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ABSTRACT 

 

 Embryogenic calli (EC) of oil palm were prepared using several methods 

before storing them in liquid nitrogen (LN) in order to preserve oil palm germplasm by 

cryopreservation.  Preconditioning of EC on Murashige and Skoog medium (MS) in the 

presence of 0.0874 M sucrose for 9 days gave the highest average fresh weight at 

497.5 mg and the average number of somatic embryos (SE) at 13.4 embryos/clumps. 

EC precultured with 0.25 M sucrose for 7 days and stored in LN gave the highest 

percentage of SE formation at 16.67, average fresh weight at 81.5 mg and average 

number SE at 0.25 embryos/clumps.  Vitrified EC with modified plant  vitrification solution 

2 (PVS2) which consisted of glycerol,  dimethylsulfoxide (DMSO) and 

ethyleneglycol (EG) gave the highest percentage of SE formation at  100, average fresh 

weight and number of SE at 304 mg and at 11.6 embryos/clumps, respectively. 

Precultured EC subsequent to soaking in modified PVS2 at 0°C for 60 min before storing 

in LN gave the highest percentage of SE formation at 66.77, average fresh weight at 

177.5 mg and average number of SE at 2.33 embryos/clumps.   Encapsulation of EC 

with 3% sodium alginate in the presence of CaCl2 gave a good quality of bead formation 

and average number of SE at 4.5 embryos/tubes. Moreover, preconditioning EC before 

encapsulation in combination with soaking it in loading solution (LS) for 3 days or 

dehydration in laminar flow for 10 h gave an average number of SE at 5.4 and 8.2 

embryos/bottles, respectively. However, EC could not develop into SE after storing in 

LN. To ensure successful cryopreservation of oil palm, dehydration techniques were 

applied.  Desiccation of EC in silica gel for 24 h gave the highest average fresh weight 



(6) 

at 550.89 mg. The preconditioning together with dehydrated EC by silica gel for 24 h 

followed by storing in LN, gave the highest percentage of SE formation at 44.44.  The 

procedure was improved by applying a preconditioning method to the MS 

supplemented with stepwise sucrose 0.25 M for 3 days and 0.5 M for 4 days in 

combination with automate desiccators for 18 h (water content=17.6 %) and plunging 

into LN. This gave the highest results of 100% in both survival rate and SE formation and  

average fresh weight and number of SE at 782.5 mg and 8.4 embryos/clumps 

respectively after thawing and culturing on ARDA medium under darkness for 2 weeks 

and transferring to light condition for 6 weeks.  In short, this protocol is suitable for 

cryopreservation of oil palm.  

 Analysis of genetic variation of plantlets derived from cryopreserved EC 

by RAPD technique using 7 primers revealed that there was a uniformity of DNA profiles. 

SSR marker also revealed that all primers (8 primers) gave the monomorphism of DNA 

profiles. The results suggest that cryopreservation using preconditioning and 

dehydration techniques do not affect genetic stability of oil palm plantlet. 
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LE Agarose, Promega, USA  

0.7 100 TAE (Tris 

Base, Glacial acetic acid, Na2EDTA 0.5 pH 8.0) 20 

15-20 5-10 

260 (Gel 

documentation)  

 

   2.3  

 

  

polymorphism OPB08 OPR11 OPT19 OPT06 OPAB01 OPAB09 

OPAB14 3 

25 60 1.5 

2.5 1.5 dNTP  

2.5 2.5  Taq polymerase 0.9 

0.25 17.25 

 

 1. Denaturation 94 2  

 2. Annealing  

37 1  

 3. Extention 72  

2 1-3 35  

5. Final-extention 93 1  35  

  1  72    7 1  
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1.5  100  TBE 

(Tris Base 0.5  Boric acid 0.45  

Na2EDTA  10  pH 8.0) 40  

15-20 5-10 

260 

 

 

3 

 

Primers Base sequence  

OPAB01 CCGTCGGTAG 

OPAB09 GGGCGACTAC 

OPAB14 AAGTGCGACC 

OPB08 GTCCACACGG 

OPR11 GTAGCCGTCT 

OPT06 CAAGGGCAGA 

OPT19 GTCCGTATGG 

 : (2547) 
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 2.4  

 

 

Thawaro (2009) 2553  8 EgCIR0008   EgCIR0337  

EgCIR0409  EgCIR0446  EgCIR0465  EgCIR0781  EgCIR0905 EgCIR1772 

 4 10

60 1.8 

2.5 1 dNTP  1 

2  Taq polymerase 0.9 0.1 

4.1  

 1. Pre-denaturation 95 1  

 2. Denaturation 94 30  

 3. Annealing  

52 1  

 4. Extention 72  

2 2-4 35  

 5. Final-extention 72 8  

 

 

95 loading  

95 5 

6 

fixative (acetic acid 10 ) 20 

100 20 

10 0.2 

30 

developer

2.5 40 
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50 4 

acetic acid 30 

10 
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3 

 

 

 

1.  

 

 1.1  preconditioning 

 

    

   MS 
 

4
 5-

0.0874 9 
497.5 13.4 

5, 6
 

MS 0.25 0.5 7 
16.67 8.3  

( 4 ) 0.25 
81.2 0.25  (

 6)  
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 4 preconditioning 
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preconditioning () 
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preconditioning () 
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9    
   4  

 = 5  
0.0874    0.10    0.25              
0.50              0.75               1.00   
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6

 0.25 7 
   4 

 = 5  
 

 1.2 vitrification 

    
  1.2.1 vitrification 

 

 
vitrification 

0 60 
vitrification DMSO

 
 100 

 304  11.6 
vitrification   7

( ) 



40 

 7   vitrification 

2  

vitrification 
 

( ) 

 

 

SE formation 
( ) 

Control 318.45a   6.53b 100.00 
30% glycerol+15% DMSO+15% EG  303.80a 11.60a 100.00 
30% glycerol+15% DMSO+15% EG       

+0.4MSucrose 
 83.13b   0.23c   23.34 

50% Sucrose+50% Glycerol  81.73b   0.05c    5.00 
5% DMSO+0.4M Sucrose  60.25b   0.10c  10.00 
F-test ** ** 

 C.V. (%) 17.13 22.92 
 ** (p 0.01)    

DMRT 
 

1.2.2 preconditioning 

vitrification 

 

 

MS 
0.25 7 vitrification 

DMSO   
15-90 2 0 

25 vitrification 

0 
25  7 vitrification 25 
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15  706.3  
 12 

0  8 9  8  
 

8 vitrification

MS  dicamba  0.1 
 2  

 C.V. (%) = 43.21 
 ns:  

1, 2, 3

   

DMRT 

 

 

 

vitrification 
( ) 

 
-LN +LN 

 3

 
 vitrification 

0ºC 25ºC 0ºC 25ºC 
15 475.00 b 706.33 a   69.50 e 72.33 e 330.79A      
30 247.83 cd 460.67 b   72.83 e 74.33 e 213.92B      
60 223.17 cd 324.33 c 177.50 de 71.17 e 199.04B      
90   87.83 e  175.00 de   75.67 e 78.17 e 104.17C      
1  178.67B   245.29A  

ns 2  337.52A 86.44B 
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vitrification 0 60
 66.67 7  177.5 

2.33  ( 8 9 8

( 3 ) 8  
 

9  vitrification 
MS  

dicamba  0.1 
2  

vitrification  

 
-LN +LN 

 3  vitrification 
0ºC 25ºC 0ºC 25ºC 

15 12.83 a 12 a 0 e    0e 6.21A 
30   6.50 bc   7.33b 0 e    0e 3.46B 
60   3.67 cd   3 de 2.33 de    0e 2.25B 
90   0.83 de   1 de 0 e    0e 0.46C 

1  3.27 2.92 
ns 2  5.89A 0.29B 

C.V. (%) = 80.69   
ns:  
1, 2, 3

  
DMRT 
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 0.25 7 
vitrification   2 

 = 5  

vitrification 25 15  
vitrification 0 60

 
vitrification 25 15  
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 1.3 encapsulation 

 

 

 1.3.1 

 

 

 

100 
3 4 ( 9 - )

3 4.5 
4 

 
( 9 ) 

 
10 

 

 
% 

  
(%) 

 
( ) 

-LN +LN -LN +LN 
1 100 0 1.0 c 0 
2  100 0 3.5 b 0 
3 100 0 4.5 a 0 
4 100 0 3.3 b 0 

F-test   **  
C.V. % = 23.31 

p 0.01 

DMRT 
-LN: +LN:  
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9

 
4  = 5  

.1  . 2   .3   
. 4  . 3  
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1.3.2  preconditioning encapsulation 

loading  

 

preconditioning MS 
0.25 7 

3 LS 
 100

3 5.4 
11 

 
 

11 loading  preconditioning
encapsulation 

 4  

LS 
( ) 

  
( ) 

 
( ) 

-LN +LN -LN +LN 
0 70 0 1.5 c 0 
0.5 100 0   2.7 bc 0 
1 100 0 3.4 b 0 
2 100 0 3.8 b 0 
3 100 0 5.4 a 0 
4 100 0   2.7 bc 0 

F-test   **  
C.V. (%) = 41.79 

  p 0.01 

DMRT 
-LN: +LN:  
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1.3.3  preconditioning encapsulation 

dehydration 

 

 
preconditioning MS 

0.25 7 
3 dehydration 

0-10  dehydration 
dehydration 10 ( 34.5 

) 8.2 

 ( 12 10) 
 

12 dehydration  preconditioningencapsulation 
 

4  

dehydration 
( ) 

Water 
content 

( ) 
 ( ) 

 
( ) 

-LN +LN -LN +LN 
0 93.91 100 0 2.3 c 0 
2 91.69 100 0 3.8 bc 0 
4 86.66 100 0 4.8 bc 0 
6 83.17 100 0 5.0 bc 0 
8 60.50 100 0 5.3 b 0 
10 34.53 100 0 8.2 a 0 

F-test    **  
C.V. (%) = 37.06        p 0.01 

DMRT 
-LN: +LN:  
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10

 laminar flow 10 ( ) 
 = 1  

 

1.4 dehydration 
    

  1.4.1 dehydration 

 

   

   dehydration 2 
dehydration laminar flow 

86.25-41.46  
dehydration 6-36 

90.44-55.83 dehydration 24  
 550.89 

4 8.33 (  13) 

(
) 
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13 dehydration 
 

4  

dehydration 
 

( ) 

Dehydration-LN 
Water 

content () 
 

( ) 
 

( ) 
Laminar  flow 1 86.25  443.33bcd 3.11bc 
 2 83.38   438.89bcde 2.44bc 
 3 70.03 392.56de 4.22bc 
 4 61.58 361.56e 8.33a 
 5 41.46 364.11e 5.31b 
     

 6 90.44   456.33bcde 2.00c 
 12 84.35   413.94bcde 2.22c 
 18 79.19 508.00ab 2.39bc 
 24 74.04     550.89a 1.72c 
 30 64.93  488.39abc 3.56bc 
  36 55.83   431.33bcde 3.56bc 

F-test   ** ** 
C.V. (%)   9.24 37.31 

  p 0.01 

DMRT 
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1.4.2 preconditioning dehydration 

 

 

 
0.25  7 dehydration laminar flow 

dehydration laminar flow (  
11) dehydration 24  

67.31  1 
44.44 

36 
 84.56 1.67 

(  14  11 ) 
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11 preconditioning dehydration laminar 
flow 
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14 preconditioning dehydration

 4 
 

dehydration 

 
( ) 

Preconditoning+Dehydration+LN 

 
( ) 

 
( ) 

Laminar  flow 1 72.67 bcd 0 b 
 2 69.67 cd 0 b 
 3 71.78 bcd 0 b 
 4 69.00 cd 0 b 
 5 68.11 d 0 b 
    

 6 71.22 bcd 0 b 
 12 72.22 bcd  0 b 
 18 81.00 abc 0.33 b 
 24 82.11 ab 0.67 b 
 30 78.78 abcd 0.33 b 
  36 84.56 a 1.67 a 

F-test  ** * 

C.V. (%)  7.15 191.48 
*    p 0.05 
* p 0.01 

DMRT 
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  1.4.3 preconditioning  dehydration

desiccator      

 

 

 MS 
0.25 3 0.5 4 dehydration 

desiccator 160  
74.9  9.73 ( 12) dehydration 

dehydration 18 
2  6 

100  782.5 
8.4  ( 15) 

 

 
12 preconditioning  dehydrationdesiccator 

2  
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4 
( 13) 2 

( 13)
ARDA 1 

 ( 13)
1 ( 13) 

 

15 preconditioning  dehydrationdesiccator

 2
 

dehydration () 

  
( ) 

 
( ) 

    
3 127.5 d 139.5 d 0 f 0 f 
6 147.4 d 149.5 d 0 f 0 f 
9 182.6 d 169.3 d 0.2 f 0.4 ef 
12 151.7 d 203.5 d 1.3 cde 0.8 def 
15 172.2 d 213.5 d 0.8 def 0.5ef 
18 782.5 a 493.4 b 8.4 a 4.4 b 
21 350.9 c 315.4 c 1.7 cd 1.5 cd 
24 321.4 c 295.2 c 1.8 c 0.5 ef 

F-test ** ** 
C.V. (%) 31.49 70.06 
  p 0.01 

DMRT 
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13 
preconditioning MS 0.25 

3 0.5 4 dehydration desiccator 
 18  1 

ARDA
dicamba 0.1  

2 2 
 ( ) 4 ( )

1 2 ( ) 
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2.  

 

   2.1  

 

    

Te-chato2000 200 
TE

30-100 

( 14)  
 
 

 

 

14 

Te-chato2000
DNA 

 lane 1-6     
 lane 7-12  

preconditioning  
lane 13-18 

preconditioning-dehydration  
 

   

 

 1    2    3    4    5    6    7   8    9   10   11  12  13  14  15  16  17  18  
DNA 

40ng 
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  2.2  
 

 
preconditioning dehydration

7 OPB08 OPR11 OPT19 OPT06 
OPAB01 OPAB09 OPAB14 OPAB01 

250 1100bp 8  15)  
OPAB09 250 800bp 10  
15)  OPAB14 200 1000bp 8

 16) OPR11 300 1000bp 4
 16)  OPB08 200 500bp

3  17)  OPT06 400 1200bp
3  17)  OPT19 300

1100bp 8  18)   
monomorphism   
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 15   
OPAB01 () OPAB09 ()  

 M 100  
 lane 1-6    

 
 lane 7-12  

preconditioning  
lane 13-18 

preconditioning-dehydration  
    

M    1    2    3     4    5    6   7    8    9   10  11   12   13  14   15  16  17   18  

500 bp 

200 bp 

500 bp 

1000 bp 

300 bp 

M    1    2    3    4     5    6    7   8    9   10    11  12  13  14   15  16  17 18  

 

 



60 

 

 

 

 

 

 
 
 

  

 
 

 16 
OPAB14 () OPR11 

 M 100  
 lane 1-6    

 
 lane 7-12  

preconditioning  
lane13-18  

preconditioning-dehydration  
 

 

M    1    2    3    4     5     6   7    8   9    10  11  12  13  14   15  16  17   18  

1000 bp 

500 bp 

200 bp 

M    1    2    3   4    5    6   7    8    9   10  11   12  13  14  15  16  17  18  

1000 bp 

500 bp 

300 bp 
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 17 
OPB08( ) OPT06 ()    

 M 100  
lane 1-6    

 
 lane 7-12 

preconditioning  
 lane 13-18 

preconditioning-dehydration  
 

 

M   1    2    3    4   5   6   7    8    9  10  11  12  13   14   15  16  17  18  

 M   1   2    3    4    5    6    7    8    9    10  11   12  13   14   15  16  17  18  

500 bp 

200 bp 

1000 bp 

500 bp 
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 18  
OPT19   

  M 100  
 lane 1-6     

 lane 7-12  
preconditioning  

 lane13-18  
preconditioning-dehydration  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 M   1    2     3    4     5    6    7    8    9   10   11   12  13  14  15  16  17   18  

1000 bp 

500 bp 

300 bp 
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2.3  

 

   

preconditioning dehydration
8 EgCIR0008 EgCIR0337 EgCIR0409 EgCIR0446 

EgCIR0465 EgCIR0781 EgCIR0905 EgCIR1772 
monomorphism  ( 16 19-24) 

 
 

16 

  

Primer 
name 

Sequence  
( - ) 

Amplified 
fragment 

Monomorphic 
fragment 

Monomorphism 
(%) 

EgCIR0008 (F) CGGAAAGAGGGAAGATG  
(R) ACCTTGATGATTGATGTGA  

8 8 100 

EgCIR0337 (F) GTCTGCTAAAACATCAACTG 
(R) GAGGAGGAGGGGAACGATAA  

10 10 100 

EgCIR0409 (F) AGGGAATTGGAAGAAAAGAAAG 
(R) TCCTGAGCTGGGGTGGTC 

2 2 100 

EgCIR0446 (F) CCCCTTCGAATCCACTAT 
(R) CAAATCCGACAAATCAAC  

8 8 100 

EgCIR0465 (F) TCCCCCACGACCCATTC 
(R) GGCAGGAGAGGCAGCATTC 

1 1 100 

EgCIR0781 (F) CCCCTCCCTACCACGTTCCA 
(R) TGTTTGCTGTTGCTCTTTGATTTTC 

14 14 100 

EgCIR0905 (F) CACCACATGAAGCAAGCAGT 
(R) CCTACCACAACCCCAGTCTC 

14 14 100 

EgCIR1772 (F) CTTCCATTGTCTCATTATTCTCTTA 
(R) ACCTTGTATTAGTTTGTCCA 

12 12 100 
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 19  
 EgCIR0008  

  M 100  
 N negative control 
 lane 1-6     

 lane 7-12  
preconditioning  

 lane13-18  
preconditioning-dehydration  

 
 
 
 
 

M    N   1    2  3   4   5   6   7   8  9 10 1112 13 14 15  16  17 18  

400 bp 

200 bp 

300 bp 

500 bp 

600 bp 
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20   
EgCIR0465( ) EgCIR0337 

   M 100  N negative control 
 lane 1-6     

 lane 7-12  
preconditioning  

 lane13-18  
preconditioning-dehydration  

M    N   1    2   3   4   5   6   7   8  9  10 1112 13 14 15 16 17 18  

400 bp 

300 bp 

 

 

M  N  1   2   3   4   5   6   7   8   9  10 11 12  13 14 15 16 17 18  

400 bp 

200 bp 

300 bp 
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  21  
EgCIR0781   

 M 100  
 N negative control 
 lane 1-6     

 lane 7-12  
preconditioning  

 lane13-18  
preconditioning-dehydration  

 
 
 
 

M  N  1   2   3   4   5   6  7   8  9  10 11 12 13 14 15 16 17 18  

500 bp 

300 bp 

700 bp 

200 bp 
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 22  
EgCIR0446( )  EgCIR0409  () 

 M 100     
 N negative control 
 lane 1-6     

 lane 7-12  
preconditioning  

 lane13-18  
preconditioning-dehydration  

200 bp 

300 bp 

800 bp 

500 bp 

M    N    1    2   3   4   5  6   7   8   9 10 1112 13 14 15 16 17 18  

M   N   1   2   3   4   5   6   7   8   9  10 11 12 13 14 15  16 17 18  

200 bp 
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23   
EgCIR0905   

 M 100  
 N negative control 
 lane 1-6     

 lane 7-12  
preconditioning  

 lane13-18  
preconditioning-dehydration  

 
 
 
 
 
 

200 bp 

300 bp 

500 bp 

400 bp 

M   N     1    2   3   4  5   6   7   8  9 10 1112 13 14 15 16 17 18  
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1.  

  

 

cryopreservation 

-196 

(Panis, 2009) (Bekheet et al.,2007  

(Gonzalez-Arnao et al., 1999) (Gamez-Pastrana, 2004)  (Keller, 

2005)

(Institut National pour 

IRSO  (MPOB) 

(Coto) ( , 2554) ( )

cryopreservation

 dehydration 

(2553) 2545
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Shimonishi 

 (2000) Cucumis melo 

 

7 

 1 

dehydration laminar flow 2-10 

1 

8 ( )

 

dehydration 

1 

preconditioning 0.0874 9 

 

  

 MS 0.25 

0.5 7 

 

Mubmann  2006  

Cyclamen persicum Mill. 0.2 2 

63 Bekheet 2007

nodular callus 

 1 7  
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(Crowe et al., 1989)   

 vitrification  

cryoprotectant  60 

PVS2 100 

vitrification

 PVS2 PVS3 23.3 5 

DMSO 5

0.4 10 

vitrification 

desiccation (Touchell et al., 2002)

(2552) vitrification 

PVS2 PVS3 

46.67 38.09 

vitrification 

0.25 7 

PVS2 0 60 

66.7 

2.33 Panis (2009)

preconditioning 180 (0.53 )

24 DMSO 15 

60
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LS 2 

0.4  vitrification Sen-Rong  Ming-

Hua (2012) Anemarrhena 

asphodeloides preculture 0.5 

2 LS  30 PVS2 

0 5 

4 

63.8 Suranthran (2012) 

preconditioning  0.5 

 12 LS DMSO

10 0.7 30 

PVS2  5 26 ± 2

2 

45  

cryoprotectant 

preconditioning 

 

 (Takagi et al., 1997) 

abscisic acid (ABA) (Reinhoud et al., 2000) 

vitrification 

glassy state

 cryoprotectant 

 0 

Benson, 2008  

 

vitrification 
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  encapsulation 

3  CaCl2 100

 

100 

preconditioning 0.5 2

LS 1-4

dehydration laminar flow 2-10 

92-34.5 

100  

 Sharaf 2012

Artemisia herba-alba 3 

LS MS 1 

3 40 

6 LS 

dehydration laminar flow 2-6 

12.6-3.74 )

 0  encapsulation-vitrification 

PVS2 30 

68 12    Gonzalez-Benito  

(2009)  Spanish grapevine 

encapsulation-dehydration 3 

LS 1 4   

dehydration laminar flow  4  ( 25 

) 50 

50  

LS dehydration
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dehydration  vitrification

 

 dehydration 

laminar flow 90 

dehydration 

dehydration 24  

 550.89 4 8.33 

dehydration 

0.25  7 dehydration 24  

44 laminar flow 

laminar flow 

laminar flow

 Panis (1996)

laminar flow 

0.25 3 

0.5 4 

160 18 (

17.6 )

100 782.5 

8.4  2 
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6 

 

(Crowe et al., 1989)

peroxidation 

(Singh et al., 2008) electrolyte 

leakage

 

 

2.  

 

  

Te-chato 2000

microtube TE buffer 

CTAB buffer Doyle and 

Doyle, 1990  PVP oxidation 

 

  

(Barcelos et al., 2002)  

Prunus (Helliot et al., 2002)  

(Zhai et al., 2003) hops (Humulus lupulus L.) (Peredo et al., 2008)  

7 7 
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monomorphism 

 ( :  1-6)

preconditioning ( 7-12 ) 

preconditioning-

dehydration ( 13-18) ( 15-18)

Salaj (2012) 

conifer 7 

pretreatment 

10 

(Thawaro and Te-chato, 2010) 

( 2553)  (Billotte et al., 2005; 

Singh et al., 2007)  

Robus (Castillo et al., 2010) Solanum (Harding and 

Benson, 2001) 

8

monomorphism 

preconditioning-dehydration 

Sanchez 2008

cryopreservation 

(Harding, 2004)  
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5 

 

 

 

1.  

 

 1.1 preconditioning 

0.0874 9 497.5 

13.4 

0.25 

7 16.67  

81.2 0.25  

  1.2 vitrification

DMSO  

 100 

304  11.6 

  

  1.3  preconditioning

0.25 7 vitrification 25 

15  706.3   

12 vitrification

0 60

 66.67  177.5 

2.33  

 1.4 3

4.5  

 

1.5 preconditioning MS 

0.25 7      

3 LS 3 100
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5.4  preconditioning 

MS 0.25 7 

3 dehydration 

laminar flow 10 8.2 

       

 

 1.6 dehydration 24 

 550.89 4 

 8.33  

 

1.7 preconditioning MS

0.25 7 dehydration

24  67.31  

44.44 dehydration 36 

 84.56 1.67 

 

1.8 preconditioning MS 

0.25 3 0.5 4 

dehydration desicator 18 (water content=17.6 

) 2  

6 100  

782.5 8.4 
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2.   

  

  2.1  

preconditioning dehydration

7 

monomorphism 

 

 2.2  

preconditioning dehydration

8  

monomorphism 
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2551. 

.   

. 

 

2554. :  

 

 

: 

 

 

. 2548. .  . 

 

2523.  :  

. 

 

2552. 3 (Vetiveria 

zizanioides Nash.) 

. 

 

2553. 

.

. 

 

2547. 

Elaeis guineensis Random Amplified Polymorphic DNA

  . 
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. 2555.   2555. 

 :  . 

 

.  2545. : . 

 :  

 

2551. 2 

(Elaeis guineensis Jacq.).  

. 

 

2541.  : .   

 

2545. 

 . 
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Te-chato (2000) 

 

1. TE 500  

20 mM Tris-HCl (pH 8.0)   500  

0.1 M EDTA (pH 8.0)    200  

500   

2. SDS 10% 50  

  SDS       5            

  50  

3. Ammonium acetate  5 100  

  Ammonium acetate    38.54   

  100  

 

Agarose gel electrophoresis 

 

1. TAE 5  

  Tris Base     121.1  

  Acetic acid     28.5  

  0.5M Na2EDTA (pH 8.0)   50.0  

 500 1 

 

2. TBE 5  

  Tris Base     216.0  

  Boric acid     110.0  

  0.5M Na2EDTA (pH 8.0)   80.0  

 4 1

 

3. DNA sample buffer 

  Bromophenol blue    125.0  

  Xylene cyanol FF    125.0  
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  Glycerol     15.0  

  50  

4. Ethidium bromide 10  

  100 Ethidium bromide 1  

 

denaturing polyacrylamide gel electrophoresis 

 

1. 30% Acrylamide Bis-Acrylamide solution 29:1

4  

2. 6% polyacrylamine gel (Acrylamide : Bis-Acrylamide = 29:1) 300 

 

  30% Acrylamide Bis-Acrylamide solution 29:1  60  

  5x TBE       60  

  Urea       135  

         105  

3. TBE 5  1000  

  Tris Base     54  

  Boric acid     27.5  

  0.5M Na2EDTA (pH 8.0)   20  

  1000 

1  

4. 10% (w/v) Ammonium persulfate(APS) 10  

  Ammonium persulfate    1.0   

  10 4  

5. 6X gel loading buffer denaturing polyacrylamide gel 1 

 

  Formamide     950    

  5% Bromophenol blue    10  

  5% Xylene cyanol    10  

  1 M EDTA     20   



95 

 

  4  

6. Bind silane  

  Bind silane     1.0   

  Glacial acetic acid    2.5  

  95% Ethanol     500  

 

Silver nitrate 

 

1. Fixative Stop solution (10% Acetic acid) 1,000  

  Glacial acetic acid    100  

  1,000  

2. 0.2% Silver nitrate 1,000  

  Silver nitrate     2.0  

  1,000 4  

3. Develop solution 1,000  

  Sodium carbonate    25.0  

 1,000 4 

40% Formaldehyde 500 Sodium thiosulfate

50 40  
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Murashige and Skoog (MS)  

  

   

NH4NO3  1650.00 

KNO3  1900.00 

KH2PO4  170.00 

CaCl2.2H2O  440.00 

MgSO4.7H2O  370.00 

   

KI  0.83 

H3BO3  6.20 

MnSO4.H2O  16.90 

ZnSO4.7H2O  10.60 

CuSO4.5H2O  0.025 

Na2MoO4.2H2O  0.25 

CoCl2.6H2O  0.025 

   

FeSO4.7H2O  27.80 

Na2EDTA  37.30 

   

Myo-inositol  100.00 

Nicotinic acid  0.50 

Pyridoxine HCl  0.50 

Thiamine HCl  0.10 

Glycine  2.00 

Sucrose   30,000.00 

  7,500.00 

pH  5.7   
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2 wood plant medium (WPM) 

  

   

NH4NO3  400.00 

KH2PO4  170.00 

K2SO4  990.00 

CaCl2.2H2O  96.00 

MgSO4.7H2O  370.00 

Ca(N03)24H2O  556.00 

   

H3BO3  6.20 

MnSO4.H2O  16.90 

ZnSO4.7H2O  8.60 

CuSO4.5H2O  6.25 

Na2MoO4.2H2O  0.25 

   

FeSO4.7H2O  27.80 

Na2EDTA  37.30 

   

Myo-inositol  100.00 

Nicotinic acid  0.50 

Pyridoxine HCl  0.50 

Thiamine HCl  1.00 

Glycine  2.00 

Sucrose   30,000.00 

  7,500.00 

pH  5.7   
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3  

preconditioning  6 (CON) 

0. 874 ( ) 0 0  0 0

5 TIM   

 LN  MS dicamba 

0.1 

    

Source DF SS MS F Value Pr > F 

REP 7 32455.18  4636.45  1.83ns      0.0799 

LN 1 7147492.35  7147492.35  2822.21** 0.0001 

TIM 4 22098.60  5524.65  2.18ns 0.0799 

LNxTIM 4 20360.05  5090.01        2.01ns 0.0923 

CON 5 725917.39  145183.48 57.33** 0.0001 

LNxCON 5 600118.32  120023.65 47.39** 0.0001 

TIMxCON 20 209984.88  10499.24  4.15** 0.0001 

LNxTIMxCON 20 177706.19  8885.31  3.51** 0.0001 

Error   413      1045960.00         2532.59     

Total 479 9982092.978    

C.V. = 25.51%      

ns:  

**:  p 0.01) 
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4  preconditioning

 6 (CON) 0. 874 ( ) 

0 0  0 0 5 TIM  

  LN  

MS dicamba 0.1 

 

   

Source DF SS MS F Value Pr > F 

REP 7 51.86  7.41 1.30ns      0.2509 

LN 1 4350.05  4350.05  760.61** 0.0001 

TIM 4 418.38  104.60     18.29** 0.0001 

LNxTIM 4 402.96 100.74  17.61** 0.0001 

CON 5 614.43  122.89 21.49** 0.0001 

LNxCON 5 605.38  121.08 21.17**   0.0001 

TIMxCON 20 324.24  16.21  2.83 ** 0.0001 

LNxTIMxCON 20 329.42 16.47  2.88 ** 0.0001 

Error   413      2362.01        5.719    

Total 479 9458.75    

C.V. = 79.11%      

ns:  

**:  p 0.01) 
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5  

vitrification (TRT) 60 

0  MS 

dicamba 0.1 

 2    

Source DF SS MS F Value Pr > F 

REP 4 3798.29         949.57       1.13ns      0.3790 

TRT 4 336606.67     84151.67      99.80**      0.0001 

Error   16 13491.80       843.24   

Total 24 353896.76    

C.V. = 17.13 %      

ns:  

**:  p 0.01) 

 

 

6 

vitrification (TRT) 60 0 

 MS dicamba 

0.1 

 2    

Source DF SS MS F Value Pr > F 

REP 4 7.58  1.896 2.63ns      0.0732 

TRT 4 543.69 135.922 188.58**      0.0001 

Error   16 11.53  0.721   

Total 24 562.81    

C.V. = 22.92%      

ns:  

**:  p 0.01) 
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7  

preconditioning PVS2 4 

T  2 (N) 2 M    

MS dicamba 0.1 

 2    

Source DF SS MS F Value Pr > F 

REP 5 69193.70833 13838.742 1.65ns 0.1575 

M 1 1513028.16667 1513028.167 180.32** 0.0001 

N 1 106533.37500 106533.375 12.70** 0.0006 

MxN 1 200934.00000 200934.000 23.95** 0.0001 

T 3 621865.87500 207288.625 24.70** 0.0001 

MxT 3 732228.41667 244076.139 29.09** 0.0001 

NxT 3 56726.04167 18908.681 2.25ns 0.0890 

MxNxT 3 19714.08333 6571.361 0.78ns 0.5070 

Error   75 629308.29 8390.777   

Total 95 3949531.958    

C.V. = 43.21%      

ns:  

**:  p 0.01) 
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8 preconditioning 

PVS2 4 T  

2 (N) 2 M    

MS dicamba 0.1 

 2

   

Source DF SS MS F Value Pr > F 

REP 5 13.72 2.74  0.44ns 0.8190 

M 1 753.76  753.76  120.94** 0.0001 

N 1 3.01  3.01  0.48ns 0.4892 

MxN 1 1.26  1.26  0.20ns 0.6542 

T 3 419.78  139.93 22.45** 0.0001 

MxT 3 491.53  163.84  26.29** 0.0001 

NxT 3 12.61  4.20  0.67ns 0.5703 

MxNxT 3 5.03  1.68 0.27ns 0.8475 

Error   75 467.44 6.23   

Total 95 2168.16    

C.V. = 80.69 %      

ns:  

**:  p 0.01) 
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9           

TRT  1 2 3 4 %   

MS dicamba 0.1 

 

4  

Source DF SS MS F Value Pr > F 

REP 5 2.83 0.57 1.13ns      0.3852 

TRT 3 336606.67     13.17 26.33**      0.0001 

Error   15 39.50 0.5   

Total 23 49.83    

C.V. = 22.93 %      

ns:  

**:  p 0.01) 

 

10  preconditioning 

3 %   LS

6 (TRT)  0 ½ 1 2 3 4 

MS dicamba 0.1 

 

4  

Source DF SS MS F Value Pr > F 

REP 9 13.52  1.50  0.81ns 0.6090 

TRT 5 88.08 17.61  9.50** 0.0001 

Error   45 83.40 1.85   

Total 59 185.00    

C.V. = 41.79 %      

ns:  

**:  p 0.01) 
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11  preconditioning 

3 %   dehydration 

laminar flow 6 (TRT)  0 2 4 6 8 

10  MS dicamba 

0.1 

 4  

Source DF SS MS F Value Pr > F 

REP 3 18.79166667 6.26388889 1.92ns 0.1699 

TRT 5 78.87500000 15.77500000 4.83** 0.0078 

Error   15 48.96 3.26   

Total 23 146.62     

C.V. = 37.06 %      

ns:  

**:  p 0.01) 

 

12  

dehydration laminar flow 5 

6 (TRT)

MS dicamba 0.1 

 4  

Source DF SS MS F Value Pr > F 

REP 2 4399.19 2199.59 1.32 ns   0.2883 

TRT 10 103352.00 10335.20 6.22**      0.0003 

Error   20 33217.90 1660.89   

Total 32 140969.08    

C.V. = 9.24%      

ns:  

**:  p 0.01) 
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13  dehydration 

laminar flow 5 

6 (TRT) MS 

dicamba 0.1 

 4  

Source DF SS MS F Value Pr > F 

REP 2 0.68  0.34  0.20ns 0.8229 

TRT 10 109.23  10.92  6.30** 0.0002 

Error   20 34.65 1.73   

Total 32 144.56    

C.V. = 37.31%      

ns:  

**:  p 0.01) 

 

14   

preconditioning 0.25      

7 dehydration laminar flow 

5 6 (TRT)

MS dicamba 0.1 

 4  

Source DF SS MS F Value Pr > F 

REP 2 23.72  11.86  0.42ns 0.6654 

TRT 10 1021.47 102.15 3.58** 0.0073 

Error   20 570.57 28.53   

Total 32 1615.76    

C.V. = 7.15%      

ns:  

**:  p 0.01) 
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15  preconditioning 

0.25 7 

 dehydration laminar flow 5 

6 (TRT)

MS dicamba 0.1 

 4 

 

Source DF SS MS F Value Pr > F 

REP 2 0.50  0.25  0.92ns 0.4151 

TRT 10 7.88 0.79 2.87* 0.0215 

Error   20 5.49 0.27   

Total 32 13.88    

C.V. = 192.19%        ns:  

**:  p 0.01) 

 

16  

preconditioning 0.25      

3 0.5 4 

dehydration 6 (TRT) 3 6 9 12 

15 18 21 24 MS 

dicamba 0.1 

 2  

Source DF SS MS F Value Pr > F 

REP 9 78336.406 8704.045 1.29ns 0.2497 

TRT 15 4396052.544 293070.170 43.32** 0.0001 

Error   135 913244.89 6764.78   

Total 159 5387633.84    

C.V. = 31.22%       ns:  

**:  p 0.01) 
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17  preconditioning 

0.25 3 

0.5 4 dehydration 

6 (TRT) 3 6 9 12 15 18 21 24

ARDA dicamba 0.1 

 

2  

Source DF SS MS F Value Pr > F 

REP 9 10.8812500 1.2090278 1.29ns 0.2473 

TRT 15 708.8937500 47.2595833 50.47** 0.0001 

Error   135 126.42 0.94   

Total 159 846.19    

C.V. = 69.43%      

ns:  

**:  p 0.01) 
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