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ดวงกมล ศิลุจจัย : ความหลากหลายทางพันธุกรรมและยีนโฟลของกุ้งกุลาดำ Penaeus 
monodon Fabricius ในประเทศไทย โดยวิธี PCR-RFLP ของไมโทคอนเดรียลดีเอ็นเอ 
(GENETIC DIVERSITY AND GENE FLOW OF GIANT TIGER SHRIMP Penaeus 
monodon Fabricius IN THAILAND using PCR-RFLP of mitochondrial DNA)
อ. ท่ีปรึกษา : รศ.ดร. เผดิมดี'กด้ิจารยะพันธุ, อ. ท่ีปรึกษาร่วม ดร. ศิราวุธ กล่ินบุหงา 124 
หน้า. ISBN 974-346-552-9.

จากการดีกษาความหลากหลายทางพันธุกรรมของกุ้งกุลาดำ จำนวน 5 แหล่งตัวอย่างในประเทศไทย (สตูล ตรัง และ 
พังงา จากฝังอันดามัน ชุมพร และ ตราด จากฝังอ่าวไทย) ด้วยวิธี PCR-RFLP ของยีนในไมโทคอนเดรียลดีเอ็นเอซึ่งประกอบด้วย 
ยีน 16S ribosomal (r) DNA ด้วย Mbo I และ intergenic region ของ cytochrome oxidase subunits I - Il (COI-COII) ด้วย Alu 
I, Mbo I, Hin fl and Dde I พบ composite haplotypes ทังสินจำนวน 37 haplotypes เม่ือสร้าง UPGMA dendrogramsกระยะ 
ห่างทางพันธุกรรมของแต่ละ composite haplotypes สามารถแบ่ง haplotypes ตังกล่าวออกเป็น 2 กลุ่ม (A และ B lineages) ซ่ึง 
มีระยะห่างทางพันธุกรรมเท่ากับ 2.558% จากการดีกษายังพบว่า รูปแบบ haplotypes จากการย่อย intergenic COI-COII ด้วย 
Alu I และ Tag I สามารถแสดงความถี่ของ lineages A และ B ได้อย่างแม่นยำ ล่งผลให้การวิเคราะห์ความถ่ี phylogenetic 
lineages ในกุ้งกุลาดำมีความสะดวกและรวดเร็วฃื้น

ค่าเฉล่ียของ haplotype diversity มีค่าเท่ากับ 0.8548 ±  0.0001 ในขณะที่ค่าเฉลี่ย nucleotide diversity ภายใน และ 
ระหว่างตัวอย่างมีค่าเท่ากับ 3.3283% และ 3.3648% ตามลำดับ ท้ังน้ีพบว่า nucleotide divergence ของ 5 กลุ่มตัวอย่างมีค่าเท่า 
กับ 0.0365% แสดงถึงการแบ่งแยกโครงสร้างทางพันธุกรรมของประชากรกุ้งกุลาดำในประเทศไทย เมื่อทำการวิเคราะห์
geographic heterogeneity พบว่ากุ้งกุลาดำจากฝังทะเลอันดามันมีความแตกต่างทางพันธุกรรมกับกุ้งกุลาดำจากฝังอ่าวไทย 
อย่างมีนัยสำคัญย่ิงทางสถิติ (P < 0.0001) จากการทดลองครั้งน้ีลามารถแบ่งกุ้งกุลาดำที่ดีกษาออกเป็น 2 กลุ่มประซากร (stocks) 
ประกอบด้วย ประชากร A (สตูล ตรัง และ พังงา) และประชากร B (ชุมพร และ ตราด) ผลจากการดีกษาครั้งนี้ย้งแสดงถึงความเป็น 
ไปได้ที่การอพยพของกุ้งกุลาดำเพศเมียจะไม่ลมดุลกับการอพยพของกุ้งกุลาดำเพศผู้ (biased female gene flow) ระหว่างกุ้ง 
กุลาดำจากชุมพร และ ตราด
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Genetic diversity of five geographic samples of Penaeus monodon in Thailand (Satun,
Trang and Phangnga located in the Andaman Sea and Chumphon and Trat located in the Gulf of 
Thailand) was examined using PCR-RFLP of two mitochondrial genes composing of the 16S 
ribosomal (r) DNA digested with Mbo I and an intergenic region of cytochrome oxidase subunits I and 
II (COI-COII) digested with Alu I, Mbo I, Taq I, Hint I and Dde I. Thirty-seven mtDNA composite 
haplotypes were identified and could be allocated into one or the other of two mtDNA lineages, A and 
B joined in a UPGMA dendrogram with the sequence divergence of 2.558%. The mtDNA haplotypes 
generated from digestion of an intergenic COI-COII with A lu I and Taq I represented these mtDNA 
lineages accurately offering simpler mtDNA typing in p. monodon. The average haplotype diversity of 
p. monodon mtDNA was 0.8548 ± 0.0001. The average nucleotide diversity within and between 
samples was 3.3283% and 3.3648%, respectively. The nucleotide divergence of five p. monodon 
samples was 0.0365% implying degrees of population subdivisions in Thai p. monodon. Significant 
geographic heterogeneity was observed between the Andaman Sea and the Gulf of Thailand samples (P 
< 0.0001). As a result, five p. monodon samples were differentiated to two different populations; A 
(Sato, Trang and Phangnga) and B (Chumphon and Trat). Results from this study indicated that 
potential female-mediated dispersal (biased female gene flow) may exist between p. monodon from 
Trat and Chumphon.

D epartm ent ....................... - .......................................  S t u d e n t  ’ร; G c m a t n r e  | /



VI

ACKNOWLEGEMENTS

I am indebted to m y advisor, A sso c . Prof. Dr. Paderm sak Jarayabhand for his 

su ggestion  throughout m y study. I w ou ld  a lso  like to express m y appreciation to m y  

co-ad visor, Dr. Sirawut K linbunga for h is great helps, gu idance, su ggestion s in 

laboratory, data an a lysis and com m ent on m y thesis.

I w ou ld  like to express m y heartfelt respect and thank Prof. Dr. Piam sak  

M enasveta, A ssist. P ro f Dr. V ich ien  Rim phantichayakit and A sso c . P r o f  Dr. 

A n ch a lee  Tassanakajon for their recom m endations.

I w ou ld  like to ack n ow led ge the N ational S c ien ce  and T ech n ology  

D ev elo p m en t A g en cy , N S T D A  for granting m y studentship and to all m em bers o f  the 

M arine B io tech n o lo g y  Research U nit (M B R U ), N ational Center for G enetic  

E ngineering and B io tech n o log y  (B IO T E C ), for their k indness and helps.

F inally , I w ou ld  like to express m y d eepest appreciation and gratefu lness to 

m y parents, sisters and brother for their w arm est love , care, understanding and 

cheerfu lness throughout m y study.



vu

CONTENTS

THAI a b s t r a c t .............................................................................................................. iv
ENGLISH ABSTRACT...................................................................................................... V
ACKNOWLEDGEMENTS................................................................................................ vi
CONTENTS.......................................................   vü
LIST OF TABLES........................................................................................................... viii
LIST OF FIGURES..............................................................................................................X
LIST OR ABBREVIATIONS...........................................................................................xii
CHAPTER

I. INTRODUTIONร..........................................................................................1

IL MATERIALS AND METHODS.............................................................. 24

III. RESULTS..................................................................................................... 39

IV. DISCUSSIONS.............................................................................................75

V . CONCLUSIONS AND RECOMMENDATIONS..................................88
REFERENCES.....................................................................................................................89
APPENDICES

APPENDIX A....................................................................................  101
APPENDIX B .......................................................................................................108
APPENDIX c .......................................................................................................113
APPENDIX D .......................................................................................................116
APPENDIX E .......................................................................................................120

BIOGRAPHY....................................................................................................................124

Page



LIST OF TABLES

1.1 World Prawn Farming in 1998............................................................................................. 2

1.2 Eastern Hemisphere Farming in 1998..................................................................................3

1.3 Thailand Export of Fresh and Frozen Marine Prawn...........................................................4

2.1 PCR primers and sequence screened for amplification success in P. monodon.............32

2.2 Optimal concentration of agarose in 1XTBE buffer used for separation of double
stranded DNA in this study...................................................................................................34

3.1 Restriction fragment patterns observed from digestion of the 16S rDNA and an 
intergenic COI-COII of p. monodon with restriction endonucleases

used in this study....................................................................................................................58

3.2 Frequency distributions of restriction enzyme patterns across

five geographic samples of p. monodon in Thailand.......................................................... 61

3.3 Geographic distributions of 37 composite haplotypes of five p. monodon 
samples based on restriction analysis of 16S rDNA with Mbo I

and an intergenic COI-COII with Alu I, Mbo I, Taq I, Hin fl and Dde 1......................... 65

3.4 Haplotype and nucleotide diversity within geographic samples of Thai 

p. monodon examine by restriction analysis of 16S rDNA and an

viii

Table Page

intergenic CO I-CO II 72



IX

Table Page

3.5 Percent nucleotide diversity (above diagonal) and percent nucleotide divergence 

(below diagonal) between population for five geographic locations of

P. m on odon  in Thailand........................................................................................................73

3.6 Geographic heterogeneity analysis in distribution frequency of 

composite haplotype among 5 locations of p . m onodon  in Thailand using

a Mont Carlo simulation........................................................................................................74



X

1.1 Lateral view showing important parts of P. monodon.......................................................7

1.2 Life cycle of Penaeid prawns............................................................................................. 7

1.3 Geographic distributions of p. monodon.................................................................................... 10

2.1 Map of Thailand illustrating sample collection five geographic locations.................. 28

3.1 High molecular weight DNA extracted from frozen pleopods of

p .  m o n o d o n ...................................................................................................................... 43
3.2 PCR products resulted from amplification of hemocyanin, 12S and

16S rDNAs, ND5, and an intergenic COI-COII.......................................................... 44
3.3 An example of restriction analysis of p. monodon hemocyanin

gene segment with Alu 1..................................................................................................45

3.4 An example of restriction analysis of p. monodon hemocyanin gene

segment with Hae III.......................................................................................................46

3.5 An example of restriction analysis of p. monodon hemocyanin gene

segment with Dde 1..........................................................................................................47

3.6 An example of restriction analysis of the NADH subunits 5 (ND5) gene

segment of p. monodon with Alu 1............................................................................... 48

3.7 An example of restriction analysis of the NADH subunits 5 (ND5) gene

segment of p. monodon with Dde 1...............................................................................49

3.8 An example of restriction analysis of the NADH subnits 5 (ND5) gene

LIST OF FIGURES
Figure Page

segm ent o f  p . m o n o d o n  w ith M b o  I 50



XI

Figure Page

3 .9  A n exam p le o f  restriction analysis o f  the N A D H  subnits 5 (N D 5 ) gen e

segm en t o f  P. monodon w ith Rsa 1............................................................................................51

3 .1 0  A n exam p le o f  p. monodon restriction fragm ent length p olym orphism

generated from  d igestion  o f  an am plified  16S rD N A  w ith  Mbo 1......................................52

3.11 A n  exam p le o f  p. monodon restriction fragm ent length p olym orphism

generated from  d igestion  o f  an intergenic CO I-CO II w ith  A lu  1........................................ 53

3 .12  A n  exam p le o f  p. monodon restriction fragm ent length polym orphism

generated from  d igestion  o f  an intergenic CO I-CO II w ith  Mbo 1......................................54

3 .13 A n exam p le o f  p. monodon restriction fragm ent length polym orphism

generated from  d igestion  o f  an intergenic CO I-CO II w ith  Taq 1....................................... 55

3 .14  A n exam p le o f  p. monodon restriction fragm ent length polym orphism

generated from  d igestion  o f  an intergenic CO I-CO II w ith  H in f l .................................... 56

3 .15 A n  exam p le o f  p. monodon restriction fragm ent length p olym orphism

generated  from  d igestion  o f  an intergenic CO I-CO II w ith  Dde 1....................................... 57

3 .16  P ie charts sh ow in g  distributions o f  m tD N A  com p osite  hap lotypes

w ith in  each  sam pling location  o f  p.monodon in T hailand ....................................................67

3 .17  A  U P G M A  dendrogram  sh ow in g  the relationship am ong thirty-seven

com p osite  hap lotyp es found in Thai p. monodon...................................................................... 69

3 .18  P ie charts sh ow in g  distributions o f  major m tD N A  p h ylogen etic  cluster

I and II am ong five  geographic sam ples o f  p. monodon.......................................................70



LIST OF ABBREVIATIONS

A , T, G, c =  n u cleotid es contain ing the bases adenine, 

thym ine, guanine and cytosin e, resp ective ly

bp =  base pair

°c =  degree C elcius

cm =  centim etre

CO I =  cytochrom e c ox id ase  subunit I

CO  II =  cytochrom e c ox id ase  subunit II

D N A =  d eoxyrib on u cleic  acid

dN T Ps =  d eoxyrib on ucleotid e triphosphates (dA T P , 
dTTP, dG TP, dCTP)

E D T A =  ethylened iam ine tetra acetic acid

HC1 =  hydrochloric acid

kb =  k ilobase

KC1 =  potassium  chloride

IrRNA =  large subunit ribosom al R N A

M gC l2 =  m agnesium  chloride

ml =  m illilitre

m M =  m illim olar

m tD N A =  m itochondrial D N A

ng =  nanogram

PCR =  p olym erase chain  reaction

RFLP =  restriction fragm ent length polym orphism
SD S =  sodium  d od ecy l sulfate



xiii

sR N A =  sm all subunit ribosom al R N A
Tris =  tris (hydroxym ethyl) am inom ethane

Mg =  m icrogram

Ml =  m icrolitre
|iM =  m icrom olar
u v =  u ltraviolet
V =  vo lt
พ =  watt


	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



