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ภาคผนวก ค 
 

ผลการวิเคราะห์ลาํดบันิวคลีโอไทด์ของยีน  phyA170  กลาย 
 

 
1. ยีน  phyA170 กลาย Q50A 

 
 
GTCCCCGCCTCGAGAAATCAATCCACTTGCGATACGGTCGATCAGGGGTA
TCAATGCTTCTCCGAGACTTCGCATCTTTGGGGTGCTTACGTGCCGTTC
TTTTCTCTGGCAAACGAATCGGCCATCTCTCCTGATGTGCCCGCCGGATGC
CGAGTCACTTTCGCTCAGGTCCTCTCCCGTCATGGAGCACGGTATCCGACC
GACTCCAAAGGCAAGAAATACTCCGCTCTCATTGAGGAGATCCAGCAGAA
TGCGACCACCTTTGATGGGAAATATGCCTTCCTGAAGACATACAACTACA
GCCTGGGTGCAGATGACCTGACTCCTTTCGGAGAACAGGAGCTAGTCAAC
TCCGGCATCAAGTTCTATCAGCGATACGAATCGCTCACAAGAAACATTAT
TCCATTCATCCGATCCTCTGGCTCCAGCCGCGTGATCGCCTCCGGCAAGAA
ATTCATCGAGGGCTTCCAGAGCACCAAGCTGAAGGATCCTCGTGCCCAGC
CCGGCCAATCGTCGCCCAAGATCGACGTGGTCATTTCCGAGGCCAGCTCA
TCCAACAACACTCTCGACCCAGGCACCTGCACCGTCTTCGAAGACAGCGA
ATTGGCCGATGCCGTCGAAGCCAATTTCACCGCCACGTTCGTCCCCACCAT
TCGTCAACGTCTGGAGAACGACCTGTCTGGCGTGTCTCTCACAGACACAG
AGGTGACCTACCT 
 
 

2. ยีน  phyA170 กลาย Q50G 
 
GTCCCCGCCTCGAGAAATCAATCCACTTGCGATACGGTCGATCAGGGGTA
TCAATGCTTCTCCGAGACTTCGCATCTTTGGGGTGGTTACGTGCCGTTC
TTTTCTCTGGCAAACGAATCGGCCATCTCTCCTGATGTGCCCGCCGGATGC
CGAGTCACTTTCGCTCAGGTCCTCTCCCGTCATGGAGCACGGTATCCGACC
GACTCCAAAGGCAAGAAATACTCCGCTCTCATTGAGGAGATCCAGCAGAA
TGCGACCACCTTTGATGGGAAATATGCCTTCCTGAAGACATACAACTACA
GCCTGGGTGCAGATGACCTGACTCCTTTCGGAGAACAGGAGCTAGTCAAC
TCCGGCATCAAGTTCTATCAGCGATACGAATCGCTCACAAGAAACATCAT
TCCATTCATCCGATCCTCTGGCTCCAGCCGCGTGATCGCCTCCGGCAAGAA
ATTCATCGAGGGCTTCCAGAGCACCAAGCTGAAGGATCCTCGTGCCCAGC
CCGGCCAATCGTCGCCCAAGATCGACGTGGTCATTTCCGAGGCCAGCTCA
TCCAACAACACTCTCGACCCAGGCACCTGCACCGTCTTCGAAGACAGCGA
ATTGGCCGATGCCGTCGAAGCCAATTTCACCGCCACGTTCGTCCCCACCAT
TCGTCAACGTCTGGAGAACGACCTGTCTGGCGTGTCTCTCACAGACACAG
AGGTGACCTACCT 
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3. ยีน  phyA170 กลาย Q50I 
 
 
 
GTCCCCGCCTCGAGAAATCAATCCACTTGCGATACGGTCGATCAGGGGTA
TCAATGCTTCTCCGAGACTTCGCATCTTTGGGGTATTTACGTGCCGTTC
TTTTCTCTGGCAAACGAATCGGCCATCTCTCCTGATGTGCCCGCCGGATGC
CGAGTCACTTTCGCTCAGGTCCTCTCCCGTCATGGAGCACGGTATCCGACC
GACTCCAAAGGCAAGAAATACTCCGCTCTCATTGAGGAGATCCAGCAGAA
TGCGACCACCTTTGATGGGAAATATGCCTTCCTGAAGACATACAACTACA
GCCTGGGTGCAGATGACCTGACTCCTTTCGGAGAACAGGAGCTAGTCAAC
TCCGGCATCAAGTTCTATCAGCGATACGAATCGCTCACAAGAAACATCAT
TCCATTCATCCGATCCTCTGGCTCCAGCCGCGTGATCGCCTCCGGCAAGAA
ATTCATCGAGGGCTTCCAGAGCACCAAGCTGAAGGATCCTCGTGCCCAGC
CCGGCCAATCGTCGCCCAAGATCGACGTGGTCATTTCCGAGGCCAGCTCA
TCCAACAACACTCTCGACCCAGGCACCTGCACCGTCTTCGAAGACAGCGA
ATTGGCCGATGCCGTCGAAGCCAATTTCACCGCCACGTTCGTCCCCACCAT
TCGTCAACGTCTGGAGAACGACCTGTCTGGCGTGTCTCTCACAGACACAG
AGGTGACCTACCT 
 
 

4. ยีน  phyA170 กลาย Q50L 
 

 
GTCCCCGCCTCGAGAAATCAATCCACTTGCGATACGGTCGATCAGGGGTA
TCAATGCTTCTCCGAGACTTCGCATCTTTGGGGTTTGTACGTGCCGTTC
TTTTCTCTGGCAAACGAATCGGCCATCTCTCCTGATGTGCCCGCCGGATGC
CGAGTCACTTTCGCTCAGGTCCTCTCCCGTCATGGAGCACGGTATCCGACC
GACTCCAAAGGCAAGAAATACTCCGCTCTCATTGAGGAGATCCAGCAGAA
TGCGACCACCTTTGATGGGAAATATGCCTTCCTGAAGACATACAACTACA
GCCTGGGTGCAGATGACCTGACTCCTTTCGGAGAACAGGAGCTAGTCAAC
TCCGGCATCAAGTTCTATCAGCGATACGAATCGCTCACAAGAAACATCAT
TCCATTCATCCGATCCTCTGGCTCCAGCCGCGTGATCGCCTCCGGCAAGAA
ATTCATCGAGGGCTTCCAGAGCACCAAGCTGAAGGATCCTCGTGCCCAGC
CCGGCCAATCGTCGCCCAAGATCGACGTGGTCATTTCCGAGGCCAGCTCA
TCCAACAACACTCTCGACCCAGGCACCTGCACCGTCTTCGAAGACAGCGA
ATTGGCCGATGCCGTCGAAGCCAATTTCACCGCCACGTTCGTCCCCACCAT
TCGTCAACGTCTGGAGAACGACCTGTCTGGCGTGTCTCTCACAGACACAG
AGGTGACCTACCT 
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5. ยีน  phyA170 กลาย Q50N 
 

 
GTCCCCGCCTCGAGAAATCAATCCACTTGCGATACGGTCGATCAGGGGTA
TCAATGCTTCTCCGAGACTTCGCATCTTTGGGGTAACTACGTGCCGTTC
TTTTCTCTGGCAAACGAATCGGCCATCTCTCCTGATGTGCCCGCCGGATGC
CGAGTCACTTTCGCTCAGGTCCTCTCCCGTCATGGAGCACGGTATCCGACC
GACTCCAAAGGCAAGAAATACTCCGCTCTCATTGAGGAGATCCAGCAGAA
TGCGACCACCTTTGATGGGAAATATGCCTTCCTGAAGACATACAACTACA
GCCTGGGTGCAGATGACCTGACTCCTTTCGGAGAACAGGAGCTAGTCAAC
TCCGGCATCAAGTTCTATCAGCGATACGAATCGCTCACAAGAAACATCAT
TCCATTCATCCGATCCTCTGGCTCCAGCCGCGTGATCGCCTCCGGCAAGAA
ATTCATCGAGGGCTTCCAGAGCACCAAGCTGAAGGATCCTCGTGCCCAGC
CCGGCCAATCGTCGCCCAAGATCGACGTGGTCATTTCCGAGGCCAGCTCA
TCCAACAACACTCTCGACCCAGGCACCTGCACCGTCTTCGAAGACAGCGA
ATTGGCCGATGCCGTCGAAGCCAATTTCACCGCCACGTTCGTCCCCACCAT
TCGTCAACGTCTGGAGAACGACCTGTCTGGCGTGTCTCTCACAGACACAG
AGGTGACCTACCT 
 
 
 

6. ยีน  phyA170 กลาย Q50P 
 
 

GTCCCCGCCTCGAGAAATCAATCCACTTGCGATACGGTCGATCAGGGGTA
TCAATGCTTCTCCGAGACTTCGCATCTTTGGGGTCCATACGTGCCGTTC
TTTTCTCTGGCAAACGAATCGGCCATCTCTCCTGATGTGCCCGCCGGATGC
CGAGTCACTTTCGCTCAGGTCCTCTCCCGTCATGGAGCACGGTATCCGACC
GACTCCAAAGGCAAGAAATACTCCGCTCTCATTGAGGAGATCCAGCAGAA
TGCGACCACCTTTGATGGGAAATATGCCTTCCTGAAGACATACAACTACA
GCCTGGGTGCAGATGACCTGACTCCTTTCGGAGAACAGGAGCTAGTCAAC
TCCGGCATCAAGTTCTATCAGCGATACGAATCGCTCACAAGAAACATCAT
TCCATTCATCCGATCCTCTGGCTCCAGCCGCGTGATCGCCTCCGGCAAGAA
ATTCATCGAGGGCTTCCAGAGCACCAAGCTGAAGGATCCTCGTGCCCAGC
CCGGCCAATCGTCGCCCAAGATCGACGTGGTCATTTCCGAGGCCAGCTCA
TCCAACAACACTCTCGACCCAGGCACCTGCACCGTCTTCGAAGACAGCGA
ATTGGCCGATGCCGTCGAAGCCAATTTCACCGCCACGTTCGTCCCCACCAT
TCGTCAACGTCTGGAGAACGACCTGTCTGGCGTGTCTCTCACAGACACAG
AGGTGACCTACCT 
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7. ยีน  phyA170 กลาย Q50S 
 

 
GTCCCCGCCTCGAGAAATCAATCCACTTGCGATACGGTCGATCAGGGGTA
TCAATGCTTCTCCGAGACTTCGCATCTTTGGGGTTCTTACGTGCCGTTC
TTTTCTCTGGCAAACGAATCGGCCATCTCTCCTGATGTGCCCGCCGGATGC
CGAGTCACTTTCGCTCAGGTCCTCTCCCGTCATGGAGCACGGTATCCGACC
GACTCCAAAGGCAAGAAATACTCCGCTCTCATTGAGGAGATCCAGCAGAA
TGCGACCACCTTTGATGGGAAATATGCCTTCCTGAAGACATACAACTACA
GCCTGGGTGCAGATGACCTGACTCCTTTCGGAGAACAGGAGCTAGTCAAC
TCCGGCATCAAGTTCTATCAGCGATACGAATCGCTCACAAGAAACATCAT
TCCATTCATCCGATCCTCTGGCTCCAGCCGCGTGATCGCCTCCGGCAAGAA
ATTCATCGAGGGCTTCCAGAGCACCAAGCTGAAGGATCCTCGTGCCCAGC
CCGGCCAATCGTCGCCCAAGATCGACGTGGTCATTTCCGAGGCCAGCTCA
TCCAACAACACTCTCGACCCAGGCACCTGCACCGTCTTCGAAGACAGCGA
ATTGGCCGATGCCGTCGAAGCCAATTTCACCGCCACGTTCGTCCCCACCAT
TCGTCAACGTCTGGAGAACGACCTGTCTGGCGTGTCTCTCACAGACACAG
AGGTGACCTACCT 
 
 
 

8. ยีน  phyA170 กลาย Q50T 
 

 
GTCCCCGCCTCGAGAAATCAATCCACTTGCGATACGGTCGATCAGGGGTA
TCAATGCTTCTCCGAGACTTCGCATCTTTGGGGTACTTACGTGCCGTTC
TTTTCTCTGGCAAACGAATCGGCCATCTCTCCTGATGTGCCCGCCGGATGC
CGAGTCACTTTCGCTCAGGTCCTCTCCCGTCATGGAGCACGGTATCCGACC
GACTCCAAAGGCAAGAAATACTCCGCTCTCATTGAGGAGATCCAGCAGAA
TGCGACCACCTTTGATGGGAAATATGCCTTCCTGAAGACATACAACTACA
GCCTGGGTGCAGATGACCTGACTCCTTTCGGAGAACAGGAGCTAGTCAAC
TCCGGCATCAAGTTCTATCAGCGATACGAATCGCTCACAAGAAACATCAT
TCCATTCATCCGATCCTCTGGCTCCAGCCGCGTGATCGCCTCCGGCAAGAA
ATTCATCGAGGGCTTCCAGAGCACCAAGCTGAAGGATCCTCGTGCCCAGC
CCGGCCAATCGTCGCCCAAGATCGACGTGGTCATTTCCGAGGCCAGCTCA
TCCAACAACACTCTCGACCCAGGCACCTGCACCGTCTTCGAAGACAGCGA
ATTGGCCGATGCCGTCGAAGCCAATTTCACCGCCACGTTCGTCCCCACCAT
TCGTCAACGTCTGGAGAACGACCTGTCTGGCGTGTCTCTCACAGACACAG
AGGTGACCTACCT 
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9. ยีน  phyA170 กลาย Q50V 
 

 
GTCCCCGCCTCGAGAAATCAATCCACTTGCGATACGGTCGATCAGGGGTA
TCAATGCTTCTCCGAGACTTCGCATCTTTGGGGTGTTTACGTGCCGTTC
TTTTCTCTGGCAAACGAATCGGCCATCTCTCCTGATGTGCCCGCCGGATGC
CGAGTCACTTTCGCTCAGGTCCTCTCCCGTCATGGAGCACGGTATCCGACC
GACTCCAAAGGCAAGAAATACTCCGCTCTCATTGAGGAGATCCAGCAGAA
TGCGACCACCTTTGATGGGAAATATGCCTTCCTGAAGACATACAACTACA
GCCTGGGTGCAGATGACCTGACTCCTTTCGGAGAACAGGAGCTAGTCAAC
TCCGGCATCAAGTTCTATCAGCGATACGAATCGCTCACAAGAAACATCAT
TCCATTCATCCGATCCTCTGGCTCCAGCCGCGTGATCGCCTCCGGCAAGAA
ATTCATCGAGGGCTTCCAGAGCACCAAGCTGAAGGATCCTCGTGCCCAGC
CCGGCCAATCGTCGCCCAAGATCGACGTGGTCATTTCCGAGGCCAGCTCA
TCCAACAACACTCTCGACCCAGGCACCTGCACCGTCTTCGAAGACAGCGA
ATTGGCCGATGCCGTCGAAGCCAATTTCACCGCCACGTTCGTCCCCACCAT
TCGTCAACGTCTGGAGAACGACCTGTCTGGCGTGTCTCTCACAGACACAG
AGGTGACCTACCT 
 

 
หมายเหต ุลําดบันิวคลีโอไทด์ของไพร์เมอร์ของ ยีน  phyA170  กลายพนัธุ์ชนิดตา่งๆ แสดงด้วย
อกัษรตวัหนา และตําแหนง่ท่ีมีการเปล่ียนแปลงชนิดกรดอะมิโนแสดงด้วยการขีดเส้นใต้ 
 


