
CHAPTER II 

 
RES EARCH DES IGN  AN D M ETHO DS  

 

2.1   RES EARCH DES IGN  

 To investigate mutations at codon 12 and codon 13 of K-r as gene, we amp lified D N A 

samp les b y  p oly mer ase ch ain r eaction and detected mutations using r estr iction fr agment length  

p oly mor p h ism (R F LP ) tech niq ue.  S ince th er e is no natur al r estr iction site with in th ese codons, 

we cr eated r estr iction site on P CR  p r oducts b y  using sp ecial p r imer s wh ich  cr eated r estr iction 

sites only  for  nor mal allele.  To detect mutations in codon 12, th e sp ecial p r imer  cr eated 

r estr iction site for  BstNI  (CCA/TGG);  and for  codon 13, H a e I I I  (GGCC).  F ur th er mor e, we 

confir med our  r esults b y  D N A seq uencing.  Th e diagr ams b elow sh ow th e p r ocedur e to detect 

mutations at codon 12 and codon 13, r esp ectively . 
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F i g u r e  1 4  Th e p r ocedur e of deter mination of th e mutation at codon 12 of th e K-ra s gene fr om 

th e Th ai ovar ian cancer  tissue samp les b y  using amp lified cr eated r estr iction site meth od with  

p oly mer ase ch ain r eaction - r estr iction fr agment length  p oly mor p h ism. 

 

 

TISSUE SAMPLES 

G EN O MIC  D N A 

PC R  PR O D UC T 

1 2 %  N O N -D EN ATUR IN G  PO LY AC R Y LAMID E ELEC TR O PH O R ESIS 

D i g e s t e d  s a m p l e s  

( N o r m a l  c o d o n  1 2  o f  K -ras g e n e )  

Un d i g e s t e d  s a m p l e s  

( Mu t a n t  c o d o n  1 2  o f  K -r a s  g e n e )  

G e n o m i c  D N A e x t r a c t i o n  

Am p l 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  

b y  p o 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  e n z y m e  B st N I d i g e s t i o n  

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



 
 
 

 

38

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
F i g u r e  1 5   Th e p r ocedur e of deter mination of th e mutation at codon 13 of th e K-ra s gene fr om 

th e Th ai ovar ian cancer  tissue samp les b y  using amp lified cr eated r estr iction site meth od with  

p oly mer ase ch ain r eaction - r estr iction fr agment length  p oly mor p h ism. 

 

 

 

G EN O MIC  D N A 

PC R  PR O D UC T 

1 2 %  N O N -D EN ATUR IN G  PO LY AC R Y LAMID E ELEC TR O PH O R ESIS 

D i g e s t e d  s a m p l e s  

( N o r m a l  c o d o n  1 3  o f  K -ras g e n e )  

Un d i g e s t e d  s a m p l e s  

( Mu t a n t  c o d o n  1 3  o f  K -ras g e n e )  

Am p l 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   

b y  p o 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  e n z y m e  H e aIII d i g e s t i o n  
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2.2  M ETHO DS  

 

2.2.1   Ti s s u e  S a m p l e s   

Th e ovar ian tumor  sp ecimens wer e ob tained fr om 82 p atients wh o wer e diagnosed as 

ovar ian cancer  fr om th e D ep ar tment of P ath ology , F aculty  of Medicine, Mah ar aj  N ak or n Ch iang 

Mai h osp ital, Ch iang Mai U niver sity , Th ailand, dur ing th e p er iod b etween J anuar y  20 0 4 to Mar ch  

20 0 5.  Histological featur es of th ese tissues and th e ty p e of cancer  wer e indicated b y  p ath ologist 

Associate P r ofessor  S umalee S ir iaungk ul as follows:  b enign 4 cases, tumor  of low malignancy      

23 cases, and adenocar cinomas 39 cases, th at 60  ep ith elial tumor s, 5 sex cor d str omal cell tumor s, 

5 ger m cell tumor s, and 12 metastatic tumor s.  Th e 60  ep ith elial tumor s included 2 mucinous 

cy tsadenomas, 16 mucinous tumor  of low malignant p otential (LMP ) (F i g u r e  1 6 a ) , 4 mucinous 

adenocar cinomas (F i g u r e  1 6 b ) , 5 ser ous tumor  of LMP  (F i g u r e  1 6 c ) , 13 ser ous adenocar cinomas 

(F i g u r e  1 6 d ) , 1 endometr ioid tumor  of LMP  (F i g u r e  1 6 e ) , 10  endometr ioid adenocar cinomas 

(F i g u r e  1 6 f ) , 6 clear  cell adenocar cinomas (F i g u r e  1 6 g ) , and 3 mix ep ith elial tumor s.  Th e 5 sex 

cor d str omal cell tumor s included 4 gr anulosa cell tumor s and 1 unclassified sex-cor d tumor .  Th e 

5 ger m cell tumor s included 3 immatur e ter atomas, 1 sq uamous cell car cinoma ar ising in ter atoma 

and solid matur e ter atoma.  Th e 12 metastatic tumor s included 7 matastatic adenocar cinoma,          

3 matastatic signetr ing cell car cinoma, 1 metastatic S CC fr om Cevix and matastatic  ductal  

car cinoma.  Th e aver age age of th is gr oup  of p atients was 47.61 + 12.10  y ear s (r anging fr om 15 

to 76 y ear s).  Clinicop ath ologic data ar e sh owed in Ta b l e  1 .  All tumor  sp ecimens wer e 

sub mer ged in 10  ml of ster ile nor mal saline and k ep t at -20 °C b efor e D N A extr action. 
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F i g u r e  1 6   Histology  of ovar ian cancer .  Hematoxy lin and eosin stained stained section (x20 0 ) 

with   (a )  mucinous tumor s of LMP , (b )  mucinous adenocar cimas (c )  ser ous tumor s of LMP ,     

(d )  ser ous adenocar cimas,  (e )  endometr ioid tumor s of LMP , (f )  endometr ioid adenocar cimas, and 

(g )  clear  cell adenocar cimas.   

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



 
 
 

 

41

Ta b l e  1   Clinicop ath ologic featur es data of Th ai ovar ian cancer  p atients.   

 
Case D N A Age Histologic sub ty p e Tumor  classification 

numb er  code (y ear )  B enign LMP  Malignant 

1 OT 0 0 1 47 S er ous adenocar cinoma    3 

2 OT 0 0 2 49 E ndometr ioid adenocar cinoma    1 

3 OT 0 0 3 49 Mucinous tumor  of LMP   Low   

4 OT 0 0 4 48 S er ous adenocar cinoma    3 

5 OT 0 0 5 62 Clear  cell adenocar cinoma    3 

6 OT 0 0 6 34 I mmatur e ter atoma     1 

7 OT 0 0 7 53 Clear  cell adenocar cinoma    3 

8 OT 0 0 8 59 S er ous adenocar cinoma    2 

9 OT 0 0 9 54 Mucinous tumor  of LMP   High    

10  OT 0 10  48 Mucinous adenocar cinoma    2 

11 OT 0 11 50  Mucinous tumor  of LMP   Low   

12 OT 0 12 76 S er ous tumor  of LMP   Low   

13 OT 0 13 43 Gr anulosa cell tumor        

14 OT 0 14 29 Metastatic adenocar cinoma      

15 OT 0 15 17 Metastatic adenocar cinoma      

16 OT 0 16 53 E ndometr ioid adenocar cinoma    3 

17 OT 0 17 15 Mucinous adenocar cinoma    1 

18 OT 0 18 56 E ndometr ioid adenocar cinoma    1 

19 OT 0 19 53 Metastatic adenocar cinoma      

20  OT 0 20  40  E ndometr ioid adenocar cinoma    3 

21 OT 0 21 50  Clear  cell adenocar cinoma    3 

22 OT 0 22 51 E ndometr ioid adenocar cinoma    3  

23 OT 0 23 37 Serous tumor of LMP w i th  foc a l  C A       1 

 

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



 
 
 

 

42

Ta b l e  1   (continued) Clinicop ath ologic featur es data of Th ai ovar ian cancer  p atients.   

 

Case D N A Age Histologic sub ty p e Tumor  classification 

numb er  code (y ear )  B enign LMP  Malignant 

24 OT 0 24 63 Mucinous cy stadenoma  B enign     

25 OT 0 25 50  Mucinous cy stadenoma B enign     

26 OT 0 26 51 Mixed ep ith elial tumor  of LMP     High   

27 OT 0 27 47 Mixed ep ith elial car cinoma    2  

28 OT 0 28 42 Mucinous tumor  of LMP     High    

29 OT 0 29 31 Metastatic adenocar cinoma       

30  OT 0 30  45 Metastatic S CC fr om Cevix       

31 OT 0 31 61 Gr anulosa cell tumor         

32 OT 0 32 50  E ndometr ioid adenocar cinoma     3 

33 OT 0 33 64 S er ous adenocar cinoma    2 

34 OT 0 34 38 Gr anulosa cell tumor         

35 OT 0 35 46 S er ous tumor  of LMP *       

36 OT 0 36 73 Mucinous tumor  of LMP    Low  

37 OT 0 37 46 Clear  cell adenocar cinoma      

38 OT 0 38 17 Mucinous tumor  of LMP    High   

39 OT 0 39 42 Metastatic adenocar cinoma       

40  OT 0 40  45 E ndometr ioid adenocar cinoma    2 

41 OT 0 41 41 Mucinous adenocar cinoma    1 

42 OT 0 42 47 Mucinous tumor  of LMP  *   High     

43 OT 0 43 68 Sq ua mous c el l  ca rc i n oma / tera toma     1 

44 OT 0 44 61 E ndometr ioid adenocar cinoma    3 

45 OT 0 45 58 Mixed ep ith elial car cinoma    2  

46 OT 0 46 46 Mucinous tumor  of LMP      Low  

* tumor  with  micr oinvasion 
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Ta b l e  1   (continued) Clinicop ath ologic featur es data of Th ai ovar ian cancer  p atients.       

 

Case D N A Age Histologic sub ty p e Tumor  classification 

numb er  code (y ear )  B enign LMP  Malignant 

47 OT 0 47 41 Mucinous tumor  of LMP     Low   

48 OT 0 48 38 S olid matur e ter atoma B enign     

49 OT 0 49 38 E ndometr ioid tumor  of LMP  *     Low    

50  OT 0 50  56 Adenocar cinoma (1°vs 2°)       3  

51 OT 0 51 63 E ndometr ioid  adenocar cinoma     2  

52 OT 0 52 62 Mucinous tumor  of LMP      Low  

53 OT 0 53 31 Ma ta sta ti c  si g n etri n g  c el l  c a rc i n oma        

54 OT 0 54 42 Mucinous tumor  of LMP  *   High      

55 OT 0 55 42 E ndometr ioid  adenocar cinoma    1 

56 OT 0 56 48 S er ous tumor  of LMP    Low   

57 OT 0 57 45 Mucinous tumor  of LMP *   High     

58 OT 0 58 44 Ma ta sta ti c  si g n etri n g  c el l  c a rc i n oma       

59 OT 0 59 49 S er ous adenocar cinoma    2 

60  OT 0 60  44 Matastatic adenocar cinoma      

61 OT 0 61 55 S er ous adenocar cinoma    3 

62 OT 0 62 54 S er ous adenocar cinoma    3 

63 OT 0 63 23 S er ous tumor  of LMP *       

64 OT 0 64 49 Clear  cell adenocar cinoma     3 

65 OT 0 65 50  Mucinous tumor  of LMP     High    

66 OT 0 66 49 S er ous adenocar cinoma    3 

67 OT 0 67 57 Clear  cell adenocar cinoma    3 

68 OT 0 68 55 S er ous adenocar cinoma    3 

69 OT 0 69 30  Mucinous tumor  of LMP    High    

* tumor  with  micr oinvasion 
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Ta b l e  1   (continued) Clinicop ath ologic featur es data of Th ai ovar ian cancer  p atients.     

 

Case D N A Age Histologic sub ty p e Tumor  classification 

numb er  code (y ear )  B enign LMP  Malignant 

70  OT 0 70  22 I mmatur e ter atoma     3 

71 OT 0 71 65 Gr anulosa cell tumor        

72 OT 0 72 47 Mucinous tumor  of LMP    Low   

73 OT 0 73 48 Mucinous adenocar cinoma     2 

74 OT 0 74 44 Matastatic  ductal  car cinoma      

75 OT 0 75 50  Matastatic adenocar cinoma      

76 OT 0 76 53 S er ous adenocar cinoma    2 

77 OT 0 77 59 U nclassified sex-cor d tumor       

78 OT 0 78 31 I mmatur e ter atoma       

79 OT 0 79 66 Mucinous tumor  of LMP    High     

80  OT 0 80  62 S er ous adenocar cinoma    2 

81 OT 0 81 42 S er ous adenocar cinoma    2 

82 OT 0 82 45 Ma ta sta ti c  si g n etri n g  c el l  c a rc i n oma       
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2.2.2  Ge n o m i c  DN A Pr e p a r a t i o n  
 

Genomic D N A p r ep ar ation was modified fr om th e meth od descr ib ed b y  Miller  et al.  

(1988).  F ir st, th e tissue was cut and gr ound to fine p owder .  Th en th e intact r ed b lood cells wer e 

ly sed with  10  ml of R ed Cell Ly sis b uffer .  Th e mixtur e was sub seq uently  centr ifuged at 3,0 0 0  

r p m for  10  minutes and th e sup er natant was discar ded.  Th e p ellets wer e gr ound again and 

r esusp ended in 8 ml N uclei Ly sis b uffer .  After  mixing gently  with  0 .5 ml of 10 %  sodium 

dodecy l sulfate (S D S ), th e cells wer e ly sed and th e mixtur es b ecame viscous.  Th e mixtur e was 

added with  1.0  ml p r oteinase K solution (1 mg/ ml) and incub ated in sh ak ing water  b ath  at 56°C 

over nigh t. Th e digested p r otein was sep ar ated b y  salting out with  5.0  M N aCl at th e r atio of 1 to 4 

volumes of th e mixtur e.  To comp lete p r otein p r ecip itation, th e mixtur e was k ep t at 4°C for                  

10  minutes b efor e b eing centr ifuged at 4°C, 50 0 0  r p m for  15 minutes.  Th e clear  sup er natant was 

sub seq uently  tr ansfer r ed to new tub e and D N A was p r ecip itated with  2.5 volumes of ice-cold 

ab solute eth anol. Th e wh ite fluffy  D N A was th en h ook ed out, r insed 3 times with  0 .5 ml of              

70 %  eth anol to wash  th e excess salt, and k ep t dr y  at r oom temp er atur e for  2 h our s.  F inally , th e 

D N A was dissolved in 0 .5 ml of 10  mM Tr is-b ase and 0 .1 mM E D TA (TE ) b uffer  and was r eady  

to use for  th e exp er iment. 

Th e concentr ation of D N A was deter mined b y  sp ectr op h otometr y .  An OD  of 1 at 

wavelength  of 260 nm cor r esp onds to ap p r oximately  50 µg/ml for  doub le-str anded D N A.  Th e 

ob tained D N A was diluted to 50 times in TE  b uffer  b efor e measur ing.  Th e concentr ation of D N A 

was calculated b y  using th e for mula as b elow:  
 

Co n c e n t r a t i o n  o f  DN A (µ g / m l )  =  O D 26 0  x  5 0  x  d i l u t i o n  f a c t o r  

 

Th e q uality  of th e D N A is essential to th e over all success of th e analy sis.  OD  260  is 

fr eq uently  used to measur e D N A concentr ation and OD  280  is used to measur e p r otein 

concentr ation.  F or  fur th er  analy sis it is imp er ative th at th e D N A extr acted sh ould h ave h igh  

p ur ity , disp lay ing r atio of OD  260 / OD  280  values b etween 1.7 to 1.9.  S maller  r atios usually  

indicates contamination b y  p r otein or  or ganic ch emicals. 
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2.2.3   Cr e a t e d  Re s t r i c t i o n  S i t e  DN A Am p l i f i c a t i o n   
 

2.2.3 .1  Pr i m e r  S e l e c t i o n   

F or  K-ra s gene, th e cy togenetic map  p osition of th e gene was found to b e 12p 12.1-p 11.1.    

To deter mine th e mutation at codon 12 and codon 13 on exon I  of th e K-ra s gene, th e cr eated 

r estr iction site D N A amp lification was emp loy ed (F i g u r e  1 7 ) . F or  codon 12, th e for war d p r imer  

was designed to cr eate an ar tificial BstN I  (CCA/TGG) r estr iction site in th e nor mal allele b y  

sub stituting G with  C in th e second p osition of codon 11 (F i g u r e  1 8 ) .  F or   codon 13, th e 

mismatch ed r ever se p r imer  was cr eated a r estr iction site for  H a e I I I  (GGCC) in th e nor mal allele 

b y  sub stituting G with  C in th e fir st p osition of codon 14  (F i g u r e  1 9 ) .    B elow ar e p osition and 

seq uence of p r imer s used in th is study : 

K-ras c o d o n  12  

 F o r w a r d  p r i m e r  (nt 99-128) 

  5E-ACTGAATATAAACTTGTGGTAGTTGGACCT-3E 

 
Re v e r s e  p r i m e r  (nt 232-260 ) 

5E-CTGTATCAAAGAATGGTCCTGCACCAGTA-3E 
 

K-ras c o d o n  13  

 F o r w a r d  p r i m e r  (nt 1-30 ) 

5E-GTACTGGTGGAGTATTTGATAGTGTATTAA-3E 

  

Re v e r s e  p r i m e r  (nt 134-159) 
5E-GTATCGTCAAGGCACTCTTGCCTAGG-3E 

 

Th e under lined b ases r ep r esent mismatch es fr om th e K-ra s D N A seq uence.   Th e nor mal 

seq uence of exon I  of K-ra s gene ob tained fr om Gene B ank  I D :  L0 0 0 45 sh own in F i g u r e  18  and 

1 9 .  Th e p r imer s used for  th e amp lification of codon 12 and codon 13 wer e r ep or ted b y                

A.  Hatz ak i et al. (Hatz ak i, R az i et al. 2001). 
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F i g u r e  17   Th e location of p r imer s for  deter mination th e mutation at codon 12 and codon 13 on 

exon I  of th e K-ra s gene using th e amp lified cr eated r estr iction site meth od with  p oly mer ase 

ch ain r eaction tech niq ue.  Th e sy mb ol               indicates for war d p r imer  and           indicates 

r ever se p r imer .  Th e         b ox r ep r esents non-coding seq uence and           b ox r ep r esents coding 

seq uence 

 

 

 
 

          Codon   11  12  13  14 

     K-ras codon 13 (159 bp)      

I II 

 

 1                         159              

 

   Codon  11  12  13  14 

                K-ras codon 12 (162 bp)       

99                        260 
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1        GTACTGGTGG   AGTATTTGAT   AGTGTATTAA   CCTTATGTGT   GACATGTTCT  

 

 

51      AATATAGTCA   CATTTTCATT    ATTTTTATTA    TAAGGCCTGC  TGAAAATGAC 

                                                                                                                      F o r w a r d  p r i m e r      A C 

                                                                      Codon     11     12     13     14 
10 1    TGAATATAAA   CTTGTGGTAG   TTGGAGCTGG  TGGCGTAGGC AAGAGTGCCT                                                         

          T G A A T A T A A A     CT T G T G G T A G     T T G G A CCT  
 

151    TGACGATACA   GCTAATTCAG   AATCATTTTG   TGGACGAATA  TGATCCAACA  

 

 

20 1    ATAGAGGTAA   ATCTTGTTTT    AATATGCATA   TTACTGGTGC  AGGACCATTC 

                                                                     Re v e r s e   p r i m e r        T A CT G G T G C  A G G A CCA T T C 

 

251     TTTGATACAG    ATAAAGGTTT  CTCTGACCAT    TTTCATGAGT  

             T T T G A T A CA G  

 

 

F i g u r e  18   Th e nucleotide seq uence of exon I  in K-ra s gene ob tain fr om Gene B ank  I D :  L0 0 0 45 

of nor mal h uman K-ra s gene.  Th e under lined b ases r ep r esent for war d p r imer  mismatch es for  

amp lify ing cr eated r estr iction site codon 12.   
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1                       GTACTGGTGG   AGTATTTGAT   AGTGTATTAA  CCTTATGTGT    

        F o r w a r d  p r i m e r     G T A CT G G T G G    A G T A T T T G A T    A G T G T A T T A A     

 

41     GACATGTTCT    AATATAGTCA   CATTTTCATT    ATTTTTATTA   TAAGGCCTGC   

 

                                                                            Codon     11     12     13     14 

91     TGAAAATGAC   TGAATATAAA   CTTGTGGTAG   TTGGAGCTGG TGGCGTAGGC 

                                                                                                          Re v e r s e   p r i m e r     CCT A G G C    

 

141   AAGAGTGCCT   TGACGATACA   GCTAATTCAG   AATCATTTTG  TGGACGAATA   

         A A G A G T G CCT     T G A CG A T A C       

 

191   TGATCCAACA   ATAGAGGTAA   ATCTTGTTTT    AATATGCATA  TTACTGGTGC   

 

 
 

241   AGGACCATTC   TTTGATACAG    ATAAAGGTTT   CTCTGACCAT   TTTCATGAGT  

 

 

F i g u r e  19   Th e nucleotide seq uence of exon I  in K-ra s gene ob tain fr om Gene B ank  I D :  L0 0 0 45 

of nor mal h uman K-ra s gene.  Th e under lined b ases r ep r esent r ever se p r imer  mismatch es for  

amp lify ing cr eated r estr iction site codon 13.   
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2.2.3 .2 PCR O p t i m i z a t i o n   

E fficiency  and sp ecificity  of amp lification ar e h igh ly  dep endent on th e natur e of th e 

temp late D N A, p r imer s, annealing temp er atur e, magnesium ch lor ide, and dN TP s concentr ation.  

Th er efor e, th e op timiz ation of r eaction conditions is fr eq uently  necessar y  for  each  sp ecific P CR  

p r oducts.  To op timiz e our  P CR  conditions, annealing temp er atur e was var ied with in th e r ange of 

sever al temp er atur es b elow and ab ove th e calculated Tm, deoxy nucleotide tr ip h osp h ates (dN TP s) 

concentr ation was var ied fr om 50  µM to 250  µM, p r imer  concentr ation was var ied fr om 10 0  µM 

to 50 0  µM, and magnesium ch lor ide (MgCl
2
) concentr ation was var ied fr om 1.0  to 3.0  mM. Th e 

op timiz ed conditions r esulted in th e efficient amp lification with out non-sp ecific amp lified 

p r oducts. 

Th e p r ocedur es and op timiz ed p r otocols ar e as follows:  

F or  codon 12, th e 50  µl r eaction mixtur e contained 1 µg of extr acted D N A, 1 X  b uffer  

(10 mM Tr is-HCl ( p H 9.0), 50 mM KCl and 0.1% Tr iton® X -100), 2.0 mM MgCl
2
, 0.2 mM 

dN TP s, 2 units of T a q  p oly mer ase (P r omega), and 0.3 µM of p r imer s.  Th e tub es wer e th en 

p laced on a Master cy cle gr adient th er mal cy cler  ( E p p endor f).  Th e temp er atur e p r ofile was as 

follows:  initial denatur ation at 94 °C for  5 minutes, followed b y  35 cy cles of th e amp lification 

p r ocess, wh ich  ar e denatur ation at 94 °C for  4 0 seconds, annealing at 60°C for  30 seconds and 

extension at 7 4 °C for  30 seconds, and th e final extension step  at 7 4 °C for  7  minutes. 

F or  codon 13, th e 50  µl r eaction mixtur e contained 1 µg of extr acted D N A, 1 X  b uffer  

(10 mM Tr is-HCl ( p H 9.0), 50 mM KCl and 0.1% Tr iton® X -100), 2.0 mM MgCl
2
, 0.2 mM 

dN TP s, 2 units of T a q  p oly mer ase (P r omega), and 0.2 µM of p r imer s.  Th e tub es wer e th en 

p laced on a Master cy cle gr adient th er mal cy cler  ( E p p endor f).  Th e temp er atur e p r ofile was as 

follows:  initial denatur ation at 94 °C for  5 minutes, followed b y  35 cy cles of th e amp lification 

p r ocess, wh ich  ar e denatur ation at 94 °C for  4 0 seconds, annealing at 63°C for  30 seconds and 

extension at 7 4 °C for  30 seconds, and th e final extension step  at 7 4 °C for  7  minutes. 

After  amp lification, a 2 µl aliq uot was analy z ed b y  electr op h or esis on a 2%  (w/ v) 

agar ose gel and th en was stained with  eth idium b r omide.  Th e standar d 10 0 -b ase p air s D N A 

ladder  was used as molecular  weigh t mar k er . 
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2.2.3 .3  Ag a r o s e  Ge l  El e c t r o p h o r e s i s  

Th e P CR  p r oducts wer e ch eck ed b y  2%  (w/ v) agar ose gel electr op h or esis.  Th e 0 .3 mg of 

agar ose p owder  was b oiled in 15 ml of 0 .5X  TB E  b uffer  and th e gel wer e p our ed into th e mold 

wh en th e solution cooled down to 60 -70 °C.   After  th e gel was comp letely  set (45 - 60  minutes at 

r oom temp er atur e), gently  with dr ew th e comb .  Th en 0 .5X  TB E  b uffer  was p our ed into 

electr op h or esis tank  in th e amount of b uffer  th at could cover  th e gel to a dep th  of ab out                

3 to 5 mm.  Two micr oliter s of P CR  p r oducts wer e mixed with  2 µl of a loading b uffer  and th en 

wer e slowly  loaded into th e slots b y  using automatic micr op ip ette.  E lectr op h or esis was car r ied 

out at 10 0  V  for  30  minutes.  After  electr op h or esis, th e gel was stained b y  sub mer ging in           

0 .5 µg/ ml eth idium b r omide solution for  15-20  minutes and th en was destained twice in distilled 

water  for  5-10  minutes.  Th e D N A b ands wer e visualiz ed b y  U V  ligh t and documented b y  using    

a B io-R ad gel doc 10 0 0  sy stem.  Th e standar d 10 0 -b ase p air s D N A ladder  was used as molecular  

weigh t mak er . 

 
2.2.3 .4 Pu r i f i c a t i o n  o f  PCR Pr o d u c t s  

Th e P CR  p r oducts wer e p ur ified b efor e any  step  of r estr iction enz y me digestion in or der  

to r emove excess P CR  p r imer s, dN TP s, enz y me, and b uffer  comp onent fr om P CR  amp lification.  

F ir st, th e 5.0  M N aCl at th e r atio of 1 to 10  volumes of th e mixtur e was added.  Th en cold 

ab solute eth anol at th e r atio of 2.5 to 1 volumes of th e mixtur e was disp ensed in each  tub e, mixed 

th or ough ly  and k ep t at J20 °C over nigh t to ensur e th e p r ecip itation of P CR  p r oducts.  Th e 

p r ecip itated P CR  p r oducts wer e r ecover ed b y  centr ifugation at 12,0 0 0  r p m for  30  minutes.  Th e 

sup er natant was r emoved and th e p ellet was r insed 2-3 times with  150  µl of 7 0% eth anol to wash  

th e excess salt.  Th e p ellet was left to dr y  at r oom temp er atur e and r edissolved with  20 µl ster ile 

deioniz ed water . 

 
2.2.3 .5   Re s t r i c t i o n  En z y m e  Di g e s t i o n  
Th e exp ected siz es of th e P CR  p r oducts ar e 162 b ase p air s and 159 b ase p air s for  codon 

12 and codon 13, r esp ectively .  F or  codon 12, th e 10 µl r estr iction r eaction mixtur e contained             

3 µl of p ur ified P CR  p r oduct, 2.5 units of BstN I , 1 X  B uffer  (50 mM N aCl, 10 mM Tr is-HCl, 10 

mM MgCl
2
 and 1 mM dith ioth r eitol (p H 7.9)), 1µl of 10 0  µg/ ml B S A and sufficient amount of 
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ster ile deioniz ed water  to mak e a final volume to 10 µl.  Th e r eaction mixtur e was th en incub ated 

at 60 °C over nigh t b efor e sep ar ation b y  12% (w/v) non-denatur ing p oly acr y lamide gel.              

F or  codon 13, th e 10 µl r estr iction r eaction mixtur e contained 3 µl of p ur ified P CR  p r oduct,            

2.5 units of H a e I I I , 1 X  B uffer  (50 mM N aCl, 10 mM Tr is-HCl, 10 mM MgCl
2
 and                       

1 mM dith ioth r eitol (p H 7.9)), and sufficient amount of ster ile deioniz ed water  to mak e a final 

volume to 10 µl.  Th e r eaction mixtur e was th en incub ated at 37°C over nigh t b efor e sep ar ation b y        

12% (w/v) non-denatur ing p oly acr y lamide gel. 
 

2.2.3 .6  Po l y a c r y l a m i d e  Ge l  El e c t r o p h o r e s i s  

Th e p r oducts of r estr iction enz y me r eactions wer e analy z ed b y  12%  non-denatur ing 

p oly acr y lamide gel electr op h or esis.  Th e gel electr op h or esis was p er for med using a B io-R ad 

Mini-P r otean® I I  2-D  cell.   Th e 5-ml acr y lamide solution contained 2.0  ml 30 %  p oly acr y lamide 

solution, 1.95 ml of deioniz ed water , 1.0  ml of 5X  TB E , and 50  µl of 10 %  ammonium p er sulfate. 

A 5.0 -µl TE ME D  (N , N , N E, N E-tetr ameth y leth y lenediamine) was added to th e solution and 

mixed th or ough ly  r igh t b efor e p our ing th e gel solution into th e gel casting unit.  Th e comb        
(5 mm-width  and 0 .75 mm-th ick ) was inser ted and th e gel was let to p oly mer iz e for  45 minutes.   

After  th e gel was comp letely  p oly mer iz ed, th e gel p late was assemb led to th e 

electr op h or esis unit.  Th en 1X  TB E  b uffer  was p our ed into electr op h or esis tank  in th e amount of 

b uffer  th at could cover  th e tank  and th e gel p late edge was sub mer ged.  W h ole r estr iction enz y me 

digestion p r oduct or  3 µl of p ur ified P CR  p r oduct was mixed with  3 µl loading b uffer  and was 

slowly  loaded into th e slots using an automatic micr op ip ettor .  E lectr op h or esis was car r ied on 10 0  

V  for  2 h our s.  After  electr op h or esis, th e gel was stained in 0 .5 µg/ ml eth idium b r omide solution 

for  20  minutes and th en destained in distilled water  for  10  minutes th r ice.  Th e D N A b ands wer e 

visualiz ed under  U V  ligh t and documented b y  using a B io-R ad gel doc 10 0 0  sy stem.  Th e 

standar d 10 0 -b ase p air s D N A ladder  was used as molecular  weigh t mak er . 

F or  codon 12, th e siz e of non-digested P CR  p r oduct is 162 b p .  W ith  BstN I  digestion, 

wh ich  r ecogniz es th e seq uence CCA/TGG amp lified fr om nor mal allele, two fr agments of 133 b p  

and 29 b p  wer e exp ected.  Th er efor e, nor mal allele would r esult in two fr agments of 133 b p  and 

29 b p , wh ile mutated allele would r emain th e wh ole intact 162 b p  P CR  p r oduct after  BstN I  

digestion.   
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F or  codon 13, th e siz e of non-digested P CR  p r oducts is 159 b p .  W ith  H a e I I I  digestion, 

wh ich  r ecogniz es th e seq uence GGCC amp lified fr om nor mal allele, th r ee fr agments of 85, 48 

and 26 b p  wer e exp ected.  Th er efor e, nor mal allele would r esult in th r ee fr agments of 85, 48, and 

26 b p , wh ile mutated allele (at codon 13) would p r oduce th e two fr agments of 85 and 74 b p  after  

H a e I I I  digestion. ( F i g u r e  20 ). 

 
 

 

 

 

F i g u r e  20   S ite and siz e of exp ected D N A fr agments after  r estr iction enz y me digestion. (a) F or  

codon 12 mutation detection. (b ) F or  codon 13 mutation detection. Th e sy mb ol   indicates 

undigested r estr iction site and          indicates digested r estr iction site. 
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2.2.4 DN A S e q u e n c i n g   

All mutations identified b y  th e amp lified cr eated r estr iction site meth od with  P CR -R F LP  

analy sis wer e confir med b y  D N A seq uencing.  Th e new p air  of p r imer s wer e used for  amp lify ing 

D N A fr agment wh ich  cover ed codon 12 and codon 13 of K-ra s gene.   Th e amp lified P CR  

p r oducts wer e p ur ified with  lo w  m e l t i n g  p o i n t  a g a r o s e  g e l  e l e c t r o p h o r e s i s  a n d  a Q AI q uick  gel 

extr action p ur ification k it (Q AI GE N ).  After  p ur ification, dir ect seq uencing was car r ied out b y  
th e dideoxy nucleotides ch ain ter mination meth od using a B igD y e® Ter minator  Cy cle S eq uencing 

Kit, v3.1 (Ap p lied B iosy stems), accor ding to th e manufactur er ' s p r otocols.  S eq uencing r eaction 

of P CR  amp lified fr agments wer e p er for med on a Master cy cle gr adient th er mal cy cler  

( E p p endor f).  Th e seq uence r eaction p r oducts wer e analy z ed b y  using a P er k in E lmer  AB I  P r ism 

310  Genetic Analy z er  (Ap p lied B iosy stems, Tok y o, J ap an) (F i g u r e  21 ) . 

 
2.2.4.1  Pr i m e r  De s i g n s   
Th e p r imer s wer e designed to cover  codon 12 and codon 13 of K-ra s gene.  Th e p r imer s 

b elow wer e exp ected to give th e P CR  p r oduct of 260  b p .  Th e locations of p r imer s and codon 12 

and codon 13 ar e sh own in F igur e 2-9. 
 
F o r w a r d  p r i m e r  (nt 1-30 ) 

5E-GTACTGGTGGAGTATTTGATAGTGTATTAA-3E 
 
Re v e r s e  primer (nt 232-260 ) 

5E-CTGTATCAAAGAATGGTCCTGCACCAGTA-3E 
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F i g u r e  21   Th e p r ocedur e for  deter minating th e mutation at codon 12 and codon 13 on exon I  of  

K-ra s gene fr om th e Th ai ovar ian cancer  tissue samp les b y  D N A seq uencing using 

dideoxy nucleotides ch ain ter mination. 

G EN O MIC  D N A 

AUTO MATED  D N A SEQ UEN C E AN ALY SIS 

LO W  MELTIN G  PO IN T AG AR O SE G EL ELEC TR O PH O R ESIS 

D ID EO X Y N UC LEO TID ES C H IAN  TER MIN ATIO N  R EAC TIO N  B Y  PC R  

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

G e l  e x t r a c t i o n  a n d  p u r i f i c a t i o n  

D ID EO X Y N UC LEO TID ES TER MIN ATED  EX TEN SIO N  PR O D UC TS 

Et h a n o l / ED TA p r e c i p i t a t i o n  

PUR IF IED  EX TEN SIO N  PR O D UC TS 

R e s u s p e n d  i n  TSR  b u f f e r  

AMPLIF IED  D N A F R AG MEN T 
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F i g u r e  22  Th e location of p r imer s for  amp lified D N A fr agments cover ing codon 12 and               
codon 13 on exon I  of K-ra s gene b y  p oly mer ase ch ain r eaction.  Th e sy mb ol               indicates 

for war d p r imer  and                indicates r ever se p r imer .  Th e         b ox r ep r esents non-coding 

seq uence       and                b ox r ep r esents coding seq uence 

 

 

2.2.4.2 PCR O p t i m i z a t i o n  

To op timiz e th is P CR  condition, annealing temp er atur e was var ied with in th e r ange fr om 

56.0 °C to 69.0 °C, deoxy nucleotide tr ip h osp h ates (dN TP s) concentr ation was var ied fr om 50  µM 

to 250  µM, p r imer  concentr ation was var ied fr om 10 0  µM to 50 0  µM, and magnesium ch lor ide 

(MgCl
2
) concentr ation was var ied fr om 1.0  to 3.0  mM. Th e op timiz ed conditions r esulted in th e 

efficient amp lification of th e 260 -b p  D N A with out non-sp ecific amp lified p r oduct. 
Th e p r ocedur es and op timiz ed p r otocol was:   

Th e 50  µl r eaction mixtur e contained 1 µg of extr acted D N A, 1 X  b uffer  (10 mM Tr is-

HCl ( p H 9.0), 50 mM KCl and 0.1% Tr iton® X -100), 2.0 mM MgCl
2
, 0.2 mM dN TP s, 2 units of 

 Codon            11  12  13  14 

I II 

 

 1                                        260 

260 bp 
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T a q  p oly mer ase (P r omega), and 0.2 µM of each  p r imer .  Th e tub es wer e th en p laced on a 

Master cy cle gr adient th er mal cy cler  ( E p p endor f).  Th e temp er atur e p r ofile was as follows:  initial 

denatur ation at 94 °C for  5 minutes, followed b y  35 cy cles of th e amp lification p r ocess, wh ich  ar e 

denatur ation at 94 °C for  1 minutes, annealing at 60°C for  1 minutes and extension at 7 4 °C for              

1 minutes, and th e final extension step  at 7 4 °C for  7  minutes. 

 
2.2.4.3   Purification of PCR Product 

T h e  P C R  p r o d u c t  w a s  p u r i f i e d  b y  1 %  ( w / v )  l o w  m e l t i n g  p o i n t  a g a r o s e  g e l  

e l e c t r o p h o r e s i s .   T h e  0 . 1 8  m g  o f  t h e  l o w  m e l t i n g  p o i n t  a g a r o s e  p o w d e r  w a s  b oiled i n  1 8  m l  o f  

0 . 5 X  T B E  b u f f e r .   W h e n  t h e  s o l u t i o n  c o o l e d  d o w n  t o  6 0 -7 0 º C ,  e t h i d i u m  b r o m i d e  w a s  a d d e d  t o  a  

f i n a l  c o n c e n t r a t i o n  o f  0 . 5  µ g / m l .   T h e  g e l  w a s  t h e n  p o u r e d  i n t o  t h e  m o l d .   A f t e r  t h e  g e l  w a s  

c o m p l e t e l y  s e t  ( 4 5  - 6 0  m i n u t e s  a t  c o o l  t e m p e r a t u r e ) ,  g e n t l y  w i t h d r e w  t h e  c o m b .  T h e  0 . 5 X  T B E  

b u f f e r  w a s  p o u r e d  i n t o  e l e c t r o p h o r e s i s  t a n k  i n  t h e  a m o u n t  o f  b u f f e r  t h a t  c o u l d  c o v e r  t h e  g e l  t o  a  

d e p t h  o f  a b o u t  3  t o  5  m m .   T h e  w h o l e  50 -µl P C R  p r o d u c t  w a s  m i x e d  w i t h  5  µ l  o f  l o a d i n g  b u f f e r  

a n d  t h e n  w a s  s l o w l y  l o a d e d  i n t o  t h e  g e l  s l o t  b y  u s i n g  a u t o m a t i c  m i c r o p i p e t t e .  E l e c t r o p h o r e s i s  w a s  

c a r r i e d  o u t  w i t h  1 0 0  V  f o r  3 0  m i n u t e s  a t  c o o l  t e m p e r a t u r e  t o  e n s u r e  t h a t  t h e  g e l  d o e s  n o t  m e l t  

d u r i n g  t h e  r u n .      Th e standar d 10 0 -b ase p air s D N A ladder  was used as molecular  weigh t mar k er .  

A f t e r  e l e c t r o p h o r e s i s ,  t h e  P C R  p r o d u c t  w a s  v i s u a l i z e d  b y  U V  l i g h t  a n d  t h e  b a n d  w a s  c u t  o u t  w i t h  

a  c l e a n ,  s t e r i l e  s c a l p e l .   T h e  g e l  f r a g m e n t  w a s  p u r i f i e d  using Q AI q uick  gel extr action p ur ification 

k it (Q AI GE N ). 

 

2.2.4.4 Di d e o x y n u c l e o t i d e s  Ch a i n  Te r m i n a t i o n  Re a c t i o n  

After  P CR  p r oducts wer e p ur ified b y  using Q AI q uick  gel extr action p ur ification k it 

(Q AI GE N ), th e concentr ation of P CR  p r oducts wer e measur ed b y  sp ectr op h otometr y  at 260  nm.  

Th e 20 -µl dideoxy nucleotides ch ain ter mination r eaction contained 50  ng of p ur ified P CR  

p r oducts, 3.2 p mole of for war d p r imer , 8 µl B igD y e® S eq uencing R eady  R eaction B uffer  and 

ster ile deioniz ed-distilled water .  Th is seq uencing r eaction of mixtur e was p er for med on a 

Master cy cle gr adient th er mal cy cler  ( E p p endor f).  Th e condition for  dideoxy nucleotides ch ain 

ter mination r eaction wer e p r ogr ammed to 96°C for  1 minutes, followed b y  r ep eating 25 cy cles of 
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96°C for  10  seconds, 50 °C for  5 seconds, and 60 °C for  4 minutes.  Th e dideoxy nucleotides 

extension p r oducts wer e stor ed at 8°C until p ur ification. 

 

2.2.4.5  Pu r i f i c a t i o n  o f  t h e  Di d e o x y n u c l e o t i d e  Te r m i n a t e d  Ex t e n s i o n  Pr o d u c t s  
 Th e extension p r oducts wer e p r ecip itated with  eth anol/ E D TA p r ecip itation.  Th e entir e 

content of extension p r oduct was added with  5 µl of 125 mM E D TA and 60  µl of cold ab solute 

eth anol, th en mixed gently  and incub ated on ice for  at least 15 minutes to p r ecip itate th e 

extension p r oducts.  Th e tub e was sp un in micr ocentr ifuge at 13,0 0 0  r p m for  45 minutes and th e 

sup er natant wer e car efully  r emoved with out distur b ing th e p ellet.  Th e p ellets wer e r insed twice 

with  125 µl of 70 %  eth anol and centr ifuged at 4°C, 13,0 0 0  r p m for  20  minutes, and th e 

sup er natant was car efully  r emoved with out distur b ing th e p ellet.  Th e p ellet was k ep t dr y  at r oom 

temp er atur e until it was comp letely  dr y .  Th e p ur ified extension p r oducts wer e stor ed at -20 °C 

until use. 

 

2.2.4.6  Au t o m a t e d  DN A S e q u e n c e  An a l y s i s   

Th e p ur ified extension p r oducts wer e r esusp ended in 25 µl of temp late sup p r ession 

r eagent (TS R ), th en wer e mixed th or ough ly  and sp un down.  Th e samp les wer e h eated at 95°C 

for  5 minutes, followed b y  ch illing on ice for  10  minutes.  Th e samp les wer e th en mixed 

th or ough ly  b efor e tr ansfer r ing to a P er k in E lmer  AB I  P r ism 310  Genetic Analy z er .  Th e r aw data 

fr om cap illar y  electr op h or esis on th e P er k in E lmer  AB I  P r ism 310  Genetic Analy z er  wer e 

collected and analy z ed b y  Macintosh -b ased softwar e (S eq uencing Analy sis S oftwar e V er sion 

2.1.1).  Th e b ases at codon 12 and codon 13 of K-ra s gene wer e manually  comp ar ed with  th e 

nor mal seq uences (Th e nor mal nucleotide seq uence in exon I  of K-ra s gene wer e der ived for m 

Gene B ank  I D :  L0 0 0 45). 
  

2.2.5   Da t a  An a l y s i s  
S tatistical differ ences b etween mutation and nor mal gr oup s wer e p r esented as p er centage.  

Th e deter mination of K-ra s gene mutation at codon 12 and codon 13 wer e ch ar acter iz ed up on th e 

length  of P CR  fr agment after  digested with  r estr iction enz y me on gel electr op h or esis.  N or mal 

seq uence at codon 12 p r oduced a digested p r oduct of 133 b p  and 29 b p  in length , wh er eas th e 

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



 
 
 

 

59

P CR  p r oduct fr om mutant seq uence was a 162 b p  undigested p r oduct.  F or  detection of nor mal at 

codon 13, th e digested P CR  p r oduct with  enz y me p r oduced a digested p r oduced 85, 48 and 26 b p  

in length  wh ile th e P CR  p r oduct fr om mutant seq uence y ield only  two fr agments of 85 and 74 b p .  

Th e D N A seq uences of mutation of codons 12 and 13, wh ich  deter mined b y  automatic analy z er , 

wer e comp ar ed with  th e nor mal nucleotide seq uences for m Gene B ank  I D :  L0 0 0 45. 
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