
C H A P T E R  3
G E N E R A L  M A T E R I A L S  A N D  M E T H O D S

In  th is  th e s is , tw o  e x p e r im e n ta l  te c h n iq u e s  w ere  u se d . F irs t, o v a ry  
d is s e c tio n  w as  c a rr ie d  o u t to  re v e a l th e  d e g re e  o f  o v a ry  a c tiv a tio n . T h is  
te c h n iq u e  w as  e x p la in e d  in  S ec tio n  4 .1 .2 . S eco n d , m o le c u la r  m a rk e r  
te c h n iq u e , m ic ro sa te lli te  a n a ly s is , w a s  p e r fo rm e d  to  d e te rm in e  p a te rn a l a n d  
m a te rn a l o r ig in  o f  d ro n e s  a n d  w o rk e rs  (S e c tio n  4 .1 .1  an d  S e c tio n  5 .1 ).

3 .1  G e n e t ic  T e c h n iq u e s

M ic ro sa te ll i te  a n a ly s is  w a s  u se d  in  th is  th e s is  to  d e te rm in e  th e  
p a re n ta g e  o f  d ro n e s  a n d  w o rk e rs  o f  A. d o rsa ta .  T h e  p ro c e d u re s  u s in g  in  tw o  
in v e s tig a tio n s  w ere  d e sc r ib e d .

3 .1 .1  D N A  E x t r a c t io n

P u p a e  w e re  re m o v e d  fro m  c e lls  a n d  k e p t in d iv id u a lly  in  a n  E p p e n d o r f  
tu b e . U s in g  s te rile  te c h n iq u e , o n e  h in d  leg  o r, i f  m iss in g , o n e  m id d le  leg  a n d  
o n e  a n te n n a  w h ic h  w a s  e q u a l a m o u n t o f  t is su e  w as  re m o v e d  f ro m  e a c h  b ee  
a n d  p u t in  a  s te r ilise d  E p p e n d o r f  tu b e . T h e  tis su e s  w e re  th e n  c h o p p e d  o r 
sq u e e z e d  in to  tin y  p ie c e s . T h e  g e n o m ic  D N A  w as  e x tra c te d  b y  a d d in g  
a p p ro x im a te ly  1 m l o f  b o il in g  5 %  C h e le x  so lu tio n  (A p p e n d ix -1) (B io  R a d  
1 99 1 ) in to  th e  tu b e . T u b e s  w e re  th e n  p la c e d  in  a  b o ilin g  w a te r  b a th  fo r  15 
m in u te s  to  a llo w  fo r e x tra c tio n  (W a lsh , M e tz g e r  a n d  H ig u c h i, 1991). 
C h e le x e d  sa m p le s  w ere  sp u n  in  a  m ic ro c e n tr ifu g e  a t 1 3 ,000  rp m  fo r  7 m in u te s . 
O n ly  th e  u p p e r  a q u e o u s  p a r t  o f  th e  so lu tio n  w a s  u se d  as D N A  te m p la te . T e n
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m ic ro li tre  o f  e x tra c te d  D N A  w as  ta k e n  an d  w as  d ilu te d  w ith  6 0  m iro litre  o f  
s te r ilise d  m il l iQ -H 20  (1 :6  d ilu tio n ) . D ilu te d  D N A  te m p la te s  w e re  s to re d  a t 4 
° c  fo r fu r th e r  u se  in  P C R  re a c tio n s .

3 .1 .2 . A m p l i f ic a t io n  o f  M ic r o s a te l l i te  L o c i U s in g  P o ly m e r a s e  C h a in  
R e a c t io n  (P C R )

T h e  b a s ic  c o m p o n e n ts  o f  P C R  re a c tio n  a re  o n e  o r m o re  m o le c u le s  o f  
ta rg e t  D N A , o lig o n u c le o tid e  p rim e rs , th e m o s ta b le  D N A  p o ly m e ra s e , an d  
d N T P s . T h is  re a c tio n  m ix  is re p e a te d ly  h e a te d  a n d  c o o le d  to  th e  te m p e ra tu re  
o p tim u m s  re q u ire d  fo r  te m p la te  d é n a tu ra tio n  (9 5 °C), p r im e r  a n n e a lin g  (5 5 - 
6 5°C ), a n d  D N A  p o ly m e ris a tio n  (7 2 °C ) ( M ie s fe ld , 1 999 ) (F ig u re  3 .1 ). T h e  
so u rc e  o f  D N A  te m p la te  c an  b e  e ith e r  p u r if ie d  D N A  o r re la t iv e ly  c ru d e  
n u c le ic  a c id . In  th e s e  e x p e rim e n ts  D N A  fro m  h o n e y  b e e s  e x tra c te d  b y  
C h e le x e d  re s in  w e re  u sed .

F o u r  p o ly m o rp h ic  m ic ro sa te lli te  p r im e rs  sp e c if ic  to  A .m e llife ra , A 14, 
A 2 4 , A 8 8  id e n tif ie d  b y  E s to u p  e t ah , 1993; 1995 a n d  A d 3  w h ic h  s p e c if ic  to  
A .d o r s a ta  (P a rr  e t a h , su b m itte d )  a t th e  B e e  L a b o ra to ry , th e  S c h o o l o f  
B io lo g ic a l  S c ie n c e s , U n iv e rs ity  o f  S y d n e y ) w e re  u s e d  to  d e te rm in e  th e  
m a te rn ity  a n d  p a te rn ity  o f  b ee s  in  th is  th e s is . T h e  p r im e r  s e q u e n c e s  sh o w n  in  
T a b le  3 .1 . R e v e rs e d  p rim e rs  h ad  b ee n  e n d -la b e le d  w ith  th e  f lu o re s c e n t  d ye  
H E X . T h e s e  p r im e rs  w ere  o b ta in e d  in  p e lle te d  fo rm  a n d  w e re  re d e h y d ra te d  in  
100 u l o f  m illi-Q  H 20 .  P C R s w ere  c o n d u c te d  b y  p re p a r in g  P C R  m ix tu re s  as 
l is te d  in  T a b le  3 .2 . D ilu te d  D N A  te m p la te  o f  each  b e e  w a s  th e n  a d d e d  in to  th e  
P C R  m ix tu re . M ix tu re s  w ere  p u t in  a  P C R  m a c h in e  (H y b a id  O m in g e n e
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T h e rm o c y c le r)  an d  u n d e rw e n t a  p ro g ra m m e  a p p ro p r ia te  to  e a c h  p r im e r  (T a b le
3 .3 ). A fte r  c y c le s  c o m p le te d , P C R  p ro d u c ts  w ere  k e p t a t 4  ° c .
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F ig u re  3.1 P o ly m e ra se  C h a in  R e a c tio n  fo r a m p lify in g  m ic ro s a te l l i te  loc i 
(A d a p te d  fro m  M o n ta g u e , 1996).



T a b l e  3 .1 .  P r i m e r  s e q u e n c e s  o f  f o u r  m i c r o s a t e l l i t e  p r i m e r s  u s e d  t o  d e t e c t  t h e

p a t e r n i t y  o f  w o r k e r s  o f  A .  d o r s a t a .

Locus Core sequence Primer sequence Author

A14 (CT),3......(G G T)9 5 ’ -GTGTCGC AATCG ACGTAACC-3 ’ Estoup et

5'-GTCGATTACCGATCGTGACG-3’ al., 1993

A24 (CT) 11 5 ’-CACAAGTTCCAACAATGC-3 ’ Estoup et

5 ’-CACATTGAGGATGAGCG-3 ’ al., 1995

A88 ( C T ) 10T C (C C T T )2 5 ’ -C G AATT AACCGATTT GTCG-3 ’ Estoup et

(CTTT)3....(G G A )7 5 ’ -GATCGC AATT ATT GAAGG AG-3 ’ al., 1995

Ad3 (TC) 13 5 ’-CCGTAACTGGACTTCTTTCCCTCC-3 ’ Parr et al.,

5 ’ -GAC AAT GGCGT ACTTT GTGG-3 ’ submitted



T a b le  3 .2 . o p t im a l  P C R  m ix tu re s  fo r  a m p lify in g  m ic ro s a te l l i te  p r im e rs  in  A. d o r s a ta .

P rim e rs A  14 A  2 4 A  88 A d  3
Reagent Volume 

(pi) in 
lOpl

Final
Concentration

Volume 
(pi) in 
lOpl

Final
Concentration

Volum e 
(pi) in 
lOpl

Final
Concentration

Volume 
(pi) in 
lOpl

Final
Concentration

M ill i -Q  H 20 6 .2 - 5 .2 4 - 6 .0 4 - 5 .4 4 -

P C R  b u f fe r 1.0 IX 1.0 I X 1.0 IX 1.0 IX
d N T P 0 .5 100  p M 0.5 100  p M 0 .5 100  p M 0.5 100 p M
M g C l2 0 .4 4 1.1 m M 0 .8 2 m M 0 .6 1.5 m M 0 .6 1.5 m M
F o rw a rd
p r im e r

0 .4 0 .8  p M 0 .2 0 .4  p M 0 .4 0 .8  p M 0 .2 0 .4  p M

R e v e rs e d
p r im e r

0 .4 0 .8  p M 0 .2 0 .4  p M 0 .4 0 .8  p M 0 .2 0 .4  p M

T a q  D N A  
P o ly m e ra s e

0 .0 6 0 .0 1 5  u n its 0 .0 6 0 .0 1 5  u n its 0 .0 6 0 .0 1 5  u n its 0 .0 6 0 .0 1 5  u n its

D N A
te m p la te

1.0 2 .0 1.0 2 .0
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T a b le  3 .3 . C o n d itio n s  u se d  fo r  a ll P C R  re a c tio n s .

Conditions Pre-denaturation Dénaturation Annealing Extension

Loci Temp Time Temp Time Temp Time Temp. Time
(°C) (sec.) ,(°C) (sec.) ,(°C) (sec.) (°C) (sec.)

Ad3 94 60 94 20 58 20 72 20

A14 94 60 94 20 58 20 72 20

A24 94 60 94 20 55 20 72 20

A88 94 60 94 20 58 20 72 20

E a c h  c y c le  (d é n a tu ra tio n  +  a n n e a lin g  +  e x te n s io n )  w a s  re p e a te d  35 
tim e s . F in a l e lo n g a tio n  c y c le  w a s  c o n d u c te d  a t 7 2  ° c  fo r  5 m in u te s .

3 .1 .3  E le c t r o p h o r e s i s

P o ly a c ry la m id e  g e ls  a re  p o ly m e rs  o f  a c ry la m id e  m o n o m e rs  l in k  in to  
l in e a r  c h a in  b y  N ,N '-m e th y le n e  b is  a c ry la m id e . T h is  g e l c a n  b e  u s e d  to  p u r ify  
sy n th e tic  o lig o n u c le o tid e , iso la te  o r  a n a ly se  D N A  le s s  th a n  1 K b p  in  s iz e  
(H o y , 1994).

In  th is  th e s is , P o ly a c ry la m id e  G el E le c tro p h o re s is  (P A G E ) w a s  u s e d  to  
d is t in g u is h  m ic ro sa te l li te  a lle le s  o f  th e  b ee s . P C R  p ro d u c t  o f  e a c h  b e e  w as  
d e n a tu re d  b y  b o il in g  in  a  w a te r  b a th  fo r 3 m in u te s . G e ls  u s e d  in  th is  
e x p e r im e n t w as  d e n a tu rin g  g e ls  in  w h ic h  u re a  w as  in c o p e ra te d  in to  th e  g e l in  
o rd e r  to  k e e p  th e  s ta n d s  o f  m ic ro sa te lli te  D N A  se p a ra te . T h e y  w e re  th e n
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e le c tro p h o re s e d  a t 1 400  v o lts  a n d  3 8 ° c  o n  an  a u to m a te d  D N A  fra g m e n t 
a n a ly s e r  (C o rb e tt  R e se a rc h , S y d n ey ). A lo n g  w ith  th e  sa m p le s , s iz e  s ta n d a rd s  
(G e n e  S ca n  ® -3 5 0  (T A M R A )) w h ic h  is k n o w n  a lle le  len g th  (in  b a se  p a irs ; b p ) 
w e re  ru n  as  th e  re fe re n c e  in  s ta n d a rd  lan es . E a c h  lan e  w as m a n u a lly  c h e c k e d  
fo r its  a lle le  s ize  in  b a se  p a ir  b a s e d  o n  th e  s iz e  s tan d a rd .

3 .2  G e n o ty p e  I d e n t i f i c a t io n

In  h o n e y  b e e s , b o th  q u e e n s  a n d  w o rk e rs  d ev e lo p  fro m  fe r t i l iz e d  eg g s  
a n d  a re  d ip lo id . B e c a u se  o f  th e  k in -s tru c tu re  o f  h o n e y  b ee  c o lo n ie s , w o rk e r  
g e n o ty p e s  m u s t o c c u r  in  o n e  o f  th e se  4  c a te g o rie s : 1) Q u e e n s  c a rry  tw o  a lle le s  
a n d  all w o rk e rs  (h e r  d a u g h te rs )  m u s t  c a rry  a t le a s t o n e  o f  th o se  tw o  a lle le s . 2 ) 
I f  a n y  w o rk e r  c a rr ie s  o n ly  1 a lle le  (i.e . sh e  is h o m o z y g o u s  a t th a t  lo c u s) , h e r  
m o th e r  ( th e  q u e e n s )  m u s t  c a rry  th a t  a lle le . 3 ) I f  a ll w o rk e rs  e x a m in e d  c a rry  
o n ly  o n e  a lle le , th e  q u e e n  is lik e ly  to  b e  h o m o z y g o u s  fo r th a t  a lle le  a t  th a t  
lo cu s . 4 )  I f  a ll w o rk e rs  e x a m in e d  c a rry  o n e  o f  tw o  a lle le s , th e  q u e e n  is lik e ly  
to  b e  h e te ro z y g o u s  fo r  th o s e  tw o  a lle le s  a t th a t  lo c u s  (O ld ro y d  e t a h , 1 996).
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