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Abstract

This Research, Genetic Diversity Detection of 5 major Hilltribes’ Rices (Oryza 
sativa Linn.) in Royal Project Areas, Chiang Mai Province using RAPD, was conducted 

at the central laboratory, Department of Biology, Faculty of Science, Maejo University. 

This research was divided to be 3 subprojects: 1) Genetic Diversity Detection of 3 major 

Hilltribes’ Rices (Lisaw, Musur and Hmong) in Royal Project Areas, Chiang Mai 

Province using RAPD 2) Genetic Diversity Detection of Karen’s Rice in Royal Project 

Areas, Chiang Mai Province using RAPD and 3) Genetic Diversity Detection of 

Hilltribes’ Rices in Nong Keaw Royal Project areas, Chiang Mai Province using RAPD. 

All 3 subprojects represented the result of thirty-five varieties of upland rice which 

collected from two projects: the study on packaging and quality of highland brown rice 

during storage project and the collection and propagation for high serial production 

technology project. Thirty-three varieties were extracted by modified Doyle and Doyle 

(1990) method. DNA extracted concentration, screening of random decamer primers 

result and the phylogenetic relationship analysis by Unweighted Pair – Group Method 

Using Arithmetic Averages (UPGMA) program for dissimilarity average cultivars and a 

cluster analysis were shown in abstract within the result of subprojects. 
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RAPD

(Genetic Diversity Detection of 3 major Hilltribes’ Rices  

(Lisaw, Musur and Hmong) in Royal Project Areas,

Chiang Mai Province using RAPD) 

Tipsuda  Tangtragoon,  Chamaiporn Jainog,  Penrut  Hongvityakorn 

Sirichai Hongvityakorn, Arkom Karnchanaprachote, Pornpan Pooprompan 
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RAPD

12 Doyle and Doyle (1990)  

11 15-80  ng/ l

60

42

12 OPF-01  OPF-04  OPF-05  OPF-09  OPF-10  OPF-12  OPE-01  

OPE-04  OPE-14  OPE-18  OPE-20 OPG-10

26 Unweighted Pair – 

Group Method Using Arithmetic Averages (UPGMA) 2

(PMPC 9408) 

1.73 3.44
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Abstract

Twelve cultivars Hilltribes’ Rices (Oryza sativa Linn.) in Royal Project areas, 

Chiang Mai Province were screened using Random Amplified Polymorphic DNA (RAPD) 

technique.  Sixty random decamer primer was screened ; 42 of these produced 

amplification fragment, 26 band were generated by 12 primers were OPF-01  OPF-04  

OPF-05  OPF-09  OPF-10  OPF-12  OPE-01  OPE-04  OPE-14  OPE-18  OPE-20 and 

OPG-10.  Results were analyzed by Unweighted Pair – Group Method Using Arithmetic 

Averages (UPGMA) program for dissimilarity average cultivars and a cluster analysis 

was performed. These analyses related two main groups. One comprising Jaolisaw, 

Lasaw, Yafutor,  Arachimaja,  Leanglisaw,  Jaohor and Kawmon. The other composes of 

Hualang(PMPC 9408),  Maw, Panghung and Maeukor. The level genetic variation by   

square euclidean dissimilarity coefficient ranging from 1.73 – 3.44. 
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1          1-17
11

2        1-22    
11 OPF-01  OPF-04

OPF-05  OPF-09  OPF-10 OPF-12  OPE-01  OPE-04

OPE-18  OPE-20 OPG-10 PCR

3            1-26
11
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1        1-12 

2     1-16 

11

3 5  ng/ l    1-16 

4 OPF-01    1-18 

5 OPF-04    1-18 

6 OPF-05    1-18 

7 OPF-09    1-19 

8 OPF-10    1-19 

9 OPF-12    1-19 

10 OPE-01    1-20 

11 OPE-04    1-20 

12 OPE-14    1-20 

13 OPE-18    1-21 

14 OPE-20    1-21 

15 OPG-10    1-21 

16    1-27 



 1 -7 

( ,  2543) 7,000

5,928 3,500

( ,  2538) 

. . 2525

17,127

16,277 5 850

20,775 11,681  3,898  902 

4,294 59 2,922

 ( , 2543) 

( , 2542) 

( , 2543) 

RFLP

7
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(IRGSP) 9

( ,  2543)

Polyethylene Glycol ( , 2538) Restriction Fragment Length 

Polymorphism (RFLP) Random

Amplified Polymorphic DNA (RAPD) 

(Arbitrary Primer)

RAPD

William . . 1990 10

( ,  2538) Polymerase Chain Reaction : PCR 

DNA polymerase 

Low Stringency  Annealing 36 C – 45 C

( , 2540) 

( ,

2540)

Replication DNA polymerase 

Deoxyribonucleotide triphosphate (dNTPs) 4

(Oligonucleotide 

Primers) 1 Buffer

Magnesium ion (Mg 2+) Mg 2+

( ,  2539) 

RAPD

PCR Products 
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Restriction Enzyme DNA Based 

Typing

(Sensitivity)

Electrophoresis

Strain

Silver Strain ( , 2540) 

(2538)

16 SPSS/PC  16

5 64

(2543) 5

3 20

0.62 – 1.09

Cao Oard (1997) 26

Pedigree RAPD RAPD 

220 69 0.25 – 3.5 kb 

Pedigree

Endo (1998) 823

2 indica japonica Z-score of Sato –1.8

2.0 japonica Z < 0 indica 2 0 < Z < 1.4 1.4 < Z 

Godwin (1997)

9 FR13A indica rice RAPD

45 28 0.924

– 0.956

Ishii (1996) 29 RAPD

14 84.6
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Oryza sativa

O. glaberrima O. perennis O. breviligulata

Mackill (1995) RAPD japonica indica

120 indica 22 10

japonica 8 24

Mackill (1997) 117 RAPD

japonica 103 indica 13 

Tropical Japonica Temperate

Japonica 9 21 indica

indica

Mcdonald (1994)

Red Cover RAPD

RAPD 29 77  68  37 25 32 g/ml

Prathepha (2542) 

9 RAPD 6

 42 9

 23 (54.8%) 0.01 – 0.64

9

Price (1997) (Oryza sativa

Linn.)

F2 2 “Bala” “Azucene” Restriction Fragment 

Length Polymorphism (RFLP) 32 % 71 marker 

17 linkage 1280 cM 

Stewart (1993) Cranberry

CTAB CsCl  

RAPD OPA

12
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5

11

6

3 (PMPC 9408) (PMPC 95010) 

3

( 1)
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-

genomic DNA 

- electrophoresis

DNA DNA

   - 

   - 

Diluted DNA 

- PCR primer

PCR  products 

- PCR electrophoresis

   Statistical Analysis   

1. 11

1 7-10

0.2

2. Doyle and Doyle (1990)

2.1 0.2

1
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2.2 1 Extraction Buffer 2 ml 

1.5 ml 2 3

60 C 30 1 10

2.3 Chloroform – isoamyl alcohol (24 : 1) 

2 –3

2.4 14,000 1

3 4 3

2.5 1.5 ml 

Isopropanol 600  l 30

2.6 14,000 1

2.7 70 % Ethanol 600 l 14,000

1

2.8 TE Buffer 100 l RNase 2 l

RNA 1

2.9 4

 3. 

3.1 1 l TE-dye 9 l

3.2 TE-dye 10 l 1% Agarose Gel 

500  300 100 ng 10 l

80 60 90

3.3 Ethidium Bromide 

30

3.4
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4. 5 ng/ l

  4.1 2 l TE-dye 8 l

 4.2 14  12  10  8 6 ng

10 l 1 % 80

60 90

4.3 Ethidium Bromide 

30

5. PCR

PCR

(2542)

    9.5   l

  10X PCR Buffer     2.0 l

  1 mM Each dNTPs    2.0  l

  2 M Primer     2.0  l

  1 Unit / l Taq DNA Polymerase  0.5 l

  5 ng / l DNA Template    4.0 l

   20.0 l

PCR

  Pre - denaturation  95 C : 5 1

         Denaturation  95 C : 1

         Annealing            35 C : 1 45

         Extension            72 C : 2

  Post -Extension            72 C : 7 1

PCR 

PCR 1.5 % 

1. 6 l PCR Product Loading Dye 

5,000
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2. 1.5 % 10 l Marker (Lambda 

DNA Hind III) 

3. 80 60 90

4. Ethidium  Bromide 30

5.

6. (Polymorphism)

6.1

1 0

-

6.2 Cluster Analysis 

STATISTICA

Windows 5.0 Unweighted Pair – Group Method Using Arithmetic 

Averages (UPGMA)
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1.
1. Doyle and Doyle (1990) 

Doyle and Doyle (1990)
 11 

 11 2

2 11

          A  B C 500  300 100 ng  

         1 – 6 7 9

            10  11 12 1

5 ng / l

3 1

3 5 ng/ l

   A   B   C   D  E   1  2   3   4   5   6   7  9  10  11  12 

 A     B    C     1   2     3     4     5     6     7     9     10    11  12    
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11

 A-E 14  12  10  8 6 ng 

 1 – 6 7 9

10 –12

1 11

5 ng / l

 ng / l
l l l

1 40 25 175 200 

2 20 50 150 200 

3 20 50 150 200 

4 80 12.5 187.5 200 

5 30 33.3 166.7 200 

6 40 25 175 200 

7 (PMPC9408) 20 50 150 200 

8 15 66.7 133.3 200 

9 60 16.7 183.3 200 

10 20 50 150 200 

11 40 25 175 200 

2. PCR

60 OPF 01-20 , OPE 01-20 OPG

01-20 12 OPF-01 OPF-04  OPF-05  OPF-09 OPF-10 

OPF-12  OPE-01  OPE-04  OPE-14  OPE-18  OPE-20 OPG-10

14-25
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4 OPF-01

        Kb  M 1     2     3    4    5    6    7     9    10   11   12 

5 OPF-04

6 OPF-05

1     2     3    4    5    6    7     9    10   11   12

a

a

12  11  10  9   7  6   5   4   3    2   1   M

a b
c

23
9.4
6.5
4.3
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7 OPF-09

8 OPF- 10 

9 OPF- 12

a

b

Kb    M    1     2   3    4     5    6    7    9   10   11    12

 1     2     3    4     5     6     7     9    10    11   12

a

Kb         M    1    2     3     4     5     6    7     9    10    11    12

a

23

9.4
6.5
4.5

2.3
2.0

4.5

2.3
2.0
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10 OPE – 01 

11 OPE – 04 

12 OPE-14

      M    1     2    3    4    5     6    7    9   10   11   12

a

d

b c

         1     2      3      4     5     6     7     9      10     11   12

a
c
b

e

        1     2    3     4     5    6     7     9    10   11   12 

a
b

d

4.5
2.3
2.0
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13 OPE-18

14 OPE-20

15 OPG – 10 

  1     2     3     4      5    6    7  9     10   11   12   

a

            1    2      3  4      5      6     7 9     10    11     12    

a

Kb M      1     2    3     4    5     6    7   9    10 11   12

a
b c d

   2.0 

4.5
2.3

6.5
9.4
23
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2. (Polymorphism)

11

(PMPC 9408) 

12 OPF-01  OPF-04  OPF-05  

OPF-09  OPF-10 OPF-12  OPE-01  OPE-04  OPE-14  OPE-18  OPE-20 OPG-10 4-15

2
Cluster Analysis UPGMA

2

(PMPC 9408) 

11

1.73 3.44 4 Tree Diagram 

 16 
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2 11

OPF- 01, OPF-04, OPF-05, OPF-09, OPF-10, OPF-12, OPE-01, OPE-

04, OPE-14, OPE-18, OPE-20 OPG-10 PCR

OPF-01 OPF 

-04

OPF

-05

OPF-

09

OPF-

10

OPF-

12

a b c a A a b a a 

1 1 1 0 1 1 1 0 1 0 

2 0 1 0 0 1 1 0 1 0 

3 1 1 0 1 1 1 0 0 0 

4 1 1 0 1 1 0 1 1 1 

5 1 1 0 0 0 0 0 1 0 

6 1 1 0 1 1 0 0 1 0 

7 (PMPC9408) 1 0 1 0 0 0 1 0 1 

8 1 1 0 1 1 1 0 0 0 

9 1 0 1 1 0 0 0 0 0 

10 1 0 1 1 0 0 1 0 0 

11 1 0 1 1 0 0 1 1 1 

:  0

     1
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2 11

OPF- 01, OPF-04, OPF-05,  OPF-09, OPF-10, OPF-12, OPE-01, 

OPE-04, OPE-14, OPE-18, OPE-20 OPG-10 PCR ( )

OPE-01 OPE-04 

a b c d A b c d e 

1 1 1 1 1 1 0 0 1 1 

2 0 0 0 0 1 0 0 1 1 

3 0 0 0 0 1 0 0 0 0 

4 0 0 0 0 0 1 0 1 1 

5 0 0 0 0 1 1 0 1 1 

6 0 0 0 0 1 1 0 1 1 

7 (PMPC9408) 0 0 0 0 1 1 1 1 1 

8 0 0 0 0 1 0 0 0 0 

9 0 0 0 0 1 1 1 0 1 

10 0 0 0 0 1 1 0 1 1 

11 0 0 0 0 0 1 0 1 1 

:  0

     1
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2 11

OPF- 01, OPF-04, OPF-05,  OPF-09, OPF-10, OPF-12, OPE-01, 

OPE-04, OPE-14, OPE-18, OPE-20 OPG-10 PCR ( )

OPE-14

OP

E

18

OP

E20
OPG-10

a b a a a b c d 

1 0 0 1 1 1 0 1 1 

2 1 1 1 1 0 0 1 1 

3 1 0 1 0 0 0 0 1 

4 1 1 1 1 1 0 1 1 

5 1 0 1 1 0 0 1 1 

6 0 0 0 1 1 0 1 1 

7 (PMPC9408) 1 0 1 1 0 1 1 1 

8 1 0 0 0 1 0 0 0 

9 0 0 1 1 1 1 0 1 

10 0 0 1 1 0 1 1 1 

11 0 0 1 0 0 1 1 1 

:  0

     1    
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3 11

Cluster

Analysis 

Amalgamation Schedule 

Unweighted Pair – Group Average 

Euclidean Distances 

Linkange

Distances

Obj.

No

1

Obj.

No

2

Obj.

No

3

Obj.

No

4

Obj.

No

5

Obj.

No

6

Obj.

No

7

Obj.

No

8

Obj.

No

9

Obj.

No

10

Obj.

No

11

1.732051

2.000000

2.224745

2.236068

2.449490

2.627273

2.634668

3.031163

3.262181

3.442879

X_3

X_7

X_7

X_2

X_4

X_7

X_2

X_1

X_1

X_1

X_8

X_10

X_10

X_5

X_6

X_10

X_5

X_2

X_2

X_2

X_11

X_11

X_4

X_5

X_5

X_5

X_9

X_6

X_4

X_4

X_4

X_6

X_6

X_6

X_3

X_3

X_8

X_8 X_7 X_10 X_11 X_9

:  Obj. No 1- 11 1

               X_1 - X_11 1
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Tree Diagram for 11 Cases 
Unweighted –Pair Group Average 

Euclidean Distances 

                  1.5  2.0  2.5     3.0                     3.5 

     Linkage Distances 

16 11



 1 -28

2.

1.

12

11 (PMPC95010)

Doyle and Doyle 

(1990)

15 – 80 ng/ l

5 ng/ l

2. PCR

5 ng/ l PCR

Taq DNA Polymerase 

5 Unit/ l PCR

Taq DNA Polymerase 1 Unit/ l

PCR Products 

Cluster

Analysis RAPDs 
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Mineral Oil 

60

OPF 01-20 OPE 01-20 OPG 01-20

PCR RAPD  11

OPF-02  OPF-03  OPF-07  OPF-13  OPG-08 OPG-17

OPF-01  OPF-04  OPF-05  OPF-09  OPF-

10  OPF-12  OPE-01 OPE-04  OPE-14  OPE-18  OPE-20 OPG-10

11

PCR 11

12 OPF-01

OPF-04 OPF-05  OPF-09  OPF-10  OPF-12  OPE-01  OPE-04  OPE-14  OPE-18  OPE-20 

OPG-10

TAE Buffer 

Ethidium Bromide 

Ethidium Bromide 



 1 -30

3. (Polymorphism)

UPGMA/STATISTICA Window 5.0

26

2.23 2.44

(PMPC 408) 



 1 -31

3

11 Random Amplified 

Polymorphic DNA (RAPD) 

1.

11

(PMPC 9408) 

Doyle and Doyle (1990) 

11 15-80 ng / l

5 ng / l

2. PCR

PCR 60

OPF  01-20 OPE 01-20 OPG 01-20 

42 PCR OPF-

02  OPF-03  OPF-07  OPF-13  OPG-08 OPG-17

OPF-01 OPF-04  OPF-05  OPF-09  OPF-10  OPF-12 OPE-01  OPE-04  

OPE-14  OPE-18  OPE-20 OPG-10

11

3. (Polymorphism)

11

2

(PMPC

9408)
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3

DNA 

Fingerprint Marker Assisted Selection (MAS) 
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RAPD

Genetic Diversity Detection of Karen’s Upland Rice

(Oryza sativa Linn.) in Royal Project Areas, Chiang Mai Province 

Using RAPD 

Tipsuda  Tangtragoon,  Chamaiporn Jainog,  Penrut  Hongvityakorn 

Sirichai Hongvityakorn, Arkom Karnchanaprachote, Pornpan Pooprompan 
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(Oryza sativa Linn.)

Random Amplified Polymorphic DNA 

12 9

Doyle and Doyle (1990) 30-150 ng/ l

Primer 60 Primer 18

Primer 15

Genome 50

Unwieghted Pair-Group Method Using Arithmetic Averages (UPGMA) 

2 , 2 ,

, , ,

3.53 - 4.98 
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Abstract

Genetic diversity of nine Karen’s upland rice (Oryza sativa Linn.) in Royal 

Project areas, Chiang Mai province were detected by RAPD assay. Genomic DNA was 

extracted following the procedure of Doyle and Doyle (1990). Sixty random primers 

were used to amplify genomic DNA; fifteen primers were revealed polymorphic and 

appear fifty bands of total amplification were polymorphic. By comparing the banding 

patterns used Unwieghted Pair-Group Method Using Arithmetic Averages (UPGMA) 

program, the result can separated two major groups. First group consist of Pa-ie-saw, 

Pee-ie-kor and Pee-ie-ser, the second group consist of Bau-ku-pair, Pa-ie-ko, Pee-ie-

wa, Pee-ie-dro-gro, Pa-ai-kom-kam and Pa-ie-sa-mae. The level of genetic diversity 

ranging from 3.53 to 4.98 
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                2-2
                 2-3

                   2-4
                  2-5

                2-6
                   2-7

                   2-19
                                     2-19

                2-26
                         2-36

                    2-37
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1             2-27 

9

2 9           2-29 

Primer OPE-04, OPE-07 OPE-18

3 9           2-29 

Primer OPF-06, OPF-10 OPF-12

4 9           2-30 

Primer OPF-13 OPF-14

5 9           2-30
Primer OPG-02, OPG-03, OPG-15 OPG-16

6 9           2-31 

Primer OPG-09, OPG-13 OPF-12

7 Euclidean Distances 9              2-31 

8 Mean and Standard Deviations 9            2-32 

9 Linkage Distance 9              2-32 
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1                  2-9 

2              2-10 

3              2-12 

4              2-12 

5 Polymerase Chain Reaction            2-15 

6              2-20 

7                 2-20 

8               2-21 

9 Doyle and Doyle (1990)          2-22 

10 9              2-26 

Doyle and Doyle (1990)      

11 9            2-26 

5 ng/ l

12 Primer OPG-08          2-28 

13  Primer OPF-13           2-28 

14 9 UPGMA           2-33 
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2,400

4,600 . .2593

Random  Amplified Polymorphic DNA RAPD

12

 2512

5

4
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34 295

( , 2538) 

4 , ,

( , 2542) 

(2541) 2

 ( )  ( ) ( )

(Poaceae) (Annual)

(Species) Oryza sativa, O. glaberrima, O. rufipogon O. ridleyi 

2 O. glaberrima O. sativa

O. sativa Variety

3 Variety 

1. Japonica 

(Temperate Zone) 

2. Javanica 

3. Indica  (Tropical Zone) 
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Variety Indica 

( , 2526) 

1.

( 1)

1.1

1.2

20-25

1.3

1

: , 2542. .3

2.

( 2)

2.1 (Inflorescence)
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  A         B 

   

        C        D 

2

A B

C

D

: http://kanchanapisek.or.th/kp1/index.html ( 2A C)

2.2

Lemma Palea

Lemma

(Awn)
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Lemma Palea (Stamen) Pistil)

(Perfect Flower) 

(Pollination) (Self-

Pollination) (Cross-Pollination)

0.5-5 % Lemma

Palea

7

2.3 Endosperm Embryo

Lemma Palea Endosperm

Embryo

Pericarp Layers  2 

Tegment Aleurone Layer Pericarp Layers 

Endosperm

Endosperm Endosperm

Endosperm Endosperm

(Chalkiness)

1.

(Amylose) 15-30

(Amylopectin) 5-7

2. ( 3)

1. (Lowland Rice)

80

2.
80
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3. (Upland Rice)

     A       B     C 

3 A , B C

:   http://kanchanapisek.or.th/kp1/index.html ( A C)

http://www.doae.go.th/library/html/rice_all.html ( B)

4

 700 1,200 2

1-3 3
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1

5-10 ( , 2531) 

3 1

25 x 25 

5-8

. . 2520 1,260,000

2.3% 8 (

) 471,334 144,209

( 306 / ) 37.3% 39.1%

( , 2535) 

( , 2535) 

2,400

4,600 55 ( . . 2050 . .

2593) ( , 2538) 

(Diploid) 2n=24

2n=48 ( , 2526) (Self pollinated Crop) 100

(Homogeneity)

300 ( , 2523) 
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200

( , 2531) 

(2542)

Random Amplified Polymorphic  DNA RAPD

( , 2540) RAPD Genomic DNA 

Primer 10 mers 5-d[CCCGTTAGTA]

PCR (Polymerase Chain Reaction) (Gene)

Kary

Mullis 1983

(Complementary Base) 

(Template) (Primer)

DNA Polymerase 

(Nucleotide) 4 (dNTPs: Deoxynucleo- 

side  triphosphates)  

3 ( , 2540 http://allserv.rug.ac.be/~avierstr/

principles/pcr.html.)  ( 5)
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1. Denaturation: (Double Strand) 

( Polymerase )

90-95oC

2. Annealing: 45-60oC Primer

Brownian Hydrogen Bond Primer

( Primer)

Polymerase Primer

3. Extension (Synthesize):

3’ Primer 5’ 3’

Thermostable DNA polymerase Taq DNA Polymerase 

70-75oC Polymerase Primer

5 Polymerase Chain Reaction 

:  http://allserv.rug.ac.be/~avierstr/principles/pcr.html
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RAPD

(2538)

42 12

 16 SPSS/PC 8

16 5 64

-

1999 2542

 9 RAPD - PCR 

Genome 9 23 (54.8 %) 

SPSS/PC+ 0.01-

0.64 , ,

KDML 105, , ,

9

Duncan, A. V. (2001) RAPD

Oryza rufipogon 7 28 9

15 RAPD 13 Primers 

23

Parsons, B.J. 

(1995) Isozyme, RAPD 

SSR (Simple Sequence Repeat) -Anchored PCR 

6 Isozyme
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Sang, C.Y. (1994) Variety Indica 

Japonica 34 RAPD, RFLP (Restriction 

Fragment Length Polymorphism) SSRP (Simple Sequence Repeat Polymorphysm)

10 Primers Variety Indica Japonica

RFLP

RAPD

RAPD Markers 

Monna, L. (1994) RAPD

Markers 2 6

PCR

(Mapping) 80 Primers 2,000 Primers 14 Markers 

Markers

RAPD Markers 

Maheswaran, M.  (2001) RAPD RAPD Marker 

Se-3(t)

3 Puang Rai 2 Nam

Saugi 19 38 3 Sac Nau 

Nam Saugi 19 48 RAPD 435 Primers 

Primer A-19  9 2

(Putative Link) Se-3

RAPD Markers Se-3(t)

Phenotype

Subudhi, P.K. (2001)

(Thermosensitive Genetic Male Sterility: TGMS) 

TGMS

TGMS 2

IR32364TGMS IR68 RAPD Bulk Segregant 
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389 Primers RAPD Markers TGMS 5 Markers 

Primer OPF 18 , OPB 19 , OPAC 1 , OPAC 3 OPAA 7 Marker

Subudhi, P.K. N. Huang (2001) 

- Double Haploid Molecular Markers 

Indica Japonica Gamete Male 

Female 8 11 Mapping RAPD

Markers RFLP 1

RAPD Marker A11B920 8 RAPD Marker A15J1250 

RFLP Marker RG168 11

Indica

Japonica

Nguyen

(2000) DNA Marker 

WA-CMS (Wild Abortive-Cytoplasmid Male Sterillity) Rf-3

DNA Marker MAS (Marker Assised Selection) 

Marker PCR

Primer Genomic WA-CMS 2

Rf-3

Primer Genomic DNA 

Wang, Z. J. Zheng (2000) 

RAPD POD Isozyme 3

Genome 3 RAPD

POD

Xu, K. D.J. Mackill (2001) RAPD RFLP

Indica IR40931-26-3-3-5

Japonica P1543851 2 RAPD

624 Markers 5 Q Map Marker / 
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QTL RFLP Marker

1

2

(Oryza sativa Linn.) ( 6)

1. (SRK 1)     

2. (SRK 2) 

3. (SRK 3)

4. (SRK 4)

5.  (SRK 5) 

6. (SRK 6) 

7. (SRK 7) 

8. (SRK 8)

9. (SRK 9) 

10.

11.

12.



 2 - 20

6

3

7

Product

PCR Product 

l h i

d
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4

1.

1.

2.

3. 2

4. 7-10 ( 8)

5. 0.2

8

2. Doyle and Doyle (1990) 

Doyle and Doyle (1990) 

1. 0.2

2.  1 Extraction Buffer 2 ml 

1.5 ml 2 3

60 C 30 1 10

3. Chloroform – isoamyl alcohol (24:1) 2–3
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4. 14,000 1 Auto Pipett 

3 4 3

5. 1.5 ml 

Isopropanol 600 l 30-60

6. 14,000 1

7. 70 % Ethanol 600 l 14,000

1

8. TE Buffer 100 l RNase 2 l

RNA 37 oC 1 1

9. 4 oC

0.2 g 

2 ml Extraction Buffer 60 C 30 –60

10

Chloroform : isoamyl alcohol (24:1)

14000 1

( 3 )

1.5 ml 

Isopropanol 600 l
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9 Doyle and Doyle (1990)

Electrophoresis

Electrophoresis

1. 1 l TE-dye 9 l

2. TE-dye 10 l 1% Agarose Gel 

500  300 100 ng 10 l 80

60 90 Electrophoresis

3. Electrophoresis Ethidium Bromide 

30

4.

37 oC 1

14,000 1

70 % Ethanol 600 l  2-3 

14,000 1

100 l TE Buffer 2 l RNase 

4 C
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5 ng/ l

5 ng/ l

1. 2 l TE-dye 8 l

2. 14 12 10 8 6 ng/ l

10 l 1 % 80 Electrophoresis

60 90

3. Electrophoresis Ethidium Bromide 

30

4.

2. PCR

PCR

(2542)

    9.5   l

10X PCR Buffer    2.0 l

1 mM Each dNTPs    2.0  l

2 M Primer    2.0  l

1 Unit / l Taq DNA Polymerase  0.5 l

5 ng / l DNA Template   4.0 l

    20.0 l

PCR

  Pre - denaturation  95 C: 5 1

          Denaturation  95 C: 1

         Annealing              35 C: 1 45

         Extension              72 C: 2

  Post -Extension             72 C: 7 1
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PCR

PCR Electrophoresis 1.5 % 

1. 6 l Loading Dye 

5,000

2. 1.5 % 10 l Marker (Lambda 

DNA Hind III) 

3. Electrophoresis 50 120-180

4. Ethidium  Bromide 20

5.

3. (Polymorphism)

1.

1 0 -

 2. Cluster Analysis 

STATISTICA Windows 5.0 Unweighted Pair – Group Method Using Arithmetic 

Averages (UPGMA) 
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1

1. Doyle and Doyle (1990) 

Doyle and Doyle (1990)

9 Electrophoresis

9 10

10 9 Doyle and Doyle 

(1990)

A B 300 100 ng/ l

SRK1-SRK9 9

11 9

5 ng/ l A, B, C, D E 14, 12, 10, 8 6 ng/ l

                SRK

A     B   C     D    E    1     2     3     4   5    6         7     8               9

      A       B          SRK1  SRK2 SRK3   SRK4  SRK5  SRK6
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1 9

5 ng/ l

ng/ l

l l l

SRK1 30 17 83 100 

SRK2 150 4 96 100 

SRK3 40 12.5 77.5 100 

SRK4 50 10 90 100 

SRK5 150 4 96 100 

SRK6 150 4 96 100 

SRK7 50 10 90 100 

SRK8 30 17 83 100 

SRK9 150 4 96 100 

2. PCR

Primer 60 OPE 01-20  

OPF 01-20 OPG 01-20 Primer 18 OPE-03, OPE-04, OPE-07, OPE-

18, OPF-06, OPF-10, OPF-12, OPF-13, OPF-14, OPG-02, OPG-03, OPG-08, OPG-09, 

OPG-11, OPG-13, OPG-14, OPG-15 OPG-16 Primer

15

(Polymorphism) OPE-04, OPE-07, OPE-18, OPF-06, OPF-10, OPF-12, OPF-13, OPF-

14, OPG-02, OPG-03, OPG-08, OPG-13, OPG-14, OPG-15 OPG-16

12 - 13
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 12 Primer OPG-08 

 13 Primer OPF-13 

3. (Polymorphism)

9 Primer 15

(1) (0) (-)

8-13

M SRK1 SRK2 SRK3 SRK4 SRK5 SRK6

a
b

c
d

6.5
4.5

2.3
2.0

Kb

SRK1 SRK2 SRK3 SRK4 SRK5 SRK6

4.5

2.3
a b

c def g
h
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 2 9

Primer OPE-04, OPE-07 OPE-18

OPE-O4 OPE-07 OPE-18 

a b c d e a b c d e a b c 

SRK1 1 0 0 0 0 - - - - - 1 1 1 

SRK2 0 0 1 1 1 1 1 1 0 1 1 1 1 

SRK3 0 0 1 1 1 1 0 1 1 0 1 1 1 

SRK4 0 0 1 0 1 1 1 1 1 0 0 1 0 

SRK5 1 1 0 1 0 0 1 0 1 0 1 1 0 

SRK6 1 1 0 1 0 1 1 1 0 1 1 1 1 

SRK7 0 0 1 0 0 1 1 1 1 0 0 1 0 

SRK8 0 0 1 1 1 1 1 1 1 0 1 1 1 

SRK9 0 0 1 1 1 1 1 1 0 0 0 1 1 

 3 9

Primer OPF-06, OPF-10 OPF-12

OPF-06 OPF-10 OPF-12 

a b c d a b c d a b c d e 

SRK1 1 1 0 0 1 0 0 0 1 1 0 0 1 

SRK2 1 1 0 0 - - - - 1 1 0 0 1 

SRK3 0 1 0 0 0 0 1 1 1 1 1 0 1 

SRK4 0 1 0 0 - - - - 0 0 0 1 0 

SRK5 0 1 0 0 0 0 1 1 1 1 0 0 1 

SRK6 0 0 1 1 0 0 1 1 1 1 0 0 1 

SRK7 0 1 0 0 0 1 1 0 1 1 0 0 1 

SRK8 0 1 0 0 0 0 1 1 1 1 0 0 1 

SRK9 - - - - 0 0 1 1 1 1 0 0 1 
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 4 9

Primer OPF-13 OPF-14

OPF-13 OPF-14 

a b c d e f g h a b c d e 

SRK1 1 0 1 0 1 0 0 1 0 1 1 1 0 

SRK2 1 0 1 0 1 0 0 1 0 1 1 1 0 

SRK3 1 0 1 0 1 0 0 1 0 1 0 1 1 

SRK4 0 1 0 1 0 0 1 0 - - - - - 

SRK5 1 0 1 0 1 1 0 1 0 1 1 1 0 

SRK6 0 0 0 0 1 0 1 0 0 1 1 1 1 

SRK7 1 0 1 0 1 0 0 1 - - - - - 

SRK8 1 0 1 0 1 0 0 1 1 1 1 1 1 

SRK9 1 0 1 0 1 0 0 1 1 1 0 1 1 

 5 9

Primer OPG-02, OPG-03, OPG-15 OPG-16

OPG-02 OPG-03 OPG-15 OPG-16

a b c d e a b c d e a a 

SRK1 1 0 0 1 0 1 0 0 1 1 0 - 

SRK2 1 1 1 1 0 1 0 1 0 1 0 1 

SRK3 0 1 1 1 1 0 1 0 0 0 0 1 

SRK4 - - - - - - - - - - - 1 

SRK5 1 0 0 1 0 1 0 1 0 1 1 0 

SRK6 1 0 0 1 1 1 1 0 0 1 1 1 

SRK7 0 1 1 0 0 - - - - - - 1 

SRK8 1 1 1 1 1 0 1 1 0 1 - 1 

SRK9 1 0 0 1 1 0 0 0 1 1 - 1 
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 6 9

Primer OPG-09, OPG-13 OPF-12

OPG-09 OPG-13 OPF-12 

a b c d a b c d e a b c 

SRK1 1 1 1 1 0 0 1 1 0 1 0 1 

SRK2 0 1 0 0 0 1 1 1 0 1 1 0 

SRK3 0 1 0 1 0 1 0 1 1 1 1 0 

SRK4 - - - - 0 1 0 0 0 - - - 

SRK5 1 1 1 1 0 0 1 1 1 1 1 1 

SRK6 - - - - 0 0 1 1 1 0 1 0 

SRK7 1 1 0 1 1 1 0 0 0 1 1 0 

SRK8 1 1 0 1 1 1 1 0 0 1 1 0 

SRK9 1 1 1 1 0 0 0 1 0 0 1 1 

 7 Euclidean Distances 9

Stat

Cluster

Analysis

Euclidean Distances 

Case No. SRK

1

SRK

2

SRK

3

SRK

4

SRK

5

SRK

6

SRK

7

SRK

8

SRK

9

SRK1 0.00 4.08 5.24 5.30 3.94 4.91 4.81 4.99 4.34 

SRK2 4.08 0.00 4.13 4.99 4.80 4.93 4.22 3.68 4.52 

SRK3 5.24 4.13 0.00 4.94 5.29 5.10 4.09 3.53 4.31 

SRK4 5.30 1.99 4.94. 0.00 5.79 5.39 4.10 4.90 4.94 

SRK5 3.94 4.80 5.29 5.79 0.00 4.65 5.07 4.81 4.83 

SRK6 4.91 4.93 5.10 5.39 4.65 0.00 5.62 4.89 4.46 

SRK7 4.81 4.22 4.09 4..10 5.07 5.62 0.00 3.54 4.53 

SRK8 4.99 3.68 3.53 4.90 4.81 4.89 3.54 0.00 4.03 

SRK9 4.34 4.52 4.31 4.94 4.83 4.46 4.55 4.03 0.00 
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 8 Mean and Standard Deviations 9

Stat Cluster Analysis Mean and Standard Deviations 

Case No. mean st. dev. 

SRK1 .526316 .478750 

SRK2 .610169 .475766 

SRK3 .571429 .498874 

SRK4 .361111 .366006 

SRK5 .603175 .493169 

SRK6 .593220 .479201 

SRK7 .500000 .457905 

SRK8 .677419 .467464 

SRK9 .586207 .476360 

 9 Linkage Distance 9

Stat

Cluster

Analysis

Amalgamation Schedule 

Unweighted Pair-Group Average 

Euclidean Distances 

Linkage

Distance

Obj.

No.1

Obj.

No.2

Obj.

No.3

Obj.

No.4

Obj.

No.5

Obj.

No.6

Obj.

No.7

Obj.

No.8

Obj.

No.9

3.529716 SRK3 SRK8        

3.816329 SRK3 SRK8 SRK7       

3.944209 SRK1 SRK5        

4.007690 SRK2 SRK3 SRK8 SRK7      

4.350635 SRK2 SRK3 SRK8 SRK7 SRK9     

4.772974 SRK2 SRK3 SRK8 SRK7 SRK9 SRK4    

4.779705 SRK1 SRK5 SRK6       

4.986175 SRK1 SRK5 SRK6 SRK2 SRK3 SRK8 SRK7 SRK9 SRK4 
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Cluster Analysis UPGMA

2 (SRK1), (SRK5), (SRK6) 2

(SRK2), (SRK3), (SRK4), (SRK7), (SRK8)

(SRK9) 14 (Euclidean Distance) 

9 3.53-4.98

Tree Diagram for 9 Case Unweighted pair-group average Euclidean distances 

14 9 UPGMA
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2

1.

12

9 (SRK 1), (SRK 2), 

(SRK 3), (SRK 4), (SRK 5), (SRK 6), (SRK 7), 

(SRK 8) (SRK 9) 3

10 Doyle

and Doyle (1990) 30

ng/ l 150 ng/ l

PCR

5 ng/ l

PCR

9 3-5 ng/ l ( 11)

2. PCR

PCR

PCR Electrophoresis

Auto Pipett 

PCR PCR Product Auto Pipett 

PCR Products 

Electrophoresis Cluster

Analysis RAPDs Mineral Oil 

Cluster Analysis RAPDs 
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PCR Electrophoresis

Electrophoresis 40

3 PCR

Annealing 1-2 oC

PCR

PCR

PCR

Ethanol 70%
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1.

12

9 (SRK 1), (SRK 2), 

(SRK 3), (SRK 4), (SRK 5), (SRK 6), (SRK 7), 

(SRK 8) (SRK 9) 30-150 ng/ l

5 ng/ l

3-5 ng/ l PCR

2. PCR

PCR Primer 60 Primer

18 Primer 15

(Polymorphism) OPE-04, OPE-07, OPE-18, 

OPF-06, OPF-10, OPF-12, OPF-13, OPF-14, OPG-02, OPG-03, OPG-08, OPG-13, OPG-

14, OPG-15 OPG-16

3. (Polymorphism)

9 Primer 15

Cluster Analysis UPGMA

2 (SRK1), (SRK5), (SRK6) 2

(SRK2), (SRK3), (SRK4), (SRK7), (SRK8)

(SRK9) 9 3.53-4.98



 2 - 37

. 2535. . ,

.

. 2531. . , .

. 2542. . .

. 2538. . .

. Available: http://www.sac.or.th/database/ethnic/index.html.

. Available: http://www.doae.go.th/library/html/rice_all.html.

. 2540. PCR Technology and Application. . .

. 2541. 

. . .

, .

. 2512. .

, .

. 2539. . , .

. 2538. .

. . 13(3): 227-232. 

. 2529. : . . 40(3): 115-123. 

. 2538. .

. . 23(1): 24-30. 

. 2522. . . . 52(3):160-167. 

. 2526. . , .

. 2539. . . . 9(15): 16. 

. 2542. .

, .

. Available: http://kanchanapisek.or.th/kp1/index.html.

. 2523. . , .



 2 - 38

. 2540. . .

. . ,

.

. 2526. . , .

. 2542. . ,

.

. 2531. .

, .

Maheswaran, M. et al. 2001. Identification of RAPD Markers Linked to Se-3(t), a Gene

Enhancing the Level of Photoperiod Sensitivity in Rice. Available: 

http://www.gramene.org/newsletters/rice_genetics/rgn12/v12p219.html.

Monna, L. et al. 1994. Region-Specific Detection of RAPD Markers by Bulked 

Segregant Analysis in Rice. National institute of Agrobiological, Japan. 

Nguyen, T.L. et al. 2000. PCR-Based DNA Markers for the WA-CMS Fertility Restoring

Gene Rf-3 in Rice. Available:

http://www.gramene.org/newsletters/rice_genetics/ rgn15/v15p156.html . 

Parsons, B.J. et al. 1995. Comparison of the Genetic Variation Revealed in Asian 

Cultivated Rice (O. sativa L.) Using Isozymes,RAPD and SSR-Anchored 

Data. International rice research institute, Philippines. 

Prathepha, P. 1999. Detection of DNA Polymorphisms in Thai Aromatic rice Using RAPD-

PCR  Assay. Songklanakarim J.Sci.Technol. 21(2):133-140. 

Principle of the PCR. Available: http://allserv.rug.ac.be/~avierstr/principles/pcr.html.

Subudhi, P. K. and N. Huang. 2001. Identification of Genes Responsible for 

Segregation

Distortion in a Doubled Haploid Population of Rice by Using Molecular 

Markers. Available: http://www.gramene.org/newsletters/rice_genetics/rgn12/ 

v12p 239 .html.



 2 - 39

Subudhi, P. K. et al. 2001. Identification of RAPD Markers Linked to Rice

Thermosensitive Genetic Male Sterility Gene by Bulk Segregant Analysis. 

Available:http://www.gramene.org/newsletters/rice_genetics/rgn12/v12p228.ht

ml.

Vaughan, D.A. et al. 2001. Relationships Between Wild, Weedy and Cultivated Rice in

Malaysia. Available: http://www.gramene.org/newsletters/rice_genetics/rgn12/

v12p183.html.

Wang, Z. and J. Zheng. 2000. Studies on RAPD POD Isozyme of Salt-Tolerant and Salt- 

Sensitive Rice. Chinese J. of Applied and Environmental Biology. 6(2): 106-

111.

Xu, K. and D. J. Mackill. 2001. RAPD and RFLP Mapping of a Submergence Tolerance

Locus in Rice. Available: http://www.gramene.org/newsletters/rice_ genetics 

/rgn12/v12p244.html



3

Random Amplified Polymorphic DNA 

Classification of Upland Rices in Nong–Keaw Royal Project Areas,

Chiangmai Province by Random Amplified Polymorphic DNA 

Tipsuda  Tangtragoon,  Chamaiporn Jainog,  Penrut  Hongvityakorn 

Sirichai Hongvityakorn, Arkom Karnchanaprachote, Pornpan Pooprompan 
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12 Random Amplified Polymorphic DNA (RAPD) 

Doyle and Doyle (1990) 375 – 1,775 ng/ l

17

6 OPE-09, OPE-14, OPE-15, OPF-02, OPF-03 OPF-04

24

Unweighted Pair – Group Method Using Arithmetic Averages 

(UPGMA)  4 

 1.00  208.83
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Abstract

 Twelve cultivars of Hilltribes’ Rices in Nong Keaw Royal Project areas, Chiang 

Mai Province were identified by using Random Amplified Polymorphic DNA (RAPD) 

technique. All DNA samples were extracted by modified Doyle and Doyle (1990) 

method. The concentration of DNA extracted is between 375 – 1,775 ng/ l. Seventeen 

random decamer primer was screened, twenty four bands generated by 6 primers 

were OPE-09, OPE-14, OPE-15, OPF-02, OPF-03 and OPF-04. Results were analyzed 

by Unweighted Pair – Group Method Using Arithmetic Averages (UPGMA) program for 

dissimilarity average cultivars and a cluster analysis was performed. This analysis 

related four main groups. The first group composed of Mohjoreya. The second group 

composed of Hommali. The third group composed of Kawmaha. The fourth group 

composed of Jagunee, Jaseema, Jagorloy, Jalea, Kawfahbo, Leesorja, Jagorloy, Chair-

nang and Poohtao. The level genetic variation by square Euclidean dissimilarity 

coefficient is ranging from 1.00 to 208.83. 
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                3-2
                 3-3

                   3-4
                  3-5

                3-6
                   3-7

                      3-17

                                     3-17
                3-23

                         3-37
                    3-39
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1 3-7
2 12 3-24
3 3.28

12 OPE-09, OPE-14, OPE-15, OPF-02,

OPF-03 OPF–04 PCR

4 Euclidean distances       3-31
5  12 3-32
6 Means and Standard Deviations    3-33
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1 PCR       3-11
2 Anchored PCR               3-12
3 Inverse PCR       3-12 

4        3-18
5    3-23
6 5 ng / l 3-24

7 OPE-09    3-25
8 OPE-14    3-25
9 OPE-15    3-26
10 OPF-02    3-26
11 OPF-03    3-26
12 OPF-04    3-27
13 12 3-33
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 2  ( , 2526) Oryza sativa Linn.

Oryza glaberrima

 ( , 2526) 

1.  (Indica)  2.8  9 - 11 

2. (Japonica)  3.5  7 
 2.5 

3. (Javanica)

 1

( , 2535)
1. (Hill Rice or Upland Rice) 

 1 – 2 



 3 - 8

2. (Lowland Rice) 

 5 – 50 –

 1 – 2 
3. (Deep Water Rice or Floating 

Rice

 50 
 5 – 6 

(Rice Taxonomy) ( , 2526)

Kingdom    Plantae 

      Division    Spermatophyta 

           Class    Angiospermae 

                Subclass   Monoctyledoneae 

                     Order   Poales 

                          Family   Poaceae 

            Genus  Oryza

               Species Oryza sativa O. gliberrima

(Rice Morphology) ( , 2526)
(Fibrous Root System) Radicle

 25 – 30 Radicle

(Teret) (Hollow)
(Erect) (Support)

 120 – 150 
 8 
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 2 

 ”

” (Panicle) 

(Spikelet) (Perfect Flower)

(Stamen) (Anther) 6
(Filament) (Pistil) (Stigma) 2 
(Style) (Ovary)  2 
(Lemma) (Palea) (Awn)

(Rachilla)

(Sterile Lemma)  2 (Rudimentary Glumes) 

(Hull)

(Brown Rice  Rice Caryopsis)

(Pericarp Layer) (Seed Coat)

Nucellus Aluerone Layer

(Embryo)

(Abdominal White or Chalkiness) 

( , 2530) 

 5 
 10,292 

 3,034  1,528  2,012 
 1,436  2,282 
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 ( )

 2 – 3 
“ ”

( , 2524)

 ( )

,
, ,

 (Surajit K. De 

Datta, 1975) 
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 ( , 2538) 

,  Electrophoresis, PCR (Polymerase Chain Reaction) 

(DNA fingerprinting) 

/

PCR complementery DNA (cDNA) 

2 Anchored PCR Inverse PCR (Gurdev et.al, 1991)

Standard PCR 

            
  Target DNA               Heat           Specific + Taq Polymerase    etc. 

            Primer 

 1 PCR 2

Taq DNA Polymerase dNTPs

(Deoxynucleotide triphosphate) 



 3 - 12

Anchored PCR   A n c h o r  P r i m e r

              Artifical Tail 

               Target DNA                  Heat Taq Polymerase                                                                           Amplified 

       
        Known Primer 

2 Anchored PCR Deoxyguanosine (dG) residue

3/

Oligodeoxycytosine (dC) residue 

Inverse PCR 
             Heat + 

Digest                                            Circularize Taq Pol. 

+

                 Known Sequence 

              Primer 

                 Amplify

             

3 Inverse PCR 

PCR (Target DNA) 

( , 2540) 

 - (Template DNA) 

 - Thermostable DNA Polymerase 

 - Deoxynucleotide Triphosphate (dNTPS)

 - Oligonucleotide Primer 1

 - Buffer 

3

 1.  Denaturation 

90 - 95 0C
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 2.  Primer  Annealing 

50 - 58 0C Primer

 3.  Primer  Extension 

Primer 5/ 3/ Thermostable

                  DNA Polymerase Taq DNA Polymerase 70 - 75 0C

3 20 - 30

Amplified PCR Products PCR n

Amplified Products 2n 100%

 Gel  Electrophoresis 

(gel) ( , 2538) 

DNA Fingerprint 

2 Hybridization – based fingerprinting PCR – based 

fingerprinting ( , 2543) 

 Hybridization – based fingerprinting 

(Restriction enzyme) 

Electrophoresis membrane

(Polymorphism) Banding Pattern (Hybridization)

Probe Allele RFLP

 PCR – based fingerprinting Random Primer 1 Sequence

Specific Primer 2 (DNA Amplification) 

(PCR Machine) 
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RAPD

PCR Product Restriction Enzyme 

(2537)

42 2

2 6

(2539)

Electrophoresis Polyacrylamide Gel 

RAPD

RAPD Ishii

(1996) 29 RAPD 14

84.6%

Oryza sativa 

O. glaberrima O. Perennis O. Breviligulata 

RAPD

Cao Oard (1997) 26

Pedigree RAPD 220

69

Pedigree
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RAPD

Godwin (1997)

9 FR13A

RAPD 45

RAPD

Sebastian (1996) Rice Tungro Spherical 

Virus (RTSV) Gren Leafhopper (GLH) ARC11554

RAPD RFLP RAPD Marker 1 OP246 4

Rice Tungro Disease Subudhi (1996)

8

RAPD 5

OPF182600

RAPD Hideo (1997) Semidwafing

sd-1

Marker 9 RAPD Marker 5 RFLP Marker 4

RAPD Marker 2 sd-1 sd-

1

RFLP, RAPD, 

Microsatellite PCR, AFLP 

Mackill (1994)

AFLP, Microsatellite RAPD Marker 

12 2 RAPD

Primer 21 43 , AFLP Primer 17 

140 Microsatellite Marker 10 3

RAPD Primer 24 %, AFLP Primer 2 % 

Microsatellite Marker 36 % 
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35 %. 3 % 76 % RAPD, AFLP Microsatellite Marker 

Mackill (1995)

14 AFLP Primer 18 , RAPD Primer 21

Microsatellite Marker 14 AFLP Primer 

147 529 RAPD Primer 

43 103 2 Subspecies 

22 %, 24 % 36 % 

AFLP Primer, RAPD Primer Microsatellite Marker 

65 %, 35 % 16 % RAPD , AFLP 

Microsatellite Marker 

Ishii (1996)

RAPD RFLP , ,

30 (Oryza sativa 8 , O. Glaberrima 6 , O. Perennis

13 O. Breviligulata 3 ) 14

Lisa Monna (1994) RAPD Marker 102 12

Nipponbare ( ) Kasalath ( )

(F2) 2 Agarose Gel Polyacrylamide

Gel Electrophoresis 2 – 10

RAPD

(2542) 9

RAPD 6

42  341 – 1400 9

3 (54.8 %) 

0.01 – 0.64

(2543)

12 RAPD 60 42

12

26 1.73 – 3.44 
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(2543) RAPD 5

3 20

0.62 – 3.44 

Random Amplified Polymorphic 

DNA (RAPD) 

1

12

3
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Genomic DNA 

Electrophoresis 

-
-

Diluted DNA 

PCR

PCR Products 

PCR Electrophoresis 

Statistical Analysis 

3

2

4

12
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1.

2.

3. 1

4. 7 – 10

5. 0.2

Doyle and Doyle (1990) 

1. 0.2

2. 1. extraction Buffer 2

1.5 2 3

60 30 1

10

3. Chloroform – isoamyl alcohol (24:1) 

2 – 3

4. 14,000 1

3 4 3

5. 1.5

Isopropanol 600

30

6. 14,000 1

7. 70 % Ethanol 600

14,000 1

8. TE Buffer 100 Rnase 2

RNA 1

9. 4
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 Doyle and Doyle (1990)

 0.2 

 2 ml extraction Buffer 

 60 0C  30  1  10 

Chloroform – isoamyl alcohol (24: 1) 

2 – 3

 14,000  1 
(  3 )

1.5 ml Isopropanol 600 l

30

14,000 1

70 % Ethanol 600 l  2 – 3 

 14,000

TE Buffer 100 l Rnase 2 l

 4 0C
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1.  1 l TE-dye 9 l

2. TE-dye 10 12

3. l  1% Agarose gel  500 300 
 100 ng  10 l  80  60  90 

4. Ethidium Bromide 

30
5.

 5 ng / l

1. 2 l TE-dye 8 l

2.  14 12 10 8  6 ng  10 
l  1% Agarose gel  80  60  90 

3. Ethidium Bromide 

30
4.

PCR

 (2542) 

   9.5   l

 10X PCR Buffer   2.0  l

1 mM Each dNTPs   2.0  l

2 M Primer    2.0    l

1 Unit / l Taq DNA Polymerase 0.5  l

5 ng / l DNA Template  4.0  l

    20.0  l
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PCR

Pre – denaturation  95 0 C: 5  1 
          Denaturation  95 0 C: 1
          Annealing  35 0 C: 1  45 
          Extension  72 0 C: 1

Post –Extension  95 0 C: 1  1 

PCR

PCR  1.5 % Agarose gel 

1.  6 l PCR Product Loading Dye 

 5,000 
2.  1.5 % Agarose gel  10 l Marker (Lambda 

DNA Hind III)

3.  80  60  90 
4. Ethidium Bromide  30 
5.

(Polymorphism)

 1. 
 1  0  -

 2. Cluster Analysis 

STATISTICA Windows 5.0 Unweight Pair – Group Method Using Arithmetic 

Averages (UPGMA) 
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1.
1. Doyle and Doyle (1990) 

Doyle and Doyle (1990)  12

 12  10 

 3
 A   500 ng/ l

1 – 12  2 

 5 ng/ l

25 ng/ l  3
11

A    1     2     3 4      5     6     7  8     9    10     11    12 
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 2 12

25 ng/ l
(ng/ l) ( l) ( l) ( l)

1
2
3
4
5
6

550
1125
975
275
1200
500

5
8
9
13
14
15

95
92
91
87
86
85

100
100
100
100
100
100

7
8
9
10
11
12

1475
375
900
1775
1425
450

17
18
20
21
22
6

83
82
80
79
78
94

100
100
100
100
100
100

 4 5 ng/ l
A – C 12, 10 8  ng/ l

 1 – 12 2

A    B    C    1     2     3   4  5     6    7    8    9    10   11   12 
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2. PCR

17 OPE-03, OPE-07, OPE-09, OPE-10, 

OPE-12, OPE-14, OPE-15, OPF 01-07, OPG-04, OPG-05 OPG-07

5 – 10

 5 OPE-09

 6 OPE-14

2.3 
2.0 

23
9.4 
6.5 
4.3 

a

b

a
c
e

b
d

M      1      2     3     4     5      6     7     8     9    10 11    12 

1      2      3      4     5       6      7     8      9     10     11    12 
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 7 OPE-15

 8 OPF-02

 9 OPF-03

6.5 
4.3 

23
6.5 

2.3 
2.0 
2 0

9.4 
4.5 

2.3 

a
b

d c

a

c
b

a

c

b

d

  M     1      2     3     4     5     6      7     8     9     10   11    12 

M      1     2     3  4     5     6     7     8      9   10    11   12 

  1      2      3      4     5      6      7      8      9     10    11    12 
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10 OPF-04

 3. (Polymorphism)

12

6 OPE-09, OPE-14, OPE-15, 

OPF-02, OPF-03 OPF-04 5 – 10
4

a
b

e
 f 

c
d

6.5 
4.3 
2.3 
2.0 

M     1      2     3 4      5     6     7     8      9    10    11    12 
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 3 12

OPE-09 OPE-14 OPE-15 OPF-02 OPF-03 OPF–04

PCR

OPE-09 OPE-14 

a b a b c d e 

1

2

3

4

5

6

7

8

9

10

11

12

1

0

0

0

1

1

1

-

1

1

1

1

0

0

0

1

0

1

1

-

1

1

0

0

1

1

1

1

1

1

1

0

0

1

0

1

1

1

1

1

1

1

1

1

1

0

1

1

1

1

1

1

1

1

1

0

0

1

0

1

0

0

0

1

1

1

1

0

1

1

1

1

1

1

1

1

1

1

1

1

0

1

1

1

:

 0

   1  

    -  
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 3 12

OPE-09 OPE-14 OPE-15 OPF-02 OPF-03 OPF–04

PCR ( )

OPE-15 OPF-02 

a b c d a b c 

1

2

3

4

5

6

7

8

9

10

11

12

-

0

1

1

1

1

1

0

1

1

1

1

-

0

0

1

0

1

0

0

0

0

0

1

-

0

1

1

1

1

1

1

1

1

1

1

-

1

0

0

0

0

0

1

0

0

0

0

1

-

1

1

1

1

1

0

1

1

1

1

0

-

0

0

0

0

0

0

0

1

1

0

0

-

0

0

0

0

0

0

1

0

0

0

:

0

1

 -
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 3 12

OPE-09 OPE-14 OPE-15 OPF-02 OPF-03 OPF–04

PCR ( )

OPF-03 OPF-04 

a b c d a b c d e f 

1

2

3

4

5

6

7

8

9

10

11

12

1

1

1

1

1

1

1

0

1

1

1

1

1

1

1

1

1

1

1

0

1

1

1

1

1

1

1

1

1

1

1

0

1

1

1

1

1

1

1

1

1

1

1

0

1

1

1

1

0

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

1

0

0

1

0

0

0

0

0

0

0

0

0

1

1

0

1

0

0

0

0

0

0

0

1

0

0

1

0

0

0

0

0

0

0

0

0

0

0

1

0

1

1

1

1

1

1

1

0

1

1

0

1

:

0

1

     - 
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 4 Euclidean distances

STAT.

CLUSTER

ANALYSI

Euclidean distances (newl.sta) 

Case No. TY01 TY02 TY03 TY04 TY05 TY06 TY07 TY08 TY09 TY10 TY11 TY12 

TY01

TY02

TY03

TY04

TY05

TY06

TY07

TY08

TY09

TY10

TY11

TY12

   . 

264.

199.

199.

199.

199.

199.

244.

199.

199.

199.

199.

264.

.

173.

173.

173.

173.

173.

244.

172.

172.

172.

173.

199.

173.

.

2.

1.

.

1.

141.

2.

2.

3.

2.

199.

173.

2.

.

2.

1.

1.

141.

3.

2.

3.

2.

199.

173.

1.

2.

.

1.

1.

141.

2.

2.

3.

1.

199.

173.

2.

1.

1.

.

1.

140.

2.

2.

3.

1.

199.

173.

2.

1.

1.

1.

.

140.

2.

2.

3.

2.

244.

244.

141.

141.

141.

140.

140.

.

140.

140.

141.

141.

199.

172.

3.

3.

2.

2.

2.

140.

.

2.

3.

2.

199.

172.

2.

2.

2.

2.

2.

140.

2.

.

3.

2.

199.

172.

3.

3.

3.

3.

3.

141.

3.

3.

.

3.

199.

173.

2.

2.

1.

1.

2.

141.

2.

2.

3.

.

: TY01 – TY12  2
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 5  12 

Cluster

Analysis

Amalgamation Schedule 

Unweighted Pair – Group Average 

Euclidean Dietances 

Linkage

Distances 

Obj.

No 1 

Obj.

No 2 

Obj.

No 3 

Obj.

No 4 

Obj.

No 5 

Obj.

No 6 

Obj.

No 7 

Obj.

No 8 

Obj.

No 9 

Obj.

No 1 

Obj.

No

11

Obj.

No

12

1.000000

1.000000

0.390120

1.573132

1.775663

2.069601

2.501172

3.119555

140.5276

177.5750

208.8339

TY04

TY05

TY04

TY03

TY03

TY03

TY03

TY03

TY03

TY02

TY01

TY06

TY07

TY06

TY06

TY04

TY04

TY04

TY04

TY04

TY03

TY02

TY05

TY05

TY06

TY06

TY06

TY06

TY06

TY04

TY03

TY07

TY07

TY05

TY

05

TY05

TY05

TY05

TY06

TY04

TY12

TY07

TY07

TY07

TY07

TY07

TY05

TY06

TY12

TY12

TY12

TY12

TY12

TY07

TY05

TY10

TY10

TY10

TY10

TY12

TY07

TY09

TY09

TY09

TY10

TY12

TY11

TY11

TY09

TY10

TY08

TY11

TY09

TY08

TY11 TY08

: Obj. No 1 –12  2
TY01 – TY12  2
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 6 Means and Standard Deviations

STAT.
CLUSTER

ANALYSIS

Means and Standard Deviations 

Case No. Mean St. dev.
TY01
TY02
TY03
TY04
TY05
TY06
TY07
TY08
TY09
TY10
TY11
TY12

17.12500
12.91667
  .50000
  .62500
  .58333
  .66667
  .62500
 8.58333
  .58333
  .66667
  .66667
  .66667

37.86281
33.62571

  .51075 

  .49454 

  .50361 

  .48154 

  .49454 

28.15936

  .50361 

  .48154 

  .48154 

  .48154 

 : TY01 – TY12  2
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Cluster Analysis UPGMA

4

4

12

1.00 208.83 Dendogram  11

Dendrogram for 12 Class 

Unweighted – Pair Group Average 

Euclidean Distances 

11 12

TY01 – TY12 , , , ,

, , , , ,

,



 3 - 35

2

1.

12 12

1

Doyle and Doyle (1990) 

12

260 275-1775 ng/ l

1.36 – 1.86 

5 ng / l

25 ng / l

5 ng / l

2. PCR

5 ng / l

(PCR Machine) 

17

6 OPE-09, OPE-14, OPE-15, OPF-02, OPF-03 
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OPF-04 60 180

, Ethidium Bromide 

TAE Buffer eletrophoresis

3. (Polymorphism)

Dendrogram 19

12  4 
9

 3 
12 1.00 – 208.83 
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12

600

Random Amplified Polymorphic DNA (RAPD) 

1.

12

Doyle and Doyle (1990) 

12  275 – 1,775 ng/ l

 1.36 –1.86

 275 – 1,775 ng/ l

 25 ng/ l

5 ng/ l

1.

17

OPE-03, OPE-07, OPE-09, OPE-10, OPE-12, OPE-14, OPE-15, OPF 01-07, OPG-

04, OPG-05 OPG-07 6

OPE-09, OPE-14, OPE-15, OPF-02, OPF-03 OPF-04

3. (Polymorphism)

12

 4 
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1.00

208.83

 12 
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, . 2524. 218.

. 1. . 136 .

. 2542. .

. 11 2542. 6 – 8

2542. , . . 224 – 228. 

. 2543. 

Random Amplified Polymorphic 

DNA.

, .

. 2539. .

. . 136 .

. 2538. 

. . . 13(3) : 227 –235. 

. 2537. . . .

12(3) : 213 – 221. 

____________. 2538. . .

. 23(1) : 24 – 30. 

____________. 2542. .

. . 21(2) : 153 – 140. 

. 2522. . . . 52(3) : 160 – 167. 

. 2535. 

.

, . .18 –23. 

. 2539. 

.

. 258 .

. 2527. : . . . 6(32) : 16 – 20. 
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, . . 2538. 

. . .

, .

. 2539. 

. , .

. 2530. .

. 5 13 – 15 2530.

, . . 232 – 236. 

. 2537. 105 . 

.

8 – 9 2537.

, . . 1 – 19. 

_____________. 2540. DNA Fingerprinting . . . 23(3) : 

159 – 160. 

. 2538. . . . . 22(122) : 

107 – 111. 

_____________. 2538. . . . . 22(123) : 108 – 

113.

. 2544. ... . NFI Journal. 17(3) : 26 – 

30.

. 2537. 

: . . . 2536.

, .

. 2536. . .

.

, . 2543. 

. 1. . 281 .

. 2526. . .

. . 27 – 30. 
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Amplified Polymorphic DNA.
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 1 

1.

2.

3. (Touch Mix) 

4. 2

5. 4

6.

7. (Block Heater) 

8. (Centrifuge

machine)

9.

(Spectrophotometer)

10. (Auto

Pipet)

11.

12. (Heater)

13. (Hot Air Oven) 

14. (Autoclave)

15.

16.

17.

      (ULTRA LUM) 

18. ( – )

19. 1.5

20. 0.2

Fisher Scientific, USA 

Ohausa, Precisa, Switzerland 

Ohausa, Precisa, Switzerland 

Hybaid, United Kingdom 

Stuart Scientific, United Kingdom 

Hettich Zentrifugen, Germany 

Spectronic Gemesys, USA 

Gilson and Eppendoff Research 

France and Germany 

Bio – Rad, USA 

Cimerec, USA 

Memmert, Germany 

Hirayama, Japan 

Pyrex, USA 

Plastibrand, Germany 

Electronic Dual, USA 

Fuji, Japan 

Plastibrand, Germany 

Scientific, USA 
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 2 

1. Absolute Ethanol 

2. Acetic Acid, Glacial 

3. Agarose

4. Ammonium Acetate 

5. Bromophenol Blue 

6. Chloroform

7. Deoxynucleotide Triphosphate 

(dNTPs)

8. Ethidium Bromide 

9. Ethylenediaminetetra Acetic Acid, 

Disodium Salt (EDTA) 

10. Ficoll 400 

11. Gelatin

12. Glyceral

13. Hexadecyltrimethly Ammonium 

Bromide (Cetyltrimethylammonium 

Bromide) (CTAB) 

14. Isoamyl Alcohol 

15. Magnesium Chloride 

16. 2 – Mercaptoethanol 

17. Mineral Oil 

18. PCR Taq Buffer 

19. Polyvinyl Pyrrolidone (PVP) 

20. Potassium Chloride 

Merck, Germany 

J.T.Baker, USA 

Sea Kem LE, USA 

Anala R, England 

Merck, Germany 

Lab – Scan, Thiland 

Pharmacia, USA 

Merck, Germany 

Scharlau, Spain 

Fluka, Switzerland 

S.K.Trading, Thailand 

Sigma, USA 

Sigma, USA 

Carlo, Germany 

Carlo, Germany 

Sigma, USA 

Sigma, USA 

Biotools, Spain 

Sigma, USA 

Carlo, Germany 
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21. Sodium Chloride 

22.  Tris (Hydroxymethyl) Aminomethane 

23. Xylenecyanol FF 

Carlo, Germany 

Carlo, Germany 

Fluka, Switzerland 

 4 

1. Hind III Marker

2. Lambda DNA 

3. Taq DNA Polymerase 

4. Pancreatic Rnase (Ribonuclease A) 

Pharmacia, USA 

Pharmacia, USA 

Biotools, Spain 

Sigma, USA 
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OPE-03

OPE-07

OPE-09

OPE-10

OPE-12

OPE-14

OPE-15

OPF-01

OPF-02

OPF-03

OPF-04

OPF-05

OPF-06

OPF-07

OPG-04

OPG-05

OPG-07

OPG-12

5’-CCAGATGCAC-3’

5’-AGATGCAGCC-3’

5’-CTTCACCCGA-3’

5’-CACCAGGTGA-3’

5’-TTATCGCCCC-3’

5’-TGCGGCTGAG-3’

5’-ACGCACAACC-3’

5’-ACGGATCCTG-3’

5’-GAGGATCCCT-3’

5’-CCTGATCACC-3’

5’-GGTGATCAGG-3’

5’-CCGAATTCCC-3’

5’-GGGAATTCGG-3’

5’-GAACCTGCGG-3’

5’-AGCGTGTCTG-3’

5’-CTGAGACGGA-3’

5’-GAACCTGCGG-3’

5’-CAGCTCACGA-3’

: Operon Technology, USA 
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1. 1% Agarose Gel 

  Agarose  0.3 g 

50X TAE buffer  0.6 ml 

   29.4 ml 

  30.0 ml 

2. 1.5 % Agarose Gel 

  Agarose  0.45 g 

50X TAE buffer  0.6 ml 

   29.4 ml 

  30.0 ml 

 1. Magnetic Stirrer Agarose

 2. 650C

 3. 1X TAE buffer Agarose gel 

4. 1X TAE buffer buffer 45

3. Chloroform – Isoamyl Alcohol 

  Chloroform 

   Isoamyl Alcohol 

Chloroform Isoamyl Alcohol 24: 1
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4. 2X CTAB buffer 

  2 M Tris – Cl buffer (pH 8.0)  5 ml (100mM) 

   0.5 M EDTA (pH 8.0)   4 ml (20 mM) 

   NaCl     8.182 g (1.4 M) 

   CTAB (Hexadecyltrimethyl - 

Ammonium Bromide, C19H42NBr) 2  g (2 %) 

Polyvinyl Pyrrolidone (PVP – 40) 1  g (1 %) 

    100 ml 

200 l 2 – Mercaptoethanol 

5. 1 mM dNTPs 

  100 mM dATP  10 l (1 mM) 

   100 mM dCTP  10 l (1 mM) 

   100 mM dGTP  10 l (1 mM) 

   100 mM dTTP  10 l (1 mM) 

   960 l

  1,000 l

Tuch Mixer 

– 20 0C

6. 10X Dye (Type II Dye Marker) 

  0.25 %Bromophenol Blue 

   0.25 % Xylene Cyanol 

   25.0 % Ficoll (type 400) 

Touch Mixer 

5,000 4 0C
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7. 0.5 M EDTA (pH 8.0) 

  EDTA (Ethylenediaminetetraacetic Acid,  

   Disodium Salt, C10H14N2O8Na2H2O)  186.12  g 

EDTA 800 ml Magnetic Stirrer 

(EDTA ) pH 8.0 NaOH Pellets pH 8.0

EDTA 1,000 ml 

8. 75 % Ethanol 

  Absolute Ethanol  75 ml 

    25 ml 

Absolute Ethanol 75 ml 25 ml Magnetic Stirrer 

9. 75 % Ethanol 10 % Ammonium Acetate 

  75 %Ethanol   75 ml 

   10 mM Ammonium Acetate 25 ml 

75 % Ethanol 75 ml 10 mM Ammonium Acetate 

Magnetic Stirrer 

10. Ethidium Bromide 

  Ethidium Bromide  100 g

    10 l

   1X TAE    10 l

Ethidium Bromide 10 g / l

4 0C Ethidium Bromide 1X TAE 7:150
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11. Lambda DNA Hind III Digests 

  10X REACT 2 buffer  88.2  l

   15 units / l Hind III  6.7  l

    624.4  l

   10 mM Dye   18.0  l

   10X Dye   100.0  l

   Lambda DNA Hind III Marker 144.7  l

10X REACT 2 buffer, Lambda DNA Hind III Digests 15 

units/ l Hind III 37 0C 4 EDTA 

10X Dye 4 0C

12. PCR Products Loading Dye 

  10X Dye 

10X Dye 13: 17

Touch  Mixer 5,000 4 0C

13. 10X PCR Buffer

  1 M Tris – Cl Buffer (pH 8.3)  10 ml 

   1 M KCl    50 ml 

   1 M MgCl2    2 ml 

   Gelatin (10 mg / ml)   1 ml 

     37 ml 

–20 0C
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14. 1 M MgCl2
 MgCl2.6H2O   20.33 g 

    100.0 ml 

15. 1 M KCl 

  KCl    7.455 g 

    100.00 ml 

KCl

16. Gelatin (10 mg / ml) 

  Gelatin    100 mg 

    10 ml 

Gelatin

17. 2 M each Primer 

  2 M each Primer  

     

10 M

2 M

18. Rnase

  Panceatic RNase  100 l (100 mg / ml) 

   (Ribonuclease, Sigma R – 5.5503) 

   2 M Tris – Cl Buffer (pH 7.5) 50 l (10 M)

   5 M NaCl     (15 mM) 

    30 l

   10  ml 
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20

( 10 l) 4 0C

–20 0C

19. 500 ng Standard DNA 

 Lambda DNA  10 l

   TE Buffer  80 l

   10X Dye  10 l

Touch Mixer 

5,000 4 0C

20. 300 ng Standard DNA 

  Lambda DNA (500 ng / l)  10 l

   TE Buffer    84 l

   10X Dye    10 l

Touch Mixer 

5,000 4 0C

21. 100 ng Standard DNA 

  Lambda DNA (500 ng / l)  2 l

   TE Buffer    88 l

   10X Dye    10 l

Touch Mixer 

5,000 4 0C

22. 100 ng Standard DNA 

  Lambda DNA    10 l

   TE Buffer    90 l

Touch Mixer 

5,000 4 0C
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23. 14 ng Standard DNA 

  Lambda DNA    1.40 l

   TE Buffer    88.6 l

   10X Dye    10.0 l

Touch Mixer 

5,000 4 0C

24. 12 ng Standard DNA 

  Lambda DNA    1.20 l

   TE Buffer    88.8 l

   10X Dye    10.0 l

Touch Mixer 

5,000 4 0C

25. 10 ng Standard DNA 

  Lambda DNA    1.00 l

   TE Buffer    89.0 l

   10X Dye    10.0 l

Touch Mixer 

5,000 4 0C

26. 8 ng Standard DNA 

  Lambda DNA    0.80 l

   TE Buffer    89.2 l

   10X Dye    10.0 l

Touch Mixer 

5,000 4 0C
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27. 6 ng Standard DNA 

  Lambda DNA    0.60 l

   TE Buffer    89.4 l

   10X Dye    10.0 l

Touch Mixer 

5,000 4 0C

28. 50X TAE 

  Tris (Hydroxymethyl) Aminomethane 242.8 g 

   Acetic Acid (Glacial)   57.1 ml 

   0.5 M EDTA (pH 8.0)   100.0 ml (50mM) 

Magnetic Stirrer 

1,000 ml 

29. 1X TAE

  50X TAE 

Magnetic Stirrer 1: 49

30. Taq DNA Polymerase (1 unit / l)

 Taq DNA Polymerase (5 units / l)

Taq DNA Polymerase Dilution Buffer 

Taq DNA Polymerase (5 units / l) Taq DNA

Polymerase Dilution Buffer 1 : 4 –20 0C
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31. Taq DNA Polymerase Dilution Buffer 

  Glycerol   5 ml (50 %) 

   1 M KCl   1 ml (100 mM) 

   2 M Tris – Cl Buffer (pH 8.0) 100 l (20 mM) 

   EDTA (pH 8.0)   2 l (0.1 mM) 

   Tween 20   50 l (0.5 %) 

10 ml Magnetic 

Stirrer –20 0C

32. TE Buffer 

  2 M Tris – Cl Buffer (pH 8.0)  500 l (10 mM) 

   0.5 M EDTA (pH 8.0)   200 l (1 mM) 

     99.3 ml 

    100 ml 

100 ml Magnetic 

Stirrer

33. TE - Dye 

  10X Dye 

   TE Buffer 

Touch Mixer 

5,000 4 0C

34. 2M Tris – Cl Buffer 

  Tris (Hydroxymethyl) Aminomethane  242.28 g 

      800.00 ml 

Magnetic Stirrer 

pH 8.0 HCl 1,000 ml
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35. Tris – Cl Buffer (pH 8.0)

  Tris (Hydroxymethyl) Aminomethane  121.14 g 

      800.00 ml 

Magnetic Stirrer 

pH 8.0 HCl 1,000 ml


