
C H A P T E R  m

R E S U L T

3 .1  D N A  e x t r a c t i o n

N u c le a r  D N A  o f  A .  c e r a n a  w a s  e x t r a c te d  f r o m  e a c h  A . c e r a n a  i n d iv id u a l  u s in g  

th e  e x t r a c t io n  p r o to c o l  d e s c r ib e d  in  2 .8 .  H ig h  m o le c u la r  w e ig h t  D N A  o b ta in e d  w a s  

la r g e r  th a n  2 3 .1  k b .  T h e  c o n c e n t r a t io n  o f  e x t r a c te d  D N A  w a s  a b o u t  1 .0 -1 .5  f ig  p e r  

in d iv id u a l  a s  e s t im a te d  b y  c o m p a r in g  i t s  in t e n s i t y  o f  E t B r - D N A  c o m p le x  w i t h  t h a t  o f  

th e  k n o w n  a m o u n t  o f  T J H in d U l  m a r k e r  i n  0 . 7 %  a g a ro s e  g e l e le c t r o p h o r e s is  ( F ig u r e  3 .1 ) .  

T h e  D N A  s o lu t io n  w a s  d i lu t e d  t o  f i n a l  c o n c e n t r a t io n  o f  2 0  n g / | i l  f o r  s u b s e q u e n t  u s e d  

i n t h e P C R  re a c t io n s .

3 .2  O p t i m i z a t i o n  o f  M g C l j  c o n c e n t r a t i o n  f o r  a m p l i f i c a t i o n  o f  t h e  I T S  r e g io n

i n  A .  c e ra n a .

I n  o r d e r  t o  a m p l i f ie d  I T S  r e g io n  o f  n u c le a r  r ib o s o m a l  R N A  g e n e  o f  A .  

c e r a n a  u s in g  p r im e r s  o f  f u n g a l  r ib o s o m a l  R N A  g e n e s , t h e  o p t im iz a t io n  o f  M g C l 2 

c o n c e n t r a t io n  f o r  P C R  r e a c t io n  w a s  th e n  p e r fo r m e d .  T h e  I T S  r e g io n  o f  A .  c e r a n a  

r R N A  g e n e  w a s  r o u t i n e l y  a m p l i f ie d  b y  p r im e r  I T S 4  a n d  I T S 5  u s in g  th e  s ta n d a rd  

c o n d i t io n  d e s c r ib e d  in  2 .1 0 .1  w i t h  M g C l 2 c o n c e n t r a t io n  v a r ie d  f r o m  1 .0 , 1 .2 , 1 .5 ,  1 .8  

a n d  2 .0  m M .  A s  c a n  b e  s e e n  i n  F ig u r e  3 .2 ,  t h e  a m p l i f ie d  p r o d u c t  f i r s t l y  a p p e a re d  

w h e n  th e  c o n c e n t r a t io n  o f  M g C l 2 is  1 .0  m M .  T h e  m o r e  in te n s e  b a n d  w a s  o b s e r v e d  in  

a  r e a c t io n  c o n ta in in g  1 .2  m M  M g C l 2. F r o m  th e  r e s u l t ,  t h e  o p t im a l  M g C l 2 c o n c e n t r a t io n  

w a s  1 .2  m M .

T h e r e fo r e ,  I T S  r e g io n  o f  A .  c e r a n a  w a s  a m p l i f ie d  i n  t h e  r e a c t io n  m ix t u r e  

c o n ta in  I X  P C R  b u f f e r ,  2 0 0  |a M  e a c h  o f  d N T P ,  0 .2  g M  e a c h  o f  p r im e r s ,  1 .2  m M  

M g C l2, 3 0  n g  t o t a l  D N A  a n d  0 .5  u n i t  T a q  D N A  p o ly m e r a s e .
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F ig u r e  3 .1  H ig h  m o le c u la r  w e ig h t  D N A  o f  A . c e ra n a  e x t ra c te d  f r o m  th e  t h o r a x  

o f  e a c h  A . c e r a n a  w o r k e r  a n d  s u b je c te d  t o  0 .7 %  a g a ro s e  g e l 

e le c t r o p h o r e s is  a t 1 0 0  V  f o r  5 0  m in u te s .

L a n e  1 X /H in d U l  D N A  s ta n d a rd

L a n e  2 - 6  T o t a l  n u c le a r  D N A  is o la t e d  f r o m  A . c e ra n a .
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K b

1.0

0 .5

F ig u r e  3 .2  O p t im iz a t io n  o f  M g C l 2 c o n c e n t r a t io n  u s e d  f o r  a m p l i f ic a t io n  o f  I T S  r e g io n  in  

r ib o s o m a l  R N A  g e n e  o f  A . c e ra n a .  T h e  a m p l i f ie d  p ro d u c ts  w e r e  a n a ly z e d  

b y  a  1 .5  %  a g a ro s e  g e l e le c t r o p h o r e s is  a t 1 2 0  V  f o r  1 .5  h o u r s  a n d  s ta in e d  

w i t h  e t h id iu m  b r o m id e .

L a n e  1 A  1 0 0  b p  D N A  la d d e r

L a n e  2 - 6  T h e  a m p l i f ie d  p ro d u c ts  o f  I T S  r e g io n  r e s u lte d  f r o m  a m p l i f i c a t io n  

r e a c t io n s  c o n ta in in g  0 .0 ,  1 .0 , 1 .2 ,  1 .5  ,1 .8  a n d  2 .0  m M  o f  

M g C l 2, r e s p e c t iv e ly .
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3 .3  C h a r a c t e r i z a t i o n  o f  t h e  I T S  a m p l i f i e d  p r o d u c t

T h e  I T S  r e g io n  o f  n u c le a r  r ib o s o m a l  R N A  g e n e  w a s  a m p l i f ie d  f r o m  f i v e  

g e o g r a p h ic  s a m p le s  o f  A .  c e r a n a  in  T h a i la n d  u s in g  p r im e r s  I T S 4  a n d  I T S 5 .  W h e n  

th e  P C R  re a c t io n  w a s  c o m p le te d ,  t h e  I T S  a m p l i f ie d  p r o d u c t  w a s  e le c tr o p h o re s e d  

t h r o u g h  a  1 . 5 %  a g a ro s e  g e l a n d  s ta in e d  w i t h  e t h id iu m  b r o m id e .  T h e  I T S  a m p l i f ie d  

p r o d u c ts  o f  e a c h  s a m p le s  h a d  d i f f e r e n t  b a n d  p a t te rn s  t h a t  t h e  s iz e  v a r ie d  f r o m  a b o u t  

5 0 0  to  8 0 0  b p  ( F ig u r e  3 .3  a n d  T a b le  3 .1 ) .  A  5 8 0  a m p l i f ie d  f r a g m e n t  w a s  a  c o m m o n  

b a n d  w h ic h  w a s  fo u n d  f r o m  m o s t  o f  t h e  D N A  s a m p le s  u s e d  in  th e  e x p e r im e n t .  

T h e r e f o r e ,  i t  w a s  c h o s e n  f o r  f u r t h e r  g e n e t ic  s tu d y  o f  A .  c e r a n a  i n  T h a i la n d  b y  D N A  

s e q u e n c in g .

3 .4  D N A  s e q u e n c in g

T h e  I T S  r e g io n  w a s  s e q u e n c e d  f r o m  2 1  in d iv id u a ls  o f  A . c e r a n a  f r o m  f i v e  

d i f f e r e n t  g e o g ra p h ic  s a m p le s .  D i r e c t  s e q u e n c in g  o f  I T S  a m p l i f ie d  p ro d u c ts  w a s  d o n e  

f o r  th r e e  to  f i v e  a d d i t io n a l  in d iv id u a ls  f r o m  e a c h  o f  th e s e  s a m p le s  ( T a b le  3 .1 ) .  A f t e r  

a m p l i f ic a t io n ,  a  5 8 0  b p  a m p l i f ie d  b a n d  o f  e a c h  in d iv id u a ls  w a s  p u r i f ie d  f r o m  a g a ro s e  

g e l a n d  u s e d  as th e  D N A  te m p la te  o f  s e q u e n c in g  as  d e s c r ib e d  in  2 .1 1 .

T h e  D N A  te m p la te  o f  e a c h  i  n d iv id u a l  w a s  s e q u e n c e d  u s in g  e x te r n a l  p r im e r s  

( I T S 4  a n d  I T S 5 )  a n d  in t e r n a l  p r im e r s  ( I T S 2  a n d  I T S 3 )  a s  d e s c r ib e d  in  2 .1 2 .  T h e  5 1 1  o f  

5 8 0  I T S  n u c le o t id e  b a s e  w e r e  d e te r m in e d .  A n  a u to r a d io g r a m  o f  p a r t ia l  I T S  s e q u e n c e  

d e r iv e d  f r o m  th e  p r im e r  I T S 3  is  s h o w n  in  F ig u r e  3 .4 .  C o m p a r in g  o f  th e s e  w i t h  

p r e v io u s  G e n B a n k  d e p o s ite d  D N A  s e q u e n c e s  u s in g  B L A S T  ( B a s ic  L o c a l  A l ig n m e n t  

S e a rc h  T o o l )  a t  th e  w e b s i te  h t t p : / / w w w . n c b i . n lm . n ih . g o v  ( A l t s c h u l  e t  a l . ,  1 9 9 0 )  in d ic a te d  

t h a t  t h e  s e q u e n c e  o b ta in e d  w e r e  c e r t a in ly  t h e  I T S  r e g io n  o f  n u c le a r  r ib o s o m a l  c lu s te r s  

( A p p e n d ix  2  ) .

M o r e o v e r ,  t h e  n u c le o t id e  s e q u e n c e s  f r o m  e a c h  s a m p le s  w e r e  a l ig n e d  b y  

C L U S T A L X  as  s h o w n  in  F ig u r e  3 .5 .  H ig h l y  h o m o lo g y  b e tw e e n  s e q u e n c e  o f  T h a i  

A . c e r a n a  w a s  o b s e rv e d . T h e r e  w e r e  4  p o in t  m u ta t io n s  a f t e r  a l ig n m e n t  o f  a l l  s e q u e n c e s .

http://www.ncbi.nlm.nih.gov


35

A  G - T  t r a n s v e r s io n  w a s  fo u n d  a t  t h e  4 0 th p o s i t io n .  S p e c im e n s  f r o m  t h e  S o u th  p o s s e s s e d  

a  G  w h i l e  th e  r e m a in in g  h a d  a  T  in s te a d .  T h e  T - C  t r a n s i t io n s  w e r e  o b s e r v e d  a t  p o s i t io n s  

3 0 5  a n d  3 2 6 .  T h e  S a m u i s a m p le  p o s s e s s e d  a  T  a t th e s e  p o s i t io n s  w h i l e  o th e r s  h a d  c 
b a s e . D is s o c ia t io n  o f  A .  c e r a n a  f r o m  th e  S o u th  a n d  S a m u i c o u ld  b e  d o n e  b y  th e s e  

th r e e  p o in t  m u ta t io n .  A t  t h e  p o s i t io n  4 1 9 ,  a l l  s p e c im e n  f r o m  th e  N o r t h ,  C e n t r a l  a n d  

N o r t h - E a s t  a re a s  h a d  a  c w h e r e a s  th e  S o u th  a n d  S a m u i  A . c e r a n a  p o s s e s s e d  a  G  

b a s e . T h e  a v e ra g e  b a s e  f r e q u e n c ie s  o f  t h e  I T S  in  A .  c e r a n a  w e r e  a p p r o x im a te ly  e q u a l 

A :  2 2 .9  %  5 T :  2 5 .0  %  5 G :  2 5 .7  %  a n d  C :  2 6 .4  % .
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F ig u r e 3 . 3  T h e  I T S  a m p l i f ie d  p ro d u c ts  w e r e  e le c t r o p h o re s e d  th o u g h  a  1 . 5 %  a g a ro s e  

g e l a t  1 2 0  V  f o r  1 h o u rs .

L a n e  1 A  1 0 0  b p  D N A  la d d e r

L a n e  2 - 1 1  T h e  a m p l i f ie d  p ro d u c ts  o f  I T S  r e g io n  o f  A . c e r a n a  f r o m  D N A  

s a m p le s  o f  C l  1 , 0 2 ,  C 1 4 ,  N 3 9 ,  N E 1 9 ,  N E 2 8 ,  N E 3 0 ,  S 2 2  a n d  1 3 0 .
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T a b le  3 .1  T h e  s iz e  o f  I T S  a m p l i f ie d  p ro d u c ts  o f  A .  c e r a n a  f r o m  N o r t h  ( N ) ,  C e n t r a l  ( C ) ,  

N o r t h - E a s t  ( N E ) ,  S o u t h  ( ร )  a n d  S a m u i  I s la n d  ( I ) .

S a m p le S iz e  o f  I T S  a m p l i f ie d  p r o d u c t  (b p )

5 0 0 5 8 0 6 0 0 6 5 0 7 0 0 7 8 0 8 0 0

N 6 * *

N 1 6 * * *

N 1 8 *

N 2 1 *

N 2 4 * * *

N 2 8 * * *

N 3 0 *

N 3 8 * *

N 3 9 * *

N 4 0 *

N 4 8 *

C l *

C 7 * * * *

C l l * *

C 1 2 * * *

C 1 4 * * *

C 1 5 * * * *

C 1 6 * * *

C 2 0 *

C 2 1 * * *

C 2 6 *

C 28 * *

N E 1 8 * *

** amplified product o f 580 bp was sequenced
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T a b le  3 .1  ( c o n t in u e d )

Sample Size o f ITS amplified product (bp)
5 0 0 5 8 0 6 0 0 6 5 0 7 0 0 7 8 0 8 0 0

NE19 * *
NE24** * *

NE25 * *
NE26** รเะ *

NE28 * *

NE30** * *
NE35** *
ร22** *

ร39 * *
S51 *
S53 *

S59** * *
S65** * *
S66** *
S70 *
116 *
118 *

121** * *
124 *
127 * *

129** *
130 * *
132 *

133** *
135** * *

** amplified product o f 580 bp was sequenced
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1 2  3 4
A c G T A CG T A CG T A CG T

F ig u r e  3 .4  A n  a u to r a d io g r a m  o f  p a r t ia l  I T S  s e q u e n c e  d e r iv e d  f r o m  p r im e r  I T S 3 .

N o  s e q u e n c e  p o ly m o r p h is m  w a s  o b s e rv e d  b e tw e e n  g e o g r a p h ic a l ly  

d i f f e r e n t  s a m p le s .

L a n e  1 -4  N u c le o t id e  s e q u e n c e s  o f  a  5 8 0  a m p l i f ie d  p r o d u c t  f r o m  N 2 8 ,

N E 2 4 , N E 2 6  a n d  S 5 9 ,  r e s p e c t iv e ly .
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N16N24N28ClC12Cl 5Cl 6C21NE24NE26NE30NE35S22

S66121129133135

GTAGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGGCTAACCACCGGGATGTTCATGTAGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGGCTAACCACCGGGATGTTCATGTAGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGGCTAACCACCGGGATGTTCATGTAGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGGCTAACCACCGGGATGTTCATGTAGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGGCTAACCACCGGGATGTTCATGTAGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGGCTAACCACCGGGATGTTCATGTAGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGGCTAACCACCGGGATGTTCATGTAGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGGCTAACCACCGGGATGTTCATGTAGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGGCTAACCACCGGGATGTTCATGTAGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGGCTAACCACCGGGATGTTCATGTAGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGGCTAACCACCGGGATGTTCATGTAGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGGCTAACCACCGGGATGTTCATGTAGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGTCTAACCACCGGGATGTTCATGTAGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGTCTAACCACCGGGATGTTCATGTAGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGTCTAACCACCGGGATGTTCATGTAGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGTCTAACCACCGGGATGTTCATGTAGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGTCTAACCACCGGGATGTTCATGTAGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGGCTAACCACCGGGATGTTCATGTAGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGGCTAACCACCGGGATGTTCATGTAGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGGCTAACCACCGGGATGTTCATGTAGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGGCTAACCACCGGGATGTTCATร.*-***********'**********-***********'***** ********************-

60

NI 6N24N28ClCl 2C15C16C21NE24NE26NE30NE35S22S39
c s q
565566 121 129 133 135

120AACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCAACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCC
* * * * * * * r -* r-* r '* r -* rS f* -* - * - -* r - ir - * - * * - ir * - - * r  + * * - * r * - * - * * - * r * * * * - * r * - * - * r - * - * - * r - * ’ * ' * ’ * - * - * - * - - t* * '* r - * - - * - - * r - * -S lr *

( A )

Figure 3.5 A l ig n m e n t  o f  n u c le o t id e  

r ib o s o m a l  R N A  g e n e  o f  

d ia g r a m  s h o w  p o s i t io n  o f

s e q u e n c e s  o f  A .  c e r a n a  in  I T S  r e g io n  o f  n u c le a r  

2 1  h o n e y b e e  s a m p le s  u s in g  C lu s ta l  X  ( A ) .  T h e  

f o u r  p o in t  m u ta t io n s  o f  th e s e  I T S  s e q u e n c e  ( B ) .
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N16N24N28C7C12C15Cl 6C21NE24NE26NE30KE35

S66121129133135

GGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTGGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTGGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTGGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTGGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTGGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTGGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTGGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTGGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTGGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTGGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTGGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTGGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTGGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTGGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTGGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTGGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTGGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTGGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTGGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATTGGGTGGACACTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAACTTAATTAATAAATT************************************************************

180

N16N24N28C7C12C15C16C21NE24NE26NE30NE35S221S66121129133135

240AAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGPACGCAGCGAAATGCGAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGAAAAACTTTCAACAACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGA******************* ******* พ *********************************

(A )

Figure 3.5 (continued)
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TAAGTAATGTGAATTGCAGAATTCAGTCAATCATCGAATCTTTAACGCACATTGCGCCCC TAAGTAATGTGAATTGCAGAATTCAGTCAATCATCGAATCTTTAACGCACATTGCGCCCC TAAGTAATGTGAATTGCAGAATTCAGTCAATCATCGAATCTTTAACGCACATTGCGCCCC TAAGTAATGTGAATTGCAGAATTCAGTCAATCATCGAATCTTTAACGCACATTGCGCCCC TAAGTAATGTGAATTGCAGAATTCAGTCAATCATCGAATCTTTAACGCACATTGCGCCCC TAAGTAATGTGAATTGCAGAATTCAGTCAATCATCGAATCTTTAACGCACATTGCGCCCC TAAGTAATGTGAATTGCAGAATTCAGTCAATCATCGAATCTTTAACGCACATTGCGCCCC TAAGTAATGTGAATTGCAGAATTCAGTCAATCATCGAATCTTTAACGCACATTGCGCCCC TAAGTAATGTGAATTGCAGAATTCAGTCAATCATCGAATCTTTAACGCACATTGCGCCCC TAAGTAATGTGAATTGCAGAATTCAGTCAATCATCGAATCTTTAACGCACATTGCGCCCC TAAGTAATGTGAATTGCAGAATTCAGTCAATCATCGAATCTTTAACGCACATTGCGCCCC TAAGTAATGTGAATTGCAGAATTCAGTCAATCATCGAATCTTTAACGCACATTGCGCCCC TAAGTAATGTGAATTGCAGAATTCAGTCAATCATCGAATCTTTAACGCACATTGCGCCCC TAAGTAATGTGAATTGCAGAATTCAGTCAATCATCGAATCTTTAACGCACATTGCGCCCC TAAGTAATGTGAATTGCAGAATTCAGTCAATCATCGAATCTTTAACGCACATTGCGCCCC TAAGTAATGTGAATTGCAGAATTCAGTCAATCATCGAATCTTTAACGCACATTGCGCCCC TAAGTAATGTGAATTGCAGAATTCAGTCAATCATCGAATCTTTAACGCACATTGCGCCCC TAAGTAATGTGAATTGCAGAATT'CAGTCAATCATCGAATCTTTAACGCACATTGCGCCCC TAAGTAATGTGAATTGCAGAATTCAGTCAATCATCGAATCTTTAACGCACATTGCGCCCC TAAGTAATGTGAATTGCAGAATTCAGTCAATCATCGAATCTTTAACGCACATTGCGCCCC TAAGTAATGTGAATTGCAGAATTCAGTCAATCATCGAATCTTTAACGCACATTGCGCCCC ใ************************************-************** ******+***
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360CTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTCTGGCATTCCGGGGGGCATGCCTGTCCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTCTGGCATTCCGGGGGGCATGCCTGTCCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTCTGGCATTCCGGGGGGCATGCCTGTCCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTCTGGCATTCCGGGGGGCATGCCTGTCCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGT
*  + *  * -A -* * ** * -» --» --* -* * * * -* --* -* ** * *  **•*?*■ ****•**•*★ ■ »'*+*•*■ ■ *■ '*:■ +•*■ ****** + **"*•*•* '*

( A )

F ig u r e  3 .5  ( c o n t in u e d )
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ATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTCG ATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTCG ATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTCG ATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTCG ATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTCG ATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTCG ATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTCG ATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTCG ATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTCG ATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTCG ATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTCG ATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCÇCCTCG ATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTGG ATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTGG ATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTGG ATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTGG ATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTGG ATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTGG ATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTGG ATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTGG ATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATCGACCGGCTGGGTCTTCTGTCCCCTGG ********************************************************** * 480
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480CGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGTACGCCGTAAAACCAAACCCATTTCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGTACGCCGTAAAACCAAACCCATTTCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGTACGCCGTAAAACCAAACCCATTTCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGTACGCCGTAAAACCAAACCCATTTCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGTACGCCGTAAAACCAAACCCATTTCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGTACGCCGTAAAACCAAACCCATTTCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGTACGCCGTAAAACCAAACCCATTTCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGTACGCCGTAAAACCAAACCCATTTCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGTACGCCGTAAAACCAAACCCATTTCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGTACGCCGTAAAACCAAACCCATTTCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGTACGCCGTAAAACCAAACCCATTTCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGTACGCCGTAAAACCAAACCCATTTCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGTACGCCGTAAAACCAAACCCATTTCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGTACGCCGTAAAACCAAACCCATTTCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGTACGCCGTAAAACCAAACCCATTTCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGTACGCCGTAAAACCAAACCCATTTCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGTACGCCGTAAAACCAAACCCATTTCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGTACGCCGTAAAACCAAACCCATTTCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGTACGCCGl'AAAACCAAACCCATTTCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGTACGCCGTAAAACCAAACCCATTTCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGTACGCCGTAAAACCAAACCCATTT*************■ ***■ *■ ******** + **■ ***■ ******^***-Jr******************

( A )

F ig u r e  3 .5  (c o n t in u e d )
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3.5 Optimization of MgClj concentration for amplification of microsatellite loci 
in A. cerana.

In this study, 13 microsatellite loci were selected from A. mellifera microsatellite 
loci, so the heterospecific microsatellite DNA of A. cerana was amplified by PCR 
reaction using conditions previously worked well for A. mellifera (Estoup et al., 1995) 
as described in 2.10.2. TheMgCl2 concentration for each A. mellifera microsatellite 
locus was optimized to be used for A. cerana and was varied from 1.0-1.9 mM for 
locus A7,A8,A14,A24,A29,A35,A43,A79,A81,A88 and A113 and from 0.6-2.5 
mM for locus A28 and A 107. The optimal MgCl2 concentration was chosen from that 
provide the most intense band of PCR product (Table 3.2 and Figure 3.6).

From the amplification results, five of the thirteen microsatellite loci (A7, A29, 
A35, A43 and A79) tested was not amplified in A. cerana. Nonspecific amplified 
products were observed in locus A35 at 55-57 °c annealing temperature and no 
amplified products were obtained in locus A7, A29, A43 and A79 at PCR reactions 
containing 1.0-1.9 mM MgCl2 at 52 °c annealing temperature. For others loci, eight 
microsatellite loci (A8, A14, A24, A28, A81, A88, A107 and 113) were able to amplify 
microsatellites in A. cerana population investigated.
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A c  G T 1.0 1.2 1.4 1.6 1.8 2.0

A8

A c  G T 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9

Al 13

Figure 3.6 The optimal MgCl2 concentration for microsatellite loci (A8 and Al 13) 
detected by polyaciylamide gel electrophoresis. The size standard is a 
M13 sequencing marker.
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T a b le  3 .2  P C R  c o n d it io n s  o f  m ic r o s a te l l i te  p r im e r  used  to  sc reen  p o ly m o r p h ic  lo c i

in  A . ce ra n a

Locus MgCl2,
mM

Annealing 
Temps ,°c

No. Alleles 
Observed

Size of allele 
(bp)

A7 1.0-1.9 52 None -
A8 1.4 55 2 160,165
A14 1.5 58 1 180
A24 1.0 58 3 95, 96, 97
A28 1.6 55 24 108-132
A29 1.0-1.9 52 None -
A35 1.2 55-57 Nonspecific products -
A43 1.0-1.9 52 None -
A79 1.0-1.9 52 None -
A81 1.2 52 1 132
A88 1.2 57 1 137

A107 1.2 55-57 10 155-169
A113 1.6 58 3 182,186,196
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3.6 Characterization of the amplified product of eight microsatellite loci
in A .  c e ra n a

Eight microsatellite loci (A8, A14, A24, A28, A81, A88, A107 and 113) were 
tested for study about genetic differentiation of A. cerana population in Thailand by 40- 
50 individuals A. cerana DNA from each of five geographic populations (North, North- 
East, Central, South and Samui Island). The microsatellite products were identified on 
the 6% denaturing polyacrylamide gel with M13 standard sequencing marker as a 
size standard as described in 2.10.2.

The locus A14, A81 and A88 were fixed for 180,132 and 137 bp, respectively. 
Only two alleles were observed with locus A8 (160,165 bp). In addition three alleles 
were observed with locus A24 (95,96, 97 bp) and A113 (182,186,196 bpXFigure 3.9). 
A large number of alleles were found at locus A28 and A 107 (Figure 3.7 and 3.8). 
The results of amplification of each locus are shown in table 3.2.

Based on the amplification success and observed number of alleles, three 
microsatellite loci, A28, A107 and A113, were chosen for further analysis of genetic 
diversity and differentiation of A. cerana in Thailand.

3.7 Genetic variation in Thai A .  c e ra n a

The A28, A107 and A113 microsatellite loci were polymorphic and gave 
microsatellite products in all investigated samples. For amplification of microsatellite 
loci, its products appeared as the single (homozygote) or double (heterozygote) groups of 
stutter bands. The actual allele size was determined from the most intense band within 
a group of stutter bands and assigned microsatellite product sizes in base pair length 
(bp) by comparison with a M13 sequencing marker.

All 265 individual colonies of A. cerana from five geographic samples (North 
: 47, Central : 54, North-East : 54, South : 71 and Samui Island : 39 colonies) were 
genetically typed using three microsatellite loci (A28, A107 and A113). When all 
investigated samples were amplified with primer A28,A107and A113, they could
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A C G T 1  2 3  4 5  6 7 8 9 10 11 12

Figure 3.7 Microsatellite patterns of A. cerana induviduals at locus A28 (lanes 1-12).
A  M 1 3  se q u e n c in g  m a rk e r  w a s  used  as a s tanda rd .
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I

Figure 3.8 Microsatellite patterns of A. cerana induviduals at locus A107 (lanes 1-24).
A  M 1 3  s e q u e n c in g  m a rk e r  w a s  used  as a s ta n d a rd .
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A C G T  1 2 3  4 5  6  7 8  9  10 11 12 13 14 15 16 17 18 19 20

Figure 3.9 Microsatellite patterns of A. cerana induviduals at locus A113 (lanesl-20).
A  M 1 3  se q u e n c in g  m a rk e r  w a s  used  as a s tanda rd .
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be successfully amplify to 97 %, 97 % and 95 % 5 respectively. A total of 24 
alleles was observed at locus A28 with allele size between 108-132 bp. Only a 118 bp 
allele showed highly allele frequencies in North (0.344), Samui Island (0.289), Central 
(0.240), South (0.125) and North-East (0.102), respectively. For a 124 bp allele, the 
highest allele frequency was 0.316 found in the Samui Island sample.

For A107, a total of 10 alleles (155, 156,157,158, 159, 161, 165, 167 and 169 
bp) was observed. A 167 bp allele was commonly distributed in all geographic samples 
with the allele frequencies greater than 0.80 in each geographic sample. At Samui 
Island, only a 167 bp allele was found so its frequency was 1.00.

The lowest polymorphic locus A113 showed three alleles (182, 186 and 196 bp). 
A 182 bp allele was found only in North and Central samples with relatively low 
frequencies. Additionally, a higher frequency was observed at a 186 bp allele at the 
frequency of 0.750 in North followed by 0.692 in North-East, 0.606 in Central and 
0.582 in South. This alleles was available at extremely low frequency (0.014) in the 
Samui Island. Unlike the mainland samples, the highest allele frequency in this sample 
was found at a 196 bp with 0.986 in frequency.

The allele frequency distribution varied markedly for the three microsatellite 
loci assayed and showed in Figure 3.10, 3.11 and 3.12 and Table 3.3.
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F ig u r e  3 .1 0  A l le le  fre q u e n c y  d is t r ib u t io n s  a t th e  m ic ro s a te l l i te  lo c u s  A 2 8  f r o m  N o r th

(ท= 4 5 ) ,  C e n tra l (ท= 5 2 ) , N o r th -E a s t (ท= 5 4 ) , S o u th  (ท= 6 8 ) , S a m u i Is la n d

(ท= 3 8 )  and  O v e ra l l s am p le s  (ท= 2 5 7 ) .
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Is la n d  (ท= 3 8 )  a nd  O v e ra l l sam p le s  (ท= 2 5 7 ) .
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T a b le  3 .3  A l le le  fre q u e n c ie s , n u m b e r  o f  a lle le , o b se rve d  and  e xp e c te d  h e te ro z y g o s ity

o f  th re e  m ic ro s a te l l i te  lo c i in  f iv e  s am p le s  o f  A. ce ra n a  in  T h a ila n d .

Locus Allele North Central North-East South Samui Island
(bp) (N=45) (N=52) (N=54) (N=68) 0รโ=38)
108 0.011 - 0.019 - -
109 - 0.010 - 0.022 -
110 0.011 0.010 - - 0.013
111 - - - 0.007 -
112 0.022 - 0.019 - -
113 0.011 0.029 - 0.007 0.013
114 0.033 0.029 0.056 0.074 0.026
115 0.100 0.096 0.065 0.007 -
116 0.22 0.087 0.028 0.051 0.079
117 0.044 0.038 0.037 0.074 -
118 0.344 0.240 0.102 0.125 0.289
119 0.078 0.077 0.167 0.103 0.079
120 0.133 0.115 0.148 0.037 0.013
121 0.067 0.115 0.083 0.118 0.053
122 - 0.038 0.056 0.015 0.026
123 - 0.038 0.028 0.037 -
124 0.033 0.010 - 0.088 0.316
125 0.044 0.029 0.019 0.118 0.013
126 0.011 0.019 0.130 0.037 0.079
127 - 0.019 0.046 0.051 _

128 0.022
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Table 3.3 (continued)
Locus Allele North Central North-East South Samui Island
A28 (bp) (N=45) (N=52) (N=54) (N=68) (N=38)

129 0.011 - - - -
130 - - - 0.007 -
132 0.022 - - - -

Number of alleles 17 17 15 19 1 ̂  1Z
Observed heterozygosity 0.578 0.558 0.667 0.676 0.526
Expected heterozygosity 0.844 0.894 0.908 0.924 0.804

Locus Allele North Central North-East South Samui Island
A107 (bp) (N=43) (N=54) (N=54) (N=68) (N=38)

155 - - - 0.015 -
156 0.012 0.028 0.028 - -
157 0.070 0.037 0.009 - -
158 0.023 0.028 0.009 - -
159 0.012 0.056 0.074 0.007 -
161 0.012 0.009 - 0.007 -
165 0.035 0.009 0.019 - -
166 - 0.009 0.009 0.007 -
167 0.814 0.824 0.833 0.816 1.000
169 0.023 - 0.019 0.147 -

Number of alleles 8 8 8 6 1
Observed heterozygosity 0.538 0.167 0.259 0.279 0.000
Expected heterozygosity 0.334 0.317 0.301 0.314 0.000
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Table 3.3 (continued)
Locus Allele North Central North-East South Samui Island

A113 (bp) (N=44) (N=52) (N=52) (N=67) (N=37)
182 0.034 0.144 - - -

186 0.750 0.606 0.692 0.582 0.014
196 0.216 0.250 0.308 0.418 0.986

Number of alleles 3 3 2 2 2
Observed heterozygosity 0.477 0.512 0.269 0.418 0.027
Expected heterozygosity 0.394 0.555 0.430 0.490 0.027
N = Number of sample examined

Table 3.4 The number of allele per locus and heterozygosity averaged overall loci.

Sample Mean number of 
Allele per locus

Mean of Heterozygosity
Observed {Ho ± SD) Expected {He ± SD)

North 9.3 ±1.90 0.41 ±0.072 0.52 ±0.314
Central 9.3 ±1.90 0.42 ±0.302 0.59 ±0.309
North-East 8.3 ±1.84 0.40 ±0.301 0.55 ±0.353
South 9.0 ±2.42 0.46 ± 0.243 0.58 ±0.338
Samui Island 5.0 ±2.22 0.18 ±0.509 0.28 ±0.638
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The direct count heterozygosity (Ho) and the expected heterozygosity (He) of 
five geographic samples for all three loci were shown in Table 3.4. The average 
observed heterozygosities ranged from 0.18 (Samui Island samples) to 0.46 (South 
samples) indicating a low genetic variation levels in A. cerana.

The number of alleles detected per polymorphic locus in all A. cerana samples 
was 3 for locus A113, 10 for locus A107 and 24 for locus A28. The lowest mean 
number of alleles per locus per sample was 5.0 ±2.22 for Samui Island and the 
highest of this was 9.3 ±1.90 for North and Central (Table 3.4).

The A. cerana sample from Samui Island showed a low averaged calculated 
heterozygosity (0.18 ± 0.509) because the monomorphic allele (167 bp) was observed at 
locus A107. Difference between observed and expected heterozygosity was observed 
for all loci in all samples which the observed heterozygositie were lower than the 
expected values.

Allele frequencies at 3 microsatellite loci in each pair of the A. cerana 
samples were used to calculated genetic distance based on Cavalli-Sforza and Edwards 
chord distance as showed by Table 3.5. The lowest genetic distance was found 
between North and Central samples (0.0200) whereas the highest was observed 
between North-East and Samui Island samples (0.0944). In addition, high level of 
genetic distance was observed among Samui Island and other samples (North, Central, 
North-East and South) with genetic distance ranged from 0.0690 (Samui Island and 
South) to 0.0944 (Samui Island and North-East).

The neighbor-joining tree based on chord distance showed that overall A. cerana 
are grouped into three different groups consisting of 1) North, Central and North-East,
2) South and 3) Samui Island (Figure 3.13).

Geographic heterogeneity of allele frequencies among A. cerana populations in 
Thailand was shown in Table 3.6. Significant differences in distribution of allele 
frequencies was observed for overall populations (p<0.001). The allele distribution 
frequencies of A. cerana from South was different from other samples for overall loci
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except North-East at the locus A113 (p=0.104). The North-East could not separated 
from Central at locus A107 (p=0.691) and from North at locus A107 (0.068) and locus 
A113 (p=0.059). On the other hand, the geographic homogeneity between North and 
Central was found at overall loci (p=0.154, p=0.336 and p=0.018 for A28, A107 and 
A113, respectively).

Intraspecifically geographic differentiation of A. cerana in Thailand was further 
supported by F-statistics (Fst). The Fst values of each pair of samples were -0.0005 
to 0.0810, -0.0085 to 0.1124 and 0.0153 to 0.7147 for locus A28, A 107 and A113, 
respectively (Table 3.7). Fst between North and Central sample was negative value at 
locus A28 and A107. Between Central and North-East, Fst was -0.0089 at locus A107. 
The Fst values for overall loci were 0.03286, 0.03213 and 0.26580 for locus A28, 
A107 and A113, respectively and the Fst for overall loci was 0.10661 (Table 3.8). The 
mutilocus Fst values for overall loci (A28, A107 and A113) was significantly larger 
than zero for the five geographic populations of A. cerana in Thailand indicated a 
significant degree of genetic differentiation within this species.
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Table 3.5 Cavalli-Sforza and Edwards chord distance between the five geographic 
samples of A. cerana in Thailand.

North Central North-East South Samui Island
North -
Central 0.0200 -
North-East 0.0307 0.0252 -
South 0.0436 0.0418 0.0331 -
Samui-Island 0.0929 0.0892 0.0944 0.0690 _
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Cavalli-Sforza and Edwards Chord Distance

Figure 3.13 A neighbor-joining tree illustrating relationships among 5 geographic 
populations of A. cerana in Thailand based on Cavalli-Sforza and Edwards
chord distance.
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T a b le  3 .6  G e o g ra p h ic  h e te ro g e n e ity  a n a ly s is  o f  f iv e  g e o g ra p h ic  s a m p le s  o f  A . ce ra n a

in  T h a ila n d  u s in g  th re e  m ic ro s a te l l i te  lo c i (A 2 8 ,  A 1 0 7  and  A 1 13).

Sample P-valuea
A28 A107 A113

North -  Central 0.154“ 0.336“ 0.018“
North -  North-East <0.001 0.068“ 0.059“
North -  South <0.001 <0.001 <0.001
North -  Samui Island <0.001 0.002 <0.001
Central -  North-East 0.003 0.691“ <0.001
Central -  South <0.001 <0.001 <0.001
Central -  Samui Island <0.001 0.009“ <0.001
North-East -  South <0.001 <0.001 0.104“
North-East -  Samui Island <0.001 0.009“ <0.001
South -  Samui Island <0.001 <0.001 <0.001

a = significant levels was adjusted using a sequential Bonferroni technique, 
ns = not significant.
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T a b le  3 .7  F -s ta t is t ic s  f o r  m ic r o s a te l l i te  a n a ly s is  o f  each p a ir  o f  f iv e  g e o g ra p h ic  s am p le s

o f  A . ce ra n a  in  T h a ila n d .

Sample Locus A28 Locus A107 Locus A113
Fst P-value Fst P-value Fst P-value

North -  Central -0.0005 0.4372 -0.0085 0.7823 0.0247 0.0428
North -  North-East 0.0375 0.0003 0.0003 0.3496 0.0038 0.2552
North -  South 0.0361 0.0001 0.0221 0.0494 0.0636 0.0044
North -  Samui 0.0533 0.0004 0.0904 0.0011 0.7147 0.0001
Central -  North-East 0.0148 0.0172 -0.0089 0.9485 0.0201 0.0798
Central -  South 0.0159 0.0076 0.0314 0.0137 0.0369 0.0166
Central -  Samui 0.0554 0.0001 0.0763 0.0018 0.5738 0.0001
North-East -  South 0.0183 0.0017 0.0269 0.0186 0.0153 0.1469
North-East -  Samui 0.0810 0.0001 0.0791 0.0006 0.6336 0.0001
South -  Samui 0.0471 0.0001 0.11235 0.0002 0.4945 0.0001
%2 : infinity, D.f. : 6

Table 3.8 F-statistics for microsatellite analysis of five geographic populations of 
A. cerana in Thailand.

Locus Fst P-value S.E.
A28 0.03286 0.00001 0.00000
A107 0.03213 0.00022 0.00007
A113 0.26580 0.00001 0.00000
Overall 0.10661 - -
%2 : infinity, D.f. : 6
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