
1.1 General information

T h e  b lack  tig e r sh rim p , P e n a e u s  m o n o d o n  F ab ric iu s  (1 7 9 8 ), is one  o f  the  m ain  
sh rim p  cu ltu red  w o rld  w id e  in  te rm  o f  p ro d u c tio n  and  v a lue . T h e  g lo b a l p ro d u c tio n  o f  
p. m o n o d o n  has in c reased  fro m  2 1 ,0 0 0  M T  in 1981 to  2 0 0 ,0 0 0  M T  in 1988. Its 
p ro d u c tio n  w as sh a rp ly  in c reased  to  n ea rly  5 0 0 ,0 0 0  M T  in 1993 and  p eak ed  at 
7 3 0 ,4 0 4  M T  in 2003  (F A O  2 0 1 3 ). T h e  m a jo r  p ro d u ce rs  o f  p . m o n o d o n  in c lu d e  
T h a ilan d , P h ilip p in e s , M alay sia , In d o n esia , M y a n m a r and  V ie t N am .

T h a ila n d  h as  b een  th e  w o rld 's  le ad e r in  sh rim p  ex p o rts . T h e  la rg est ex p o rt 
m a rk e ts  fo r th e  cu ltu red  sh rim p  w ere  th e  U n ited  S ta tes  o f  A m e ric a  and  Jap an  
(T ab le  1.1). S h rim p  fa rm s and  h a tch e rie s  are  lo ca ted  a lo n g  th e  co asta l a reas o f  
T h a ilan d  w h e re  N a k o rn  Sri T h am m ara t and  S u ra t T h an i are  th e  m a jo r p a rts  o f  sh rim p  
cu ltiv a tio n . In ad d itio n , C h an th ab u ri (e a s te rn  T h a ilan d ), S am u t S ak h o n  and  S am u t 
S o n g k h ram  (cen tra l reg io n ) a lso  s ig n ific an tly  c o n trib u te  on  th e  co u n try  p ro d u c tio n .

T h e  p ro d u c tio n  o f  p . m o n o d o n  has b een  d ra m a tic a lly  d ec rea sed  since  th e  last 
sev era l y ears . T hai sh rim p  fa rm ers  hav e  faced  th e  o u tb reak  o f  d isea se ss . M u ch  o f  
d ec lin e  in  p ro d u c tio n  o f  p . m o n o d o n  can  be  a ttr ib u ted  by  y e llo w -h e a d  v iru s  (Y H V ) 
and  w h ite  sp o t sy n d ro m e  v iru s  (W S S V ) d iseases. M o reo v er, b re e d in g  o f  p o n d -rea red  
p . m o n o d o n  is d ifficu lt and  ra re ly  p ro d u c e d  th e  su ffic ien t a m o u n t and  q u a lity  o f  
la rv ae  re q u ire d  by  th e  in d u s try  (M e n a sv e ta  et a l., 1993; Ja c k so n  and  W ang , 1998). 
T h e re fo re , fa rm in g  o f  p. m o n o d o n  re lie s  a lm o st en tire ly  on  w ild -c a u g h t b ro o d s to ck  
fo r the  seed  supp ly .

B esid es  p ro b lem s fro m  d iseases , th e  lack  o f  h ig h  q u a lity  w ild  an d /o r 
d o m e s tic a te d  b ro o d s to c k  o f  p . m o n o d o n  has p o ss ib ly  cau sed  an  o cc u rre n ce  o f  a large  
p o rtio n  o f  s tu n ted  sh rim p  at th e  h a rv e s t tim e  and  th e  cu ltu re  p e rio d  n eed s to  be 
ex te n d e d  fro m  4 to  5 m o n th  cu ltiv a tio n  p erio d . U n lik e  p. m o n o d o n , the  P acific  w h ite  
sh rim p  (L ito p en a eu s  v a n n a m e i) h av e  b een  su ccessfu lly  d o m e s tic a te d  on  a co m m erc ia l



T a b l e  1 .1  T h e  e x p o r t a t io n  o f  th e  g ia n t  t ig e r  s h r im p  fr o m  T h a ila n d  d u r in g  2 0 0 5 - 2 0 1 0
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Q u a n tity
(M T )

V alu e
(M B )

U SA 97,681 36,011 89 ,115 29 ,032 58,365 17,026 29 ,116 17,026 34 ,537 8 ,847 7 ,979 1,909
Japan 16,644 13,813 33 ,235 11,916 27 ,977 9 ,586 20 ,182 9 ,586 15,709 3 ,832 3,711 1,067
Canada 6,455 3 ,890 11,216 3 ,412 6 ,490 2 ,0 72 3 ,249 2 ,072 2 ,798 744 1,762 462
Singapore 5,251 3 ,138 3 ,317 1,258 3 ,383 538 1,934 538 1,580 236 401 63
Australia 4,481 1,326 4 ,8 17 1,252 2 ,418 1,042 2 ,097 1,042 1,418 4 46 658 225
China 1,649 352 993 215 833 163 1,003 163 711 86 1,629 236
บ . Kingdom 661 211 184 64 506 182 162 182 242 71 242 73
Taiwan 4 ,917 1,276 3,051 799 2 ,965 564 1,673 564 607 170 692 194
H ong kong 1,365 533 1,438 340 1,396 410 1,027 410 921 257 1,569 366
T otal 139,104 60 ,550 147,406 8 6 ,27 4 104,331 3 1 ,5 7 9 58,521 31,761 58522 14,686 18,643 4 ,593

Source: http://w w w .fisheries.go.th/foreign/m dex.php
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Figure 1.1 A diagram o f  production o f p. m onodon and L. v a n n a m e i d u rin g  2 0 0 1 -2 0 0 6  in 
T h a ila n d  (Thai DOF, 2007).

sca le  (P ascu a l et a l., 2 0 0 4 ; C liffo rd  and  S cu ra , 2 0 0 4 ; A rg u e  et a l., 2 002). A s a resu lt, 
d o m e s tic a te d  L. v a n n a m e i has been  in tro d u ced  to  T h a ilan d  as a  n ew  cu ltu red  spec ies  
an d  in itia lly  co n trib u ted  ap p ro x im a te ly  2 0 ,0 0 0  M T  o f  th e  cu ltu red  p ro d u c tio n  in  2002  
an d  d ra m a tic a lly  in c reased  to  n ea rly  5 0 0 ,0 0 0  M T  in 2 0 0 6  (F ig u re  1.1). A t p resen t, 
L. va n n a m e i is th e  m a in  cu ltu red  sp ec ies  in  T h a ilan d . T h e  p ro d u c tio n  o f  P. m o n o d o n  
an d  L. v a n n a m e i sin ce  Ja n u a ry  to  O c to b e r 2 0 1 2  is sh o w n  by  T ab le  1.2.

Table 1.2 T h e  p ro d u c tio n  o f  p. m o n o d o n  and  L. v a n n a m e i sin ce  Ja n u a ry  to  O c to b e r in 
2 0 1 2  in  T h a ila n d  (T h a ish rim p n ew s, 2 0 1 2 )

Month Quantity (MT)
p . m onodon L. va n n am ei Total

January 324 .80 3 0 ,5 2 4 .3 6 3 0 ,8 4 9 .1 6
February 370.55 3 0 ,7 7 4 .2 7 3 1 ,1 4 4 .8 2
March 5 58 .90 37 ,1 7 4 .2 3 3 7 ,723 .13
April 1,383 .52 3 5 ,8 6 9 .2 2 3 7 ,2 5 2 .7 4
May 1 ,323 .54 5 2 ,3 3 7 .3 0 5 3 ,6 6 0 .8 4
June 71 6 .5 6 5 0 ,6 1 2 .3 4 5 1 ,3 2 8 .9 0
July 1 ,016 .82 4 5 ,8 1 8 .8 2 4 6 ,8 3 5 .6 4
August 1,182.03 3 3 ,7 7 6 .1 9 3 4 ,9 5 8 .2 2
September 1,729.65 2 9 ,9 3 2 .6 4 3 1 ,6 6 2 .2 9
October 2 ,4 1 1 .5 8 39 ,449 .51 4 1 ,8 6 1 .0 9
Total 11 ,017 .95 3 8 6 ,2 5 8 .8 8 39 7 ,2 7 6 .8 3
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1.2 O bjectives o f this thesis

T h e  o b jec tiv e s  o f  th is  th e s is  a re  id e n tif ic a tio n  o f  s in g le  n u c leo tid e  
p o ly m o rp h ism s  (S N P s) in  g ro w th -re la ted  g en es  (calponin 1, cyclin c  and  cdc25) o f  
p. monodon and  d e te rm in a tio n  o f  th e ir  re la tio n sh ip s  w ith  g ro w th  p a ram e te rs  (e.g. 
b o d y  w e ig h t, to ta l len g th , h e p a to p an c rea tic  w e ig h t and  h ep a to so m a tic  in d ex , H SI). 
In ad d itio n , a s so c ia tio n  b e tw een  S N P s in  th ese  g en es  and  th e ir  e x p re ss io n  levels  in 
h e p a to p a n c rea s  o f  p. monodon w as a lso  ex am in ed .

1.3 B iology o f the black tiger shrim p ( P .  m o n o d o n )

1.3.1 T axonom y
P en ae id  sh rim p  are  ta x o n o m ic a lly  reco g n iz e d  as m em b ers  th e  la rg est p h y lu m  

in th e  an im a l k in g d o m , the  A rth ro p o d a . T h is  g ro u p  o f  an im a ls  is ch a ra c te riz e d  by  the 
p re sen ce  o f  p a ire d  a p p en d ag es  and  a  p ro tec tiv e  cu tic le  o r ex o sk e le to n  th a t co v ers  the 
w h o le  an im al. T h e  tax o n o m ic  d e fin itio n  o f  th e  g ian t tig e r  sh rim p , p. monodon is as 
fo llo w s (B a ile y -B ro o k  an d  M o ss, 1992).

P h y lu m  A rth ro p o d a ;

S u b p h y lu m  C ru stacea ;

C lass  M a laco s traca ;

S u b c lass  E u m a laco s traca ;

O rd er D ecap o d a ;

S u b o rd e r N a tan tia ;

In frao rd e r P en ae id ea ;

S u p e rfam ily  P en aeo id ea ;

F am ily  P en ae id ae  R a fin e sq u e , 1985;

G en u s P en aeu s  F ab ric iu s . 1798;

S u b g en u s Penaeus.

T h e  sc ien tif ic  n am e o f  th is  sp ec ies  is Penaeus monodon (F ab ric iu s , 1798) and  
th e  c o m m o n  n am e  is g ian t tig e r  p raw n  o r b lack  tig e r sh rim p .
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1.3.2 Morphology

T h e  ex te rn a l m o rp h o lo g y  o f  p en a ied  sh rim p  is d is tin g u ish e d  by a 
cép h a lo th o rax  w ith  a  ch a rac te ris tic  h ard  ro s th u m , and  by  a seg m en ted  ab d o m en  
(F ig . 1.2). M o st o rg an s  are  lo ca ted  in  cép h a lo th o rax , w h ile  th e  body  m u sc le s  are 
m a in ly  in  th e  ab d o m en . T h e  in te rn a l m o rp h o lo g y  o f  p en ae id  sh rim p  is o u tlin ed  by 
Fig. 1.3. P en ae id s  and  o th e r a rth ro p o d s  h av e  an  o p en  c ircu la to ry  system  and, 
th e re fo re , the  b lo o d  and  the  b lo o d  ce lls  are ca lled  h em o ly m p h  an d  hem o cy tes, 
resp ec tiv e ly .

Figure 1.2 L ateral v iew  o f  the  ex te rn a l m o rp h o lo g y  o f  P. m onodon. (P rim av era , 
1990)

F i g u r e  1 .3  L a te r a l v i e w  o f  th e  in te r n a l a n a to m y  o f  a  f e m a le  p. monodon. (P r im a v e r a ,
1 9 9 0 )
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1.4 Domestication and genetic improvement of aquatic animals
In aq u acu ltu re , g en e tic  im p ro v em en t th ro u g h  se lec tiv e  b reed in g  p ro g ram s is 

n o t co m m o n ly  u sed  by  th e  in d u stry . F o r m an y  sp ec ies , th e  aq u a c u ltu re  p ro d u c tio n  still 
re lie s  a lm o st en tire ly  on  w ild -cau g h t b ro o d s to c k  o w in g  to  th e  lack  o f  e ffic ien t 
b reed in g  p ro g ra m s and  d iff icu ltie s  to  b reed  th e  cu ltu red  sp ec ies  in  cap tiv ity . T h e  la tte r 
is m a in ly  due  to  p o o r rep ro d u c tiv e  p e rfo rm an ce  o f  c a p tiv e -rea re d  b ro o d s to ck , for 
ex am p le , in  P. m onodon.

T h e  a q u acu ltu re  p ro d u c tio n  can  be  s ig n ific an tly  in c rea sed  th ro u g h  gen e tic  
im p ro v em en t. H o w ev er, b e fo re  g en e tic  im p ro v e m e n t p ro g ram s in  th e  ta rg e t sp ec ies  is 
su ccessfu l, th e  cu ltu red  sp ec ies  n eed  to  be d o m estic a ted , th e  tra its  a ffec tin g  
p ro d u c tiv ity  id en tif ied , b reed in g  o b jec tiv e s  d e fin ed  and  g en e tic  p a ra m e te rs  es tim ated . 
T h e  ad v a n ta g e s  o f  d o m e s tic a tio n  are in c rea s in g  th e  a ccu racy  o f  se lec tio n  for d esired  
tra its , e lev a tin g  p ro d u c tio n , im p ro v in g  d isease  re s is tan ce  and  im p ro v in g  th e  p roduc t 
q u a lity .

A lth o u g h  th e re  are  sev era l ex am p le s  o f  su ccessfu l b reed in g  p ro g ram s ap p lied  
to  aq u a tic  sp ec ies , th e  in fo rm a tio n  ab o u t p h en o ty p ic  and  g en e tic  p a ram e te rs  o f  
e c o n o m ic a lly  im p o rtan t tra its  is rare. T h ere fo re , th e  in fo rm a tio n  ab o u t co rre la tio n s  
b e tw een  p h e n o ty p e s  an d  g en o ty p es  are  c ritica l fo r g en e tic  im p ro v em en t o f  
e c o n o m ic a lly  im p o rtan t spec ies . A d v an ces  in  m o le c u la r  g en e tic s  hav e  in tro d u ced  a 
n ew  g en e ra tio n  o f  m o le c u la r  m a rk e rs  fo r the  g en e tic  im p ro v e m e n t o f  liv es to ck  for a 
p e rio d  o f  tim e . M o lecu la r  g en e tic s  h av e  been  u sed  to  id en tify  sev e ra l g en es and 
m ark e rs  a sso c ia ted  w ith  q u an tita tiv e  tra its  in c lu d in g  g en e tic  v a ria tio n  ex p la in in g  
p h en o ty p ic  d iffe re n ce s  in  g ro w th  (S a lem  et a l., 2012). T h e re fo re , the  ap p ro p ria te  
m o le c u la r  m a rk e rs  fo r sp ec ific  sp ec ies  need  to  be d ev e lo p ed .

M o le c u la r  m a rk e rs  can  be  u sed  to  id en tify  th e  g en e tic  v a ria tio n  at th e  D N A  
seq u en ces  u n d e rly in g  p h en o ty p es . T h is  m ark e r rev ea lin g  th e  p o ly m o rp h ism  at the  
D N A  se q u en ces  a re  n o w  k ey  p la y e r in  an im a l g en e tic s , in c lu d in g  p. monodon. 
W e ll-d e s ig n ed  stu d ies  u s in g  g en e tic  m ark e rs  w ill u n d o u b ted ly  acce le ra te  
id en tif ic a tio n  o f  g en es  in v o lv ed  in q u an tita tiv e  tra it loci (Q T L ) fo r m ark e r-ass is ted  
se lec tio n  (L iu  an d  C o rd es , 2 0 0 4 ). A cco rd in g ly , ap p ro p ria te  m ap p in g  p o p u la tio n s  o f  
d es ired  tra its  o f  p. m onodon  sh o u ld  be  g en era ted . F ine  Q T L  m ap p in g  sh o u ld  be
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ex am in ed  a llo w in g  tra its - lin k ed  m ark e rs  to  be id en tified  an d  u sed  to  en su re  accu racy  
an d  e ffec tiv e  se le c tio n  o f  g en e tic a lly  im p ro v ed  sh rim p . A sso c ia ted  s tu d ies  b e tw een  
g e n o ty p e s  (e .g . S N P ) an d  p ro d u c tio n  tra its  fo r p. m onodon  m u st be  a cco m p lish ed  and 
ap p lied  in  th e  sh rim p  in d u stry .

S e lec tiv e  b re e d in g  in  a q u acu ltu re  p ro v id e  rem ark ab le  eco n o m ic  b en efits  to  the 
in d u stry , as it red u ces  p ro d u c tio n  co sts  due  to  fa s te r tu rn o v e r ra tes. T h is  is b ecau se  o f  
fa s te r  g ro w th  ra te s , d ec rea sed  m a in ten an ce  ra tes , in c reased  en e rg y  an d  p ro te in  
re ten tio n , an d  b e tte r  feed  e ffic ie n cy  (G jed rem  an d  B aran sk i, 2 0 0 9 ). A p p ly in g  such 
g en e tic  im p ro v e m e n t p ro g ram  to  aq u a c u ltu re  sp ec ies  w ill in c rea se  p ro d u c tiv ity  to  
m ee t th e  in c rea s in g  d em an d s  o f  g ro w in g  p o p u la tio n s .

1.4.1 Domestication and selective breeding program  of P. m onodon
D o m estica tio n  an d  se lec tiv e  b reed in g  p ro g ram s a im  to  in c rease  co m m erc ia lly  

im p o rta n t tra its  in se lec ted  p o p u la tio n s . B asica lly , sh o rt g en e ra tio n  tim e  and  h igh  
fecu n d ity  o f  sh rim p s  su g g ested  th a t g en e tic  im p ro v e m e n t o f  p. m onodon  is p ro m isin g . 
T h is  w ill in  tu rn  lead  to  the  su s ta in ab le  a q u acu ltu re  o f  p. m onodon. (G o y ard  et ah , 
2 0 0 3 ; D ix o n  et ah , 2009).

T h e  b en efits  o f  h e te ro s is  h av e  been  d em o n stra ted  in  sh rim p . D o m estica tio n  
and  se lec tiv e  b re e d in g  p ro g ram s o f  T hai p. m onodon  sh o u ld  tak e  th e  ad v an tag e  o f  
p o p u la tio n  g en e tic  d iffe re n tia tio n  (g en e tic  d iffe ren ces  am o n g  g eo g rap h ica lly  d iffe ren t 
sam p le s  p re v io u s ly  re p o rte d  by  m o le c u la r  g en e tic  m ark e rs  b e tw een  m a jo r s to ck s o f  
p. m onodon : th e  A n d am an , th e  u p p e r G u lf  o f  T h a ila n d  (T ra t) and  the  lo w er G u lf  o f  
T h a ilan d  (C h u m p h o n  and  S u ra t) (S u p u n g u l et ah , 2 0 0 0 ; K lin b u n g a  et ah , 2001).

In te rm s o f  aq u acu ltu re , th e  e s ta b lish m e n t o f  ap p ro p ria te  d o m e stic a te d  stocks 
o f  p. m onodon  w ill req u ire  sam p le s  from  d iffe ren t g eo g rap h ic  lo ca tio n s  as the  
fo u n d e r s to ck s  fo r g en e tic  im p ro v em en t th ro u g h  se lec tiv e  b reed in g  p ro g ram s. L oss o f  
g en e tic  v a ria tio n  in sm all p o p u la tio n s  as a  c o n seq u en ce  o f  g en e tic  d rif t and  in b reed in g  
is c o m m o n ly  o b se rv e d  w ith in  cap tiv e  s to ck s  (S b o rd o n i et ah , 1986). T he lo w  lev e ls  o f  
g en e tic  v a r ia b ility  m ay  red u ce  the  m ean  fitn ess  o f  a  p o p u la tio n , a ffec tin g  its v iab ility . 
In b reed in g  in c rea se s  h o m o z y g o s ity , w h ich  in so m e sp ec ies  can  red u ce  g ro w th , 
v iab ility  and  re p ro d u c tiv e  p e rfo rm an ce  (H an sso n  and  W este rb e rg , 2 002). In b reed in g  
has a lso  b een  lin k ed  to  b io ch em ica l d iso rd e rs  and  d e fo rm itie s  from  le tha l and
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su b -le th a l re ce ss iv e  a lle le s  (D u n h am , 2 0 0 4 ). In b reed in g  can  be a v o id ed  i f  a w ide  
g en e tic  v a r ia tio n  is secu red  in  th e  b ase  o r fo u n d e r p o p u la tio n , and  ev en  b e tte r i f  
p a ren tag e  o f  an im a ls  is k n o w n  w ith o u t m a tin g  am o n g  re la tiv es.

D e te rm in in g  th e  re la tiv e  e ffec ts  b e tw een  m a le  an d  fem ale  b ro o d s to ck  q u a lity  
on  rep ro d u c tiv e  p e rfo rm an ce  p a ra m e te rs  (i.e . h a tch in g  ra te , n u m b e r  o f  sp aw n in g , e tc .) 
w ill en h an ce  re p ro d u c tiv e  p e rfo rm an ce  o f  d o m e stic a te d  s tocks. P rev io u s  s tu d ies  on 
the  re p ro d u c tiv e  p e rfo rm an ce  o f  re c ip ro c a lly  c ro ssed  w ild  and  p o n d -rea red  
b ro o d s to c k  fo u n d  th a t th e  w ild  fem ales o u tp e rfo rm ed  d o m e stic a te d  fem ales  in te rm s 
o f  m a tu ra tio n , sp aw n in g  and  to ta l egg  p ro d u c tio n  in  p. m onodon  (M en asv e ta  et ah, 
1993).

In g en e ra l, th e  e ffec tiv e  n u m b er o f  fo u n d e rs  (A e) =  50, w h ich  is no t a  cen su s 
n u m b er o f  m a le  and  fem a le  in  the  h a tch e rie s , is m in im a lly  re q u ire d  fo r p ro d u c in g  an 
in b reed in g  c o e ffic ien c y  o f  1% p er g en e ra tio n . T h is  seem s to  be p rac tica l fo r fish  bu t 
ra th e r d iff ic u lt fo r P. m onodon. T h e  m o st im p o rtan t lim ita tio n  o f  se lec tiv e  b reed in g  
p ro g ram s in  p. m onodon  is th e  lo w  d eg ree s  o f  m a tu ra tio n  and  sp aw n in g  o f  cap tiv e  
p. m onodon. P rac tica lly , as h ig h  N e as p o ss ib le  sh o u ld  be  m a in ta in e d  th ro u g h  
g en e ra tio n s . M ic ro sa te llite s  can  be  ap p lied  to  id en tify  d iffe ren t fam ilie s  rea red  
to g e th e r  in  th e  sam e ea rth -p o n d . A d d itio n a l re sea rch es  on m a tu ra tio n  o f  p. m onodon  
th ro u g h  feed  te c h n o lo g y  and  h o rm o n a l sy s tem s are  a lso  im p o rtan t to  ap p ro p ria te ly  
so lv e  th e  p ro b lem s.

1.5 Molecular markers and their used for genetic improvement of aquatic species

M o lecu la r  m a rk e rs  are  c la ss if ied  in to  tw o  ca teg o rie s : ty p e  I w h ich  are  m ark ers  
a sso c ia ted  w ith  c o d in g  seq u en ces  o f  gen es, w h ile  ty p e  II m a rk e rs  are th o se  a sso c ia ted  
w ith  an o n y m o u s  g en o m ic  seg m en ts  (L iu  and  C o rd es , 2004 ; T ab le  1.3). V ario u s  
g en e tic  m a rk e rs  u sed  to  ev a lu a te  D N A  p o ly m o rp h ism  in th e  a q u acu ltu re  have  been  
id en tified  by  a ran g  o f  m o le c u la r  te ch n iq u es  in c lu d e  ran d o m  am p lif ied  leng th  
p o ly m o rp h ic  D N A s (R A P D s), am p lif ied  frag m en t len g th  p o ly m o rp h ism  (A F L P s), 
re s tr ic tio n  frag m en t len g th  p o ly m o rp h ism  (R F L P s) and  m ic ro sa te llite s  etc. 
N e v e rth e le ss  th e se  m ark e rs  are  cu m b e rso m e  to use  in  la rg e -sca le  and  m ay  no t be 
w id e ly  and  ev en ly  d is tr ib u te d  in  th e  g en o m e. A lte rn a tiv e ly , s in g le  n u c leo tid e  
p o ly m o rp h ism s (S N P s) h av e  severa l a d v an tag es  o v e r o th e r m ark ers . S N P s are
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esp e c ia lly  im p o rtan t i f  th ey  cau se  d iffe re n ce s  in  eco n o m ic  tra its , o r  th e  m u ta tio n s  are 
lin k ed  to  the  p h e n o ty p e s  o f  in te rest. R ecen t d ev e lo p m e n ts  o f  se q u en c in g  te ch n o lo g ie s  
h av e  a llo w ed  w h o le  g en o m e  se q u en c in g  an d  S N P s d isco v e ry  at fast, a ccu ra te  and  
a ffo rd ab le  sca le . T h is  m ak e  S N P  as a m ark e r o f  ch o ice  fo r a sso c ia tio n  an a ly sis  o f  
c o m m e rc ia lly  im p o rtan t tra its  in v a rio u s  species.

1.5.1 Single Nucleotide Polymorphisms (SNPs)

S in g le  n u c leo tid e  p o ly m o rp h ism  (S N P s) are  one  b ase  ch an g es  in c lu d in g  
su b s titu tio n s , in se rtio n  o r d e le tio n  o ccu rrin g  in  th e  sam e g en o m ic  p o s itio n  o f  the 
D N A  se g m e n ts  o f  d iffe re n t in d iv id u a l d is tr ib u te d  w ith  th e  freq u en cy  o f  m o re  th an  1% 
in the  ex am in ed  p o p u la tio n s . S N P s are  b eco m in g  e sp ec ia lly  im p o rta n t in  m o lecu la r 
m a rk e r d e v e lo p m e n t s in ce  th ey  a re  th e  m o st ab u n d an t p o ly m o rp h ism  in any  o rg an ism , 
ad ap tab le  to  au to m a tio n , an d  rev ea l h id d en  p o ly m o rp h ism  n o t d e tec ted  w ith  o th e r 
m ark e rs  an d  m eth o d s. T h e re  are  fo u r m a jo r  rea so n s  fo r the  in c re a s in g  in te res t in the 
u se  o f  S N P s as m o le c u la r  m a rk e rs  fo r g en e tic  an a ly sis  (B ru zen  et ah , 2 0 0 0 ). F irstly , 
S N P s are p rev a len t an d  o c c u r m o re  o ften  in  th e  g en o m e  o r n ea r in  any  locus o f  
in te res t th an  o th e r ty p es  o f  m ark e rs . In  th e  h u m an  g en o m e , fo r in s tan ce , th ey  are 
p re se n t a t o n e  S N P  in ev e ry  1,000 bp. S eco n d ly , so m e  S N P s fo u n d  w ith in  co d in g  
reg io n , ca lled  cS N P s, a re  d irec tly  a ffec ted  th e  fu n c tio n s  o f  p ro te in s . T h is  c lass  o f  
S N P s m ay  be d irec tly  re sp o n s ib le  fo r so m e o f  th e  v a ria tio n s  am o n g  in d iv id u a ls  in 
eco n o m ic  tra its . T h ird ly , S N P s are  co -d o m in a n tly  in h e rited , m ak e  th em  su ite s  as 
lo n g -te rm  se lec tio n  m ark e rs . F in a lly , S N P s are  m o st su itab le  fo r h ig h  th ro u g h p u t 
g en o ty p ic  an a ly sis .

S N P s are  b ia lle lic  m a rk e rs , in d ica tin g  a  sp ec ific  p o ly m o rp h ism  m o stly  tw o 
a lle le s  in  a  p o s itio n . S N P s m ay  a ffec t gen e  a n d /o r p ro te in  fu n c tio n s . F o r in stan ce , 
a lle lic  v a ria tio n  due  to  a  s in g le  n u c leo tid e  tra n s itio n  (cy to s in e  [C] to  th y m in e  [T] 
tra n s itio n  th a t re su lts  in  a  n o n -sy n o n y m o u s  m u ta tio n  from  A rg  to  C ys) has been  
d e m o n s tra te d  to  be a sso c ia ted  w ith  h ig h e r leptin  m R N A  lev e ls  in  ad ip o se  tissu e s  and  
in c rea sed  fa t d ep o s itio n  in  m a tu re  b e e f  (K o n o n o ff  et ah , 2005).



T a b l e  1 .3  T y p e s  o f  D N A  m a rk e r s ,  th e i r  c h a ra c te r i s t i c s ,  a n d  p o te n t ia l  a p p l ic a t io n s .  ( L iu  a n d  C o rd e s ,  2 0 0 4 ) .
M ark er type A cron ym R eq uires

prior
m olecu la r

in fo rm atio n ?

M od e o f  
in h er ita n ce

T yp e L ocus u n d er  
in v estig a tio n

Likely
a llele

nu m ber

P o lym orp h ism  
or p ow er

M ajor ap p lica tio n s

A llozym e - Y es M endelian,
Codom inant

Type 1 Single 2-6 Low Linkage m apping, population studies

M itochondrial
D N A

m tD N A N o* Maternal
Inheritance

- - M ultiple
haplotypes

- Maternal lineage

Restriction
fragment
length
polym orphism

RFLP Y es M endelian,
Codom inant

Type I 
orII

Single 2 Low Linkage m apping

Random am plified  
polym orphic D N A

RAPD,
AP-PCR

N o M endelian,
Dom inant

Type M ultiple 2 Intermediate Fingerprinting for 
population studies, 
hybrid identification

A m plified fragment 
length
polym orphism

AFLP N o M endelian,
Dom inant

Type M ultiple 2 High Linkage mapping, 
population studies

M icrosatellites SSR Y es M endelian,
Codom inant

M ostly  
type II

S ingle M ultiple High Linkage mapping, 
population studies, 
paternity analysis

Expressed  
sequence tags

EST Y es M endelian,
Codom inant

Type I S ingle 2 Low Linkage mapping, 
physical mapping, 
com parative m apping

Single nucleotide 
polym orphism

SNP Y es M endelian,
Codom inant T ype I 

or II
Single 2, but up 

to 4
High Linkage mapping, 

population studies?

Insertions/deletions Indels Y es M endelian,
Codom inant T ype I 

orII
Single 2 Low Linkage m apping

* C onserved PCR primers can be adopted from sequence inform ation from a related species
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Figure 1.4 G en era l illu s tra tio n  o f  s in g le  n u c leo tid e  p o ly m o rp h ism  (S N P ) 
(h ttp ://w w w .m d su p p o rt.o rg /lib ra ry /g e n e tic s .h tm l)

1.5.1.1 Classification of SNP
S N P s are  c la ss if ied  in to  tw o  ty p es. T h ere  are  n o n -c o d in g  S N P  and  co d in g  

S N P. C o d in g  S N P  o r ty p es  I S N P , lo ca ted  in co d in g  seq u en ces , th a t d o es  no t change  
am in o  ac id  seq u en ce  o f  th e  p ro te in  is ca lled  sy n o n y m o u s  S N P . T h e  co d in g  SN P 
re su ltin g  in  c h an g es  am in o  ac id  seq u en ce  o f  th e  p ro te in  is ca lled  n o n -sy n o n y m o u s  
S N P. N o n -c o d in g  S N P  o r ty p es  II S N P  is fo u n d  o u ts id e  th e  co d in g  seq u en ces  
co m p o se d  o f  5' o r 3' u n tran s la ted  reg io n s , in tro n ic  reg io n  and  in te rg en ic  spacers.

1.5.1.2 SNP discovery

S N P  can  be d e tec ted  in  th e  D N A  seq u en ces  by  sev era l m eth o d s. D N A  
se q u en c in g  is th e  d irec t and  accu ra te  ap p ro ach  fo r S N P  d isco v ery . A lte rn a tiv e ly , SN P 
can  be d e tec ted  by in d irec t m e th o d s  in c lu d e  d e n a tu rin g  g rad ien t gel e le c tro p h o re s is  
(D G G E ), s in g le  s tran d  co n fo rm a tio n a l p o ly m o rp h ism  (S S C P ), a lle le -sp ec ific  
am p lif ic a tio n  (A S A ), d en a tu rin g  H P L C  (D H P L C ), m a tr ix -a ss is te d  la se r d eso rp tio n  
io n iz a tio n -tim e  o f  flig h t (M A L D I-T O F ) m ass  sp ec tro m e try  an d  p y ro seq u en c in g . E ach  
ap p ro ach  has its  ad v an tag es  an d  lim ita tio n , se lec tio n  o f  a p a rtic u la r  assay  d ep en d s on

http://www.mdsupport.org/library/genetics.html
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b u d g e t, lab o r co n s tra in ts , h ig h /lo w  th ro u g h p u t, cu ttin g -ed g e  eq u ip m e n t and  d ifficu lty  
o f  assays (T ab le  1.4).

Table 1.4 A  co m p a riso n  o f  se lec ted  m u ta tio n  sc reen in g  m e th o d s  (S h astry , 2 002)

Method Fragment 
length (bp)

Advantage Disadvantage Efficiency
(%)

Single strand
conformationl
polymorphism

-300 No expensive 
equipment

Small fragments. 
Temperature variation

80

Heteroduplex analysis 300-600 No expensive 
equipment.

Conditions to be 
determined

80

Denaturing gradient 100- Simple, long Gradient gel required, 100 with
gel electrophoresis 1000 and short 

fragments
mutation in GC region 
may not be detected

GC clamp

Enzymatic mismatch 300- Long and Identifies all kinds of 100
detection 1000 short

fragments
mutations

Base excision 
sequence scanning

50-1000 Accurate Expensive instruments 100

RNAase cleavage 1.6 kb Longer 
fragment and 
rapid analysis

Requires special kit 100

Chemical cleavage 1-2 kb Large
fragment

Multi-steps, labor 
intensive and hazardous 
chemicals.

100

DNA sequencing 500 Rapid and
easy, no
additional
sequencing

Labor intensives 100

1.6 Molecular technique used for studies for SNP in this thesis

1.6.1 Polymerase chain reaction (PCR)

T h e  in tro d u c tio n  o f  the  in vitro  am p lif ic a tio n  o f  D N A  by  p o ly m era se  chain  
reac tio n  (P C R ) by  K ary  M u llis  in  1987 (M u llis  et ah . 1987) h as  b eco m e  a s tan d ard  
te ch n iq u e  in m o le c u la r  b io logy . P C R  is b ased  on  en zy m atic  re p lic a tio n  o f  D N A , 
w ith o u t u s in g  a  liv ing  o rg an ism . T h is  te ch n iq u e  in v o lv es  c rea tin g  o lig o n u c leo tid e  
p rim ers  th a t a re  c o m p le m e n ta ry  to  se q u en ces  o f  th e  gen e  o f  in te res t (D N A  tem p la te ). 
T h e  p rim ers  are  d e s ig n e d  to  flan k  th e  g en e  seq u en ce  o f  in te res t, u su a lly  18 to 30 
n u c le o tid e s  in  leng th . O v e r a  m illio n  co p ies  fro m  a  low  a m o u n t o f  s ta rtin g  D N A  
te m p la te  can  be o b ta in ed  u s in g  sp ec ific  o lig o n u c le o tid e  p rim ers  w ith in  a  few  hours.



13

T h e  P C R  reac tio n  u tilizes  a  D N A  tem p la te , a p a ir  o f  p rim ers  fo r the  ta rg e t 
seq u en ce , d N T P s  (d A T P , d C T P , d G T P  and  d T T P ), b u ffe r  and  h ea t-s tab le  D N A  
p o ly m era se  (u su a lly  Taq p o ly m era se ). T h e  p rin c ip le  o f  th e  P C R  is req u irin g  a th ree- 
step : (1 ) d é n a tu ra tio n  o f  d o u b le -s tra n d e d  D N A  at h ig h  tem p e ra tu re , (2 ) an n ea lin g  o f  
p rim ers , fo r w h ic h  p rim ers  are  a tta ch ed  to  th e  d isso c ia te d  D N A  stran d s  at th e  o p tim al 
te m p e ra tu re , (3 ) e x te n s io n  o f  th e  an n ea led  p rim ers  by  p o ly m e riz a tio n  w ith  a 
h ea t-s tab le  D N A  p o ly m era se . T h e  p ro d u c t sy n th es ized  in o n e  cy c le  se rv es as a 
te m p la te  in  th e  n ex t, re su ltin g  in  an  e x p o n en tia l in c rease  o f  th e  ta rg e t D N A  
(F ig u re  1.5). T h e  cy c le  is rep ea ted  un til th e  d esired  a m o u n t o f  D N A  is o b ta in ed , 
u su a lly  ab o u t 3 0 -4 0  cy c les , re su ltin g  in  an  ex p o n en tia l in c rease  o f  th e  ta rg e t D N A . 
T h e  a m p lif ic a tio n  p ro d u c t is d e te rm in ed  by  ag a ro se  gel e lec tro p h o re s is .

1.6.2 Single-Stranded Conformational Polymorphism Analysis

S in g le -s tran d ed  co n fo rm a tio n a l p o ly m o rp h ism  (S S C P ) an a ly sis  w as o rig in a lly  
d e sc rib ed  by  O rita  et al. (1 9 8 9 ). S S C P  is a g en e tic  sc reen in g  te c h n iq u e  th a t a llo w s 
rap id  d e tec tio n  o f  s in g le  n u c leo tid e  su b s titu tio n s , d e le tio n s , in se rtio n s  o r  sing le  
n u c leo tid e  p o ly m o rp h ism  (S N P ) in  frag m en t o f  P C R -a m p lif ie d  g en o m ic  D N A  (L in  et 
ah , 1993; F u jio k a  e t ah , 1995). S S C P  re lie s  on  th e  p rin c ip le  th a t th e  e lec tro p h o re tic  
m o b ility  o f  a  s in g le -s tra n d e d  D N A  m o lecu le  in  a  n o n -d e n a tu rin g  p o ly a c ry la m id e  gel 
(F ig u re  1.6). S in g le -s tran d ed  D N A  m o lecu le s  can  a lte r th e  c o n fo rm a tio n  are 
se co n d a ry  an d  te rtia ry  s tru c tu re  d u e  to  d iffe re n ce s  in  seq u en ce  and  co n se q u e n tly  its 
e le c tro p h o re tic  p ro file . T h e  P C R -S S C P  tech n iq u e  in c lu d es  fo u r steps: PC R  
am p lif ic a tio n  u s in g  p r im e rs  th a t flan k  th e  D N A  reg io n  o f  in te re s t, d én a tu ra tio n  o f  the 
re su ltin g  d o u b le -s tra n d e d  P C R  p ro d u c t, fo llo w ed  by  rap id  c h illin g  to  p rev en t re 
an n ea lin g  o f  th e  s in g le  s tran d s , e le c tro p h o re tic  sep a ra tio n  o f  th e  s in g le -s tran d ed  D N A  
on  a n o n d e n a tu rin g  gel, and  b an d s  are  d e tec ted  by  s ilv e r s ta in in g , and  th e  p a tte rn  is 
in te rp re ted .
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1) Isolate DNA

2) Denature and anneal primers

3) Primer extension

4) Denature and anneal primers

5) Primer extension

6) Denature and anneal primers

7) Primer extension

cycle 2

l

cycle 3

\

8) Repeat cycles

Figure 1.5 A  sch em a tic  illu s tra tio n  o f  th e  p o ly m era se  ch a in  reac tio n  (P C R ) for 
am p lify in g  D N A .
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Non-mutant DNA (N) Mutant DNA (M)

\  /
Non-denaturing 

gel electrophoresis
N M

Figure 1.6 A sch em a tic  d iag ram  o f  S S C P  an a ly sis  fo r d e te rm in a tio n  o f  p o ly m o rp h ism  
o f  D N A  (G asse r et a l., 2006).

P C R -S S C P  h av e  s ig n ific an t ad v an tag es  o v e r m an y  o th e r n u c le ic  ac id  
te c h n iq u e s  fo r th e  accu ra te  an a ly sis  o f  a lle lic  an d  m u ta tio n a l seq u en ce  v aria tio n  
(G asse r et a l., 2006). S S C P  is o n e  o f  th e  ea s ie s t an d  sen sitiv e , n o n rad io ac tiv e  m e th o d s 
fo r d e tec tin g  m u ta tio n s  b ased  on P C R . M o n o d u p lex , h e te ro d u p lex  and  s in g le -s tran d ed  
D N A  can  be o ccas io n a lly  re so lv ed  by  a d iffe ren t lo ca tio n ; b o tto m , m id d le  and  top  o f  
th e  gel, re sp ec tiv e ly .

T h e  d isa d v a n ta g e  o f  th e  te ch n iq u e  is th a t re p ro d u c ib ility  fo r the  sep a ra tio n  
p a tte rn  m ay  no t be h ig h ly  co n s is te n t due  to  S S C P  p a tte rn s  are  a ffec ted  by  tem p e ra tu re  
an d  d eg ree  o f  c ro ss lin k in g . A  tem p e ra tu re  rise  d u rin g  e le c tro p h o re s is  is e sp ec ia lly  
h a za rd o u s  fo r o b ta in in g  rep ro d u c ib le  re su lts . A d d itio n a lly , m u lti-a lle lic  p a tte rn s  o f  
so m e n u c lea r D N A  m ark e rs  m ay  cau se  th e  S S C P  p a tte rn s  to o  co m p lica te  for 
e s tim a tio n  o f  a lle le  freq u en c ies  p rec ise ly .
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1.6.3 DNA sequencing

D N A  se q u en c in g  is th e  p ro cess  o f  d e te rm in e  th e  o rd e r o f  the  n u c leo tid es  
b ases; ad en in e , g u an in e , cy to s in e  and  th y m in e , in a  s tran d  o r f rag m en t o f  D N A . T here  
are  tw o  m ain  m e th o d s  o f  D N A  seq u en c in g : the  “ch em ica l c le a v a g e ” p ro ced u re  
d esc rib ed  by  M ax am  an d  G ilb e rt (1 9 7 7 ) and  th e  “ e n zy m a tic  ch a in  te rm in a tio n ” 
p ro ced u re  w as d e sc rib ed  by  S an g er, (1977). T h e  d isad v an tag e  o f  th e  fo rm er m e th o d  
is th a t th e  p ro ced u re  req u ire s  th e  u se  o f  severa l h aza rd o u s  ch em ica ls . T h e re fo re , the 
la tte r is co m m o n ly  u sed  a t p resen t.

T h e  d id eo x y  o r e n zy m a tic  m e th o d  o f  D N A  se q u en c in g  u tiliz e s  the  p rin c ip le  
th a t a d id e o x y rib o n u c le o tid e  tr ip h o sp h a te  can  be  in co rp o ra ted  in to  a g ro w in g  D N A  
ch a in , b u t can n o t co n tin u e  sy n th esis . D N A  sy n th es is  is te rm in a te d  and  th e  ty p e  o f  
d id e o x y N T P  (d d N T P ) ad d ed  re flec t th e  last n u c leo tid e  in co rp o ra ted  D N A  
(F ig u re  1.7). T h e  S an g er m e th o d  req u ire  the  p ro d u c tio n  o f  frag m en ts  o f  D N A  from  
th e  p iece  o f  D N A  w h ich  is b e in g  seq u en ced . T h is  req u ire s  re so lv in g  D N A  frag m en ts  
w h ich  d iffe r  in len g th  by  o n e  n u c leo tid e  an d  can  be  ca rried  ou t by  d en a tu rin g  
p o ly a c ry la m id e  gel e lec tro p h o res is .

D N A  se q u e n c in g  is th e  m o le c u la r  b io lo g y  te c h n iq u e  fo r d e te rm in e d  seq u en ce  o f  
a p iece  o f  D N A . T h is  te ch n iq u e  p ro v id es  h ig h  re so lu tio n  and  fac ilita tin g  
in te rp re ta tio n . H o w ev e r, seq u en c in g  o f  a  la rg e  n u m b e r o f  in d iv id u a ls  u sing  
co n v en tio n a l m e th o d  is ted io u s  an d  p ro h ib itiv e ly  p o ssib le . A t p resen t, au to m ated  
D N A  se q u en c in g  has b een  in tro d u ced  and  co m m o n ly  used . T h is  g rea tly  a llo w s w id e r 
ap p lic a tio n  o f  D N A  se q u e n c in g  an a ly sis  fo r v a rio u s  ap p lica tio n s  o f  g en e tic  stud ies.
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Extension product Template

Figure 1.7 A  sch em atic  re p re se n ta tio n  o f  seq u en c in g  an  o lig o n u c le o tid e  by S an g er 
m e th o d . D N A  stran d  sy n th es is  b y  fo rm a tio n  o f  p h o sp h o d ie s te r  b onds. In th is 
ex am p le , th e  ch a in  is te rm in a te d  by  th e  u se  o f  d id e o x y c y tid in e  tr ip h o sp h a te  (d d C ) in 
p lace  o f  d e o x y c y tid in e  tr ip h o sp h a te  (dC T P ).

1 1 , 1  1 1  '  1 1 

I  I  I  I I  I  I  V  ' ' l l 1 I  I I I 1

Figure 1.8 A n illu s tra tio n  o f  the  re su lts  o f  au to m a ted  D N A  seq u en c in g .
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1.6.4 Restriction Fragm ent Length Polymorphism (RFLP)
RFLP was first developed in 1980 (Botstein et al., 1980). It was among the 

first technique used for detection o f DNA polymorphism. Restriction endonuclease 

are bacterial enzymes that specific nucleotide sequences 4, 6 or 8 base pair and cut the 

DNA at the recognition site. RFLPs are based on the analysis o f patterns derived from 

a DNA sequence digested with known restriction enzymes. Nucleotide changes in the 

DNA sequence due to indels or base substitutions involving the recognition site result 

in the position o f a restriction endonuclease recognition site, then the DNA sequence 

acquires or loses the ability to be cleaved by a particular restriction endonuclease. 

Loss o f a restriction site within the locus, then digestion with the relevant restriction 

enzyme w ill generate a long fragment. On the other hand, i f  a recognition site is 

present w ill obtained two shorter fragments after digest with the restriction enzyme. 

Moreover, digestion w ill produce two different fragments include a long fragment and 

two shorter fragments. The procedure and principles o f RFLP markers are illustrated 

by Fig. 1.9.

The traditional methods were separated fragments using Southern blot 

analysis, which is slow and tedious. Presently, this technique is carried out based on 

the polymerase chain reaction (PCR). The main advantages o f RFLP are that they are 

co-dominant markers, which mean that it allows discrimination o f homozygotic and 

hétérozygotie states in diploid organisms, stable and reproducible. The major 

disadvantage o f RFLP is the relatively low level o f polymorphism. Additionally, 

sequence information for PCR-RFLP is required, making it difficult and 

time-consuming to develop markers in species lacking known molecular information.
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Figure 1.9 A schematic diagram o f RFLP analysis (Bruzen et al., 2000).
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1.7 SNP studies in functionally im portant genes of various organisms
SNPs are commonly used in several applications including gene discovery, 

population genetic studies and construction o f genetic linkage maps and linkage 

disequilibrium mapping for identification o f quantitative trait loci (QTL). SNPs are 

especially important i f  they cause differences in economic traits, or the mutations are 

linked to the phenotypes o f interest. Identification o f functionally important growth 

genes in agricultural and aquaculture species that can be used to increased the 

accuracy o f selection for desired traits, thereby increasing the rate o f genetic gain and 

production efficiency.

Growth hormone (GH) directly or indirectly plays an essential role in the 

regulator o f postnatal somatic growth and stimulates anabolic processes such as cell 

division, skeletal growth and protein synthesis. In cattle, McCormack et al. (2009) 

cloned and sequenced the GH cDNA from Brooksville miniature Brahman cattle and 

this gene was aligned against the normal Brahman cattle. Sequence alignment 

revealed that at base number 641 o f miniature cattle differed from normal cattle 

because there was a cytosine (C) instead o f a thymine (T). This substitutions lead to a 

non-synonymous Thr to Met at position 200 o f the GH peptide. This SNP was 

detected by PCR-RFLP with Bsm BI restriction enzyme in 12 individuals o f miniature 

cattle and 9 individuals o f normal Brahman cattle. A ll miniature cattle were 

homozygous for the mutation (-/-). While 7 individuals and 2 individuals o f normal 

Brahman were homozygous for the wild-type (+/+) and heterozygous (+/-) alleles, 

respectively.

Gross and Nilsson, (1999) studied association between variation o f the 

Atlantic salmon growth hormone 1 (GH1) gene with the weight o f one-year-old 

progeny fish o f the hatchery strain (graded into three size groups). Two novel 

polymorphisms were detected by PCR-RFLP using Taq I. Significant heterogeneity o f 

the GH1 haplotype and genotype frequencies among the size groups was detected 

(P< 0.05).

Prolactin (PRL) plays an important role growth and development, 

osmoregulation, reproduction, immunomodulation, endocrine and metabolic
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regulation. In beef cattle, several studies have explored the association between 

prolactin  gene polymorphism and milk production. For example, polymorphism of 

the PRL gene in Russian Red Pied cattle (Alipanah et al., 2007) and montebeliard 

cows (Ghasemi et ah, 2009). In chicken, Bhattacharya et al. (2011) reported SNPs in 

the 5'UTR region o f this gene and its association with egg production traits in White 

Leghorn chickens, which chickens with genotypes AA had significantly higher egg 

yields (up to 52 and 64 weeks o f age) than those genotypes AC (144.5 ±5.06 and

143.2 ±4.67 eggs, respectively).

He et al. (2011) identified polymorphism within the PRL gene o f the Asian 

seabass (Lûtes calcarifer). The result revealed five polymorphism include 

c.264±980 983delTTGT, c.264±127C>G, C.264±138T>G, c.264±269T>C and 

c.330C>G in 521 individuals. Only a T/C SNP substitution at position c.264±269 was 

significantly associated with body weight (BW), total length (TL), standard length 

(SL) and Fulton’s condition factor (KTL and KSL).

Myostatin, a member o f the transforming growth factor-f] (TGF-(3) 

superfamily, is the regulation o f skeletal muscle as a negative regulator o f muscle 

development in animals. The disrupted o f myostatin in mice showed that null 

mutations exhibited a 2-3 times increase in the muscle mass due to a combination o f 

muscle cell hypertrophy and hyperplasia, compared with wild-type mice (McPherron 

et ah, 1997). In addition, it was demonstrated that the loss o f the mature region o f the 

myostatin protein due to 11-nucleotide deletion in the third exon or a missense 

mutation occurring in the myostatin coding sequence have been associated with the 

double muscle phenotype found in Belgian Blue and Piedmontese cattle.

In the 5' and 3' regulatory region o f chicken myostatin gene, SNP has been 

demonstrated to be associated with adipose tissue in chicken (Zhiliang et al.. 2004). 

In mollusk, Wang et al. (2004) identified SNP in myostatin o f the 103 cultivated 

Chlamys fa rre ir i individuals using PCR-SSCP and DNA sequencing method. SNP in 

exon 2 o f primer M5 was significantly associated with body mass, soft-tissue mass, 

adductor muscle mass, shell length, shell height, absolute growth rate o f shell height 

(ASH) and body mass (ABM ). Results showed that the c. fa rrc r i genotype GG had 

significantly examined traits than those o f genotype AG and AA (P < 0.05).
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In crustacean, act in and crustacean hyperglycemic hormone (C H H ) has been 

investigated in several decapods species, including shrimp, crab, crayfish and lobster 

(Zhue et ah, 1997; Fanjul-Moles, 2006). Actin  plays important roles muscle 

contraction, cell mobility and cell division (Pollard and Cooper, 1986). CHH  plays 

major roles in carbohydrate and lipid metabolism, and also influences molting, 

reproduction, and osmoregulatory functions (Santos et ah, 1997; Fanjul-Moles, 2006). 

Than et al. (2010) screen SNPs in actin and CHH  genes and evaluate correlation 

between SNPs with individual growth performance in the giant freshwater prawn 

Macrobrachium rosenbergii. Four SNPs in the actin gene (single SNP in the AC2 

fragment and three SNPs in the AC3 fragment) and ten SNPs in the CHH gem  (single 

SNP in the 5'UTR and nine SNPs in the intronic region) o f 243 individuals o f 

offspring. No association with growth traits in the actin gene in the groups while four 

intronic SNPs o f CHH  exhibited highly significant associations with individuals 

growth performance (body weight, carapace length and standard length) (P < 0.05). 

O f these, homozyhous individuals (GG) at CFI3 g.2402 had a significantly slower 

growth rate than did heterozygous individuals (GT). In contrast, individuals with the 

AA  genotype at CH3 g.2561 had a significantly faster growth rate than those with the 

GA genotype. Flomozygotes at CH3 g.2407 and g.2409 showed faster growth rate 

than did heterozygotes, however, a significantly effect was only on the body weight. 

A further haplotype-trait association analysis confirmed that these four SNP markers 

were in linkage disequilibrium, and the specific haplotype TGAA had significant 

associations with high growth (7,<0.01). The implications o f these findings with 

relevance to increase the efficiency o f the selection process in giant freshwater prawn.

Marker assisted selection (MAS) is a major potential application used for 

expanding research on the genomics o f farmed species. DNA marker technologies 

have already been used routinely for stock identification and family assignment o f 

various shrimp species (Klinbunga et ah, 2001; Ball and Chapman, 2003; McMillen- 

Jackson and Bert, 2004; Jerry et ah, 2006; Khamnamtong et ah, 2009). However, no 

validated marker linked to performance and production traits has been identified in 

penaeid shrimp up to date.

In P. monodon, Prasertlux, et ah (2010) was the first report on the correlation 

between SNP in RuvBL2 and growth rate o f P. monodon. ATP-dependent DNA
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helicase (RuvBL2) is essential for growth in eukaryotes (Qiu et al., 1998; Makino et 

al., 1999). The full-length cDNA o f P. monodon RuvBL2 was 3791 bp and contained 

a 1392 bp open reading frame (ORF) corresponding to a polypeptide o f 463 amino 

acids. Polymorphism o f the amplified PmRuvBL2 gene segment (484 bp containing an 

intron o f 259 bp) was examined in commercially cultivated shrimp from the same 

pond (approximately 3 months old, average BW = 17.39 ± 4.36 g, N =  359) by single 

strand conformational polymorphism (SSCP) analysis. Results indicated that the

P. monodon with genotypes A (average BW = 19.277 ± 3.640 g, N  = 37) and B 

(average BW = 19.293 ± 4.548 g, N  = 79) was significantly greater body weight than 

those genotype c (average BW = 16.528 ± 3.847 g, N  = 93) and D (average BW 

= 16.365 ะ!ะ 4.378 g, N = 124). One exonic (G-A81) and two intronic (A-T196 and 

G-T248) SNPs corresponding to ATG, A[T/A]G , GAG and GAT for respective SSCP 

genotypes were found.

In this thesis, relationships between SNP o f calponin l (Pm Cnnl), cyclin c  

(PmCyC) and cell d iv is io n  cycle 25 (PmCdc25) and growth traits o f p. m o n o d o n  
juveniles are examined.

Calponins are actin-binding proteins that are implicated in the regulation o f 

actomyosin (Jiang et ah, 1997). Calponin is implicated in actin-linked regulation 

because it inhibits smooth muscle actin-activated myosin MgATPase and this 

inhibition can be reversed by phosphorylation or binding o f Ca2+calmodulin in vitro 

(Winder and Walsh, 1993; Takahashi et ah, 1988; Gimona et ah, 1996). Actin-myosin 

interaction also powers cell proliferation by driving cytoplasmic streaming, which 

may contribute to the division o f the cytosolic components o f the cell during 

cytokinesis. Accordingly, through the inhibition o f actin-myosin interaction, calponin 

may play a role in regulating the functions o f the actin cytoskeleton, such as 

coordinating changes in cell shape and intracellular molecular trafficking, both o f 

which are critical events in cytokinesis (Han et ah, 1993). Interestingly, forced 

expression o f chicken gizzard calponin in cultured smooth muscle cells and 

fibroblasts showed an inhibition o f cell proliferation (Jiang et ah, 1997). Therefore, 

calponin, through its regulation o f actin-myosin interaction and possibly actin 

filament stability, may function as a negative controlling factor for cytokinesis and the 

rate o f cell proliferation.
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Recently, the full-length genomic sequence o f P. monodon calponin l  

(.Pm Cnnl) was isolated by genome walking. The PmCnnl gene contained 3 exons 

(185, 206 and 169 bp) and 2 introns (214 and 306 bp) with the open reading frame 

(ORF) o f 561 bp deducing to a polypeptide o f 186 amino acids (Buaklin, 2005). 

In this thesis, primers were designed and further tested to identify whether SNPs of 

this gene are related with various growth parameters in domesticated P. monodon.

Cyclin c  is a highly conserved protein that functionally involved in both the 

positive and negative regulation o f transcription in all eukaryotes from yeast to 

humans. This function is accomplished in cooperation with cyclin-dependent kinases 

(CDKs) by binding to CDK8 and CDK3 during cell cycle progression (Katona et al., 

2006). Cyclin c  plays a novel role in the regulation o f G0/G1/S and G2M phases o f 

cell cycle (Liu et ah, 1998). Prior to this study, cyclin c  has not been identified and 

characterized in penaeid shrimp. The full length cDNA o f this gene in p. monodon is 

characterized in this thesis.

In addition, SNPs in PmCdc25 were also carried out. Cdc25 phosphatases are 

essential regulators o f the cell cycle. They dephosphorylate and activate cyclin- 

dependent kinases (CDK) that, in association with their cyclin regulatory subunits, 

control progression at various stages o f the cell cycle (Contour-Galcera et al., 2007). 

The partial cDNA sequence o f PmCdc25 was previously identified by EST analysis 

(OV-N-S01-1905-พ , £-value = 1.0E-16) but the full-length cDNA o f PmCdc25 in 

penaeid shrimp has not been characterized.
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Figure 1.10 Prominent reactions o f cyclin c . Cyclin c  combines with CDK8 and 

CDK3 to regulate cell cycle progression. In response to growth factors CDK3/cyclin 

c  complex becomes activated, phosphorylâtes and inactivates Rb promoting GO exit 

o f cells by releasing E2F (transcription factor). Cell cycle re-entry from GO may be 

normally suppressed by Rb family proteins in association with E2F transcription 

factors. CDK8 combines with its partner cyclin c  and plays pivotal role in cell cycle 

progression in all eukaryotes. The negative regulatory functions o f CDK8/cyclin c  
that operate in higher eukaryotes exert their effects at two crucial steps in the 

transcription-initiation pathway. CDK8 mediated phosphorylation o f mammalian 

cyclin H represses transcription factors (TFIIH) to activate transcription and kinase 

activity (Ragender et al, 2010).
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Figure 1.11 Cdc25 phosphatases control cell cycle progression, (a) Cdk/cyclin 

complexes are dephosphorylated and activated by Cdc25-dependent 

dephosphorylation. On the contrary, they are kept inactive by phosphorylation by the 

Weel and M ytl kinases, (b) Activation o f Cdk/cyclin complexes during the 

mammalian cell cycle by three Cdc25 phosphatases. Cdc25A is active both at Gl/S 

and at mitosis. Cdc25B is active at G2/M and has also been proposed to be involved 

in S-phase (dotted box). Cdc25C has long been known to be active at mitosis, and has 

also recently been reported to be active in S-phase (Contour-Galcera et al., 2007).
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