
CHAPTER III 

 

RES U L TS  

 

 
3.1    G EN O M IC D N A PREPARATIO N  

  
Th e  82 ge n om i c DNA sa m p le s w e r e  e x tr a cte d  f r om  ov a r i a n  ca n ce r  ti ssu e  sp e ci m e n s.   Th e  

y i e ld  of  e v e r y  sa m p le  w a s a p p r ox i m a te ly  r a n ge  450 -1250  µg/ m l a n d  th e  p u r i ti e s w e r e  be tw e e n  1. 7 

to 1. 9.  

 

3.2   AM PL IF IED  CREATED  RES TRICTIO N  S ITE M ETHO D  W ITH PO L Y M ERAS E 

CHAIN  REACTIO N  � RES RICTIO N  F RAG M EN T L EN G TH PO L Y M O RPHIS M   
 

3.2 .1   Th e  o pt i m i z a t i o n  c o n d i t i o n  o f  t h e  a m pl i f i e d  c r e a t e d  r e s t r i c t i o n  s i t e  m e t h o d  w i t h  

po l y m e r a s e  c h a i n  r e a c t i o n  

Th e  P CR  p r oce ss i s w i d e ly  e m p loy e d  i n  a  tr e m e n d ou s v a r i e ty  of  e x p e r i m e n ta l 

a p p li ca ti on s to p r od u ce  a  cle a r  si n gle  ba n d  DNA ta r ge t se q u e n ce s.   S i n ce  n o si n gle  se t of  

con d i ti on s ca n  be  a p p li e d  to a ll P CR  a m p li f i ca ti on s,  i n d i v i d u a l r e a cti on  com p on e n t con ce n tr a ti on s 

m u st be  a d j u ste d  w i th i n  su gge ste d  r a n ge s f or  e f f i ci e n t a m p li f i ca ti on  of  sp e ci f i c ta r ge ts.   W h i le  

th e r e  a r e  a  n u m be r  of  p ossi ble  con ce n tr a ti on  p a r a m e te r s,  logi ca l ti tr a ti on  of  i n te r r e la te d  r e a cti on  

com p on e n ts ca n  be  r e a d i ly  d e f i n e d .   I n  a d d i ti on ,  th e  te m p e r a tu r e  op ti m a l ca n  of te n  be  d e te r m i n e d  

w i th i n  a  f e w  e x p e r i m e n ts.  

 
A.   Th e  o pt i m i z a t i o n  c o n d i t i o n  o f  t h e  a m pl i f i e d  c r e a t e d  r e s t r i c t i o n  s i t e  m e t h o d  w i t h  

po l y m e r a s e  c h a i n  r e a c t i o n  f o r  c o d o n  1 2  o f  K -r a s  g e n e  

 I n  th i s stu d y ,  f or  th e  op ti m i z a ti on  of  P CR  r e a cti on  com p on e n ts,  th e  a n n e a li n g 

te m p e r a tu r e s w e r e  v a r i e d  f r om  56. 0 °C to 67. 0 °C (56. 0 °C,  59. 0 °C,  61. 0 °C,  64. 0 °C a n d  67. 0 °C)  a s 

sh ow n  i n  F i g u r e  2 3 .   W e  f ou n d  th a t a t 60 . 0 °C r e p r e se n te d  obv i ou sly  a n n e a li n g r e su lt w i th ou t 

n on -sp e ci f i c ba n d s.   Th e  con ce n tr a ti on s of  d e ox y n u cle osi d e  55 -tr i p h osp h a te s (d NTP s)  w e r e  v a r i e d  
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f r om  50  to 20 0  µM (50 ,  10 0 ,  150 ,  20 0  a n d  250  µM) ,  th e  op ti m i z a ti on  of  d NTP s con ce n tr a ti on  i s 

20 0  µM i n  F i g u r e  2 4 .   Mor e ov e r ,  th e  con ce n tr a ti on s of  m a gn e si u m  ch lor i d e  (MgCl
2
)  w e r e  

ti tr a te d  f r om  1. 0  to 3. 0  m M (1. 0 ,  1. 5,  2. 0 ,  2. 5 a n d  3. 0  m M) .  Th e  m ost e f f i ci e n t MgCl
2
 

con ce n tr a ti on  sh ow n  a t 2. 0  m M i n  F i g u r e  2 5 .   F i n a lly ,  th e  p r i m e r s con ce n tr a ti on  w e r e  v a r i e d  f r om  

0 . 1 to 0 . 5 µM (0 . 1,  0 . 2,  0 . 3,  0 . 4 a n d  0 . 5 µM) ,  th e  op ti m i z a ti on  of  p r i m e r  con ce n tr a ti on  i s 0 . 3 µM.   

Th e  r e su lt sh ow n  i n  F i g u r e  2 6 .    

Af te r  th e  ge n om i c DNA w a s a m p li f i e d  by  u si n g th e se  a p p r op r i a te  con d i ti on s.   Th e  P CR  

p r od u ct,  w h i ch  p r ov i d e d  a  cle a r  si n gle  ba n d  a t th e  e x p e cte d  si z e  of  162 bp ,  a s sh ow n  i n  th e   

9 th i r d :  la n e  of  F i g u r e  2 6 .   Th e  10 0  bp  of  DNA m ole cu la r  w e i gh t m a r k e r s w e r e  sh ow n  i n  th e  la n e  

9 M:  of  e a ch  f i gu r e .     

 

B .   Th e  o pt i m i z a t i o n  c o n d i t i o n  o f  t h e  a m pl i f i e d  c r e a t e d  r e s t r i c t i o n  s i t e  m e t h o d  w i t h  

po l y m e r a s e  c h a i n  r e a c t i o n  f o r  c o d o n  1 3 o f  K -ras g e n e  
 Th e  a n n e a li n g te m p e r a tu r e s w e r e  v a r i e d  f r om  51. 0 °C to 67. 0 °C (51. 0 °C,  54. 0 °C,  57. 0 °C,  

60 . 0 °C,  63. 0 °C a n d  67. 0 °C)  a s sh ow n  i n  F i g u r e  2 7 .   W e  f ou n d  th a t a t 63. 0 °C r e p r e se n te d  

obv i ou sly  a n n e a li n g r e su lt w i th ou t n on -sp e ci f i c ba n d s.   I n  th i s e x p e r i m e n t,  th e  con ce n tr a ti on s of   

d NTP s w e r e  v a r i e d  f r om  50  to 20 0  µM (50 ,  10 0 ,  150 ,  20 0  a n d  250  µM) ,  th e  m ost e f f i ci e n t of  

d NTP s con ce n tr a ti on  i s 20 0  µM i n  F i g u r e  2 8 .   Mor e ov e r ,  th e  con ce n tr a ti on s of  MgCl
2
 w e r e  

v a r i e d  f r om  1. 0  to 3. 0  m M (1. 0 ,  1. 5,  2. 0 ,  2. 5 a n d  3. 0  m M) ,  th e  op ti m i z a ti on  of  MgCl
2
 

con ce n tr a ti on  sh ow n  a t 2. 0  m M i n  F i g u r e  2 9 .   F i n a lly ,  th e  p r i m e r s w e r e  v a r i e d  f r om  0 . 1 to        

0 . 5 µM (0 . 1,  0 . 2,  0 . 3,  0 . 4 a n d  0 . 5 µM) ) ,  th e  a p p r op r i a te  con ce n tr a ti on  of  p r i m e r  i s 0 . 2 µM i n  

F i g u r e  30 .    

 Af te r  th e  ge n om i c DNA w a s a m p li f i e d  by  u si n g th e se  op ti m a l con d i ti on s.   Th e  P CR  

p r od u ct,  w h i ch  p r ov i d e d  a  cle a r  si n gle  ba n d  a t th e  e x p e cte d  si z e  of  159 bp ,  a s sh ow n  i n  th e   

9 se con d :  la n e s of  F i g u r e  30 .   Th e  10 0  bp  of  DNA m ole cu la r  w e i gh t m a r k e r s w a s sh ow n  i n  th e  

la n e  9 M:  of  e a ch  f i gu r e .     
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F i g u r e  2 3  Aga r ose  ge l e le ctr op h or e si s a n a ly si s of  th e  op ti m i z a ti on  of  th e  a n n e a li n g te m p e r a tu r e s 

f or  d e te cti on  of  cod on  12 m u ta ti on  of  K-ras ge n e  by  ACR S -P CR .  

Th e  a n n e a li n g te m p e r a tu r e s w e r e  a d j u ste d  to p r ov i d e  th e  be st r e su lt.   Th e  a n n e a li n g te m p e r a tu r e s 

w e r e  v a r i e d  f r om  54. 0 °C to 72. 0 °C r e sp e cti v e ly .   Th e  P CR  p r od u cts w e r e  su bj e cte d  to 

e le ctr op h or e si s on  2% (w / v )  a ga r ose  ge l i n  0 . 5X  TB E  bu f f e r .   S p e ci f i ca lly  si z e d  of  P CR  p r od u ct 

w a s obta i n e d  f or  th e  162 bp .  

   L a n e  M =  S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r   

   L a n e   1 =   54. 0 °C of  a n n e a li n g te m p e r a tu r e   

   L a n e   2 =   58. 0 °C of  a n n e a li n g te m p e r a tu r e  

   L a n e   3 =   60 . 0 °C of  a n n e a li n g te m p e r a tu r e   

   L a n e   4 =   63. 0 °C of  a n n e a li n g te m p e r a tu r e   

   L a n e   5 =   66. 0 °C of  a n n e a li n g te m p e r a tu r e   

L a n e   6 =   68. 0 °C of  a n n e a li n g te m p e r a tu r e   

   L a n e   7 =   72. 0 °C of  a n n e a li n g te m p e r a tu r e   

 

   M        1       2       3       4        5       6      7 

200 bp 
100 bp 

162 bp 

1000 bp 

500 bp 
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F i g u r e  2 4   Aga r ose  ge l e le ctr op h or e si s a n a ly si s of  th e  op ti m i z a ti on  of  th e  d e ox y n u cle osi d e                 

55 -tr i p h osp h a te s con ce n tr a ti on s f or  d e te cti on  of  cod on  12 m u ta ti on  of  K-ras ge n e  by             

ACR S -P CR .  

Th e  d e ox y n u cle osi d e  55 -tr i p h osp h a te s (d NTP s)  con ce n tr a ti on s w e r e  a d j u ste d  to p r ov i d e  th e  be st 

r e su lt.   Th e  d NTP s con ce n tr a ti on s w e r e  v a r i e d  f r om  50  µM to 250  µM r e sp e cti v e ly .   Th e  P CR  

p r od u cts w e r e  su bj e cte d  to e le ctr op h or e si s on  2% (w / v )  a ga r ose  ge l i n  0 . 5X  bu f f e r .   S p e ci f i ca lly  

si z e d  of  P CR  p r od u ct w a s obta i n e d  f or  th e  162 bp .  

 

   L a n e  M =  S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r  

   L a n e   1 =   50  µM of  d NTP s con ce n tr a ti on  

   L a n e   2 =   10 0  µM of  d NTP s con ce n tr a ti on  

   L a n e   3 =   150  µM of  d NTP s con ce n tr a ti on  

   L a n e   4 =   20 0  µM of  d NTP s con ce n tr a ti on  

   L a n e   5 =   250  µM of  d NTP s con ce n tr a ti on  

 

 

200 bp 
100 bp 

 162 bp 

M         1        2         3          4          5        

500 bp 

1000 bp 
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F i g u r e  2 5  Aga r ose  ge l e le ctr op h or e si s a n a ly si s of  th e  op ti m i z a ti on  of  th e  m a gn e si u m  ch lor i d e  

con ce n tr a ti on s f or  d e te cti on  of  cod on  12 m u ta ti on  of  K-ras ge n e  by  ACR S  -P CR .  

Th e  m a gn e si u m  ch lor i d e  (MgCl
2
)  con ce n tr a ti on s w e r e  a d j u ste d  to p r ov i d e  th e  be st r e su lt.   Th e  

MgCl
2 
con ce n tr a ti on s w e r e  v a r i e d  f r om  1. 0  m M to 3. 0  m M r e sp e cti v e ly .   Th e  P CR  p r od u cts w e r e  

su bj e cte d  to e le ctr op h or e si s on  2% (w / v )  a ga r ose  ge l i n  0 . 5X  bu f f e r .   S p e ci f i ca lly  si z e d  of  P CR  

p r od u ct w a s obta i n e d  f or  th e  162 bp .  

 

   L a n e  M =  S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r  

   L a n e   1 =   1. 0  m M of  MgCl
2 
con ce n tr a ti on  

   L a n e   2 =   1. 5 m M of  MgCl
2 
con ce n tr a ti on  

   L a n e   3 =   2. 0  m M of  MgCl
2 
con ce n tr a ti on  

   L a n e   4 =   2. 5 m M of  MgCl
2 
con ce n tr a ti on  

   L a n e   5 =   3. 0  m M of  MgCl
2 
con ce n tr a ti on  

 

 

 

200 bp 
100 bp 

162 bp 

M        1         2         3         4         5        

1000 bp 
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F i g u r e  2 6   Aga r ose  ge l e le ctr op h or e si s a n a ly si s of  th e  op ti m i z a ti on  of  th e  p r i m e r  con ce n tr a ti on s 

f or  d e te cti on  of  cod on  12 m u ta ti on  of  K-ras ge n e  by  ACR S  -P CR .  

Th e  p r i m e r  con ce n tr a ti on s w e r e  a d j u ste d  to p r ov i d e  th e  be st r e su lt.   Th e  p r i m e r  con ce n tr a ti on s 

w e r e  v a r i e d  f r om  10 0   µM to 50 0  µM r e sp e cti v e ly .   Th e  P CR  p r od u cts w e r e  su bj e cte d  to 

e le ctr op h or e si s on  2% (w / v )  a ga r ose  ge l i n  0 . 5X  bu f f e r .   S p e ci f i ca lly  si z e d  of  P CR  p r od u ct w a s 

obta i n e d  f or  th e  162 bp .  

 

   L a n e  M =  S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r  

   L a n e   1 =   0 . 1 µM of  p r i m e r  con ce n tr a ti on  

   L a n e   2 =   0 . 2 µM of  p r i m e r  con ce n tr a ti on  

   L a n e   3 =   0 . 3 µM of  p r i m e r  con ce n tr a ti on  

   L a n e   4 =   0 . 4 µM of  p r i m e r  con ce n tr a ti on  

   L a n e   5 =   0 . 5 µM of  p r i m e r  con ce n tr a ti on  
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162 bp 
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F i g u r e  2 7   Aga r ose  ge l e le ctr op h or e si s a n a ly si s of  th e  op ti m i z a ti on  of  th e  a n n e a li n g te m p e r a tu r e s 

f or  d e te cti on  of  cod on  13 m u ta ti on  of  K-ras  ge n e  by  ACR S -P CR .  

Th e  a n n e a li n g te m p e r a tu r e s w e r e  a d j u ste d  to p r ov i d e  th e  be st r e su lt.   Th e  a n n e a li n g te m p e r a tu r e s 

w e r e  v a r i e d  f r om  51. 0 °C to 67. 0 °C r e sp e cti v e ly .   Th e  P CR  p r od u cts w e r e  su bj e cte d  to 

e le ctr op h or e si s on  2% (w / v )  a ga r ose  ge l i n  0 . 5X  TB E  bu f f e r .   S p e ci f i ca lly  si z e d  of  P CR  p r od u ct 

w a s obta i n e d  f or  th e  159 bp .  

   L a n e  M =  S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r  

   L a n e   1 =   51. 0 °C of  a n n e a li n g te m p e r a tu r e  

   L a n e   2 =   54. 0 °C of  a n n e a li n g te m p e r a tu r e  

   L a n e   3 =   57. 0 °C of  a n n e a li n g te m p e r a tu r e  

   L a n e   4 =   60 . 0 °C of  a n n e a li n g te m p e r a tu r e  

   L a n e   5 =   63. 0 °C of  a n n e a li n g te m p e r a tu r e  

L a n e   6 =   67. 0 °C of  a n n e a li n g te m p e r a tu r e  

 

 

200 bp 
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M      1        2         3        4        5        6 
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F i g u r e  2 8   Aga r ose  ge l e le ctr op h or e si s a n a ly si s of  th e  op ti m i z a ti on  of  th e  d e ox y n u cle osi d e         

55 -tr i p h osp h a te s con ce n tr a ti on s f or  d e te cti on  of  cod on  13 m u ta ti on  of  K�ras ge n e  by               

ACR S  -P CR .  

Th e  d e ox y n u cle osi d e  55 -tr i p h osp h a te s (d NTP s)  con ce n tr a ti on s w e r e  a d j u ste d  to p r ov i d e  th e  be st 

r e su lt.   Th e  d NTP s con ce n tr a ti on s w e r e  v a r i e d  f r om  50  µM to 250  µM r e sp e cti v e ly .   Th e  P CR  

p r od u cts w e r e  su bj e cte d  to e le ctr op h or e si s on  2% (w / v )  a ga r ose  ge l i n  0 . 5X  bu f f e r .   S p e ci f i ca lly  

si z e d  of  P CR  p r od u ct w a s obta i n e d  f or  th e  159 bp .  

 

   L a n e  M =  S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r  

   L a n e   1 =    50  µM of  d NTP s con ce n tr a ti on    

   L a n e   2 =   10 0  µM of  d NTP s con ce n tr a ti on  

   L a n e   3 =   150  µM of  d NTP s con ce n tr a ti on  

   L a n e   4 =   20 0  µM of  d NTP s con ce n tr a ti on  

   L a n e   5 =   250  µM of  d NTP s con ce n tr a ti on  

 

200 bp  159 bp 

500 bp 

100 bp 

 M         1          2          3          4          5        
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F i g u r e  2 9   Aga r ose  ge l e le ctr op h or e si s a n a ly si s of  th e  op ti m i z a ti on  of  th e  m a gn e si u m  ch lor i d e  

con ce n tr a ti on s f or  d e te cti on  of  cod on  13 m u ta ti on  of  K-ras  ge n e  by  ACR S -P CR .  

Th e  m a gn e si u m  ch lor i d e  (MgCl
2
)  con ce n tr a ti on s w e r e  a d j u ste d  to p r ov i d e  th e  be st r e su lt.   Th e  

MgCl
2 
con ce n tr a ti on s w e r e  v a r i e d  f r om  1. 0  m M to 3. 0  m M r e sp e cti v e ly .   Th e  P CR  p r od u cts w e r e  

su bj e cte d  to e le ctr op h or e si s on  2% (w / v )  a ga r ose  ge l i n  0 . 5X  bu f f e r .   S p e ci f i ca lly  si z e d  of  P CR  

p r od u ct w a s obta i n e d  f or  th e  159 bp .  

 

   L a n e  M =  S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r  

   L a n e   1 =   1. 0  m M of  MgCl
2 
con ce n tr a ti on  

   L a n e   2 =   1. 5 m M of  MgCl
2 
con ce n tr a ti on  

   L a n e   3 =   2. 0  m M of  MgCl
2
 con ce n tr a ti on    

   L a n e   4 =   2. 5 m M of  MgCl
2 
con ce n tr a ti on  

   L a n e   5 =   3. 0  m M of  MgCl
2 
con ce n tr a ti on
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F i g u r e  30   Aga r ose  ge l e le ctr op h or e si s a n a ly si s of  th e  op ti m i z a ti on  of  th e  p r i m e r  con ce n tr a ti on s 

f or  d e te cti on  of  cod on  13 m u ta ti on  of  K-ras  ge n e  by  ACR S  -P CR .  

Th e  p r i m e r  con ce n tr a ti on s w e r e  a d j u ste d  to p r ov i d e  th e  be st r e su lt.   Th e  p r i m e r  concentrations w e r e  

v a r i e d  f r om  10 0  µM to 50 0  µM r e sp e cti v e ly .   Th e  P CR  p r od u cts w e r e  su bj e cte d  to 

e le ctr op h or e si s on  2% (w / v )  a ga r ose  ge l i n  0 . 5X  bu f f e r .   S p e ci f i ca lly  si z e d  of  P CR  p r od u ct w a s 

obta i n e d  f or  th e  159 bp .  

   L a n e  M =  S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r  

   L a n e   1 =   0 . 1 µM of  p r i m e r  con ce n tr a ti on  

   L a n e   2 =   0 . 2 µM of  p r i m e r  con ce n tr a ti on  
   L a n e   3 =   0 . 3 µM of  p r i m e r  con ce n tr a ti on  

   L a n e   4 =   0 . 4 µM of  p r i m e r  con ce n tr a ti on  

   L a n e   5 =   0 . 5 µM of  p r i m e r  con ce n tr a ti on  

 

 

 

M          1         2           3          4          5        
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3.2 .2   Re s t r i c t i o n  e n z y m e  d i g e s t i o n   

K-ras m u ta ti on  a t cod on  12 w a s d e te r m i n e d  by  r e str i cti on  f r a gm e n t le n gth  

p oly m or p h i sm  (R F L P ) .   Th e  f or w a r d  p r i m e r  con ta i n i n g on e  ba se  m i sm a tch  a t 3'  e n d  a m p li f i e d  

cr e a te d  a  r e str i cti on  si te  f or  9 B st N I :  i n  th e  P CR  p r od u ct obta i n  f r om  n or m a l se q u e n ce  a t cod on  12 

(GGT) ,  a n d  p r od u ce d  a  d i ge ste d  p r od u ct of  133 bp  a n d  29 bp  i n  le n gth ,  w h e r e a s th e  P CR  p r od u ct 

a m p li f i e d  f r om  m u ta n t se q u e n ce  a t cod on  12 w a s a bse n t th i s r e str i cti on  si te ,  a n d  ge n e r a te d  a            

162 bp  u n d i ge ste d  p r od u ct.  
F or  d e te cti on  of  m u ta ti on  a t cod on  13 of  K-ras ge n e ,  th e  r e v e r se  p r i m e r  con ta i n i n g on e  

ba se  m i sm a tch  a t 5'  e n d  a m p li f i e d  cr e a te d  a  se con d  r e str i cti on  si te  f or  9 H e a I I I :  i n  th e  P CR  

p r od u ct obta i n  f r om  n or m a l se q u e n ce  a t cod on  13 (CCG) ,  a n d  p r od u ce d  a  d i ge ste d  p r od u ct of  85,  

48 a n d  26 bp  i n  le n gth  w h i le  th e  P CR  p r od u ct a m p li f i e d  f r om  m u ta n t se q u e n ce  y i e ld  on ly  tw o 

f r a gm e n ts of  85 a n d  74 bp  be ca u se  of  a n  i n te r n a l H ae I I I  si te  a t n u cle oti d e  85.  
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F i g u r e  31   P oly m e r a se  ch a i n  r e a cti on  - r e str i cti on  f r a gm e n t le n gth  p oly m or p h i sm  a n a ly si s of  

p oi n t m u ta ti on  a t cod on  12 of  K-ras ge n e  f r om  ov a r i a n  ca n ce r 5 s ti ssu e s.   
 

Th e  P CR  p r od u cts be f or e  cu tti n g w i th  B st N  I  r e str i cti on  e n z y m e  a r e  sh ow n  i n  la n e  9 U :  a n d  a f te r  

cu tti n g a r e  sh ow n  i n  la n e  9 C: .   Th e  sta n d a r d  DNA 10 0  bp  la d d e r  w a s sh ow n  i n  th e  la n e  9 M: .   Th e  

n u m be r  of  e a ch  sa m p le  (O T)  i s sh ow n  a t th e  a bov e  li n e .   Th e  P CR  p r od u cts w e r e  r u n  on                  

12 %  n on -d e n a tu r i n g p oly a cr y la m i d e  ge l i n  1X  TB E  bu f f e r .  

 

      L a n e  1  =   S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r   

      L a n e  2,  4,  6   =   P CR  p r od u cts u n cu t w i th  B st N I  r e str i cti on  e n z y m e  si z e  162 bp  

      L a n e  3,  7  =   P CR  p r od u ct cu t w i th  B st N I  r e str i cti on  e n z y m e  si z e  133 bp   (Nor m a l)   
      L a n e  5  =   P CR  p r od u ct cu t w i th  B st N I  r e str i cti on  e n z y m e  si z e  162 a n d  133 bp  

     (Mu ta n t)  
Note  :  P CR  p r od u ct f r a gm e n t si z e  29 bp  n ot v i si ble  
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F i g u r e  32   P oly m e r a se  ch a i n  r e a cti on  - r e str i cti on  f r a gm e n t le n gth  p oly m or p h i sm  a n a ly si s of  

p oi n t m u ta ti on  a t cod on  12 of  K-ras ge n e  f r om  ov a r i a n  ca n ce r 5 s ti ssu e s.   
 

Th e  P CR  p r od u cts be f or e  cu tti n g w i th  B st N I  r e str i cti on  e n z y m e  a r e  sh ow n  i n  la n e  9 U :  a n d  a f te r  

cu tti n g a r e  sh ow n  i n  la n e  9 C: .   Th e  sta n d a r d  DNA 10 0  bp  la d d e r  w a s sh ow n  i n  th e  la n e  9 M: .   Th e  

n u m be r  of  e a ch  sa m p le  (O T)  i s sh ow n  a t th e  a bov e  li n e .   Th e  P CR  p r od u cts w e r e  r u n  on                    

12 %  n on -d e n a tu r i n g p oly a cr y la m i d e  ge l i n  1X  TB E  bu f f e r .  

 

      L a n e  1  =   S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r   

      L a n e  2,  4,  6   =   P CR  p r od u cts u n cu t w i th  B st N I  r e str i cti on  e n z y m e  si z e  162 bp  

      L a n e  3  =   P CR  p r od u ct cu t w i th  B st N I  r e str i cti on  e n z y m e  si z e  162 a n d  133 bp  

            (Mu ta n t)   

      L a n e  5,  7  =   P CR  p r od u ct cu t w i th  B st N I  r e str i cti on  e n z y m e  si z e  133 bp   (Nor m a l)  
Note  :  P CR  p r od u ct f r a gm e n t si z e  29 bp  n ot v i si ble  
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F i g u r e  33  P oly m e r a se  ch a i n  r e a cti on  - r e str i cti on  f r a gm e n t le n gth  p oly m or p h i sm  a n a ly si s of  

p oi n t m u ta ti on  a t cod on  12 of  K-ras ge n e  f r om  ov a r i a n  ca n ce r 5 s ti ssu e s.   
 

Th e  P CR  p r od u cts be f or e  cu tti n g w i th  B st N  I  r e str i cti on  e n z y m e  a r e  sh ow n  i n  la n e  9 U :  a n d  a f te r  

cu tti n g a r e  sh ow n  i n  la n e  9 C: .   Th e  sta n d a r d  DNA 10 0  bp  la d d e r  w a s sh ow n  i n  th e  la n e  9 M: .   Th e  

n u m be r  of  e a ch  sa m p le  (O T)  i s sh ow n  a t th e  a bov e  li n e .   Th e  P CR  p r od u cts w e r e  r u n  on                      

12 %  n on -d e n a tu r i n g p oly a cr y la m i d e  ge l i n  1X  TB E  bu f f e r .  

 

      L a n e  1  =   S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r   

      L a n e  2,  4,  6   =   P CR  p r od u cts u n cu t w i th  B st N I  r e str i cti on  e n z y m e  si z e  162 bp  

      L a n e  3  =   P CR  p r od u ct cu t w i th  B st N I  r e str i cti on  e n z y m e  si z e  162 a n d  133 bp  

            (Mu ta n t)   

      L a n e  5,  7  =   P CR  p r od u ct cu t w i th  B st N I  r e str i cti on  e n z y m e  si z e  133 bp   (Nor m a l)  
Note  :  P CR  p r od u ct f r a gm e n t si z e  29 bp  n ot v i si ble  
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F i g u r e  34   P oly m e r a se  ch a i n  r e a cti on  - r e str i cti on  f r a gm e n t le n gth  p oly m or p h i sm  a n a ly si s of  

p oi n t m u ta ti on  a t cod on  12 of  K-ras ge n e  f r om  ov a r i a n  ca n ce r 5 s ti ssu e s.   
 

Th e  P CR  p r od u cts be f or e  cu tti n g w i th  B st N I  r e str i cti on  e n z y m e  a r e  sh ow n  i n  la n e  9 U :  a n d  a f te r  

cu tti n g a r e  sh ow n  i n  la n e  9 C: .   Th e  sta n d a r d  DNA 10 0  bp  la d d e r  w a s sh ow n  i n  th e  la n e  9 M: .   Th e  

n u m be r  of  e a ch  sa m p le  (O T)  i s sh ow n  a t th e  a bov e  li n e .   Th e  P CR  p r od u cts w e r e  r u n  on                     

12 %  n on -d e n a tu r i n g p oly a cr y la m i d e  ge l i n  1X  TB E  bu f f e r .  

 

      L a n e  1  =   S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r   

      L a n e  2,  4,  6   =   P CR  p r od u cts u n cu t w i th  B st N I  r e str i cti on  e n z y m e  si z e  162 bp  

      L a n e  3  =   P CR  p r od u ct cu t w i th  B st N I  r e str i cti on  e n z y m e  si z e  133 bp   (Nor m a l)  

      L a n e  5,  7  =   P CR  p r od u ct cu t w i th  B st N I  r e str i cti on  e n z y m e  si z e  162 a n d  133 bp  

      (Mu ta n t)   
Note  :  P CR  p r od u ct f r a gm e n t si z e  29 bp  n ot v i si ble  
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F i g u r e  35  P oly m e r a se  ch a i n  r e a cti on  - r e str i cti on  f r a gm e n t le n gth  p oly m or p h i sm  a n a ly si s of  

p oi n t m u ta ti on  a t cod on  12 of  K-ras ge n e  f r om  ov a r i a n  ca n ce r 5 s ti ssu e s.    
 

Th e  P CR  p r od u cts be f or e  cu tti n g w i th  B st N I  r e str i cti on  e n z y m e  a r e  sh ow n  i n  la n e  9 U :  a n d  a f te r  

cu tti n g a r e  sh ow n  i n  la n e  9 C: .   Th e  sta n d a r d  DNA 10 0  bp  la d d e r  w a s sh ow n  i n  th e  la n e  9 M: .   Th e  

n u m be r  of  e a ch  sa m p le  (O T)  i s sh ow n  a t th e  a bov e  li n e .   Th e  P CR  p r od u cts w e r e  r u n  on                   

12 %  n on -d e n a tu r i n g p oly a cr y la m i d e  ge l i n  1X  TB E  bu f f e r .  

 

      L a n e  1  =   S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r   

      L a n e  2,  4,  6   =   P CR  p r od u cts u n cu t w i th  B st N I  r e str i cti on  e n z y m e  si z e  162 bp  

      L a n e  3,  5,  7  =   P CR  p r od u ct cu t w i th  B st N I  r e str i cti on  e n z y m e  si z e  162 a n d  133 bp  

      (Mu ta n t)   
Note  :  P CR  p r od u ct f r a gm e n t si z e  29 bp  n ot v i si ble  

 
 

 

OT041              OT047           OT049 

200 bp 

100 bp 

162 bp 

   1         2         3          4          5          6          7 

500 bp 

1000 bp 

  M        U         C          U         C         U         C 

133 bp 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 

76

 

 

 
F i g u r e  36   P oly m e r a se  ch a i n  r e a cti on  - r e str i cti on  f r a gm e n t le n gth  p oly m or p h i sm  a n a ly si s of  

p oi n t m u ta ti on  a t cod on  12 of  K-ras ge n e  f r om  ov a r i a n  ca n ce r 5 s ti ssu e s.   
 
Th e  P CR  p r od u cts be f or e  cu tti n g w i th  B st N I  r e str i cti on  e n z y m e  a r e  sh ow n  i n  la n e  9 U :  a n d  a f te r  

cu tti n g a r e  sh ow n  i n  la n e  9 C: .   Th e  sta n d a r d  DNA 10 0  bp  la d d e r  w a s sh ow n  i n  th e  la n e  9 M: .   Th e  

n u m be r  of  e a ch  sa m p le  (O T)  i s sh ow n  a t th e  a bov e  li n e .   Th e  P CR  p r od u cts w e r e  r u n  on                   

12 %  n on -d e n a tu r i n g p oly a cr y la m i d e  ge l i n  1X  TB E  bu f f e r .  

 

      L a n e  1  =   S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r   

      L a n e  2,  4,  6   =   P CR  p r od u cts u n cu t w i th  B st N I  r e str i cti on  e n z y m e  si z e  162 bp  

      L a n e  3,  5,  7  =   P CR  p r od u ct cu t w i th  B st N I  r e str i cti on  e n z y m e  si z e  162 a n d  133 bp  

      (Mu ta n t)   
Note  :  P CR  p r od u ct f r a gm e n t si z e  29 bp  n ot v i si ble  
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F i g u r e  37   P oly m e r a se  ch a i n  r e a cti on  - r e str i cti on  f r a gm e n t le n gth  p oly m or p h i sm  a n a ly si s of  

p oi n t m u ta ti on  a t cod on  12 of  K-ras ge n e  f r om  ov a r i a n  ca n ce r 5 s ti ssu e s.    
 

Th e  P CR  p r od u cts be f or e  cu tti n g w i th  B st N I  r e str i cti on  e n z y m e  a r e  sh ow n  i n  la n e  9 U :  a n d  a f te r  

cu tti n g a r e  sh ow n  i n  la n e  9 C: .   Th e  sta n d a r d  DNA 10 0  bp  la d d e r  w a s sh ow n  i n  th e  la n e  9 M: .   Th e  

n u m be r  of  e a ch  sa m p le  (O T)  i s sh ow n  a t th e  a bov e  li n e .   Th e  P CR  p r od u cts w e r e  r u n  on               

12 %  n on -d e n a tu r i n g p oly a cr y la m i d e  ge l i n  1X  TB E  bu f f e r .  

 

      L a n e  1  =   S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r   

      L a n e  2,  4,  6   =   P CR  p r od u cts u n cu t w i th  B st N I  r e str i cti on  e n z y m e  si z e  162 bp  

      L a n e  3,  5,  7  =   P CR  p r od u ct cu t w i th  B st N I  r e str i cti on  e n z y m e  si z e  162 a n d  133 bp  

      (Mu ta n t)   
Note  :  P CR  p r od u ct f r a gm e n t si z e  29 bp  n ot v i si ble  
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F i g u r e  38   P oly m e r a se  ch a i n  r e a cti on  - r e str i cti on  f r a gm e n t le n gth  p oly m or p h i sm  a n a ly si s of  

p oi n t m u ta ti on  a t cod on  13 of  K-ras ge n e  f r om  ov a r i a n  ca n ce r 5 s ti ssu e s.   
 

Th e  P CR  p r od u cts be f or e  cu tti n g w i th  H e a I I I  r e str i cti on  e n z y m e  a r e  sh ow n  i n  la n e  9 U :  a n d  a f te r  

cu tti n g a r e  sh ow n  i n  la n e  9 C: .   Th e  sta n d a r d  DNA 10 0  bp  la d d e r  w a s sh ow n  i n  th e  la n e  9 M: .   Th e  

n u m be r  of  e a ch  sa m p le  (O T)  i s sh ow n  a t th e  a bov e  li n e .   Th e  P CR  p r od u cts w e r e  r u n  on                   

12 %  n on -d e n a tu r i n g p oly a cr y la m i d e  ge l i n  1X  TB E  bu f f e r .  

 

      L a n e  1  =   S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r   

      L a n e  2,  4,  6   =   P CR  p r od u cts u n cu t w i th  H e a I I I  r e str i cti on  e n z y m e  si z e  159 bp  

      L a n e  3,  5,  7  =   P CR  p r od u ct cu t w i th  H e a I I I  r e str i cti on  e n z y m e  si z e  85 a n d  48 bp   (Nor m a l)  

 

Note  :  P CR  p r od u ct f r a gm e n t si z e  26 bp  n ot v i si ble  

 

 

    OT002         OT005            OT008 

200 bp 

100 bp 

159 bp 

   1         2         3          4          5          6          7 

500 bp 
1000 bp 

 M         U         C       U         C         U         C 

85 bp 

48 bp 
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F i g u r e  39   P oly m e r a se  ch a i n  r e a cti on  - r e str i cti on  f r a gm e n t le n gth  p oly m or p h i sm  a n a ly si s of  

p oi n t m u ta ti on  a t cod on  13 of  K-ras ge n e  f r om  ov a r i a n  ca n ce r 5 s ti ssu e s.   
 

Th e  P CR  p r od u cts be f or e  cu tti n g w i th  H e a I I I  r e str i cti on  e n z y m e  a r e  sh ow n  i n  la n e  9 U :  a n d  a f te r  

cu tti n g a r e  sh ow n  i n  la n e  9 C: .   Th e  sta n d a r d  DNA 10 0  bp  la d d e r  w a s sh ow n  i n  th e  la n e  9 M: .   Th e  

n u m be r  of  e a ch  sa m p le  (O T)  i s sh ow n  a t th e  a bov e  li n e .   Th e  P CR  p r od u cts w e r e  r u n  on                    

12 %  n on -d e n a tu r i n g p oly a cr y la m i d e  ge l i n  1X  TB E  bu f f e r .  

 

      L a n e  1  =   S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r   

      L a n e  2,  4,  6   =   P CR  p r od u cts u n cu t w i th  H e a I I I  r e str i cti on  e n z y m e  si z e  159 bp  

      L a n e  3,  5,  7  =   P CR  p r od u ct cu t w i th  H e a I I I  r e str i cti on  e n z y m e  si z e  85 a n d  48 bp   (Nor m a l)  

 

Note  :  P CR  p r od u ct f r a gm e n t si z e  26 bp  n ot v i si ble  
 

 

OT013             OT017         OT019 

200 bp 

100 bp 

159 bp 

   1         2         3          4          5          6          7 

500 bp 
1000 bp 

 M         U         C         U         C       U         C 

85 bp 

48 bp 
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F i g u r e  4 0   P oly m e r a se  ch a i n  r e a cti on  - r e str i cti on  f r a gm e n t le n gth  p oly m or p h i sm  a n a ly si s of  

p oi n t m u ta ti on  a t cod on  13 of  K-ras ge n e  f r om  ov a r i a n  ca n ce r 5 s ti ssu e s.    
 

Th e  P CR  p r od u cts be f or e  cu tti n g w i th  H e a I I I  r e str i cti on  e n z y m e  a r e  sh ow n  i n  la n e  9 U :  a n d  a f te r  

cu tti n g a r e  sh ow n  i n  la n e  9 C: .   Th e  sta n d a r d  DNA 10 0  bp  la d d e r  w a s sh ow n  i n  th e  la n e  9 M: .   Th e  

n u m be r  of  e a ch  sa m p le  (O T)  i s sh ow n  a t th e  a bov e  li n e .   Th e  P CR  p r od u cts w e r e  r u n  on                    

12 %  n on -d e n a tu r i n g p oly a cr y la m i d e  ge l i n  1X  TB E  bu f f e r .  

 

      L a n e  1  =   S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r   

      L a n e  2,  4,  6   =   P CR  p r od u cts u n cu t w i th  H e a I I I  r e str i cti on  e n z y m e  si z e  159 bp  

      L a n e  3,  7  =   P CR  p r od u ct cu t w i th  H e a I I I  r e str i cti on  e n z y m e  si z e  85 a n d  48 bp   (Nor m a l)  

      L a n e  5  =   P CR  p r od u ct cu t w i th  H e a I I I  r e str i cti on  e n z y m e  si z e  85,  74 a n d  48 bp  

      (Mu ta n t)   
Note  :  P CR  p r od u ct f r a gm e n t si z e  26 bp  n ot v i si ble  
 

OT023         OT026         OT028 

200 bp 

100 bp 

159 bp 

   1         2         3          4          5          6          7 

500 bp 
1000 bp 

M          U         C       U         C      U         C 

85 bp 

48 bp 

74 bp 
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F i g u r e  4 1   P oly m e r a se  ch a i n  r e a cti on  - r e str i cti on  f r a gm e n t le n gth  p oly m or p h i sm  a n a ly si s of  

p oi n t m u ta ti on  a t cod on  13 of  K-ras ge n e  f r om  ov a r i a n  ca n ce r 5 s ti ssu e s.    
 

Th e  P CR  p r od u cts be f or e  cu tti n g w i th  H e a I I I  r e str i cti on  e n z y m e  a r e  sh ow n  i n  la n e  9 U :  a n d  a f te r  

cu tti n g a r e  sh ow n  i n  la n e  9 C: .   Th e  sta n d a r d  DNA 10 0  bp  la d d e r  w a s sh ow n  i n  th e  la n e  9 M: .   Th e  

n u m be r  of  e a ch  sa m p le  (O T)  i s sh ow n  a t th e  a bov e  li n e .   Th e  P CR  p r od u cts w e r e  r u n  on                   

12 %  n on -d e n a tu r i n g p oly a cr y la m i d e  ge l i n  1X  TB E  bu f f e r .  

 

      L a n e  1  =   S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r   

      L a n e  2,  4,  6   =   P CR  p r od u cts u n cu t w i th  H e a I I I  r e str i cti on  e n z y m e  si z e  159 bp  

      L a n e  3,  5,  7  =   P CR  p r od u ct cu t w i th  H e a I I I  r e str i cti on  e n z y m e  si z e  85 a n d  48 bp   (Nor m a l)  

       
Note  :  P CR  p r od u ct f r a gm e n t si z e  26 bp  n ot v i si ble  
 

 

 

 OT030            OT035            OT039 

200 bp 

100 bp 

159 bp 

   1         2         3          4          5          6          7 

500 bp 
1000 bp 

 M         U         C          U         C         U         C

85 bp 

48 bp 
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F i g u r e  4 2   P oly m e r a se  ch a i n  r e a cti on  - r e str i cti on  f r a gm e n t le n gth  p oly m or p h i sm  a n a ly si s of  

p oi n t m u ta ti on  a t cod on  13 of  K-ras ge n e  f r om  ov a r i a n  ca n ce r 5 s ti ssu e s.    
 

Th e  P CR  p r od u cts be f or e  cu tti n g w i th  H e a I I I  r e str i cti on  e n z y m e  a r e  sh ow n  i n  la n e  9 U :  a n d  a f te r  

cu tti n g a r e  sh ow n  i n  la n e  9 C: .   Th e  sta n d a r d  DNA 10 0  bp  la d d e r  w a s sh ow n  i n  th e  la n e  9 M: .   Th e  

n u m be r  of  e a ch  sa m p le  (O T)  i s sh ow n  a t th e  a bov e  li n e .   Th e  P CR  p r od u cts w e r e  r u n  on                     

12 %  n on -d e n a tu r i n g p oly a cr y la m i d e  ge l i n  1X  TB E  bu f f e r .  

 

      L a n e  1  =   S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r   

      L a n e  2,  4,  6   =   P CR  p r od u cts u n cu t w i th  H e a I I I  r e str i cti on  e n z y m e  si z e  159 bp  

      L a n e  3,  5,  7  =   P CR  p r od u ct cu t w i th  H e a I I I  r e str i cti on  e n z y m e  si z e  85 a n d  48 bp   (Nor m a l)  

 

Note  :  P CR  p r od u ct f r a gm e n t si z e  26 bp  n ot v i si ble  
 

 

 OT042         OT048            OT055 

200 bp 

100 bp 

159 bp 

   1         2         3          4          5          6          7 

500 bp 
1000 bp 

M          U         C       U         C         U         C 

85 bp 

48 bp 
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F i g u r e  4 3  P oly m e r a se  ch a i n  r e a cti on  - r e str i cti on  f r a gm e n t le n gth  p oly m or p h i sm  a n a ly si s of  

p oi n t m u ta ti on  a t cod on  13 of  K-ras ge n e  f r om  ov a r i a n  ca n ce r 5 s ti ssu e s.    
 

Th e  P CR  p r od u cts be f or e  cu tti n g w i th  H e a I I I  r e str i cti on  e n z y m e  a r e  sh ow n  i n  la n e  9 U :  a n d  a f te r  

cu tti n g a r e  sh ow n  i n  la n e  9 C: .   Th e  sta n d a r d  DNA 10 0  bp  la d d e r  w a s sh ow n  i n  th e  la n e  9 M: .   Th e  

n u m be r  of  e a ch  sa m p le  (O T)  i s sh ow n  a t th e  a bov e  li n e .   Th e  P CR  p r od u cts w e r e  r u n  on                    

12 %  n on -d e n a tu r i n g p oly a cr y la m i d e  ge l i n  1X  TB E  bu f f e r .  

 

      L a n e  1  =   S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r   

      L a n e  2,  4,  6   =   P CR  p r od u cts u n cu t w i th  H e a I I I  r e str i cti on  e n z y m e  si z e  159 bp  

      L a n e  3,  5,  7  =   P CR  p r od u ct cu t w i th  H e a I I I  r e str i cti on  e n z y m e  si z e  85 a n d  48 bp   (Nor m a l)  

 

Note  :  P CR  p r od u ct f r a gm e n t si z e  26 bp  n ot v i si ble  

 OT060        OT067            OT075 

200 bp 

100 bp 

159 bp 

   1         2         3          4          5          6          7 

500 bp 
1000 bp 

 M         U         C       U         C         U         C 

85 bp 

48 bp 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 

84

 
3.2 .3  Th e  r e s u l t s  f r o m  t h e  a n a l y z a t i o n  o f  m u t a t i o n s  a t  c o d o n  1 2  a n d  c o d o n  1 3 o n  e x o n  I 

o f  K -ras g e n e  b y  a m pl i f i e d  c r e a t e d  r e s t r i c t i o n  s i t e  m e t h o d  w i t h  po l y m e r a s e  c h a i n  r e a c t i o n  - 

r e s t r i c t i o n  f r a g m e n t  l e n g t h  po l y m o r ph i s m  
I n  th i s stu d y ,  DNA a m p li f i e d  f r om  e a ch  of  th e  82 ov a r i a n  ca n ce r  sp e ci m e n s w a s a n a ly z e d  

f or  m u ta ti on s a t cod on  12 a n d  cod on  13 on  e x on  I  of  th e  K-ras ge n e  by  ACR S  w i th  P CR - R F L P .   

Th e  m u ta ti on  a t cod on  12 on  e x on  I  of  th e  K-ras ge n e  w a s d e te cte d  i n  20 %  (14/ 82)  of  ov a r i a n  

ca n ce r  sp e ci m e n s (ca se s O T0 0 3,  O T0 11,  O T0 23,  O T0 36,  O T0 38,  O T0 41,  O T0 47,  O T0 49,  

O T0 57,  O T0 60 ,  O T0 63,  O T0 65,  O T0 69,  a n d  O T0 73)  (Ta b l e  2 ) .   O n e  m u ta ti on  w a s d e te cte d  i n  

cod on s 13 on  e x on  I  of  th e  K-ras ge n e  i n  ov a r i a n  ca n ce r  sp e ci m e n  (1%  (1/ 82) )  (ca se s O T0 26)  

(Ta b l e  2 ) .  

 
Ta b l e  2   Th e  ty p e  of  K-ras ge n e  m u ta ti on  a t cod on  12 a n d  cod on  13 by  ACR S  w i th  P CR -R F L P  i n  

82 Th a i  ov a r i a n  ca n ce r  sp e ci m e n s.  

 

    Th e  ty p e  of  K-ras ge n e  m u ta ti on  by  ACR S  w i th  P CR -R F L P  

Ca se   DNA e x tr a cte d  cod on  12 cod on  13 

 n u m be r s f r om  ti ssu e  P CR  p r od u cts 

(bp )  

Ty p e  P CR  p r od u cts 

(bp )  

Ty p e  

1 O T 0 0 1 133 Nor m a l 85,  48 Nor m a l 

2 O T 0 0 2 133 Nor m a l 85,  48 Nor m a l 

3 O T 0 0 3 162,  133 Mu ta n t 85,  48 Nor m a l 

4 O T 0 0 4 133 Nor m a l 85,  48 Nor m a l 

5 O T 0 0 5 133 Nor m a l 85,  48 Nor m a l 

6 O T 0 0 6 133 Nor m a l 85,  48 Nor m a l 

7 O T 0 0 7 133 Nor m a l 85,  48 Nor m a l 

8 O T 0 0 8 133 Nor m a l 85,  48 Nor m a l 

9 O T 0 0 9 133 Nor m a l 85,  48 Nor m a l 

10  O T 0 10  133 Nor m a l 85,  48 Nor m a l 

11 O T 0 11 162,  133 Mu ta n t 85,  48 Nor m a l 
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Ta b l e  2   (con ti n u e d )  Th e  ty p e  of  K-ras ge n e  m u ta ti on  a t cod on  12 a n d  cod on  13 by  ACR S  w i th  

P CR -R F L P  i n  82 Th a i  ov a r i a n  ca n ce r  sp e ci m e n s.  

 

    Th e  ty p e  of  K-ras ge n e  m u ta ti on  by  ACR S  w i th  P CR -R F L P  

Ca se   DNA e x tr a cte d  cod on  12 cod on  13 

 n u m be r s f r om  ti ssu e  P CR  p r od u cts 

(bp )  

Ty p e  P CR  p r od u cts 

(bp )  

Ty p e  

12 O T 0 12 133 Nor m a l 85,  48 Nor m a l 
13 O T 0 13 133 Nor m a l 85,  48 Nor m a l 

14 O T 0 14 133 Nor m a l 85,  48 Nor m a l 

15 O T 0 15 133 Nor m a l 85,  48 Nor m a l 

16 O T 0 16 133 Nor m a l 85,  48 Nor m a l 

17 O T 0 17 133 Nor m a l 85,  48 Nor m a l 

18 O T 0 18 133 Nor m a l 85,  48 Nor m a l 

19 O T 0 19 133 Nor m a l 85,  48 Nor m a l 

20  O T 0 20  133 Nor m a l 85,  48 Nor m a l 

21 O T 0 21 133 Nor m a l 85,  48 Nor m a l 

22 O T 0 22 133 Nor m a l 85,  48 Nor m a l 

23 O T 0 23 162,  133 Mu ta n t 85,  48 Nor m a l 

24 O T 0 24 133 Nor m a l 85,  48 Nor m a l 

25 O T 0 25 133 Nor m a l 85,  48 Nor m a l 

26 O T 0 26 133 Nor m a l 74,  85,  48 Mu ta n t 

27 O T 0 27 133 Nor m a l 85,  48 Nor m a l 

28 O T 0 28 133 Nor m a l 85,  48 Nor m a l 

29 O T 0 29 133 Nor m a l 85,  48 Nor m a l 

30  O T 0 30  133 Nor m a l 85,  48 Nor m a l 

31 O T 0 31 133 Nor m a l 85,  48 Nor m a l 
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Ta b l e  2   (con ti n u e d )  Th e  ty p e  of  K-ras ge n e  m u ta ti on  a t cod on  12 a n d  cod on  13 by  ACR S  w i th  

P CR -R F L P  i n  82 Th a i  ov a r i a n  ca n ce r  sp e ci m e n s.  

 

  Th e  ty p e  of  K-ras ge n e  m u ta ti on  by  ACR S  w i th  P CR -R F L P  

Ca se  DNA e x tr a cte d  cod on  12 cod on  13 

n u m be r s f r om  ti ssu e  P CR  p r od u cts 

(bp )  

Ty p e  P CR  p r od u cts 

(bp )  

Ty p e  

32 O T 0 32 133 Nor m a l 85,  48 Nor m a l 

33 O T 0 33 133 Nor m a l 85,  48 Nor m a l 

34 O T 0 34 133 Nor m a l 85,  48 Nor m a l 

35 O T 0 35 133 Nor m a l 85,  48 Nor m a l 

36 O T 0 36 162,  133 Mu ta n t 85,  48 Nor m a l 

37 O T 0 37 133 Nor m a l 85,  48 Nor m a l 

38 O T 0 38 162,  133 Mu ta n t 85,  48 Nor m a l 

39 O T 0 39 133 Nor m a l 85,  48 Nor m a l 

40  O T 0 40  133 Nor m a l 85,  48 Nor m a l 

41 O T 0 41 162,  133 Mu ta n t 85,  48 Nor m a l 

42 O T 0 42 133 Nor m a l 85,  48 Nor m a l 

43 O T 0 43 133 Nor m a l 85,  48 Nor m a l 

44 O T 0 44 133 Nor m a l 85,  48 Nor m a l 

45 O T 0 45 133 Nor m a l 85,  48 Nor m a l 

46 O T 0 46 133 Nor m a l 85,  48 Nor m a l 

47 O T 0 47 162,  133 Mu ta n t 85,  48 Nor m a l 

48 O T 0 48 133 Nor m a l 85,  48 Nor m a l 

49 O T 0 49 133 Mu ta n t 85,  48 Nor m a l 

50  O T 0 50  133 Nor m a l 85,  48 Nor m a l 

51 O T 0 51 133 Nor m a l 85,  48 Nor m a l 
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Ta b l e  2   (con ti n u e d )  Th e  ty p e  of  K-ras ge n e  m u ta ti on  a t cod on  12 a n d  cod on  13 by  ACR S  w i th  

P CR -R F L P  i n  82 Th a i  ov a r i a n  ca n ce r  sp e ci m e n s.  

 

    Th e  ty p e  of  K-ras ge n e  m u ta ti on  by  ACR S  w i th  P CR -R F L P  

Ca se   DNA e x tr a cte d  cod on  12 cod on  13 

 n u m be r s f r om  ti ssu e  P CR  p r od u cts 

(bp )  

Ty p e  P CR  p r od u cts 

(bp )  

Ty p e  

52 O T 0 52 133 Nor m a l 85,  48 Nor m a l 

53 O T 0 53 133 Nor m a l 85,  48 Nor m a l 

54 O T 0 54 133 Nor m a l 85,  48 Nor m a l 

55 O T 0 55 133 Nor m a l 85,  48 Nor m a l 

56 O T 0 56 133 Nor m a l 85,  48 Nor m a l 

57 O T 0 57 162,  133 Mu ta n t 85,  48 Nor m a l 

58 O T 0 58 133 Nor m a l 85,  48 Nor m a l 

59 O T 0 59 133 Nor m a l 85,  48 Nor m a l 

60  O T 0 60  162,  133 Mu ta n t 85,  48 Nor m a l 

61 O T 0 61 133 Nor m a l 85,  48 Nor m a l 

62 O T 0 62 133 Nor m a l 85,  48 Nor m a l 

63 O T 0 63 162,  133 Mu ta n t 85,  48 Nor m a l 

64 O T 0 64 133 Nor m a l 85,  48 Nor m a l 

65 O T 0 65 162,  133 Mu ta n t 85,  48 Nor m a l 

66 O T 0 66 133 Nor m a l 85,  48 Nor m a l 

67 O T 0 67 133 Nor m a l 85,  48 Nor m a l 

68 O T 0 68 133 Nor m a l 85,  48 Nor m a l 

69 O T 0 69 162,  133 Mu ta n t 85,  48 Nor m a l 

70  O T 0 70  133 Nor m a l 85,  48 Nor m a l 

71 O T 0 71 133 Nor m a l 85,  48 Nor m a l 
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Ta b l e  2   (con ti n u e d )  Th e  ty p e  of  K-ras ge n e  m u ta ti on  a t cod on  12 a n d  cod on  13 by  ACR S  w i th  

P CR -R F L P  i n  82 Th a i  ov a r i a n  ca n ce r  sp e ci m e n s.  

 

  Th e  ty p e  of  K -ras ge n e  m u ta ti on  by  ACR S  w i th  P CR -R F L P  

Ca se  DNA e x tr a cte d  cod on  12 cod on  13 

n u m be r s f r om  ti ssu e  P CR  p r od u cts 

(bp )  

Ty p e  P CR  p r od u cts 

(bp )  

Ty p e  

72 O T 0 72 133 Nor m a l 85,  48 Nor m a l 

73 O T 0 73 162,  133 Mu ta n t 85,  48 Nor m a l 

74 O T 0 74 133 Nor m a l 85,  48 Nor m a l 

75 O T 0 75 133 Nor m a l 85,  48 Nor m a l 

76 O T 0 76 133 Nor m a l 85,  48 Nor m a l 

77 O T 0 77 133 Nor m a l 85,  48 Nor m a l 

78 O T 0 78 133 Nor m a l 85,  48 Nor m a l 

79 O T 0 79 133 Nor m a l 85,  48 Nor m a l 

80  O T 0 80  133 Nor m a l 85,  48 Nor m a l 

81 O T 0 81 133 Nor m a l 85,  48 Nor m a l 

82 O T 0 82 133 Nor m a l 85,  48 Nor m a l 
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Ta b l e  3  Th e  su m m a r i z a ti on  of  th e  m u ta ti on s a t cod on  12 a n d  cod on  13 of  K-ras ge n e  by  ACR S  

w i th  P CR -R F L P  i n  82 Th a i  ov a r i a n  ca n ce r  sp e ci m e n s.  

 
Tu m o r  h i s t o l o g y  Tota l n u m be r  Nu m be r  of  ca se s w i th  

  of  ca se s K-ras m u ta ti on  (% )  

Epi t h e l i a l  t u m o r s    

 Mu ci n ou s cy sta d e n om a   2 0  (0 % )  

 Mu ci n ou s tu m or s of  L MP  16 8 (50 % )  

 Mu ci n ou s a d e n oca r ci n om a s 4 2 (50 % )  

 S e r ou s tu m or s of  L MP  5 2 (40 % )  

 S e r ou s a d e n oca r ci n om a s 13 0  (0 % )  

 Cle a r  ce ll a d e n oca r ci n om a s  6 0  (0 % )  

 E n d om e tr i oi d  tu m or s of  L MP  1 1 (10 0 % )  

 E n d om e tr i oi d  a d e n oca r ci m a s  10  0  (0 % )  

 Mi x e d  e p i th e li a l tu m or  2 0  (0 % )  

 Mi x e d  e p i th e li a l tu m or s of  L MP  1 1 (10 0 % )  

S e x  c o r d -s t r o m a l  t u m o r s    

 Gr a n u losa  ce ll tu m or  4 0  (0 % )  

 U n cla ssi f i e d  se x -cor d  tu m or  1 0  (0 % )  

G e r m  c e l l  t u m o r s    

 I m m a tu r e  te r a tom a s 3 0  (0 % )  

 S q u am ou s cel l  carcinom a arising  in teratom a 1 0  (0 % )  

 S oli d  m a tu r e  te r a tom a  1 0  (0 % )  

M e t a s t a t i c  t u m o r    

 Ma ta sta ti c a d e n oca r ci n om a  7 1 (14% )  

 Me ta sta ti c S CC f r om  Ce v i x  1 0  (0 % )  

 Ma ta sta ti c si gn e tr i n g ce ll ca r ci n om a  3 0  (0 % )  

 Ma ta sta ti c  d u cta l  ca r ci n om a  1 0  (0 % )  
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3.3 D N A S EQ U EN CIN G   

Th e  ovarian cancer sp e ci m e n s th a t e x h i bi te d  th e  m u ta ti on  a t cod on  12 a n d  cod on  13 on  

e x on  I  of  th e  K-ras ge n e  by  th e  a m p li f i e d  cr e a te d  r e str i cti on  si te  m e th od  w i th  P CR -R F L P  a n a ly si s 

w e r e  f u r th e r  ch a r a cte r i z e d  th e  sp e ci f i c ba se  su bsti tu ti on  i n  both  cod on s.   DNA se q u e n ce s of  th e  

f i r st e x on  of  th e  K-ras ge n e  w e r e  a m p li f i e d  by  P CR  a n d  se q u e n ce d  by  d i d e ox y n u cle oti d e s ch a i n  

te r m i n a ti on  m e th od .  

 
3.3.1   Th e  o pt i m i z a t i o n  c o n d i t i o n  o f  PCR f o r  s e q u e n c e d  e x o n  I o f  K -ras g e n e  

I n  th i s stu d y ,  f or  th e  op ti m i z a ti on  of  P CR  r e a cti on  com p on e n ts,  th e  a n n e a li n g 

te m p e r a tu r e s w e r e  v a r i e d  f r om  56. 0 °C to 69. 0 °C (56. 0 °C,  59. 0 °C,  61. 0 °C,  64. 0 °C,  67. 0 °C a n d  

69. 0 °C)  a s sh ow n  i n  F i g u r e  4 4 .   W e  f ou n d  th a t a t 63. 0 °C r e p r e se n te d  obv i ou sly  a n n e a li n g r e su lts 

w i th  h i gh  e f f i ci e n t.   I n  th i s e x p e r i m e n t,  th e  con ce n tr a ti on  of  MgCl
2
 w a s v a r i e d  f r om  1. 0  to 3. 0  m M 

(1. 0 ,  1. 5,  2. 0 ,  2. 5 a n d  3. 0  m M) ,  th e  op ti m a l con ce n tr a ti on  of  MgCl
2
 sh ow n  a t 2. 5 m M i n                   

F i g u r e  4 5 .    
Af te r  th e  ge n om i c DNA w a s a m p li f i e d  by  u si n g a p p r op r i a te  con d i ti on s.   Th e  P CR  

p r od u cts,  w h i ch  p r ov i d e d  a  cle a r  si n gle  ba n d  a t th e  e x p e cte d  si z e  of  260  bp ,  a s sh ow n  i n  th e  

9 f or th :  la n e  of  F i g u r e  4 5 .    
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d

ÅÔ¢ÊÔ·¸Ô ìÁËÒÇÔ·ÂÒÅÑÂàªÕÂ§ãËÁè
Copyright  by Chiang Mai University
A l l  r i g h t s  r e s e r v e d



 

91

 

 

 

F i g u r e  4 4   Aga r ose  ge l e le ctr op h or e si s a n a ly si s of  th e  op ti m i z a ti on  of  th e  a n n e a li n g te m p e r a tu r e s 

f or  se q u e n ce d  e x on  I  of  K-ras ge n e .  

Th e  a n n e a li n g te m p e r a tu r e s w e r e  a d j u ste d  to p r ov i d e  th e  be st r e su lt.   Th e  a n n e a li n g te m p e r a tu r e s 

w e r e  v a r i e d  f r om  51. 0 °C to 69. 0 °C r e sp e cti v e ly .   Th e  P CR  p r od u cts w e r e  su bj e cte d  to 

e le ctr op h or e si s on  2% (w / v )  a ga r ose  ge l i n  0 . 5X  TB E  bu f f e r .   S p e ci f i ca lly  si z e d  of  P CR  p r od u ct 

w a s obta i n e d  f or  th e  260  bp .  

   L a n e  M =  S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r  

   L a n e   1 =   51. 0 °C of  a n n e a li n g te m p e r a tu r e    

   L a n e   2 =   54. 0 °C of  a n n e a li n g te m p e r a tu r e    

   L a n e   3 =   57. 0 °C of  a n n e a li n g te m p e r a tu r e    

   L a n e   4 =   60 . 0 °C of  a n n e a li n g te m p e r a tu r e    

   L a n e   5 =   63. 0 °C of  a n n e a li n g te m p e r a tu r e    

L a n e   6 =   67. 0 °C of  a n n e a li n g te m p e r a tu r e   

L a n e   7 =   69. 0 °C of  a n n e a li n g te m p e r a tu r e   

 

200 bp 
100 bp 

260 bp 

 M       1       2       3       4        5       6      7 

500 bp 

1000 bp 
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F i g u r e  4 5  Aga r ose  ge l e le ctr op h or e si s a n a ly si s of  th e  op ti m i z a ti on  of  th e  m a gn e si u m  ch lor i d e  

con ce n tr a ti on s f or  se q u e n ce d  e x on  I  of  K-ras  ge n e .  

Th e  m a gn e si u m  ch lor i d e  (MgCl
2
)  con ce n tr a ti on s w e r e  a d j u ste d  to p r ov i d e  th e  be st r e su lt.   Th e  

MgCl
2 
con ce n tr a ti on s w e r e  v a r i e d  f r om  1. 0  m M to 3. 0  m M r e sp e cti v e ly .   Th e  P CR  p r od u cts w e r e  

su bj e cte d  to e le ctr op h or e si s on  2% (w / v )  a ga r ose  ge l i n  0 . 5X  bu f f e r .   S p e ci f i ca lly  si z e d  of  P CR  

p r od u ct w a s obta i n e d  f or  th e  260 -bp .  

   L a n e  M =  S ta n d a r d  DNA 10 0  bp  m ole cu la r  w e i gh t m a k e r   

   L a n e   1 =   1. 0  m M of  MgCl
2 
con ce n tr a ti on  

   L a n e   2 =   1. 5 m M of  MgCl
2 
con ce n tr a ti on  

   L a n e   3 =   2. 0  m M of  MgCl
2 
con ce n tr a ti on    

   L a n e   4 =   2. 5 m M of  MgCl
2 
con ce n tr a ti on  

   L a n e   5 =   3. 0  m M of  MgCl
2 
con ce n tr a ti on

 

 

 

200 bp 

100 bp 

260 bp 

  M          1          2         3         4          5        

500 bp 

1000 bp 
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3.3.2  Th e  i d e n t i f i c a t i o n  o f  m u t a t i o n  a t  c o d o n  1 2  a n d  c o d o n  1 3 o n  e x o n  I o f  t h e  K -ras g e n e  

b y  u s i n g  D N A s e q u e n c i n g  t e c h n i q u e   

Th e  a m p li f i e d  P CR  p r od u cts,  w h i ch  cov e r i n g cod on  12 a n d  cod on  13 on  e x on  I  of  K-ras 

ge n e ,  w e r e  p u r i f i ca ti on  a n d  p e r f or m e d  DNA se q u e n ci n g by  d i d e ox y n u cle oti d e s ch a i n  te r m i n a ti on  

m e th od .   Th e  n u cle oti d e s ch a n ge  a t cod on  12 a n d  cod on  13 on  e x on  I  of  K-ras ge n e  w e r e  

com p a r e d  w i th  th e  n or m a l se q u e n ce s w h i ch  d e r i v e d  f or m  Ge n e  B a n k  I D:  L 0 0 0 45.  
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Ta b l e  4   Th e  cl inicop at h ol og ic p rof il es  and  th e  r e su lts f r om  th e  a n a ly z a ti on  of  m u ta ti on s a t 

cod on  12 a n d  cod on  13 of  K-ras  ge n e  by  DNA se q u e n ci n g i n  Th a i  ov a r i a n  ca n ce r  sp e ci m e n s.  
 

DNA      Tu m or  cla ssi f i ca ti on  K-ras  m u ta ti on  

e x tr a cte d  Age  H i stologi c su bty p e  L MP  Ma li gn a n t cod on  12
a

 cod on  13
b

 

f or m  ti ssu e  (y e a r )             

O T 0 0 3 49 Mu ci n ou s tu m or  of  L MP  L ow   GTT   

O T 0 11 50  Mu ci n ou s tu m or  of  L MP  L ow   GAT   

O T 0 23 37 S e r ou s a d e n oca r ci n om a    1 GTT   

O T 0 26 51 Mi x e d  e p i th e li a l of  L MP  H i gh     GAC 

O T 0 36 73 Mu ci n ou s tu m or  of  L MP  L ow   GTT   

O T 0 38 17 Mu ci n ou s tu m or  of  L MP  H i gh   GTT   

O T 0 41   41 Mu ci n ou s a d e n oca r ci n om a   1 CGT   

O T 0 47   41 Mu ci n ou s tu m or  of  L MP   L ow   GCT   

O T 0 49   38 E n d om e tr i oi d  tu m or  of  L MP *  L ow    GAT   

O T 0 57   45 Mu ci n ou s tu m or  of  L MP *  H i gh    CGT   

O T 0 60  44 Ma ta sta ti c a d e n oca r ci n om a      GCT   

O T 0 63 23 S e r ou s tu m or  of  L MP *      GAT   

O T 0 65   50  Mu ci n ou s tu m or  of  L MP  H i gh   GAT   

O T 0 69   30  Mu ci n ou s tu m or  of  L MP  H i gh   GAT   

O T 0 73 48 Mu ci n ou s a d e n oca r ci n om a      2  GCT   

 

a

 n or m a l se q u e n ce  of  cod on  12 GGT,  
b

 n or m a l se q u e n ce  of  cod on  13 GGC,  a n d  *  tu m or  w i th  

m i cr oi n v a si on .  
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I n  th e  f i f te e n  of  K-ras m u ta ti on s d e te cte d ,  14 of  15 ca se s (93% )  h a d  th e  m u ta ti on s a t 

cod on  12,  i n clu d i n g f i v e  (33% )  i n v olv e d  a  n u cle oti d e  ch a n ge  f r om  GGT to GAT (Gly ci n e → 

Asp a r ta te ) ,  f ou r  (27% )  i n v olv e d  a  ch a n ge  f r om  GGT to GTT (Gly ci n e → V a li n e ) ,  th r e e  (20 % )  

i n v olv e d  a  ch a n ge  f r om  GGT to GCT (Gly ci n e →Ala n i n e ) ,  a n d  tw o (13% )  i n v olv e d  a  ch a n ge  

f r om  GGT to CGT (Gly ci n e → Ar gi n i n e )  (Ta b l e  5) .   O n e  of  15 ca se s (7% )  h a d  cod on  13 

m u ta ti on s d e te cte d ,  i n v olv e d  a  n u cle oti d e  ch a n ge  f r om  GGC to GAC  (Gly ci n e →Asp a r ta te ) .   

 
Ta b l e  5  Tu m or  h i stologi c su bty p e  a n d  ba se  su bsti tu ti on  ty p e  a t cod on  12 a n d  cod on  13 of  K-ras  

ge n e  i n  Th a i  ov a r i a n  ca n ce r  ti ssu e s.  

 

 Tota l Ty p e  of  Mu ta ti on s 

Tu m or  H i stologi c su bty p e  Mu ta n t Cod on  12 (GGT)  Cod on  13 (GGC)  

 (ca se )  CGT GAT GCT GTT GAC 

Mu ci n ou s tu m or  of  L MP  8 1 3 1 3 - 

Mu ci n ou s a d e n oca r ci n om a  2 1 -  1 - - 

S e r ou s tu m or  of  L MP  2 - 1 - 1 - 

E n d om e tr i oi d  tu m or  of  L MP  1 - 1 - - - 

Ma ta sta ti c a d e n oca r ci n om a  1 - - 1 - - 

Mi x e d  e p i th e li a l tu m or  1 - - - - 1 

Tota l ca se s 15 2 5 3 4 1 
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