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Abstract 

 

The study on chemical and physical factors affecting gene transformation in  

embryogenic callus (EC) of oil palm was conducted using bombardment technique.  EC was 

bombarded with gold particles (1.0 µm of particle size) coated with plasmid  pCAMBIA 1301 

(1.5 µg/ µl) which  harboring gus and  hpt  gene used as screenable and selectable marker genes, 

respectively.  The results revealed that an optimal conditions of physical factor s for gene 

transformation in EC were bombardment at  5 kg/cm2,  10  cm working distance and  -0.1 MPa  

vacuum pressure.   Those factors gave the highest transient expression of  gus gene  at  65.74%,   

62.33% and 66.22%, respectively. The effect of chemical factors affecting to gene transformation 

in EC revealed that pre-cultured EC on MS medium supplemented with 0.3 M mannital and  

0.3 M sorbitol under dark condition for 16 h  gave transient expression of gus  gene at  68.75%.  

Post-cultured bombarded EC on the same medium and condition for 24 h gave the highest 

transient expression of  gus  gene  at  38.63%.  These expressions were stable until one month of 

culture. Polymerase chain reaction (PCR) revealed gus gene at 441 bp and  hpt  gene at 800 bp   

in genome of  transformant plants.   
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(2009) Parveez  (1997)  

   

  
2.5   0.1   

128±30  ( ) 
933±132  ( ) 

 
   Franklin (2007) 

   Organogenic nodules  H.  perforatum 

  2.5    
0.1 

 

3.  
 

   
1.5    Parveez (1998) 

 0.5  1  1.25  1.5  1.75  2  3 
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   1.5  
525 158  

   Sreeramanan (2005) 

  0.5  1  1.5  2  2.5  
   1.5 

  gus   gfp  
   Mousavi (2009) 3  

         
  gus   1383±565 

   Visarada  Sarma  (2004) 
   T309  Seshu  Nagarjuna  Rasi  Vibhava    T309 

  gus   576±212  

   Parveez (1998) 

  3   

   gus  
  952.8   Parveez (1998) 

 
 gus   

  1.5   

 
 

   

 2  
  

 24 48  transient expression  
     

gusA (uidA) 

 -glucuronidase (GUS)  
histochemical  assay   

    Batista  



 
 

16

(2008)  histochemical assay 

 -glucuronidase    Jefferson (1987) 

    48    

5- -4- -3- - -D-  (X-Gluc)   
 -100 

37  24  95  
   gfp  

(Aequra victoria) green fluorescent protein (GFP)  

UV (blue light) 

    

 
 stable transformation 

 

 
 

 
  

   Grewal  (2006)  Cry1Ac 

30  

1 (To)  Cry1Ac 2 (T1) 
 gus  Cry1Ac  

 
   

  
   3    

  
  -

 (Agarose gel electrophoresis) 
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2 
 

 
 

 
 
       1.  
 

1.1  
 

 (  1) 
  

   MS  0.3 
200  30  0.75 

 pH 5.7 2-3   
  4   5   14  

 1,900-2,000  26±2   

 

 

 
 

 

 

 

 

 

1 MS   
               0.3  200   
              ( 0.36 ) 

 

18 
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1.2  
 

        Agrobacterium  tumefaciens  EHA105 pCAMBIA 

1301  gus  CaMV35S promoter nopaline 

synthase polyadenylation (Nos polyA) hpt 

CaMV35S promoter CaMV35S polyadenylation (CaMV35S polyA)   
 1   

 

1.3  
 

                
                MS (

 1)  0.3  
200 30  0.75  pH 5.7  

 121   1.05 15 

 

 

               
                LB (Luria 

Bertani) ( 2) 50 

  0.75  pH 7 

121 1.05 15  

 

1.4  
                     1.4.1 

 - MS  

 -  

 -   

 -   

 -  
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 -  

   1.4.2  

   - LB  

   -  

        1.4.3  

       -  
 - -  
 -  
 -  
 -  
 -  
 -    95  
 - -  

                      1.4.4  

 -  pCAMBIA 1301 

 -  1   

 -  

 -  

 -      

        1.4.5 GUS  

  -  5- -4- -3- - -D-  

  -  

  -  

  - -100 

  -  

         1.46  

  - -  

  -  10    

  -   
  -   
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     1.4.7  

  -   

  -  

  -  

  -   

  -   

  -  

  -  

  - (100 bp ladder)   (Promega, USA) 

     1.4.8  

  - dNTP mix (dATP, dTTP, dCTP dGTP)  (Promega, USA) 

   - gus   F-primer 5'-CTGCGACGCTCACACCGATAC-                     

                                         R-primer -TCACCGAAGTTCATGCCAGTCCAG-  

   - Primer htp  F-primer 5'-CCTGAACTCACCGCGACG-3  

      R- -AGACCAATGCGGAGCATATA-  

   -  

   - 10X Taq  (Promega, USA) 

   -  Taq DNA Polymerase B (Promega, USA) 

   -  

 

2.   
 

 2.1  
-     

-     

-   
-   

-    
-   
-   
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- -   
- 2 4  

-  

             2.2  

   -  

 -   

 -   

 - 

      2.3 
   - 1.5   

 -   

 -  

 -  

 -   

 -   

 -  

 -  

 -  ( 2 ) 
 -   
 -    

 -   

     2.4   
   -   

 -  

 -  

     2.5 GUS 
-  

-  

-  
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        1.  
 
   EHA1301  
Bimboim Doly (1979)  LB broth 

50  100 28    1-2 

 1.5 1.5 
 5,000 5  -

  0.1  pH 8.0 

(TE buffer) 0.5 M pH 8.0 0.1  100   

 0  ( ) 10  
 0.2   1% 200 

-  0   10  
 3  150  -   -20  

  15  13,000  15  
  2.5   -20  

 30   13,000   10  
 70   0.5  

 5,000  5 2  
TE buffer   -20  

 
         2.   
 
   Parveez 

 (1997)  1   30 

1.5   500  
 1  3-5 

10,000   1  
 2 500  10,000 
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1  1  500  
 1  50 

 15 (1.5 )  
  2.5   50 

 0.1   20 

 3  10,000 

 10  250 

 10,000   10  
 60   0   

 30  

 

3.  
 
  3.1   
 

MS  1  200  
 0.3    0.3 

 0.75  

pH 5.7   16   3 

2   5   7  (kg/cm2)  -0.1  
 1   pCAMBIA 1301  

1.5  10  

  
24  

MS   1   200   
0.75   pH 5.7 3    
MS   1  200    

 30   
 (2552) 0.75  pH 5.7     2  
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gus  48  
   gus    hpt   PCR 

 1  CRD (Completely randomized design) 

DMRT e test) 3  

 
                3.2    
 

 16 
  3.1  -0.1   

 1    pCAMBIA 

1301  1.5  
 4 3.4  6.7  10 13.4   

24  
 3  

   2  gus  48 
   gus  

 hpt  PCR 1  CRD 

 DMRT 3  

 

               3.3   
 
  16 

3.1 3 

-0.1  -0.09  -0.08 1 

 pCAMBIA 1301  1.5  
 3.2 

 24   
 3  

 2  
gus  48   
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  gus    hpt  PCR 1  
CRD DMRT 3  
 

               3.4   
 
  0  4  16  24 

48  3.1 
 3.3  1 

  pCAMBIA 1301  1.5  
 3.2 

 24 
3  

  2   gus  
48   

  gus     hpt  PCR 1  
CRD DMRT 3  
 

          3.5   
          

 3.4  
3.1 3.3 

1   pCAMBIA 1301  1.5 

3.2  

0  12  

24  72  168  

3  2 

gus 48    
   gus    hpt  PCR 
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 1  CRD DMRT   
3  

 

                3.6     
 

MS  1 
 200   0.1  0.3 

0.5  0.1  0.3 0.5  
 0.1  0.3 0.5 

3.4   3.1 
 3.3   1 

 pCAMBIA 1301  1.5  
 3.2 

 
 3.5   

3   2 

 gus  48  
   gus    hpt  

PCR 1  
Factorial  CRD DMRT 3  

 

3.7  
         

 

 

6  3.4  
 3.1  3.3 

 1  pCAMBIA 1301  

1.5  
 3.2 
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  3.5  
0  3  7  15  24 

  2  
gus   26      

  gus    hpt  PCR 1 

CRD DMRT 3  

 

 4.    gus  
 

gus histochemical localization 

Jefferson  (1987)  48 

5-8  (96 well)  X-

Gluc   10 

 50  -100  1-2   
X-Gluc   37  

 24   70  150  
  

  
 5   polymerase chain reaction (PCR) 
 
                5.1   
 
    0.05   

  Te-chato (2000)  1.5 -
 (TE buffer) 150  SDS  

 10  20   70  
15  5  110   

-20   30 12,000  10 

  100-150   0.5  

-    5,000 
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5    70 0.5  

 2  TE buffer  

 -20  
 

      5.2   
 
   

 gus  F-primer 5'-CTGCGACGCTCACACCGATAC-   R-primer                            

-TCACCGAAGTTCATGCCAGTCCAG-   441  
  hpt  F-primer  5'-CCTGAACTCACCGCGACG-3'   

R- -AGACCAATGCGGAGCATATA- 800  

  10    20 

dNTP 20    2.0 

0.2 Taq DNA polymerase 1.0  
   (

 3)  
 1.5  

100 - (TBE buffer) 

40     
 260 gel document 

 

 



30 
 

3 
 

 
 

1.   
 

    3
2  5 7     48 

 gus  (histochemical  

method)  5  gus 
65.74%  7 2  
gus  62.74%   36.35%    (  1) 

  

 (  2) 

 4    5  

  91.67%   7  2 
 82.22% 

  
 

  
  

 ( 3) gus  
hpt  PCR   

  gus    441    hpt  
 800    3  

 ( 4)   5 
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1    gus   

         

      4  

 

(kg/cm2) 
 

gus 1/ 

 
2/ 

0 0d 36.67c 

2 36.35c 82.22b 

5 65.74a 91.67a 

7 62.74b 82.22b 

F-test * * 

C.V. (%) 5.13 6.20 

    *  (p<0.05) 

          

     DMRT 
 

         1/  gus  48  

              gus      =       x 100 

                                                                                                   

 
        2/   4 

   =     EC   x  100 
                                                                             EC 
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  2  gus   histochemical  method  

   48   
 (  =  0. 5 ) 
  :    

  :   2   

  :    5   

  :    7  
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3    

                    30  4   

                 ( = 1.22 ) 
  :    

  :   2   

  :     5   

  :   7  
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4    gus  (441 )   hpt  (800 )  PCR   

                 

                 4        

  M:  100          N:  negative  control      
   P:  positive   control                           C:     

      1: 3   

  2:  5  
  3:  7  

 
2.    
 
   

  4    3.4  6.7  10   13.4  
  48   gus  

histochemical method   10   gus   
62.33%    6.7  13.4  3.4  

  51.19  36.76   30.36   (  2)  

 

 30 

  4    92.99   10  

441 bp 

 M     N     P     C      1      2     3            N      P      C    1      2      3      

800 bp 
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 ( 5)   3.4  

68.56%    
( 5 . ) 

gus    hpt PCR 
   gus  441   

hpt 800   4 
 (  6)  10  

 

 

 

2           
                  gus    

                 4    

( ) 
 

gus 1/ 

 

 
3.4 30.36c 68.56c 

6.7 51.19b 80.56b 

10 62.33a 92.22a 

13.4 36.76c 88.33ab 

F-test * * 

C.V. (%) 12.83 5.34 

*  (p<0.05) 

 DMRT 
1/   gus   48 
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 5    

  30  4   
 ( = 1.22  ) 
  :    

:       13.4                 

:       10      

  :        3.4     
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6     gus  (441 )  hpt  (800 )  PCR   
  

    
 4         

  M: 100      N:  negative control      

  P:  positive control      C:     
 1:      0        

 2:    3.4     
 3:    9.6     

          4:    13.4    

 
3.  
 

  3        -0.1   

-0.09    -0.08  
48  gus histochemical method  

  -0.1 

 gus 66.22%     
-0.09   -0.08    51.02%  48.91% 

 (  3) 

  M   N    P   C   1    2    3    4          N    P   C   1    2    3    4   

441 bp 

800 bp 
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  30  4 

  -0.1   91.67%  
  -0.09    -0.08     84.17%  81.67%  

 
 gus   hpt  PCR 

   gus  
 441  hpt  800 3  

 ( 7)   0.1 

      

 

 

3 gus   

      

   4   
 
 

                 

 

 

 

 

 

   *  (p<0.05) 

   ns  

    

    DMRT 
1/   gus  48  

 

 

 

 

( ) 
 

gus 1/  
-0.08 48.91b 81.67 

-0.09 51.02b 84.17 

-0.1 66.22a 91.67 

F-test * ns 

C.V. (%) 21.46 4.03 
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7   gus  (441 )  hpt (800 ) PCR  

    

  4         

  M:  100      N:     negative control     

  P:  positive control     C:   

 1:   -0.08     

 2:   -0.09     

 3:   -0.1       

 
4.   

    
 

 0  4  16  24  48 5 
   -0.1  
 10  

  8    gus  histochemical  

method   
  gus   16   

  gus   68.75%  24  4  48  0  

  66.30%  65.28%  57.92%  51.06%    (  4)  

           
 

 M    N    C     P    1     2     3           N     P    C     1     2     3   

441 bp 

800 bp 
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  30 4 

 6    
  95.83%  4  24  48  0  

  1.67%  90.83%  90.83%  84.17%  

 

   gus   hpt 
PCR             

gus   441   hpt  800  5  
 ( 8) 

16  
     

 
4  

     gus    

       4   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*   (p<0.05) 

ns  

 DMRT 
1/   gus  48 

 

( ) 
 

gus 1/ 

 

 
0 51.06 84.17b 

4 65.28 91.67a 

16 68.73 95.83a 

24 66.30 90.83ab 

48 57.92 90.83ab 

F-test ns * 

C.V. (%) 21.46 4.02 
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8     gus  (441  )   hpt  (800  ) PCR     
                  

  

4  

  M:  100        N:  negative control      P:  positive control  

 1:       0      

 2:       4      

 3:     16    

 4:     24    

 5:   48   

 

5.   
          

     
0  12  24  72  168   

 gus    histochemical  method 
 gus  

24   gus  38.63%   12  

   27.87%  

    72    168   gus    

25.29    0   (  5) 

 M    N    P     1    2     3     4    5              P    N     1      2     3     4     5 

441 bp 

800 bp 
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168      
( 9)     

  30 4 

 12  
   78.33%  0  24  72  168 

   71.67%  70%  63.33%  0%   
          

 gus  hpt  
PCR   

 gus   441     hpt  800  5 
  ( 10) 

24   
12 gus 

24   
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5   

                     gus    

     4   

( ) 
 

gus 1/ 

 

 
0 25.29ab 71.67a 

12 27.87a 78.33a 

24 38.63a 70.00a 

72 11.99ac 63.33a 

168 0c 0b 

F-test * * 

C.V. (%) 37.7 20.15 

*   (p<0.05) 

 DMRT 
1/    gus  168 
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 9    30     

                 4  ( = 0.63  ) 
  :    24                    

  :   168   
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10    gus  (441 )    hpt  (800 ) PCR  

    

   

  4  

                     M: 100    P:  positive control   C:  

 1:     0         

 2:    12       

 3:   24      

 4:     72      

 5:     168   

 

      

 
 
 
 
 
 
 

441 bp 

800 bp 

  M    N     P     C    1      2      3     4     5    N    P    C     1      2     3     4     5 
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6.      
 

 0.1  0.3  0.5    0.1  0.3 0.5  

  0.1  0.3  0.5   

   48 

  gus    histochemical  method         
 

gus 
gus    0.1  

   gus    43.42%   0.5 

  0.3  gus  39.56%  

39.33%   (  6) 
 

 30 

4   82.50% 

0.1   0.3  0.1 

  80%  75%   
(  7) 

 (
4)  

  gus   hpt  PCR 
   gus   441 

  hpt  800   10  
 ( 11   ) 

0.1  
  0.1 

 gus   
  0.1          
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6  gus  
  48                  

 

 

( ) 

gus 

 

  
 

+  

0.1 25.25b 43.42a 38.78ab 

0.3 38.43ab 30.17ab 39.33a 

0.5 39.56a 34.51ab 35.65ab 

C.V.(%) 21.41 

 
 

7  

    4   

 

( ) 

              

 
2  

  
 

+  

0.1 82.50a 75.00abc 68.33bc 75.28A 

0.3 80.00ab 70.00abc 65.00c 71.67A 

0.5 73.33abc 65.00c 51.67d 63.33B 
1  78.61A 70.00B 61.67C ns 

C.V.(%) 10.30 

                 ns  
      1, 2 ( )  

        ( ) DMRT 
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11  gus ( ) hpt ( ) PCR  

   

 4      

 M:  100        (N) negative control                                       
  P:  positive control           (C)  

1:   

2:    0.1   

3:   0.3   

4:   0.5   

5:       0.1   

6:      0.3   

7:      0.5   

8:       0.1   

9:     0.3   

10:    0.5  

  
 

 

  M    N     P    C    1     2     3     4     5     6     7    8     9   10 

441 bp 

800 bp 

 M    N    P     C    1     2     3     4     5     6     7     8    9   10 
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7.  
 

   0  3   7   15    24   
   26 

  gus  histochemical  method  
 24  gus  29.68%  

   15  7  3   0    28.06%  27.55%  

25.82%  15.14%  (  8)  
         

           
   30     4   

  7       
 92.5%  15   24   3  0   

 90.83%  90.83%  65%  30%     
         

  gus   hpt   PCR  
   gus  441  

 hpt   800    5  
 ( 12  ) 

 24 

7 

  gus      24  
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8  

gus           
4  

 

  ( ) 
 

gus 1/ 

 

 
0 15.14b 30.00c 

3 25.82ab 65.00b 

7 27.55a 92.50a 

15 28.06a 90.83a 

24 29.68a 90.83a 

F-test * * 

C.V. (%) 23.75 8.107 

      *   (p<0.05) 

 

 DMRT 
1/   gus   24  
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12   gus  ( )  hpt  ( ) PCR  

    
                  

  4                                     

  M: 100        N:  negative control    

 P:  positive control    C:  

 1:       0        

 2:     3        

 3:     7       

 4:      15     

 5:      24    

 

   M      N      P      C        1      2       3       4       5     

800 bp 
 

441 bp 

 
  M      N       P      C       1        2       3        4       5    
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4 
 

 
 

         
   

           
     

 
(Kikkent, 1993) 

 gus  

(Janna et al., 2006)  
  ( 1,300 ) 

    2 

(Dendrobrium Madame Thong-In  Dendrobrium Chao Praya Smile)        
  1,350     (Chai  et  al.,  

2007)   1,300  

(Ingram  et  al., 1999)  ( 900-

1,100 )   

  900   (Barranco  et  al., 2009) 
  1,100 

 (Mousavi  et al., 2009) (Dendrobium 

Jacquelyn Thomas)    1,087   (Suwanaketchanatit  

et  al., 2007)  ( 650 ) 

 (Dendrobium Sonia 17) 

      
 650    gus   gfp      (Tee and Maziah,  

52 

 



53 
 

 

2005) 

900-1,100  
    Abdullah (2005)  

Lee (2006)   900   
    Chowdhury (1997) 

1,100   
   Parveez   (1997)   1,100 

  

 5   71.115 

  gus   
 

   Akashi (2002) 
 PDS-1000/He (Bio-Rad gun)   

Gondo (2009) Himura (2009) 

   

 5    
   

  7  (99.55 

) 
     5 

   
 

 gus 
 gus 

 (Nan and Kuehnle, 1995) 

 (  ) 
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  6   (Barranco  et  al., 2009) 
 (corm slices) (Sreeramanan et  al., 

2005) (C.  roseus)  (Guirimand  et  al., 2009) 

  9-10     
(Dendrobium Sonia 17)   

 (Tee and Maziah, 2005)  (Mousavi et  al.,  
2009)  (Chai et al., 2007)  

(Dendrobium sabi)  ( , 2543) 

  6-7.5   
   Lee (2006) 

 6     

Parveez (1997)  

7.5   Chowdhury 

(1997) 7.5   
    10  

gus  
 

 Gondo (2009) 

 9.6   

   10   

 3.4    
 

   
 3.4   

  

  10       
 

 
 

  



55 
 

 

    
  
    

(Sanford et al., 1993) 

  ( 26 )  

 (Mousavi et al., 2009)  (Seeeramanan 
et al.,2005)   (Ingram  et al., 1999)  

 27-28       
(C.  roseus)  (Guirimand  et al., 2009)  (Parveez  et al., 
1997)    -0.1    
29.53    

 
    Gondo (2009) 

  -0.1    

   -0.1  

 

    
 

(Imaseki, 1986) 

  
 

  (Perl et  al., 1992; Ye et  al., 1994) 
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   Mousavi  (2009)      
  0.4     24   

4     
Romano et al., 2005  

 0.1    24   
    Gondo (2009) 

  (C. gayana)  1.2  

 7   
Parveez (1998) 

  0.4   2   
0-6 

  

 0.3  
 gus   
   16    24 

  
 

  
    

72   168 

 gus   168   
 

   

    

 Ribas   (2005) 
 

0.4     Mousavi  (2009) 

0.4  
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Chernobrovkina  (2007)  
0.4 

    Parveez 

(1998)     
0.4   gus             

 0.3    
 0.1    gus      

     
    Purkayastha  (2010) 

  0.2     gus       Yu 

 (1999) 0.25     
 (Dendrobuim hybrid 

    
  

   

  
 

(Gondo et al., 2009)   Purkayastha  (2010) 

    2   
   Romano  (2001) 

1  
  

 24  gus  
 

   Franklin (2007)  Gondo (2009) 

Organogenic nodules H.  perforatum L. 

    45    
(Organogenic nodules)  15   ( ) 
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  gus    
     

    
 

  

  
Suwanakaketchanatit (2007) 

 (Dendrobium Jaquelyn Thomas) 

3         
  5   45  

25  45  

 30  30  

PCR Southern blot 

hybridization gfp    htp  
 

  

PCR   gus   
hpt    
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 5 
 

 
 

1.     5   gus  
 65.74%   91.67%   
2.   10    
       gus 62.33%   92.99%     
3.   -0.1 gus  
 66.22%  91.67%   

 
 

1. 16 
  gus  68.75%   
 95.83%   

2.  
24   gus  38.63%     

       70%  
3.    0.1 

 gus  43.42%    75% 
4. 

 24  gus    
  29.68%    90.83%  

 
gus  hpt  PCR   4  

  441  800  
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. 2532. 
.   . 

 

. 2545.  

(Azadirachta exclsa  Jacob).       
. 

 

,  ,  ,   
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  .  2549.  . : 

. 
 

  . 2543.  .  
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. 2543. Chymotrypsin Inhibitor 

105 .  
. 

 

 , . 2541. . : 

. 
 

. 2549.     

  2547-2549.   http://www. it.doa.go.th/palm/  

 pdf/statistics. (  4/12/2551). 
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1 Murashige and Skoog (MS) 

( ./ .) 
  

NH4NO3 1,650.00 

KNO3 1,900.00 
KH2PO4 170.00 

H3BO3 6.20 

  
KI 0.83 

MnSO4H2O 16.90 

ZnSO47H2O 10.60 

CuSO45H2O 0.025 

NaMoO42H2O 0.25 

CoCl26H2O 0.025 

CaCl22H2O 440.00 

MgSO47H2O 370.00 
FeSO47H2O 27.80  
Na2EDTA 37.30 

 
Myo-inositol 100.00 

Nicotinic acid 0.50 

ThiamineHCl (B1) 0.10 

PyridoxineHCl (B6) 0.50            

Glycine 2.00 

Sucrose 3%, Agar 0.6-0.7% (0.75%), pH 5.7-5.8  
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2  Luria Bertani (LB) 

 

  ( ./ .) 

Bacto tryptone 10 

Bacto yeast extract 5 

NaCl 5 

Agar 7.5 

pH 7 

 

 

 

 1 pH  7.0 

15 

121 15 agar 15 

1 water bath 50-60 

50 

10 20  
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3  PCR 

 

1.  PCR gus (1X/20µl) 

 

   

PCR buffer 10X 2 µl 1X 

MgCl2 50 mM 0.8 µl 2 mM 

dNTP mix 1 mM 4.0 µl 200 µM 

Primer GUS-F 50 µM 0.1 µl 0.25 µM 

Primer GUS-RV 50 µM 0.1 µl 0.25 µM 

Taq polymerase 2 U/µl 0.5 µl 1 U 

DNA template  1 µl  

dH2O  11.5 µl  

 

2.  PCR hpt (1X/20µl) 

 

   

PCR buffer 10X 2 µl 1X 

MgCl2 50 mM 0.8 µl 2 mM 

dNTP mix 1 mM 4.0 µl 200 µM 

Primer hpt-F 50 µM 0.1 µl 0.25 µM 

Primer hpt-RV 50 µM 0.1 µl 0.25 µM 

Taq polymerase 2 U/µl 0.5 µl 1 U 

DNA template  1 µl  

dH2O  11.5 µl  
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3.  PCR  

 PCR  

 

 gus hpt 
 96 C 2 30 96 C 2 30 

Denaturing 96 C 20  96 C 20  

Annealing 55 C 1  55 C 1  

Extension 72 C 2  72 C 2  

 72 C 5  72 C 5  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

73

4   

        

4  

 

Source DF Type III SS Mean Square F Value Pr > F 

REP 2 28.24074 14.12037 0.27ns 0.7662 

N 2 1292.12962 646.06481 12.39** 0.0006 

T 2 675.46296 337.73148 6.48** 0.0087 

N*T 4 75.92592 18.98148 0.36ns 0.8306 

 
C.V. (%) = 10.30 

N = T =   

ns =   

**  =   (p 0.01) 
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 1    

              Te-chato  (2000) 

 

1. TE 500  

 20 mM Tris-HCl (pH 8.0)  500 

 0.1M EDTA (pH 8.0) 200   

 500  

2.  SDS 10% 50 

  SDS    5   

 50  

3.  Ammonium acetate 5   100  
 Ammonium acetate  38.54  

 100  

4.  Ethidium bromide 10  100 
 Ethidium bromide      1.0   

  100.0   
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1 pCAMBIA 1301 

: CAMBIA, 2006 
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 2   (Akashi , 2002)                                                                 
1.                                                      
2. Acrylic vacuum chamber                                                                                                              
3.                                                                           
4.                                                                                                             

 

 

 

3 4 

1 2 

 

 
Acrylic vacuum chamber 

 

  

 

Plastic syringe filter holder 
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