
C H A P T E R  I V

DISCUSSION

Geographic distribution of the honeybee, A. cerana in Thailand based on 
morphometric approach was studies by Limbipichai (1990) using Canonical and Cluster 
analyses. The former divided A. cerana t 0 two different groups; the Northern and 
Southern latitudes whereas the latter could further dissociate the Samui sample from the 
Southern group. In addition, genetic diversity of A. cerana in Thailand has been studies 
by several molecular techniques.

Pramual (1994) demonstrated that A. cerana gene pool was not homogeneous 
but fragmented to several groups using RFLP analysis with BglII, Clal, EcoBI, HaeII, 
and NdeI. The EcoRI-restricted DNA probed with a probed no.3035 clearly illustrated 
the genetic differences between A. cerana originating from the Samui Island and other 
geographic locations.

Uthaisang (1994) investigated genetic variation in this species using the same 
approach as did Pramul (1994). Six different RFLP patterns were observed when Haem  
digested total DNA of A. cerana was probed with the DNA probe no. 99 (repetitive 
sequence). Besides the nuclear DNA markers, level of genetic variability in A. cerana 
was also examined using mtDNA polymorphism. Several mtDNA genes were 
amplified by PCR and digested with informative restriction endonucleases (hereafter 
called PCR-RFLP). A total of 16 single haplotype was found from digestion of sRNA 
gene (3), IrRNA gene (5) and the intergenic COI-COII region (8) with D ra l (TTTi 
AAA) (Sihanuntavong, 1997). The additional analysis of genetic structure in A. cerana 
by PCR-RFLP of the amplified ATPase6-ATPase8 with Taql (T ICGA), Sspl (AAT 
■ iATT) and VspI (AT 4-TAAT) generated 2, 5 and 6 restriction patterns, respectively 
(Songram, 1997). The results from both experiments allocated five investigated
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samples (North, North-East, Central, South and Samui Island) to be three heterogeneous 
populations.

There have been no reports concerning genetic diversity in A . c e ra n a  using 
nuclear DNA markers. Although sampling strategies and laboratory techniques are 
relatively simple when mtDNA is employed, contribution of the male component on 
population genetic sense cannot be inferred from mtDNA. As a result, it is necessary 
to investigate an agreement of population genetic information of two different sources 
of DNA markers. The ITS region and microsatellite DNA from nuclear genome of 
A . c e ra n a  were then chosen. Based on the fact that, these markers inherit in the 
co-dominant fashion, further applications for breeding programmes of A . c e ra n a  using 
these markers are promising.

Ribosomal DNA has been widely used for phylogenetic studies in various taxa. 
The polymorphism within the internal transcribed spacer (ITS) of the nuclear ribosomal 
RNA (rRNA) genes has been used to differentiate closely related organisms (Hillis and 
Davis, 1986; Mindel and Honeycutt, 1990; Hillis and Dixon, 1991). For examples, the 
RFLP analysis of PCR amplified ribosomal DNA of three T r ic h o g ra m m a  species ; 
T .m in u tu m , T .b ra s s ic a e  and T. s ib i r iu m , were reported (Sappal e t a i ,  1995). Length 
polymorphism in the ITS region was clearly observed in theses three species. Population 
specific patterns were observed from RFLP analysis. Tang e t a l . ( l 9 9 6 )  sequences the 
ITS of the West - African black fly species complex (S im u liu m  d a m n o s u m  ร.1.) and 
demonstrated extensive intra-individual (length heteroplasmy) and intra-specific (length 
polymorphism) polymorphism. The polymoxphic subregion in the ITS was primarily 
due to the ITS 1 domain. An analysis of the ITS1 sequences o ï  s . d a m n o s u m  

indicated differences in both length and sequence composition of this subregion. 
Some individuals gave up to four ITS bands after PCR amplification.

The ITS region of A . c e ra n a  in Thailand also showed length heteroplasmy. This 
indicate the existence of both inter- and intraindividual polymorphism of the ITS in 
A . c e ra n a . Amplification of the ITS from the five geographic samples of A . c e ra n a
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through PCR yielded DNA products ranging in size from approximately 500-800 bp. 
The length of these amplified fragments was comparable to that of grasses, 588-603 bp, 
(Hsiao etal., 1994) and Tropilaelaps clareae, about 620 bp (Tangjingjai, 1998). In the 
present study, a 580 bp product was the most common allele which were available 
in most of investigated specimens. This band were then selected for further 
characterizations by direct sequencing.

Homology among investigated ITS sequenced was analyzed. Only 4 point 
mutations including 1 transversion (G <-> C) and 3 transitions (T C) were observed 
indicating extremely low sequence divergence of the ITS region. No genetic 
polymorphism within each geographic sample was found. Although this sequence 
information was not sufficient to represent patterns of genetic variation and 
differentiation in Thai A. cerana, dissociation of geographic origin of A. cerana from 
the Northern, Central and North-East), the Southern (South) and the Samui Island were 
consistently observed in the sequencing data set. Based on the fact that, DNA 
sequencing is tedious and time-consuming, the number specimens investigated was 
limited. Considering level of polymorphism obtained, sequencing of a 580 bp amplified 
ITS is not appropriate for determination of genetic differentiation in this species. No 
genetic variation between the ITS sequences of 11 lake trout {Salvelinus namaycush) 
individuals from five different location was reported (Zhuo etal., 1994). Analysis of 
20 Tropilaelaps Clareae individuals (Tangjingjai, 1998) by sequencing of the amplified 
ITS did not show any sequence divergence at this region. Within Apidae, interspecific 
polymorphisms between Anthophora abrupt a, Apis mellifera, Euglossa imperialis, 
Bombus terricola and Trigona capitata were reported. A total of 7 phylogenetically 
informative sites were available at the homologous region of that in this study (Sheppard 
andMcPheron, 1991). Disregarding the small sample sizes of investigated A. cerana, 
the information on fixed differences in nucleotides between different geographic 
samples, allow developing of population specific primers. The primer could be designed 
for selective amplification of different product sizes. The existence of length
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h e te r o p la s m y  in  th e  I T S  m a d e  t h e  a p p ro a c h  m o r e  c o m p lic a te d .  A  5 8 0  b p  b a n d  n e e d  

t o  b e  e lu te d  f r o m  a n  e le c t r o p h o re s e d  g e l a n d  s e rv e d  a s  t h e  te m p la te  f o r  s e le c t iv e  

a m p l i f ic a t io n  s e c o n d  r o u n d  o f  A .  c e r a n a  f r o m  d i f f e r e n t  g e o g ra p h ic  o r ig in .

T h e  s a m e  A . c e r a n a  in d iv id u a ls  u s e d  f o r  D N A  s e q u e n c in g  a n a ly s is  in  t h is  s tu d y  

w a s  a ls o  g e n e t ic a l ly  a n a ly z e d  b y  P C R - R F L P  ( S ih a n u n ta w o n g ,  1 9 9 7  a n d  S o n g r a m ,  

1 9 9 7 ) .  S e v e r a l  h a p lo ty p e s  w e r e  o b s e r v e d  f r o m  d ig e s t io n  o f  s R N A  g e n e , I r R N A ,  th e  

in te r g e n ic  coi-con a n d  th e  A T P a s e 6 - A T P a s e 8  w i t h  s e le c te d  r e s t r ic t io n  e n z y m e s .  

M o r e o v e r ,  t h e  P C R - R F L P  a p p ro a c h  is  m u c h  m o r e  c o n v e n ie n t  t h a n  D N A  s e q u e n c in g  

a n d , i n  t h is  c a se , p r o v id e  b e t te r  re s u lt s .  T h e r e fo r e  th e  o th e r  m o le c u la r  te c h n iq u e  s h o u ld  

b e  u s e d  t o  re p la c e  th e  a d v a n ta g e s  o f  D N A  s e q u e n c in g  u s in g  t h e  a m p l i f ie d  I T S  r e g io n .

M ic r o s a t e l l i t e  m a r k e r  w a s  a d d i t io n a l  c h o s e n  f o r  t h is  s tu d y  b e c a u s e  i t  p r e v io u s ly  

s h o w e d  h ig h  le v e l  o f  p o ly m o r p h is m  in  A . m e l l i f e r a .  E s to u p  e t  a l .  ( 1 9 9 3 )  r e p o r te d  t h a t  

p r im e r s  d e v e lo p e d  f r o m  f l a n k in g  s e q u e n c e s  o f  m ic r o s a t e l l i t e  lo c i  i n  A . m e l l i f e r a  a re  

s im i la r  e n o u g h  t o  a l l o w  P C R  a m p l i f i c a t io n  in  o th e r  A p is  s p e c ie s  as  w e l l  as  m e m b e r s  o f  

i t s  r e la te d  g ro u p  f r o m  th e  g e n u s  B o m b u s .  M ic r o s a t e l l i t e s  is  p o t e n t ia l l y  u s e fu l  f o r  n o t  

o n ly  p o p u la t io n  s t r u c tu r e  a n d  g e n e t ic  d i f f e r e n t ia t io n  a n a ly s is  ( E s to u p  e t  a l . ,  1 9 9 5  a n d  

E s to u p  e t  a l . ,  1 9 9 6 )  b u t  a ls o  d e te r m in a t io n  o f  p o ly a n d r y  ( m u l t ip le  q u e e n  m a t in g )  ( M o r t z  

e t a l . ,  1 9 9 5  a n d  O ld r o y d  e t a l . ,  1 9 9 7 )  i n  t h e  s o c ia l in s e c t  l i k e  h o n e y b e e s .  M ic r o s a t e l l i t e  

p o ly m o r p h is m  w a s  u s e d  to  c o n f i r m  t h a t  A . m e l l i f e r a  e v o lv e d  in  th r e e  d is t in c t  a n d  d e e p ly  

d i f f e r e n t ia te d  l in e a g e  p r e v io u s ly  d e te c te d  b y  m o r p h o lo g ic a l  a n d  m t D N A  s tu d ie s .  L a r g e  

g e n e t ic  d if fe r e n c e s  b e tw e e n  E u r o p e a n  a n d  A f r ic a n iz e d  A . m e l l i t e r a  w e r e  d e te c te d  b y  7  

m ic r o s a t e l l i t e  lo c i  ( e a c h  e x h ib i t  7 - 3 0  a l le le s  p e r  lo c u s ) .  T h e  A f r ic a n iz e d  s u b s p e c ie s  

s h o w e d  h ig h e r  h e te r o z y g o s i t y  a n d  th e  n u m b e r  o f  a l le le s  p e r  lo c u s  th a n  d id  th e  E u r o p e a n  

s u b s p e c ie s  (H  =  0 . 7 4 8 - 0 .8 2 9  f o r  t h e  f o r m e r  a n d  H  =  0 .0 8 2 - 0 .5 0 3  f o r  t h e  la t t e r ) .  O ld r o y d  

e t  a l .  ( 1 9 9 5 )  s tu d ie d  le v e ls  o f  p o ly a n d r y  a n d  in t r a c o lo n ia l  g e n e t ic  r e la t io n s h ip s  i n  A .  

f l o r e a  u s in g  5  m ic r o s a t e l l i t e  p r im e r  s u c c e s s fu l ly  s e ts  a m p l i f y  th o s e  i n  A . m e l l i f e r a .

I n  t h is  s tu d y ,  13  s e ts  o f  m ic r o s a t e l l i t e  p r im e r s  o r ig in a l l y  d e v e lo p e d  f r o m  A .  

m e l l i f e r a  w e r e  e x a m in e d  in  A . c e r a n a  u s in g  th e  P C R  c o n d i t io n  f u r t h e r  im p r o v e d  f r o m
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t h a t  f o r  A .  m e l l i f e r a .  F i v e  s e ts  o f  m ic r o s a t e l l i t e  p r im e r s  w e r e  n o t  s u c c e s s fu l ly  a m p l i f ie d  

th e  h o m o lo g o u s  lo c i  i n  A . c e r a n a  e v e n  th o u g h  P C R  c o n d i t io n s  w e r e  c a r e f u l l y  o p t im iz e d .  

P r e s u m a b ly ,  th e s e  m ic r o s a t e l l i t e  lo c i  a re  n o t  s u f f i c ie n t l y  c o n s e rv e d  f o r  o t h e r  s p e c ie s . 

E ig h t  m ic r o s a t e l l i t e  lo c i  w e r e  s u c c e s s fu l ly  a m p l i f ie d  in  A . c e ra n a  b u t  o n l y  o n e  ( A 1 4 ,  

A 8 1  a n d  A 8 8 )  a n d  t w o  a l le le s  ( A 8 )  w e r e  fo u n d  w h e n  a n a ly z e d  w i t h  a t  le a s t  4 0 - 5 0  

in d iv id u a ls  o f  A .  c e r a n a .  T w o  m ic r o s a t e l l i t e  lo c i  e x h ib i t e d  3  a l le le s  ( A 2 4  a n d  A 1 1 3 ) .  

W h i l e  1 2 1  o f  1 5 1  in d iv id u a ls  f r o m  5  g e o g ra p h ic  s a m p le s  p o s s e s s e d  a  9 6  b p  a l le le  w h e n  

a n a ly z e d  a t  lo c u s  A 2 4  in t e r p o p u la t io n  p o ly m o r p h is m  w a s  o b s e rv e d  a t  lo c u s  A 1 1 3 . 

T h e  A 2 8  a n d  A 1 0 7  lo c i  e x h ib i t e d  g re a te r  n u m b e r  o f  a l le le s  th a n  a n y  o th e rs .

T h e r e fo r e ,  t h r e e  m ic r o s a t e l l i t e  lo c i  ( A 2 8 ,  A 1 0 7  a n d  A 1 1 3 )  w e r e  c h o s e n  f o r  

d e t e r m in a t io n  o f  g e n e t ic  d i f f e r e n t ia t io n  w i t h i n  f i v e  g e o g ra 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 .  A l l  o f  w h ic h  a re  c o m p o u n d  m ic r o s a te l l i t e s  s h o w in g  l o w e r  le v e l  o f  

p o ly m o r p h is m  in  A . c e r a n a  t h a n  i n  A .  m e l l i f e r a  e x p e c t  a t  t h e  lo c u s  A 2 8  w h e r e  le v e l  

o f  p o ly m o r p h is m  w a s  c o n v e rs e .

T h e  a l le l ic  s iz e  d i f fe r e n c e s  b y  a  s in g le  n u c le o t id e  w e r e  fo u n d  a t  A 2 8  a n d A 1 0 7  

lo c i .  T h e s e  m a y  b e  th e  e f fe c ts  o f  s in g le  b a s e  m u t a t io n  in  th e  f l a n k in g  r e g io n  o f  

t h e  re p e a te d  m o t i f s  o r ,  in  a  r a v e  c a s e , f r o m  m u ta t io n s  w i t h i n  th e  c lu s t e r  o f  r e p e t i t i v e  

s e q u e n c e s . I n  a d d i t io n ,  s l ip p a g e  d u r in g  D N A  r e p l ic a t io n  in  v iv o  m a y  r e s u l t  a  s in g le  

n u c le o t id e  s p a c in g  o f  a m p l i f ie d  m ic r o s a t e l l i t e  p ro d u c ts .  T h i s  c ir c u m s ta n c e  w a s  e v id e n t  

in  s e v e r a l  s p e c ie s  s u c h  as  A . m e l l i f e r a  ( E s to u p  e t  a l . ,  1 9 9 5 )  a n d  A .  c e r a n a  ( O ld r o y d  

e t a l . ,  1 9 9 8 ) .  A t  lo c u s  A 1 1 3 , t h r e e  p o ly m o r p h ic  a l le le s  w e r e  fo u n d  a n d  n o t  s u f fe r e d  

f r o m  s in g le  c h a n g e s . A l t h o u g h ,  o v e r a l l  lo c i  ( A 2 8 ,  A 1 0 7  a n d  A 1 1 3 )  c a n  b e  u s e d  t o  

d e te r m in e  le v e l  o f  g e n e t ic  v a r ia t io n  in  A . c e r a n a ,  e f fe c ts  o f  h o m o p la s y  a t  a  g iv e n  lo c u s  

s h o u ld  b e  d e te r m in e d  b y  s e q u e n c in g  o f  s u s p e c te d  a l le le s .  T h i s  is  n e c e s s a ry  f o r  

p o p u la t io n  g e n e t ic  s tu d ie s  b u t  i t  c a n  b e  o v e r lo o k e d  i f  th e  th re e  m ic r o s a t e l l i t e  lo c i  

a re  a n a ly z e d  f o r  a n a ly s is  o f  i n d i v id u a l i t y  a n d  p a re n ta g e .

A t  lo c u s  A 2 8 ,  2 4  a l le le s  ( 1 0 8 - 1 3 2  b p  in  s iz e )  w e r e  o b s e rv e d  i n  A .  c e r a n a .  F i v e  

o f  th e s e  ( 1 2 2 ,  1 2 7 , 1 2 9 ,  1 3 0  a n d  1 3 2  b p )  w e r e  a ls o  o b s e r v e d  in  A . m e l l f e r a  f r o m  p r e v io u s
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p u b l ic a t io n  ( E s to u p  e t  a l . ,  1 9 9 4  a n d  E s to u p  e t  a l . ,  1 9 9 5 ) .  O n ly  th r e e  a l le le s  ( 1 8 2 ,1 8 6  a n d  

1 9 6  b p )  w e r e  o b s e rv e d  in  T h a i  A .  c e r a n a  w h e r e a s  h ig h e r  n u m b e r  o f  a l le le s  ( 1 9  a l le le s ,  

2 0 0 - 2 3 8  b p )  w a s  r e p o r te d  in  A . m e l l i f e r a .  N o  s h a re d  a l l e l i c  s iz e  w a s  f o u n d  b e tw e e n  

th e s e  s p e c ie s  a t  t h is  lo c u s .  L ik e w is e ,  l o w  n u m b e r  o f  a l le le s  i n  A .  c e r a n a  ( 1 0 )  in  

c o m p a re d  w i t h  A . m e l l i f e r a  ( 2 2 )  w a s  o b s e rv e d  a t  th e  lo c u s  A 1 0 7 . A g a in ,  o n l y  3  a l le le s  

( 1 6 1 ,  1 6 7  a n d l6 9  b p  a l le le s )  w e r e  o v e r la p p in g  d is t r ib u te d  b e tw e e n  s p e c ie s .

N in e  a l le le s  w e r e  fo u n d  a c ro s s  a l l  in v e s t ig a te d  A . c e r a n a  s a m p le s  ( 7  a l le le s  ( 1 1 4 ,  

1 1 8 , 1 1 9 , 1 2 0 , 1 2 1 , 1 2 5  a n d  1 2 6  b p )  f o r  A 2 8 ,  a  1 6 7  b p  a l le le  f o r  A 1 0 7  a n d  a  1 9 6  b p  

a l le le  f o r  A 1 1 3 ) .  A t  lo c u s  A 2 8 ,  th r e e  c o m m o n  a l le le s  ( 1 1 8 ,  1 1 9  a n d  1 2 0  b p )  w e r e  

fo u n d  in  a l l  in v e s t ig a te d  s a m p le s .  T h e s e  g e n o ty p e  w e r e  p o s s e s s e d  b y  a t  le a s t  3 0 %  o f  

e a c h  s a m p le s .  T h e  m o s t  c o m m o n  g e n o ty p e  a t  lo c u s  A 1 0 7  w a s  a  1 6 7  b p  a l le le  c a r r y in g  a  

h ig h  f r e q u e n c ie s  in  a l l  m a in la n d  s a m p le s .  T h is  a l le le  w e r e  f i x e d  in  t h e  S a m u i  im p ly in g  

l im i t e d  g e n e t ic  d iv e r s i t y  o f  t h is  A .  c e r a n a  s a m p le .  A t  lo c u s  A 1 1 3 , a  1 9 6  b p  a l le le  w a s  

n e a r ly  f i x e d  i n  t h e  S a m u i  I s la n d .  T h i s  f r e q u e n c ie s  o f  t h is  a l le le  i n  o t h e r  g e o g r a p h ic  

s a m p le s  w e r e  2 - 4  t im e s  le s s  th a n  th a t  in  S a m u i.  T h e  o b s e rv e d  h e te r o z y g o s i t y  w a s  

r e la t iv e ly  h ig h  i n  a l l  m a in la n d  s a m p le s  f o r  a l l  lo c i .  T h e  S a m u i  A . c e r a n a  s h o w e d  h ig h  

h e te r o z y g o s i t y  a t  lo c u s  A 2 8  b u t  la c k  o f  d iv e r s i t y  w a s  o b s e rv e d  a t lo c u s  A 1 0 7  { H o  =

0 .0 0 0 ) .  L im i t e d  h e te r o z y g o s i t y  w a s  o b s e rv e d  a t lo c u s  A 1 1 3 . C o n s id e r in g  t h e  n u m b e r  o f  

a l le le s  p e r  lo c u s  a n d  le v e ls  o f  h e te r o z y g o s i t y ,  th e  l o w  le v e l  o f  g e n e t ic  d iv e r s i t y  o f  t h e  

S a m u i  A  c e ra n a  in te r r e d  f r o m  m ic r o s a t e l l i t e  lo c i  w e r e  in  c o n t r a s t  w i t h  r e s u l t s ,  f r o m  

m t D N A - R F L P  r e p o r te d  b y  S ih a n u n ta v o n g  ( 1 9 9 7 )  a n d  S o n g r a m  ( 1 9 9 7 ) .

L a r g e  g e n e t ic  d i f fe r e n c e s  w e r e  o b s e rv e d  b e tw e e n  A . c e r a n a  f r o m  th e  N o r t h e r n  

a n d  S o u th e r n  la t i tu d e s .  T h e  n e ig h b o r - jo in in g  b a se d  o n  C a v a l l i - S f o r z a  a n d  E d w a r d s  

c h o r d  d is ta n c e  a l lo c a te d  f i v e  g e o g r a p h ic  s a m p le s  in t o  3 g ro u p s  : 1 ) N o r t h ,  C e n t r a l  

a n d  N o r t h - E a s t ,  2 )  S o u th  a n d  3 )  S a m u i  Is la n d .

G e o g ra p h ic  h o m o g e n e i t y  w a s  o b s e rv e d  b e tw e e n  N o r t h  a n d  C e n t r a l  g e o g r a p h ic  

s a m p le s  a t  a l l  lo c i  w h i l e  N o r t h  a n d  N o r t h - E a s t  w e r e  n o t  s ig n i f ic a n t l y  d i f f e r e n t
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g e n e t ic a l ly  a t  lo c u s  A 1 0 7  a n d  A 1 1 3 , C e n t r a l  a n d  N o r t h - E a s t  d id  n o t  s h o w  t h e  d i f f e r e n c e  

i n  g e n o ty p e  f r e q u e n c y  a t  lo c u s  A 1 0 7  ( P  =  0 .6 9 1 ) .  T h e s e  w e r e  s u p p o r te d  b y  n e g a t iv e  F s t  

v a lu e  b e tw e e n  s u c h  c o m p a r is o n s .  T h e  r e s u lt s  c o u ld  b e  e x p la in e d  b y  h ig h  g e n e  f l o w  

le v e l  o c c u r re d  w i t h i n  th e  N o r t h e r n  la t i t u d e  A . c e r a n a  b u t  r e s t r ic te d  g e n e  f l o w  w a s  fo u n d  

b e tw e e n  N o r t h e r n  a n d  S o u th e r n  g ro u p s .  G e o g r a p h ic  h e te r o g e n e i t y  b e tw e e n  t h e  S o u th  

a n d  S a m u i s a m p le s  m a y  b e  r e s u lte d  f r o m  g e n e t ic  d r i f t  i n  t h e  la t t e r  a s  i t  w a s  s u f fe r e d  

f r o m  g e n e  f l o w .  T h e  re a s o n  t o  e x p la in  t h is  p h e n o m e n o n  is  t h a t  S a m u i  I s la n d  a re  is o la t e d  

f r o m  th e  S o u th  b y  th e  g e o g r a p h ic a l b a r r ie r  o f  w a t e r  g a p  ( 1 8  k m  f r o m  th e  c lo s e s t  o f  t h e  

M a la y s ia n  P e n in s u la  ( N a k a m u r a  e t  a h ,  1 9 9 1 ) ) .

T h e  F s t  o f  a l l  A .  c e r a n a  s a m p le s  w e r e  s ig n i f ic a n t l y  la r g e r  t h a n  z e r o  in d ic a t in g  

t h a t  A . c e ra n a  i n  T h a i la n d  a re  g e n e t ic a l ly  d i f f e r e n t ia t e d  t o  s e v e ra l g e n e  p o o ls .  O n  t h e  

b a s is  o f  t h is  e s t im a te  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  o f  A .  c e r a n a  w e r e  a l lo c a te d  in t o  

t h r e e  g e n e t ic  p o p u la t io n s ,  1 )  N o r t h ,  C e n t r a l  a n d  N o r t h - E a s t ,  2 )  S o u th  a n d  3 )  S a m u i  

Is la n d .

L o w e r  n u m b e r  o f  a l le le  a n d  o b s e rv e d  h e te r o z y g o s i t y  in  th e  S a m u i  s a m p le  

in d ic a te d  l im i t e d  g e n e t ic  d iv e r s i t y  o f  t h is  p o p u la t io n .  A l t h o u g h ,  th e s e  r e s u l t s  w a s  

c o n t r a d ic to r y  t o  th o s e  p r e v io u s ly  r e p o r te d  b y  S ih a n u n ta v o n g  ( 1 9 9 7 )  a n d  S o n g r a m  

( 1 9 9 7 ) ,  w e r e  in  c o n s o n a n t  w i t h  th o s e  o f  P o o to n g  ( 1 9 9 9 ) .  S a m p l in g  e r r o r s  m a y  b e  o n e  

o f  t h e  m o s t  im p o r t a n t  re a s o n  t o  e x p la in  t h is  c ir c u m s ta n c e .

A l t h o u g h ,  t h e  I T S  s e q u e n c e  m a y  n o t  b e  a p p r o p r ia te  f o r  d e te r m in a t io n  o f  g e n e t ic  

d i f f e r e n t ia t io n  i n  A . c e r a n a ,  i t  p r o v e d  t o  b e  u s e fu l  f o r  id e n t i f ic a t io n  o f  g e o g ra p h ic  o r ig in  

o f  s u s p e c te d  A .  c e ra n a .  A d d i t i o n a l l y ,  m ic r o s a t e l l i t e  lo c i  a re  u s e fu l  f o r  a n a ly s is  o f  

g e n e t ic  v a r ia t io n  a n d  p o p u la t io n  s t r u c tu r e  o f  A . c e r a n a  i n  T h a i la n d .  T h is  r e s u l t s  f r o m  

t h is  m a r k e r  p r o v id e d  a  la r g e  g e n e t ic  d is c o n t in u i t y  b e tw e e n  th e  N o r t h e r n  a n d  S o u th e r n  

A . c e ra n a  in  T h a i la n d  as  p r e v io u s ly  c la r i f i e d  b y  m t D N A  p o ly m o r p h is m .
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