
˙̜̆̓̏̅ȟ ̜̏̒̎̏̃́̎̎̆ ̎́ ˜ˣ˝ 

˜̠̑̉̋̌́̅̎́ ̄̆̎̆̓̉̋́ ̠̅̌ ̈̏̏̌̏̄̏̃ȟ ̗̠̌̆̋̉ τ

˙̟̄̆ ˚Ȣ˞Ȣ



RAPD PCR

Å˴ ͙͔ͦͪͦͭ͟ ͚͔ͨͪ͊ͣͪ· όмл-мн ͨͦύ
Å˹ ͙͊͘͟Ύ ͔͔ͭͣͨͪ͊ͭͯͪ͊ ͙͎ͦͭ͗͊
Å˽ ͡Όͫ·Υ 
Å͋ ·ͫͭͪ·͚ ͫͨͦͫͦ͋ ͦͼ͔͙ͤͭΈ ͙ͪ͊͘͡;͙Ύ 
͔ͣ͗͒ͯ ͦͫͦ͋Ύ͙ͣ ͙ ͨͦͨͯ͡Ύͼ͙Ύ͙ͣ
˸͙ͤͯͫ·Υ
Å˿ ͎ͭͪͦͦ ͍͙͙͊ͫͭ͘ ͦͭ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͙͙ 
͙ ͊͟;͔͍ͫͭ͊ ͙ͣ͊ͭͪͼ·
Å˽ ͙ͪ͊ͭ͟;͔͙ͫ͟ ͔ͤ ͙͔ͨͯ͋ͯͭͫ͟͡Ύ ͊͟͟ 
͔͔ͤͤ͊͒͗ͤ·͚ ͔ͣͭͦ͒



ˠ̠̒̌̏̃̉ ̐̏̒̓́̎̏̃̋̉ RAPD

1. 10ʭʇʎʈʙʫʬʝʨ 2.5ʤʢʣ

2. 4ʭdNTPs 5ʤʢʣ(150ʤʢM ʢʘʞʜʦʛʦ)

3. ʇʨʘʡʤʝʨ 150ʧʢʄ

4. MgCl2 (50ʤM) 1ʤʢʣ(2ʤM)

5. Taq-ʧʦʣʠʤʝʨʘʟʘ 0.3ʤʢʣ

6. milli -Q ʅ2ʆ ʜʦ20ʤʢʣ

7. ʈʘʩʪʚʦʨɼʅʂ(5-10ʥʛ) 5ʤʢʣ(5-10ʥʛ)

ʉʦʩʪʘʚ ʩʪʘʥʜʘʨʪʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ.

1. ʇʣʘʚʣʝʥʠʝ 94̄ C 4ʤʠʥ

2. ʇʣʘʚʣʝʥʠʝ 94̄ C 30ʩʝʢ

3. ʆʪʞʠʛʧʨʘʡʤʝʨʦʚ 36̄ C 30ʩʝʢ

4. ʉʠʥʪʝʟɼʅʂ 72̄ C 1ʤʠʥ

5. ʇʦʚʪʦʨ 37ʮʠʢʣʦʚ

6. ʆʢʦʥʯʘʪʝʣʴʥʳʡʩʠʥʪʝʟ 72̄ C 10ʤʠʥ

ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ 

ʨʝʘʢʮʠʠ ʥʘ ʪʝʨʤʦʮʠʢʣʝʨʝ PTC-225 Peltier Thermal Cycler 

(MJ Research).

ʇʨʠʤʝʨʳ RAPD ʧʨʘʡʤʝʨʦʚ:

ɸ09  (GGG TAA CGC C), 

ɸ07  (GAA ACG GGT G), 

ɺ09  (TGG GGG ACT C), 

ʂ20  (GTG TCG CGA G).

ɸ12  (TCG GCG ATA G).



RAPD-PCR ʩʧʝʢʪʨʳ ʨʫʩʩʢʦʛʦ ʦʩʝʪʨʘ ʩ ʧʨʘʡʤʝʨʦʤ B09. 

ʇʦʣʦʩʘ 1 ïʤʘʨʢʝʨʳ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (ɚ/PstI). 



AFLP - Amplified fragment length 

polymorphism



AFLP



˜̑̉̍̆̑ ̜̖̒̆̌̆̋̓̉̃̎ ̐̑́̊̍̆̑̏̃ ̠̅̌ AFLP

GATT gatgagtcctgagcggatt

GATG gatgagtcctgagcggatg

GATC gatgagtcctgagcggatc

GAAA gatgagtcctgagcggaaa

GAAT gatgagtcctgagcggaat

GAAG gatgagtcctgagcggaag

GAAC gatgagtcctgagcggaac

GACA gatgagtcctgagcggaca

GACT gatgagtcctgagcggact

GACG gatgagtcctgagcggacg

GACC gatgagtcctgagcggacc

GAGA gatgagtcctgagcggaga

GATG gatgagtcctgagcggagt

GAGG gatgagtcctgagcggagg

GAGC gatgagtcctgagcggagc



˚̆ ̃̒̆ ̗̋̏̍̂̉̎́̉̉ ̜̖̒̆̌̆̋̓̉̃̎ AFLP 

̐̑́̊̍̆̑̏̃ ̟̑́̂̏̓́̓ ̏̅̉̎́̋̏̃̏ ̖̙̏̑̏̏



˸͙͔͙ͪͦͫ͊ͭͭͤ͟͡͡·͚ ͙ ͙͙͔͙ͣͤͫ͊ͭͭͤ͡͡·͚ ͙͊ͤ͊͘͡

-͙ͯ͘;͔͙͔ͤ ͔ͭ͊ͤ͒ͣͤ·ͻ ͍͍ͨͦͭͦͪͦ ͍ ͔͙͙ͫͭͪͦͤ ˨˹˴
ό͙͙͔͙ͣͤͫ͊ͭͭ͡͡· ςͨ ͍ͦͭͦͪΦ͍͔ͤͦ͘-6-мллͤΦͨΦΣ ͔͊ͫͭͪ͟͡-0.2-нл ͭ·ͫΦͤΦͨΤ 
͙͔͙ͣͪͦͫ͊ͭͭ͟͡͡· ςͨ ͍ͦͭͦͪΦ͍͔ͤͦ͘-2-сͤΦͨΦΣ ͔͊ͫͭͪ͟͡-20-слͤΦͨΦύ 

-͙͍͔ͯͤͪͫ͊͡ΈͤͦͫͭΈ ͔ͣͭͦ͒͊ ͍ ͙ͫͨͦ͡Έ͍͙͙ͦ͊ͤ͘
-͍·ͫͦ͊͟Ύ ͔͔ͫͭͨͤΈ ͙ͨͦͣͦͪ͡ͺ͙ͣ͊͘ 
-͍ͦͣͦ͗ͤͦͫͭ͘Έ ͔͒͊ͭ͡Έ ͍͙͍͙͍ͤͯͭͪ͒ͦ·͔ ͺ͙͎͔͔͙ͦͤͭ͡;͔͙͔ͫ͟ ͔͙ͨͦͫͭͪͦͤΎΣ ͍ ͭͦͣ 
;͙͔ͫ͡ ͙ͯ͘;͊ͭΈ ͣ͊͡·͔Σ ͙͙͍ͦͪͦ͊ͤͤ͘͡·͔ ͙ ͦ͒ͤͦͨͦ͡·͔ ͨͦͨͯ͡Ύͼ͙͙

-͎͙ͦͪ͊ͤ;͔͙͔ͤΥ ͯ;͙͔͊ͫͭ ͍ ͔͙ͪͦͣ͋ͤ͊͟ͼ͙ͦͤͤͦͣ 
ͨͪͦͼ͔͔ͫͫΣ ͭͪͯ͒ͤͦ ͍͙͍ͫͪ͊ͤ͊ͭΈ ͔͙͔͒͊͟͡ ͍ 
͙͔͙ͫͫͭͣ͊ͭ;͔ͫͦͣ͟ ͦͭͤͦ΄͔͙͙ͤ ͎͙ͦͪ͊ͤͣ͘·



˸͙͔͙ͪͦͫ͊ͭͭͤ͟͡͡·͚ ͙͊ͤ͊͘͡

Forward primers in each pair were labeled on their 5õ end with fluorescent dyes as 

follows: OMM1082 ðJOE, One111 ðFAM , Ots253 ðTAMRA .



SSR and ISSR . SSR employs primers targeting a single repeat region, while ISSR 
employs a single primer containing repeats to amplify regions between two repeats.

˿͍͔͙͔ͪ͊ͤͤ ͔ͭͻ͙͙ͤ͟ ͙͔͙͎ͣͪͦͫ͊ͭͭͤͦͦ͟͡͡ (SSR) 
͙ ͔͙͔͙͎ͣ͗ͣͪͦͫ͊ͭͭͤͦͦ͟͡͡ όISSR) ͊ ͙ͤ͊͊͘͡

http://www.cmjournal.org/content/2/1/9/figure/F3


ISSR principle. If arbitrary nucleotides of the primer are located at the 5' end of the microsatellite, product A 

will be generated. If they are located at the 3' end, product B will be generated

˽͙ͪͤͼ͙ͨ ͔͚͍͙͒ͫͭΎ ISSR



ISSR ʧʨʘʡʤʝʨ J-ctc ʜʦʨʦʞʢʠ 1, 10, 19, 28 ïʣʘʜʜʝʨ, 2, 3 ïʨʦʜʠʪʝʣʠ, ʦʩʪʘʣʴʥʳʝ ïʜʝʪʠ (ʥʫʤʝʨʘʮʠʷ 

ʩʢʚʦʟʥʘʷ ʥʘ ʜʚʘ ʛʝʣʷ

˿͙͙͍͙͔ͪͤͪͦ͊ͤ͟ ISSRͤ͊ 
͙͙͊ͪ͊ͣ͒ͤͦͣ͟͡ ͎͔͔͡



ˤ̓̏ ̟̅́̓ ̜̍̉̋̑̏̒́̓̆̌̌̉̓ȟ SNP, AFLP, RAPD

̉ ̓Ȣ̐Ȣȩ

}˹͙͊͡;͙͔ ͎͔͔͙ͤͭ;͔͚ͫͦ͟ ͙͒ͺͺ͔͔ͪͤͼ͙͊ͼ͙͙ 
ͨͦͨͯ͡Ύͼ͙͚ ͙ ͍·Ύ͍͔͙͔ͤ͡ ͨͦͨͯ͡Ύͼ͙͚ͦͤͤͦ ͫͭͪͯͭͯͪ͟· 
͍͙͒͊

}˴͙͙ͪͨͭ;͔͙͔ͫ͟ ͙͙ͫͣͨ͊ͭͪ;͔͙͔ͫ͟ ͍͙͒· ͤ͊ ͙ͪ͊ͤͤͻ 
Ήͭ͊ͨ͊ͻ ͍͙͍͙͒ͦͦ͋ͪ͊ͦ͊ͤ͘Ύ όͫ ͎͍͙ͦͦͦͪ͊ͣ͟ύ

}˽ͦͭͦ͟ ͎͔͍ͤͦ ό͙͎ͣͪ͊ͼ͙Ύύ ͔ͣ͗͒ͯ ͨͦͨͯ͡Ύͼ͙Ύ͙ͣ

˹˻Υ ͎͔͔͙ͤͭ;͔͙͔ͫ͟ ͔ͣ͊ͪͪ͟· ͤ͊͒ͦ ͙ͫ͊ͭ͟Έ ͒͡Ύ ͚͊͗͒ͦ͟ 
͎ͪͯͨͨ·Η



˞̋̑̉̎̉̑̏̃́̎̉̆ ̍̉̎̉̒́̓̆̌̌̉̓̏̃ ̎́ ́̄́̑̏̈̎̏̍ 
̄̆̌̆

ˮͤͭͪͦͤ н

ˮͤͭͪͦͤ м



˝́̈̑́̂̏̓̋́ ̐̑́̊̍̆̑̏̃ ̎́ SNP

Tips:

} PCR product should be approximately 150-250 bp

ATACACTGAGTATGGTGTGAAGAATGCAAAAGCATGGAACAGT

ATACACTGAGTATGGTGTGAAGAATGCAGAAGCATGGAACAGT

CTGAGTATGGTGTGAAGAATGCt A

CTGAGTATGGTGTGAAGAATGCt G

TAAGACTACGCTGCTATCTACTACAGCAACATAC

TAAGACTACGCTGCTATCTACTACAGCAACATAC

CTGCTATCTACTACAGCAACA

~150-250 bp

Prl2f_G, 3 bp (Loop=8), dG = -0.5 kc/m

GT AA

C

C

T

C

C

A

A

C

G

C

G

C

A

T

C

T

T

C

C

A

T

C

5'

3'

Prl2f_G, 2 bp, dG = -2.0 kc/m (worst= -47.0)

CT CAGGACT CT CACT T CCC

G

A

T

C

A

C

A

A

C

A

C

T

A

G

CCCT T CACT CT CAGGACT C

5'

3'

3'

5'

¸ Check primers for self-dimers, pair-dimers, and hairpins.



˛̐̑̆̅̆̌̆̎̉̆ ́̌̌̆̌̆̊ SNP ̌̏̋̔̒̏̃ ̃ 
́̄́̑̏̈̎̏̍ ̄̆̌̆



˛̂̑́̂̏̓̋́ ̜̖̅́̎̎ ̑́̄̍̆̎̓̎̏̄̏̕ ́̎́̌̉̈́

}мΦ ˽͔͔͍ͪͦ͒ ͍ ͙͋ͤ͊ͪͤͯΌ ͙ͣ͊ͭͪͼͯ ό͔ͫͭΈ/͔ͤͭ ͨͦͦͫ͡·ύ

a. ˢ͙ͤ͊͘͡ ͎͔͡Ύ ͤ͊ ͙ͤ͊͡;͙͔ ͨͦͦͫ͡ ͍ͪͯ;ͤͯΌ ͙͙͡ ͙ͨͪ 
ͨͦͣͦ΅͙ ͎ͨͪͦͪ͊ͣͣ

˽͎ͪͦͪ͊ͣͣ· ό͎͙͔͒ͦͪͦύ:

Phoretix 1D Professional

GeneMapper

˽͎ͪͦͪ͊ͣͣ· ͔͋ͫͨ͊ͭͤ͡·͔Υ 

CrossChecker(http://www.plantbreeding.wur.nl/UK/software_crosschecker.html)

ˤ ͡Ό͋ͦͣ ͫͯ͡;͔͊ ͍͔ͨͪͦͪ͊͟ ͍ͪͯ;ͤͯΌ ͤ͊ ͔͍͊͒͊ͭͤͦͫͭ͟Έ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͋Ή͍ͤ͒ͦ!



ɸʥʘʣʠʟ ʵʣʝʢʪʨʦʬʦʨʝʛʨʘʤʤ RAPD-ʩʧʝʢʪʨʦʚ ɼʅʂ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Phoretix 1D Advanced (Nonlinear Dynamics).



˛̂̑́̂̏̓̋́ ̜̖̅́̎̎ ̑́̄̍̆̎̓̎̏̄̏̕ ́̎́̌̉̈́

}нΦ ˢ͙ͤ͊͘͡ ͫͻ͍ͦ͒ͫͭ͊ ͙ ͔͙͔ͨͦͫͭͪͦͤ ͔͔͍͒ͪΈ͔͍

͊Φ ˿ͦ͒͊ͭ͘Έ ͙ͣ͊ͭͪͼͯ ͨͦͨ͊ͪͤ·ͻͪ͊ͫͫͭͦΎ͙͚ͤ

͋Φ ˽͍͔͙ͪͦͫͭ ͔͙͊ͫͭͪ͊͘͟͡ͼ͙Ό ͙ͦ͒ͤͣ ͙͘ ͙͔ͣΌ΅͙ͻͫΎ 
͎ͣͤͦͦ;͙͔ͫͤͤ͡·ͻ ͔͍ͣͭͦ͒ͦ όUPGMA, NJ ͙  ͭΦͨΦύ

˾͊ͫͫͭͦΎ͙ͤΎΥ

}ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ· ͎ͨͦͨ͊ͪͤͦͦͫͻ͍ͦ͒ͫͭ͊όSύ ͔ͣ͗͒ͯ 
ͺ͙͎͔͙͙͔ͤͪͨͪͤͭ͊ͣͦͭ͒͡Έͤͦ ͨͦ ͊͗͒ͦͣͯ͟ ͚͔ͨͪ͊ͣͪͯͨͦ 
ͺ͔ͦͪͣͯ͡Υ 

}S=2Fab(Fa+Fb), 

}͎͔͒ Fab- ;͙ͫͦ͡ ͨͦͦͫ͡Σ ͦ͋΅͙ͻ ͒͡Ύ ͍͒ͯͻ ͔͚ͦͫͦ͋Σ 

}Fa͙ Fbςͦ ͋΅͔͔ ;͙ͫͦ͡ ͨͦͦͫ͡ ͒͡Ύ ͚͊͗͒ͦ͟ ͙ͦͫͦ͋Φ 



ȷɔɍɊɆɓɆ ɈɡɖɋɍɐɆ ɣɐɖɆɓɆ: 03.03.2009; 1:17



˜̑̉̍̆̑ ̗̋̌́̒̓̆̑̉̈́̉̉ ̐̏̑̏̅ ̝̌̎́ ̐̏ ̜̅́̎̎̍ RAPD


