverse physiological functions,
including control of embryonic development, celffelientiation and homeostasis.
The receptors function as diametric molecules icieido regulate the transcription of
target genes in a ligand-responsive manner. Nutieemone receptors consist of a
highly conserved DNA-binding domain that recognigpscific sequences, connected
via a linker region to a C-terminal ligand-bindidgmain. In addition, certain nuclear
hormone receptors have an N-terminal modulatory alomThe ligand-binding
domain acts in response to ligand binding, whiahsed a conformational change in
the receptor to induce a response, thereby acsng molecular switch to turn on

transcriptional activity.

The partial cDNA sequence & monodon nuclear hormone receptor 96 was
previously identified by EST analysis (Clone No.-§B1-0404-LFE-value =2e-37)
but the full-length cDNA of this gene in penaeidistp has not been characterized.
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CHAPTER Il
MATERIALS AND METHODS

2.1 Nucleic acid extraction

2.1.1 Genomic DNA extraction

Genomic DNA was extracted from a piece of pleopbdaxh shrimp using a
phenol-chloroform-proteinase K method (Klinbungaalket 1999). A piece of pleopod
tissue was dissected out from a frozen pleopod plated in a prechilled
microcentrifuge tube containing 5Q0 of the extraction buffer (100 mM Tris-HCI,
100 mM EDTA, 250 mM NacCl; pH 8.0) and briefly honssgzed with a micropestle.
SDS (10%) and RNase A (10 mg/ml) solutions wereeddd a final concentration of
1.0 % (w/v) and 10Qug/ml, respectively. The resulting mixture was thecubated
at 37C for 1 hour. At the end of the incubation periadproteinase K solution
(10 mg.ml) was added to the final concentratio8@® ug/mland further incubated at
55°C for 3-4 hours. An equal volume of buffer-equitited phenol : chloroform :
isoamylalcohol (25:24:1) was added and gently roixXf0 minutes. The solution was
centrifuged at 10,000 rpm for 10 minutes at roomgerature. The upper aqueous
phase was transferred to a newly sterile microdage tube. This extraction process
was then repeated once with phenol : chloroformoamylalcohol (25: 24: 1) and
once with chloroform : isoamylalcohol (24 : 1). Thgueous phase was transferred
into a sterile microcentrifuge. One-tenth volume3o¥ sodium acetate, pH 5.2 was
added. DNA was precipitated by an addition of twauwme of prechilled absolute
ethanol and mixed thoroughly. The mixture was imtatl at -88C for 30 minutes.
The precipitated DNA was recovered by centrifugatd 12,000 rpm for 10 minutes
at room temperature and washed twice with 1 mi086 &thanol (5 minutes and 2 — 3
minutes, respectively). After centrifugation, thgernatant was removed. The DNA
pellet was air-dried and resuspended in 50 +I86f TE buffer (10 mM Tris-HCI,
pH 8.0 and 0.1 mM EDTA). The DNA solution was inategd at 37C for 1 — 2 hours
and kept at 4C until further needed.
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2.1.2 RNA extraction

Total RNA was extracted from ovaries (or otheruess ofP. monodon using
TRI Reagent®. A piece of tissue was immediatelyc@thin a mortar containing
liquid nitrogen and ground to fine powder. The usgowder was transferred to a
microcentrifuge tube containing 5Q0 of TRI Reagent (50-100 mg tissue per 1 ml)
and homogenized. Additional 50QI of TRI Reagent was then added. The
homogenate and left for 5 minutes, before adding @l of chloroform. The
homogenate was vortexed for 15 seconds and lefo@nh temperature for 2-15
minutes and centrifuged at 12,000 rpm for 15 miswde 4°C. The mixture was
separated into the lower red, phenol-chloroform sphathe interphase, and the
colorless upper aqueous phase. The aqueous phakssiftely containing RNA) was
transferred to a new 1.5 ml microcentrifuge tubetal RNA was precipitated by an
addition of 0.5 ml of isopropanol and mixedrbughly. The mixture were left at
room temperature for 10-15 minute and centrifuge@i22000 rpm for 10 minutes at
4-25°C. The supernatant was removed. The RNA pellet washed with 1 ml of
75 % ethanol centrifuged at 7,500 rpm for 5 minufestal RNA was dissolved in
appropriate volume of DEPC-treatedQHfor immediately used. Alternatively, the

total RNA pellet was kept under absolute ethanal i80°C freezer for long storage.
2.1.3 Preparation of DNase I-free total RNA

Fifteen micrograms of total RNA were treated withN@&e | (0.5 U/lug of

RNA, Promega) at 37 °C for 30 minutes. After theuipation, the sample was gently
mixed with a sample volume of phenol : chloroforimaamylalcohol (25 : 24 : 1) for
10 minutes. The mixture was centrifuged at 12,@00 for 10 minutes at 4°C, and the
upper aqueous phase was collected. The extractmregs was then repeated once
with chloroform : isoamylalcohol (24 : 1) and onghachloroform. The final aqueous
phase was mixed with one-tenth final sample volam& M sodium acetate (pH 5.2).
After that, RNA was precipitated by adding two gofive volume of -20 °C-cold
absolute ethanol. The mixture was incubated at °@0for 30 minutes, and the
precipitated RNA was recovered by centrifugatiorl2{000 rpm for 10 minutes at

room temperature. The RNA pellet was then washecktwith 1 ml of -20 °C cold
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75% ethanol. Alternatively, the RNA pellet was képtabsolute ethanol at -80 °C

until required.

2.2 Measuring concentrations of nucleic acids by sptrophotometry and
electrophoresis

The concentration of extracted DNA or RNA was eatied by measuring the
optical density at 260 nanometre (&F). An ODyso Of 1.0 corresponds to a
concentration of 5Qug/ml double stranded DNA, 4@g/ml single stranded RNA and
33 pug/ml oligonucleotide (Sambrook et al.,, 2001). There, the concentration of
DNA/RNA samples j{g/ml) were estimated by multiplying an @9 value with a
dilution factor and 50, 40, 33 for DNA, RNA andgidnucleotides, respectively. The
purity of DNA samples can be guided by a ratio dd,6¥ODy,g0. The ratio much
lower than 1.8 indicated contamination of residpabteins or organic solvents
whereas the ratio greater than this value indicatégamination of RNA in the DNA
solution (Kirby, 1992).

The amount of high molecular weight DNA can be idygestimated on the
basis of the direct relationship between the amamtDNA and the level of
fluorescence after ethidium bromide staining afteyarose gel electrophoresis.
Genomic DNA was run in a 1.0% agarose gel preparetk TBE buffer (89 mM
Tris-HCIl, 89 mM boric acid and 2.0 mM EDTA, pH 8.3t 4 V/cm. After
electrophoresis, the gel was stained with ethidibromide (0.5ug/ml). DNA
concentration was estimated from the intensityhef fluorescent band by comparing

with that of undigestedDNA.

2.3 Agarose gel electrophoresis

Appropriate amount of agarose was weighed out ancdnwith 1x TBE
buffer (89 mM Tris-HCI, 8.9 mM boric acid and 2.O0MTEDTA, pH 8.3). The gel
slurry was heated until complete solubilizationtle microwave. The gel solution
was left at room temperature to approximately 5%&fre poured into a gel mould.
The comb was inserted. The gel was allowed to i$plat room temperature for
approximately 45 minutes. When needed, the gel dchavhs placed in the gel
chamber and sufficient 1x TBE buffer was addeddeec the gel for approximately
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0.5 cm. The comb was carefully withdrawn. To caruay agarose gel electrophoresis,
one-fourth volume of the gel-loading dye (0.25%rbpienol blue and 25% ficoll)
was added to each sample, mixed and loaded intevélie A 100-bp DNA ladder or
A-Hind Ill was used as the standard DNA markers. Elebinogsis was carried out at
4 - 5 V/cm until the tracking dye migrated aboutetrquartered of the gel. After
electrophoresis, the gel was stained with ethidromide (0.5ug/ml) for 5 minutes
and destained to remove unbound EtBr by submengdd® for 15 minutes. The

DNA fragments were visualized under the UV lighingsa UV transilluminator.

2.4 lIsolation and characterization of the partial ©NA sequence ofNuclear
hormone receptor 96 (PMNHR96) and son of sevenless (PmSOS) of P. monodon
using Rapid Amplification of cDNA Ends-Polymerase @ain Reaction (RACE-
PCR)

2.4.1 Preparation of the 5' and 3' RACE template

Total RNA was extracted from ovariesfmonodon using TRI Reagent. The
quality of extracted of total RNA was determined dgarose gel electrophoresis.
Messenger (m) RNA was purified using a QuickPreprom@dmRNA Purification Kit
(Amercham Phamacia Biotech) according to the pateecommended from the
manufacturer. RACE cDNA template was prepared byhioing 1.5 pug of ovarian
MRNA with 1 pl of 5'-CDS primer and 1 pl of 10 uNMBRT Il oligonucleotide for
5" RACE-PCR and 1 pg of ovarian mRNA with 1 pl of GDS primer A
oligonucleotide for 3' RACE-PCR (Table 2.1). Themgmnent were mixed and
briefly centrifuged. The reaction was incubated7@t°C for 2 minutes and snap-
cooled on ice for 2 minutes. The reaction tube lrasfly centrifuged. After that, 2 pl
of 5x First-Strand buffer, 1 pul of 20 mM DTT, 1 pfldNTP Mix (10 mM each) and 1
Ml of PowerScript Reverse Transcriptase were addibd. reaction were mixed by
gently pipetting and briefly centrifuged to colletitie contents at the bottom of the
tube. The reaction was incubated at 42 °C for diEin an air incubator. The first
strand reaction products were diluted with 125flmacine-EDTA Buffer and heated
at 72 °C for 7 minutes. The first strand cDNA teatplwas kept at -20 °C until

needed.
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Table 2.1Primer sequences for the first strand cDNA synghasd RACE-PCR

Primer Sequence

SMART Il A Oligonucleotide 5AAGCAGTGGTATCAACGCAGAGTACGCGGG-
3/

3' RACE CDS Primer A SAAGCAGTGGTATCAACGCAGAGTAC(Try N4

N-3' (N=A, C, G orT; N=A,G or C)
5 RACE CDS Primer 5-(T)2s Ny N-3' (N=A, C, G orT; N= A,G or C)

10X Universal PrimerA Mix Long:5-CTAATACGACTCACTATAGGGCAAGC
(UPM) AGTGGTATCAACGCAG AGT-3
Short:3-CTAATACGACTCACTATAGGG C — 3

Nested Universal Primer A5 -AAGCAGTGGTATCAACGCAGAGT-3
(NUP)

2.4.2 Primer designed for RACE-PCR

Gene-specific primers (GSPs) were designed fromsEsJnificantly matched
nuclear hormone receptor 96 (PmMNHR96) (Clone No. LP-S01-0404-LFY)as GTP
exchange factor, son of sevenless (PmSOS) (Clone No. AG-N-N01-1056-W)
(Table 2.2).

2.4.3 RACE-PCR

The same master mix sufficient fot &d/or 3 RACE-PCR and the control
reactions was prepared (Tables 2.3 and 2.4). Fdr 2&ul amplification reaction,
14.0 ul sterile deionized bD, 2.5ul of 10x Advantag® 2 PCR buffer, 0.5l of 10
uM dNTP mix and 0.5l of 50x Advantag® 2 polymerase mix were combined. The

reaction was carried out for as described in Table

The reaction was carried out for 20 cycles comppsina 94°C for 30 second,
68°C for 3 minutes. The primary’ 5and 3 RACE-PCR products were
electrophoretically analyzed. After characterizatad primary RACE product, if the
discrete expected product is not obtained. The gmymPCR product was 50-fold
diluted (1ul of the product: 49 ul of TE or deipedl water) and amplified with GSP
and NUP primer (SAAGCAGTGGTATCAACGCAGAGT-3). The amplification
reaction was performed using 5 pl of the dilute P@Bduct as template using the

same condition for the first PCR for 18 cycles. Tésulted products are size-fraction
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through agarose gels. The expected fragment is &l the gel, cloned into pGEM-

T Easy and further characterized by DNA sequencing.

Table 2.2 Gene-specific primers (GSPs) used for isolatiorcDNA sequences of

functionally important genes . monodon

Gene specific primer Sequence Tm
°C)

Nuclear hormone receptor 96 (Clone No. LP-S01-0404-LF)

5 RACE R: 5'GACACTTTGCATCTGGTACGS3' 58
3'RACE F: 5-ACGTCAATCCGCAAGAAGTCGAACCAC-3 70
Son of sevenless (Clone AG-N-N01-1056-W)

5 RACE R: 5’CAACCTGTCCTGTGACCGAG-3 58
5 RACE F: 5’CGATGCGCTGACAAGTGCTGGACAAGG-3 70

Table 2.3Compositions for amplification of the Bnd of gene homologues using 5
RACE-PCR

Component 5’ RACE-PCR UPM only GSP1 only
(Control) (Control)

5 RACE-Ready cDNA 1.5l 1.5ul 1.5ul

template

UPM (10x) 5.0ul 50ul -

GSP1 (1QuM) 1.0ul - 1.0ul

GSP2 (1QuMm) - - -

H.O - 1.0u 5.0l

Master Mix 17.5¢l 17.5ul 17.5ul

Final volume 25 25 ul 25 ul
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Table 2.4 Compositions for amplification of the 8nd of gene homologues using 3
RACE-PCR

Component 3 RACE-PCR UPM only GSP1 only
(Control) (Control)

5 RACE-Ready cDNA 1.5l 1.5ul 1.5l

template

UPM (10x) 5.0ul 5.0 pl -

GSP1 (1QuM) 1.0u - 1.0ul

GSP2 (1QuM) - - -

H.O - 1.0u 5.0l

Master Mix 17.5pl 17.5ul 17.5ul

Final volume 251 25 ul 25 ul

Nucleotide sequences of EST andahd 3 RACE-PCR are assembled and
blasted against data previously deposited in theb@ek using BlastX (Altschul et al.,
1990; available at http://ncbi.nlm.nih.gov). Theot@in domain of deduced amino
acids of each gene is searched using SMART (ldtpart.embl-heidelberg.de/). The
pl and molecular weight of the deduced protein attmased using Protparam

(http://www.expasy.org/tools/proparam.html).
2.5 Cloning of the PCR-amplified DNA product
2.5.1 Elution DNA fragments from agarose gels

After electrophoresis, the desired DNA fragment e&sised from the agarose
gel using a sterile scalpel and placed in a prefedl microcentrifuge tube. DNA
was eluted out from the gel using a HiYiBfdGel Elution Kit (RBC). Five hundred
microlitres of the DF buffer was added to the samguhd mixed by vortexing. The
mixture was incubated at 55°C for 10-15 min untié tgel slice was completely
dissolved. During the incubation period, the tulsswnverted every 2-3 min. A DF
column was placed in a collection tube and 8D6f the sample mixture was applied
into the DF column and centrifuged at 6,@P(B,000 rpm) for 30s. The flow-through
was discarded. The DF column was placed back ircdfiection tube. The column
was washed by the addition of 5Q0 of the ethanol-added Wash Buffer and
centrifuged at 8,000 rpm for 30s. After discardihg flow-through, the DF column


http://ncbi.nlm.nih.gov/
http://smart.embl-heidelberg.de/
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was centrifuged for 2 min at the full speed (14,006) to dry the column matrix.
The dried column was placed in a new microcentaftigoe and 1@l of the Elution

Buffer or water was added to the center of the oolumatrix. The column was left at
room temperature for 2 min before centrifuged fomfhutes at the full speed to

recover the gel-eluted DNA.
2.5.2 Ligation of the PCR product to the pGEM-T Easy vector

DNA fragments was ligated to the pGEM Easy vector in a 10l reaction
volume containing Sul of 2x Rapid Ligation Buffer (60 mM Tris-HCI, pH.g, 20
mM MgCl,, 20 mM DDT, 2 mM ATP and 10% PEG 8000), 3 Weiss ohiT4 DNA
ligase, 25 ng of the pGEMT Easy vector and approximately 50 ng of the DNA
insert. The reaction mixture was incubated overnagi - 8 °C before transformed to
E.coli JM 109 (or XL1-Blue).

2.5.3 Preparation of competent cells

A single colony ofE. coli JM109 (or XL1-Blue) was inoculated in 10 ml of
LB broth (1% Bacto tryptone, 0.5% Bacto yeast etteand 0.5% NaCl, pH 7.0) with
vigorous shaking at 37 °C overnight. The startinjure was then inoculated into 50
ml of LB broth and continued culture at 37 °C wiigorous shaking to Ofg, of 0.5
to 0.8. The cells was briefly chilled on ice for Ifinutes and recovered by
centrifugation at 3,500 rpm for 10 minutes at 4 T@e pellets were resuspended in
30 ml of ice-cold MgC¥CaCl solution (80 mM MgCl and 20 mM CaG) and
centrifuged as above. The cell pellet was resusgéndth 2 ml of ice-cold 0.1 M
CaChL and the cell suspension was divided into 100 od gD aliquots. These

competent cells was used immediately or store8@fC for subsequently used.
2.5.4 Transformation of the ligation product toE.coli host cells

The competent cells were thawed on ice for 5 mgulavo to four microlitres
of the ligation mixture were added and gently mixsdpipetting. The mixture was
left on ice for 30 minutes. During the incubaticripd, the ice box was gently moved
forward and backward a few times every 5 minutdse Tansformation reaction was
heat-shocked in a 42 °C water bath (without shgkfog exactly 45 seconds. The

reaction tube was immediately placed on ice for @vButes. The mixture were
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removed from the tubes and added to a new tubeicamg 1 ml of pre-warmed SOC
(2% Bacto tryptone, 0.5 % Bacto yeast extract, M NaCl, 2.5 mM KCI, 10 mM
MgCl,, 10 mM MgSQand 20 mM glucose). The cell suspension was inedbaith
shaking at 37 °C for 90 minutes. The mixture wexetgfuged for 20 seconds at room
temperature, and resuspended in 1000f the SOC medium and spread onto a
selective LB agar plates (containing s ml of amplicillin and spread with 2@ of

25 pg/ml of X-gal and 25 of 25 ug/ml of IPTG for approximately 1 hr before using)
and further incubated at 37 °C overnight. The rdmioant clones containing inserted
DNA are white whereas those without inserted DNA lslue (Sambrook and Russell,
2001).

2.5.5 Colony PCR and digestion of the amplified irests by restriction

endonucleases

The colony PCR was performed in a@Seaction mixture containing 10 mM
Tris-HCI, pH 8.8, 50 mM (Nk&)>,SQ4, 0.1% Triton X-100, 100 mM of each dNTP, 2
mM MgCl,, 0.1uM each of pUC1 (5CCG GCT CGT ATG TTG TGT GGA‘Band
pUC2 (B-GTG GTG CAA GGC GAT TAA GTT GG-3, 0.5 unit of Tag DNA
polymerase (Fermentas). A colony was picked bypatp tip, placed in the culture
tube and served as the template in the reactioR. W& carried out in a thermocycler
consisting of predenaturation at 94 °C for 3 misufellowed by 35 cycles of
denaturation at 94 °C for 30 seconds, annealirsDtC for 1 min and extension at
72 °C for 1.5 minutes. The final extension wasiedrout at the same temperature for
7 minutes. The colony PCR products were electrogdeat through a 1.5 % agarose
gel and visualized after ethidium bromide staining.

The colony PCR products containing the insert veegarately digested with
Alu | andRsa | (Promega) in a 15l reaction volume containing 1x buffer (6 mM
Tris-HCI, 6 mM MgC}, 50 mM NaCl and 1 mM DDT, pH 7.5 fédu | and 10 mM
Tris-HCI, 10 mM MgC}, 50 mM NaCl and 1 mM DDT, pH 7.9 fétsa I), 0.1 mg/ml
BSA, 2 units of each enzyme andudl of the colony PCR product. The reaction
mixture was incubated at 37 °C overnight. The tieactvas analyzed by 1.5 %

agarose gel electrophoresis.
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2.5.6 Extraction of recombinant plasmid DNA

Plasmid DNA was isolated using a HiYi&li Plasmid Mini Kit (RBC). A
discrete white colony was inoculated into a stezu#ure tube containing 3 ml of LB
broth supplemented with 50g/ml of amplicillin and incubated with shaking (200
rom) at 37 °C overnight. The culture was transfériato a sterile 1.5 ml
microcentrifuge tube and centrifuged at 14,000 fpm1l min. The supernatant was
discarded. The bacterial pellet was resuspende@Od ul of the PD1 buffer
containing RNase A and thoroughly mixed by vortexEde resuspended cells were
lysis by the addition of 20Ql of the PD 2 buffer and mixed gently by invertitige
tube for 10 times. The mixture was left for 2 mesiit room temperature. After that,
300 ul of the PD 3 buffer was added to neutralize tHelale lysis step and mixed
immediately by inverting the tube for 10 times. Théture was then centrifuged at
14,000 rpm for 15 minutes.

A PD column was placed in a collection tube anddlear lysis was applied
into the PD column and centrifuged at 6,@(,000 rpm) for 30 seconds. The flow-
through was discarded. The PD column was placell imathe collection tube. The
column was washed by the addition of 4@0of the W1 buffer and centrifuged at
8,000 rpm for 30 seconds. After discarding the ftlbwough, 600ul of the ethanol-
added Wash buffer was added and centrifuged aseafithe PD column was further
centrifuged for 2 minutes at the full speed (14,60@) to dry the column matrix. The
dried column was placed in a new micro centrifugeetand 5Qul of the elution
buffer or water was added at the center of theroalmatrix. The column was left at
room temperature for 2 min before centrifuged fania at the full speed to recover
the purified plasmid DNA. The concentration of extion plasmid DNA was

spectrophotometrically measured.
2.5.7 DNA sequencing

Cloned DNA fragments from typical PCR, RT-PCR, RABER analysis
were sequenced by automated DNA sequencer using fdd@ord and/or M13

reverse primer as the sequencing primer by MACRO@kiea).
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2.6 RT-PCR and tissue distribution analysis
2.6.1 Primer design

Forward and reverse primers afparagenyl tRNA systhertase (PmANS),
aspartate amino tranferase (PmAST), mago nashi (Pm-mago nashi), nuclear hormone
receptor 96 (PmMNHR96) andson of sevenless (PmSOS) were designed (Table2.5)

Table 2.5Gene homologue, primer sequences and expectesicfiiee PCR product
designed from EST d?. monodon

Gene Primer sequence size

Aspartate amino transferase (PmAST) F:5'GACAGCCCAGTTATTGCCGATG-3' 233
R:5"GCTCCACTGAAGTCAAAT CCAC-3

Asparaginyl-tRNA synthetase F:5GGACACGAACTCCAGGTAGATT-3' 172

(PmAINS) R:5TCATAAGGATTGAACGCAGCCG-3'

Nuclear hormone receptor 96 F:5'TAAACACGAACGGTGCTCAT 3 247

(PmNHRI6) R:5'GACACTTTGCATCTGGTACG 3'

Mago nashi (Pm-mago nashi) F:5S’ATGGGCTCCAACGACTTCTACA 3" 286
R:5'CATCACCAATGACAATCTCCAG 3'

Son of sevenless (PMSOS) F: 5CTCGGTCACAGGACAGGTTG 3 199

R: 5'GTTGAGCATAACAAGGGCAG 3'

2.6.2 First strand cDNA synthesis

One and half micrograms of total RNA from varioissties ofP. monodon
were reverse transcribed to the first strand cDNstngi an ImProm-f™ Reverse
Transcription System Kit (Promega). Total RNA wasmbined with 0.5 pg of
oligo dTi2.13 and appropriate amount of DEPC-treate®Dhh a final volume of 5 pl.
The reaction was incubated at 70°C for 5 minutekimmmediately placed on ice for 5
minutes. The 5x reaction buffer, MgCIANTP mix, RNasin were added to final
concentration of 1x, 2.25 mM, 0.5 mM and 20 unresspectively. Finally, 1 ul of

ImProm-1I"™

Reverse transcriptase was added and gently miyepigetting. The
reaction mixture was incubated at 25 °C for 15 n@is@and 42 °C for 90 minutes. The
reaction was terminated by incubated at 70°C fomiiButes to terminate reverse

transcriptase activity. Concentration and roughliguaf newly synthesized first
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strand cDNA was spectrophotometrically examined £§DD.g) and

electrophoretically analyzed by 1.5 % agarose gel.
2.6.3 RT-PCR

One hundred nanograms of the first strand cDNA wvéries of female
broodstock-sizedP. monodon were used as the template in a 25 pl RT-PCR weacti
composing of 10 mM Tris-HCI, pH 8.8, 50 mM KCI, @61Triton X-100, 100 mM of
each dNTP, 2 mM MgGJ 0.2 pM of each primer and 1 unit of DynazyfMeDNA
polymerase (FINNZYMES). RT-PCR was carried out wite temperature profile of
predenaturation at 94 °C for 3 minutes followed wasaturation at 94 °C for 30
seconds 25 cycles, annealing at 53 °C for 45 seaoddextension at 72 °C for 30

seconds. The final extension was carried out asdinee temperature for 7 minutes.

Fives microliters of the amplification products atectrophoresed though 1.2-
2.0% agarose gel dependent on size of the ampidicaproducts. The
electrophoresed band was visualized under a UVsithaminator after ethidium

bromide staining (sambrook and Russell, 2001).
2.6.4 Tissue distribution analysis of interesting gnes using RT-PCR

Total RNA was extracted of each gene in variousugs of female broodstock
(antennal gland, eyestalk, gill, hemocytes, hdagpatopancreas, lymphoid organs,
Broodstock ovaries, pleopod, stomach, thoracic i@ngvenile and ovaries), ovaries
of juveniles and testis of male broodstockPofmonodon. The first strand cDNA was

synthesized as described previously.

For each target gene, 150 ng of the first strandA&Rrom various tissues was
used as the template for RT-PE-1asg (F: 5'-ATGGTTGTCAACTTTGCCCC-3'
and R: 5-TTGACCTCCTTGATCACACC-3') was included the positive control.
The thermal profiles were predenaturation at 94f®C3 minutes followed by 30
cycles composing of a 94 °C denaturation step fos€onds, annealing at 53°C for
45 seconds and extension at 72 °C for 30 secomastiffal extension was carried out
at 72 °C for 7 minutes. The amplicon was electropihcally analyzed through 1.5%
agarose gel and visualized with a UV transsillutoiniafter ethidium bromide

staining (Sambrook and Russell, 2001).
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2.7 Preparation of specimens for expression analgspf interesting genes

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

2.7.1 Expression levels of reproduction-related ge&s in wild intact and
eyestalk-ablated broodstock and domesticated shrimpf P. monodon

For gene expression analysis, female broodstocle wd-caught from the
Andaman Sea and acclimated under the farm condition 2-3 days. The post-
spawning group was immediately collected aftermsprivere ovulated (stage W =
6). Ovaries were dissected out from each broodstmckweighedN = 27, average
body weight 217.0# 47.10 g). For the eyestalk ablation group, wilddatstock were
acclimated for 7 days prior to unilateral eyestatdation N = 28, average body
weight 209.97+ 39.45 g). Ovaries of eyestalk-ablated shrimp we#ected at 2-7
days after ablation. The gonadosomatic index (@8rian weight/body weight x
100) of each shrimp was calculated. The ovariareldgvnental stages of wild shrimp
were classified according to the GSI values: <x3-4, >4-6 and >6% for
previtellogenic (stage IN = 4 and 5 for intact and eyestalk-ablated broamsto
respectively), vitellogenic (IIN = 4 and 9), early cortical rod (IIN =5 and 9) and
mature (IV,N = 9 and 5) ovaries, respectively. The ovarian tgreental stages of

wild shrimp were confirmed by conventional histojd@iu et al., 2005).

In addition, domesticated juveniles (5- and 9-merdld,N = 6 for each group
with the average body weight of approximately 20amd 46.68+ 3.55 g) and
domesticated broodstock (14- and 18-month-®Nd= 6 for each group with the
average body weight 64.06 3.20 g and 77.12 3.10 g) of P. monodon were
collected from the Broodstock Multiplication CentéBMC), Burapha University
(Chanthaburi, Thailand) and include in the experitae

2.7.2 Effects of 1B-estradiol injection on expression of reproduction-
related genes in ovaries of domesticatdél monodon broodstock

2.7.2.1 Preparation of 1p-estradiol

For preparation of J¥#estradiol stock solution, B7estradiol was weighed out
(0.0025 g) and 125 pl of absolute ethanol was atlnledhieve the final concentration
of 20 ug/ul. The solution was incubated on ice to facilitaissolution. The stock
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solution was diluted by absolute ethanol to malee fthal concentration of ag/ul
and to 0.2ug/ul. Finally, the stock solutions were diluted witleisle deionized water
to make the working solution (0.Qly/g body weight of 1§-estradiol in 5% ethanol)
immediately before injection.

2.7.2.2 1B-estradiol treatment

To examine effects of PBfestradiol on expression of reproduction-related
genes, domesticated shrimp (approximately 14 moldhwith the average body
weight of 48.99 + 4.96 g) were acclimated at tH®tatory conditions (28-30°C and
30 ppt seawater) in 500-liter fish tanks for 1 we&kree groups of shrimp were
injected intramuscularly with Bfestradiol (0.01 pg/g of body weighN,= 6 for each
group) into the first abdominal segment of eachingr The injection was repeated
with the original doses at 3 and 6 days post initigection and specimens are
collected at 7, 14 and 28 days post injection. Ngeeted shrimp (at 0, 7, 14 and 28
days after the initial injectionlN = 6 for each group) and those injected with 5%
ethanol (at 7, 14 and 28 days after the initiaédatipn; N = 6 for each group) were
included as the negative and vehicle control, regey. In addition, shrimp were
unilateral eyestalk-ablated and specimens wereatelll at the same time intervals.
Ovaries of each shrimp were sampling and immedigbéced in liquid N. The
samples were stored at -80°C until needed.

2.7.3 Effects of 1B-estradiol-supplented diets on expression of

reproduction-related genes in ovaries of domesticatl P. monodon broodstock
2.7.3.1 Preparation of diets

Ingredients for preparation of the artificial distere prepared as described in
Table 2.8. A total of 4 kilograms of diets werepaieed. The diets were supplemented
with 17B-estradiol (1 and 10 mg.kg). The ingredients werxeoh together for
20 minutes. The processed diets were streamed at®%or 5 minutes and dried at
60 °C for 2 hours. The grain size of diets was apjpnately 2 mM in diameter and 4
mM in length.
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Table 2.6Ingredients of artificial diets used in this study

Component Amount (kg)/4 kg diet
Fish meal 2.18
Shrimp shell powder 0.16
Soybean meal 0.4
Tuna fish oll 0.216
Chlorophyl pink 0.0008
Multiminerals 0.04
Multivitamin 0.04
Cholesterol 0.04
Lecithin 0.04
Wheat gluten 0.24
Vitamin C 0.0024
Vitamin E 0.0008
Vitamin E 0.24

2.7.3.2 Feeding trials

The feeding experiments were carried out for theatlon of 35 days. The
domesticated shrimp (approximately 14 month-oldjeascclimated at the laboratory
conditions (28-30 °C and 30 ppt seawater) in 1)880fish tanks for 1 week. Two
groups of shrimp were fed four times daily (5% bodgight) with the diets
supplemented with Brestradiol (1 and 10 mg/kéy = 8 for each group).Specimens
are collected at 7, 14, 28 and 35 days after treaamNon-treated shrimp (at 7, 14, 28
and 35 days after the initial treatmeht;= 8 for each group) were included as the
negative control. Shrimp were unilateral eyestdllaed and specimens were
collected at the same time intervals. Ovaries afheshrimp were sampling and
immediately placed in liquid N The samples were stored at -80°C until needed.
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2.8 Quantitative real-time PCR analysis
2.8.1 Primer design and construction of the standar curves

Expression levels oPmMAINS PmAST, Pm-mago nashi and PmNHR96 were
examined using gquantitative real-time PCR analyBiemers for RT-PCR were

further used for quantitative real-time PCR analysi

Table 2.7 Primer sequences designed from ESP.omonodon for quantitative real-
time PCR analysis.

Gene Primer sequence size

Aspartate amino transferase (PmAST) F:5'GACAGCCCAGTTATTGCCGATG-3' 233
R:5"GCTCCACTGAAGTCAAAT CCAC-3

Asparaginyl-tRNA synthetase F:-5GGACACGAACTCCAGGTAGATT-3 172
(PmAINS) R:5TCATAAGGATTGAACGCAGCCG-3
Nuclear hormone receptor 96 F:5'TAAACACGAACGGTGCTCAT 3 164
(PmNHRI6) R:5'GCGGATTGACGTCTAGAAAGACA 3
Mago nashi (Pm-mago nashi) F:5'GCTGGAGATTGTCATTGGTG 3' 160

R:5'GTGAAGACCAATCAATGAGAAC 3

For construction of the standard curve of each g¢he DNA segment
covering the target PCR product aBB-1a,14 (F: 5-GTCTTCCCCTTCAGGACGT
C-3" and R : 5-CTTTACAGACACGTTCTTCACGTTG-3") weramplified from
primers for quantitative real-time PCR. The PCRdpict were cloned Plasmid DNA
were extracted and used as the template for esbimat the copy number. A 10 fold-
serial dilution was prepared corresponding t&- 10 molecules/pl. The copy number

of standard DNA molecules can be calculated usiegdllowing formula :

X g/ul DNA / [plasmid length in bp x 660] x 6.0220¢¢ = Y molecules/pl (Paridet
al., 2006).

The standard curves (correlation coefficient = 8:29000 or efficiency higher
than 95%) were drawn for each run. The standardgksnwere carried out in a 96
well plate and each standard point was run in dajsi
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2.8.2 Quantitative real-time PCR analysis

The target transcripts and the internal contr@F-loo4 (5°-
GTCTTCCCCTTCAGGACGTC-3’ and R: 5-CTTTACAGAC
ACGTTCTTCACGTTG-3") of the synthesized cDNA were @ified in a reaction
volume of 10 pl using 2X LightCycl& 480 SYBR Green | Master (Roche,
Germany). The specific primer pairs were used fial concentration of 0.15, 0.2,
0.15, 0.2 and 0.3 uM fdPmAINS, PmAST, Pm-mago nashi, PmMNHR96 andEF-1a514,
respectively. The thermal profile for SYBR Greemlréme PCR was 98 for 10
minutes, 1 cycle followed by 40 cycles of @5for 15 seconds, 5& for 30 seconds,
72 °C for 30 seconds. The melting curve analysis wasechout at 95C for 15
secondss5 ‘C for 1 minute and at 98 for continuation and cooling was 40 for 10
seconds. The real-time PCR assay was carried auBthwell plate and each sample

was run in duplicate using a LightCy&et80 Instrument Il system (Roche).

A ratio of the absolute copy number of the targetegand that oEF-1azi4
was calculated. The relative expression level betweéifferent group (ovarian
development or treatment) were statistically testg&idg one way analysis of variance
(ANOVA) followed by a Duncan’s new multiple rangste Significant comparisons

were considered when tiffevaluewas < 0.05.

2.9 In vitro expression of the HOLI domain of PmMNHR96 using thebacterial

expression system
2.9.1 Primers design

A primer pair for amplification of the HOLI domasequence was designed
from the partial cDNA ofPmNHR96. The forward primer containing Bam HI site,
and reverse primer containing ¥ho | site and six Histidine residues encoded
nucleotides (Table 2.9).

Table 2.8Primers for in vitro protein expression of the H@lomian of PmMNHR96

Gene Primer sequence

HOLI  domain- F:5-CGCGGATCCATGCTATCGGAGGCGAACAAGGGC 3
PMNHR6 R: 5-CCGCTCGAGTTAATGATGATGATGATGATGTGG
TTCGACTTCTTGCGGATT-3
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2.9.2 Construction of recombinant plasmid in clonig and expression

vectors

The HOLI domain sequence was amplified by PCR aiggstied with the
corresponding enzymes. The resulting product waelgeed and ligated to pGEM
T Easy vector and transformed irtocoli JM109. Plasmid DNA was extracted from
a positive clone and used as the template for &icgilon using 0.5 pM of each
primer, 0.75-1.5 uniPfu DNA polymerase (Promega) and 0.2 mM of each dNTPs.
The thermal profiles were predenaturation at 94f6C3 minutes followed by 30
cycles of denaturation at 94 °C for 30 secondsgalimg at 60 °C for 30 seconds,

extension at 72 °C for 2 minutes and final extemsib72 °C for 7 minutes.
2.9.3 Expression of recombinant proteins

A single colony of recombinar. coli BL21-CodonPlus (DE3)-RIPL OE.
coli BL21 (DE3)-plysS carrying desired recombinant plak (pHOLI-PmMNHR96)
was inoculated into 3 ml of LB medium, containir@bg/ml ampicillin and 50 pg/mi
chloramphenicol at 37 °C. Fifty microlittres of tbgernight cultured was transferred
to 50 ml of LB medium containing 50 pg/ml ampicilliand 50 pg/mi
chloramphenicol and further incubated to ang@Df 0.4-0.6. After IPTG induction
(2.0 mM final concentration), appropriate volumetloé culture corresponding to the
OD of 1.0 was time-interval taken (0, 2, 3, 6, 22 hours at 37 °C) and centrifuged at
12,000 rpnifor 1 minute. The pellet was resuspended in 1X BBffer and examined
by 15% SDS-PAGE (Laemmli, 1970).

In addition, 20 ml of the IPTG induced-culturedIsedt the most suitable
time-interval were taken (6 hours or overnight & @ or lower), harvested by
centrifugation 5000 rpm for 15 minutes and resudpdnn the lysis buffer (0.05 M
Tris-HCI ; pH 7.5, 0.5 M Urea, 0.05 M NaCl, 0.05 BDTA ; pH 8.0 and | mg/ml
lysozyme). The cell wall was broken by sonicati@ing Digital Sonifief sonicator
Model 250 (BRANSON). The bacterial suspension wasicated 2-3 times at 15-
30% amplitude, pulsed on for 10 seconds and puffiddr 10 seconds in a period of
2-5 minutes. Soluble and insoluble portions werpassted by centrifuged at

14,000 rpm for 30 minutes. The protein concentratibboth portions was measured
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using a dye-binding assay (Bradford, 1972). Expoessf the recombinant protein
was electrophoretically analyzed byp% SDS-PAGE.

2.9.4 Detection of recombinant proteins

Recombinant protein was analyzed in 1.5% SDS-PAIBE.electrophoresed
proteins were transferred to a PVDF membrane (Hgbd®nGE Healthcare) (Towbin,
1979). The membrane was washed three times witfids<buffer saline tween-20
(TBST ; 25 mM Tris, 137 mM NaCl, 2.7 mM KCI| and 8% tween-20) for
10 minutes, blocked with 20 ml of a blocking buff@rO g of BSA in 20 ml of 1X
TBST) and incubated for 1 hour at room temperatuién gentle shaking. The
membrane was washed three times in 1X TBST andated with diluted Mouse
Anti-His antibody 1gG2a (GE Healthcare; 1 : 5000he blocking buffer for 1 hour.
The membrane was incubated with diluted goat aotise 1gG (H+L) conjugated
with alkaline phosphatase (Promega 1 : 10,000héklocking buffer for 1 hour.
Visualization of immunoreactional signals was aariout by incubating the
membrane in NBT/BCIP (Roche) as a substrate. Thar ceaction was stopped by

transferring the membrane into water.
2.9.5 Purification of recombinant proteins

Recombinant protein was purified by using a His &reap kit (GE
Healthcare). Initially 1 littre of IPTG-induced ¢uted at the optimal time and
appropriate temperature was harvested by centtifugat 5,000 rpm for 15 minutes.
The pellet was resuspended in the binding buffémi®1 sodium phosphate, 500 mM
NaCl, 20 mM imidazole, pH 7.4), sonicated and cirged at 14,000 rpm for 30
minutes. The soluble and insoluble fractions weepasated. Soluble fraction
composed of the recombinant protein was loaded aulomn. The column was
washed with 10 ml of binding buffer containi@ mM imidazole(20 mM sodium
phosphate, 500 mM NaCl, 20 mM imidazole, pH 7.4ynbof the binding buffer
containing50 mM imidazole (20 mM sodium phosphate, 500 mM N&D mM
imidazole, pH 7.4) and Bl of the binding buffer containing0 mM imidazole (20
mM sodium phosphate, 500 mM NaCl, 80 mM imidazepld,7.4). The recombinant
protein was eluted witG ml of the elution buffer (20 mM sodium phosph&@0 mM
NaCl, 500 mM imidazole, pH 7.4). Each fraction lo¢ twvashing and eluting step were
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analyzed by SDS-PAGE and western blotting. Thefigdriproteins were stored at

4°C or -20°C for long term storage.

Proteins separated with SDS-PAGE were transferntd @ PVDF membrane
(Hybond P; GE Healthcare) (Towbin, 1979) in 25 mkT192 mM glycine (pH
8.3) buffer containing 10% methanol at a constamtent of 350 mA for 1 hour. The
membrane was treated in the DIG blocking solutRadhe) for 1 hour and incubated
with the primary antibody (1 : 100 in the blockisglution) for 1 hour at room
temperature with gently shaker. The membrane washed 3 times with 1X Tris-
buffer saline tween-20 (TBST ; 50 mM Tris—HCI, 0)l5NaCl, pH 7.5, 0.1% Tween-
20) and incubated with goat anti rabbit IgG (H+Ldnpgated with alkaline
phosphatase (Bio-Rad Laboratories) at 1 : 3,0006fbrminutes and then washed
3 times with 1X TBST. Visualization of immunoreamtal signals was carried out by
incubating the membrane in NBT/BCIP (Roche) as lassate. The color reaction

was stopped by transferring the membrane into water
2.9.6 Polyclonal antibody production

Polyclonal antibody against rHOLI-PmNHR96 was immlagically
produced from the purified nuclear hormone recepéprotein in a rabbit by Faculty
of Associated Medical Sciences, Changmai Universitestern blot analysis was

carried out to examine specificity and sensitiafythe antibody.
2.9.7 Puirification of polyclonal antibody

The polyclonal antibody was purified. Briefly, 5 wil non-purified polyclonal
antibody were centrifuge at 10,000 rpm for 10 masuat 4 °C. The supernatant was
transfer to a new microcentrifuge tube and the gohal antibody was purified using
protein A column according to the protocol recomthé&om manufacturer (Thermo
sciencetific). Protein A column was equilibratedhw8-5 ml of binding buffer. The
non-purified rHOLI-PmMNHR96 polyclonal antibody (5))mwere divided to equal
aliquots, passed through the column and incubated 456 and 30 minutes,
respectively. The bound IgG was washed with 5-10ofmthe binding buffer. The
fractions were collected in aliquots of 2 ml an@dpophotometriclly at 280 nm until
the resulting fraction showed the OD close to thenk After that, the bound
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antibody was eluted with 5-10 ml of the elution fieafand aliquots of 2 ml were
collected and spectrophotometrically estimated. dllaéed fraction was examined by
SDS-PAGE.

2.9.8 Determination of the expression patterns onfRNHR96 in ovaries of

P. monodon using Western blot analysis
2.9.8.1 Total protein extraction

Approximately 0.5 gram of frozen ovariesfmonodon were ground to fine
power in the presence of liquid,Mnd suspended in a tree fold-diluted PBS buffer
containing protease inhibitor cocktail. After cefugation at 12,000 rpm for 10
minutes at 4 °C, the supernatant were collectadhlbroacetic acid in acetone (TCA,
10% wi/v) was added and left at -20 °C overnighte Thixture was centrifuged at
12,000 rpmfor 30 minutes at 4°C. The supernatant was dischatel the pellet was
suspended in acetone containing 0.1% dithiothréddIT). The sample was spun at
12,000 rpm for 30 minutes at 4°C. The pellet wasdeed and dissolved in the lysis
buffer. The amount of extracted protein was meaburg a dye binding assay
(Bradford, 1976).

2.9.8.2 Western blot analysis

Twenty micrograms of total ovarian proteins were heatedl@ °C for
5 minutesand immediately cooled on ice. Proteins were siaetionated on 45%
SDS-PAGE (Laemmli, 1970). Electrophoretically seypad proteinsvere transferred
onto a PVDF membrane (Hybond P; Glealthcare) (Towbin et al., 1979) in 25 mM
Tris, 192 mM glycine(pH 8.3) buffer containing 10% methanol at 100 \f fo
90 minutes. Themembrane was treated in the DIG blocking solutiBodhe) for
1 hourand incubated with anti-rHOLI-PmNHR96 (1: 500 i thlockingsolution) for
1 hour at room temperature. The membrane was wastigtes with 1x Tris Buffer
Saline-Tween20 (TBST; 50 mM Tris—HCI, 0.15 M NagH 7.5, 0.1% Tween20) and
incubated with goat antabbit IgG (H+L) conjugated with alkaline phosplssgBio-
Rad Laboratories) at 1 : 3,000 for 1 hour and washetnfes with 1x TBST.

Immunoreactive signals were visualized using NBT#B(Roche) ashe substrate.
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CHAPTER 1l

RESULTS

3.1. Total RNA extraction

Total RNA from ovaries and various tissues of a dEmwild broodstock
including antennal gland, epicuticle, eyestalkl, dqiemocytes, heart, hepatopancreas,
lymphoid organs, broodstock ovaries, pleopod, stdmghoracic ganglia, ovaries of
juveniles and testis of male broodstockRofmonodon were extracted. The quality
and quantity of extracted total RNA were examined dpectrophotometry and
integrity of the total RNA was observed by agargseelectrophoresis. The ratio of
RNA extracted were 1.8-2.0 implying that the qualdf extracted RNA was

acceptable to further applications.

The results from agarose gel electrophoresis (Eigut) showing good quality

of extracted RNA with predominated discrete banétsng with smeared high
molecular weight RNA. The first stand cDNA synttzesl from DNA-free total RNA

covered the large product sizes (Figure 3.2).

Figure 3.1 A 1.0% Ethidium bromide-stained agarose gel shgwiire quality of total
RNA extracted from female broodstockRfmonodon. Lanes m and M areHind 1lI
and a 100 DNA ladder. Lanes 1-11 are total RNA atéd from ovaries oP.
monodon broodstock.
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Figure 3.2A 1.0% Ethidium bromide-stained agarose gel showiregquality of first
stand cDNA synthesized from DNA-free total RNA anfale broodstock oP.
monodon. Lanes M and m are-Hind Ill and a 100 DNA ladder. Lanes 1-11 are the
first strand cDNA of eacR. monodon broodstock.

3.2 Isolation and characterization of the partial ®NA sequences ofnuclear
hormone receptor HR96 (PmMNHR96) and son of sevenless (PmSOS) of P.

monodon
3.2.1 The partial cDNA sequence dPmNHR96

PmMNHR96 (Clone No. LP-S01-0404-LF) was initially obtaindéedm EST
analysis of the lymphoid organ cDNA libraly Bf monodon (Figures 3.3). This EST
significantly matcheduclear hormone receptor 48 of Ixodes scapularis (E-value =
2e-37. The primary 5- and 3’'RACE-PCR of this EST wasried out for the
possible isolation of the full-length cDNA of tre®NA.

A

ATTTATCTTGGCGTTTCAGCCGGAGTGGAGACAAGACCACAACATCADTITATCAGCTATTAC
GCTCTTCACGCCCGAGAGGCCTAACATAATCCATGGCGATGCTATGAAMIGAGTGCTCATACCT
GTACCTCCTGAAGCGCTACCTGGAGTGCAAGTACGGAGGTTGCEWIBENAGACCTCCGGCT
GCTAGAGAGGATTAAGCATCTCAACATCCTCAATGAGAAGCACATIIUGTEAGBGCGICAATCC
GCAAGAAGTCGAACCACTCCTTATAGAAATCTTTGACCTCAAGCATKBGAGTTGTGAATEGTA
CCAGATGCCAAAGTGTCAAAAAAGTCATATGTGATACACATGTCAAGA

B
-
> ref|XP_002404556.1| m nuclear hormone receptor 48, putative [Ixodes
scapularis]
gb|EEC11854.1] E nuclear hormone receptor 48, putative [Ixodes scap ularis]
Length=412

GENE ID: 8033479 IscW_ISCW009328 | nuclear hormone receptor 48, putative
[Ixodes scapularis]

Score = 139 bits (351), Expect = 2e-37
Identities = 63/106 (59%), Positives = 84/106 (79% ), Gaps = 0/106 (0%)
Frame = +2


http://www.ncbi.nlm.nih.gov/protein/241596170?report=genbank&log$=protalign&blast_rank=3&RID=TX610XJU01S
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=protein&cmd=Display&dopt=protein_unigene&from_uid=241596170&RID=TX610XJU01S&log$=unigenealign&blast_rank=3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=241596170[PUID]&RID=TX610XJU01S&log$=genealign&blast_rank=3
http://www.ncbi.nlm.nih.gov/protein/215502360?report=genbank&log$=protalign&blast_rank=3&RID=TX610XJU01S
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=215502360[PUID]&RID=TX610XJU01S&log$=genealign&blast_rank=3
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=search&term=8033479&RID=TX610XJU01S&log$=geneexplicitprot&blast_rank=3
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Query 2 FILAFQPEWRQDHNIIFLLSAITLFTPERPNIIHGDAIK HERCSYLYLLKRYLECKYGGC 181
FI AF+PEWR D NI+ LLSAITLFTPERPN++H D + E+ +YLYLL+RYL+ Y GC
Sbjct 307 FINAFRPEWRIDENIMLLLSAITLFTPERPNLVHRDVVT FEQDTYLYLLRRYLDTIYTGC 366

Query 182 EGRTVYLRLLERIKHLNILNEKHIRVFLDVNPQEVEPLL IEIFDLK 319
E R+V+L+L+ +++ LNE + + +D+NP+EVEPLL IEIFDLK

Shjct 367 ESRSVFLQLIRNLEDMRTLNENQVSILVDLNPREVEPLL IEIFDLK 412

Figure 3.3 Nucleotide sequence of an EST significantly matchedear hormone
receptor 48 from thelymphoid organ cDNA library oP. monodon. The position of
sequences primers were illustrated in boldface anderlined. The putative stop
codon (TGA) was illustrated in boldface (A). Blasgfalysis showing significant
similarty of the identified transcript witinuclear hormone receptor 48 of Ixodes

scapularis (B).

The 5°- and 3’'RACE-PCR oPmNHR96 generated 800 and 1,600 bp
products (Figure 3.4A and BJhese fragments were cloned and sequenced for both
directions. The 5 RACE-PCR segment significantly tehad Nuclear hormone
receptor HR96 of Camponotus floridanus (E-value = 1e-87). In contrast, the
3’'RACE-PCR did not show significant similarity withny sequence previously
deposited in GenBank.

A bp_M

Figure 3.4The 1.5% agarose gel electrophoresis showingAj aifd 3’'RACE-PCR
(B) products oPMNHR96 (lane 1). The 100 bp DNA ladder (lane M) was usedhe
DNA marker
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A

AAGCAGT GGTATCAACGCAGAGTCACCAGGAAGATTGGAAGAATTTCAGCGTGCAAGATACCCTGAGAT
TCCTCGAGCCAGGGTGCAAGCAGAGCCCCGGCGCGACGGGGCTGSBGATGATCATGAACA
CCGCCATCAGCGCCGAGTACAGCGCCTTCAGCCTCCTGGGCAGCABACGMEAGCTGAACGAAC
CGGAGAAGATGAAGCTGAACGAACTATCGGAGGCGAACAAGGGCGCTUIUWE®ETGCGAGGATT
ATAATTTTAAGGACCTGAGCAACCCGTCGCTTCTCAACATCATCABGGAGATCGCCATCCGCC
GCCTCATCAAGATGTCGAAGAGAATATCCGCCTTCAAGAGCCTCAGGBRAGAGATCGCGCTGC
TCAAGGGAGGCTGCACGGAGATGATGATCCTGCGGTCCGTCAGBGCCTSBBAAGGACTCGT
GGATGATTCAACAGGACCATGACCGTTTCAAGAACATCAAGCTGAABSGECCGCCCCAGGGA
ACGTCTATGAGGAACACAAGAGATTTATCTTGGCGTTTCAGCCGENEMAGACCACAACATCA
TCTTCCTCTTATCAGCTATTACGCTCTTCACGCCCGAGAGGCCTAKIMBBGCGATGCTATTA
AACACGAACGGTGCTCATACCTGTACCTCCTGAAGCGCTACCTCSBTAGEBAGGTTGCGAAG
GAAGGACGGTTTACCTCCGGCTGCTAGAGAGGATTAAGCATCTCRAENTGAGAAGCACATTC
GTGTCTTTCTAGACGTCAATCCGCAAGAAGTCGAACCACTCCTTATANTASGNCCTCAAGCATA
GGTGACAGTTGTGAATEIACCAGATGCAAAGTIGTC

B

ACGT CAATCCGCAAGAAGT CGAACCACTCCTTATAGAAATCTTTGACCTCAAGCATAGGTGACAGTTGT
GAATGTCGTACCAGATGCAAAGTGTCAAAAAAAGTCATATGTGATADAARGAAAATTATAGAT
ACCTTTCCTTTGTGTTTTAATAACACTTCATTTACTTTCGAAAGAAAGRBBATGAAAAAAAAAA
GGTGAAGACGGTAGATATTAATGATCTCTATGCTGTGAACCCAAGBRBEIBAAACAGTATTG
AAGTTGCACATTACTCTCCAGAAACAGCTGGAATGTGCAATTGTCGRXGATCGITGTTGTTATGT
TTTATGTATGTATTTGAACCAACATTCTGAAATTATTTAAGGTCTTRTCTAGATCGTATATGCT
CAAAAGAAGCCATGATTCTTAATTAAGGTATTTGAAAAAAAAAAATIATRTPATTTCTCACAGAG
CTTCATCTTTGACTCTTGAAACCCATTGTATGCAGATTTTTTTATTTARTTTTTTTTTATTAGT
GTAATCTTGTATTTGAATAGAAGACAATTTTCAAGAAGTCCTCTGAYTARAGACAGTAGAAGTG
CTGTTGGACTCAGGATTAGGATGTAACGACAACATGGGCACTTTTTASATGEAAAGATATTATA
TATACAGATAACAGATTTGTAGTTTTCTCTCCGCAGTCTCTTCTCTEE&EAFIT GTATTAACATAG
TATTTTATAACGAAAGTAGTTGTATATAAGAGTCACATTTGATGAATPAGAGTATCTAACGATC
CCTTTGTGTTTTAATAACACTTCATTTACTTTCGAAAGAAAAAGGATGIMMAAAAAAGGTGAA
GACGGTAGATATTAATGATCTCTATGCTGTGAACCCAAGGACAGBAMBRABGTATTGAAGTTG
CACATTACTCTCCAGAAACAGCTGGAATGTGCAATTGTGAATATGOATIAGI TATGTTTTATG
TATGTATTTGAACCAACATTCTGAAATTATTTAAGGTCTTTTCCTARTTEBIATATGCTCAAAAG
AAGCCATGATTCTTAATTAAGGTATTTGAAAAAAAAAAATGTATAATGIKIRCACAGAGCTTCAT
CTTTGACTCTTGAAACCCATTGTATGCAGATTTTTTTATTTATTTTTATITTTATTAGTGTAATC
TTGTATTTGAATAGAAGACAATTTTCAAGAAGTCCTCTGAATACAKBEARGAAGTGCTGTTG
GACTCAGGATTAGGATGTAACGACAACATGGGCACTTTTTATTCGNABAATATTATATATACA
GATAACAGATTTGTAGTTTTCTCTCCGCAGTCTTTTCTCTGGGGGGGIAARCATAGTATTTT
ATAACGAAAGTAGTTGTATATAAGAGTCACATTTGATGAACATTTTRRAGABACGACTGAAAGA
TGGAGATGCCTTCCTGTCGAAGCATTTATTATTATAGTGTTTATCWTIRNTITACCTTTTTAAGT
CATGTCTATAGTATCAGATTGATAACTATTTATGAAAGAACTGAAARTAIATGATGTAAAAAAA
AAAAAAAAAAAAAAAAAAAAABIRACT CTGCGT TGATACCACTGCTT

Figure 3.5 Nucleotide sequences of 5- (A) and 3’'RACE-PCRgrfrants of
PmNHR96. The positions of sequencing primers are ilatstt in boldface (RACE-

PCR primer). The nested UPM primer is italicized anderlined.
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Nucleotide sequences of the original EST, 5’RACH 8RACE-PCR were
assembled and analyzed. Only the partial cDNANHRI6 was obtained. It was
2436 bp in length with the partial ORF of 879 bpluleed to 292 amino acids with the
3'UTR of 1679 bp (excluding the poly A tail) (Figurds). The closest sequence to
PmNHR96 wasnucler hormone receptor HR96 of Camponotus floridanus (E-value =
1e-87). The predicted ligand-binding domain (HOW&s found at positions 100 —
264 of the deduced amino acid sequence of theapBriNHR96 cDNA (Figure 3.6)

A

CACCAGGAAGATTGGAAGAATTTCAGCGTGCAAGATACCCTGAGBATOCAGGG 60
HQEDWKNFSVQDTLREFL EPG 20
TGCAAGCAGAGCCCCGGCGCGACGGGGCTGACGATGATGGACTRAEARIXIGC 120
CKQSPGATGLTMMDS SIM NTA 40
ATCAGCGCCGAGTACAGCGCCTTCAGCCTCCTGGGCAGCAACABAGTGISABC 180
I S A EY S AF SLL GSNNWZPRETL N 60
GAACCGGAGAAGATGAAGCTGAACGAACTATCGGAGGCGAACARGGGCGTEG 220
E PEKMKILNEIL S EANIKUGLTL AP 80
CTCTGCGAGGATTATAATTTTAAGGACCTGAGCAACCCGTCGCTRITBAAMAAC 280
L CEDYNZF KDL S NP S L L NI I N 100
CTGACGGAGATCGCCATCCGCCGCCTCATCAAGATGTCGAAGAGI T AITTAAG 340
L T EI AI RRL I KMSIKWIRI S AF K 120
AGCCTCTGCCAGGAGGACCAGATCGCGCTGCTCAAGGGAGGCTASIALIEBAAG 400
S L CQEDOQI ALL KGGCTEMM | 140
CTGCGGTCCGTCAGCGCCTACGACCCCGATAAGGACTCGTGGATBSTGAIZAAT 460
L RSVSAYDW&PDI KD SWM I Q QD H 160
GACCGTTTCAAGAACATCAAGCTGAAGGTACTAAAGGCCGCCCOATGIRMAMAG 520
DRF KNI KL KVLIKAAPSGNWVY E 180
GAACACAAGAGATTTATCTTGGCGTTTCAGCCGGAGTGGAGACAASBRTIALTC 580
E HKRFI L AF QPEWRODMHNII I 200
TTCCTCTTATCAGCTATTACGCTCTTCACGCCCGAGAGGCCTAACAPFAGCGAT 640
F LL SAI T L FTWPERPNI I HGD 220
GCTATTAAACACGAACGGTGCTCATACCTGTACCTCCTGAAGCGGREBIGIKAAG 700
Al KHEIRZC CSYULYLULKIRYLE CK 240
TACGGAGGTTGCGAAGGAAGGACGGTTTACCTCCGGCTGCTAGABSGBATTC 760
Y GGCEGRT VYL RL L EIRI KHTL 260
AACATCCTCAATGAGAAGCACATTCGTGTCTTTCTAGACGTCAATGESGRBGAA 820
NI L NEKHI RV FL DVNUPQEV E 280
CCACTCCTTATAGAAATCTTTGACCTCAAGCATBEIAGTTGTGAATGTCGTACCAG 880
P L L I EI F DL KHR* 292
ATGCAAAGTGTCAAAAAAAGTCATATGTGATACACATGTCAAGAAABGATATCTT 940
TCCTTTGTGTTTTAATAACACTTCATTTACTTTCGAAAGAAAAAGGAGAAMAAA 1000
AAAAGGTGAAGACGGTAGATATTAATGATCTCTATGCTGTGAACCIAHAGEHCAG 1060
TAAAACAGTATTGAAGTTGCACATTACTCTCCAGAAACAGCTGGCGAMTGITE&KGAA 1120
TATGCAGACTTTGTTGTTATGTTTTATGTATGTATTTGAACCAACAAABTGATTT 1180
AAGGTCTTTTCCTATCTAGATCGTATATGCTCAAAAGAAGCCATGAARTTAAGGT 1240
ATTTGAAAAAAAAAAATGTATAATGCTATTTCTCACAGAGCTTCATARTTTEGTGAA 1300
ACCCATTGTATGCAGATTTTTTTATTTATTTTTATTTTTTTTTATTAGWICTTGTA 1360
TTTGAATAGAAGACAATTTTCAAGAAGTCCTCTGAATACAAGCAABGBAGTGCT 1400
GTTGGACTCAGGATTAGGATGTAACGACAACATGGGCACTTTTTAIATEAAAGA 1460
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TATTATATATACAGATAACAGATTTGTAGTTTTCTCTCCGCAGTCTCTGGGGGGG 1520
GAATGTATTAACATAGTATTTTATAACGAAAGTAGTTGTATATAAGBSTTCAGATG 1580
AACATTTTGAGAGTATCTAACGATCCCTTTGTGTTTTAATAACACTTAATTTCGA 1640
AAGAAAAAGGAGAAAATGAAAAAAAAAAGGTGAAGACGGTAGATATTCARTATG 1700
CTGTGAACCCAAGGACAGCAACAGTAAAACAGTATTGAAGTTGCACATTAGAA 1760
ACAGCTGGAATGTGCAATTGTGAATATGCAGACTTTGTTGTTATGEGTATSITATT 1820
TGAACCAACATTCTGAAATTATTTAAGGTCTTTTCCTATCTAGATCGIBTBAAAA 1880
GAAGCCATGATTCTTAATTAAGGTATTTGAAAAAAAAAAATGTATANTIGTCITCAC 1940
AGAGCTTCATCTTTGACTCTTGAAACCCATTGTATGCAGATTTTTIARIITITATT 2000
TTTTTTTATTAGTGTAATCTTGTATTTGAATAGAAGACAATTTTCAAGANETGAA2060
TACAAGCAAGACAGTAGAAGTGCTGTTGGACTCAGGATTAGGATGAASBEAGR120
CACTTTTTATTCCTTGATGAAAGATATTATATATACAGATAACAGAATIIGTTCTC 2180
TCCGCAGTCTTTTCTCTGGGGGGGGAATGTATTAACATAGTATTTGARASTAGT 2240
TGTATATAAGAGTCACATTTGATGAACATTTTGAGAGTATCTAACGRGIRIASGAG 2300
ATGCCTTCCTGTCGAAGCATTTATTATTATAGTGTTTATCTTCATTAASETTTTT 2360
AAGTCATGTCTATAGTATCAGATTGATAACTATTTATGAAAGAACTIHARAGTA 2400
TGATGTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 2436

B

-
> gb|EFN64539.1] Nuclear hormone receptor HR96 [Camponotus florida nus]
Length=745

Score = 287 bits (735), Expect = 9e-88
Identities = 164/300 (55%), Positives = 206/300 (6 9%), Gaps = 16/300 (5%)
Frame = +1

Query 10 DWKNFSVQDTLRFLEPGCKQSPGATGLTMMDSIMNTAKEYSAFSLLGSNN-PRELNEP 186
DWN+ D R+ ++PA ++SI+ Al EYSAFS GN RELN+
Sbjct 450 DW-NKNTADVTRDILQDVQRIPIAAN--SIESILCEAIK LEYSAFSSFGGNQISRELNDS 506

Query 187 EKMKLNELSEANKGLLAPL----------- CEDYNFKD Isnpsliniinl TEIAIRRLIK 333
E+ KLNEL ANK LLAPL C+ N S+P LL++INLT IAIRRLIK
Sbjct 507 ERAKLNELIVANKALLAPLDDDITNLVGEECKFKNNSGQ SDPMLLDVINLTAIAIRRLIK 566

Query 334 MSKRISAFKSLCQEDQIALLKGGCTEMMILRSVSAYDPEDSWMIQQDHDRFKNIKLKVL 513
MSK+I+AFK++CQEDQ+ALLKGGCTEM+ILRS YDPD KDWI + NIK+VL

Sbhjct 567 MSKKINAFKNMCQEDQLALLKGGCTEMLILRSAINYDPDKDMWKIPHSQESMSNIKVDVL 626

Query 514 KAAPGNVYEEHKRFILAFQPEWRQDHNIIFLLSAITLFT PERPNIIHGDAIKHERCSYLY 693
K A GN+Y EH RF+ F P WR D NIl +LSAITLFT P+RP ++H D IK E+ SY Y

Sbjct 627 KEAKGNLYAEHARFVRTFDPRWR-DENIILILSAITLFT ~PDRPRVVHSDVIKLEQNSYYY 685

Query 694 LLKRYLECKYGGCEGRTVYLRLLERIKHLNILNEKHIRV FLDVNPQEVEPLLIEIFDLKH 873

LL+RYLE Y GCE ++ +L+L+++] L+ LN++ +V +L+VNP VEPLLIEIFDLKH
Sbjct 686 LLRRYLESVYPGCEAKSTFLKLIQKISELHKLNDEVVGV YLNVNPSSVEPLLIEIFDLKH 745

Figure 3.6 The partial cDNA and deduced amino acid sequent&nNHR96 (A)
and its blastX result (B) againt previously depasgisequences in the GenBank. Stop

codon are illustrated in boldface and underlined.


http://www.ncbi.nlm.nih.gov/protein/307173752?report=genbank&log$=protalign&blast_rank=5&RID=TX5T7KXC01N
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HOLI 3'UTR

1 100 264 2932

Domain Position E-value
HOLI 100-264 3.9e-11

Figure 3.7 Diagram illustrating the partial cDNA d&mNHR96. The HOLI domain
was found in the deduced protein sequence of tamstript. The scale bar is 200 bp

in length.

3.2.2 The partial cDNA sequence d?. mondon son of sevenless (PmSOS)

An EST representing the partial cDNA sequenceoof of sevenless (Clone
No. AG-N-N01-1056-W) was initially obtained fromelantennal gland cDNA libraly
of P. monodon (Figure 3.8A). This sequence significantly matchRds GTP

exchange factor, son of sevenless of Ixodes scapularis (E-value =2e-61) (Figure 3.8).

A
GTCAGTTAGAACGCACCATACAGAACTCTCCATATGCTCCCTACGIAMEIIAGGAGAAATCA
CTTTACGGCATGGAAGGCAGAGTAGACAACAAACCTTATCTAAAKXFKIAARBACGATCAATAG
ATGGCTGGGAAGGAAAAGTCATCACACAATGTTGCAACGAGTTTAGEGAGACCTGCTAAAAC
TTGGTGCCACTGGGAAGAAGCCGACGGAGCGGCATGTGTTCCTGCOEMNTAGTCCTCTGCA
AGAGCAATAACCGGCGGTCCTCGGTCACAGGACAGGTTGGAGAGTASBGAGAAATTTCTTA
TGAGAATGGTAGAAATTTTAGACAGAGAAGATACTGAAGAGATCAZXATAIKFAGATCCGGCCAC
GTGACCAGCCCAGTGTGGTGCTACTTGCAAAGTCTATGGAAGAGNAIGAALIGGCTGCCCTTG
TTATGCTCAACACTCGGAGTATGTTAGAACGAACCCTAGACAGTARIARMSAGGAGAAACAGC
ATCCCCTCAATGGCAAAC

B

a UG |
> ref| XP_002435901.1| ras GTP exchange factor, son of sevenless, putativ e
[Ixodes scapularis]

gb|EEC08731.1 E ras GTP exchange factor, son of sevenless, putativ e [Ixodes
scapularis]
Length=1034

GENE ID: 8052756 IscW_ISCW006011 | ras GTP exchange factor, son of sevenless,

putative [Ixodes scapularis]

Score = 214 hits (546), Expect = 2e-61


http://www.ncbi.nlm.nih.gov/protein/242002516?report=genbank&log$=protalign&blast_rank=1&RID=TYE1S15M01N
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=protein&cmd=Display&dopt=protein_unigene&from_uid=242002516&RID=TYE1S15M01N&log$=unigenealign&blast_rank=1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=242002516[PUID]&RID=TYE1S15M01N&log$=genealign&blast_rank=1
http://www.ncbi.nlm.nih.gov/protein/215499237?report=genbank&log$=protalign&blast_rank=1&RID=TYE1S15M01N
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=215499237[PUID]&RID=TYE1S15M01N&log$=genealign&blast_rank=1
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=search&term=8052756&RID=TYE1S15M01N&log$=geneexplicitprot&blast_rank=1
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Identities = 106/173 (61%), Positives = 140/173 (8 1%), Gaps = 3/173 (2%)
Frame = +3

Query 48 KRKLGEITLR-HGRQSRQQTLSKMKELQRSIDGWEGKVTQCCNEFVLEGDLLKLGATGK 224

+++ G+++LRHR R L K+KELQ+S+DGWEGH+ | QCCNE+++EG L K+G+ G+
Sbjct 388 RKRPGDVSLRMHSRDRRAVALHKLKELQKSVDGWEGRBQCCNEYLMEGSLGKVGS-GR 446

Query 225 KPTERHVFLFDGLIVLCKSNNRRSSVTG-QVGEYRFKEKLMRMVEILDREDTEEIKYSF 401
+ TERH+FLFDGL++LCK +++RSSVTG E+R KE F +R +EI+DREDT+EIK+SF
Sbjct 447 RLTERHLFLFDGLVLLCKHSSKRSSVTGGPTPEFRLKECFFLRRIEIVDREDTDEIKHSF 506

Query 402 EIRPRDQPSVVLLAKSMEEKNNWMAALVMLNTRSMLERDSILLDEEKQHPL 560
ElI PRD P ++L AK+ EEK +WMA LVMLN RSMLERT LDSIL DEEK+HPL
Sbjct 507 EIAPRDAPRILLYAKNAEEKCSWMANLVMLNMRSMLERTDSILSDEEKKHPL 559

Figure 3.8 Nucleotide sequence (A) and BlasX result (B) of B&T from the
lymphoid organ cDNA libraly ofP. monodon that significantly matchedon of
sevenless of Ixodes scapularis. The position of sequencing primers is illustrated

boldface and underlined. The putative stop codadltustrated in boldface.

The 5"RACE-PCR ofP. monodon son of sevenless (PmSOS) was further
carried out. The resulting product was 1000 bpemgth (Figure 3.9)The fragments
were cloned and sequenced for both directions.igifecantly matchedson of

sevenless of Ixodes scapularis (E-value =7e-85.

Figure 3.9 The 1.5% agarose gel electrophoresis of 5’"RACE-pP@Auct ofPmSOS
(lane 1). A 100 bp DNA ladder (lane M) was usethasstandard marker
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AAGATGGGGAGATGAGTGCAGTTGTGGAGGATCCTAACCCTAGAEIAOTTIATGATGAACTT
GTCAAAGATCTAATACAAGAGGAGAAAGCATATATTAGAGAACTCARPAARITIAAGGTGCTTTGC
GACAAGCTTCAGCAGATCCCTGTTTTACAAGGGAGTGGTAGTAGEBBAGTIAT CTTCTCAAAT
ATCACCGAGATTTATGGCTTCTCTGTAAACTTACTGGGGTCTTTABGBGGRIGAGGTCACAGAG
GAGAATGAGTCTCCCTTCATAGGCAGCTGTTTTGAGGAATTGGCAGAGBGTTTGATGTTTAC
GGAAAATATGCCAGCGATGTGTTAAGGCAAGAGTGTGCAGATCAGRTBAGEGTTAACCAGCCA
CCTGTTAGGATGCCCTGACAAGT GCTGGACAAGCCTTCAAGGAAGCTGTCAAGTACTACCTGCCAAAG
CTGCTTCTTGTACCTGTTTGTCATGTCTTCACTTATTTTAAATATAPAGAGTCTGGGTATGACT
GAGTCAGAAGAAGCTCGAGAGAGCTTAGAACAAGTCAAAGGTCTCOTBTGGAAAGTCAGTTA
GAACGCACCATACAGAACTCTCCATATGCTCCCTACCTTAAGAGAXANGAAATCACTTTACGG
CATGGAAGGCAGAGTAGACAACAAACCTTATCTAAAATGAAAGAATGATAAATAGATGGCTGG
GAAGGAAAAGTCATCACACAATGTTGCAACGAGTTTGTTTTAGAGGGIEMAAAACTTGGTGCC
ACTGCGAAGAAGCCGACGGAGCGGCATGTGTTCCTGTTTGATGCEITTIATIASCAAGAGCAAT
AACCGGCGGTTCAEGT CACAGGACAGGTI TG

Figure 3.10Nucleotide sequence of 5’RACE-PCR produdPaiSOS. The positions

of sequencing primers are illustrated in boldface anderlined.

Nucleotide sequences of the original EST and 5’ BARCR were assembled
and analyzed. The partial cDNA sequencePofSOS was obtained. The combined
nucleotide sequence &mSOS was 1183 bp in length with the partial ORF of 1183
bp corresponding to to 389 amino acids (Figure )3.The closest sequence to
PmSOS wasRas GTP exchange factor, son of sevenless of Ixodes scapularis (E-value
= 8e-125. Functionally important domains including Guanimecleotide exchange
factor for Rho/Rac/Cdc42-like GTPases (RhoGEF) Rletkstrin homology domain
(PH) was found at positions 18-204 and 260—-36"hédeduced amino acid of this
partial cDNA (Figure 3.12)

A

AAGATGGGGAGATGAGTGCAGTTGTGGAGGATCCTAACCCTAGAEBGIITAT 60
VQLWRILTLDTSVTY 15
GATGAACTTGTCAAAGATCTAATACAAGAGGAGAAAGCATATATTETAEAPATG 120
DELVKDLIQEEKAYIRE LN M 35
ATAATTAAGGTGCTTTGCGACAAGCTTCAGCAGATCCCTGTTTTASBAGGTAGT 180
IIKVLCDKLQQIPVLQG SGS 55
AGAGAGCTGGAAATTATCTTCTCAAATATCACCGAGATTTATGGCGTBAGTTTA 220
RELEIIFSNITEIYGFS V N L 75
CTGGGGTCTTTAGAGGACACCCTTGAGGTCACAGAGGAGAATGAG DATBGGC 280
LGSLEDTLEVTEENESP ElNE 95
AGCTGTTTTGAGGAATTGGCAGAGGGTGCAGAGTTTGATGTTTACABABBEAGC 340
SCFEELAEGAEFDVYGK Y AR 115
GATGTGTTAAGGCAAGAGTGTGCAGATCAGCTAATGGATGTGGTTEACCAGTT 400
D VLRQECADQLMDVVNQP PV 135
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AGCGATGCGCTGACAAGTGCCGGACAAGGCTTCAAGGAAGCTGTEGBTGACA 460

SDALTSAGQGFKEAVEY YLP 155
AAGCTGCTTCTTGTACCTGTTTGTCATGTCTTCACTTATTTTAAATERSHAN GTTT 520
KLLL VPVCHVFTYFKYIE M F 175
CTGAGTATGACTGAGTCAGAAGAAGCTCGAGAGAGCTTAGAACABGTCABATA 580
LSMTESEEARESLEQVK G LL 195
TGGCCTCTCCAAAGTCAGTTAGAACGCACCATACAGAACTCTCCRORCICTT 640
WPLOQSQLERTIQNSPYA PYL 215
AAGAGAAAATTAGGAGAAATCACTTTACGGCATGGAAGGCAGAGTABACBATA 700
K RKLGEITLRHGRQSRQQ TL 235
TCTAAAATGAAAGAATTACAACGATCAATAGATGGCTGGGAAGGAANERCTAA 760
S KM KELQRSIDGWEGKVITAOQ 255
TGTTGCAACGAGTTTGTTTTAGAGGGTGACCTGCTAAAACTTGGCTEREASTIAAG 820
CCNEFVLEGDLLKLGAT G KK 275
CCGACGGAGCGGCATGTGTTCCTGTTTGATGGCCTCATAGTCCTRGGAEARLAC 880
PTERHVFLFEDGLIVLCK S NN 295
CGGCGGTCCTCGGTCACAGGACAGGTTGGAGAGTACAGATTTAAGGBGRAG 940
RRSSVTGQVGEYREFKEK FLM 315
AGAATGGTAGAAATTTTAGACAGAGAAGATACTGAAGAGATCAAAITAGIATEATC 1000
RM VEILDREDTEEIKYSFE I 335
CGGCCACGTGACCAGCCCAGTGTGGTGCTACTTGCAAAGT CTATAKGHWEHRAT 1060
RPRDQPSVVLLAKSM E EKNN 355
TGGATGGCTGCCCTTGTTATGCTCAACACTCGGAGTATGTTAGARIBSACBGT 1120
W M AALVM LNTRSM LERTLDS 375
ATATTATTAGATGAGGAGAAACAGCATCCCCTCAATGGCAAAC 1183
ILLDEEKQHPLNGK 389
B

>ref|XP_002435901.1] [!E ras GTP exchange factor, son of sevenless, putativ e [Ixodes
scapularis]

gb|[EEC08731.1] E ras GTP exchange factor, son of sevenless, putativ e [Ixodes
scapularis]

Length=1034

GENE ID: 8052756 IscW_ISCW006011 | ras GTP exchange factor, son of sevenless,
putative [Ixodes scapularis]

Score = 395 bits (1016), Expect = 8e-125
Identities = 207/380 (54%), Positives = 282/380 (7 4%), Gaps = 13/380 (3%)
Frame = +1

Query 52 VTYDELVKDLIQEEKAYIRELNMIIKVLCDKLQQIPVL  QGS----GSRELEIFSNITEI 219
++YDE VKDLI EE+ +IRELNM+IKV + L ++ GS +L++IF N++E+
Sbjct 187 MSYDEEVKDLISEERQHIRELNMVIKVFREPLDKL--F  PGSKVPFSPSDLDVIFGNVSEV 244

Query 220 YGFSVNLLGSLEDTLEVTEENESPFIGURESCFEELAEGAEFDVYGKYARDVLRQECADQ 399
Y FSV+LLGS ED +E+T+E++SP IGSCF E+AE E FDVY YAR VL +C ++L
Shjct 245 YDFSVSLLGSFEDVVEMTDEHQSPAIGSCFYEMAEYDBE-DVYEDYARTVLSPDCREKLSQ 304

Query 400 VVNQPPVSDALTSAGQGFKEAVEYYLPKLLLVPVCHVRYFKYIEMFLSMTESEEARESL 579
++ QP V+++L +AG GF AV+Y LP+LL PVHF YF+ [++ M SEE RE+L
Sbjct 305 LLQQPDVANSLQTAGHGFLLAVKYVLPRLLWGPVAHCRQYFEAIKVLQQMAPSEEDRETL 364

Query 580 EQVKGLLWPLQSQLERTIQNSPYAPYLKRKLGEITLR- HGRQSRQQTLSKMKELQRSIDG 756
EQ+GLL L++QL RT ++  +++ G+++LR HR R L K+KELQ+S+DG
Shjct 365 EQAEGLLRRLRTQLTRTCSDT----LPRKRPGDVSLRM HSRDRRAVALHKLKELQKSVDG 420

Query 757 WEGKVITQCCNEFVLEGDLLKLGATGKKPTERHVFLFIGLIVLCKSNNRRSSVT-GQVGE 933
WEG+ | QCCNE+++EG L K+G +G++ TERH+FLFD GL++LCK +++RSSVT G E
Sbhjct 421 WEGRDIGQCCNEYLMEGSLGKVG-SGRRLTERHLFLFBSLVLLCKHSSKRSSVTGGPTPE 479

Query 934 YRFKEKFLMRMVEILDREDTEEIKYSFEIRPRDQPSVV LLAKSMEEKNNWMAALVMLNTR 1113
+R KE F +R +EI+DREDT+EIK+SFEI PRD P ++ L AK+ EEK +WMA LVMLN R
Sbjct 480 FRLKECFFLRRIEIVDREDTDEIKHSFEIAPRDAPRIL LYAKNAEEKCSWMANLVMLNMR 539


http://www.ncbi.nlm.nih.gov/protein/242002516?report=genbank&log$=protalign&blast_rank=1&RID=TX9AA12E01S
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=protein&cmd=Display&dopt=protein_unigene&from_uid=242002516&RID=TX9AA12E01S&log$=unigenealign&blast_rank=1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=242002516[PUID]&RID=TX9AA12E01S&log$=genealign&blast_rank=1
http://www.ncbi.nlm.nih.gov/protein/215499237?report=genbank&log$=protalign&blast_rank=1&RID=TX9AA12E01S
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=215499237[PUID]&RID=TX9AA12E01S&log$=genealign&blast_rank=1
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=search&term=8052756&RID=TX9AA12E01S&log$=geneexplicitprot&blast_rank=1
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Query 1114 SMLERTLDSILLDEEKQHPL 1173
SMLERTLDSIL DEEK+HPL
Sbjct 540 SMLERTLDSILSDEEKKHPL 559

Figure 3.11The partial cDNA and deduced amino acid sequeatPsnSOS (A) and
BlastX result (B) ofPmSOS against the previously deposited sequences in &nb
This sequence significantly matetfas GTP exchange factor, son of sevenless of

Ixodes scapularis.

RhoGEF
18 204 260 367 389
100 bp
Domain Position E-value
RhoGEF | 18-204 1.68e-15
PH 260-367 5.66e-13

Figure 3.12Diagram illustrating the partial cDNA ¢tmSOS. The RhoGEF and PH
domains were found in the deduced amino acid seguefPmSOS. The scale bar is
200 bp in length.

3.3 Tissue distribution analysis of functionally r@roduction-related genes in this

study

Five pairs of primers were designed for amplifioatiof PmAINS, PmAST,
Pm-mago nashi, PmMNHR96 and PmSOS in various tissues oP. monodon. Tissue
expression analysis of each gene was examined tsdies; antennal gland (AN),
epicuticle, eyestalk (EP), eyestalk (ES) gill (Glhemocytes (HC), heart (HE),
hepatopancreas (HP), intestine (IN), lymphoid osgéiP), broodstock ovaries (OV),
pleopod (PL), stomach (ST) and thoracic ganglia)(@f¥emale broodstock, juvenile

ovaries (OVJ) and testes (TT) of a male broodstock.
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3.3.1PmAtNS

PmAINS was more abundantly expressed in ovaries thamr tdseies of wild
femaleP. monodon broodstock. Lower expression of this transcrips\abso observed
in ovaries of juveniles and testes of wild maledaistock (Figure 3.13)

3.3.2PmAST

PmAST was expressed in all examined tissues of femaledstock, ovaries of
juveniles and testes of male broodstock. It wasenafmundantly expressed in ovaries,
heart and pleopods. It was expressed with relgtiVelv levels in intestine and
lymphphoid organ of female broodstock and ovarids juveniles. Moderate

expression was observed in the remaining tissuasieed (Figure 3.14).

M N AN EP ESGLHCHEHPIN LPOVPL STTG JOVTT M

-

-

M N AN EP ES GL HC HE HPIN LOOV PL STTGJOVTT M

—

500 —— S P TS TR SRR SRS S O EEER e EES aee

Figure 3.13The 1.5% ethidium bromide-stained agarose gels istgpvesults from tissue
distribution analysis oPmMAtNS using the first strand cDNA from various tissuéSamale

broodstock and ovaries of juvenie monodon. Lane M = 100 DNA ladder, Lane N =
negative control, AN = antennal gland, EP = epdati ES = eyestalk, GL = gill, HC =
hemocytes, HE = heart, HP = hepatopancreas, INestine, LP = lymphoid organs, OV =
ovaries of broodstock, PL = pleopod, ST = stomddh,= thoracic ganglia, OVJ = juvenile

ovaries, TT = testi€F-1a was successfully amplified from the same template.



60

M N AN EPES GLHCHEHPINLP OVPLSTTG JOVTT M

M N AN EP ES GL HC HE HPIN LOOV PL STTGJOVIT M

Figure 3.14 The 1.5% ethidium bromide-stained agarose gels showésglts from tissue
distribution analysis o0PmAST using the first strand cDNA from various tissudSemale

broodstock and ovaries of juvenie monodon. Lane M = 100 DNA ladder, Lane N =
negative control, AN = antennal gland, EP = epdati ES = eyestalk, GL = gill, HC =
hemocytes, HE = heart, HP = hepatopancreas, INestine, LP = lymphoid organs, OV =
ovaries of broodstock, PL = pleopod, ST = stomddh,= thoracic ganglia, OVJ = juvenile

ovaries, TT = testi€F-1a was successfully amplified from the same template.

3.3.3Pm-mago nashi

Pm-mago nashi seemed to be abundantly expressed in gonads ofrbal
and femaleP. monodon. Lower expression was observed in other tissuesv L
expression levels were found in antennal glandatug@ancreas and pleopods of
female bradtock (Figure 3.15).

3.3.4PmNHR96

PmMNHR96 was expressed in all examined tissues of femaledstock and
juvenile ovaries and testes of male broodstock.ofmonodon. It was abundantly
expressed in heart, gills and lymphoid organs. Maigde expression levels were
observed in other tissues where limited expressias found in hemocytes (Figure
3.16).
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M N AN EPES GLHCHEHPINLP OVPLSTTG JOVTT M

S T S S TR S e RS S R s s s

Figure 3.15The 1.5% ethidium bromide-stained agarose gels showésglts from tissue
distribution analysis oPm-mago nashi using the first strand cDNA from various tissués o
female broodstock and ovaries of juveriflanonodon. Lane M = 100 DNA ladder, Lane N =
negative control, AN = antennal gland, EP = epdati ES = eyestalk, GL = gill, HC =
hemocytes, HE = heart, HP = hepatopancreas, INestine, LP = lymphoid organs, OV =
ovaries of broodstock, PL = pleopod, ST = stomddh,= thoracic ganglia, OVJ = juvenile

ovaries, TT = testi€F-1a was successfully amplified from the same template.

M N AN EPES GLHCHEHPINLP OVPLSTTG JOVTT M

M N AN EP ES GL HC HE HPIN LOOV PL STTGJOVTIT M

Figure 3.16 The 1.5% ethidium bromide-stained agarose gels showésglts from tissue
distribution analysis o0PmNHR96 using the first strand cDNA from various tissué$emnale

broodstock and ovaries of juvenie monodon. Lane M = 100 DNA ladder, Lane N =
negative control, AN = antennal gland, EP = epdati ES = eyestalk, GL = gill, HC =
hemocytes, HE = heart, HP = hepatopancreas, INestine, LP = lymphoid organs, OV =
ovaries of broodstock, PL = pleopod, ST = stomddh,= thoracic ganglia, OVJ = juvenile

ovaries, TT = testi€F-1a was successfully amplified from the same template.
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3.3.5PmS0OS

PmSOS was abundantly expressed in ovaries. Lower exjgresgas found in
hemocytes of female broodstoglyenile ovaries and testes of male broodstock. Very
low expression of this transcript was observedheremaining tissues (Figure 3.17).

-~ M N AN EPES GLHCHEHPINLP OVPLSTTG JOVTT M

M N AN EP ES GL HC HE HPIN LOOV PL STTGJOVTT M

- SN G W R SREe R SR R s S .

Figure 3.17 The 1.7% ethidium bromide-stained agarose gels istgpvesults from tissue
distribution analysis oPmSOS using the first strand cDNA from various tissudSemale

broodstock and ovaries of juvenie monodon. Lane M = 100 DNA ladder, Lane N =
negative control, AN = antennal gland, EP = epdati ES = eyestalk, GL = gill, HC =
hemocytes, HE = heart, HP. = hepatopancreas, INestine, LP = lymphoid organs, OV =
ovaries of broodstock, PL = pleopod, ST = stomdch,= thoracic ganglia, OVJ = juvenile

ovaries, TT = testi€€F-1a was successfully amplified from the same template.

3.4 Determination of the expression of reproductionrelated genes in ovaries and
testes ofP. monodon using RT-PCR

RT-PCR was used for determining the expression ilpsofof various
reproduction-related genes in ovaries and testegudtiired juveniles and wild

broodstock ofP. monodon (Figure 3.18).

PmAINS, Pm-mago nashi and PmSOS were more preferentially expressed in ovaries
than testes ofP. monodon. No obvious difference was observed between the
expression of this transcript in juveniles and lisiock of shrimp with the same
sexes. More abundant expressionPoRAST in ovaries of broodstock than that in
ovaries of juveniles and testes of both male juesnand broodstock was observed.
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In contrast, PMNHR96 did not revealed differential expression profilbstween

ovaries and testes in both juvenile and broodstd&k monodon.

PmMAINS

9 10 11 |2 13 14 15 16 M

PmAST

Pm-magonashi

M _N_9 10 11 __i2

PmMNHR96

PmSOS

EF-la

Figure 3.18 RT-PCR ofPmAtNS (A), PmAST (B), Pmrmago nashi (C), PmNHR96
(D) and PmSOS (E) using the first stand cDNA of ovaries (lanes3)1lof wild
broodstock (lanes 1-4) and cultured juveniles (lsabe8) and testes (lanes 9-16) of
wild broodstock (lanes 9-12) and cultured juven{leane 13-16) oP. monodon. EF-

1o was successfully amplified from the same templaje



Table 3.1Expression profiles of gene homologues in varimsies of a female and testis of a nRlenonodon broodstock

64

Gene Expression level
AN EP ES GL HC HE HP IN LP oV PL ST TG Jov 71T
1. Aparaginyl tRNA synthetase + + + + ++ ++ + ++ + +++ + + - ++ ++
2. Aspartate amino transferase ~ ++ ++ ++ ++ ++ +++ + + + +++ + + + ++
3. Mago nashi - ++ ++ ++ + + - + ++ +++ + ++ ++ +++ +++
4. Nuclear hormone receptor + + ++ ++ + +++ + + +++ ++ ++ + ++ ++ ++
5. Son of sevenless + + - + ++ - + + + +++ + - + ++ ++

*- = not expressed, + = low level of expression,=moderate level of expression, +++ = abundardllef/expression
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3.5 Quantitative real-time PCR analysis ofPmAtNS, PmAST, Pm-mago nashi,

PmMNHR96 in ovaries of P. monodon

The expression levels ¢*TmAINS PmAST, Pm-mago nashi and PmNHR9O6
during ovarian development & monodon were examined by quantitative real-time
PCR analysis. The standard curve of each target gad the controlEF-1a) were
constructed from 10-fold dilutions covering*1a0® copy numbers of dsDNA of
these genes. High’Rules and efficiency of amplification of the examail transcripts
were found (Figure 3.19). Therefore, these standardes were acceptable to be used

for quantitative estimation of all genes.

Standard Curve

A 3 - e L //AA .\
& gﬁ N 3 -
PmAINS f 2 i
Error: 0.0106 L o e
Efficiency: 1.965 ™ =
2 3 4 3 e
Standard Curve
B -
;;g g SR T
2 iy
PmAST b —
Error: 0.00848 ! 2 Loy Contantation ! ’
Efficiency: 1.953 Standard Curve
e e
C 5 % — = ~
2 T
Pm-Magonashi §15 B T
Error: 0.0199 ..
Efficiency: 1.972 2 2 Y g i, 5 g
Standard Curve
D
o ——
§25 H Ul ——
2 Sl e
PmNHR96 g,s e TSV
Error: 0.00899 i~
Efficiency: 1.970 2 3 4 me__:ﬂ s 6 7 L]
E Standard Curve
I
—
EF-la i j: s
Error: 0.00609 o e
Efficiency: 1.969 3 7 3 3 7 3

Log Concentiation

Figures 3.19 The standard amplification curves of various gemegamine by
guantitative real-time PCR. The standard curvePofAtNS (A; efficiency for the
amplification = 1.965, error = 0.0106)mAST (B; efficiency for the amplification =
1.953, error = 0.00848,pPm-magonashi (C; efficiency for the amplification = 1.972,
error = 0.0199) PmMNHR96 (D; efficiency for the amplification = 1.970, erre
0.00899), andEF-1a (E; efficiency for the amplification = 1.969, erre 0.00609).
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3.5.1 The expression level ofPmAINS, PmAST, Pm-mago nashi,

PmNHR96 in intact and eyestalk-ablated broodstock of wildP. monodon
-PmAtNS

Results from quantitative real-time PCR revealett the expression level of
PmAINS in juveniles and intact broodstock was not sigaifitly different P > 0.05).
In intact broodstock, its expression level in diffet ovarian stages of intact
broodstock was not significantly differer® & 0.05). A non-differential expression
pattern was also observed in eyestalk-ablated stookl £ > 0.05) (Figure 3.20A
and B). When the data from both groups were andlyagether, the expression level
of PmAINS in stage Il ovaries of intact broodstock was digantly greater than that

in the same ovarian stage in eyestalk-ablated Istookl P < 0.05) (Figure 3.20C).
-PmAST

The expression level & mAST in ovaries of juveniles was significantly lower
than that in intact broodstocR & 0.05). In intact broodstock, its expression levas
significantly increased in stage IV ovaries. In ttast, the expression level BmMAST
was not significantly different during ovarian deygment of eyestalk-ablated shrimp
(P < 0.05) (Figures 3.21A and B). The expressionliweé this transcript in stages Il
ovaries of eyestalk-ablated broodstock were sigaifily greater than those in similar

ovarian stages in intact broodstoék< 0.05) (Figure 3.21C).
Pm-mago nashi

The expression level ¢fm-mago nashi in juveniles and intact broodstock was
not significantly different R > 0.05). In intact broodstock, its expression leiel
different ovarian stages of intact broodstock watssignificantly different P > 0.05).

A non-differential expression pattern was also oles@ during ovarian development
in eyestalk-ablated broodstocR ¢ 0.05) (Figure 3.22A and B). When the data from
both groups were analyzed together, the expressiah of Pm-mago nashi in stage I-

IV ovaries of eyestalk-ablated broodstock was sicgmtly greater than that in the
same ovarian stage in intact broodstdek (0.05) (Figure 3.22C).
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Ovarian stage GSI Relative N Relative N
expression level expression level
Intactbroodstock Eyestalk-ablated
broodstock
Juvenile - 0.0346+0.0147% 6 -
Stage | (<1.5) 0.0320+0.01453 9 0.0354+0.03177 4
Stage |l (<2.0-4.0) 0.0497+0.01704 7 0.0244+0.01656 7
Stage llI (<4.0-6.0) 0.0322+0.01799 6 0.0307+0.00878 10
Stage IV (> 6.0) 0.0416+0.02284 9 0.0261+ 0.00740 10
Post-spowning  (1.86 - 3.49) 0.0430+0.01890 5 -

Figure 3.20Histograms showing relative expression level®mAtNS during ovarian
development of intact (A) and unilateral eyestaikaged (B) wild P. monodon
broodstock. Data of intact and eyestalk-ablatedodstock were also analyzed
together (C). Expression level were measured asatisolute copy number of
PmAINS mRNA (50 ng template) and normalized by thate6t1la mMRNA (0.5 ng

template).
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Stage | (< 1.5) 0.3506+0.1813F° 9  0.4553+0.2070%" 4
Stage Il (<2.0-4.0) 0.2890 +0.1520% 7 0.5249+0.23078 7
Stage Il (<4.0-6.0) 0.4357+0.1600%° 6 0.6034+0.12642 10
Stage IV (> 6.0) 0.5448+0.558%' 10 0.5584+0.26341 10

Post-spowning (1.86 - 3.49) 0.3703+0.1537% 6 -

Figure 3.21 Histograms showing relative expression level®@iAST during ovarian
development of intact (A) and unilateral eyestaikaged (B) wild P. monodon
broodstock. Data of intact and eyestalk ablatedodistock were also analyzed
together (C). Expression level were measured aalikelute copy number &mAST
MRNA (50 ng template) and normalized by thaEBf1lamRNA (0.5 ng template).
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Figure 3.22Histograms showing relative expression level®wfmago nashi during
ovarian development of intact (A) and unilateralestglk-ablated (B) wildP.
monodon broodstock. Data of intact and eyestalk ablatedodistock were also
analyzed together (C). Expression level were measas the absolute copy number
of Pm-magonashi mMRNA (50 ng template) and normalized by thaE&fla mMRNA
(0.5 ng template).
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Juvenile - 0.0011+0.0001%7 5 -
Stage | (<15) 0.0024+0.004% 4 0.00460 +0.00038 5
Stage I (<2.0-4.0) 0.0026£0.0011%? 5 0.00117+0.001%7 8
Stage Il (<4.0-6.0) 0.0028+0.0010% 5 0.00500 +0.00126 9
Stage IV (>6.0) 0.0037+0.0010F 8 0.00450 +0.001%7 5
Post-spowning  ( 1.86 - 3.49 )0.0022+0.00018 5 -

Figure 3.23 Histograms showing relative expression levelsPoiNHR96 during
ovarian development of intact (A) and unilateralestglk-ablated (B) wildP.
monodon broodstock. Data of intact and eyestalk ablatedodistock were also
analyzed together (C). Expression level were measas the absolute copy number
of PMNHR96 mRNA (50 ng template) and normalized by thaE&f1la mMRNA (0.5

ng template).
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-PmMNHR96

The expression level dmMNHR96 in ovaries of juveniles was significantly
lower than that of intact broodstocl (< 0.05). Its expression level in intact
broodstock was increased in stage IV ovaries (EBiggi23A). In eyestalk-ablated
broodtock, the expression level BMNHR96 was comparable (Figure 3.23B). When
the data from both groups were analyzed togetherexpression level &m NHR96
in stage I-1ll ovaries of eyestalk-ablated broodktwas significantly greater than that
in the same ovarian stage in intact broodstétk (.05, Figure 3.23C).

3.5.2 The expression level oPMAINS, PmAST, Pm-mago nashi and

PmMNHR96 in domesticatedP. monodon

In domesticated shrimp, the expression levdPraRAtNS in5-month-old shrimp
was not different from that of 9-month-old shrinip> 0.05) but significantly greater
than that in 14-month-old shrim@® (< 0.05). Ilts expression was increased to be

comparable with juvenile shrimp in 19-month-oldistp (Figure 3.24 and Table 3.2).

The expression level dPmAST in 5, 9 and 14-month-old shrimp was not
different P > 0.05) but its expression was significantly inees in 19-month-old
shrimp @ < 0.05, Figure 3.25 and Table 3.3).
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0.035 -
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0.01
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0] . . .
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Figure 3.24Histograms showing relative expression levelPoAINS in domesticate
5-, 9-, 14- and 19- month-old shrimp.
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Table 3.2Relative expression levels BMAtNS in domesticated. monodon female

broodstock

Age of shrimp

Relative expression level

5-month-old
9-month-old
14-month-old
19-month-old

0.0304+0.0141%1
0.0209+0.0105¥
0.0118+0.008538
0.0274+0.01098

(62 e ENENG) B e

In contrast, the expression levelRifrmago nashi in 5-, 9-, 14 and 19-month
old shrimp was comparabl® & 0.05, Figure 3.26 and Table 3.4).

The expression level ?#mMNHR96 in 5-, 9-and 19-month-old shrimp was not

different @ > 0.05). Its expression was significantly increasedl4-month-old

shrimp and reduced to be comparable with juverales$ 9-month-old shrimp in 19-
month-old shrimp (Figure 3.27 and Table 3.5).
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—_—l T

9 14 19

Age (months)

Figure 3.25Histograms showing relative expression levelPoAST in domesticated
5-, 9-, 14- and 19- month-old shrimp.
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Table 3.3Relative expression levels 8MAST in domesticatedP. monodon female

broodstock
Age of shrimp Relative expression level N
5-month-old 0.0589+0.02867 5
9-month-old 0.0674+0.0154% 6
14-month-old 0.0424+0.01743 6
19-month-old 0.0852:+0.01002 5

0.6

i o

0.5 A

0.4

0.3

Relative expression level

Age (months)

Figure 3.26 Histograms showing relative expression levelsPatmago nashi in

domesticated 5-, 9-, 14- and 19- month-old shrimp.

Table 3.4Relative expression levels &m-magonashi in domesticated®. monodon
female broodstock.

Age of shrimp Relative expression level N
5-month-old 0.3374+0.20818 5
9-month-old 0.3963+0.08737 6
14-month-old 0.2750 +0.1997% 8
19-month-old 0.2998+0.12066 5
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Figure 3.27 Histograms showing relative expression levels RINHR96 in
domesticated 5-, 9-, 14- and 19- month-old shrimp.

Table 3.5 Relative expression levels ¢(#mNHR96 in domesticated®. monodon
female broodstock

Age of shrimp Relative expression level N
5-month-old 0.0282+0.0131% S)
9-month-old 0.0400+0.012% 7
14-month-old 0.0874+0.0545% 8
19-month-old 0.0418+0.0158 5

3.5.3 Effects of 1B-estradiol injection on expression of reproduction-

related gene in ovaries of domesticated. monodon

Effects of 1B-estradiol on expression GfmAINS PmAST, Pm-mago nashi
and PmMNHR96 in 14-month-old domesticatd®. monodon were examined at 7, 14

and 28 days post injection.

The expression level of ovaridmAtNS was significantly reduced from the
vehicle control at 7 days post injection but théeef of 1PB-estradiol was not
significant at 14 and 28 days post injection. Egdsablation resulted in an increase
expression level odPMAINS at 28 days post treatment but results was noff&gnt
when compared with the negative conti® 0.05) (Figure 3.28 and Table 3.6).
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The injection of 1B-estradiol did not affect the expression level garan
PmAST at all time intervals ¥ > 0.05). Eyestalk ablation resulted in an increase
expression level oPMAST at 28 days of the experimer® € 0.05) (Figure 3.29 and
Table 3.7).

The injection of 1B-estradiol did not affect the expression level garman
Pm-mago nashi at all time intervals F > 0.05). Eyestalk ablation resulted in an
increase expression level Bm-mago nashi at 7 day of the experimenP (< 0.05)
(Figure 3.30 and Table 3.8).

The expression level of ovari®@mNHRI6 after treatment with I3zestradiol
seemed to increase from that in the vehicle coratdl days after injection but the
result was not significant due to large standandad®n between groups of samples.
The injection of 1B-estradiol did not affect the expression leveltos ttranscript at
14 and 28 days post treatmeRt % 0.05). Eyestalk ablation resulted in a signifiica
increase oPMNHR96 from that of the negative control at 14 days of ¢éxperiment
(P < 0.05) (Figure 3.31 and Table 3.9).
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Figure 3.28Histograms showing relative expression level$wAINS in 14-month-

old shrimp following 1p-estradiol injection for 7, 14 and 28 days.

Table 3.6Relative expression levels BMAINSn 14-month-old shrimp
followingl7p-estradiol injection for 7, 14 and 28 days

Group Relative expression N
7 days

Negative control 0.0556+0.0166% 6
Vehicle control 0.0447+0.00371 5
Eyestalk ablation 0.0612+0.016% 9
17p-estradiol 0.0210 +0.006141 5
14 days

Negative control 0.0289+0.0084% 5
Vehicle control 0.0277+0.00482 5
Eyestalk ablation 0.0320 +0.0057 6
17B-estradiol 0.0251+0.00613 6
28 days

Negative control 0.0687+0.0101% 5
Vehicle control 0.0596+0.022% 5
Eyestalk ablation 0.0835+0.009% 8
17B-estradiol 0.0518+0.0113% 6




77

04 -+

b

0.35
E
2 0.3
=1
g 0.25
] B Negative control
£ 02
s H Vehicle control
£ 0-15 m Eyestal-ablation
=
< 0.1
& B 17B-estradiol

0.05

0

7 14 28

Day post injection (Dpi)

Figure 3.29 Histograms showing relative expression level$?ofAST in 14-month-

old shrimp following 1p-estradiol injection for 7, 14 and 28 days.

Table 3.7Relative expression levels BMAST in 14-month-old shrimp following
17B-estradiol injection for 7, 14 and 28 days

Group Relative expression N
7 days

Negative control 0.1137+0.0455% 6
Vehicle control 0.1290 +0.0306® 6
Eyestalk ablation 0.1521+0.05961 9
17B-estradiol 0.0737%0.0596%1 5
14 days

Negative control 0.0962+0.04028 5
Vehicle control 0.1095+0.0323% 5
Eyestalk ablation 0.1211+0.02732 6
17p-estradiol 0.0887+0.01572 6
28 days

Negative control 0.1874+0.02568 5
Vehicle control 0.1826+0.06855 5
Eyestalk ablated shrimp 0.2790 +0.07712 8
17p-estradiol 0.1642+0.03373 5
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Figure 3.30Histograms showing relative expression level®w@Emago nashi in 14-
month-old shrimp following 1Festradiol injection for 7, 14 and 28 days.

Table 3.8Relative expression levels Bim-magonashi in 14-month-old shrimp
following 17p-estradiol injection for 7, 14 and 28 days

Group Relative expression N
7 days

Negative control 0.0218+0.0043% 6
Vehicle control 0.0301+0.0042% 6
Eyestalk ablation 0.0295+0.0064% 9
17p-estradiol 0.0347+0.0064% 5
14 days

Negative control 0.0351+0.0127 5
Vehicle control 0.0404+0.00777 5
Eyestalk ablation 0.0404+0.00827 6
17B-estradiol 0.0324+0.00353 6
28 days

Negative control 0.0262+0.00467 4
Vehicle control 0.0268+0.0031% 4
Eyestalk ablation 0.0326+0.00737 8
17B-estradiol 0.0331+0.0051% 6
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Figure 3.31 Histograms showing relative expression levelsPoiNHR96 in 14-

month-old shrimp following 1F-estradiol injection for 7, 14 and 28 days.

Table 3.9Relative expression levelsRiiNHRI6 in 14-month-old shrimp following

17B-estradiol injection for 7, 14 and 28 days

Group Relative expression N
7 days

Negative control 0.0034+0.00114 5
Vehicle control 0.0052+0.0024% 6
Eyestalk ablation 0.0045+0.00097 9
17p-estradiol 0.0059+0.0022 5
14 days

Negative control 0.0050+0.0027% 5
Vehicle control 0.0065+0.00271 5
Eyestalk ablation 0.0106+0.0030% 6
17p-estradiol 0.0065+0.00168 6
28 days

Negative control 0.0073+0.0033% 5
Vehicle control 0.0046+0.0024% 5
Eyestalk ablation 0.0092+0.00177 8
17p-estradiol 0.0061+0.0026%F 6
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3.5.4 Effects of diets supplemented with Brestradiol on expression of

reproduction-related genes in ovaries of 18-monntieid P. monodon

At the end of the experiment, the remaining-Estradiol in diets was kindly
analyzed by the Hormonal Analysis Laboratory in dNié, Chaingmai Zoo. The
results using competitive ELISA indicated thatfdestradiol was not found in the
control diet while 29.9% and 40.9% were found ietslioriginally supplemented with
1 and 10 mg/kg 1Festradiol (Table 3.10).

Table 3.10Analysis of the remaining Bfestradiol in the artificial diets

Diet Amount 17p-estradiol in
diet (mg/kg)

Control 0.000

1 mg/kg estradiol 0.299 (29.9%)

10 mg/kg estradiol 4.090 (40.9%)

Effects of 1PB-estradiol-supplemented diets on expression PofAINS,
PmAST, Pm-mago nashi and PmNHR96 in 18-month-old domesticatdél monodon

were examined at 7, 14 28 and 35 days post treatmen

The expression level ®TmAtNS after feeding with the diet supplemented with
1 and 10 mg/kg of 1Brestradiol for 7 days were significantly lower thidmat of the
control P < 0.05). However, prolonged treatmentpigstradiol did not affect the
expression level of this gene disregarding the sladelB-estradiol. In eyestalk-
ablated shrimp, the expression levePofAINS at 7 days was significantly lower than
that of the control and was significantly increasgd28 days after treatmer®
0.05) (Figure 3.32 and Table 3.11).

The expression level ¢ImAST after feeding with the diet supplemented with
10 mg/kg of 1p-estradiol for 7 days was significantly lower thidwat of the control
(P < 0.05). However, the contradictory result wasaoi®d from the treatment with
1 mg/kg of 1B-estradiol as an increase expression levdProAST was observed at

35 days post treatmenP (< 0.05). Eyestalk ablation resulted in an increased



81

expression level of this gene at 35 days postrireat £ < 0.05) (Figure 3.33 and
Table 3.12).

The expression level ofPmmago nashi after feeding with the diet
supplemented with 10 mg/kg of i-éstradiol for 7 days was significantly greatemtha
that of the control B < 0.05). The results were also significant at B{sdpost
treatment as the expression levePof-mago nashi in treated shrimp was lower than
that of the control for both 1 and 10 mg/kg offdestradiol P < 0.05). Eyestalk
ablation did not resulted in changes of the exjweskevel of this gene during the

experimental period (Figure 3.34 and Table 3.13).
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Figure 3.32Histograms showing relative expression level$ofAtNS after feeding
with diets supplemented with fi-&stradiol. Non-treated shrimp and eyestalk-ablated

shrimp were included as the negative and positiverol.

Table 3.11 Relative expression levels oPMAINS after feeding with diets
supplemented with Brestradiol.

Group Relative expression N
7 days

Normal shrimp 0.0499+0.00242 4
Eyestalk ablation 0.0354+0.00945 3
1 mg 1B-estradiol 0.0297+0.0101% 6
10 mg 1B-estradiol 0.0119+0.00553 6
14 days

Normal shrimp 0.0178+0.00193 6
Eyestalk ablation 0.0196+0.00367 3
1 mg 1B-estradiol 0.0209+0.00727 6
10 mg 1B-estradiol 0.0164+0.0071 S
28 days

Normal shrimp 0.0085+0.00322 6
Eyestalk ablation 0.0309+0.0240% 3
1 mg 1P-estradiol 0.0090 +0.00422 4
10 mg1P-estradiol 0.0149+0.00269 4
35 days

Normal 0.0089+0.00372 8
Eyestalk ablation 0.0122+0.00419 4
1 mg 1B-estradiol 0.0148+0.0038%2 6
10 mg1B-estradiol 0.0124+0.00797 S
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Figure 3.33 Histograms showing relative expression leveldofAST after feeding
with diets supplemented with g-&stradiol. Non-treated shrimp and eyestalk-ablated

shrimp were included as the negative and positrerol.

Table 3.12Relative expression levels BMAST after feeding with diets

supplemented with Brestradiol.

Group Relative expression N
7 days

Normal 0.0962+0.01307 6
Eyestalk ablation 0.1200 +0.02396 3
1 mg 1P-estradiol 0.1182+0.0143% 6
10 mg1B-estradiol 0.0625+0.0143 6
14 days

Normal 0.1170 +0.05149 6
Eyestalk ablation 0.0908+0.00597 3
1 mg 1B-estradiol 0.1142+0.03926 6
10 mg1B-estradiol 0.1009+0.0346%1 S
28 days

Normal 0.0383+0.0141% 6
Eyestalk ablation 0.0877+0.08521 S
1 mg 1B-estradiol 0.0332+0.0146% 4
10 mg1B-estradiol 0.0726+0.0102 4
35 days,

Normal 0.0363+0.01382 8
Eyestalk ablation 0.0634+0.0211% 4
1 mg 1B-estradiol 0.0719+0.01973 6
10 mg1 B-estradiol 0.0469+0.0191% 5
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Figure 3.34 Histograms showing relative expression levelfofmago nashi after
feeding with diets supplemented withft&stradiol. Non-treated shrimp and eyestalk-

ablated shrimp were included as the negative asdiyp® control.

Table 3.13 Relative expression levels &fm-magonashi after feeding with diets
supplemented with Bfestradiol.

Group Relative expression N
7 days

Normal 0.0246+0.00353 6
Eyestalk ablation 0.0211+0.00153 3
1 mg 1B-estradiol 0.0242+0.00492 6
10 mg1B-estradiol 0.0303+0.00462 6
14 days

Normal 0.0413+0.00738 6
Eyestalk ablation 0.0403+0.0091%7 3
1 mg 1B-estradiol 0.0288+0.00191 6
10 mg1P-estradiol 0.0304+0.00193 S
28 days

Normal 0.0366+0.0076%1 6
Eyestalk ablation 0.0302+0.0237 S
1 mg 1P-estradiol 0.0399+0.0111% S
10 mg1B-estradiol 0.0376+0.0081% 4
35 days

Normal 0.0348+0.01232 7
Eyestalk ablation 0.0345+0.00919 4
1 mg 1B-estradiol 0.0297+0.00869 S
10 mg1B-estradiol 0.0405+0.0140% S
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The expression level ®mMNHR96 after feeding with the diet supplemented
with 1 mg/kg and 10 mg/kg of B7estradiol was not significantly different at athe
of the experimentR > 0.05). In eyestalk-ablated shrimp, the expresdevel of
PmNHR96 was significantly increased at 14 days but notedi#int at 7, 28 and 35
after treatment (Figure 3.35 and Table 3.14).
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Figure 3.35Histograms showing relative expression levelProNHRI6 after
feeding with diets supplemented withpi&stradiol. Non-treated shrimp and eyestalk-

ablated shrimp were included as the negative asdiyp® control.



Table 3.14Relative expression levels BMNHR96 after feeding with diets

supplemented with Bfestradiol.

Group Relative expression N
7 days

Normal 0.0031+0.00032 6
Eyestalk ablation 0.0028+0.00043 3
1 mg 1B-estradiol 0.0025+0.001 6
10 mg1B-estradiol 0.0035+0.00093 6
14 days

Normal 0.0024+0.0004% 6
Eyestalk ablation 0.0033+0.0004% 3
1 mg 1B-estradiol 0.0023+0.0003% 6
10 mg1P-estradiol 0.0024+0.00087 S
28 days

Normal 0.0036+0.0012% 6
Eyestalk ablation 0.0017+0.00068 4
1 mg 1P-estradiol 0.0050 +0.0036% 6
10 mg1B-estradiol 0.0036+0.0006% 4
35 days

Normal 0.0039+0.0006® 6
Eyestalk ablation 0.0045+0.0011 4
1 mg 1B-estradiol 0.0029+0.00098 6
10 mg1B-estradiol 0.0049+0.0018 5

86
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3.6 In vitro expression of recombinant PmMNHR96 using the bacte expression

system
3.6.1 Construction of recombinant plasmids

Recombinant plasmids carrying the ligand-bindingndo of PmMNHR96 was
successfully constructed fam vitro expression of the corresponding protein domain.
A primer pair overhung withBamHI and Xhol-6XHis was designed to amplify

fragment of 660 bp in length corresponding to 24fn@ acids.

Subsequently, the amplified ligand binding domain hormone receptor
(HOLI) of PmMNHR96 was amplified bigfu (Figure 3.36A) and digested wiBamHI
andXhol. The gel-eluted product (Figure 3.36B) was ligatath pET-29a expression
vector and transformed int&. coli JM109. For examining the orientation of
recombinant plasmid pHOLI-PmNHR96, the positivespted DNA was sequenced
for both directions. Nucleotide sequence was awmalylay BlastX and the correct
orientation of pHOLI-PmNHR96 was confirmed (Fig&&7B).

Figure 3.36 (A) Gel electrophoresis showing the PCR fragmentigdnd-binding
domain (HOLI) of PMNHR96 amplified by domain-specific primer overhang with
BamHI andXhol-6XHis using the first strand cDNA from ovariestag template. (B)
The purified PCR fragment was digested vB#nHI and Xhol. Lane M = a 100 bp
DNA ladder.



88

A.

GGATCCATGCTATCGGAGGCGAACAAGGGCCTTCTGGCGCCGCHEBTERAWI TTTAAGGAC
CTGAGCAACCCGTCGCTTCTCAACATCATCAACCTGACGGAGATCGCCHSUBTTCATCAAGATG
TCGAAGAGAATATCCGCCTTCAAGAGCCTCTGCCAGGAGGACCAGATTIEZAGGGAGGCTGC
ACAGAGATGATGATCCTGCGGTCCGTCAGCGCCTACGACCCCGATRNGEEAXT GATTCAACAG
GACCATGACCGTTTCAAGAACATCAAGCTGAAGGTACTAAAGGCCGGBBCSTCTATGAGGAA
CACAAGAGATTTATCTTGGCGTTTCAGCCGGAGTGGAGACAAGASTCAEFAICCTCTTATCA
GCTATTACGCTCTTCACGCCCGAGAGGCCTAACATAATCCATGGBGPASKIIACGAACGGTGC
TCATACCTGTACCTCCTGAAGCGCTACCTGGAGTGCAAGTACGGBGATEBAGGACGGTTTAC
CTCCGGCTGCTAGAGAGGATTAAGCATCTCAACATCCTCAATGABGAACGAGTCTTTCTAGAC
GTCAATCCGCAAGAAGTCGAACCACATCATCATCATCATCATTAACTCGAG

B.

>|_ ref|XP_002404556.1| [!E nuclear hormone receptor 48, putative
[Ixodesscapularis]

gb|EEC11854.1| E nuclear hormone receptor 48, putative [Ixodesscapu laris]
Length=412

GENE ID: 8033479 IscW_ISCW009328 | nuclear hormone receptor 48, putative
[Ixodesscapularis]

Score = 229 bhits (584), Expect = 7e-70

Identities = 110/180 (61%), Positives = 142/180 (7 9%), Gaps = 2/180 (1%)

Frame = +1

Query 100 TEIAIRRLIKMSKRISAFKSLCQEDQIALLKGGCTEMMI LRSVSAYDPDKDSWMIQQDHD 279
T+ AIRRLIKMSKRI+AFKSLCQEDQ+ALLKGG TE+M+ LRSV +YD ++D W +

Sbjct 226 TDHAIRRLIKMSKRITAFKSLCQEDQVALLKGGSTELML LRSVMSYDAERDCW--KGPDP 283

Query 280 RFKNIKLKVLKAAPGNVYEEHKRFILAFQPEWRQDHNIIFLLSAITLFTPERPNIIHGDA 459

R +IKL +LK A GNVYEEHKRFI AF+PEWR D NI+ LLSAITLFTPE RPN++H D

Sbjct 284 RLMSIKLDILKEARGNVYEEHKRFINAFRPEWRIDENIM LLLSAITLFTPERPNLVHRDV 343

Query 460 IKHERCSYLYLLKRYLECKYGGCEGRTVYLRLLERIKHLNILNEKHIRVFLDVNPQEVEP 639

+ E+ +YLYLL+RYL+ Y GCE R+V+L+L+ +++ LNE +++ D+NP+EVEP
Sbjct 344 VTFEQDTYLYLLRRYLDTIYTGCESRSVFLQLIRNLEDM RTLNENQVSILVDLNPREVEP 403

Figure 3.37(A) Nucleotide sequence of the recombinant plastoikering the ligand-
binding domain, HOLI) oPmNHR96. (B) the Blast X result of nucleotide sequence
ofthe recombinant plasmid.

3.6.2In vitro expression of recombinant protein

In vitro expression of rHOLI-PmMNHR96 (ligand-binding horneodomain)
after induction with 0.4 mM IPTG at O, 2, 4, 6, P2 hr at 37 °C was examined. The
recombinant protein of 25.7 kDa was found afterugetl with IPTG for 2-4 hr. The
extent period from 6 hr to overnight gradually reeld the expression of rHOLI-
PmNHR96 (Figure 3.38).


http://www.ncbi.nlm.nih.gov/protein/241596170?report=genbank&log$=protalign&blast_rank=4&RID=U2386B9E012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=protein&cmd=Display&dopt=protein_unigene&from_uid=241596170&RID=U2386B9E012&log$=unigenealign&blast_rank=4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=241596170%5bPUID%5d&RID=U2386B9E012&log$=genealign&blast_rank=4
http://www.ncbi.nlm.nih.gov/protein/215502360?report=genbank&log$=protalign&blast_rank=4&RID=U2386B9E012
http://www.ncbi.nlm.nih.gov/protein/215502360?report=genbank&log$=protalign&blast_rank=4&RID=U2386B9E012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=215502360[PUID]&RID=U2386B9E012&log$=genealign&blast_rank=4
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=search&term=8033479&RID=U2386B9E012&log$=geneexplicitprot&blast_rank=4
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Figure 3.38 SDS-PAGE (A) and Western blot analysis (B) showimg vitro
expression of the ligand-binding domain, HOLI of IRHR96 after induction with
0.4mM. Lanes 1-2 E. coli BL 21-CodonPlus (DE3)-RIPL and that containing pET
29a vector, lanes 3-8E coli BL 21-CodonPlus (DE3)-RIPL containing recombinant
plasmid after induced with 0.4 mM IPTG for 0, 264,12 and 24 hours respectively.

In addition, cell localization of PmMNHR96 proteirasvexamined. Aliquots
of the IPTG-induced culture (OD = 1) of rHOLI-PmNBER protein cultured at 37°C
for 2 hour after IPTG induction was collected. Témuble and insoluble protein

fractions of this recombinant protein were analybgd 5% SDS-PAGE.

The rHOLI-PmNHR96 protein was expressed in theluitde fraction but
not in the soluble fraction when the recombinamnel was cultured at 37 °C for
2 hour (Figure 3.39A). Results were consistent wtdtured at 15 °C after induction
with 0.4 mM IPTG (Figure 3.39B).
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Figure 3.3915% SDS-PAGE showinign vitro expression of recombinant clone of the
ligand-binding domain, HOLI of PmMNHR96 cultured3t °C (A) and 15 °C (B) for
2 hours after induction with 0.4 mM IPTG. Lane 1whole cells before IPTG
induction, lane 2 is whole cells after IPTG indoati lane 3 = the soluble protein

fraction, lane 4 = the insoluble fraction. Lane Mhe protein standard marker.

3.6.3 Purification of recombinant protein

The rHOLI-PmNHR96 protein was purified from insoleldractions under
the denaturing conditions. Initially, the washedl &uted fractions were analyzed by
SDS-PAGE (Figure 3.40). After purification, elutptbteins fractions were kept at -
20 °C overnight.

The discrete band of approximately 25.7 kDa wasdoun both the washed
fractions and the eluted fractions. Fractions doimg the purified recombinant
protein were pooled, concentrated and size-fraatexh through SDS-PAGE (Figure
3.41).

The expected 25.7 kDa band of recombinant proterewexcised and electro-
eluted. After concentrated, the purified rHOLI-PmR®6 was sent to Faculty of
Medical Technology for the production of polyclomatibody in rabbit.
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Figure 3.40 15 % SDS-PAGE showing of the purification of rHORMNHR96
under the denaturing conditionA. : lane 1 = whole cells, lane 2 = the insoluble
fraction after pass through the column, Lanes 3tbe=first wash fractions, Lanes 7-8
= the second wash fractior8.: lanes 1-3 = the second wash fractions, lanes=4-9
third wash fractionsC: lanes 1-8 = the eluted fractions. Lane M = thetgin

standard marker.
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Figure 3.41 15 % SDS-PAGE showing of purified rHOLI-PmNHR96 teaf

concentrated. Lane M = the protein standard marker.

Anti-rHOLI-PmNHR polyclonal antibody (PcAb) was sessfully produced
in rabbit after the third immunization (Table 3.1Rabbits were sacrificed and their

serum was collected, filtrated through 02 membrane and kept at -20 °C.
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Table 3.15Titers of polyclonal antibody using indirect ELIS&ssay after rabbits

were immunized with recombinant NHR96 for 3 times

Polyclonal antibody

Dilution Pre-immunized Immunized serum (ODys)**
of serum serum(ODyso)*

1:500 0.062 2.310

1:2000 0.031 1.259

1:8000 0.018 0.494

1:32000 0.016 0.148

*Preimmunized serum = serum of a rabbit before imization.
*Immunized serum = serum from rabbit injected wiHOLI-PmNHR96

3.6.4 Western blot analysis of PmNHR96 protein dung ovarian

development ofP. monodon

Anti-rHOLI-PmNHR96 was analyzed by Western blotngsitotal protein
extracted from ovaries of intact broodstock (juvemiovaries and stages |, II, llI, IV
and post-spawning ovaries of broodtock). The irgdmend of approximately 75 kDa
and several additional bands were observed. Basedhe fact that the actual
molecular size of ovarian PmMNHR96 is not availablether analysis of the positive

bands should be examined using mass spectromagriiz(eMS/MS) (Figure 3.42).
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Figure 3.42Western blot analysis of anti-rHOLI-PmNHR96 (1:2@@pected MW ~
80 kDa) using total protein extracted from ovaf28 L g) of intact broodstock. Lane
1 = rHOLI-PmNHR96, lanes 2 -7 =ovarian proteingwfenile and broodstock with
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stages I, II, lll, IV and V (post-spawning) ovariesspectively. Lane M = the protein

standard marker.

The polyclonal antibody against rHOLI-PmNHR was
immunochromatographic purified (protein A) and veestblot was carried out. Like
results from non-purified polyclonal antibody, nepecific patterns were obtained.
Therefore, the determination of expression profifePmNHR96 was not further

carried out (Figure 3.43).
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Figure 3.43Western blot analysis of anti-rHOLI-PmNHR96 (1 :02Qsing
total protein extracted from ovaries (20 pg) otoit(A and B) and eyestalk-ablated
(C and D) broodstock. A : lanes 1-3 = juvenilesgla = 4-6 =stage | ovaries with GSI
of 0.67, 1.26 and 0.81, lanes 7-9 = stage Il ogangh GSI of 2.95, 2.58 and 2.24; B
. lanes 1-3 = stage Ill ovaries with GSI of 5.095and 6.23, lanes 4-6 = stage IV
ovaries with GSI of 7.46, 10.414 and 11.213, laid€s = stage V (post-spawning)
ovaries with GSI of 1.86, 3.49 and 3.27; C: laneé% 4 stage | ovaries with GSI of
0.76, 1.41 and 1.45, lanes 4-6 = stages |l ovavids GSI of 2.72, 2.32 and 2.71; D :
lanes 1-3 = stages lll ovaries with GSI of 5.7%44and 4.29, lanes 4-6 = stages IV
ovaries with GSI of 10.94, 7.17 and 9.09 ; Lane khe protein standard marker.
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CHAPTER IV

DISCUSSION

There have been many studies on characterizatiotedfogenin/vitellin and
the elucidation of the process of vitellogenesipenaeid shrimp (Tsutsst al., 2000;
Okumuraet al., 2006) as well as molecular endocrinology of mprireproduction,
particularly on GIH and methylfarnosoate (MF) (@ilGunawardenet al., 2001; Gu
et al.,2002; Yamancet al., 2004). Although these studies begin to revedakter
picture of the endocrine control of ovarian matwmatin shrimp, reproductive

maturation of penaeid shrimp is still not well ursteod.

Different biotechnological approaches, for exampigection of vertebrate
steroid hormones and neurotransmitters and theotuspecially formulated feed can
be applied to induce ovarian maturation of femaegeid shrimp.

Yano and Hoshino (2006) determined the effects @p-dstradiol on
vitellogenin synthesis and oocyte development wevestigated in previtellogenic
ovaries ofM. japonicus incubated with Medium 199. After three days indiudra
ofthe ovarian tissue, Vitellogenin concentrationsmedia containing 3.6 nM, 36.7
nM, 367 nm and 3671 nM B7estradiol were significantly?< 0.01) greater than that
of the control. A more advanced stage of oocytestibgpment at primary vitellogenic
stage, which is surrounded by round and greatlyaedaed follicle cells, was observed
in previtellogenic ovarian pieces incubated in raedontaining 1f-estradiol. The
results suggested that p7estradiol induces Vg-itellogenin synthesis andespance

of primary vitellogenic oocytes in the ovaries wimatureM. japonicus.

In this study, effects of Bfestradiol on expression of several reproduction-
related genes were examined for the possible ughi®fsex steroid hormone for

stimulation of ovarian developmentih monodon.
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Isolation and characterization of PMNHR96 and PmSOS

The actions of sex steroid are mediated through nthelear receptor, a
member of the steroid/thyroid hormone receptor dapgly, as the classical

pathway.

Recently, the full-length cDNASs gir ogestin membrane receptor component 1
(Pgmrcl) were isolated from both testes (Leelatanagtital.,, 2008) and ovaries
(Preechaphol et al., 2010) Bf monodon. Unilateral eyestalk ablation resulted in a
greater expression &mPgmrcl in vitellogenic, early cortical rod and mature oga
compared to that in the same ovarian stages ottinbaoodstock P< 0.05).
Immunohistochemistry revealed the positive sigmdlthe PmPgmrcl protein in the
follicular layers and cell membrane of folliculaglls and various stages of oocytes
(Preechaphatt al., 2010). However, no nuclear hormone receptorbeas identified

and characterized . monodon.

In the present study, the partial ORF (879 bp, &9iho acids) and’'BTR of
1679 bp (excluding the poly A tail) #mMNHR96 was isolated. Nevertheless, the full-
length cDNA of this transcript was not obtaineceaRACE-PCR was carried out for

several times.

Nuclear hormone receptor proteins is recognizea @ass of ligand activated
proteins that, when bound to specific sequencd3NA&, serve as on-off switches for
transcription within the cell nucleus as well as tontinual regulation of reproductive
tissues. Nuclear hormone receptors regulate gepeession by interacting with

specific DNA sequences upstream of their targeegen

In addition, the partial cDNA oPmSOS (928 bp) was also isolated. The
deduced amino acid sequence contained the predictadine nucleotide exchange
factor for Rho/Rac/Cdc42-like GTPases (RhoGEF) Rletkstrin homology domain
(PH) domins. LikePmNHR96, the full-length cDNA oPmSOS was not obtained after

RACE-PCR was carried out for several times.

Son of sevenless (SOS) is a dual specificity guamnocleotide exchange
factor (GEF) that regulates both Ras and Rho fa@ilfPases and thus is uniquely

poised to integrate signals that affect both gempression and cytoskeletal
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reorganization (Yang, 2006)he SOS gene functions in signaling pathways initiated
by the sevenless and epidermal growth factor receftrosine kinases (Bonfini,
1992).

Expression levels of oPMAINS, PmAST, Pm-mago nashi PmMNHR96 and
Pmson of sevenless transcripts functionally involved in reproductive

development and maturation ofP. monodon

Transcription in germ cells during oogenesis fokbowarefully regulated
programs corresponding to a series of developmentahts in oocytesRT-PCR
analysis across various tissues of female andstedtmale broodstock indicated that
PmAINS, PmAST, Pmrmago nashi, PmMNHR96 and PmSOS were not specifically
expressed in ovaries or gonads but were observed wariety of tissues of
P. monodon broodstock. The results suggested that they shibaldnultifunctional

proteins playing the role in several physiologi@atl biological processes.

These genes were more abundantly expressed ineevé#nan testes of
P. monodon broodstock. The information suggested that thegukh play more
important role in ovarian than testicular developime

Expression analysis ofPmAINS, PmAST, Pm-mago nashi and PmNHR96

in ovaries of P. monodon broodstock

Quantitative real-time PCR indicated that the egpiean level oPmAtNS and
Pm-mago nashi was not significantly different during ovarian @spment in both
intact and eyestalk-ablated broodstock. The exmeslevel of bothPmAST was
significantly increased in stage Il aRthNHR96 was significantly increased in stage

[V ovaries in intacP. monodon broodstock.

Unilateral eyestalk ablation is used in practiceniuce ovarian maturation in
penaeid shrimp. Eyestalk ablation caused an inereasthe mRNA levels of
vitellogenin andcortical rod protein in ovaries ofM. japonicas (Tsutsui et al., 2005;
Okumura et al., 2006).

Eyestalk ablation resulted in significant greatgoression levels dPmAST in
stages Il ovariefm-mago nashi in stages I-IV andPmNHR96 in stages I-Ill ovaries

compared to those in intact broodstock. The ina@asnRNA of these genes during
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ovarian development in eyestalk-ablated female dstmrk suggests that gonad
inhibiting hormone (GIH; Meusy and Payen, 1988kei§ PmAST, Pm-mago nashi
andPmNHRO6 transcription.

The expression levels dPMAINS, PmAST, Pm-mago nashi and PmNHR96

in ovarian of P. monodon following the injection of 17B-estradiol

The presence of vertebrate-type steroids has beemntented in almost all
invertebrate groups including crustaceans (Car@vsa., 1997). The conversion of
progesterone into PBfestradiol was reported iM. japonicus (Summavielleet al.,
2003). 1B-estradiol levels in the hemolymph were shown tetilate closely with
that of the serum vitellogenin level during ovarimaturation stages ¢f. monodon

(Quinitio et al.,1994) implying its controlling ®ln vitellogenesis.

In this study, 1B-estradiol injection was carried out and resulted i
significantly reduced of ovariaPmAtNS at 7 days post injection but did not affect the
expression level dPmAST andPm-mago nashi. Nevertheless, the expression level of

ovarianPmNHR96 seemed to be increased at 7 days after injection.

Eyestalk ablation resulted in the significant irase in the expression of
PmATS at 28 days after unilateral eyestalk ablation. iamy, an induction ofPm-
mago nashi and PmNHR96 in domesticated 14-month-old shrimp was obsented a

days and 14 days after ablation, respectively.

Considering effects of the expression of variousegeunder 1F-estradiol
treatment and eyestalk ablation, it is proposed th#-estradiol inhibits the
transcription of PmAtNS and not expression ofPmAST and Pm-mago nashi
PmNHR96. Therefore, 1f-estradiol injection, at least at the concentratiead in this
study, may inhibit ovarian developmentffmonodon.

The expression levels dPMAINS, PmAST, Pm-mago nashi and PmNHR96
in ovarian of P. monodon after feeding with the diet supplemented with 1f-

estradiol

Subsequently, the feeding experiment using digtplsmented with 1 and 10

mg/kg of 1 B-estradiol was carried out. The remaining-Eétradiol in the diets was
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analyzed and 25.9% and 40.9% resulting in the a&oeount of 0.259 and 4.09

mg/kg diets were found.

The expression level dPmAtNS and Pm-mago nashi after feeding with the
diet supplemented both with 1 and 10 mg/kg of-&gtradiol for 7 and 14 days,
respectively was significantly lower than that bétcontrol P < 0.05) andPmAST
after feeding with the diet supplemented10 mg/kgld@i-estradiol for 7 days was
significantly lower than that of the contrdP (< 0.05).In contrast, feeding with 1
mg/kg of 1B-estradiol resulted in an increase expression lef/elvarianPmAST at
35 days post treatmenP (< 0.05). Likewise, feeding of 10 mg/kg of ftéstradiol
supplemented diets resulted in a greater leveProfmago nashi than that of the
control at 7 days post treatmefrt € 0.05). The expression level BMNHR96 after
feeding with the diet supplemented was not sigarftty than that of the controP (<
0.05). Apparently, results from both injection addt supplementation ol 7p-

estradiol on expression of reproduction-relatedegan this study were similar.

Yano and Hoshino (2006) illustrated thHef3-estradiol induces vitellogenin
synthesis and oocyte development in ovaries of itared/. japonicus in vitro. In
lobster Homarusamericanus), 17B-estradiol was found in vitellogenic ovary,
although it was undetectable inprevitellogenic gv@@ouchet al., 1987. Based on
the information in various species, it is proposetht 17p-estradiol induces
vitellogenin synthesis and may act as an ovariggllegenesis-stimulating hormone

(OVSH) in immature females of decapod crustaceans.

Demonstrating the effects of hormones or neuroimgters on ovarian
development oP. monodon is rather difficult in immature females. The rease that
immature females are strongly affected by GIH fréne X organ-sinus gland
complex of the eyestalk compared to maturing female should be noted that,

domesticated shrimp with an immature ovarian stege used in the present study.

Like results in this study, significant ovarian ée@pment was not observed in
the tiger prawnP.esculentus with undeveloped ovaries after injection of3i&stradiol
(0.01 pg/g body weights) alone or in combinatiothvgrostaglandin E(PGE,) under
tank-reared conditions during the tri at of 5 we@kaskelaet al., 1992.
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It is possible that the effects of injected pigstradiol in shrimp with
undeveloped ovaries are influenced by the GIH lemelby numerous stresses
originating from handling or the culture conditiam tanks. Accordingly,in vitro
effects of 1p-estradiol on expression of various reproductidatesl genes should be

carried out.

Molecular mechanisms involving gonadal developnm@nlP. monodon have
long been of interest by aquaculture industriesngittering all information in this
study, PmAtNS, PmAST, Pm-magonashi and PmNHR96 should play the role during
ovarian development and maturationRfmonodon. The expression levels of their
protein during ovarian development and/or oogenasmld be further examined for
an unambiguous conclusion on the functions of thgsee products. The basic
knowledge obtained allows functional character@atof PmAINS PmAST, Pm-
magonashi andPmNHR96 genes and proteins on ovarian and oocyte developioe
better understanding of the reproductive maturatcdnfemale P. monodon in

captivity.
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CHAPTER V

CONCLUSIONS

1. The partial cDNA sequencesPiNHRI6 andPmSOS were isolated. They
were 2436 and 1183 bp containing the ORFs of 8@91483 bp, respectively.

2. Tissue distribution analysis oPmMAINS PmAST, Pmmago nashi,
PmMNHR96 and PmSOS were examined and these transcripts were aburnydantl
expressed in ovaries &. monodon broodstock PmAINS, PmAST and PmSOS were
more preferentially expressed in ovaries than $est®. monodon.

3. Quantitative real-time PCR indicated that theregsion level oPmMAINS
was not significantly different during ovarian dey@mment in both intact and
eyestalk-ablated broodstock. Its expression inestagvaries of intact broodstock
was significantly greater than that in the sameriamastage in eyestalk-ablated
broodstock P < 0.05).

4. The expression level of ovari®@mAST was significantly increased in stage
IV ovaries in intact broodstock but was not differally expressed in eyestalk-
ablated shrimp. Its expression in stages |l ovasfesyestalk-ablated broodstock was
significantly greater than that in the same ovamstage in intact broodstoclP (<
0.05).

5. Pmrmago nashi was not differentially expressed during ovarian
development in both intact and eyestalk-ablatedodistock P > 0.05). The
expression level ofPmrmago nashi in stage I-IV ovaries of eyestalk-ablated
broodstock was significantly greater than thathe same ovarian stages in intact
broodstock P < 0.05).

6. The expression level & MNHR96 in intact broodstock was increased in
stage IV ovaries but was not differentially expezsen eyestalk-ablated broodstock.
Its expression in stages I-1ll ovaries of eyestdiated broodstock was significantly

greater than that in the same ovarian stagesantibroodstockR < 0.05).
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7. Exogenous injection of B7estradiol resulted in significantly reduction of
ovarian PmAtNS at 7 days post injection but did not affect theression level of
PmAST andPm-mago nashi. Nevertheless, the expression level of ovaRedtNHR96
seemed to be increased at 7 days after injection.

8. The expression level 6fMAINS after feeding with the diets supplemented
both with 1 and 10 mg/kg of B7estradiol for 7 days was significantly lower thaat
of the control P < 0.05).

9. Similar results were also found fBmAST. Shrimp fed with 10 mg/kg of
17B-estradiol for 7 days had a significantly lower eegsion ofPmAST than that of
the control P < 0.05). However, the treatment with 1 mg/kg op-Eétradiol resulted

in an increase expression levelRMNAST at 35 days post treatmemlt € 0.05).

10. ForPm-mago nashi, its expression level was induced after feedinthwi
the diet supplemented with 10 mg/kg of3i&stradiol for 7 days. In contrast, feeding
of diets supplemented both with 1 and 10 mg/kg d#-éstradiol resulted in the
expression level oPm-mago nashi lower than that of the control at 14 days post
treatment P < 0.05).

11. The expression level oPmNHR96 after feeding with the diet
supplemented with both with 1 and 10 mg/kg of-Estradiol was not significantly
than that of the controPk 0.05).
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Table Al The percentage of GSI and related data of wild dstmck ofP. monodon
used in this study

No. Body Gonad GSl Total Original Gonad color Remark

weight  weight (%) length codes

9) (9) (cm.)

1 11528 0.32 0.27 23.5 BUFOV03 light white Stage |
2 76.37 0.47 0.61 23.0 BUFOVO06 light white Stage |
3 105.70 0.70 0.66 24.5 BUFOV04 light white Stage |
4 99.96 0.77 0.77 235 AGYLOVO03 white Stage |
5 170.28 1.46 0.86 - PMBF2 white Stage |
6 112.35 1.00 0.89 23.0 BUFOVO07 light yellow Stage |
7 82.71 0.90 1.08 215 BUFOVO05 turbid white Stage |
8 15733 173 110 270 AGYLOVO1 ‘S’iw&e tlight  grage
9 104.97 1.18 1.12 23.0 AGYLOV04 white Stage |
10 120.58 1.60 1.33 23.5 AGYLOVO02 white Stage |
11  186.69 2.69 1.44 26.0 BFNOV32 yellow Stage |
12 188.30 2.76 1.47 - PMBF1 light yellow Stage |
13 21871 470 215 280 BFNOV38 ';/g“;\?vree” " Stagell
14 20567 4.61 224 275 BFNOV33 light yellow Stége
15 128.74  2.25 2.25 24.5 ASPOV10 light yellow StHge
16 205.05 5.29 2.58 28.0 BFNOV35 light yellow StHge
17 14964 2.68 268 267 ASPOV06 light yellow StHge
18 208.54 6.16 2.95 26.0 BFNOV31 light green Stage |
19 181.30 6.00 3.31 28.5 BFNOV04/1 yellow + green agstll
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Table Al (Cont.)

No. Body Gonad GSl Total Original Gonad color Remark

weight  weight (%) length codes

@9) 9) (cm.)

20 159.80 6.40 4.01 27.7 BFNOVO07 light green Stége |
21 187.10 8.27 4.42 30.0 BFNOV18 green + yellow  &tdg
22 173.40 8.00 4.61 28.0 BFNOV03 green Stage Il
23 16450 7.60 4.64 27.5 BFNOV04 green Stage Il
24 230.93 12.12 5.28 32.0 BFNOV23 green + yellow g&itd
25 235.98 12.69 5.37 33.0 BFNOV24 green Stage Il
26 17230 9.90 5.75 28.0 BFNOV05 green Stage Il
27 172.60 10.20 5.91 28.0 BFNOVO1 green Stage Il
28 136.40 8.40 6.16 26.5 BFNOV09 dark green Stage IV
29 133.20 8.30 6.23 26.0 BFNOV08 green Stage IV
30 176.20 12.90 7.32 29.0 BFNOVO06 dark green Stdge |
31 27220 20.30 7.46 32.0 BFNOV02 green Stage IV
32 152.20 12.80 8.42 27.0 BFNOV14 green Stage IV
33 139.90 13.10 9.36 25.5 BFNOV10 dark green Stege |
34 16220 16.20 9.99 28.0 BFNOV12 dark green Stege |
35 166.90 16.70 10.01 27.5 BFNOV11 light green Stege
36 239.86 24.98 1041 33.0 BFNOV21 green Stage IV
37 207.40 23.20 11.19 30.5 BFNOV15 dark green Siége
38 232.57 26.08 11.21 30.0 BFNOV20 green Stage IV
39 156.10 18.20 11.66 27.0 BFNOV16 dark green SMage
40 252.11 31.30 12.41 30.0 BFNOV17 green Stage IV

41  158.60 19.90 1255 275 BFNOV13 dark green SMage
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No. Body Gonad GSl Total Original Gonad color Remark
weight  weight (%) length codes
@9) 9) (cm.)
42 30012 1047 349 325 BENOv30 lgntareen+ o i spawn
yellow
43 19449 3.61 1.86 275 BENOvae Nohtyellow+ o ohawn
little green
44 25640 8.39 3.27 29.5 BFNOV34 light yellow pas&sn
45  264.70 7.66 2.89 30.0 BFNOV37 light yellow pas&sn
46  285.97 8.30 2.90 32.0 BFNOV39  yellow post-spawn
47 200.79 5.18 2.58 28.0 BFNOV40 light yellow pOs&EN
48  236.51 1.79 0.76 27.50 BFEAOV18 white Eyestalk-alated; Stage
|
49  111.00 1.00 0.90 24.50 YLBOVO1 white +light Eyestalk-ablated; Stage
yellow |
50 163.00 2.00 1.22 25.00 YLBOV06  white Eyestalk-akdted; Stage
|
51 272.20 3.71 1.36 30.00 BFEAOV15 vyellow Eyestalk-alated; Stage
|
52  125.00 2.00 1.60 24.50 YLBOVO5 white + light Eyestalk-ablated; Stage
yellow Il
53 118.00 2.00 1.69 24.50 YLBOV08  white Eyestalk-akdted; Stage
Il
54  173.37 4.72 2.72 25.50 BFEAOV19 light green + Eyestalk-ablated ;Stage
yellow Il
55  252.03 7.16 2.84 29.50 BFEAOV17 green + yellow edfglk-ablated ;Stage
Il
56  151.00 5.00 3.31 25.00 YLBOVO7 lihgt green Eyléstblated ;Stage
Il
57 291.39 10.31 3.54 30.50 BFEAOV16 green Eyestalk-alated ;Stage
Il
58 164.00 6.00 3.66 26.00 YLBOVO4 light green Eyléstblated ;Stagw
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No. Body Gonad GSl Total Original Gonad color Remark
weight  weight (%) length codes
(9) (9) (cm.)
59  193.65 8.82 455 27.00 BFEAOV21 dark green Ellestzlated ;Stage
i
60 153.00 7.00 457 25.50 YLBOVO02 light green Eyléstblated ;Stage
i
61 125.00 6.00 4.80 25.00 YLBOVO3 light green Eylestblated ;Stage
i
Eyestalk-ablated ;Stage
62 118.80 5.90 497 2450  BFEAOVO08 green Il BIOTEC shrimp
63 18650 9.40 504 2750  BFEAOVO5 light green ﬁ?’es'ta'k'ab'ated Stage
64 19690 1000 508 2950  BFEAOvo2ldntgreen+  Eyestalk-ablated ;Stage
yellow 1
Eyestalk-ablated ;Stage
65 9620  4.90 509 2330  BFEAOVIl green Il BIOTEC shrimp
66 18270 9.40 5.15 28.00 BFEAOVO3ye”OW + little Eyestalk-ablated ;Stage
green 1
67 27823 1437 516 2050  BFEAOvpdarkareen+ - Eyestalk-ablated ;Stage
little yellow 1
68 19740 1080 547 2950  BFEAOvoaldhtgreen+  Eyestalk-ablated ;Stage
yellow 1
69 22960 1460 636  30.00  BFEAOVOL green + yellowF\}’eSta'k'ab'atEd Stage
70 22010 1400 636 2850  BFEAOvo7'dntgreen+  Eyestak-ablated ;Stage
yellow \%
71 17020 11.60  6.82  27.00 BFEAOVO6ggn;3vreen " Eyestalk-ablated; StglV
72  365.38 25.08 6.86 33.00 BFEAOV24 Green Eyestalk-alated ;Stage
v
73 11640 800  6.87 2550 BFEAOV10 dark green Effestalated:

StglV; BIOTEC shrimp
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Table Al (Cont.)

No. Body Gonad GSl Total Original Gonad color Remark
weight  weight (%) length codes
@9) 9) (cm.)
75 188.20 13.80 7.35 27.50 BFEAOV13 dark green Bilestblated ; Stage
\%
76  167.54 14.33 8.55 25.00 BFEAOV22 dark green Bilestblated ;Stage
\%
77  256.34 22.41 8.74 29.50 BFEAOV23 dark green Bllestblated ;Stage
\%
78  249.50 22.30 8.94 31.50 BFEAOV09 light green Elksblated ;Stage
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Table A2 The percentage of GSI and related data of domésticaf P. monodon

used for the feeding experiments offd&stradiol-supplented diets

No. Body Gonad GSlI Total Original codes Gonad color Remark
weight  weight (%) length
(9) (9) (cm.)

1 61.49 0.48 0.78 20.1  7CBUFOV1 light white Stage |
2 73.3 051 0.70 20.9  7CBUFOV2 light white Stage |
3 61.79 0.33 0.53 19 7CBUFOV3 light white Stage |
4 61.41 05 081 17 7CBUFOV4 light white Stage |
5 60.13 0.43 0.72 204  7CBUFOV5 light white Stage |
6 57.03 0.56 0.98 19.8  7CBUFOV6 light white Stage |
7 78.3 0.67 0.86 19.1  7CBUFEAOV1 light white Stage |
8 71.39 052 0.73 21.6  7CBUFEAOV2 light white Stage |
9 60.66 031 051 154  7CBUFEAOV3 light white Stage |
10 55.99 0.5 0.89 19 7ES1BUFOV1  light white Stage |
1 58.67 0.2 034 20.1  7ES1BUFOV2 light white Stage |
12 70.64 0.26 0.37 205  7ES1BUFOV3 light white Stage |
13 82.34 0.7 085 215  7ES1BUFOV4 light white Stage |
14 70.21 051 0.73 195  7ES1BUFOV5  light white Stage |
15 57.83 0.61 105 17.5  7ES1BUFOV6 light white Stage |
16 69.32 0.49 0.71 205  7ES10BUFOV1 light white Stage |
17 70.3 0.62 0.88 18.4  7ES10BUFOV2 light white Stage |
18 73.14 0.57 0.78 20.4  7ES10BUFOV3 light white Stage |
19 58.46 0.49 084 19.7  7ES10BUFOV4 light white Stage |
20 81.6 06 074 20 7ES10BUFOV5  light white Stage |
21 73.08 0.34 047 19.9  7ES10BUFOV6 light white Stage |
22 56.37 0.16 0.28 18 14CBUFOV1 light white Stage |
23 59.2 0.25 0.42 185  14CBUFOvV2 light white Stage |
24 77.27 0.68 0.88 20 14CBUFOV3 light white Stage |
25 72.26 0.45 0.62 19 14CBUFOV4 light white Stage |
26 62.24 0.42 0.67 18.7  14CBUFOV5 light white Stage |
27 73.45 0.39 0.53 20.3  14CBUFOV6 light white Stage |
28 65.25 0.48 0.74 19 14CBUFEAOV1 light white Stage |
29 71.04 0.46 0.65 19 14CBUFEAOV2 light white Stage |
30 61.5 0.38 0.62 - 14CBUFEAOV3 light white Stage |
31 67.86 051 0.75 185  14ES1BUFOV1 light white Stage |
32 58.16 0.61 1.05 175  14ES1BUFOV2 light white Stage |
33 72.07 0.98 1.36 165  14ES1BUFOV3 light white Stage |
34 66.63 0.44 0.66 18 14ES1BUFOV4 light white Stage |
35 79.89 0.53 0.66 20.3  14ES1BUFOV5 light white Stage |
36 77.53 0.52 0.67 19.4  14ES1BUFOV6 light white Stage |
37 73.37 0.43 0.59 19 14ES10BUFOV1 light white Stage |
38 75.38 0.76 101 19.6  14ES10BUFOV3 light white Stage |
39 61.93 0.43 0.69 185  14ES10BUFOV4 light white Stage |
40 70.9 056 0.79 19.2  14ES10BUFOVS5 light white Stage |
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Table A2 (Cont.)

No. Body Gonad GSI Total Original codes Gonad color Remark
weight  weight (%) length
(9.) (9.) (cm.)
41 71.42 051 0.71 195  14ES10BUFOVS light white Stage |
42 72.32 0.49 0.68 19.6  28CBUFOV1 light white Stage |
43 61.94 0.4 0.65 174  28CBUFOV2 light white Stage |
44 64.04 0.28 0.44 18.2  28CBUFOV3 light white Stage |
45 66.87 0.3 045 19.2  28CBUFOvV4  light white Stage |
46 64.02 0.44 0.69 17 28CBUFOV5 light white Stage |
a7 72.57 0.4 055 19.6  28CBUFOV6 light white Stage |
48 72.63 0.67 0.92 19.2  28CBUFEAOV1 light white Stage |
49 82.13 0.83 101 195  28CBUFEAOV2 light white Stage |
50 71.38 0.39 0.55 18.1  28CBUFEAOV3 light white Stage |
51 62.44 0.38 0.61 17.8  28CBUFEAOVS5 light white Stage |
52 50.23 0.35 0.70 157  28CBUFEAOV6 light white Stage |
53 69.89 051 0.73 18.7  18ES1BUFOV1 light white Stage |
54 62.13 0.28 0.45 176 18ES1BUFOV2 light white Stage |
55 75.39 0.5 0.66 203  18ES1BUFOV3 light white Stage |
56 63.48 0.27 043 16.6  18ES1BUFOV4 light white Stage |
57 63.43 0.33 0.52 176 18ES1BUFOV5 light white Stage |
58 63.51 0.37 0.8 19 18ES1BUFOV6 light white Stage |
59 73.94 0.6 081 19.8  35ES10BUFOV3 light white Stage |
60 67.96 051 0.75 19.6  35ES10BUFOV4 light white Stage |
61 68.72 0.65 0.95 18.3  35ESI10BUFOV5 light white Stage |
62 72.31 0.43 0.59 195  35ES10BUFOVS light white Stage |
63 71.54 0.39 0.5 19.2  35CBUFOV1 light white Stage |
64 56.91 0.32 0.56 145  35CBUFOvV2 light white Stage |
65 57.5 0.34 0.59 164  35CBUFOV3 light white Stage |
66 62.58 0.29 0.46 17.6  35CBUFOvV4 light white Stage |
67 58.7 0.33 0.56 18.1  35CBUFOV5 light white Stage |
68 67.67 0.38 0.56 19.4  35CBUFOV6 light white Stage |
69 67.77 0.55 0.1 17.8  35CBUFOV7 light white Stage |
70 62.95 0.31 0.49 185  35CBUFOVS light white Stage |
71 80.71 0.95 1.18 17.6  35CBUFEAOV1 light yellow Stage |
72 66.63 056 0.84 185  35CBUFEAOV2 light white Stage |
73 52.96 0.37 0.70 174  35CBUFEAOV3 light white Stage |
74 65.46 0.57 0.87 16.6  35CBUFEAOV4 light white Stage |
75 86.56 0.78 0.90 20.2  35ES1BUFOV1 light white Stage |
76 85.63 0.56 0.65 20 35ES1BUFOV2 light white Stage |
77 64.65 0.37 057 18.7  35ES1BUFOV3 light white Stage |
78 54.17 0.36 0.66 17.9  35ES1BUFOV4 light white Stage |
79 60.27 0.52 0.86 153  35ES1BUFOV5 light white Stage |
80 71.88 0.66 0.92 18.4  35ES1BUFOV6 light white Stage |
81 71 0.61 0.86 18.8  35ES10BUFOV1 light white Stage |
82 76.12 0.53 0.70 18.7  35ES10BUFOV2 light white Stage |

83 63.19 096 1.52 15.1 35ES10BUFOV3 light white Stage |
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Table A2 (Cont.)

No. Body Gonad GSI Total Original codes Gonad color Remark
weight  weight (%) length
9.) (9. (cm.)

84 64.07 0.42 0.66 17.8  35ES10BUFOV4 light white Stage |

85 54.38 0.39 0.72 16.2  35ES10BUFOV5 light white Stage |
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Appendix B

Table B1. Relative expression levels BMAINS in different ovarian developmental
stages of wild broodstock dP. monodon based on quantitative real-time PCR
analysis

Sample group Mean conc. Ratio Average SD
PmMAINS EF-la (target/EF-1a)

Junvenile JNOVO05 1.62E+04  6.03E+05 2.68E-02 0.03460.01479
JNOV06 3.14E+04  1.25E+06 2.51E-02
JNOVO07 5.64E+04  2.28E+06 2.48E-02
JNOV08 3.24E+04  6.75E+05 4.80E-02
JNOV09 7.29E+04  1.25E+06 5.83E-02
JNOV10 4.18E+04  1.72E+06 2.43E-02

N-BD-Stage | BUFOVO03 5.61E+04  2.08E+06 2.70E-02 0.0320.01453
BUFOVO06 1.51E+04  2.80E+05 5.39E-02
BUFOV04 7.11E+04  1.84E+06 3.86E-02
BUFOVO07 2.08E+04  3.93E+05 5.31E-02
BUFOVO05 1.17E+04  3.42E+05 3.43E-02
AGYLOVO01 5.16E+04  4.54E+06 1.14E-02
AGYLOV04 6.58E+04  3.53E+06 1.86E-02
AGYLOV02 5.42E+04  2.09E+06 2.60E-02
BUFOV32 3.68E+04  1.48E+06 2.49E-02

N-BD-Stage Il ASPOV10 8.22E+04  1.10E+06 7.50E-02 490 0.01704
ASPOV06 8.36E+04  1.83E+06 4.57E-02
BFNOV38 3.89E+04  7.45E+05 5.21E-02
BFNOV33 2.07E+04  1.06E+06 1.96E-02
BRNOV35 3.85E+04  6.53E+05 5.89E-02
BFNOV31 4.08E+04  7.46E+05 5.47E-02
BFNOV4/1 2.70E+04  6.49E+05 4.17E-02

N-BD-Stage IlI BFNOV18 1.21E+04  3.74E+05 3.22E-02 322 0.01709
BFNOV04 1.67E+04  6.17E+05 2.71E-02
BFNOV23 1.40E+04  6.58E+05 2.13E-02
BFNOV24 2.39E+04  3.64E+05 6.58E-02
BFNOVO05 1.27E+04  6.47E+05 1.96E-02
BFNOVO01 1.47E+04  5.48E+05 2.69E-02

N-BD-Stage IV BFNOVO02 1.05E+04  1.35E+05 7.78E-02 0®4 0.02264
BFNOV14 7.52E+03  3.08E+05 2.44E-02
BFNOV10 8.38E+03  3.89E+05 2.16E-02
BFNOV12 1.00E+04  4.38E+05 2.29E-02
BFNOV21 9.03E+03  4.85E+05 1.86E-02
BFNOV15 9.59E+03  2.53E+05 3.79E-02
BFNOV20 1.16E+04  1.95E+05 5.93E-02
BFNOV16 6.89E+03  1.71E+05 4.04E-02

BFNOV17 6.79E+03  9.51E+04 7.14E-02
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Sample group Mean conc. Ratio Average SD
PmMAINS EF-la (target/EF-1a)

N-BD-Stage PS  BFNOV30 3.44E+04 7.76E+05 4.43E-02 .04 0.0109
BFNOV36 2.80E+04 6.93E+05 4.05E-02
BFNOV34 3.92E+04 6.43E+05 6.10E-02
BFNOV37 2.13E+04 6.11E+05 3.49E-02
BFNOV39 2.76E+04 8.06E+05 3.42E-02

EA-BD-Stage | BFEAOV18 1.69E+04 6.93E+05  2.43E-02 380 0.03177
YLBOVO1 2.28E+05 2.77E+06  8.25E-02
YLBOV06 8.13E+03 6.16E+05  1.32E-02
BFEAOV15 1.40E+04 6.54E+05  2.15E-02

EA-BD-Stage Il YLBOVO05 4.98E+04 3.19E+06  1.56E-02 20 0.01656
YLBOV08 3.19E+04 1.60E+06  1.99E-02
BFEAOV19 1.25E+04 8.77E+05  1.42E-02
BFEAOV17 1.68E+04 6.21E+05 2.71E-02
YLBOVO7 6.19E+03 5.81E+05 1.06E-02
BFEAOV16 2.87E+04 4.81E+05 5.97E-02
YLBOV04 2.65E+04 1.13E+06  2.35E-02

EA-BD-Stage Il BFEAOV21  2.24E+04 7.48E+05  3.00E-02 .03D7 0.00823
YLBOV02 1.74E+04 6.17E+05  2.81E-02
YLBOVO03 1.49E+04 7.07E+05  2.11E-02
BFEA08 3.51E+04 1.02E+06  3.44E-02
BFEAOV05 4.39E+04 1.03E+06  4.26E-02
BFEAOV02 2.67E+04 6.10E+05  4.37E-02
BFEAOV11l 1.81E+04 5.28E+05  3.42E-02
BFEAOV03 2.87E+04 1.34E+06  2.15E-02
BFEAOV20 9.89E+03 3.25E+05  3.05E-02
BFEAOV04 1.39E+04 6.53E+05 2.13E-02

EA-BD-Stage

\ BFEAOVO01l 1.28E+04 8.43E+05  1.52E-02 0.0261 0.0074
BFEAOV07 3.54E+04 1.12E+06  3.15E-02
BFEAOV06 1.44E+04 5.05E+05 2.85E-02
BFEAOV24 1.77E+04 5.79E+05  3.05E-02
BFEAOV10 1.32E+04 7.22E+05  1.82E-02
BFEAOV12 1.09E+04 4.98E+05  2.19E-02
BFEAOV13 3.23E+04 8.59E+05  3.76E-02
BFEAOV22 7.58E+03 2.48E+05  3.05E-02
BFEAOV09 7.88E+03 454E+05 1.74E-02
BFEAOV14 3.13E+03 1.06E+05 2.96E-02
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Table B2. Relative expression levels ®mAST in different ovarian developmental
stages of wild broodstock dP. monodon based on quantitative real-time PCR

analysis
Sample group Mean conc. Ratio Average SD
PmMAST EF-la (target/EF-
la)

Junvenile JNOVO05 1.17E+05 6.03E+05 1.93E-01 0.1491 0.0597
JNOVO06 1.54E+05 1.25E+06 1.23E-01
JNOVO07 3.05E+05 2.28E+06 1.34E-01
JNOVO08 3.46E+04 6.75E+05 5.13E-02
JNOV09 2.72E+05 1.25E+06 2.18E-01
JNOV10 3.02E+05 1.72E+06 1.75E-01

N-BD-Stage | BUFOV03 5.72E+05 2.08E+06 2.76E-01 06350 0.18137
BUFOVO06 1.68E+05 2.80E+05 5.99E-01
BUFOV04 5.72E+05 1.84E+06 3.11E-01
BUFOVO07 2.25E+05 3.93E+05 5.73E-01
BUFOV05 1.90E+05 3.42E+05 5.56E-01
AGYLOVO1l 7.10E+05 4.54E+06 1.56E-01
AGYLOV04 5.49E+05 3.53E+06 1.55E-01
AGYLOVO02 3.92E+05 2.09E+06 1.88E-01
BUFOV32 5.05E+05 1.48E+06 3.41E-01

N-BD-Stage Il ASPOV10 1.83E+05 1.10E+06 1.67E-01 890.2 0.15203
ASPOV06 2.88E+05 1.83E+06 1.57E-01
BFNOV38 1.99E+05 7.45E+05 2.67E-01
BFNOV33 1.50E+05 1.06E+06 1.43E-01
BRNOV35 3.35E+05 6.53E+05 5.13E-01
BFNOV31 2.26E+05 7.46E+05 3.02E-01
BFNOV4/1 3.07E+05 6.49E+05 4.74E-01

N-BD-Stage Il BFNOV18 6.51E+04 3.74E+05 1.74E-01 3BA 0.16003
BFNOV04 2.77E+05 6.17E+05 4.48E-01
BFNOV23 3.91E+05 6.58E+05 5.94E-01
BFNOV24 2.03E+05 3.64E+05 5.59E-01
BFNOVO05 2.09E+05 6.47E+05 3.23E-01
BFNOVO01 2.83E+05 5.48E+05 5.16E-01

N-BD-Stage IV BFNOV02 5.26E+04 1.35E+05 3.89E-01 054  0.18047
BFNOV14 1.85E+05 3.08E+05 6.01E-01
BFNOV10 1.82E+05 3.89E+05 4.68E-01
BFNOV12 1.39E+05 4.38E+05 3.18E-01
BFNOV21 1.51E+05 4.85E+05 3.11E-01
BFNOV15 1.25E+05 2.53E+05 4.96E-01
BFNOV20 1.33E+05 1.95E+05 6.81E-01
BFNOV16 1.02E+05 1.71E+05 5.98E-01
BFNOV17 6.99E+04 9.51E+04 7.35E-01
BFNOV13 2.04E+05 2.40E+05 8.51E-01

N-BD-Stage PS  BFNOV30 1.20E+05 7.76E+05 1.54E-01 (R37 0.15374

BFNOV36 2.83E+05 6.93E+05 4.09E-01
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Sample group Mean conc. Ratio Average SD
PmAST EF-la (target/EF-1a)
BFNOV34 3.06E+05 6.43E+05 4.76E-01
BFNOV37 2.18E+05 6.11E+05 3.56E-01
BFNOV39 2.00E+05 8.06E+05 2.48E-01
BFNOV40 4.37E+05 7.54E+05 5.79E-01
EA-BD-Stage | BFEAOV18 4.27E+05 6.93E+05 6.16E-01 5831 0.20709
YLBOVO1 4.23E+05 2.77TE+06 1.53E-01
YLBOV06 3.40E+05 6.16E+05 5.53E-01
BFEAOV15 3.26E+05 6.54E+05 4.99E-01
EA-BD-Stage Il YLBOVO05 9.12E+05 3.19E+06 2.86E-01 219 0.23072
YLBOVO08 9.07E+05 1.60E+06 5.68E-01
BFEAOV19 2.80E+05 8.77E+05 3.19E-01
BFEAOV17 2.70E+05 6.21E+05 4.35E-01
YLBOVO7 3.06E+05 5.81E+05 5.27E-01
BFEAOV16 4.73E+05 4.81E+05 9.82E-01
YLBOV04 6.28E+05 1.13E+06 5.57E-01
EA-BD-Stage
1 BFEAOV21 3.90E+05 7.48E+05 5.20E-01 0.6034 0426
YLBOV02 4.50E+05 6.17E+05 7.29E-01
YLBOVO3 3.52E+05 7.07E+05 4.97E-01
BFEAO8 7.73E+05 1.02E+06 7.55E-01
BFEAOV05 7.00E+05 1.03E+06 6.78E-01
BFEAOV02  4.24E+05 6.10E+05 6.95E-01
BFEAOV11 3.27E+05 5.28E+05 6.20E-01
BFEAOV03 = 4.91E+05 1.34E+06 3.68E-01
BFEAOV20 2.20E+05 3.25E+05 6.77E-01
BFEAOV04  3.23E+05 6.53E+05 4.95E-01
EA-BD-Stage
v BFEAOVO1 2.96E+05 8.43E+05 3.52E-01 0.5584 0.2634
BFEAOV07 4.53E+05 1.12E+06 4.03E-01
BFEAOV06 2.85E+05 5.05E+05 5.64E-01
BFEAOV24  3.91E+05 5.79E+05 6.76E-01
BFEAOV10 4.77E+05 7.22E+05 6.62E-01
BFEAOV12 3.28E+05 4. 98E+05 6.60E-01
BFEAOV13 5.31E+05 8.59E+05 6.18E-01
BFEAOV22 2.11E+03 2.48E+05 8.51E-03
BFEAOV09 2.81E+05 4. 54E+05 6.20E-01
BFEAOV14 1.07E+05 1.06E+05 1.02E+00
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Table B3. Relative expression levels dPm-mago nashi in different ovarian
developmental stages of wild broodstockRofmonodon based on quantitative real-
time PCR analysis

Sample group Mean conc. Ratio Average SD
Pm-mago EF-la (target/EF-1a)
nashi
Junvenile JNOV4 5.72E+04 6.06E+06 9.42E-03 0.0097 .0@L12
JNOV5 3.06E+04  3.34E+06 9.16E-03
JNOV6 4.49E+04  5.40E+06 8.32E-03
JNOV7 7.20E+04 6.39E+06 1.13E-02
JNOV14 6.63E+04 6.54E+06 1.01E-02
N-BD-Stage | BU140V8 8.68E+04 6.91E+06 1.26E-02 08012 0.00069
BU140V15 7.15E+04 5.20E+06 1.38E-02
BU140V18 7.01E+04 ~ 5.67E+06 1.24E-02
BFNOV22 5.12E+04 4.17E+06 1.23E-02
N-BD-Stage Il BFNOV25 4,15E+04 2.60E+06 1.59E-02 Qo1 0.0036
BFNOV31 6.42E+04 4.67E+06 1.38E-02
BFNOV33 4.68E+04 3.75E+06 1.25E-02
BFNOV38 5.11E+04 6.87E+06 7.44E-03
N-BD-Stage Il BFNOVO1 2.12E+04 1.40E+06 1.51E-02 136 0.00107
BFNOVO7 1.95E+04 1.43E+06 1.37E-02
BFNOV18 3.08E+04  2.54E+06 1.21E-02
BFNOV23 3.33E+04 2.42E+06 1.38E-02
BFENOV24 2.97E+04 2.22E+06 1.34E-02
N-BD-Stage IV BFNOV08 1.09E+04  7.56E+05 1.43E-02 681 0.00313
BFNOV09 1.61E+04 6.93E+05 2.33E-02
BFNOV10 8.13E+03 5.59E+05 1.46E-02
BFNOV11 1.06E+04  7.12E+05 1.49E-02
BFNOV14 1.48E+04 8.84E+05 1.68E-02
BFNOV15 1.20E+04 6.56E+05 1.83E-02
BFNOV16 1.07E+04  8.09E+05 1.33E-02
BFNOV17 1.05E+04 6.50E+05 1.62E-02
BFNOV20 1.32E+04 6.81E+05 1.94E-02
N-BD-Stage PS  BFNOV30 5.05E+04 4.97E+06 1.02E-02 4,01 0.00152
BFNOV34 7.80E+04 6.43E+06 1.21E-02
BFNOV37 7.51E+04 5.27E+06 1.43E-02
BFNOV39 8.14E+04 6.26E+06 1.30E-02
BFNOV40 4.86E+04 3.73E+06 1.30E-02
EA-BD-Stage |  YLBOVO06 2.51E+04 1.38E+06 1.82E-02 092 0.00286
EFEAQV15 5.35E+04 2.10E+06 2.54E-02
EFEAOV18 1.51E+04 7.75E+05 1.95E-02
WFEAOV04 3.70E+04 1.89E+06 1.95E-02
WFEAOV33 2.05E+04 9.31E+05 2.20E-02
EA-BD-Stage Il  WFEAOV27U 3.77E+04 2.11E+06 1.78E-00.0217 0.00226

WFEAOVO06 3.11E+04 1.54E+06 2.02E-02
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Sample group Mean conc. Ratio Average SD
(target/EF-1a)
Pmmago nashi EF-la
WFEAOV01 3.08E+04 1.53E+06 2.02E-02
WFEAOV29 2.70E+04 1.20E+06 2.25E-02
WFEAOV05 2.68E+04 1.23E+06 2.19E-02
WFEAOV20 4.01E+04 1.59E+06 2.52E-02
WFEAOV30U 2.60E+04 1.13E+06 2.31E-02
WFEAQOV30L 2.45E+04 1.07E+06 2.28E-02
EA-BD-Stage
1 WFEAOV18 2.41E+04 1.27E+06 1.90E-02 0.0213 2409
WFEAOV19 3.55E+04 1.64E+06 2.16E-02
WFEAOV28 2.79E+04 1.25E+06 2.22E-02
WFEAOV26 3.12E+04 1.29E+06 2.42E-02
WFEAQOV32 1.75E+04  6.71E+05 2.61E-02
WFEAOV9 1.54E+04  7.51E+05 2.05E-02
WFEAOV31U 1.52E+04 7.65E+05 1.99E-02
WFEAOV31L 1.09E+04  5.62E+05 1.93E-02
WFEAQOV12 2.07E+04  1.09E+06 1.90E-02
EA-BD-Stage
v WFEAOV13 1.72E+04  6.87E+05 2.51E-02 0.0228 0313
WFEAOV11 1.78E+04  7.78E+05 2.28E-02
WFEAOV14 1.60E+04  7.18E+05 2.22E-02
WFEAOV16 2.34E+04  8.84E+05 2.65E-02
WFEAOV15 9.74E+03  5.65E+05 1.72E-02
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Table B4 Relative expression levels BMNHR96 in different ovarian developmental
stage of wild broodstock &f. monodon based on quantitative real-time PCR analysis

Sample group Mean conc. Ratio Average STDEV
(target/EF-1a)
PmNHR96 EF-la
Junvenile JNOV4 6.21E+03  6.06E+06 1.02E-03 0.0011 .oo@7
JNOV5 3.20E+03 3.34E+06 9.56E-04
JNOV6 7.01E+03  5.40E+06 1.30E-03
JNOV7 6.09E+03  6.39E+06 9.53E-04
JNOV14 8.35E+03 6.54E+06 1.28E-03
N-BD-Stage | BU140V8 1.52E+04  6.91E+06 2.20E-03 04002 0.00061
BU140V15 1.28E+04 5.20E+06 2.46E-03
BU140V18 9.91E+03 5.67E+06 1.75E-03
BFNOV22 1.34E+04 4,17E+06 3.21E-03
N-BD-Stage Il BFNOV25 9.88E+03 2.60E+06 3.80E-03 a@0 0.0026
BFNOV31 9.01E+03  4.67E+06 1.93E-03
BFNOV33 1.22E+04 3.75E+06 3.24E-03
BFNOV38 8.67E+03 = 6.87E+06 1.26E-03
N-BD-Stage Il BFNOVO1 2.71E+03 1.40E+06 1.93E-03 o02® 0.00105
BFNOVO7 6.50E+03 1.43E+06 4.56E-03
BFNOV18 6.64E+03  2.54E+06 2.61E-03
BFNOV23 6.04E+03 2.42E+06 2.50E-03
BFNOV24 4. 77TE+03 2.22E+06 2.15E-03
N-BD-Stage IV BFNOV08 3.03E+03  7.56E+05 4.01E-03 8700 0.00101
BFNOV09 2.28E+03 6.93E+05 3.30E-03
BFNOV10 1.84E+03 5.59E+05 3.29E-03
BFNOV11 3.91E+03 7.12E+05 5.49E-03
BFNOV14 2.58E+03 8.84E+05 2.92E-03
BFNOV15 1.55E+03 6.56E+05 2.36E-03
BFNOV16 2.35E+03 8.09E+05 2.91E-03
BFNOV17 3.15E+03 6.50E+05 4.84E-03
BFNOV20 2.80E+03  6.81E+05 4.11E-03
N-BD-Stage PS BFNOV30 9.57E+03 4.97E+06 1.93E-03 2200 0.00018
BFNOV34 1.43E+04  6.43E+06 2.22E-03
BFNOV37 1.28E+04 5.27E+06 2.44E-03
BFNOV39 1.42E+04  6.26E+06 2.27E-03
BFNOV40 8.40E+03  3.73E+06 2.25E-03
EA-BD-Stage | YLBOVO06 6.63E+03 1.38E+06 4.81E-03 @®&06 0.0003794
EFEAOV15 9.46E+03 2.10E+06 4.50E-03
EFEAOV1S8 3.18E+03 7.75E+05 4.10E-03
WFEAOV04 8.63E+03 1.89E+06 4.55E-03
WFEAOV33 4.77E+03 9.31E+05 5.12E-03
EA-BD-Stage
1] WFEAQOV27U 8.14E+03 2.11E+06 3.86E-03 0.004629 0002724
WFEAOV06 7.61E+03 1.54E+06 4.94E-03

WFEAOVO01 6.88E+03 1.53E+06 4.51E-03
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Table B4 (Cont.)
Sample group Mean conc. Ratio Average STDEV
(target/EF-1a)
PmNHR96 EF-la
WFEAOV29 5.56E+03  1.20E+06 4.62E-03
WFEAOV05 2.61E+03  1.23E+06 2.13E-03
WFEAOV20 7.70E+03  1.59E+06 4.83E-03
WFEAOV30U 7.20E+03  1.13E+06 6.38E-03
WFEAOV30L 6.18E+03  1.07E+06 5.76E-03
EA-BD-Stage
1 WFEAOV18 7.78E+03  1.27E+06 6.12E-03 0.004964 0002562
WFEAOV19 6.64E+03  1.64E+06 4.04E-03
WFEAOV28 5.61E+03  1.25E+06 4.47E-03
WFEAOV26 6.18E+03  1.29E+06 4.78E-03
WFEAOV32 3.61E+03  6.71E+05 5.38E-03
WFEAOV9 2.71E+03  7.51E+05 3.61E-03
WFEAOV31U 3.76E+03  7.65E+05 4.91E-03
WFEAOV31L 4.26E+03  5.62E+05 7.57E-03
WFEAOV12 4.13E+03  1.09E+06 3.80E-03
EA-BD-Stage
\ WFEAOV13 2.92E+03  6.87E+05 4.26E-03 0.004544 002702
WFEAOV11 5.25E+03  7.78E+05 6.75E-03
WFEAOV14 3.08E+03  7.18E+05 4.29E-03
WFEAOV16 3.42E+03  8.84E+05 3.87E-03
WFEAOV15 2.00E+03  5.65E+05 3.55E-03
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Table B5 Relative expression levels 8iMAINS in different groups of domesticated
P. monodon based on quantitative real-time PCR analysis

Sample group Mean conc. Ratio Average STDEV
(target/EF-
la
AtNS EF-la
5-month-old BU50V4 9.96E+02 8.95E+04 1.11E-02 0.0304 0.01411
BU50V13 7.61E+03 2.07E+05 3.68E-02
BU50V14 4.66E+03 2.04E+05 2.29E-02
BU50V15 2.21E+03 4.57E+04 4.83E-02
BU5S0V17 3.68E+03 1.12E+05 3.29E-02
9-month-old BU90OV2 4.34E+02 4.34E+04 1.00E-02 0.0209 0.01059
BU9OV4 1.45E+03 1.04E+05 1.39E-02
BU9OVS 2.96E+03 2.11E+05 1.40E-02
BU9OV11 3.96E+03 9.47E+04 4.18E-02
BU9OV14 1.34E+03 6.26E+04 2.13E-02
BU9OV18 5.63E+03 2.86E+05 1.97E-02
BU9OV20 7.67E+03 3.03E+05 2.53E-02
10-month-old  BU140V5 3.30E+02 9.00E+04 3.67E-03 0801 0.00858
BU140V6 2.80E+02 1.18E+05 2.37E-03
BU140V19 1.59E+03 1.13E+05 1.40E-02
BU140V25 1.35E+03 8.46E+04 1.60E-02
BU140V27 9.29E+03 3.41E+05 2.72E-02
BU140V33 1.95E+03 2.91E+05 6.70E-03
BU140V34 1.93E+03 3.16E+05 6.13E-03
BU140V62 4.94E+03 2.70E+05 1.83E-02
19-month-old  BU190V1 1.41E+03 8.68E+04 1.63E-02 P02 0.01098
BU190OV4 3.84E+03 1.66E+05 2.31E-02
BU190V9 1.86E+03 9.44E+04 1.97E-02
BU190OV12 9.69E+03 2.67E+05 3.63E-02

BU190V16 6.64E+03 1.60E+05 4.16E-02
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Table B6 Relative expression levels d®m-mago nashi in different groups of
domesticated. monodon based on quantitative real-time PCR analysis

Sample group Mean conc. Ratio Average STDEV
(target/EF1a)
Mago nashi EF-la
5-month-old BU50V4 2.01E+04 8.95E+04  2.25E-01 0.3374 0.20818
BU50V13 3.89E+04 2.07E+05 1.88E-01
BU50V14 5.95E+04 2.04E+05 2.92E-01
BU50V15 3.21E+04 4.57E+04 7.02E-01
BU5S0V17 3.14E+04 1.12E+05 2.80E-01
9-month-old BU9OV2 2.17E+04 4.34E+04  5.00E-01 0.3963 0.08737
BU9OV4 4.06E+04 1.04E+05 3.90E-01
BU9OVS8 6.58E+04 2.11E+05 3.12E-01
BU9OV11 4.13E+04 9.47E+04 4.36E-01
BU9OV14 2.89E+04 6.26E+04 4.62E-01
BU90OV18 7.94E+04 2.86E+05 2.78E-01
10-month-old BU140V5 6.63E+04 9.00E+04 7.37E-01 B.27 0.19976
BU140OV6 2.34E+04 1.18E+05 1.98E-01
BU140V19 2.43E+04 1.13E+05 2.15E-01
BU140V25 2.19E+04 8.46E+04 2.59E-01
BU140V27 4.54E+04 3.41E+05 1.33E-01
BU140V33 7.02E+04 2.91E+05 2.41E-01
BU140V34 3.00E+04 3.16E+05 9.49E-02
BU140V62 8.73E+04 2.70E+05  3.23E-01
19-month-old BU190V1 3.94E+04 8.68E+04 4.54E-01 29829 0.12066
BU190OV4 5.14E+04 1.66E+05 3.10E-01
BU190OV9 3.56E+04 9.44E+04 3.77E-01
BU190V12 4.73E+04 2.67E+05 1.77E-01

BU190OV16 2.92E+04 1.60E+05 1.83E-01
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