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Table S1: Identified common candidate motifs in PHT genes promoter regions of Saccharum 

spp. hybrid  

 

Discovered  

motifs 

Number of 

motifs (%) 
E-value Motif width 

Total no. of 

binding sites 

Motif 1 69.6 1.50E-20 41 16 

Motif 2 100 7.10E-19 29 23 

Motif 3 39 1.10E-26 50 9 

Motif 4 30.4 2.5E-13 50 7 

Motif 5 65.2 7.70E-24 41 15 

 

 

Table S2: Identified common candidate motifs in PHT genes promoter regions of Sorghum 

bicolor 

 

Discovered 

motif 

Number of 

motifs (%) 
E-value 

Motif 

width 

Total no. of 

binding sites 

Motif 1 37 3.60E-107 50 10 

Motif 2 33.3 1.60E-59 50 9 

Motif 3 37 6.30E-48 41 10 

Motif 4 85 1.00E-30 29 23 

Motif 5 51.9 3.20E-14 14 14 

 

 

 

Table S3: List of matches to the query motif from the database 

JASPAR2018_CORE_vertebrates_non redundant for Sorghum bicolor 

 

Matrix ID Gene name E-value Overlap Offset Orientation TF Family/Class 

MA1723.1 PRDM9 2.47E-03 24 -5 Reverse Complement C2H2 zinc finger factors 

MA0528.2 ZNF263 5.85E-03 12 -5 Reverse Complement C2H2 zinc finger factors 

MA1965.1 SP5 8.78E-02 10 -6 Normal C2H2 zinc finger factors 

MA0149.1 EWSR1-FLI1 9.32E-02 18 -11 Reverse Complement Ets-related 

MA1961.1 PATZ1 9.66E-02 12 -5 Reverse Complement C2H2 zinc finger factors 

MA1713.1  ZNF610 1.11E-01 14 -1 Normal C2H2 zinc finger factors 

MA1653.1  ZNF148 1.78E-01 12 -4 Normal C2H2 zinc finger factors 

MA1522.1 MAZ 1.83E-01 11 -4 Normal C2H2 zinc finger factors 



 
 
 

MA1981.1 ZNF530 1.84E-01 18 -3 Reverse Complement C2H2 zinc finger factors 

MA1627.1 Wt1 2.84E-01 14 -6 Normal C2H2 zinc finger factors 

 

 

 

Table S4: MspI cutting sites and fragment sizes for PHT genes in the promoter regions in 

Sorghum bicolor 

 

Promoter 

ID 
No. of  cut sites Nucleotide positions of MspI sites 

SbPHT1-1 3 1417, 1442, 1757 

SbPHT1-2 0 - 

SbPHT1-3 3 1207, 1570, 1834 

SbPHT1-4 5 270, 1266, 1364, 1814, 1878 

SbPHT1-5 10 1087, 1103, 1307, 1379, 1511, 1540, 1544, 

1631, 1946, 1975 

SbPHT1-6 3 1632, 1723, 1822 

SbPHT1-7 3 1020, 1877, 1889 

SbPHT1-8 4 62, 1478, 1759, 1906 

SbPHT1-9 13 41, 54, 74, 127, 136, 147, 201, 222, 288, 

309, 342, 961, 1208 

SbPHT1-10 0  

SbPHT1-11 4 683, 1888, 1964, 1989 

SbPHT1-12 5 218, 508, 1886, 1979, 1984 

SbPHT2-1 3 28, 642, 1682 

SbPHT3-1 5 228, 1530, 1557, 1577, 1790 

SbPHT3-2 8 751, 1017, 1065, 1255, 1302, 1307, 1855, 

1974 

SbPHT3-3 2 1664, 1929 

SbPHT3-4 7 24, 213, 337, 691, 1115, 1142, 1785 

SbPHT3-5 8 231, 293, 299, 1654, 1807, 1818, 1834, 1993 

SbPHT3-6 5 566, 661, 890, 897, 1618 

SbPHT4-1 8 427, 481, 534, 588, 673, 703, 773, 1287 

SbPHT4-2 3 778, 1571, 1709 

SbPHT4-3 7 47, 933, 1537, 1595, 1609, 1714, 1927 

SbPHT4-4 4 344, 456, 1663, 1834 

SbPHT4-5 4 5, 147, 437, 1867 

SbPHT4-6 15 34, 81, 794, 1133, 1234, 1291, 1301, 1358, 

1403, 1456, 1464, 1479, 1486, 1585, 1637 

SbPH01-1 3 230, 568, 1326 

SbPH01-2 1 426 

 

 



 
 
 

 

Figure S1: Visualization of promoter-associated CpG islands in the SbPHT genes promoter 

region using CpGi130. 

 

 

 

 



 
 
 

Promoter sequences used in this study. 

Promoter sequences of Sorghum bicolor (v3.1.12) PHT gene (SbPHT). The green highlights 

are the UTR regions. 

>SbPHT1-1 

AAAAAGTTAAATGCACTTTGATAGTTTATGGATGAAATTGAGCCAAAAATACAAATTTTAAGGAC

TGAAAGGATCATCTTCACAATTGTATGATAAAACTAAGCCTAAAACTAAAGTTTGAGGACCAAAA

TATCCGTTTTAAAAATTTAGGAACGAAATTGAGCCTCGAGTAATAATTGAGGTACCAAAATGGCT

ATTGTGCCCTATTTATACACCCATACTAGGGTCACAACTCACAAGCCACAAGATGAGAAACACAT

ACACCATGCATGCCGTTAATGAGGACCCTAATGCATGACCATTATTATTGTGTGTGCCAATGAAT

AATACTCCTGTAACGCAATGACATTAGCTTCTACCCACTATAACTTAATTAGTAACCATTGTGCA

TGAACATTAGTACATGGTGACTAATTACTGTAAGTAATATTAATAGGAACTATCACAAAGCAACG

TATGAGTCTTTCACACAGGTATTCATGCATGCATGTAACACACATTTAGCATATGCGGTAGCAGT

TGACCTTTGGGTCTTATGGAGACACTAGTTTTATTTGAAGAGCGAGGAGAGTGTTTCAACCCATA

TTTATTATTCTTTAAGTCTAGCAACCATCACACTAGGACATTCAATAATAAGAATAATTTCCTTA

ATTTATGGTCACTTTTCAGTTAAAATAATCTAATAATTGATTCCCAAATTTATATACTCTTGTTG

TGGTTTGGATGCAAGAAGCGTTTTATATTCTCAGGTGATTCTTCCATAATCCTTGCAAAATGTAC

TAAAATATGAAATATTTCCCCTTGAATCATCTAAGCACTACAAGGGTGAATCACCCAAAAAAAGG

ATATTTTTCATCTGTTTCGATTTACTTGCTTCTCATTTTCCTTGAAGAACTCGATTCTAGAATAA

CTGTCAAATGGTTTTGAAGAAGTGATAGAGAATCACCACAGAAACATTTTTTCAAGGAGAATTCG

GATCTAAAAATGTTTTGAGGAAGGAGGTATGAACCCTACCAAAGGAGCCCCTGCTGTAACTGATA

ATATATGTTTGAGTCTTCTTTATATAAATATAAGTAAATATATAAAAAGGGTAGGGGAGAGAGAG

AGAGATTGGGGGAGGGTTCCTTGTAAACATGTCAATGGTAGTTGAAATTGAGGAATAATTCATGC

TGCAACAATATCCACTGTTTTTCTAGGGCCAGTATCCGTTGAATTTGGTGACTAGGCGCTGCGCG

ATAATTGGGGGTGGGTGCTGCCTGCGTGGTGGAGACTCGAAGTCGTCGATGTGTGCTGCTAGCCT

GCTAGTGTATTAAACAAGCGCTAACTGCGTTCGCACCTCACGCTCATCATGTCCTTGTCACTTGT

CAGCAACCCAAGTTTCTCCATAATGGCTGCAAGGGGTGTGGACTTGAGGCTCCGGTCATGGCCAA

ACGGAACCCCGCCGGGGCGGAAAACGGCAAAAAGATAACCCAGGCGCGTGACGTCACGCACAGAG

TGAACTCGAGCTCTTGGATGATGATCCCCTCCCCTCCCCTCCCCTGTTTCAACTTCAATTCGGAC

AAGAGGAATCGGCTTAAAATGCTGTAATTCACTTGTCTTATAATTTATATTTTTTTTTATCAATT

AACAGTATTTTTCTTTCATAATAAATCAGCGAGTGGTTTGTCAAACTGATGGTGATCCGTGCGGG

CGCGCGAGCAACTTGAGCAAGCGCGTGCGTGTGCAGGTCATGCCAGCCCAGCCATCCCAGTCGTC

GCCGGCCGCAGGGCGACACCCGACTGGAGCCCCCAGCCGCAACGCAACCCACCCAAGAAGCAGAG

TAGAATATTCCGCCGTGGACCGAGCAGCAGTGAGCTCTGAGCAGAGCTACATATACCCCGTGGCC

GCGCCGCGCCATTTGTGCACACCCACAAGCTTCAAGCTCCCTCCAGGCATCTCCCAAATCCCCCC

AGCCGAACAAACAAACTTGGACAGGGGCAGCTAGCATCCATCCATCCGCC 

 

>SbPHT1-2 

TAGCTACATATTCTAACTAAAGTTGTGCCATAATTTCTTTGTCAGGTACTCAGGTGTATGAACCA

TCGACACATTTGTTTTATATATAGTAATATAGGTGATGTCATAGTTGATGTCTACTCTCTTCGCG

AAACAATCAGTTTAAGTTTTCAAAGTAATAATCTCTTGTTATAGGTTCGGTAGTTCCACAAAATT

GATATACTGTATCAGCAATTCAGCATGTTTTCAAGCATGTCTACTCTATCTCTATTTGTACGCAC

CGTAAGGGACAAATAAAATGAACAACATACGTACTGCCGAATAGGTGTGCCAGAGAGCACAGAGT

TATCTAAGAATTTCATTTACATTTTGTCAGATATTGACGAAACGGTGGCCGTTTGTTTTTGTTTA

GTTGCGGAAAGCTGATGAGCAGGCCAGGCAAGTAGGCGAAGCATATTCGCTCATAAACAGTCACT

TCGGCTCATCAGCAGCCACACGACTATGATCGGACGGTTCGCACAACACGGCTGGAAGAAACGGA

ATCGTTCTCTGCACATTACAAATGGCGTTTGATGTGTGTTCAAGTTCGTGCTGACGCACTTGTTA



 
 
 

TGATACTTGGAACGCGGCATTGGCTATAGTTGACTAGGATTATATAAAGCCCAGGTGATGCTAGT

TAGTAAGAGCATCGACATCAGGTATATTCCTAGGATAAACCTTGCCTATTAGTGATGCAATCCCG

ACAGTGTCGCTTAATACTTTTCCATTCTTGTTCAAACGCTGAAAGTCGCCTCTTTGCATCTTGTG

CAATTTCCCTCCCAAAGGTGCGCAATTCTGATTTTGTTTCATGATGATGTTTGGTTATTATTAGA

AGACCATAGTAGCTCTGAGAAATTTAGAGTTGTTGCATAACTGCAGTTGTGCCGAAAAACGCATA

ACAGCAGTTCGTAAGAAAGATAAACCTTTTGCAGCAGTTCTCTAGAGATTCCATTCAGTTCACCT

TTTGTTCTTCAGAAAGATACACCTTTCTCAAATTACAGGTGACATGTAGTCCCTTTCTATCTATG

CTGCTTGGCAAGATGAGTTTCACCTACTCAGAAGTCACATGTAAATTACTAGCTAAAGAGCATCT

TTACTTACCTGCAACACATGATTACCGTGTGAACGTGCATGCAACTGCTCACTAATCTATCCATC

TAACCACCATTGACAATGACAGGTTTATAAAAAAAACATCTTTCTCAGTTTAAGCCCCAGTTTTA

AATCGAGTTTTCGCTTTCATCGACTAAGGTTTTCCTTCAATAATTCCAGTATGTCCCAAGAAAAG

GCAGCAACATAGTATGTCCCTAGTTTTGCGGAGGAACTTCAGACTGAACCCCAACTCTAGATAGC

AAGTCCGCAAAGTGAGAGCTCACTCTCTGATACCGAGCCCAAGGTTTTCTTTTTCGGTAGAAATT

TTTTTTTGGCACCTACCAATAAATAAGAAATTTCGGACATTTCGGAAATTTCAGATGAAATTTAA

ATAAATTCAAATTGATTTTTTTAAAAATTTGACATCATTTTACTAAAATAGCATTCTAATGTATC

ACTCATCACAAATTTATATAATATTAACGAAATAACACAATATATTATTACGGTAGTACAGCGGG

CTGACGGTGGGCGAGCTGCATATGCTAGTGTCACGGAATATGTGAGTGAGAAAGTTAAATAATTT

TGAAGAAATTTAGGGCTTTGATAAGACTAGAAGATATGGTGGGTCATTTTATTGTTGTTTGGAGT

AATTTTGAAGCAAAACATGAATTTAACCGAAAAAATTGACCGATATAAAATTTTTTCGGACCTCC

CCGAAAAATACAAAATTTCGAAAATTTCAGCGAAATTTCGCCGAAAAAGAAAACTCTGACCGAGC

CTCTATCTATATATAGTAGCCTTGCCGATACATATTGCAGCTCGTCGAGAAAGGGGAACTAAGCT

AGCCGTTGAGTGGACACAGCGTGCGGCAGAGCAAGTGAGCGGCAGCGACC 

 

>SbPHT1-3 

CTGACGCATCACCTTAAAAACCACCTAAAAAAGTGTCGATGGGTCAAAATCAAACGACTATGATT

GTTGGGTGCTAAATTTGGATAGAACTAGAGCCGAAGGTCAAAATTAGACAATCAGAAGATGTGAT

GTATTAAACACACTTAATTCCTAATGCATAAGTCTGCTCATAAACTAAAAATGTCAACTCGTTAC

GGTTGGCAACTAATCCACAAAATTCAACTTTTATATCACAATGTGAACCCGTCAAGCATGATGCT

TGATAGACTGACGAAGTGCAGCTCTTGCGTTGCTTCATGGCATGGACAGTTGCTTTCTACTTCGA

GCAGTATGTTACAGCGACTGTTCTGCTGAAATCGGCAAATAATGCACACCATAGGGTTGTTTAGT

TCCAAAAAAAATTGCAATTTTTTTAATCCATCAAATCGAATCTTTCGACACATGTACAAAGCATT

AAATATAGATTAAAAAAATAACTATAGTTCGTCTGTAATTTATGAGATAAATTTTTTAAGCCTAG

TTAGTCCATAGTTGCACAATAATTGTCAAATGTAAACAAAAGTGCTACAATAGCACTTTGCAAAA

AAATTTCACCAACTAAACACGGCCATGGATGGATGTAAACAGTTAACACTAGCACGGGCTGGTGG

TCTCCGCAGGATTTGTTCGAGTTTCCAAAGGAAGCAATATGGAACGTAAATAAACAGCTGACATG

AATAAAGATGTCATCCTTCCTCTCAGACTCAGAGTTACAAGTTCACAAGGAAAGTACTAATACAA

TCTCCAAATTGGTAAATGATAAGGACTGCAATATATCATACCATATACTAGCAAGTAAGCTACGG

CGGGAGAAAATAAGTACAGATTAAATTGTGAGTTGTGACACATCAGCTGTTAAATTATATGGAGT

AGTAGCTGGGAACCAATGCTTAGACGAACTCCACGGACATATATAACTACACAAGTCATTGGCAA

GACTCGCATATTCGGATCTTTGCACATTATTCTCGCGTTGACAACTATGTTAGCAATATGAAAAA

AGGGGGCACAATTAGTTTAGTAGGATTATCCGTTCCTCTAATGATCTGAGGCGTACTACTAACGC

CGCAAATCAGTTCTGAATTGTGATTCTCCAGATGGATTGCAGCTCCAAACTGGAAGTCAATGGCC

AACTGCTGAGGATGTAAAATAGCATAAGGCAATTAGCCGGCTACTACTGGCTTTCTGCATTGTTT

TTGTTCTGAAAGTATTTTAACTTTTTCTTGCAAAATGAAATGGACTATCAGAAATGATAAAAGAA

AATATAAATAATGTACACACGCCATGTCCCCTGAATCGAATATTTTGAGCGCTCCTCTTTGTTGT

TTGTTGTTAGTTGCTCATGATGCCCCACAAAGGCAAAGGTCTTCCTCTTTTTTTTTTCAAAAAAC

AAGCACTGCGACTTTACAAGCATAAACATTCTACAAAATTTCAAAAAACTTTTGCAGCAACGCTG

CGTTCACAATGCGGTTGCTTGCTATCAGCGTTGCGACAATGGCAACCAAATCCACCGTATCGGTT



 
 
 

GCTGTGCCACCGGTTTCGTAGCTATTTGAAAAGTCAAACCCTCCAAACATTCAACAATTGAACTA

GGAGCTGTAATAACAAAAATGAATAAGCTAGCTCTACGGCTGTACCTCTCCATGCAAAGCATTTG

GCTTTGGAATACGCCAATCTTTTAGTACCAACATGTCAATCTGAGGAACCATTTCTGTAATATAC

GGATCCATGCATGCAGCCCATTCACAGGAGGTATTTTATACGTGCAACAAGCCAATGTGAGATTG

GCTCTGCATCTTGCCGGTCTGATTGCCTATATATAGGAAACACCGATCGGGAAACTAACCAAAGC

AAGCAGGCACACCGATCTTTTCTGTCAGTGTCAGTCTTCCTCTCCCTCTCTACTAGAGAGGCAAC

TTCATTGTTGCAGCAGCGGAGGAGAAGAGAGAGCTCGATAGACTGACACC 

>SbPHT1-4 

AGGATAATCATACAAACATAAGTTTGGCCAGCAAGCAATGTTCTCAATTTAATATCCTGATGTTC

GTAGCCGTATGAGTATGATTAAGCACTATGACCAGTTAAGAAGAAGAAAAGGTGACTCAGTACCA

GCAGTGGCGAGGTCACACGTTTCTCAACAGCGAGGACAACACCATCCTTTGTCTTCAACCCGATC

GCAGTGGATCCCAACTGTAATAGCAAAAGAAACAGCAACATAAGCATCACTTCGTCACAAATACC

CACATAAACCCGGTGACTAAAAATCTTGGCATTTTAGTCCAGGTGTTTGTTCTTGAGCTATTCTC

TACTTAATGCCAATGACACAACAATCTGGCTGTCAAGGAAAAAAACATGGCATCTCAGCTGAAAT

TGACACAGTAGTCAACTAACAAGACACAGAACCACAAAACCTTTTTACACAAATAGCAAACCTCA

ATTAGTAAGAACGAGTGAGATACTCCAGACTTCATCATCATCATATAACACCCTCAATTCATAAA

CCCCAGCAATTCTGTTAGTCCTAAGAAACCCACCTACACCCTTTCAGGTTTGCACTCACACAACT

GCCAACCCCCAAAGCTAGCCTCGTCCTCCTAAAAACAAATCAACTGCTGATGACACACAGCAAGT

CCGAGCATCTTGGCACCCTCACTGCTCAGATTCGATGCAGCACCTCCCCGTCCAGCTACGACCAC

TCGACCAGTGTTCACCTTAACAGCGTTTAAACAGTAAACCATGGACATCTATTCAGTTTAGGCCA

TAAATGGCCCATGTAAACAGTCTTGCCATATAAGAAATATTCTCTCTGTCCCAAAAATACTTGAC

ATTCTAGGATATTTCAGACAGATTAAGAGAGTGAAATGACTGCCGATGCCCCTATTTAGGGGGTT

GTTCAATTTTTCAAGCGCTGCAGAGGGTTGATTTAATGTCCATGGGCCTCACTGGCTATCTACGT

GCTACAGTAACATGTTTTATTAGAGTGTCAAGTTTTGGGACAGAGGTACTATCAACTAACAACTA

TGTCCATCATTTGTCATGTGAGAACTTTTTATGTCATTTGTCATGTGGGAACTACCTATAATTCT

CTAGTTGCTAGAATACTTAATTTTACTGACACTCGCTAAACAATGGGTGAGATACTGTGTAGCGT

TTAGACTAACACTGGCTACGACCCCAAACAGAGACGCAAGAGAAATCTCACCTTGATGGCCTCGA

TGGCGTACTCGACCTGGAACAGCCGCCCCTCCGGCGAGAAGGTGTTCACCCCGCGGTCGTACTCC

GTCCTGCAAGAACCCCCCCCCCCCCCAGAGAAATCTCAGCCGCATCATACACCAGACGCGCCGCC

GGCTAACGAATCGGAGGGTAGGGTTTAGAGAAGCGAAAAAAACAGAACATCAGAGGGATCGGGTA

CCTCGTGAGAAACATCGTGTCGGCGACGGCGGCGGATGCGGGATGGAGCAAGAACTCGGCGTCGG

CGCCTCCCCTTACCCTCACCCTCTCTCTCTCCTCGCTTCCCTCTCGCAGCCTCTCCCCACTTTTG

ATGGCTTCTGTTCTGAGCTTCTTGCGAACGAAGTTGAAAGAGAGCCGAGATGATGGCGAGATGTT

AACGGAGACGGCGCGTCGTGAAACTTACAGACGGGTCCCACGTGCCAGGCAGATGGTCCCAGCCA

CGCGGAGGAATTGGGCCCTGACACAGCATGGAAAGCGTGGATGGGCCGAGCAGGTGGAACGCAGA

TCGTGCCATCCGAAATCCCTGGACTTGTGGAGTTCAGTTTCACCGTATCACGCACAACCCGGGGG

CACGCACAACCTGCGCCGTTCTTTGACAGCTGTATTTATCCGTGCGCGTAACAAACCCCGGTTCT

TCTGCCTTTGCGATCTCGCGTAACAAACCCCCGCAACGCGTTGGAGCGCTTGGCAGCAGCAGGGA

ATTCCAGCAGCAGCGGCAGCAGCTGCTGCACGTCGACATCGCGCGGCGCC 

 

>SbPHT1-5 

TCCAACCTGCATAACTAATTGAGTTTTCCTTTTCTCCCGTGAATATCTCTATTTTGTTCATTCAT

TCGTTGCGTGTCAGCTTCTTATCTCTCTTTTCTTGTATGAATGTCCATAAATATCTCAGATTAGT

AGTTCATCCTCTGCTAGCCTTAGCAACGGGTGAACGCGCAACAAGAGTTGATCTCTAGTGTGTTT

TGTCATTGTTCATCTGAACCTGATTGAGCATACGGAGTATTCCCATTCATTACTTCTTTCTTTCG

AAAAAATTCCTTCTGAATTCAACACTCCACTCCACAGCGCAATGCATTGATTCCTCTAGTTTGCT

CATGTGATGATCATACGCGCATGGTTATGCGTGAGTTGTCTTTTGATTGGGTGTTTTTTTTTTTC



 
 
 

CTTTTCCAACTGCGATGGGGTGAGAGGTGTTGCTACCTGACAACCTATGACAAGCCACACAGCTT

GATCGCAACAGAGGAAAAGTGGAGACATTTCCGAGGCCACTTTGCAACAGAGGGAAAGTGGAGGA

ATTTCAGAGGATTGAATCTTACAAATTTCTTTTTTAAAAAATTACGAATTTCTTTGAAATTACGA

TACAACCTATATTTCCTTTTCATTTGTGTACCATTCAAATGCTTCGTTTAGTTAATTAAACACAT

TCTAGATACCCAGAAGATTTCAATTGCATGTCATTCCAATCATGTGTTTTTTTTTATTTCTGTGT

TTTCAAGAGTTCTTAGAAGTTGTATATGTATCCATTCTCCAAAATTCAAATTCACCGCAAACCGA

TAAAAAAAAAGATTATTGACACCAAGGAACAAGTTGAAAAACACCGCATGACACGAATTACAGGA

AGAAAAGTTAATATACACAGGTAAGAATTACGTTAAAAAAAATTACAGGAAAAGGAACCATAGCA

GGACAGCCGACATGACACGCAACCAGACTCGAAACGAGACGCAGAAATCTACGGAGGATCACTTT

CCATACGCGGCGGCGGCGGCAGGCGGCGAGGAGGTGGCGGCGACGGCCTTGATCTTGAATCGGTA

CCTGGGGCGGCGCGGGATGACCTGGCTGGGCCCCATCCCGAACTGGCCGGTGCCCTGCATGACCG

GCGGCCCGTCGTCGTAGACGTAGCCGAGAAGGCAGCCGCAGGCGTCGCAGCTGATGCGCGTGCGC

TTCCGCTGGATGCCCCAGTAGTCGAGGGTCTCGAAGAAGGGGCGGATGCGGTCCTCGGGCGCGAA

CCGCAGGCGCGACTCGTCCACCCACGAGAAGGACAGCGTGCCCTTGTTCCCTGCCTCGAAGTAGA

AGTCCGCCGGGTACAGGTGCGCCGCCGACAGGTTCAGGTCCGCGCCGCACGCCGCGCACCCGTAG

GACGAGGGCGCGGCCGGCACCGACGCCATCGCCATCGCCGTCGCTCGAGAAGGTGGGATCTGGGT

GGCCTCCTCGCTTCTTCCTGTGGTTTGGCGAGGGGAAGGGGATGATTTCTTTGCGAGTAAGAGGA

GAAGGAGGAGGAGGACCGGGGACGGCAGCCGCGTTTGGACCGCACCGGCCGGCGCCAGCTTTGGC

CTCTGGAGAAGTTTCTGATCGTGGTGCTCGGTCAGAGGTCAAAGGTCAAAGTTTCTGTTGGGCCA

TCTGGCCGGCCTTTCCTGGAAATACGGCGGCCTATTGGGCCTCTATTTGCTCCCCACCGAGCTCG

GAGTTCCCCGTGCCCGCATGGAATGGAATGGAACGGAACTAGGACGGAAGAGCCCGTCAAAGCTT

TTGCATGGAACACGGAAGAAGCCGTTGAGCAGGGAGAGTTTGTGGCCGAAGAAGTTGGCATCCAT

GGAATGGAGGACTCGGCGCCGAGAATATTCTCACTTCCTCCTCACTATACATTGGCTGCATACTC

CACTCTCCACTATTTTTGGTTTTAGAAAGAGAAGACAACGATACCATAGACGTTGGGCGGCCGGA

TTGGAGGAGCAGCGATCGATCGCCCCGGCGCGGCGGCGGCAATATAATCA 

 

>SbPHT1-6 

TCCTTCTCAAATAGTTATAGTTGGAGATAGCGGAGGCTATAGCCGAAGATTAAAAACTTTGGTTG

AGAGGCGCTTGGAGGGGGATCCTTGCTACCTCGGTTGGGAACTAGTCCCACTTGGAAAATTCTCA

TATTTCTGTCACCATCATTGGCTTCACGATATGATGTCCATGGCGCCTTAATGGTGCATGTTATT

CTCTAGTACCTTGAAGTTTTCACATTCCTCACTGTCGCCAAGCATATTACCCAACCACCTAAACT

ATCCTCAGTTTGCGAGTGCTAGTTGGTTCTACAACTAAGCATATAATGTCAGCCTGAGTTGTTTG

GAAAACTGAAAAGGAGTAAGGGCAGTCGTAATGCTAGAAATTTTATATAGTTTCTATACTTATTA

ATTTCTATAAACACTATATATAAAAACTATGGTCAATGGATAACTTCTACAGAATAATTCTTTAT

CCAACTTCCAATCACATACATTCTCTACCAATCATATTTCTTTACGTCTTGGTTCTCGTGTAGAG

TGCCACTTAAGCATTTTGCTGATGTGGCAAGAGAGTTATTGAAGAGAGAGAGCAAAAATCATAGA

AACTGGGTCTAAGTTAGAAACCATGTCTACACAAAATCCAAAACATAAAGTGATATGATTGGGTG

AGAATGGATGTAATTGGATAAAAAAAATTCTATAAAAACTATCCATTGGGACCATAGTTTCTATA

TATAGTGTCTATAAAAATTAATAGGCATAGAAACTAATTGTAGTTCTAGCGTTGGGAGTGCCCTA

ACTTACTCCATTTGTGCTGTAATATAGTACATTATAGCATTCAAAATTTGTCCTAAAACATAATA

CATTCTGGAGGACAACAAACCCAACTTTGCATTAAATATTTTTCATTTATCAACCAATCATCATT

AAACACGTTGATGATAGCATCTAATTAGGAAATAAAACGAGGATACATGCATATTTTATGTTCTC

TCTTAATTTGTCTTAAAAATTACTGAACTATATTACATGACAGAGGGAGTAGACTCATTTATATG

ATTTTTTTTCTCTCTCTCTTTAATAACTACATTGCCACATTGTAAAATGCTTACTCCCTCAGTCC

TGAAATACAGACAACATTGTGATTATTCTCAGACAAAATAAGGGAGGACAATAGACACATGTACT

CCTCACTTAACTTCCTAAACTATTGAAATCTAATCCTATTTTGCATGATAAAAAGGGTGGAAACT

GCATTTCCTTATAGAAAATATGCTAAGCATGAAATTACTTTCATTATTTAAGTAGAAAAATGAAT

AAAAAAGGAAGCAGTAAATCATGTATTTTTATTTTTATTTTCTTGTTCACTGGATGTACTATATT



 
 
 

TGGAGACACCTCTCAAACGCTATATACACTCTACAGTCTACTCCAGGATGGAGGGAGTAATCTAG

CTACATTGGGAATGTCATACAAGTATACAACTCTATTCTCGCTTGGGTACGTCCTGAGTGTGTGC

ACATATTTCTAATGGCACCTTGCCATAACAACACTGTAGTGCCCCAGTACTACTACTAACGTCCA

GAAAGGTTTATTGAGCATCCTATTTAGGATATTCTGCTCTCACAACATTTGACACACCTCTGTGT

ACTGCACCGGCTCCAGTCCACTGCCCACCGTGCCTCGGAATTTCCATCCGCGCGCGTACGGCGTA

TGTAAGCAGCCAGCCAGCCACTCTGACACCTGCCGGGCTACCGCTGCTTGTTGTTTCTGCGCCAT

GCGGAAACTGCACACTCCGTCAGCGTCAGTGTGAAATATAATGGGCAGGGCAGGTCGCGGAGGCG

GCCGGAGTGACAGCTACGTCGACGCGCGTCTCGTATCTTGCCCTTGTCCCGTTCGTCGCGCCAAA

TGGGCGACTGGCCGCCTGCTTATATAAAGCTTAGCCGTCGCGAGCTGAGCACTGGTGGATTGCCA

AGAGCCCAAGCCTCAAAGCTTGCGAGAGTGCGAGGCGGCTGGCGGCGGCA 

 

>SbPHT1-7 

GTTTGATTAATTTGGATGTTTGTCATTTATATATAATCATGTATTTGAATTCAAATTTGTGCACT

TGAATTTATGAATTTGAATATTTATAGAAACAGAAAGTAGGGACTTTGATTTAGGGCTACTATTA

GAATTGAAGGGCTCAAAAGCACGGGAAGCACTAAAGTTAGAGAGTAGAGGCCCTTATTTGGCTGG

AGTTACTCTAGTAAGATTAACAGAGTAGATGCCCTGATTTAAATGGCTATGGCTAGAGTTGCTCT

TATATACTACAAGGTAAAGAGTGTTTACAACATATACAATCCATGTACAAATATTTAGTAATCAG

ATTGCAAGGCCTCCAAGGAAATGTTTAGGAAGTTGAAGTTACCCCTTAAAATTAAGATCTTTGCT

TGGTTCTTACTCAAAGGTGTCATTTTTAGAAAAAAAAAATCCAAATTGAAGATGTAAATAAGGTC

ATGATTTTTTTTCAACAAAAAAAATACCCAACATGTGATTTTGTATTGTCATGTTGCAAGATTTG

TGTGGAAGATTGTTCAAGTTGCATTTGGTTGACATTCTCTAGAAGTTTTATCAAATGTTTTTAGG

CAATGGAATCACCAACTACGTACAAAATTGTGTCAAAAAATCTGGGTGTAAGCAATTTGCAATCT

GCTAGTCTATTTGGTTGGTTTAAAATGATTGGTTTTTTTTTAAAAAAATATAATATTCCTAATTT

TTATGTAATCTTGAGAGCAACATACTAGATATGCTACTTGCCAATTCTTCTTAAAGAGCACAACA

AACCCATAATGAGCGGGCATGTCGTTCGTTGGAGACAAGACAATGAAGATCTTCGCCAAGAGTAC

ATGGCCGTTTTCTAATAAGTTTAATACTCACTGCCTTCGTCAGATTAAAGACTCACAAAAACGAA

GTAAAGTTTGGAGACAAGAAGGCTATATGTAGAGACTAGATAAAATTTCCTTTTAAAGAAAAACG

AAACAGAGAGATGAGACATGAATTCCTACTTAATACGTGATGGGCCGGGCTGTCCCTCGAGGTCT

AGAAAGAGAATGCAACGAGGTATAGCCCAATTGTAGAATTTGCTGAACGGGCATAATTGGTAAAT

TGACAGGCTGAGATTCTTGGGTATAAACCTAGGCCTTGTTTAGTTCACTCAAGATCTAAAAACTT

TCCAAGATTCTCCGTCACATCGAATCTTGCGGCACATGTATGAAGCACTAAATATAGACGAAAAT

AAAAACTAATTACATAGTTTATCTGTAAATCGCGAGATGAATCTTTTAAGCCTAGTTACTTCATG

ATTGGACAATGTTTGTCAAATAATTCACCGTTCGGGTTGTTTGGCAGTGTCTACTCTACTCCCTA

TACTGGGGCTCCAAAAAAAACCACTAGTACTACGGTAAAAGAATATCCATCGTCATCGGCGGCAT

GGCTAAATGTAGTAATTTGGATATTCTTTTACCATATATATATAGCCACAATGACTTGTGATTTG

GACAGTTGGTCTGCGACTGTGAGGAAACCTTATGGTGCCCATCGCCAATGGGCAAGCGGTGTCGA

ATATCCTGGGCGAAACGACACCATTGCCCCCTAGTTGACTACGCGCGTCCCCGCTATGGACAAAC

GATCCTCAGCTCAGCTGCAGCTGCAGCCTCCAGCCCACCAGGTAAATCGCTCGAGGGACAAAACT

ACGTACTGGTCCGTTTCCGTGTATATCCACTGCCCGACACATCACACACAGCCGCGTCGATCCCT

CGAGACGACGAGCACCTAGTGATCAAGCCAAGCGGAATATGCTGACAACCAGCACGTCGTCCTTG

GCCTCGTTGCAGACGCCCCCCTCTCGTTCATCGACCTTGTGAATTGTGATGGGCTCCCGGTTCGT

CCGCCGGCTATAAGAGAGCCCCAGCGAGCAAGCAGCCAATTAAGCACCAATACGCACGGATCAAC

TTTGCACGCACAGGCACACACACACCTGCCGTCGTCGGTCGGCGAGAGAG 

 

>SbPHT1-8 

CAAAGGATGGTGTCGCAACACTATTCTAGATGTTGACTTATTTGAACGATTTTTGTTGACTCCGG

ATGAGTTTTGATGCAAAACTAAAGCTATTGATTAGTTTATCAAATTAGCTTTTCAAGCATATCTG



 
 
 

AATCGTCGAAAACAGAGTCTATATGCACCTTGGACATTGATTTTACTTGGGCCTGCTCATGGATT

CCGAGGTGGACTCAAAACTTTATTTGGGCCTCCACCTTGATGACTCGAACCAGATAAGCTTCGGG

CCTACTTCTTGATTTGGACACTCTTGCTAATCTTCTTGGCTTCCATGTAATTCTCCAAGCATGGT

CGTATGCATGGAGGTCATGTCCTCATCACTCTTTTTAATAAAACTAGCCACAAGTTATATTGGGT

CAGAGGAAGTTTTAGTGATGGGTTGTTGTAGTCCTCAACTCTATCGGCATGCAAGTAATTGGTCA

TGTGTTGGAGAAGTTACTTAAATGTCATCAGTGATGTGCCAAAAGGATCCATCAAATATTATGGT

AACACTGTTTTTCTCCAAAAGGTTATGGATTTATTGAATGTCTCCCACTTGAATTTTTGGATTAC

AAATTACTTTCTGGGTTGTGTTTTGATTTAGGAAAATGACAAAGCAGATTTATACAAATATAATT

TAGTGTGCCTACTTTTTTTGGTTTTTGATACCGTGCCAAGATCCTGAACAGCATGATCCTGGCAG

CATTTATTTTTATTATTTTTTTTTTGCGAGAAAAAGTGTTGGTCTTAATTAGAAGGGCCATCCAA

TTTAATTTACGCATTCAGCAAGTTATAGCTTTGTTCTTTCGGAGAGTCTCACATGAATTTTAGCA

AGTCATACAGGTTTTGATATGCATGCAACGGGTATACCTTGTTTCCATCCAGTTCATTGAATCGG

AGAAACCAATTTATTTGGATGTAACGCACGAGGCTCTGTGGAATATTAGAGTTGTCTGTATAGCG

CAACCAACAAACAATAATAGATAGGCACTAAATTTGGTGTCATACATTGCGTCAAAAAAAAAATG

GTGTCATACAAAACTTTGACTTTTTTTTATTATTATGGGATGGATGGAGTATTACTAATGGGCCA

TTGTAGGCCTTGGAGAAGTTAAGTTACAGCTTATTTTGCCATTAGTTGTGCCAAAAGGATCATGA

GTTATTTAGTCAACATTATTACTTTTCTCAAAATGGTTATGAATTTAAGTCTAAGATTTCAAGAA

ATTATTTTGTGGATTGAGTTTTAATATTTGAAAATGATAGGTAGATTTATATTAAAAAAATAGTT

TGTCACTGGTTATATGTGTTCAGAATTTATTACAAAATTTAGTAGTCAATTTTTTTCAGACAGTG

TCAAGATCTTGAACAACGTATAATTGTGACTAGAGGGATTATTAAACATGACATTAACACATGAT

CCTGCCAGCGTTGGTCATAGCAGGGTCATCCAATTTAATCTACGCATCCGGCAAGTTGTAGCTTT

GTTTTTTTCGGAGAAACTTACATGGATTTTAGCAACTCATACCAATTTAGATATAAATCCAAACA

GGTGTATCTTGTTCCAAATCGGAGAAACCAATTTATTTGGATCTTACGCAGCTGGCTCTGTCGGA

TATTTGAGCTGGAGTATGTGTGTATAGCGCAACCAACATACATACAAGGAGAAGAAGCGTACCAA

TAATAGCTGCATTATCGTTTATCTTTAATTGATCTACACGTACGTCAGCTTGCCGATCATTGTCA

TTGCCGGATGCATCAGCATGCTGGTAATATTTTGTTCGATCATCGATCGTGTATCTATCGAGGCA

AACTGTAATAGGGCTATCCTACAAATACAGGGCAAGTTTAAGAAGTTCCCATGCGCATTGGAAAC

GCACATCACAATGTCCTACACCGGCGAGTCTGCCTCCACATGTCCTGGGAGGAGACACAACGCAT

GAGGATACGTCTCCGTAATCTACCACCACCTGAGCGGCGTCAGCAACGCC 

 

>SbPHT1-9 

TTGACTTGAGTCAGAGTGACTGAGTGCCTAGGGTTAGGCACCGGACGCTAGCACCGGACTCACTA

GGTAGCGTCCGGCCGTACACCTAGGGAGGTCTGCATTTGACCAAGGCATCGGACGCTAGCACCGG

ACTCACCGGGTAGCGTCCGGTCCTAAACTTAGGGAGGGTGTAAGTTTCACCCTCACGCCGAACGG

TGCCACCGGACACTCTGTGGGAGCGTCCGGTGCTCTGTTAGAATAGAGTATAGTTAGCCGTTGAG

TGTCATCGGACGCTCGGTGTAGTGCGTCCGGTGCAACATCAACAGCGTCCGGTGCTCCCATTTTC

AGTGTATAACGGTTGGCCGGACCTTGGACTTGATGGGGAGTATTTATACTCCTCCACCTCATCCA

TGGGAGGTCTCTTGCCCATTTGATCATTTGAGAATCACCTTGTGGTGCAAGGAAGAAGCAAGAGC

CTAGAGAGGATTGAGATTTGAGAGATTTCTTATGAGAATCCTTCTCTAGTTGAGTTCCAAGAGTC

AAGTGTGCATCCACCACTCTCTAGTGCCTTGATTGGGTCAAGTGAGAGTTCTTTGCTTGTTACTC

TTGGTGATCGCCATCACCTAGACGGTTCGGTGGTGATTGGAGGCACGAAGACCGCCTGAAGTTCT

TGTGGGTGGCTCGTGTCAAGGTTGTGAGCGGTTGTGGGTGATTCATCGCGACGGAGTGTCGAAGA

ATCAGCCCGTAGAGAGCACTTGGTCCTTGCGCGGACCAAGGGGGAGCAAGACCCTTGCGCGGGTG

CTCCAACGAGGACTAGTGGAGAGTGGCGACTCTCTGATACCTCGGCAAAACCTCGTCGGGCCCTT

TCTTGCTCTCCTCCTTTACTTTCTAGTATTTACTTTGTGCAATTACTTTGAGCTTTTACATTCCT

GGAATTGCCATACTAGAATAGGATTGGAACTATGTTGCAAAACTTTTTATCCGGTAGCTCCCTAG

TCGCACTAGACACAATGGGTTGATTTTGAGCTTATAGCTTGCTTAATTTTTTAGAGAGAAACCCA

ATTCACCCCACTCTCTTGGGCATCTTGATCCTTTCACACAGGAGATTTTGTTATATTAACCTCCT



 
 
 

GTATTATTCCATTAACACAGACGGTTGTTATCTCTTATCGTATTATTTTTACAACACAGACGCAT

GATAACTAAAACCACGTGTGAAAATATTTTGCCACCACCGGCTTTGAGCTCTTGTGTACAGATGT

GAAACGAAACGAAAAACAGTCAATCATTTGCTGGCATGAATCAACAGTACTTTCTTGTTTATTGC

AGTTGCCGTCGTCCAGGACTCGAAGAACAACGACTAGGCAGCTAGCAGCTTCCTACCAGTTTCCT

TGCATGAAGTAGAGAAACAAGCACGTAATTTTCAGTCTTCATGAAGAGATTCAAGGTTTCAAATT

AAAGCACGTAATTTTCACTTGACCAGTTTCTCAAAATCAATCCGACGAAACCGCAGTGAACTTTA

CACGAGACTTGTGTGCCTACTAGATAATTAATGATCCAAACGCACCCCATGATTCTAACGTAGTA

ACCTTTTTTTAGCGTAGTTCTTCCTCTTTCGAACACTACGAGGAGCTGTGTTCGTTTGGCCAATT

TTTATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATAT

ATATATATACAAAAAGGCTAGCTAACTGACTGATATATATGATAGTGACCGCAACTATATATATA

TATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATAT

GTCTCCTAGTCCTGGGAGACAATGCAACCTCTTGATCGATCACGGAGCAGAAACAATTGAAAGCG

ACCATATATTTTAGCCGCGAAACGCTTGAAAGCGGCCATTTTTGCCACTCCCTATATATTTACCT

GAGGGGTTTAATTTGCAACAACAGTTAGGAAGGAGCGATCTGAATGCCAA 

 

>SbPHT1-10 

GGACCATTTTGTTGACTCTTTATCCAATCTAACCCATGAACTTCACGCTATGGATAAATGATAAA

AAAAAACTTATGTTAAGCCCACAATAATGTACCTTGTGTATGTAGTTGGCTTGAATTTCAAATCT

TTTAACTCCTTTGTATGGTTGCCATCAATTATTCAAAGGGAGGATTGAAAGCATATAAGCCCCTA

TTTGGATTTTGGTAATTAATGGCAACACTTATGAAATAACATATCATGTGAGACATGAAGGTAAA

AGCTTAGTCCACATGAAGGTGCGGACAACAAAAAAAAAGGAGCGTCTCAACTTTGCTACATGAGC

GTCTCAACTTTGCTACACTTACCAATGCTCCTGCTTGATAACCCACCCATTGGAGCCGAAGAAAT

GCAAAACAGACGTCTCAAGGTATTGCCTTACTATGATCAGCTCGTCCCGTAGTTCGTCACACCAC

TGTAACTTTGCTCGCTAACGTAGCTAGTGGGTTCCTTGAACAGAGGTGGCTAGCTTTGTGAGTTG

ACAAAGGTGAAATACAATCTATATGTTCGCGTGGTTTTTAGCTGGGGAGTGACAAAATTAAAGGA

GGCAGCAGGGAGCGAGGAACGATAGACTAAAGAAGGATTTTTTCCGTCTTTATCTAAGTTGATGA

TTGATCGATTGATTGCATCCCTTTTAAACTTGATGGGTTGCACGGTGGATATGGGTTACGAGTTC

TACAATGTTCACACTTCACACCTAGAACCATAGCCTAGCCTTATTTCTATGGACCACTTTATTAA

CATCTTGTTTCCGCAACTCTACTTTGGGCTGCATTTTGCACAACTCCATGACCATCGCAAGGGAT

TTTCTTCTCTCTTGGTACAACCAAAAAAAGATATACCCAATATGGACATTGACAATTGAAACGCC

ATACATATTCCCTCAGCAAAGCGAACAATTGTCATAATTACTTTTTTAACACGTACACCTTTCTT

CATTGCTTTATTGTTTGCTTCCAACAAGTAAACCGTTCAAAGGAGAAAAAAACAACAATGGAAAA

GTCAGACAGGAATCTCTATCAAACCAAGATGTGTGTAGTGTACAGCACAACCTGGACACGTATGT

AGAGCTTGCTCTGGAATCGTCACTTGTGTCCACAGGCCAGCACAAATGGTACATTGTTAGCAGAG

ACACATGGATGGTATACATAGTTAATCAGGAATGTTTTGACTGTTGAGAAGAAGCACCTGTATGA

ATGTCGTCAGTCTTCTGTATGACTGCAAGTGATAATCTTCTTGGCTTCTCTTTATATCTTCGTTC

TGCATGACTGCATGCAGTAGAAATTAATAAGCTGGTACCTGCAAGGTATATAAGTCAATCCTGTA

GAATTTGCTAACTGTTTCATGTCTGCAATTTATTTCTCCTCCTTTCAACCTGGTTTGTATCAGTC

ACATCCTTTTCGAATAGAATGGTTTGACATAATTTTCTGATTGTTAGTTCATCTCCGTTATATGT

ATCTTTATGCAAATCAGAGACAAAACTCCATGGAATCTCTTGATCGCTTTCGTAGTAAGAGGAGG

AAAAAGACATTGTTACACTCCCAATAGACCATTCCAGAAGTTTAAAAGATATTACAAGTTAGCAA

GTAGTACCTGATTCTCTACCGTCCACAAACTGTGTAATTTGACCAAACAAGATTTCGACACGCAC

TATACATGCCCTGCAGATAAAACAGTCCATAGAACTTAGAATGTTCCCGATTTATTCTACTGCAT

AGTCTATATATGTCCCAACAAGTCCCATATGTGCTTATATAAGTAGCAGCAAGTCTGCAGGCTCT

TGCAATTCAATTCACACTTGCAAGAACACGTACATGCAGGTATATAAATCGATCACTCGCCTAAA

TATTGCTTTGTGGCCTCACTTCACGTACTGCTAACATCGATCGAGCAGCAGGTGATCGAAAAACG

AGTGATTTCCTAGCTAGCTAGCCAAGTTGAATAGTTGGTCGTTGCGGAAA 



 
 
 

 

>SbPHT1-11 

AGTGATTTTTAACATCCTGGTCTTTCTTGGCCACTAGTTTGACATGAAAATCTTACCAATTCTCA

GCCCCGCCTTCACCTATCTCCACCACTTATCCTATATTCTAGCCTGATTTTTGTTGGTGTTCAAC

TAATCGGCAAATTTGTCATTGACTATAAAAAAGTTATAAATTGTCACATGTAAGTTGTCTTGTAC

TATTTTTTGCAAAAGTTTTAAATTGCACTAATTAGTTGTATATCATCATTGTCTGGAATCATCTC

AAAGTTCACACACTTGAAATATAGCAACTCCTTATCTTTTCTCCGTTGCTAATCAACCCATCTCT

AATCACCACCACAACTGACACAACTTCTCTAGCACAGACTCACCGTCCTGTTCCTGCATGTTCGC

TTGAGCTTATCTACCGAATCTGTCAGCCATTTAATAGTGCTTTTCTCTTACAACATGTCTTTTCA

GCCAAGCGAACAGGTTGTGTTGGTTAATTAAGAGATAATATGCGCATTCTAAGAGCATCTCCAAC

GGTTTGCCATTCTAGTTTGGCATTTGTGTTATTTGACAAAAAAGTAAAAATTACTCCTCCAACGG

TTTTGCAAACGGGTTTGCCATTTTAGTAAACTTGGCATTTGAGAGGCTCCCCTTGGCATATTTGG

GAGTTGGCTTTTGGATTGGCAAACGCTTGCGGCCGGTTTTCCTGCGTCAATTCCGTGCGCGGCGT

GGTCTGTTTGGCGTCATTTCCTTTGTCGGAGGGAGTCCTCGCGCCAAATAGAGTCCGCGCCGCCA

TTTGTTTGCCGCGACTCAAAGACGCAGATCGAGTTTGCTACGTCGTCCCTCCCTGAACGTGATTG

AAATATGCCGATCGAATCTGCTACTTCCACCAGGAACGGTATGCATCACAAGGAAGATGAAGGCG

ACGACGGACACGAACCTGCAACTGCGAGCGACGGCGCCTCCGTTCGCTCGAAGGGAAACATGCGC

GAAGAAACACGCGCGTGTGACAGAAAGACACGCGCAAAGATTTGGCTGGGTCCACTAGGTAATTG

CCAAGTCTAAAATGTCAAACTATTGGGGATGGCCATATTTTTTCCTTTGCATTTGCAATTGGGAG

TTGACAAACAACAACAAATGCCAAACCAAAATTGCCAAACCATTGGAGGTGCTCTAAAGTATAAG

CTTTTAGTTTTTTTATACATAGCCTATGCTATGCACTTAGATATACACTTTATCTAGGTATATAT

AGTAATAAAAATAATATATCTAGAAACCAAACCATTTTATAATTTGGAACAGAGAGAGGTATATA

CATACTCCATACATGGGTTGCTATGTTTTATTAGCAGCTTCCTAAATTTCCTGAGAATAATATTA

GAAAACCAACTAGTACAATTTAAAAGATAACTCACAAGAGAATTTATCTTTTTTTCCATGGTCAA

AAAATGATAAAATTTATATTTTACTTGAAAAAAATGATACGCCTAAATATAGGAGAAATGATCCA

TGTATTATACAGTGCGTATCTTTTTCTTTTTTTTTTAGAATGCGCCTTCACGCGTTTTTCACTAA

TAAGTAGATCATATCTTGTTTTTTAGTGCAAACATATATGTTACTTGTTTGATTTAACCTGCATC

AATGACACATAATCGTTCTTTTAGCAAGTATTAACGCAGAGCGTGTATAAACAGCTCATCTGTGA

GATTTGACCCACCGAAATGCCTGCCAAGCAGCAAGGAAGGAAGTTGCTACAACAGTCAACAGGCT

GTTCGTGGCGTGGGCCCCACAGACCACCAACAGCGCTCGACGGTCAAACGGCAATGGGGAAGGGG

AAGAGGCGCGTCGAATATTCGGCCGCGGCGGGAAGAAGATCCCTTCGCCGCCGCGTATATATAGC

CGCCGGCCTCCTCCCTCCCTCGCTGCAACCAGACACCAGACAGACCCAACCAGCCAAGCATTCAA

GCCGCCGCCATCGCCGGACAAGAAAGGTTGAGGCGGGGCCGGCAACGGCA 

 

>SbPHT1-12 

CTTGTAGTAGGTGTATACAAGCAGGTTGCGAGAGAGGGCTAAGACCCAAGTCTCGACTTTGTGTG

GTGGACAGAGCGCGATTTGCTACTCTATGCGTGAACTTTCTTGGAGTTCTAGAGTTGTGTGTGAG

TGCCGAGTCTTGATTGTGTGTGTTTGATGTGAGCCCTGGCTCCCCTTTTATAGTCACAAGGGGAC

TCAGGGTTTTACATGTGTTAGACCGGTGATCTTTCTCTCGTGAGTGGTGAAGCCACAGTCCCGAC

CCTGTAGAGGCTTGCCTAGCCCGTCCTTGAGGTATGGCTGACAGTATGGTTGCTCCTGTGAAGGG

TTGCCAAGCACTGTCGAAGTCGTGCGGGTCGGATCGGTGACACTGCTGCATGTCCTGTAATAGTA

GGAGAAGACAGCCAATAGTGACACTGGTTAATCTCTCCCATACCCCTTTTACTGTGAGGCGGTAC

ACCACAGTGAAAGAGGTAAGGCTGCATAGTGAAAGAGGTAAGGCTACAGTGGCCGGGGTGGTTGG

AACAGTCGCTGCCATGCCCTGCCATGGTATGGGGATCACAACGTCCGTCATGTCAAGGGTACAGC

CACCGTGCGTTGGAAGCCTGGCTCCGAGATGGGGGCTCGGGCGAGGCGGCGTTGGCGCCCGAGCC

CAAGAGGGGTCGGGCGAGGCGGAACTTGCGCCCGAGGACAAGGGGTCGGGCGAGTTAAAGCTTGC

GCTTGAGGCCAAAGGGGTCGGGCGAGGCGGAACCCGCGCCTGAGCCCTGGCGATCTTGGGTGTTC



 
 
 

TGCTTTGTTCCCCGACCCTTTTTCTGTATTTTTTATCTCTTTAACTTGGGTATCCCTTTTTATGG

TACCCAACACAACTAATAAGTGGTCATTTATACATGAACCATATTGCTCTTGTTTATACCCATAT

AATTCATAGAAGAACTATGAATCAACTTTTGGAAGATATAGTATTATGGTATTGCATACCATTAA

TTAAGCACACATTGGTGAACAGTGTGATTTTGAACAATAAAGTTCAAAATTTGGCATTATAAGGG

GGAGCATATTTTCATTGAATCTACCTGAAGGTAAACCACTAGAATTACAAAGATCAAGTAGATTA

TATTTGCTAAAATATTGAAGTTTATGCATAAATCATGAAGATAAATATCTATTCATGAAGAATAG

AATATCCTGAATAATACATGACCACGAAAGTTAAATGTTGTACTCTTTTTTCCTATGTGAGTTTT

TACTTGAAGGTTTCTCACACAAGGTTTTTAACGAGACAACATGTGCAATGCAATTAACGAATGTG

ATGTACTCTTTTCTCCGAGAACCGTTTTTTCCCATTGAATTTTCGGATGGAGTTTTTAATGAGGC

ATGTGCATATCATGGTAATCGTCCAAGGGGGAGTGTTGTAAAACATATGGACTTGATCCTAGAAG

GAAAGGAGAAGGAGGAATCCTAATCCTAGTCCATTTGTATGTGGGCTCTTACCAAAACTCTTAGG

CCTTGGCATGACTATATATATATGTGGGAGCTCTATGTTGTAATCACCAATATTAAGAGAAATAA

AGAATAGTCTCCCTATCTTGTGTCTATTTGTTCTCTACTTTCATGTACTATGTTGATCATGAGAG

ACGGAGAGGGAAAGGTCCTAACCGCTGGCAACATGTTTTATAACAGTTTAGATGCACCCAAAAAC

CCAAAACTTTACAAGATTCCTCATTACATCGAATCTTGTGGCACATGCATGGAGCATTAAATAAA

AATAAAAAAATAACTAATTGCACAGTTTACCTGTAAATCGCGAAACAAATCTTTTAAGCCTAGTT

ACTTTATGATTGGAAAATGTTTGTCAAATAAAGACAAAAGTGCTAACAAGGCCTTAACCTCGCGC

CCGGCCAATTTATACAGCCAGTCCAAGCATCGTGTTGCGTTGCCTGCGTTTCTACTGCCCAGTGT

GAGTCCTCTCCTAATAAAGCCCCGCGCGCCGGGCCGGCCTCTACGTCGAC 

 

>SbPHT2-1 

TTGGCATGATAAAAAATACTGGACAAGCCGGATGCAAACACTAAAAAAACTTTATAAAAACCTAA

ATATTTAAAAGGATTATAAACTATTTTTGATTAATAACTTTTATATAATTTTAATCAAAATACCT

TTTTCTCAAATATTTTTTATGTTTTAAATATATACATATATACATAATTTGCATTAATTAACCAT

TATATTTTCTCAATTTATTTTGAGTTTGTTAGAATACTTTGAAGAAGTTGATAAATTTTAATCTA

GTTTTGTGATTCATTCTACTAAACATTTTAGAAAAGATAAATGTTCTACTTCATTTATCTTCGGA

GCTGAAATTCATATTGGGCTTGTTAGCTCCCATCACATGAATGTTTGACAGAACTCTGCATCCAA

TACCCGACGAGCTATTTGGACTATTCGATTGGATATCCGCGCTAACCAAGAGACAGTGCCCTTCT

CTTACATATATCTGAATCCGAAAAAGTAATAAAAAATATCTAAATCCATATCAGATATTGAAAAA

AGATGGTCGAACAATATATTCTTGCTATTTACACCCCTAGTACCCACCCTCAGGATCTCGAATTG

ACCATGACGGCGGACGAAGTACGAGATAGACGGAGGGAGTATTTCTTTTCCTCCTCCCGGTATAG

TCAAGCATACGGAGGATACCATCTTCTGGAAATTGCTCAAGGAAATTTGCGCAATTTTTTGCACT

GACAAAAGAGAGGAGCAGAAAATTCTCATTATCATCTGATTATCGAAGCCGTAGGATAAGACAAG

CACAAGGATTCCAAACCTGATTCGCGGACAAAAAAGAGCCTGCAGATTCTTAGCGGCTTGTTGCG

GCACAAGTGCTCCATCCTGTTTCCGTGGTCCTGGGCCAGCACCCTGCAGCACTCCATTTGCATAT

CGCCAACAGAGAAAAACTTTGGTATCTCAGTGACAAGCACGTAAAACCTTTGTATCTCGCCTTGT

TTAGTTCCCAGAAAATTTTGCAAAATTTTTCAGATTCTCCGTCACATCGAATCTTTAGACACATA

CATGGAGTATTAAATATAGACGAAAATAAAAACTAATTACATAGTTTGGTCGGAATTGATGAGAC

GAATCTTTTGAGCCTAGTTAGTCCATGATTGGACAATATTTGTCACAAACAAACGAAAGTGCTAT

AGTATCTGTTTTGCAAAAAATTTTGGAACTAAACAAGGCCTCAATGACAAGCACATAAAGATGTC

AAATGAGAGATCACATACCTTTTATTCTTGGACCACAATTCCACAAACCATTTTGTTCAAATATT

TAGCTCAAGCAATGAAGCAAACATGGTCATGAATATTCACGGCACACCTTGTCCAGCGGTGCTGG

TAAATATTTGTGGCCATGGAGATGCGGCGATAATATAGGCACTGTATTAGGACAACAGTAACCAT

ATGAACAGCATAACATTTGCTTATCACACGAACTGAGACCAGCAAACTTAGTGCAAATAAGACTT

GACATGGTGCTCGTTCAATTTGCTTAATGTGCACAGTGGATATATAGCACTACACTACATATGAA

ACCCCACAAGGAACAGGACAAATATTTCAGAATCCACGAATTCTCAACAGGCCTAAGATGCTAGT

GACATGCTAAACAGAGACCAACTACAGAAACAGACACAAAACCAGATCTTTGAAAACCGGCTGGA

CGGAAGGTGAGGCCAAGAGGATCATGCAACCGAAAACAGTAAGGCGGTCAGCTGCAACACAGGTT



 
 
 

ATGGATTAGGCAGGAATCTTGCCCATATCAACTTCCACCACTCATTTGCAGCCACCAACTGTTCA

CCTCAGCGTGAGCTGCCGTCACCACACCAGATACTACCAACTCTTCCCTCCATCCACAAAACGGT

GCTCACTTCTTCCCATAGTCACCTTCTCCTTCCTCCTCTCCTCCCCATTAATCTCATCTCTTTCA

TCTTGCTGCCTCCGTGCTCGCCGACCCTCTCTTTTCCTCTTGCAACTCCC 

 

>SbPHT3-1 

TGAATTTGAACTGATTGTTTGAAATTCCTACACGATTTATTTGAAATTCTCATGTCCCTGCAGGC

TGTCCTGCTGTCCAGCGCGCTACAATCTGAAATAAAGCTGGTATATCCTGTGATCTGATTTGTGA

GCTAGCTTGTTGCCATCGCTAATTTTCCACAACTTGCGCTGGCTTCATCAGTTGAGAGAACTGTT

GGTTTGAGTGGCCTTCAGAATGAATGGAGACACCGGTGTTCCACTTCGATGAGAACACCTTCATC

AGCCGTGTTTAAGAAAAAAAGTGCAGAGGAGCTGCGGAGTTGTCAGCAATGTGGAGCTCACATAA

CCGTCCACGCGGCAAAGGATTACCAATGAGCAATGAGTTGCGAATTCGATGCGTTCTTAAGCACT

TCCAAAATGGTTCCAATGGCGTTCGTGCTGATTAATTTCTTCTCAAGATCCAGCCCACGTCATCT

TGCCACCTCAATTTAAGGCCTGTTAACAGTTTTGGGCCTTGTATTTTATCCAGCCCCGATTTCGT

TTGGAGATGGGACAACCGAACTAGGCAGTTCTCGAACGAGCGGGCATCGTGAAAGGACAAAATGG

CCGTCGTTGCCTCGTGATTTGTGAAATAAGGTTAATCTCAATACAAATTTTGTAGAAGTTTTATA

CATATTAAATAGAGTATCACATTAGTAAAAAAATATAACTTTTACATGTATTATCAAATAATAGA

GAGAAGAAAAACACTTTACAGAGACAAAACGAGTGAGTGTTATTTCCAAAACATTGGAAACCGAT

CTAACCCCCGTTGAGAACCTTAATTTGTTTCATCTTGTGCGCATGAGAGATATAGATGGGATTCA

CGAAGGGTAAAGATAATCTCATAAAACCATGCCGATAAAACTATGCATTAAAAAAGACTTTTCCT

GTTAAGTTTCACATTTTAGAAATTAGGAGATAAGTTTTTCATTGAGAGTGACCTAATCACGAGAG

TACCGTTGCATATGCATCGCTTTGATTGGCCATTTATGCTACCCTGGGAACTGGGATTTCAGCTG

CCAGCAACCGAAGCAGCAGATCAACAGAATTGTCAGTACGCAAATGAAGGCTGCACTGTTAGATT

CAAAACACGTGAGACATCACATGGTCCAGATTTCAAAGTTTCAAACCATGTGGTTCCCATGAACT

CGAATGCTAATGCACGATACATTCATTGCGTGCCTCATGGCATATGACTGTGCGAGGCCGCTTCG

TTTGTCCACAAAATTCAGGCCTTGTTTAGTTCACCCTGAAAACCAAAAAGTTTTCAAGTTTCCCC

GTCACATCGAATCTTGTATCGCATGCATAAAATATTAAATATAGACGAAAACAAAAACTAATTAC

GCAGTTTAGCTGTAAATCACGAGACGAATGTTTTGATCCTAGTTAGTTCATGATTAGATAATATT

TGTCACAAACAAACGAAAGTGCTACGGTACCGAAAAGTGAAACTTTTTCGGAACTTGAGTGTTTC

TTCCTCGTTTCCGCCGTGCGCCGCATCTTTTTCTCCGGCGCAGACCGCAGAAAAAACCAGCCCGG

ATATGCCAAAATCACCCCGGCGCGCTCGGGCCTACTGTCCAGTTGCCCAGTCCCGTCAGCGCAGC

GGGTTCTTTTGCCGTGCCCCGCGACACTGCCCCCACCCCATCCGCGCACACAAATCTCGCGTCGG

AGGCCGCGGCCCATAGGAAAAGCAGCAGCCAGCAGCCGCGCGTTAGGCGTTAGCGGAGCACACCA

AGGGGCGCGCCACTTTACACGCCAGCAGCGGCCGCCGGCAAGCGCGGTCAGGTCGGGACTCGGCA

GCGGGGAGCTCCCTCCCAGCTTCCCCCGAGCTAAAGCTAGGGGGACGACGCCTGCAGGCTGCGGC

ACCAACGCGGCCTTCGCCGCGACCCCCTCCCACCTCTCCCTCCTCCCTACCATGCGCGAGGCCCA

CGCCCACGCTCTCCTGTCGGACACCCAGCTCCTCCCGTGCCTCCTTCGAG 

 

>SbPHT3-2 

CTGCCGATGCATATCGCGCGCAGGACGCAAAGATCACAACAAGGATGGCCAACGCGACGACGTTG

TTCCTTCGCCGCGCCATCGCTGCGGCGCTGCTGCTGCATATTATTGTAGCCTGCGGCGTCCGTCG

TTGACACAAATAGCCCTAGCGGGCATCGGTGCAAAGCCATAGGCTGGCTGTGCACGTACGGGAGG

GCCGCCGCCAAAATAGGAGAGGGATGATGGCCTCGACCTCACATCGCCAATGGAGTATTTTGGGC

TACTATACTATCTTCGTTAGTTACTGTGCCATGACATGTCAACGAACGTTTGGAAGGACAGCCCA

GCCAGAAGAACGACATTTTGGTCTACGCCACATTTTGGTCTATGCCTTGTTTAGTTCCGAAAAGA

TTTTAGATTTTGGTACTGTAGCATTTTCGTTTGTTTGTGACAAATATTGTCCAATCATAAACTAA

CTTGGCTCAAAAGATTCGTCTCGTAAATTACAGATAAACTGTGCAATTAGTTTTTGTTTTCTTCT



 
 
 

ATATTTAGTGTTTCATGTGCCACAAGATTTGATGTGACGGAGAATCTTGGAAAGTTTTTGAATTT

CGGGGTGAATTAAACAAGACCCTAGTCTGAAGCACGATATTTTGGCTCGACACGAGCGCAGGGTC

ATGCCTGGGCCGCTCCCTAGGCACGCCAAATACCATACACTCGTTAAAATCCTAATAAACTCATC

TAATATATATACATAATCTTATCCTCACTTCTCATCCGGAATGCAGCCGTTGCCTCCCGTTCACA

CGTGCGGACACGACTCCGCAGCCACCCCTCCCTCGATCGCCTACTTCTCTTTCTCTTCGGCTCTC

TCGATGCCTCGCACCCTATGCTCCAGTGCCGCTAGAGCTTCCTCTTCCTCCACTCGCCCTTTGCA

ACTCCTCCACGTCCGCCCCAACACCGCCGCCGCTCCTAGGTCATGAATGTTGGGCACGAGCGCTC

CAACGGCCGCAAACGCGAGTGTAGCTAAAGGAGAGTGCGCCCCGGCCCTGCTTCGCTTAGCCCCA

TTTCTAGGGCGAGCGTGCCGACAACCGGATCTGCGTCATCTACCTCGAGGGTGAGCGCGACACCT

CTCGTGGTTGCTCGCGTCCTGCTCTCCTCTTCCCTCTCTCTAAGGGTCTCGTGCTAGCCCGACAC

GCTAGATAGGTCGTGCTTCTCGGGCTGGCATGGCCTGCCATCAGGTTTTGTCTGGGTCGCACGGC

CTGGGCACGACGTGCCGTGCCGGCCCAACCCCCTTCAGGCTATGCCTGGCATGGGCCCGTGCCAT

GCCGGGCCGGTCCAGCCCATTGGCCAACTATAATTCGAAGAGGTTGGGCCTTTATTTATGCAAAA

AAAAAATATATCTTAGCTTTAGTTGACAACAAACACAAATTTATATACCTGATGAAGGAACACTC

GGGTGGTTATGCATGTGAGCGAGAGTGACGGCTCGGCCGAATCCAGAGATAAATCAAGACGTGCA

GCTGCTTCGAAGTAGTCAGGCACAGTCAAGCACGGCGGCTTTGAGATTAGCGAGATTCTAGAGCG

TTTATTCCGTGTCAATCAAAGATAAGAAGATCTAGAGAGTTTTTATACAAACTGAGCATGCAACA

CCCCCCATCTAGCAGCGGGGCAGGTACATGTGAGTTAACCGTGACCGTGACCCAGTTCCTGCCTT

CCAGGAAAGAGCCGATGCCGCCGCGCGCACCAACTCCACAGACCACATGCATCGTTCATTGGCGC

CGCTTGCTTTCTAAGCCGTCGTGCCCGCGGGTCAAACCCCAAGACGAGCCCGTATAAAACGGCAC

CCGCGCGCAGGCGGCAGCTAGCCTCTCCAATCGACCGGGGAAGTCACGCGCGTTCGGGTCAGTGA

GAAAAATCGCCCCGCAGCCCGCATTTCCCCAGCCAGCAGGCAGCAGCCTTGGTGAGACCTCGCGT

TGTACCGTACGTACGTGACATCGCCGGAAACCAGCGTGCCGCCCAGGACG 

 

>SbPHT3-3 

AACAAGGAATACCTAATTTTCCAAATAACTTTGTAGGAAAGACAACACATTGCAATCATACAATA

GATAGCTTCTTCCAGCGGCAAGGCCCAGGCACTGCGTCACCAAGAAAGCAGTGGAATGTCCTGCT

TGCTCAAAGCAGGACAGAACATTGGACCTGGCCTCGCCGCAAGAGACGTCTTGCTACAATCACCA

AACGCAGGCGCAAGAATAACAGAAGAACACTCCCCAATGTCCTCACTGCCCAAAACGCACAAGAA

GTTCTGCAATTTGCACAAGGAAGTGACAACAGAGCCAAGTTATCATGTGATATTGTTCCCATCAA

AGGGCGCGATCTAAGCACAACCATACCGCCATTCTGAAGTTCGGTGGCGCCCTGTTGCCTGGTAG

ATCATGTTTTCAATATGCTCTTTTAGGTGGGCTGGCTAGCAGTATCAGGCTGAACTTTGATTGCC

TGTCTTCATAATAAGGAAGTCATCTGTGGCTTCATCAGAACCTAGCCCATGTTGTAATATATGGG

AAACCAGCTATTGTTTGCTTTTATATGGTACAATTATGTTATAACTATCTACCATCGCTTTTGAT

TGAGATGATTATTTCACCATTGGGTTGTTGAAATCTTTGTTTAACCGTTGGGTTGTTGATCTTTT

TGCTTTTGTTATATTGCAAAGTTGTGCCTCTTGTGTTCTTTGAGTGGTTATGAACTTACAAAACC

CAAAGATCATGGTCAAATGTATGACTGTCGAATTACCAGCTCTAAGACAACGTAACTTGTAGACT

ATGCTGTTGCTAGCTGGGTAGAATGTTGCGTCCAAGTGTGCTAATGCCAACCATGCCTTGTCAGT

TGTCACGATTGCTTTTTTCTTCAGTCATTGAAGTGCTTTTTTTATCTTTCTTGATTTCTCTTTAG

ATCCTATGGGGATGACCCTCCAAATGGATACCCGCGGTTCTTCTCTAATATAATTTAGTGAACTA

AAGAGACAATTTTCTCCCTTACTTTTGTCATTTAGTTCATTTACACTAGAGAAGAACTGCGAGTA

CCCATTTGGAGCACCATCCCCATCCTTAATCCCATCTCGACAAAACATTTTTTTCTCACAGGATC

TGAGAAAAATCCAAACATGAATTTTGTATTTCTATCGAACAAGATGGTCTTATTTTCTATAAAAC

CAGTTTATTATTGGTGGCGACATTAGAAATCTAGTTTTGACCTCTGATAAAACAAAAGAACCCTT

TTCTTTCTGAACCACGAAAGGCTTTTAATAATTACACAGCACAACGCACACGCTCATAACGCATA

CATACTTACCCTTATGAACATAAGTATACAAACTCTACCCATATGGACGTCGCCTCCCACTGAAA

GCATAGAGCTGTTAAATCCTAGAATATTTTTTAAAAAAAAATATGAACACTCCTACCAAGTTGAG

AACTTAAATTCCACTATCAAGATTCCAGCCAGCTGATCTATAATTGGTTGGCAACATGAAAGCTT



 
 
 

TTGAAAGCAAAGAACCTGGTACTAGCACTTTTTTTTTGGACAAGAAGGTACCAGTACTTTGTCAA

GTGGTGGAAGGAACCTGTGGGCTTGGCATCTTCTCCTTTTGCCGCCTCTCGACAGGAGAAAGCTG

TGGGCCTCTGGGCCTGTGGGCCTGTGGCATCTACAAAGCCGGCGGCCTATTCTTTCAGAAGTGCA

GTCGTGAAGCCCACCCCGACCCAGCTACCGCTGTCCCCGCTGGACGGCCCAGGGAACCTTCCACT

AATCCTCTTACGTGCCGTGCTGGGCTCGCTGACATGCGGGCCATTCAGCTAGGGTTTAAGGCCCT

CCTTCCGATTTGACAAGTCAGCCGTTCAACGCCAGGAAAACGAAGAGAGACAAGGAAGGCACGCG

CCCCCCGCTACGTGGTCCATTTCCAGTCCAGTCTCCAACAAGGCCGGAGCGCAGCGCAGGCGAGC

ACGCAACGCTGATCGATTCCGATCCGCACACGCACGCCCGCCCGCCGCTA 

 

>SbPHT3-4 

CGGGGAGGGCACGCGCCGTCGAACCGGTGCAGGAGCAGGAGGCGTGGCAGGTGCCTGCGACGTCG

CAGGCTGGCGGAACGCGCGGCCTGGTACCGTCGTCGTCGTCGTCGGCTCCCCGCCGTATATGACC

CAGCGGCGCGGGTGGCCGTCGTACTGGTGCTGCGGGTGGAACGGGTGCGGGAGGAAGTGCGGCGG

CGGGAACGCGGGGCGCGCCGGCGTGGGGTCGATCTCGTGGAGGAAGCGGCCGAAGCAGCGCGGGC

AGAAGACGTCGGTGGACGGGTAGGAGATGATGCGGAGCGCGCGGCCGCACTGGTAGCACCAGTAC

ATGCGGCACGTCCGGTGGCGCGCGGGCGCGGGCGTCGTCGCCGACATCGTCGGCGGGACGGTGGT

TGGTTCGGTTCCTTGCGTCGGGTGGGTTGGTTTGTTGGTGCTTGTTGCGTCCTGAGCAGCTGTAG

CTCTCGGAGGATGGCCTCTGGAAGTTTGCATGGGACGACGCTGGTTTTAAAGCGAATGCAGGTTT

GATTGTTTGGGGCGCGGAAATTGACGCACGGGTGGGAAAGGATGGCTTGGCGGGAGGACGAAAGC

GATTCTGTGGCGAGGTGAGATGAGGTGAGGTGGGTTGAGTTGAGTTCGGGCGTGTGGTGTTCGGC

GATGGTGACTTGTGCGTGGCGCCAAAGCGCGGGTTGCTTGCCGGCCAGGAGGTGATGGACAGATG

GACGCGGCCAGGCGGGCAAGTGGGCGCGAAGGGGGAAGTTACGGTGGACAGCGGGAGGTTTGGGT

ATTGGACGGAAGGCACGAAGAATAGGCGATGGGCCTGGCCCGAGAAGGAGTTATAAGGCCGAAGT

AGTTTTGACGAAAAGGCCCACTCAGCTTAGGGGTCCGTTGCAATCTGCACACCTCCTAAAGCAAC

GCTTGATGTTCTCTTTCTGCTTTTTGACGTGTCGCAAATTGTGCACAACTTTAAGTTGTGACCAG

CGCACAACAAATTGGCCATGGACCTGATCGTCTGGTCGATCAATTGGACGGCCCCGTCTGCTTGG

AAGGGCGACAGAGGCATCTGGCCCCGCCCCACTTTTCTTCTAGCCACTAATTTACACATGGGTCA

AATAGGTGGCCGGGACAACAAGGTACAAAGGTCGTCCCGGAGGAGTATTCACCTGCATATTCTCG

CTATATCTTCGTCGGCAGGTCTTCGTAACAGAAGAAATCACGACGATGCATACATATTTTACCGC

CAACATATCAGGGTGGATTTATTGGTTTTAAAACTCGACGTTTAGGATCAATTTAGGATTATTCT

ATTAGCTCCATAAAAAACTTGAAGTTTCTAAAGTACCATTTTGCCCTATTTTACTAAAAGATTGA

GAGAGAAACTGAAAAAAAATGTAAAATGGAGTAGTGCCAAACGTGTCAAAGATTTGTCACACTTT

CTATGCTCTATGCATCCATGTTTGCCCAAACAGGTCAAAGATTTCTCACACTTTCTATCCTCTAT

GCATCCATTTCTGTTGCACACAGAGGCATGGAACGATGAAATGCATCGAAGGGGAAAAAGGCCAA

ATGGGTCAAAGATTTGTCATGCTTTCTACTACTCCACTATGCATCCATTTCTGGTGCACATAGAG

CGAGGAAATGAATTCAACGGGAAAAATGCAGTCCCAATTGCTCATTCGCTCTCTTCACAAAGTTT

GCTGAAAGAAATGGAAATTATTCTGACGGTGTGCACGAAATGTCAAACACATTTTAATTTTATTT

AGCATAAATGAAGTGCCACCAACCATAAGCCGGGACCCACGAGGTCGTGGGACCCACACTCAGCG

TCAGCGAACCCCGTTCCGCCGCAGTCTCCGAAGAGATCGATGCCCTAGCGAACTAGAAATCCCCC

CTTCATATTCGCCTCCGCCTCCCTCGTCAATTCCACGCGACCGCCAGAGCGTTCAGAAAGCACCA

GCCCCCAAAGCCCCACGAGAGAGACGAATCTTCCGAATCTCTCGGCGGCG 

 

>SbPHT3-5 

GCTATCTTCAACAGAGCTGACTCAAACCAAAACATATTCATCCATTTGGGTCACGCACAACGAAT

GAGCAACGCATCCACAACTGCCATACTCCAACAGCAAACCTAAGCCAAGACCTATTTCTCCACCC

TAAGCGTCGGCAGCCTCCTCCCCGTCGAGTGCCGTTGGCATCTCTGCACGCACCACTGGCATCTC

TGCACGCGTCGCCGCTCCTTCTCTCCCTCTTTACCCCGGTGCCACATTCTGTCTCTCCCCTCCAT



 
 
 

TATTGAGCACGACGCCTCTCCCTCCACTCCCTCCGGATCCGGTGGCCGCGAGCGAGGAGGAGCCC

AGATCTAGCCGCCGCAGGCGAGGAAGAGCTCGGATCCACTGCCGCGGGCTCCTCATCGTGTTCCT

GCTTGGCTAATTCAACATCAGACTCTGCCTGCCTCCCACCCCACCAAGCTCCACCCGCCTCCTCG

TCGAGCATCGCTTGCGTCTTGGCCAAGCACATCCGTGGCTCTGCTTGTCTTCGTCCCCGTCAAGC

ACCGCCGCCTGCCTCCCACCCCGCCTCCTTGTCATCGGGCCCACCACTATGAGCGCGTTCATTTG

CGTCGTCTTCCAGAGAGGATGCTTTTTTGCATGTCAATTCGGTCGGTAGGCAAAATAGATCATCT

GTTTGAAGGTGTTTTTGGGTAGGCAAAACACTGTGGAGGACCTATTTTAGGTATATGTTGCATTG

TTGGAGAAAGTCTAAATAGATTCACCAATGAAGCTCCTTAAACTATGCTCTCACATAGAAATAGG

ATAGTATGAAGCTGAAAATAGTAGCTTTTCATAGCTAAACCTCACATTTGTGGGGCATGTGTGTG

ATTCTATAAGAGCATGTGTTTAAGAAAAATTACATAGCTGCTATGTCAAATGATTCACCAAAATA

ACTTTAGCTTTATCAGTAAGGCTGCTCATAAAGCTAAAGAAAAAAAAACAAACCTAGCTAATTCA

TTAGTGAAGTTGAATTGTGCCAAGCCAAAGCTTAAATTAGCTAACGTTCACTGAACTTAAACCAG

CCAACGAAAGTAACCACACGATTTCTCTTTTTGAATACACTGTTCTTGGATTTTTTTTATAAAAA

TGTATAGTTATATTCATAACTGTGTGTAATATAGTTTATATAGCATAACTTATGTCCACAACTTC

TAATCATAATTTTTCAATATATATTTTGAGATTTTATTTTGACTGAGGTATTAAAGTTTAATAGG

TACTGTGGTATTTTTGTCTTACTTGACAATTAGTGTCCAATCATAGATTAATTAGACTCAAAAGA

TTTATCTTACAAATTACTCTCTAGCTATGATTTTAGTTTCATAAATAATTTATATTTAATACTTT

ATGTATGTGTATAAGAGACGATAAAACTTACCCAGAAAACAACTTATCGCGACGACTTTCTTGCA

TGACCTTTGGAACCCAATTTCTCGCTTGTCCAAGGATCGAACTACGCAGGTTACGTGGTGGAGAC

TGGAGAGTGACCTCGCTCAGCTTCCGTATCCTTCAGACCTGTACCCGTATCTGTACTTGTTTTTC

CTTGCCTAATACATGTAGTACTTTTTTTTTTTGATGAGGGGAATACAGGTACGATTCCTAAAAAA

AGTTAATGTGATGGGCAACATTTGTCCTCCGGGCCTCGCATTTTAACTGGGCTGGATGAGTTACG

TCTCGGCTCAATATTGGGCTACCCACTTGGGCCCATCGAAACACATTTTCATCCGCGTCTCTTTA

TAAAAGCCCGCCCCTCGCTGGTGGCGGAGAGGTGATTGTTGCCCTAGCAACCCGGGCAGCCACCG

GATGTCTTCCTCCCCGGAGCAAGTGGCGGCGGGCCGCACGCCCGCGCGTACAAACGCCGCGCTCG

CTCGCGCTGCCGCGATGAGCATCCATCTCACCGAGCCCCCACCCCCAGGCTTAGCCGCGCACCCC

CCAGCCGTAAGGAAATCGCTCGGACCGAACCCTGAGCCTGCCCCGGCGCC 

 

>SbPHT3-6 

AAAGATTCGTCTCGTCAATTCCAACCAAACTGTGCAATTAGTTTTTATTTTTGTCTATATTTAAT

ACTTCATGCATGCGTTTAAAGATTCGATGTGACAGAGAAGGTGAAAAATTTTGCAAAATTTTCTA

GGAACTAAACAAGGCCTTTATAAGCTTACAAAACACATGCAAGAAACCGCAAAGCCAATCACAAG

GGCAACTGCATCGGCATCGTCGCGGCCGCCGAAGGAGACTTTTACCTCTATGCCATTATGAAAGA

TTGACCAAACCAGTAGGCCACTAAACAGTTGTTTCGCACCGTTGTGCCCAACTTCATCTTCGGCT

ATAGCCGTATGCCATTCCGTCTCCATTCCGTTTGTTTTGTGATGTTTAAAAGGTCTAGCACGTGG

GTCCTATATAGGAAAATGTCCTTCTTACCCTCTCACTCCATTGACCCTCACACGGTCCTCCAGCC

CGCGTTCGAGGCTGCGCTCGGTCTCTTCTCGATGCTCGCGGGCCGCCTCCGCATCTGCGACGGCC

ACGTCGTGGTCGGCGCTGCCGCCATGCCCGTCGTCCTCGCGGAGTCCGGCCTGTCGGCGGCCGAC

GTCGACACCGACTGCCCCTACTCGGCGCTGCTCGACCGCCTCGCGCCACCAGGGGACGGCGACGA

CGCGGGTACCCCGGTGCTTGCGCTCCAGGCCACGCGGTTCGCGTGCGGCGGCGGCATCTGCAGTT

GGCACCTTGACAGTCGGCGCAAAGGTTCTTTTAGTTCTCGGCCAGACACGGGAGGCAGCGGCGAG

GAGGCCGCGGCGTGGCGCCGTGCTCCGTGCGCACCGCGGGTTTCAACACCATTGGCACGCCCCCG

ACTCCGCCCCTTCGCTGCTGCTGCCGAGCCTCCATGTGGAGGCGCCGGCGCCCGGGGGCGACGCG

CTCGCCGTGCCGTTCGAGCAGAGGGTGCAGGAGGTCGTGCTCAAGCAGGCGGCGCTCGCGGCCGC

GGCGCCGAGGACGGCGCGGATCGAGCCCGTGCCCATGGACGGCGGGCTCAAGGCTGCGGGGAGGT

CTGCCAGGAGTACGCTTGGAAACACCCCCGCTCCACAGCACAGGATCTCGTTTACCGCTGCGGGG

AGGTCTACCAGGAGTACGCCAAGACATTCTACTTGGGTAAACGAGATCGAAATTCCCGCTGTGCT

CTTCTTGTTCATCTGAATACAGTCTAGTTTAATGACTAAAGCATCGGCATTAGCCACAAAGGTTT



 
 
 

TGCCGTGATCGAGGCACATGGATGTGTCACAAGTACTAGTGTGTTTTTTCTTGCAAGTTGTTTAA

ACAAAGTAAAAAAACAAACCTTTTGTCCTAAAAGTACAATAGGCATAGGATGAAAAATATCCTTG

GTAGGAGCCTGAAATGACTGTCCAAGTACAAAGGTTTTGCTTACTGAATCGGCTAGTACACTTAA

TTTGATTAACTATGACAATGATTGTAAAAAAAAGACAGCATGCTCAGTAGTTGTAGTTGTGGCCA

CCACATGCACATACCGAATAACGACCAGTCAGCTTCGACAATCAGTGCGTACATACATGTGCCTG

ATCACTGATCTGATGAGATGCCGCTGTTCTTCTGTTGCAGCGACGCAGCTGATGACACCGGAGAG

GAGGAGGGCAAGCCCCATTCTTTGGCGTCAAAATTGGTAGTGAGTGGCACTGGGGAGAGGAAGAT

TTTATTGTCCACCAATTAGCCTAGAGGTATTTAAGTCAAATGTCAGACCACTTAACTGTTATTAG

ATTTTAAAATAGACGGAATGACATACAGGTATAGTCGAAGTCGAAGATGAAGTTGGCCACAACGG

TTCAGTGGCAGGTGGTTTGTTCAATCTTTCTCCGAAATAGATCGGGGACCAGCTGGACTCCGCCG

CCTCCCCCCTCCCATTCCCCCAGCGCCAAATCCACGTGAAGGCGAGAGCGCAGAGAGCACCACCA

CCGCCGAGAGGATTGGTCCAGAGGAGCAAACCCTCCAAAGTTCGGCGGCA 

 

>SbPHT4-1 

ATGATTTTTGGAAACTTTTTTTTTCCTCGGAAGAGTTGTTTCGGTAAAGTTTTTTTTTGCCGTTG

AATAGTTGGTTAGTTTTTTTTGGGAAACCTTTTTTAGCAACCCTTTTTTGTGTGTGGATAACGTG

GAAGTTTTGGAAACGTTTTTTTTTTGTGCCCGTGTTTGTTTTGGAAACAGTTTCTTTTTTTTTGC

CGTATCATATTTTCCCTTTTTTGCCGTACCATAATTTTTCTAGAGGAAAGTTGCGGGTGATTTTT

TTTACCGTCGGGACGCAGATTCAGTGACGCTGTAACTTTTCCTGTCAAATCCACCGTTCATCCAA

CATCTAAGGGCTGCAGGCCACTTGAAGCCTGGGTTCGGTTCTCTCCTGCAAAGACGGAGCAGGAG

CTCACAACTCACAAGTGACACAGCCAGCGTGCACGGCCGGCGCGGCTGACGTGGTGAGCGCGCGG

CCAGGGGCGGAGCGAGTGGGCGTGGCCGGTGCGAAGAGCGACACGGTGAGCATGCGGTGGCGGCG

AGCTCGTACGTGGCCGGAGACGAGTGTTTGGATGCACAACGCCTTATCGGTGGCACCTTGCTCCA

TGCCGGCGCCGACTTTGGCAGGTTTGGACTCCGTGCTGGCCTCGCCGCGCCTCCGCGCCCACCGC

ATGCTCGCCGTGTCTCTCCGCGCCGGCAAGTCGGAAACTGCTCGATGCGCGTCCGGGACAGCACG

CTGACATCGCCCATTGGTTATGGTCCCCACCGCGACGGCGTGAGCCCGCTCGAGGTACCGGTGAA

CTTGGGCTTAGTGAAAAATTTGAAGTACCGTAGCATTTTCGTTTGTTTATGACAAATATTATCCA

ATCATGGACTAACTAGGATCAAAAGATTCGTCTCGTGATTTACAGCTAAACTGTGTAATTAGTTT

TTGTTTTCGTCATGCATATGCCACAAGATTTGATGTGACGGGAAATTTTGAAAATTTTTTGATTT

TTAAGGTGAACTAAACAAGGCCTTGCATTTCATCTAACAGTGACTGACGGATGGACCCCAGAAGC

TGAGAGGAAGGATAGCCTTTGGATCTGATTTGGAGGGAGAAAGTTATATTGCGACTTTACAGAGC

AAAGTCACTAGTAGATCTCAGTCCAACCAACCCGTCTTCCCCTTCCCTTCCGTCCGCTGCATCCT

GCTCTTCCCTCCTCCTCCTCCTCCGCCTCCTCTCTCCCTCGCGCGCTCCAGACGACGACTGTTGG

GCCGCCGCCGCCGCCCTAGGCCAGGTGCTGAGGCTTTCCTTGGTCTCTTCGCCGGCGACGAGCAC

CCTACCAGGTACTCCCACCCCTTCTCTTCCCTTCCCTTACGCTGTGCGAAGCTGAGCACCGAAAC

CCTAACCTGAAGCTATTTGGCTATTATTGGTTGTACATGTGTACACCCATGTCCGTTTACTGGAT

CCGCCCAATCTAGACTGGCGTGTTCCAGTCATTTTCCAGGAGCAACATTTGTTTTTCCTCTAGGA

GCTAAGATCCAAGTTCACTTATGCAAGTCTGGTTGTTTCGGCACTGAAATCTCTGGGTTGTAGAG

GTTGTGGCAGGTTTTATGCCCTTCAGATCAGCCTTTTATATATAAAAAAAAAATATTATATTTCA

AGCATGCTCAAATTTTGTGCATAATTTCAGCTATTCTTTTAGTTGGTCAGCTCAATCGACATTTG

GAGTTCTTGATGTTTCTAAATTTTGCTCCTTTGTTGTTTTTGGGCAGGTCTTTTCAGTTCAGCAC

AGCATATCAAGACTGTCTCTGTTAATTTGTGTGTATGAGATCAGTTAACGGATAAGGACATGTGA

AGCACTAGTGAAGAAGGACTGATGATCAGTAATTTGTATGCTCCAGATTATAGTATCCTCTGAGA

TGGACGGAAGAGAATCAGGCTTATGGTAAATCCTGGTGAATATTCATGGGAGGTCAGCAAGTTCT

GGCCTGACTAAGACTAGTAAAAAAAACAGCGTGCTTCATCTCAGATCATC 

 



 
 
 

>SbPHT4-2 

AACAGGCAGCCAGGCTTGGGTTCCCGTTTTGACATGTGGGCACTGAAGCATGAAAAGGCTAGCCC

AGCCTGAAAAAAGATAGCATTTACGGGTGGGCTTCAGCTTCAAAGTTTGGGGGTTTTCACCAGTT

TTTCTAAAGCCTAGCCTGGCCTGGCTGCCACATTTGTTCTGCAGCTAGTTTTGGTGCAGAACAAA

CCTCTGTATCGTAGTACTTCATGATGGCTATTTTGTAGACTCAATTCTGTAAACTCCTGGTATTA

GGATTTAGGAAAGATGAATGTGTCACAGTAAAAATGCGACAAAAGCCTACCTATTAGATGTATTC

AACTTTTAACACACAGAGTCAGCCTAAGTTTAGCATCCAGTTCAGCTGCCCTTTTCTAGCTGTTT

CTGAAGTTATTTAAATTAGATTCTCCTTGATGAATGAAAGAAGGGAAATGAAACTTATGTTAGCA

AAATAACTGCATATAGATACAAGTTTTGAGCAGCGCATGCAAGTGCAGCCAGGAAACTTTTCAGA

AGTAATTTGGATTGCAGGCTAGTAATTCCATCCAATTTGTACACTGTCATGTAGTTAAGCTGACA

CTTTTACAAGCACCTTTCACTTGCATAACTTGTTCCATTAATGCTACTAATGAGCTTCTACTCTC

AGGCTTTGCAACAGCTGCGGGATAAAGCACTAAGACGAGCTTCCATCACTGAGGAGCTTGTGCTG

CAGAAGATTGAAGAGAGGACTGCAGCAAGGAAGGCGAAGCAGTATGAAAAATCCGATGAGATCCG

GAAAGAATTGGCTGCTGTTGGAATTGCCCTCATGGATGGCCCCAACGGAACAACTTGGAGACCAT

CTTTGCCTCTTTCAGAGGAAGCTGTGGTTGCGAAAACATGATCTGCGCACAAAATTCCAGTGCGA

CCCGTGGACACCAGTTCTAGTCGGTAAATCATGGGTTTGCTACATCGTGCTACTTTTTGTGACGA

AGAAACCAACGGAGTTCCTGAGAAATCATATTGTTTGCACAATTCTCTGCTCCCATTAGAGCTAC

AATAGTTATATGATCATATTCGGTAAAAAAAAGATGTCCGATTTTGGTTTTCACTTTGCACCGAG

TCCTTGCCTAACGATTGAAATTTAACATGACAGCCTTTACTACAAGTTCTGTGAATGATATTGCC

GAATATTTTAACTAATACAATACCATTTTCCTTTGAGTCCAAGAAACAGTTGTTAACAAACCAGC

GAATAGTATTTTGAACATGGCCACATAAGATTGTCTGCATTAGCTTGTACTCCTTCCGTTCCAAA

GTACTTCGAACAGGGCCTTGTCTGCATTAGCTTGTACTCTTTCCATTTTAAATTATAAGTAGTGA

CTATTTTTTTATCTATTTTGTTATATATTTAGATATATTATTATACTTAGATGCATAATAAAATA

GTACCAAAAATGTCAAAGTGACTTATAATTTGGAATGTAGGGAGTATTTAGTTTTATTAGACAAT

GCCATTACTAGTTTGTATCTGTTTATTAGGCAATGCAGATTCGCAGAGAATTGCCTGCATTGCAT

TAGCTTATATCCGGACTTATTAGGCATTGCAGGTTTGCAACATTAGCTTAAACCCAGACTTTTTT

AGGCAGTGTTGTCGCAAATACGGTAACGGTACTGTTTGCTTGCTTCATGGTTGCTGTCGATTGCG

TTCTATTTTCGTTTTCTTCCGGTGAGGGTAGCATGTGGGGATGCCAGCGAGGCAAGCAGCGGCCA

CGTGGCGTCACTAGGTAGACGAACACGTGGGCCCCTGTGTGGCCCACGTGCCACGGCAACCACAC

ACTCTTGGCTTCGTGCTCTCCTCTCCGCCGCGCAACTCTAGAGACAGAGTTCAAAGCGCAACAGT

TGCGCACCCTTTTTCCTCTTCTCGTGGCCGCTCGATATACTGGCACTGCTCGCCAGAGCACGCAC

GAGTTCGAACACCACGCTCCACGCCCCTTGCTCGCAGCTCGCTCCACGAC 

 

>SbPHT4-3 

TGGTTGGTAATGGCACATCTATGCGCATGTGGACCGACAATCAGGCCCGGCTCTAGGGGGTGGGC

AGGCAGTGCGACTGCCGCGGGCCCATAGAGCTAGGGGGCCCAAGATCATATAGATAATTAGTATA

TATAATTTTTTATTTAGCATAACTACCGCATATCATCTTTAAAAGCCCACGGTAGGCCTCTTCTA

ATCTTACTATTGTATGTAACTTGGAAGTATTAGAGCACAGGTAGCAAAGTCAAGAGACTAGAGGA

ATCTTTTAAGCCTAATTAGTCCATGATTGGACACTAATTGTTAAATAAAACAAAACTGCTACAAT

AGGCAAATCCAAAAAAATCGTGAACTAAACAAGGTCTTCCTATTCTCTCCTAAATCTCTTCCATC

GATTGATCGAGGCATCAATGCACACATGCCAAGTCGGTAACGGTTGATGCTAGTTGCCAAGTCGC

AGACTCACCAGCTCGTTGTGGCACCGCGACCACGAGACGATGCAACCAGCAATGATGGTGAACAC

CAGACATGCTCTCATTCAACGAGCTCTTATCTTATGCTTGTCCAAGGGCCCTTCAAATTATAGAG

CTGGCCTAACCGACAATTGGGTGTCGGTCGGGCCACTCAACAATTTTGTGTCGTCCCTATTTGTG

GCAACATCGCGCGTTGGGAGGAAGCATGTGCTCAGAGACGCCATGATCGACAACCAATGGGCACG

TGATGTCACTGGTGCTGTAACTGTGCAGGTGGTGTGGGACTACCTAAAAGTATGGGAGCTCCTGC

GCTCAGTCGAGCTCCAGGCTCTACAGTCGGATCGCTTCGTCTGGAAGTGGTTAGCGGACGGTGCA

TACTCAGCATCCTCGACATATCGTGCCTTCTTTGTTGAATCCACTGAGCTGCTCGGTGCGGGAGA



 
 
 

ACTATGGCGGACCAAGGCACCGCCGGAGGTTTAAATGTTCTTCTGGTTGGCGCTCCTCGGAGGCT

TTGGACCGCTGAACACCGCAAATGCCATGGATTGCAAAACAATGATGCGTGTGCGCTATGTGATC

AACATGTGGAGACGGCGAGCCATTTGTTTCTAGCCTGTGTCTTTGCTCGTCAGGTTTGCCTCGGC

GTGCTGGCCTGCCTCCAACTGGTCGATCTAATGTCGTCTAGTGACCATGATCTAGGTGTTTGGTG

GATTGACCAGCGGAAGCGGATCGACAAGGCATCACGACCGCTCTTTGACAGCTTGCTACTACTGA

TTTCTTGGCTGTTGTGGAAGGAGCGCAACACAAAGGTTTTTGGGCGCACGTCATCATCTGCGCAC

GACGTCGTCGCCGCAATCACCACAGAGGGGGAAGAGTGGGCGGCCGCGGGGTTTGCGCCGCTGAC

GGCTCTACAAGCGTTGTAGTCGCAAAATCTGGTTATTTTGTAATCGACTTTCTTGTATCCCAGTA

GCAGTAGGTCTCTCTTGCAGGTGCCAAGGCTACTCGCCTTTACCTTTCTCGTGACAGGTTTGTAT

ACCTTTTTTTCTCTTCCTCTTAATAACAAATGGACACAATCCCGGTCGCGAAAGAACCTTCCCCA

CCGACACGGCCCAGTGGTTTCTTGGTCCAACAGCCCGGTAACGGCCCACCGGCATCTCCAGCAGA

CAGATAGACGAGGCCCAACGCCAAAAAACACACGCGTCAGCCGCCAGGTAGGCAGATATAACGAG

GCACCCAGATTCCCGAGCCTTGCCCGGCGCGCGATAGCCATTCGTATCCCGAGGCGGCCGCGGCG

GCCAAGTCGGCCACACCACACCCCCGCCCCCGCTCCGCTCCGAAGAATCGCAGCCCGCCCGCGCG

CGCGCTCGACCTGCCTATCGCCACCACCACGCGGCACCGCTACAGCTCGAGAGAGGAAGAGGAGG

AGGAGGAGGAGGGGGCACAAAAAAAAAAATCTCCGCCACCACCGGGAGCTTCGCGTGCGCCGCTT

GCTCACCGCCCGCCCGCGCGAACACGCCTGCCCCTCCTTCTGCAGCAGCC 

 

>SbPHT4-4 

AATTTTTTTTAAAAAAAAAATTTAGGTGCAAGTAAATAAGGCCATATGTCTCTCTTCAAGAAACG

TCACTTTTCATTCTCCCTGTTCTTTTCAACCTTCTGTCACTCAATCACAGACATGCCCCCCCTGC

ATCGCTGTTGTCCACAAGCTCACAAGTCACAACGCGTGCTCCAGTAAGATCCTCAAATTTTTTTT

GTCAGATCAAGCCAAACCACTGGTGCTTCGGCAAAACTGTCTGGACATCAAGCGCTGCGTGAGGT

GGATGATGCTGGGTGCCTATGTGGTGGTTGAGGCAGCACGCCAGGTAGATGCGTTGGAAGCCCTT

TACGAGCTGCGCGTGTCCCCGGTGTGGGTCCCAAATCCTAACAGCAACAACTACTACAAAACAAC

GTTAAAGAGAATCGAGGATTCCAAAGCTCTGCGCGACGGTCCGATGGCGATGTAGCTCACGGGTG

CCGGGGGACCACAATTCCAATTCGGCAAACAACCGCTGGGCCAAATTCAGTCGTCAGTTCATAGC

CCGTGACTTCTTTTTTTTTAGAAAAAAAATATTTTCGCAACTTTTTTTAAGCTATAAAGTTATAC

TTATAACTTTTATTATGTACACCCTCCATTCCAAATTGTAACTCATTCCAAGAATTTTAGAGAGT

CAAAGCATTTTCACGTTTGACCAAAATTATAGAGAAAAATACTAAGATTTGTAACGTAAAGTGAA

TATACTGTGAAAATATAATTAAGAAAGAATCTAGTGATACTACTATAATAATTATTATTTTATAA

TATAAATTTGGTCAAACTTAGAACTCCAAAATTCTTGGAATGACTTACAATTTGGGATGGAGGGA

GTATTACTTTTTTGAGACAACTTATTTCTATATTTTTTCTTAATAAAAAGCTATAAATCTATATA

CATAAATTTTATGTATACAGGTGATGGTGTATTATATATTTTTGTAATGTTTATGTTGTATATAT

ACGATATAAATATATTCAGTAATGTTTATGTAGTATATATATCTGACGTTTTATGATGTAAATTT

TTTATGTTCATGTAGTTTTTAAGATAAAGTTATTTAAATATTTTTTTAAAAGAGAAGTTAACAAG

TTATGATGAGAAGCTATCGTGATAAGTTATTATATAAAAAGTTAGGCGTATAAATTAGGACTTGC

TAAATTTCAGGTGCCTGGATTTGAGTTTCTTTTTGGGCAACGTTAATATATATATATATATATAT

ATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATA

TATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATATAT

ATATATATATATATATATATATATATATATATATATATATATATATATATATATATATAAGGATA

AAATTTAGTACGTTATGATACAAAGACAAATCACAAAAGTTGTAGAAGGGCGTTGCCTCTTAAAA

TTCAGGCAACTCGAATATATGACAAGCGTAATAAGTTATTATATGTATAATCTTGTAACCTCCTA

AATAGAAAAAGGTTACGAAAATGTTTTTTTTTTAAAAAAGTCGTGGGAGGCAGGGGATTGACCAC

TGGTTTTGAAACAGCTGTCGATATTCAGTGGCGTCGGCCGGGGACACGCCCGCAGACCTGGCATC

CCTCGCCCCCACTATCTCCCCCCTCACGCTCACGCCCCTCGCCGCGGGGCGCCACTTCTCCACTT

TGCTCATCCTATCTCCTCACCGCGCGCTCTCTACCGCTTCTTCCTCCCTCTCCCGCGGCAGCAAC

GTGGTGAGCGAGACCGGCCGCTGCTCAGCTGCGGCGGAGGCCCAAGCCCACCAGCGGAGAGCACC



 
 
 

CGTTCATGGGGCGGCGGATGCTCTAAGCCACCGTCTCTCTTTGCCGCCTCATACCCTCTCGCTTT

ATCCCGTCTTCTAGCTCGCTTCTCCATTCGCCTTCTCCAGAATCTTGCGG 

 

>SbPHT4-5 

AGTGCCGGATCAAACCCGAAAAAGCCTCGGCTAGTCGGCTCTCACGCAGAAGTATGCCTCGCGCG

GGCACCGCCGCCTACCTGCGTGAGCATGATATGGATCGCGTCGCCGTCGTCGAGGCCGACCTCGT

TGGGCGTCTGGTTGGGCCGGATGGTGCGGCCGACAGGGTCCAGGAACAGGACGGCCTTGGGGTGG

AGCGAGTGCTTGCCGCAGTACATGTCCATGAGCCGCCGCAGCTTCAAGTCGCGCTTGACGCGGAA

GAAGACGTCGTCCGCGGTCTGACTCTGCACCTTGACGTTGATGAGGGCATCACTACCACCGTCCT

CGCCCGCCTCGGCCTTCACCGTCTTCGTGGCCTCACCCCTCTCCTCCTCAGCCTCAGCCCCCTTA

CCCCTCTCCTCCTCCTCCTCCTCCTCAGCCCCGTACCCTAAGCTGGCCGGCGACGGCGTCGACAT

TGATCCTCCCTCGTCCGTCACCTCTCTCGCCTTTGCTCTAGGTCTTATAGGGGTTCGAGGAGGTT

ATAGGAGAACGAACCACACAGCGATAGAAAATCGAAAGTGAGAGATCAGAGATGACGGAGAAAAT

GGGTGTGGTCTTATATATGCTCTGATGAACTGTCTTTTCAGATAAAAACGGCGTGAACATCGGAC

GCGTGGGGAAGAGGATTGATTCGCGCTGAGCCTACCTGACTGCCTGAGGCACAGCCGCACAGGAG

TACACTTGCTCTGTACCAAAAAGATAAATAATAAACTTCCTAAATAATTTCGGATAAATTAAGAA

TGCTGTCAAAAACACATCTATCTTCGGTTCCTTTTCTTCTACATACAGATAGTATTTTCTAGATT

TGGCAGTTATTGTTTGCATGCATCCGTGATATCATTTTTGGTTGATATAAGAGCAATTGCAAAAG

CCACTTTATATCTTTCCTTATTGACAAAAAGTTAGATTTTTTGAAAAAAAAATATCCTTTAGTAA

CTTTTAAAATTAGATATCCAAGTATATGTACAAAATATTAAAAAAATTATTAAAGGATGAAATGA

TATAGAAAATAATTTTTATTTAAATGACTCTTCACTTTTAAAGATTCGGAAAGTGAGTCTAAGAA

AAGTGGCCTACTTCATCAATAACCATTCCATTTGCAAAAGGTGTTTGGTTTATGACCGTCACCTT

TGATCAATCACTAGTGGCGTCTCTTAGATAGTAGTCCCGAGTGGTGGATCTAAATAGGGAAAAGA

GGGGGACTAAATAAGCCCGTTGGGGATGGCGAATTATTGTCTAATTATAGACTAACTAGGCTCAA

AAAATTTGTTTCACAAATTACAGACAAACTGTGCAATTAGTTATTATTTTTATTTATATTTAGCA

TGCATGCGTCCAAAGATTCGATATAATAAGAAATTTTGAAAATTTTTGACAAATTTTGGGCTAGC

TAAAATTATTTTAGCTACTCTTAAGTAACTAATAAAACTAAACTATTTTTTAGCTTAGGCCTTGT

TTAGATTCAAAAACTTTTTGGATTTTGACACTGTAGCACTTTCGTTTTTATTTGACAAACATTAT

CCAATCATGGAGCAATTAGGCTTAAAAGATTCGTCTCGTGATTTACAGATAAACTGTGTAATTAG

TTATCTTTTTTATCTATGTTTAATGTTTCATGCATGTGCCGCAAGATTCGATGTGATGGGGAATC

TTGTAAAATTTTGGATTTTTGGGTGTATCTAAACAAGGCCTTATTTTAGTCAATGTGTTTGGAAC

TTTAGCATTAAAGTTTAGCTAGCTAAAATTTAACAATAGGAATTAAACAGGGCCTAAAAGTTTCA

TGGGCCCTGATCCAGTAATCCTAGTCCCTAGAGGCCTTTGTTTCAGCCGGGGTATAGAAGTCACC

AAGGGCCGCGCACCAGACACGTCACTCCCACCAACCCACTTCAGCAGGATGCCAGGATCAGTTCC

ACTCCGCGGCTCCCCCTTGCCCCGTGACTCCGCGACGGAGAAGAGAAACC 

 

>SbPHT4-6 

CTGGGTGGCGAAGGGCGCTCGCGCTGGGGTGATCCGGCTGGTCGCGCTGGACCCGCGGTCGCGCT

GGAGCCGAGGCAGAGCCGGCTGGCGGTCGCGCTGGGGCAATCCCGCTCGCGGTCGCGCTGGGCGG

AGGCCGCGGGGTGCGGGCGCGATGGGGTGGAGTCGGGTCGCGCTGGGCGGAGGCCGCTCGCGGTC

GCGCTGGGCGGACGCCGCGGTGGGGTGGAGTCGGGTTGCGGGCGGTCGCGCTGGGGGCGGGGGGG

GGGGGGGCGGGCGCCGCCGCGGGTGGAGTCGGGGGAGGAGTTGGGGAGCAGAGTGGCTGGGGAGC

AGAGTGACTGAGTTAGGGTTACGTTTTGGGCTCCAGTTTGGGCTAAAGTTCGGGCTCAATTTCGG

CCCAAATGCCACTTCAGGTTTAGCGGAAAATAGCGGCGCTAAGCCGATATAGCAGTTTAGCGGCG

CTATAGCGGAAAATAGCGGAAATAGCGCTGATAGCGGGAAAATGACTGATATCGTCGCGACGTTT

TAAATATCCCGCTATAGCGGCGCTATAGCGGAAAAATAGCCCGCTATTTTTTTTCGGTGCTGATA

AGTCATGACAGAAAGTATTGTTAGTTGATTTATTATGAAAGAAAAAACACTGTTGATTCAGCTGG



 
 
 

TAAAGCTCAAGTGAACAAGCTCGTGGGCGAAGTTGAAAAGAAAATTTTCTTTTATCAAAGTGGAA

CACTGTAATTTGGTAGCTAAATATGTTTGTATGGAGAGAATCCTTAGGTTCCTAAAAGCATTTAG

CTCCGCTAGTGCACCGGAAGACAGTGGCGGAGCTTGGACACAAAATCAGGACGGGCCAACACCAA

TGACAATAGTGGTCACTTCAAAAATTAATCAGTAAAATCACAAAAGCACACTACTTTTACTATGG

AGTTTGGAGTTTGCACAAACATAGGGGGCCTTGGCCCATCTTGACCCTAACGAAGCTCTGCCTGT

GTCGGAAGAATCAATTCCTACGTTCAACCACTCACATCTTGGCCCTACAAAAAGGTTACAAACAT

AAACGGATTTTATACTTGCCATCAGAGGAAATAGTAGTCAGTGCCAATGTGCTGGAGGAGACAAG

GACGGGCTCGTGGCGACGACGACGATTCCGGTTCAGAAAAACGTGGTTGGTGTATACTATGGTCC

AGATAGGTTTTGGGCGCGAGCATACCTCCCGCGCTTGTGTCATTGGCGCCACCAAACTAATCACC

GGAGATCAGGATGGTCATGGTCGTCGACGTCCGTCCAGGGCCGCCAACCAACCCCCCGGGACTCT

CCGGCCGCTGGTCATCACAGGACGAGACGACGACCACGTGTGCAGGCTCATTCTCTACCGGCGTC

CGAGCGCGTCAAAGTCATCGTCTGGCTTTCGCCGTGGCCGGGTAGGTGGCGAATCGAGCGAGCCG

TGGTAGGTGCGGGCGGTTCGTCCCACCGGAACGCCGGCGGCACGGCGTCCGGCCCCCGGCCCCGA

CACGGCGACACCGCTAAAACACACTGCCATTTGGCCAGAACCAACCAAACGGCTCGTCGCCGATT

TAAGTAAGCCACGTGACTGCCAAGCCGGCCACACTCTCCTCTCCCCGTGCTTGTCTTCTTCTTCT

CCTCCCTCGCTCCGGCTCCGATCTGCCTGCTGCCGCCACAGTGCCACCTACCGTCCGCCCTCAGC

TCGACCCCGTCGTGGCCTCGTCAGTCGTCCCCCGCGCCGCGAGGTGGTCCTAATTTAACCCCACC

AACTAGGGCCCTACCACCAACCCAACCGCCGATCAACCGCTCCCGCCGCCCGCACTGCCATGGGC

CAGGCTCGCCGCGCGACGCTCTCGTCGACCCCCGCCGTGCTCCTCTGAGAGACTGAGAGGCAGAG

CTAGCCAGCCAGCCAGCCCCTGCTTGCTTGAGTGCTTGCCGTGTGTCGGGCTCGGCTTCTCCTTC

TCCTTCGCCCACGCGCGGCGCGGGGTTGTTGGATCAAAGCTTGACCAACC 

 

>SbPH01-1 

TGGCATATGGTTCCACCAAACCGTCACCCTCCACTACCAAGCAGAAGCGAGGCCCACCAATCATC

GCACCATCGTCCTCCTCCTAACCACTAGCTTTCTCCATCGTGGACATTGCAAACTTGAATCCTCA

ACTAGGCATTCACCTTCCTTGCCATGACGTTGGTCGCCGCTGCAGGCTGACCAAGCATGAGCTTC

CAAAACAACACCTACAAGGAGGGATGTGACACCACCGGTGCCACCATCGCCATTCCTAAAGGTCA

AGGTTTTTACCCAAGGAAAACACAACACAAAGGGGAGAGGGTGTCCGATTGACGCTTACAAGGAA

GAAAATGGTGCCCGAAGGTATCAGTGTCATCGACCCAAGACGGAAAAAGCTTTCACCATCATGCC

TCAACCTCGTGCATAGTAATGCCCATGGCATGTCCGCTGCGCTAGCCGCCACCTCGTTTGACTGA

GCCACCTAGTATTGTTAATGCCGCCAATCGTAGTCACGAAACTCGCCACAACGATGCCACCACCA

CTATGGTCATAGATCCCAAGTTGGTCGCCAAAACAGCCCCTCCATCGCCGGGTAGAGCCACCATC

GAAAGGAGAGGAGAGAAAGGATGGAGGAAGGCCCCGTTGCTAGCATCCTCTCAACTGTGCGGCCT

CTGGCAGCATGCTCTCGTAGGAGCAAGAATGCACGGGGAGGGATGGAGGAGGGGCTGGGGAAGGC

AGCGATGCCGCTCATGTTACCCAGGTGGAGCGACACGAGGATTGAGAGGGGCCGTGTAAAATGAT

TGTTTCCTACATATATATGCTAGTGTTGAACCACATGTCATGATTAGTTAGATTCCTCAGTTTTT

AGTTTCTTTGTTTTTTCAAAATTATTTGCTGAGGTGGGCGTCTTACTGTGTCTTTTTGTACTAAG

CCATACACGGACTCGTATCCGAAAATCACTAAGTACTAGTGCTGTGTATGAAAGGGCATTGCACA

AAAAGGACATGTAGCTTAGTGGTTACAAGAGCATCAGTAGCAACTTAGGTTCTAGGTTTGACTCC

CCATGGGAGTGAATATTCTAGGATTTATCGGTGTTGTGCTTTAAGTGGTAGACGACGTTTCTATC

ACAACGATACGAATGTGGTAACTTTATCAATCTCGAAGATTATCGATCCAATCTTTGAAGATACT

TATAGAGATAAGATTTGTATGAGTAGGTTTATAGGAGTGAGTGTACATACGTTAAATTAAAAAAG

GGCATTTAATTTTTGGGATGAGCCACACGACCATAGAACAAAAGGTGGAAGTAGGTGGATAAATG

GCTCCTACTTTCTGCCACCATGTTCCCGGTAGAGTACTTGTGCTCTACACCTATACATATACCCA

AGTAATGGTGTCTGGACCAAAATGATAGGATTGTTGAGCACCATGCAATTAGCATGAAGGGGGCC

CACCCACCACTAGCTAAACTATTCATCTCTGCTGTGCTATACCACCTTTAATTTGTCCACTCGCT

CACCACATACTCTCTCTTGCCACCATATATGCAGTTGCAGTCGATCTCTCTTCTCTACATACAAG

AGCACGCAGTTTCATCGTCGTCCTTCTCTCCATAGAAACACACACCTGCTTCTTGTTCAACTCGA



 
 
 

TCATCTCCCTCCCTTCCACGCCGTACTACCACCCTCGGCCTGGATTATTACCTCCATCCATATAT

AGCTTTGATATCTCTCGCCGATCGATTCCCTCCTGGAATCCAATCCGATGCGGCGGCCACCACCA

CCACCACCATTGCCAACCCAAGTGGCGTCCTCGTGAGAGGTTGGCAGCGAGCTACATCAGCGAGA

AGCCTAGGACGCGCAGTATATCTCGGAATGTGCTGTCTTCCAACATCCGCGAAGCTATTCTCCCT

CACCCTGCCCGCCTATATAACCATCGCCATGGCTCCCCCTCCCAACCCCCACCAGAGCTAGCTAA

TACTGCTACATCACTACTGTTATCGAGCTCGGTCGATCATCAGTCTAGCC 

 

>SbPH01-2 

AAGAGATGGGTAAGGCTATATACCAAAAAAAGATACATGGTTGTTTTCCTTCTTGAGATTCAGAT

ACTAATGGGTAGGAATGAAAACGGTATAGATATTTTCCGACCGTATTTGAGACCAAATTCGTTTA

GAGAGATTCAGATATGTCCGTATCCGAGTTCAAATATTCAACATCTGATACCGTATCCGTATCTG

AATACTTAAATCTTATATTTATAATGTCGACATCCAATCATATCCTATCCGACATAATTAACATT

ATCCATATTCAAATCCGAATCTGACCAGAAATATGAACTCAAATATGATATCAGTGATATCCGTT

GATATCCGATCTGTTTTCATCCCTGCTAATGGGGACGGGTTCCCGATCTTTCGTCAGGTTCAAGA

TAAACAATGATTTAGTCGGAGAGCGACACACTGATCCGGCTTCAGATCACAAAGACCTGAACCCT

GGAACCTTAGCACCACGTCTCCTCAGGTTATTGACTGACACTGTACGGTTGACCTTGTCAAGAAG

ACTAATCCTTGCCTGTGAATTGAGAAACACAAGAAAGAATGCAACCAAATTTACAGATGAATGAT

TAATCTCACAAAGTTGGGGTCTCACAAACCGATGATGGCCAAACTGTTGTAAATAGAATAATCTA

AGCAAAACTGAAACCCTAATGAGAGTGGCGCCGACTAATTATAAGGTGTCAGGGTCGTCACTCCC

CCTGGACGTGCCCCCCTAATGGGCTCAATGAAGATACATGACCCAACAGACCAAAAACGGTGACG

CAACACCCTTCCAGATTCTGGATGCTGACTTATTTTGACAATTTCTATTGACTCTGAATGTATAT

TGACGCGAAACCAAAGCCATTAGTTAGCTTATCAAATTATCTTTCCATCCATACGTGGATCATCA

AAAACTGAGTCCGAATGTATCGTGGGTGTCTGTGTTTACTGCAGATTGCTTCTAGATTCCGAGGT

GGACTCAAACTTGATTTAGGCCTCCACCTTTGGTGACTCAAACCATATAAGCTTTAAGCCTCCTT

CTCTATTTGGATACCCTTGCTCATCTACTTAGCCTCCATGTGATTCTCTAAGCATGGTCATGTGC

ATGGCGCCCATATCCTCATCAGATACAATGGATATATTTGTGTTCCAATTATCACCTAGATGTTA

CTTAAACTTTTGGTCATATATATATATGTGATACGCTAGCAGGGTATAGTACTGGCGCATTTAAT

TTAGGCCCTGTTTGGTTCCCCCAACTAAATTTTAGCTAGCTAAAATTCTTTTAGTTACTCTTGGG

TGACTAATGGAACTAAACTATTTTAGCTCTTTTTAGTCAATGTGTTTGGAACTTTAGCTACTAAA

GTGACTAAAATTTAGCTAGCTAAAATTTAGTTGGTGGAACCAAACAGGGCCTTAGTTCAAGCAGC

AGCATATAGAAACCACCCAATGTTTCTGAAGCAGCTAAATGAATCTGTGCTGTAGATGAGGAGGC

AGGCAACATAACATGTCCGAGAAGGGGTCGCTTGAGAACATCTAATCAGTCGTTGAAAGCCACTG

GTGGTCTCGGTAGTTGCCAAAATTTACCTGTATTCTTCCATTTACCCATCTCTCTGCTTTCTGGT

ACATGGCAACCATCATCAGAGGTTGCAGCAGCCTAAGCCAAAATGCGCTACGCGTCAATCCATCC

TATAAAATACCCTCCCTCCCACTTTCCCTCTCTATCCCCTGTCCACTAGAACACGTAACACAGCG

ACTTGTTACATTCCCCTGTCAGGCTTGATGCTCATCCAGTGATCACAATTCAGAACAGGTACGTA

CGTAGCTAAGAGCCACAACCCCCCATAGGCAACAATTCCCCCCCATGTTGCATGCTAACAGATAC

TTGAGAATGTGCTAACCTAACCCTGTCACAATAGATTCTAGTCCCAATTGTCCAACGAACTGAAC

TCTGCAGCACACTCCATCATGCACATGATATAAGTCCACACACCCAAAGC 

 

 

 

 

 



 
 
 

 

 

Promoter sequences of Saccharum spp. hybrid (Sh) cultivar R570 PHT gene (ShPHT).  

 

>ShPHT1-1 

TAATCTAACAATTGATTCCCAAATTTATATACTCTTGTTGTGGTTTGGATGCAAGAAGCG 

TTTTATATTCTCAGGTGATTCTTCATAATCCTTGCAAAATGTACTAAAATATGAAATATT 

TCTCCTTGAATCACCCAAACACTACAAGGCCTTGTTTAGATATCCAATTTGGGGTCCAAA 

TTCTGCATAGTAAAGGTCATGTCACACTGTAGCAATTTTGTTTTTATTTGGTAATAATTG 

TCCAAATCTTGATTAATTAGGCTCTAAATGTTCGGCTCGCAAAGTACAACAAAACTGTGC 

AATTAGTTTTTTATTTCATCTACATTTAGTACTCCATATATGTGCCGACATTTTGATGTG 

ACGGGAAATAGGAATTCTGCATAGTGAATTTGGTGGGCAAAGTTGAGAATCTAAACCAGG 

CCCAAGGGTGAATCACCCAAAAAGGATATTTCCATCTGTTTCGATTAACTTGCTTCTCAT 

TTTCCTTGAAGAATTCGATTCTATAATAGCTACAAAATGGTTTTGAAGAAGCGATAGAGA 

ATCACCAAAGAAACATTTTCAAGGAGAATTCGGATCTAAAATGTTTTGAGGAGAATATGA 

ACTCTACCAAAGGAGCCCCTGCTGTAACTGATAATATATGTTTGGGTATTTATATAAATA 

AAAAGGGTAGGAGAGGGAGAGTTTCTTGTAAACATGGCAATGGTAGTTGAAATTGAGGAA 

TTATTCATGTTGCAACAATATCCACTGTTTTTCTAGGGCCAGTATCCGTTGAATTTGGTG 

ACTAGCGCTGCACGATTATCAGGGTGGGTGCTGCGTGGTGGAGACTCCAAGTCGTCGATG 

TGTGCTGCTAGCCTGCTAATGTATTAACAAGTGCTAACTGCGTTCGCACCTCACACTCAT 

CCTGTCCTTATCAGCAACCAAGTTTCTCCGCAAAGGCTGCGAGGGGTGGACTTCAGGCTC 

CGTCCGGGCCTCCGGTCATGGCGAAATGGAACCCGCCGGGGCAGAAAACGGCAAAAAGAT 

ACCAGTTGCGTGACCTCACGCAGAGAGTGAACTGAGGCTCTTGCACGATGATCCCCTCCC 

CTGTCCCCTGTATCAATTTCAATTCGGACAAGAGGAATCGACGAAAATGAAAATGAAATG 

CTGTAAAGCCTTTTCGTTTGTCAAACCGACTGTGATCGGTGCGAGCGTGCGGCCGCGCGA 

GCAACTTGAGCAACCGCGTGCGTGCCCGAGTCACGCCTGCCCAGCCATCCCAGTCGTCGC 

CTGCCGCAGGGTGACACCCGACTTCGGCCGTGGACCCGTGGTTAGATGCCGACCGAATCG 

GCAAATTATCCAAAAATTGATTAATTAGACTAAAAACGTTCGTCTCGCAAAGTACAATAA 

AACTATGCAATTAGTTTTTGATTTCATTTACATTTAGTACTTCATGCATTTGCCGACATT 

TTGATGTGATGGAGAATCTTCTTTTTGCATAGTAGAATTTGGGGGAAAATTTAGGAACTA 

AACAAGGCCGATCCTTCCTGGGTAGTAGTCTAAACTACGGCTGTGTTTAGTTGTCCTAAA 



 
 
 

AAGGATGAAAAATGTACTGTAGTAGGTTTTGGCTTTATTTGGTAAATAATGTTCAACCGT 

TGACTAATTAAGTTCAAAACGTTCGTCTCGCAAAGTACAACCAAGCTGTACAATTAGTTT 

TTGATTTCATCTACATTTAGTACTTCATACATATGTATCGCAAATTTAATGTGATATTTT 

TTTTCATAGTGCTTTTAACACAGGCTACACGGCGGACGCCAGCGGCCAGCCGCAACCCAC 

AAGCAGAGTAAAATATTCCGCCTAGGATCCGTGGACCGAGCAGCAGTGAGCTCTGACTCT 

GAGCAGAGCTACATATACCCGTGGCCGGCCGCGCCATTTGTGCACACACCAAAGCTTCAA 

GCTACAAATCCCAGCCTTGCCCCCCGAACACACTTCTCTTGTCGTCGCAGGGCAGCTAGC 

CAACTAGCATCCGACGCGCCA 

 

>ShPHT1-2 

CGTAATAAAATATGCATGCTTAACATGATAGAATGGATGCCATGATGCGTGATGCATGAT 

TATGAATAAAACATAGCATACAAGAGACATTTAGAAAGGATAAACATTAGTTATCTACTT 

GAGTACAACTTTCCTTCGCGGTATAGTTGCAAACTAACAACACTAATCTATCATTACAAC 

TAGGGTTCTTTAAGTGGTTAACACTAGTGACTTTGATTAAGTACATGAAATATCATTAAC 

ATACCCTATTTACATATGACAAGGTTAACATGAGCATCAAGCAACTTAATTAAGGTGCCA 

AGGATCATCATATGTTTATGATCCAAGGTCAACAATCAATCTCAAAGTCAAACAATACTT 

AAGTCATTAAGCATTAATTACATGATTAATTAACTAATCAACAAAGCATAAATTAAGAAG 

AAAATCAACATTGTCCAATTGAGCCCAAAATTTTTATTAAGGTTGGTTATATCATAAAAC 

AATTGTAAAACAAATTTCATAATTTTTGGACCAATATTAAAGCCTAGAAAAATTATAGAA 

ATAGAATTTATTAATTAAAAGGCATATTTTTATCACATACAAAAAGTGCTCAAAATTCAA 

GTTTCATATTTTTCCCATGTAGAGCATCACACAGAGAGGCTACACAAAAATTTTAACTAT 

TTTTGGAGCGAGAAATAGTTTTGTACAATTTTTCCAAATAAAAATCATTATTTCACAATT 

TCTGAAAATAAGAAAAAGTAAAAGGGCACTGTTCCTATGTTGACCCTGGCGGCCGATGGA 

TTTTGACCGGCAATTCCTCGACGGCGGTGAGGTCGCCGGCGATGAGGTCAGTACCAACGT 

GCTCGGGGTGACCTTGTGCATTAATTTGTGGTGTTTATTGGGCCGATATGGCACGGCGGC 

GAGCTTGTCGCCGGCCATGGCGGCCGTGGCGGCGCGGCGAGGTCACGCCGGCGACGAGAG 

ACCGTTAGAGTTCAAAATTATGGCGTGTACTAACCCTGTGGCCTTACACGACGAGGCTGC 

GCGAGCTAGTTGAAGCGGAGAGGAAGCAGAGGCGGCTGTCTGCGTTGCCGGCAACGACGG 

CGGCGCACACCGGCGGCATGGTCGGCGTTCCGGACGATTCCGGCCGCGAGGGCGGGCGAA 

AGCGGGCTCAAGAGAAGCAATAGGATGTGGCGATGCTGCAGGCGTGAGCTATTGGCCGGG 

AACGCAGCGACGACGGCGAATTTCGCCGGCGCGTCGAGCTCGCCGGCGGCGAACAGAGAG 



 
 
 

AGGAAAAAGAGGAGGAACGCCGGTGGCTTCGCGTTTAAAAGGACAAGTACGACGCCGTGC 

CATCAGGAGCGGCTTCGCGAGCTTGGTCACGCATCCACGCGCGGGAATCGCCACGAAGGT 

GTAGCAAAATCGAGCACGGCGGCGACGCGACAGCCAGGCAGAGGAGAAACCCGCCGGGGT 

AGTGTAGCTCCCCTCCCAAAATTTGATCTTTTTCGGAAATTGCGAAATTACTTTCAAATT 

TGTATTGAAACTCGAAAAATTTCCAAAATAGAAGTTGTTCAAAACTTTAAGCTCTACAAC 

TTTGGTTTTTTAACCAAACTCAGATTTCGAATAGTTTTTGAAATTTGAAATCAAATTCAA 

ATGGGAGCACTTTTAGGGTTTTAGAAAATTCAAAATTACTTTAAATTTTTAAATAAAACT 

CCTCCTATGCTCCAACACGTCAAGGCGGAGAGAAAAGGAGGGAAGCGATGAGGGCGGCGA 

GGCGGAGAGGAGAGATGCGGCGGCTAGGGTTTTCAGGGCCACCCAAATTGCCCGTGCGCG 

TGCGGGAGCGACTCGCGGATTGGGTCGACTTCGGACTGCAGGTTAGTTCCTAGAAACTTC 

GAGGGCCTTTTCGCAAAATGTACAGAGACAGATGTCGACGCAGCGATAGGCCATCGATGC 

TTGGAATGCTATGGTGCGAGCAATCGGGTCTTTAATCAACCCCGATTCCATTGGAGGGGC 

AAATCTGTCTTTTTAGGGGAA 

>ShPHT1-3 

TCTTCGCAAACTTCGGCCCGAACGCGACCACGTTCATCGTGCCGGCCGAGATCTTCCCGG 

CGCGGCTCCGGTCCACCTGCCACGGCATCTCCGCTGCCGCCGGCAAGGCTGGAGCCATCA 

TAGGAGCCTTCGGCTTCCTCTACGCGGCGCAGTCTCAGGACAAGGCGCACGTGGACGCCG 

GGTATAATCCTGGGATCGGCGTGCGGAACGCGCTGTTCGTGCTCGCCGCGTGCAACTTGT 

TGGGGTTCTTCTTCACCTTCCTGGTGCCGGAATCGAAAGGGAAGTCGCTCGAGGAGATGT 

CCGGCGAGGTCGACGGTGACCAAACCTCCGGCAACGGCGCCAATGCCGTGCAGCCTTCCG 

GAGTTGAGATAGTGTAATCCTTCAGAACGCAACTACACGCGGCACGAGAATTTGTAACGC 

GGTTAGATGACATCGTAAGTTTTGTAATCATGTTATTAGACGTAGGAATAGGTTTGGAAC 

TTGGAAGGGTAGCGTGTGTAAGATCCGCTCTCAGTTAATCAGAAATGAAAAAGATATTTC 

GACCGCGGAAAACTCAAGCTTTGCAAAGTTTTATAAACATGTACGTTACTCCCTCCATCC 

CAAATTATAAGACGTTTGACTTTTTTTGACCTCAAGTTTGACCACTCGTTTTATTCAAAA 

AAATTATGCAAACGTAGCCAAATTTAAGTCATTCTTGAAGAACTTTTATTAATAAAGCAA 

GCCACGATAAAAGAAGTGATATTTTGTAAAAAAAATTTAATAAGACGAGTGGTCAAAGTT 

GGTGTCAAAAAAAGTCAAACGCCTTATAATTTGGGATGGACCTAGTAGTTAAATTATATG 

CACATTTTATACTTATAATAACTTGAGTGAATAGGTTTCTGTTCATTGTGACTACTAGGT 

GATATTAGACGTAGGAATAGATTTGGAACTTGGAAGGGTAGCATGTGTAAGCTACTTTTT 

TAAAAAACGGAAACGTAAGCTACTCTACTGTTTGCGAGTTTGTGTATGTGATATCCGGCC 



 
 
 

CTGTTTGAATTAGACTCATGGTGGCACATGCGTGTGTTAATACGAGTTTGTGAGGGTGTG 

TTAGGCCAACATATCAGATTTTTAGAGTCTATATACCATCAAACCCCCTACTAACCCTTT 

TATGTGAAGCGGTGATGGTAAGTGGATTGGTGAGGTTTTGTGGTTCGTTTAGTGTATAAA 

GCAGATGTGAGTAGTCTGGACTTCGAGGGTTCAATAGAATCATCCAATGGTTGGTTGTCC 

ACTCTCGTTTTCTCATCAATCAATATAACAAGAGCGTTGGAACAATGTTGCTGCGATCTC 

AAAGAATGTAAGCTTGAACTTACTTGTGTAATGTGTATGATTACGCATATGGTATGTGAT 

GTGGTTGATGGTGATCTACTTGTATGAATGGTGATCTTGACCATCACTTAAGAATTGAGA 

TACATCTCCCCAATCAATGGGTATAAAAATTGTTCCGCTTCAATCAATTGGGCCTTTGGG 

TCTATTTGGATTACCAGATTAAAGTTTAGTACATAGTTGAATTATAGGCTAAATATGGAT 

TAATTAAAATTTTCTTTTTCTAATAAGTTCTACTCATCAATTAGCCTTTATTAGTTTTTG 

TTAGAACATGATTAGCTCATGTTTAGCCCTTCAATTTGGCATCCAAACACATGGAGTAAA 

GTTTAGTTTAGTTCATCCAAACACCTCCTTAACTAGTTAGGATAATTCGGATGGTATAGG 

AGAAATGCAGAAACATATGTACAGTAGCTTTTATTTACTCATGAGAATGCTAGTCAACCA 

ACACAAACACCAACGCAAATGAAATTCTCGATCGAGAAACTACCCGGAAATAGTTCCGAA 

TTATACACAAACCGCAACAAAATCAGAAGGTAATAAATCACACAATGATAGAAGCAAAAG 

CATACAGACAAACCATTCGTGCATCACATATGCATGCTCGCAGAAAGTGCAATGTACGTG 

CAGAGGCGGTGCAGATCTCTC 

 

>ShPHT1-4 

TATTACACTTATCTGTGGCTATATGTGAGATTTGTCTTCTTTATTTCACATATGGTGTAT 

GTCTGGTTTTGTCCTTAAAACCGGGTGTGACATAATCTAACAATTGATTCCCAAATTTAT 

ATACTCTTGTTGTGGTTTGGATGCAAGAAGCGTTTTATATTCTCAGGTGATTCTTCATAA 

TCCTTGCAAAATGTACTAAAATATGAAATATTTCTCCTTGAATCACCCAAACACTACAAG 

GCCTTGTTTAGATATCCAATTTGGGGTCCAAATTCTGCATAGTAAAGGTCATGTCACACT 

GTAGCAATTTTGTTTTTATTTGGTAATAATTGTCCAAATCTTGATTAATTAGGCTCTAAA 

TGTTCGGCTCGCAAAGTACAACAAAACTGTGCAATTAGTTTTTTATTTCATCTACATTTA 

GTACTCCATATATGTGCCGACATTTTGATGTGACGGGAAATAGGAATTCTGCATAGTGAA 

TTTGGTGGGCAAAGTTGAGAATCTAAACCAGGCCCAAGGGTGAATCACCCAAAAAGGATA 

TTTCCATCTGTTTCGATTAACTTGCTTCTCATTTTCCTTGAAGAATTCGATTCTATAATA 

GCTACAAAATGGTTTTGAAGAAGCGATAGAGAATCACCAAAGAAACATTTTCAAGGAGAA 

TTCGGATCTAAAATGTTTTGAGGAGAATATGAACTCTACCAAAGGAGCCCCTGCTGTAAC 



 
 
 

TGATAATATATGTTTGGGTATTTATATAAATAAAAAGGGTAGGAGAGGGAGAGTTTCTTG 

TAAACATGGCAATGGTAGTTGAAATTGAGGAATTATTCATGTTGCAACAATATCCACTGT 

TTTTCTAGGGCCAGTATCCGTTGAATTTGGTGACTAGCGCTGCACGATTATCAGGGTGGG 

TGCTGCGTGGTGGAGACTCCAAGTCGTCGATGTGTGCTGCTAGCCTGCTAATGTATTAAC 

AAGTGCTAACTGCGTTCGCACCTCACACTCATCCTGTCCTTATCAGCAACCAAGTTTCTC 

CGCAAAGGCTGCGAGGGGTGGACTTCAGGCTCCGTCCGGGCCTCCGGTCATGGCGAAATG 

GAACCCGCCGGGGCAGAAAACGGCAAAAAGATACCAGTTGCGTGACCTCACGCAGAGAGT 

GAACTGAGGCTCTTGCACGATGATCCCCTCCCCTGTCCCCTGTATCAATTTCAATTCGGA 

CAAGAGGAATCGACGAAAATGAAAATGAAATGCTGTAAAGCCTTTTCGTTTGTCAAACCG 

ACTGTGATCGGTGCGAGCGTGCGGCCGCGCGAGCAACTTGAGCAACCGCGTGCGTGCCCG 

AGTCACGCCTGCCCAGCCATCCCAGTCGTCGCCTGCCGCAGGGTGACACCCGACTTCGGC 

CGTGGACCCGTGGTTAGATGCCGACCGAATCGGCAAATTATCCAAAAATTGATTAATTAG 

ACTAAAAACGTTCGTCTCGCAAAGTACAATAAAACTATGCAATTAGTTTTTGATTTCATT 

TACATTTAGTACTTCATGCATTTGCCGACATTTTGATGTGATGGAGAATCTTCTTTTTGC 

ATAGTAGAATTTGGGGGAAAATTTAGGAACTAAACAAGGCCGATCCTTCCTGGGTAGTAG 

TCTAAACTACGGCTGTGTTTAGTTGTCCTAAAAAGGATGAAAAATGTACTGTAGTAGGTT 

TTGGCTTTATTTGGTAAATAATGTTCAACCGTTGACTAATTAAGTTCAAAACGTTCGTCT 

CGCAAAGTACAACCAAGCTGTACAATTAGTTTTTGATTTCATCTACATTTAGTACTTCAT 

ACATATGTATCGCAAATTTAATGTGATATTTTTTTTCATAGTGCTTTTAACACAGGCTAC 

ACGGCGGACGCCAGCGGCCAGCCGCAACCCACAAGCAGAGTAAAATATTCCGCCTAGGAT 

CCGTGGACCGAGCAGCAGTGAGCTCTGACTCTGAGCAGAGCTACATATACCCGTGGCCGG 

CCGCGCCATTTGTGCACACAC 

 

>ShPHT1-5 

CAGTGCGGCCGTCGGAGGGGTGTGACCGCCGAGGAGGGCCACTCGGCTGCCGAGGAGAGG 

CATGCGGCCACCAGAAGAGGCGTGTGGGCCAACCGTGGGTGGAAGCCGGTGGTCGCTGAT 

CAGGTGGGAAGAAGATAGTGAACAAGAAGATAAAGGGCATTTTGATCTTTTCATTCTTTT 

TGTCCATTGTGAGGAGTCGTCTTGCCAAATAGTCCATAAAAACAGTCTAGCTCCGTCGGT 

AGAGTTGTTTGTGGAGTCGAACCAAAATAAAAGTGGCTTCACCTGGTGACGTGGAGTCGT 

GCCAAACGAGGCCTTAGGGTCTTTTTGGCTTGGCTCTGACTCTGGCTCCGGTAGCAGCTT 

CTGCGAAAGAGCCGTACCAAACACTTTAAAAGAAAAGAGCTATTTTCTCATAAATAATAG 



 
 
 

ATAAACCGAAGCTATTTGTAAGCAGAAGATGGAGCTAAAAAAAGTGGCTTGGCTCCTTAC 

TGCACTTCATCGTCCTATTGATCATTCCACTCAAAAAGGCTTTTACCGAAAAAAATAAAC 

GATAATGCTTTCATGTGGCCGTCCGTCCATCTAGACGTTGCGCGCCACACTACGCCTCAC 

CGCTTCCTCCTACGCTGCTCACTCCCACGTACGACGCGCGCCTCGTCCATGACACTTGCT 

CCCGCTCGTCATGCGCCAGGCCCACGCGGATTCGACCTGCGCATCGCGCGGCCACCCGCT 

GCGTCCATCCCTCGCCGTGGCCCCATCCTGCGCGCGCTGCCTCTCCTCTCCCCATATCTC 

ACTCTCTATCTCGCGTCCACTGACAGCAGAGCGCCTTCCTGGCCTCTTCCCCAACCCTCA 

ACGCCGTCGGGATGCCTCGTCGCAGCCACCTCAGCCGATGGGCGCATGTGCCGGGGCGCC 

TCAGGTCGTCCACAGCCAAGCCAAGGGCACCCACGAGCACGTTCGGATGCTAGTGGTGCC 

CGCGTGCCGCCGCTCCCCGCCGGAACCGACCGGCCCAGGCCTCTCCTCCCCTATGTTGTA 

AATGCATGTTTTAAGTATTTCAGACGTTTCAGAGATATGTTGCAATTGTTTCATATGGAT 

GTTGCCAAAAGAAATCGAAGATATTGTATATGTTGCAAGTGTTTCAGAGGCATGTTGTAA 

GTGTTTGTCCAAAATATTTTATCTATTCCAGACGTATGTTGTAAGCGTTTTGATTTGGAT 

GTTGCATAAGTTTCAAACATATGTTGCAACAGTATGTTCCCAATGTTTCATCTGTTTTAG 

TCTTATGTTGCAGCAAGTATTTTCATGTTGCAAGTTGTAAGTGTTTTATCTGGATGTTGC 

ATATGTTTCACACATATATTGCAAATATATGTTTATATATGTTTCATCTGTTTTAGATGT 

ATATTGCATTGAAATGTTTCATGTTGCACGTGTTTTATGTTATTCGGATAGTCAGGATCA 

CGGGGAGCGATGGTGGCACGGCACAGGAGCCGAGGAATGGGGCGCAGCGAGCCGAGGCGT 

GGCGGGGCGGGATGCACGTGCGGGTCGAGGCGAACAGCCAGGCGGATGGGGCGGGTCAAA 

TCGAGGTGGACGGGGCAGATTGCGCGTGTGAGGCAAGTCGTTAGGACATGCGAGCGCAGC 

GACAGAGGCGGGTGCGCATGCGGGACAGGACAGGCTGCGTGGGCGTCCGGAAGCGCGCGT 

CTGTCCAGATGTCCGAGCGCCGGAAAAAAAAAAAGAGAAGTGTCTCACACCTCGCTCGCA 

CGAGAATGTGATAGGCCAGTCCGGCCGTCCGGGCCATGGCGGCATGGCGCCACTGCCTGG 

ATACGACGGAAATCAACAGCACAGGCACATCCATGATCTGATGGACGCGAACAATGGGTA 

AGCTTCATCGGACGGGAAAAACACGTGCGTCGGAGACAGGGAAAACAACCGCTTGTTGTT 

TAAATTTCGCCCAAAATAATGAGCACAATTTAAATCTATTGCCCCCCTCAGCCATGAGCG 

CCGGTAACGAAGATCAACATC 

>ShPHT1-6 

GAATAGTTAACCAAATATACTATATGCTTGTTTGGTTCACCTAAAGAAAATATGAGAATG 

AGATGAAAAAATGATAATAAGATCCAAACAGGTGGATTATAGGGAAGATTCTTATAATCC 

AACCACAAGATTGTAAGAATATAGTAATCCACCTCCAACATTTTGGAGATAATGGGTACA 



 
 
 

GATATCTTGAACTACCTATAATCTCTTGTTATAATCCAGGGATTCAAACATACATCTTCT 

TTTTTCTTATCTGTGATCCAAATTTTACAATCACTCTTTTGAAACCAGATCCTCATAATC 

TTAGGAGATCTAAGCAGGCCCTATAAATACTTAGCCCATTTGCCAGGAAACCATGGGAAG 

ATGGTTGTTAGTCTTGCGTATTGTGAAGGTGATTGTTCTCCACTTAGGTAGATTTTTTAT 

ACAACATTTTGTGCTCTCTCTCTCTCTCTCTACTTATAAGTGATTTTGAGTTGTTCTAAG 

GCTAACTGTCATAAGTTTGACTAAGCTAATATAGAAGAAAAATAATATTTACGACATCAA 

ATTAGCATCATTAGATACATTATGAAATATAGTTTTATAAATTATCTCTTAGATGTGGTA 

GATATTAGTGCTCTTCTCTATAAACTTGGTCTAACTTATGGTAGCTTAACTTAGGATAAC 

CTTACATCCCTTACATTTTAGATGGAGGGAGTAGATGTAATACTCATGACCTAAATGTGT 

AGTCCTAGATATCATAGGCTGAAGTGTGGGGTTTTTTTTTCAAGAGTAGATGATGGTCCA 

TTCCATGTTTTAAACCTTGAGGAGTCATCCTTGCTCTTATTATTCTCATTCTTCTTTTTC 

TTCCACTATTTAGGATAAGGGCAATCACAAGAAAGATTATTGTAGTCACTACAGTTATAG 

CATGTTCTTGTGTCCTGCCCACCCATGTGTTGCTTGAACTTGTTCTTCTTAGGGTGGTTT 

GATAAAGTTTTTAAGTTACCAATTAGCGCCTTTTCTAGGATGGTTTGGTAAAGTTTTAAG 

TTAGTAATTGTCACAAGACTTAAGCTATAACTTGAAGAACTTACTTCAAAGCATTTCAAG 

GCTAGCATTGCACATGTTAAATCAACACAATTTCATGTGCCACAAAGCTAATGTCTCCCT 

ACAGAATCATAACTAGCACCAATGGGGATACCTTAATACTTGCATCTACGAACAACACTA 

ATCCTACCGGATCATAATGCCTATCACATATACTTTGCAGTATGTACCACGACCGGAACA 

CCAACTTATATGTGGCTATCTAGTAATGGTTACGAGTCGGCATGGATAAGGTGTTATGTA 

CTGATGTTCCCTAAGAGAAGTAGTTCTTTGAGAAAAAGGACGCCAGTAGCTGGCCAAACC 

CACAATAGTGATAGGACAAGAACAGTGAGGCAAGGTAGTGCTAACATTATCAAACGAGGC 

AGTGGTGGATAGCCGATGAGTAAGATCATGATGGAGGCAACAATAAGAATGATATGAGGC 

AGCTATGAGGAGGTTGTTCCTGGTAGGATGTGGCCAATTAATCTTGAAGCATTGGGCTAG 

TGGGTAGTGTCATGGCGCTTTGATGAAGCCCTATCCCACCTTGACAAGGGTAGTGGCTCA 

TCTTGGCAATAGTGAGCCAAGATTGCAAGGACGAGGAGGTAGTCGGAGGTTAAAGAAAAA 

CATGAATCATAGGATGGTAATCAGATGACAAGAGAGATAGTGTGATATAGGACGGACGAA 

ACATGAGGTGGTTTGGTTCGACAAACCCAATAAGGCACATGTCACATAGCAATAAACCTA 

TAAAATGGATTGGGGTTGTAGAGGGGGCAGGGGAAAATCAAGGTGTGGGCGGGGCCTCTA 

TTGGAAGGAAAGGAGGGGAGAAGAAAAAGGAGAGGAGATATGGAGGGAGAAGAAAAGAGA 

GCTTCCCTATACATGAGCTTTGCATCCGCCATTGAACGAGAGACGAGGGGGGGGGGGGGG 

GGTGACATAACGAATGCTAAA 



 
 
 

>ShPHT1-7 

AGTTCCGCATTGATCGTGTATTTCCCTAATTTCTCAAGCTTCCACATAACTGTGTCTTTG 

TCATTGTTCATCTGAACCAGCTTAAGCATATCTAGCAGTATGTCCCATTCTTTACTTCTT 

CCTCCCAAAAAGTCCTGAACTAAACGATCCACTCTGCGGTGCAATGCAGTGATTCCTCTA 

GTTTGCTCATGTGATGATCATATGTGCATGGTTATGCTTGAGTTGTCTTTGATTGGGTTT 

TTTTTTTCCACCTGGGGTGAGAGGTGTTGCCACCTGACAATTTCACTGAGCGCGTGACAA 

ACTTTTCAGCAAACGAACAATGTTTTTCTCTCACAAAATTTCAGCATAAGCCAAATTTTA 

GCGAAATGAACAGGACATAGAGGAAAAGTGGAGGAATTTCCGGGGATTTGAATTCCTATT 

GATTTTTTTTTTCCTATGATGAGAGTTTTTGGAACAAAGGATTGAATCTTATGAATTTAT 

TTTTTAAAAAATATTTTACGAATTTCTTTGAAATTACAATACAACCTAATGTTTCCTTTC 

CATTTGTGTACCATCCAACTGCTTCATTAGTAAATTAACCGCATTCTAAGATACCCTTAA 

CCGCATTCTAAGATACCCAAAAGATTTCAATCGCATGTCATTCCAATCATGTGTTTTTTT 

TTATTTCTGTGTTTTGATGAGAATCGTTATGAAGAGTTCTTAGAAGTTGTCTATGTATAC 

ATTCTCCAAAATTCAAATTCATTGCAAACAAATAAAAAAAAAAGATTAAGATTATTGGCA 

CCAAGTAACAAGTTGAAAAACAACGCATGACACGAATTACAGGAAGGTACGTATAATTTA 

CAGAAAAGGAATCAAGGACAGCGGACATGACACGCAACCAGACTAGAAACGAGACGCAGA 

AATTCTACGGAGGATCACTTTCCATACGCGGCGGCAGGCGGCGAGGAGCTGGCGGCGACG 

GCCTTGATCTTGAAGCGGTACCTGGGGCGGCGCGGGATGAGGATGACCTGGCTGGGCCCC 

ATCCCGAGCTGCCCGGTGCCCTGCATGACCGGCGGCCCGTCGTCGTAGACGTAGCCGAGG 

AGGTGGCCGCAGGCGTCGCAGCTGATGCGCGTGCGCTTCCGCTGGATGCCCCAGTAGTTG 

AGGGTCTCGAAGAAGGGGCGGATGCGGTCCTCGGGCGCGAACCGCAGGCGCGACTCGTCC 

ACCCACGAGAAGGACAGCGTGCCCTTGTTCCCGGCCTCGAAGTAGAAGTCCGCTGGGTAC 

AGGTGCGCCGCCGACAGGTTCAGGTCCGCGCCGCACGCCGCGCACCCGTAGGACGAGGAC 

GCGGCCGGCGCCATCGTCATCGCCGGCGCTCGAGAGGGTGGGATCTGGGTGGGCTGCTCG 

CTTCTTCCTGTGGTTTGGCGAGGCGAAGGGGATGGATGGTTTCTTTGGGAGGAAGAGGAG 

GAGGACCGGGGACGGCAGCCGCTGGCCGGCCGCTGCCAAATATTTCTGGCGTCGCCGCGT 

TGGACCGGACCGGCCCGGCGCGAGCTTTGGCCTCTGGAGAAGTTTCTGATGGTGGTGGCT 

CGGTCAGAGGTCAAAGGTCAAAGTTTATGTTGGGCCATCGGGCCGGCCTTTTCTGGAAAT 

CCGAGAGTCGGCCCCTGTCCCAAGGAAGGGGCCCTTGTTACACGAAAACGAGGCCCATTG 

AACCTCCATTTGCTCCACACCGAGCTCTCCGAGTTCCCCGTGCCGCATGGAACTAGGACG 

GTAGAGCCCGTCAAAGCTTTGCATGGAACATGGAAGAAGCCGTTGAGCAGGGAGAGTTTG 



 
 
 

TGGCCGAAGAAGATGGCATCCATGGAATGAAGGACTCGGCGCCGAGAATATTCTCACTTC 

CTCCTCACTATACATTGGCTGCGTACTCCAGTCTCCACTCACTATTTTTGTTTTATTAAG 

AGAAGACAACAATTATACCATATAGTTGGCCGGCCGCGGATTGGAGCAGCAGCGATCGAT 

CGATCGATCGCGGCAATATAA 

>ShPHT1-8 

CTACTGTCTGGATGCGTACAGAAACAAGAAAAGCCAAAATAATTCGAGATTGCATCTCAC 

CTGGATCTCCGGCCGGCTGTAGTCGAGTCACGGGACCCTCTCCCTTGTCACGGCCGCCGC 

CCGGAGCTGCGCGGCGAGGGTCGGGCAGCAGAGACATCGCCGACCACCGGGAGAACGGTT 

CAGTGAGGAAGAAGGGATGGAGCCAGACCAGACGGACTCCAATCTGCGAGACAAAAGAGG 

GAAGTCGAGCGCAAGAGAAGGAAGTCACGCGGGAGGGCGCTGCACGCTAGCAGGGTCGAG 

CGGGAAAAATTGGCGGCGCGCGTGAGATCGGGCGGGAGGGGGAAGAGGGCGCGAGACGGA 

GCGGGCGAGGGAAATGAACGCCAACCGTGATTTGAGGGTCAGTGCTGAGCCCCTAGGATT 

CAGAGCCAAAGGAAAGATCTGAGGGCTCTCTCAAATTTGAGAGCTCTAGTAGGGGCCCTG 

CTGGAGTGCATTTTTTTTGTCTCTGAGCTCTCAAAAGTAGGATGAGGGCTGAAGTAGGGG 

CTTTGTTGGAGTTGCTCTCACCATGGCAAATAGACGCACAAAGATAGACGATGTGGGCTA 

TCGTCATCTCACCGAGGCAATGAATGGATCGTGGTGTCCCGATCCAAGCGGGGCCAGAGC 

TCAGGTTTTGCCCTTTCGCAAAAATGACAAAGAGGCCCTCGCGTGTTGTCTTATCTTCAT 

TTCGCCCATGCGAGACCTCTGGTCGGCAGACGAGCCGCGTGGGGTGCCCAACGGTGGGGC 

CTGCCCCCAACAGGGACCACCTTCGGTTGCGCCTCTTGCCACGCCTACTCACACAACACT 

TGCAACATAAAGCATTTGCTCTAACATACGTCCAAAACAGATAAAATATTTATAGCATAC 

GTTTGCAACATATGTATATGGGCACTGTAACATATGCAACATACAAATAAAACACTTGCA 

ACATATATGTATATCCAGTGCAACATATGCAACATCTAAATAAACACACTTGCAACATAC 

ATTTGAAACAGCTGAAACATTCGAAATAAACACTTGAAACATATGTGTATAGTCATTGCA 

ACATATGCAACACCAGATCTACTTTTGCAACATCCAAATGAAACATATGCAACATACATC 

TGAAACACATGAAACATATGGTTGCAACATGTGCTCATCTACTTGCTATCCCCAATGGAC 

ACTCATTGACGCGAAGCTTGACGCTAGCACAGAGTTTGATGCCACGGCGCAGAGGACGGA 

CCTTGGCTGTGCTCAGCACGAATCAGGGCAGGATGCGTGAGGTGAGGCGCAGCGCAATGC 

GAGGCGCGAGGCACAGGCGACGCGAGGCGAGCAGCATGTGGCGCGAGGCACAAGGCGTTG 

GTGGGGGCACGAGGTGCAGGTGGGGCACGCGAGGCATGAGGCCACAGGGCTTGTGAGACA 

CGACGCGTTGGGGCAGGCAGGTCCATCCCGCGGTAGAGAGCATTACCATTATTTTTAACC 

TCCAACTTATAATGTAATCCAATTTTCAAATTTAAATTATGAAACCCTCTAACGGTAGAA 



 
 
 

ATCGAGTAAATTTTGGTCCTCTAGGTGGTTAAAAAGTGATTTTGATCTCTAGAAATTTAT 

AATTAATTTATTTTAACATACAAATATGAAATTAGCTCCAGTTTCCTTCTTAAATTATCA 

TCTATTTGTTGGTGCTATATTTAAAGTTATTTGGGTCATACTTGTTTTAAGTAAATAATG 

TTTTCAACTACAAGCAATAAAGTAATAAGAACAGAAATAAACCAATTCGAAATATCTTAT 

GTTGATCATAATAAACAAGTAGAGAACATTTTTAGGGGAAAAATGGTACAAGTTTTATAG 

TTTTCCTAGTTCCACATTGTGATACTGGTACACAACAAATCGATCACGAAACGGTAACAA 

CAACGACAATGTAGATTTGGCTTTGCAAACAAGTAACGCCCACCCACGATCAGTCGATCA 

CGACTGGCATGCTTCTTCAAT 

>ShPHT2-1 

TATTCGAATTCGATTTCCAAACCCCTCACCAAAAATATCACAATATGTCTTAGGAAGCAG 

TAAGAATTTGAAGCAGTTTAATAGGGTTTATTCTAATGGATTTGGACATTCTAAATCAAC 

CAATGGTTTAGCCTTAGGACATTTTCTCTTTGAAAACAGCTCCCAGACATCAGACCAGCT 

TGTAGGCAGAGATTTGCTGCCACTTGATTCACCGGAGCCTAATCCTATCATTCTCTGAAT 

TGACTTATGAATTACATAATGGAACCCATAATCGGCAGGGAGTAAACCCATATATTTCAG 

AATATCGGTACTTAGCTTGATTTTGCTTTCTTTTGCTGCTCTCGCAATCGATTTGATCAA 

ACATTTGAAAAGAAAATCTTCCCCAGGTGAAAGTGAACCATTACTAAATCTTCCTACTTT 

GAAGTTCATTTTGATATCTTCTGATCCTCGTTGGCATTCTTCCTGTGGATTTTCCTCTCT 

TTTCTATCAACGATTCATCACTAGAAACTAGAAAGTCTAGGTTCTCTACCCGGCATAACC 

ATAGCATGAAAGCATAGATTTGGGCCTAAGCCCAGGAATGGGCTATCCCTGAGCCCTTAA 

CCATCTGTATTCTCGAAGCTAAGGGGACTGTTGGTGTGGTGTGTCAGGATAGTGCAGGGA 

ATTATGTTGTCGCAAGTGCAATGGTCACTGATGGTTTAATTGATCCGTCATCTTTGGAAG 

CTCTGGCTTGTAATGAAGCAACTTCCTTAGCCATGGACATGAGTGTGCTCAAGTGCGTAA 

TAGGCTCAGACTGCTTGGAAGTGATTATGAATCTTCAGAAGAAAATTTTTTGTGTTTATG 

TTCCTCTATCTTGAAGGAAATCAAAGCCAGAAGCACTTCATTTCAGGAAGTTGTTTTCAA 

ACACGAAGGCAAGAATGATATTGTCCATGCTCTTCCTAAAAGTGTTTGTAAATTGGTACC 

AGGGAGATATGTACGGCTCCTTGGACATCCAGAAATTCTGTATGTACTTCAAAATATTAT 

GATTTAATAAGAGTCTACCTTCTTCTCTCTCTCAAAAAAAGAAAAAAAGAAAACAGGATT 

CTCGAAGCCGTAGGATAGGATAAGACAAGCACAAGGATTCCACACCTGACCCGCGGACAA 

CAAAGAGCCAGCAGATTCTTAGCGGCTTGTTGCGGCACAAGTTGCTCATCCGTTTTCCGT 

GGTCCTGGGCCAGCACTCAGCAGCACTCCATTTGCATATTGACAACGGAGAAAACCTTTG 

TATCTCAATGACAAGCACATAAAGATGTCCAATGAGAGATCACATACCTTTATTATTGGA 



 
 
 

CCACAAAGGCACAAACCATTTTGTTCACATATTTAGTTAAAGCAATGGAGCAAACATCCT 

ACGGGAGGAAAGATGCCCATGAATATTCACGGCACACAGCCCTTCAAAAAAAAAATCACG 

GCACACCTTGTCCAGCGGCGCTGGTAAATATTTGTGGCCACGGAGATGCAGCGATAATAT 

AGACACTGTATTAGGACAAAAGTAACCATATGAACAGCGTAACATTTGTCTATCACATGA 

ACCGAGAACAATAAACTTAGTGCAAATAAGAAGACATGGTGCTGGTTCAATTTGCTTAAT 

GTGCACAGTGGATACATAGCACTACATATGAAACCCAACAAGGAACAGGACAAATATTTC 

AGAATCCATGAATTCTCAACAGCCCTAAGATGCTAGTGACATGCTAAACAGAGACCAACT 

ACAGAAACAGACACAGAACTAGATCTTTGAAAACCGGCTAGACGGAAGGTGAGGCCAAGA 

CGATCATGCAACCGAAAACAGTAAGGCGGTCAGCTGCAACACAGGTTATGGATTAGGCAG 

GAATCTTGCCCACATCCCCTTCCACCACTCATTTGCAGCCACCAACTGTTCACCTCAGCG 

TGAGCTGCCGTCACCACACCAGATACTACCAACTCTTCCCTCCATCCACAAAACGGTGCT 

CACTTCTTCCCATAGTCCCCT 

>ShPHT3-1 

CACCACCAGCTCCAGCCAGCCCACAAGTGGAGCACGTGACTCCTTTGGAAGATGATGAGG 

AACGGCCGGACACTTATCACAACGACGAGCAGCTGCGCTATCGTACCATAGATGGCATAT 

TGGGCGGGGAACAGGAAGTTCCGCCGCCGGCGCAGCGCTTGTTCGCAGAGCTCCACCTCA 

CCCACTCTGGGGAACCCATTTCTTATGCAGAGGCAAAAGATGATCCTGCATGGCAGGCAG 

CAATGAAAGAGGAGCTGCGCGCTGTTGAGCGCAATGGCACCTGGGAGCTTGTGTCTCCCC 

GAGCTGGCCATCGGCCAATTTCTCTAAAATGGGTCTACAAGCTGAAGAAAGATGAGAAAG 

GAGATGTGATCAAGCACAAGGCTCGGCTTGTTGCTCGTGGGTTTGTGCAGCAAGAGGGTG 

TTGATTATGAGGATGTGTTCGCTCCTGTTGCACGCATAGAATCAGTGAGACTGCTGCTTG 

CTCTAGCTGCCCAGGAAGGATGGACTGTTCATCATATGGATGTCAAGTCAGCTTTTCTAA 

ATGGAGAGCTCAAGGAAGAAGTATATGTCCAGCAGCCACCTGGGTTTGCTATTCCTGGGG 

AAGAAAGCAAGGTATATCGCCTGCACAAAGCTTTGTATGGGCTGAAGCAGGCACCCAGGG 

CGTGGAACGCTAAGTTGGACTCTACTCTGAAGGAAATGGGGTTCAAACAGAGCAAACATG 

AAGCAGCAATTTACAGGAAAGGTTCAGAGGGCTCAGTGTTGCTGGTTGGGGTCTATGTTG 

ATGATCTGATCATCACTGGAGCAGTCAAAGATGAAGTAAAGGCTTTCAAGGAAAGGATGA 

AATCCACCTTTGAGATGAGTGACTTGGGTTTGCTCAATTTCTACCTTGGCATTGAAGTGC 

AGCAAGGCAAGAATGGGACCACCATGAGGCAGACTCACTATGCCAAGAAAATCCTAGAAC 

TGGGAGGCATGTCTGATTGCAATCCAGCAGCTACACCAATGGAAGAGCGCCTGAAGCTCA 

GCAAGCATAGCACTGCCAAGGAGGTGGATCCAACTCAGTATAGGAGGCTGGTTGGAAGCT 



 
 
 

TGAGATACCTGGTTCATACCAGGCCTGATTTGGCTTTCTCAGTGGGCTATGTGAGCAGAT 

TCTTGGAGAAACCGACCACTGAGCACCAACAAGCAGTCAAGAGGGTGCTGAGGTACTTGG 

CTGGAACATTGGACTATGGTCTGCAGTTCAAAAGAGCCCCAAATTCTGCTAGGTTTGTGG 

GCTACTGTGATTCAGACCTAGCCGGTGATATTGACTCCAACAAAAGCACAACAGGTTGTC 

TGTTCTTCTTTGGTAACAGCTTGGTCAGCTGTCAATCTATCAAGTAGAGGGTGGTGGCTT 

TGTCTAGTTGTGAGGCTGAATATGTGGCTATGACTTCAGCAGCAACACAAGCCCTGTGGC 

TGTCAAGATTGTTGGCTGATTTGTTGGGAAGAAAGGTGGAGACTGTGGAACTGAGAGTTG 

ACAACAAGTCTGCAATTGCACTTGCTAAGAACCCTGTCTTCCATGACAGGAGCAAACATA 

TCAGAGTTAAGCAACATTTTATCAGGGATTGTATTGAAGAAGGCAGCATCAGGACTGAGT 

ACATCCCTACAGCTGATCAATTGGCAGACATTCTCACTAAGGCTTTGGGAAAGGCCAAGC 

TTGAAGATATGAGAAGCAGAATTGGCATCAAGCAGATCAAGAAGGGTTGAAGCAGGTCTT 

AGGGGGAGAACTGTAGCTGTAAGCCCTGCTTCCCAGGCACATTTAGTGTATTTAAGTTTT 

TAGTTAATCTATGTCATTAAGTCCTTGGGTAGCCCAAGAGTTGTGCGGGTACCCAGGCAG 

CTATTCTGTCTAGTTAAAGCTCTAGTGAGCTGTATGTAATCAATGCAGTACTTATTCTAT 

ATATATTGCAATGCAGTCGCCTGGGAGAGTAAGCCCTGGCTGATTATTTCTCTGTTACCT 

CCAACAGTAACATGGTTTACT 

>ShPHT3-2 

GTGGAGGGAGAAGCCGCGACTCGGAGGAGGCCGCGCTCGAGGAAGGAGTTCCCGCAGGGG 

CCAAGGACACGCGTCCGCCGGAGATCTTCGTCGTCCGTCCTGGCTCCGTCCTCGTCGGAG 

TGGAGGCGGGCCTCAGCTCTCCATCATGAACCTCCTTCTCTGCACCTTCTATCGCTTCGT 

CCTCCTCGGTGGGGTGGGAGCGGATTTGGCGGTGCAGTGGGGGGAGATCCATGGGGAGGG 

AGCAGATTCGGCGCTAGCCCTGGCGCTCGCCATGCTTCTTGCCTTCTCCGGCGTCGCCAT 

CGTCTTGGTGCAGGAGACCGAGCGGATCGAAGGCAGTCGAGGCACACGGCGTGGTCGTGG 

GCCCTGCGTGGAGACGCAGAAAGACGGGGAGAAGACCCTTATTTGGGTTCTGCGTAGCCT 

CCCACCCAAAATGAGTCACATCTTTGCCTACTCCGTTGGAGGCATGTTTTGCCCCCCAAA 

AACACTCACCCTGTTCGTTTGGACTTATCAGCAGAATCAGCAGCCATCCAGCAGTGTTTT 

TCTCTCACAACAAACCAGCGAACAGTACTTTCAGCCACAATAAACCGGCGAAACGAACAG 

GGTGACTGTGTGCAACACATTTTGGGGATGGGTCACGTTATGGCTACTCTGTTGGAGTAA 

GTCTTACAAACGGAGGATCTGCCTGCCCCCGGCCCAGCGACTCACTAAGTCACTGGTTCT 

CTCTATTTCGCTTCCCGAATTTTTTTTAGAAACGCTATTGTAGTACTTTTCGTTGTTATT 

TGGAAATTAGTGTCCAATCATGGACTAATTAGACTTAAAAGATTCGTCTCATGATTTACA 



 
 
 

GCTAAACTATGTAATTAGTTTTATTTTTTATCTATATTTAATGTTTCATACATGTGTCAA 

AAATTCGATGTGACGAGGAATCTTGAAAAATTTTGCAAAATTTTTTTTTTGAACTAAACG 

GGCCAGTCCGGGCGAACAGGATGGCCCAAGATGCGGCGCCCCTCGGCGCCCAAGTGATCC 

TCCGAGAGCTACAGCTGCTCAGGACGCAGGCACCCGACGCAAGGAACCGAACCGACCACC 

GTCCCGCCGATGTCGGCGACGACGGCGCACGCGCGCCACCGGACGTGCCGCATGTACTGG 

TGCTACCAGTGTGGCCGCGCGCTCCGCATCATCTCCTACCCGACCACCGACGTCTTCTGC 

CCGCGCTGCTTCGGCCGCTTCCTCCACGAGATCGACCCACCGGCGCGCCCCGCGTTCCCG 

CCGCCGCACTTCCTGCCGCACCCGTTCCACCCGCAGCACCAGCACGACGGCCACCCGCGC 

CGCTGGGTCATATACGGCGCGGAGCCGACGACGACGGTACCAGGCCGCGCGTTCCGCCAG 

CCTGCGCCGGCGCAGGCACCTGCCATTCCTCCTGCTCCCGCACCTGCGGCGCCGGTTCGA 

CGTCGCGTGCCCTCCCCGCCGCCACCGGTGCCGCGGCGGCCGTCCACGCCCCCGGCCATC 

GACCCCGGGAACTACTTCACGGGGCCAAACCTGAACAATCTCATCGAGGAGCTCACGCAG 

AACGACCGGCCGCAGTGGATCGAACAGGATGGAGCACGGCAGGTGCACTCGAATGGGTGC 

GTCCGGACACGTCCTAGGGCCGGACATTCGGGCGCTAACTGAACTCGAGTCATGGGCTCC 

AAATGTCTGGCCACAAACATCACGGAAGGCAAGATAGCGATGGAAACCTTAGCCAGAGGC 

CAAGAGCAGCAGAGGGACCCGAACCAAGGGGAGGACCTCGCGCCGTTGATCCAAGCCGTG 

ACTGTGGGCTGACCGGCGGCTCGCAGCCTCGGGAAGGCCGGGGCAACAACGCGCGTGGCG 

ACGCGACGCGACGGCAAAGGCCTGACCTGGGCTCGGCTAACCAACTGCGCACGGAGCTGC 

TCGGTGGCTGGGCACCTGCCGCGAACGGGCAGGACAAAGAAGCAAAATGACAGCAACCTC 

ATAGTTTCAGCAAGGGCAAAT 

>ShPHT3-3 

ATCTTGGAAAACAAATGAAAGAACCAACTACGAAAACATACCATGTCTTGGATAGTGCAT 

CCACTAGCATTCCTACGCTCAATTTTCTCATAGCATGAACAAAACTTGTTCACCTCCCTC 

TGAATAGTCCCCCATCTATGCATAATAGAAGCCTCTGTCCTGTCAATGGTAGCTATCTTT 

TTATCCTTGTGTTCTTCAAAGAATGCACGAATTCTACCCCAAAAAGTGGAACGAGGTTGA 

TTGGCACCGACAATGGCATCTTTGCTAACTTGCAACCAAGCTGAGCATATGACTTTATCT 

TCCTCTATGTCAAATTTTTTTTTGCCTATGAGACGCACCCTTTTTAGCACGACGGCCACT 

AACAGCAGCAACTTCAGCTGCCTGCGATTGCATAGGATCAGTTTGAAATTCAGAAGGAAC 

ATTATTAGCACTGAACTCAATGTCTTGCGTCATTGAATAGTTCAAGTCCAAGTCCAAGCC 

CAAGCCAACATCAGTAGGATCAGCGTCTGATGTGAGTATGCCCGTATAGTATCCAACGTT 

CTCCATTCCAAAGGAATCTGCTCATGCAAAGAACAACATATGACATGCAAAGATCAACAT 



 
 
 

ATACACCTTGTGAGATCAAAATCAATTAAGATCCAACAGCAAGGCACTAGATGATGCTAC 

ATGTTCCCAGGTTCCCGTTCCCAGTCGCAAGCCACTGCCCACAGCCACCGTCTCCCTCCT 

CCTCGCCCAACCTCGCCGCGATCAGGTGGTGGATGCAGCAGCGAGGCGGCTCCTTCAACC 

GCCGCTACCGGAGCTTCTCCCGCGCCCGCAACGACTTACCGATCGGCCATATCAAGGCTT 

CAGATCAGAACCATATCAAGGCAATAATCCACAAAAAACCCTAGCTACCGATCGCCCATC 

CCCTCCACATACAACCCTAGCTAGCTGGCGCGAGGTGAAGGAGTACCTCGATCTTGCCCC 

CTAGAGCCCTGGAGCCCTTCCATCGCCGACGCCTGGAGCCCTGGACCACTTCCAACGCCG 

ACGCCTGCAGCCCTGGAGCCCTGGACGCCTGGAGCCCTTTCTTCCGTCGAAGCCATCGCG 

CGCGCGAGGTGAACGAACCGGGCGCGACGAAGGAACGACCGCGCGCGCGAGATGAAGGAA 

CCGGGCGCGAGGAAGGAACGACCGCGCGTTTGCCAAGTCGAGCGGCCTCTGCATAAATGC 

CAAACCCAACCTGAGAATGGCAAAGTTTCCCCAAATGCAAAACTAATATGCAAAACCATT 

GGAGCTCTCTTTTTGAGGTTTTTGGCAAATCCTCAAATGCAAACCTCATTTGCAAAGTCT 

CTTGGAGATGCTCTAAGAACCAAGAAACTTACTGAGAGGAACAAGTGGGTCTACCGTTAA 

AAAAAAGCAAGTGTGAGATAACCTCACTACTATATAAGTGGACTGATTGATAGGCTGTAA 

ATATTCATATTCTTGCTCCTGGGACACTCTCAACGATAGAGTCAACTTTATAAATCATAT 

GAACTCAAAAAAGATAAAAATAAAATAATATAACATACCAATATAGAAAAATATGTAAAC 

ATAGATAAACGAATAATAAGAAAGTGTATATATATTACTCCCTCCGTCCCAAATAAACCA 

ATTCCTAGAATCCATGTCAGTCAAACATTTTTAAGTTTGACTAACTTTATAAAAAAAAAG 

AATAACAACATCTATAACATAAAATGTACATCTTACGAAAATATATTCTACGATAAATCT 

AGTGATACTAATTTGATATCACAAATCTTAGTGTTTTTTTCTAAAAATTTAGTCAAAGTT 

TAAAAAGTTTGACTTATGACAACTCTAGCAATCTATTTATTCTAGACAGAGGGAGTAGCT 

TTTCATAATCATAAAAATACTAGTTTATCATTTTCTCTACTTTTATATTAAATATTCTAG 

CTGTTTTTAAGAACGGTCCCTGCGGAACCGGCTCCTACAAAACACAAAACCGCAAAGCCA 

ATCACAAGGCGCAGTCCCGCG 

>ShPHT3-4 

ATCTGTTACATAAAAATATAGCTAGAAAACTTATGTTCATAATAAAAATAGGTTACAAAG 

GTCTTGTCAAAAATTTGTTATGGTAAGTTATCTATAGAATTACTTAGAAAATTACATTAA 

AAAGTCATTGATAAAAAGTTTTTTTTTACGATGAAAGAAGAATTATATTATATGATAGCT 

GGTTATATTAACACATTACAAAGCACTCAGAATTACAAAATAGTACCCACGCTGTGAATA 

GCATAACTTAAAACCTAACCTGTTAGATGCTTTGCAGTATGGATGACCGCACAGGCAAAC 

ACTCGGCAAATAGCCTGAGAACAAATGTCCAACGAACGATGGCCAACATTCCTGTAGACG 



 
 
 

GAATTGAGGAACTTTTCTTTTTGGTGTCTTCCTTCTTCTTGTTTCTGCCACCGAAGAGTG 

AGGAAGACTGATCTAAAAATTATTCCCCCTAGTCCTTCATCGTAGCTAGATCTAACTATA 

ACAAAATGGAGAAGAGGCCGGAGAAAATTATTCCATGGCGACGACATCATCTCCGCCTTG 

ATGTCGCCGTCCGAAAATATAAGTCTCCATGTCGTTATGTCGATGAAGATGCTGACGCCG 

AAGTTGTTGCCCTCATCTTCAACGGAGCCGCCATGGAGAAGACGATTCCACCCTTCTCCT 

TCTCCGTCGCCGGAGAGGAGATAAAACTCCAATACCAAGAAATTTAGCATGGAGAAACAC 

TGATCCTGATGACTCGATTTACTAGGAAAAACTTATTAAAAATAATGGATCCCACTCCCT 

TCAGCCCCCGGCAAGATGCCGGAGGGGAAGGGAGGGGGGACCAGAGGTGGTGGACGGCGG 

GGTGCGGCGGCGGCGCTAGGGCAGGAGTCGCCCAAGATGTCCTTTCTACAACATGCATAT 

CATTTTTGTCATTGATAAAAAGTTTTGCTGATACATTTTGTTCTACAAAATATTATATAC 

ATGAGTTGCGAATATAAGTGTATGACTTTATAAATTTCTAAAATTAGAAAGTTGCAGAAA 

CAATTTTTCTAAAAAATCATGGAGGTTTGTCTTTTAAATCAATTGAACATTCACTAATTA 

GTGAAGTCGATATAACTGTCCGTTATAGATATTAGGGGGTACTAATCAGGTTTTCCATGG 

TGGTTTATCCGCTTGACTTTGTTTTTTTAAATACCGTGGCAAATAGATGTTTATTGTAAA 

TTCCATAGTTCAAAATGCAGTGGACTGTCAACTATTCAAAGTAAAAATCTATATAAATTT 

CGCAGAAATAAGCAAAGACACAATTTATTAAGTTGTGAGCAATGTGGATCAAATCAAATT 

CATAAAATACTAGTGACCTTTGGATTGTTTTTAAGGTATGCCACAAGTTACTTGCACATT 

GAACCTTTTGCATAAGCAGATTGAACAATACGCACAAAGCAAGAGCTAGAAGAAAAGCAA 

ACCGAAGCAGAGACAATGATTGTTTCTCGAAGTTTGTCACCTTTTAAAAAGGACCTACTT 

CATCCGTTCCAAAATAAATACACATCTCGCTCATCGAAAAATTATTTTTTCAAATTTAAT 

TAGAAATATAAAAAATAGTATCAATATTTGTATCTTCAGATAAGTTTATTATGAACTATA 

CTTCATGCTCATCCTTCGTGTGATGGGCGCCATTTGTCCTCTAGGCCTGGCATTTTAACT 

GGGCTGGATGAGTTACGTTTCGGCTCAATATTGGGCTAGCCAACTCGGGCCCATCGAAAC 

ACATTTTCATCCGCGTCTCGTTATAAAAGCCCGCCCCTCTCTGGTGGCGGAGAGGTGGGG 

GGTTGCCCTAACAACCCGGGCAGCCACCGGATGTCTCCCTCCCTGGAGCGAGTGGCGGCG 

GGCCTCACGCCCGCGCGTACAAACGCCGCGCTCGCTCGCGCTGCCGCGATGAGCATCCAT 

CTCACCGAGCCCCCAGGCTTAGCCGTGCCCCTAGCCGCAAGGAAATCGCTCGAACCGAGC 

TCTGAGCCTACCCCGGCGCCA 

>ShPHT4-1 

CTTAAGGCTGCACAAGAAACCAAAAATTCTCCATGCGAAAACCCGTGTTGAGCAGCGCTT 

GAACGCGAGCGGTGGACGCTCCATTGAGCGTGCCCAACCAATCGAGCCTCTGACTCGTCC 



 
 
 

GCTATCACACTTTCACTTTGTAGGAGAGGAAGAGCTTTGCCCTGCCCTTAAGTTCATCCT 

AGCTATGCCCCTCGCTCTGCTGTCTCCCTGTCACCCCGTGCGGAAGCTCTGGTTGCGGAC 

ATCTGAAGTGAGTCTATCTTCTCCTTGTTGTGGAGGGATATGCTTGTCCTAAATCTTTGA 

TGAACATTCTTACTGTGTGACGATTCTCTCTTTTGTGACTAATCCAAACACCGTAGTTTT 

AGGGTAGCCTTGTCCTATCCCCGTGAGCCTCTCAACCAATCGTAAACTAGATTTTAGAGT 

GTGAGGCGATTGTTTCACACAACGATGACTACTTTCTCTTAGCTTTCTTCACTCTGCATC 

ATCAAAAATTCTACATGATTTTGTATGAGACGATCTACGAGATTGTTGATATGTAGCAAT 

GTCTTTTTTTAGTGCCTTTTGGTCTTCCCTCGTTGGTGAGCACCGTCCACCAATTACATG 

GTGTTACGTAGGACAGCATGCCATGATGGCAGCTCGTTTCATGAACTTGAAGCATGCCAT 

CACGCTGAGGCGACTTGAAGCATGCCATCATGCACACCGAATCCTCGCTCGGTGGGGTTT 

CTGCCTTCTGGGCCTCAAAGCCCGTCTGTTGTGCTGCCTAGGTCCGAACAGCCAGTATTC 

TTTTGAGACGGCGGACTCCTCCCTCGGCTGGTCCTCTCCTCGCGCCGCCGCCGTGAATCC 

TCGCTTCGCGACCCTGCCCAGCGTCTGCTCTCTCTCTATCCGTGCTCCTGCATCGCGCTT 

CTCCTGCCACATCGCCAGGGCCCCCACTGCAGTCCCTCTCGAGTACTCTCTCTCTCTCTC 

TCTCTCTCTCTCTCTCTCTCTCTCTCTCGTGGTTCTCCCGTGCCCCGCTCTCTCTCTGTC 

TAGTGGCGACGACTGTGCCGCCGCCCTACGCCAGGTGCCCAGGTCTCCATCTTCGGCACT 

GCGCCGGCGACGAGCACCCACCAGGTACGCCCACCCCTTGTCGTCCGTTCTTGCTGTGCG 

AAACCGAGCGCCCATACCCTAGCTGGAGCTATTTGTATTCGGATCTGATCTGATCCAATT 

ACAATTATGTCATGCCTACATTTTTTTTCTTTTTTGCAGAAATTATTGGACCCATTTCCT 

TTACTGGGTCCGCCCCTGGATTCGAGCATGGGGCCAAGTTAATTCGAGCTCTGAGCATTT 

GATTTCTAGTATCTTGCAATAAAAAAGCTAGCACTTGGAATCCGAGTGAGATCTAGCTCA 

GACAGTGCAGTGGCAAGTCATTTTCTCTGGCCAAGGTTTGTAATATCTTATAGCAAAAGC 

TTGCTTCTCACTGCTTGGATTTTAGCAAGATCCGGCTCCCAAAGTGTAGACTTGTAGACT 

GGCGTGTTCAGTCATTTTTCAGGAGCAACACTTGTTTTTCCTCTAGAAGCCAAAATCCAA 

GTTTACTTATGCAAGTCTTGTTGTTTCCTCCCCGGAATCTCTGGGTTGTAGAGGTTGTGA 

AAGGTTTTATGCCTTTAGGTCACCCTTTTAGAAAACATCAATCATGCTCAAATCTTGTGC 

ATAATTTCAGCTATTCGTTTAGTCGGTCAGCTAAATTGAAGTATCCATTTGGAGTTCTAA 

ATGTTGCTCCTTTGTTGTTTTTGGGCAGGGCTTCTCAGTTCAGCGCAGTATATCAAGATT 

GTCTCTGTTAATTTGTGTATGAGATCAGTTAACTGATAAGGACATGTGAAGAACCAATGA 

TCAGTAATTTGTACACTTCAGATCCAGATTGTAGTATCCTCTGAGATGGACAGAAGAGAA 

TCAGGCTTATGGTAAATCCTGGTGAATATTCATGGGAGGTCAGCAAGTTCTGGCCTGACT 



 
 
 

AGGACTAGTTAAAAAAACAGT 

>ShPHT4-2 

AGAGTAATTTATTGATTGTTGGGGCAGTGCTGGCACAGATTGAAGACAAATGCACACATG 

GAACTTATCTGGTCCTAAACATTAGTTAGGTTTTAGAGGGCTGTCTTCAATCTCAAGTTG 

CCACAAGCTCTTTTAAAACTCATCATGTAGCCCTAGACTTTCTAAATGTGCCAACTTTTA 

CTGCTCTTTCTTTCACTGTATTTTTCTTTTTGTAGTTAGTTGACTGATGATCCTCACCTA 

TATATCTGATTGCTTTTTTTTTGTGGAGTATGTTGCCAAATATGCTTTGCTTTGTGTGTT 

TCATCTTTTCCTTCTAACCTTGGCATATGCACTTTGCTGATGTCTTAGGTTCAAACTGTA 

AATGGTGGAGCTGAAATATATATTGAAGACCAACGGGCAATATACAAGTAAACTTATCCC 

TTTTTGTAAATATTTGCTCTGCGACTTAAGTTTGATAAAAATGTAACGGATGATTTTGAT 

TGTTTTTTTTAAGGTTATTATCTGGAAGAATCAAATCTGAAAATGTCCCAGAAAATAAAG 

ATGGGTCAGATGACGATGACGATGATGATGATGATGAAGACGAGGATGATGAGGGTGGTG 

ATGACGACGATGATGCTGAAGAGGATTTCTCTGGAGAAGAAGATGGGGGTGACGATGATG 

ATGAAGATGAGGATCCTGAGGCTAATGGTGATGGAGGGAGTGATGACGACGACGATGATG 

ACGATGGTGATGATGATGGCGACGACGACGACGACGATGATGACGATGAAGATGAGGAGG 

ACGAAGATGAGGAAGACCAGCCACCTTCCAAGAAGAAGAAGTGATTTGCTCTTCCATGGA 

TTCACCTCAGCTTCTCCATGCTGTTAGTTGGGTTGTTTAGATCATGGAACAGCTTTGGGA 

CCAATGTAGCTTGTTGCTTGTCATGGTATCATAGTGTAGGAAAATTTGACATCTGATGTT 

AAATCATTATCTTGCTTTCTTCTCTGAGCATGTAGTCTTAAGTTGTGTTCTTGATTTTTA 

CTTTATTGGAGCTGCGATTGTGTCATGTCATTCAATTTTTTATTCTGTTACTCGCCTCAG 

GCTTGGATTGTATGTGATGCTATGTCTACTGAGAAGGTTAGGGCGTTAGGCCAGGTTGAT 

GATGAATTACAGATGCTGGAGCATCTTGTAATGTGCTTCCAGCATCATGTAATATGCTTT 

TTGACATGTAAACTATGAACCATTATCCAAATTCATGGTTTGAACTACACACACCTATTG 

ATGGGTTGAACTACCTCTCCGATTGTTGGGAGCCACTTATCTAAATTTATGGTTTGAACT 

GCACTCTTAGGTACTCCCTCCGTCCCCAAAAGAATGAAATTCTAGAATAGTATTATGTTT 

TAGTGTATCAAGTTTGACTAATTATAGATAAAAAAAAGTATAAATATTTATAATATCAAA 

TAAATATTATTAGATTAATTATGAAATGTATACGTGAAACACTTTATCTGGCACGTATAC 

CATAGTTCATCCATACCCGGATAGAGGTAGTACCATTTACTGAGCATTGGTTCGAGGTAT 

CTGACCGGTGATTGGACTACAGGTACCATTTACTGAGCATTGGTTCGAGGTGTCTGACCG 

GTGATTGGACTAAAGATGTAAGACTTTACTGCATCTAAAAAGTCATTTAGTTATACATTG 

CAGTATTACACTATTTGAGTATTAGGCCAGTCTCAGTGGAGAGTTTCATTTCGTTGTTTC 



 
 
 

CAAGACTGCCATGTCATATAGAATAAAATGAAACTCGGATGAAATACCCACTCTCAATGG 

AAAGTTTCACTCCATAGTTTCATAGACATTTAATTCTATGACTCATAGAGAGTTGGTAAC 

TGTGCCAAGAGAGTTTCATCCCCATGAAACTCAATTCTTCTCTCTCTTCATTAAAACGTT 

GACATGTCATCAAAAATGCATATGTGGCAGGCTATTAAATACAAATGAAACTCTAATGAA 

ACTCCCACTGAGACTGGCCTA 

>ShPHT4-3 

GTTTAGTTCCCAAAATATTTCACTCCAAAACATCACATCGAATCTTACGGCACATGCATG 

GAGTATTAAATGTAGATGAAACAAAAAAAACTAATTGCACAGTTCACCGTGAAATCACGA 

GACGAATCTTTTAAGTCTAATTAGTCCATGATTAAATAGTAATTGTCAAATAAAACAAAA 

AAGCTACCGAACCAGTTTTTAAAATATTTTAGAAACTAAACACACCCTCTGTGCGATCAT 

GTCGCACAGCACCGGTCGTATAGCACCGCCGGTACACATGACACGTGTGGCGCTGCTAAA 

ATGCGAACGATCACCCGATAGGAATCGGGTACACACCCACAAGTTTCCTTTTTAGGAAAA 

AATAATAGTTCCTGCATGTTTCTTTTTAGCTTACCTCGTAATTGCACATGTCTTTCTTTC 

TTCGTGCACATGTCCAGTTTTCATTTTGACGCGTATGTAACTTAAACATATAGCTTTTAC 

GTGACAAGTTATGCGCATAACTTGTACATATAACTTTTTCGTGACATGGTATGCGCATAA 

CTTATACATATAACTCCGTGACAAAATTAGATAGCCTATATGTAAAAAGTTAGATTTATA 

AGATGAACAAATTAAACTTGTATGTACAAGTCAACATTGATAACTTATATTATAATAACT 

TGTTTGTATAACTTATAAGTTAGATTATAAATTTATATATACAACTCAGCATTGATAACT 

TCTATTATAATAACTTGTTTGTATAACTTATAAGTTAGATGAACAAACTTATATGTATAA 

GTCAACATTGATAACTTATATTATAATAACTTGTTTGTATAACTTAAATATATAACTTGA 

TTAATAACTTAGATGTAAAATTGAACGAATGAGCTATATTTGAGAACAGAGATGTGCACA 

TTAATAGTATAACATATTAGCAGAAATATGAAAACATGGTGTACAAATTTATATTATACG 

TATACAACTAGCATATGAATCATATACAATCATGTAAAATACTTAAGTTAATGTATTAAA 

AAAATAAAAGGCAAAGGAAAAAATAGAAACAAAAAAATAAAAGAAAAAATAAATAGAGAA 

AGGAGGACGTACCTGCTTGTCGACGTAACTAGTTCAGAATGTGCGCAGAAAACGGAGGAC 

ACAGGTCAGATTGCGCACGCCGTGGAACATAGAGTAGTGAAGAAGTGATCGCTCTTTTGA 

AAAAAAAAAAAAAGTGAACGGTCACTAAGGCTTTTGTTTGGATGCGTATGTATTCATCTC 

AAACCACGGGTGTTGAAGTGGATTGGAGTGGAATTGAACTAAATTACATTTCATTCCACT 

CCAACACATATGAATTGAGGTAGATACGCCTGCATTAAACGAGACCTAAAATGAAATTGG 

ATGACGCCCGTCCTCTAACCTCACCACGCAGATGCCCATAATTTGGCTGGCTCCGTGCTT 

TTCCCTCCGAAGCTGGATGCAGGCGATAGTGGACCAAGAAACAGCAGTTGCAGTCGCAGC 



 
 
 

AGCGGAAGCGGAAGCGAACAGGCCGAAAGCCATCGAGTCGCACAGCCCGGCAACGGCCCA 

CTGGTTTATTGGTCCAACAGCCCGGCAACGGCCCACTGGCATCTCCAGTAGACAAATAGG 

AGAGGCCCAACGTCTAACTGTGTGAGCCGGCTGGAGCTGGACGCCACGCCAACACGCGTC 

AGCCGCCAGGTAGGCAGATATAACGAGGCACCCGGATTCCCGAGCCGTGCCCGGCGCGCG 

ATAGCCATTCGTATCCCGAGGCGGCCGCGGCGGCCAGTCGGCCACGCCCCCGCCCCCGCT 

CCGCTCCGAAGAATCAATCGCAGCCCGCCCGCGCGCGCGCGCTCGGCCTATCGCCACCAC 

CACGCGGCACCGCTCGAGAGAGGAGGAGGAGGGGCCAAAAAATCTCCTCCGCCACCACCG 

GTAGCTTCGCGTGCGGCGCTTGCTCACCGCCCGCGCGCGCACGCCTGCAGAACCCCGCTC 

TTCCCCCTCCTTCTGCAGCCA 

>ShPHT4-4 

CCTTAGAGTTTTATCTCAATAGTATGCAAGCAATCCACCTTAGTGGTCCCCTATCATATG 

TATGATAATTATTTGAGGAGGTCTACACACCATCTATTTCTACCTTCACGTGCTACACCA 

TCCACTAACATCATCAGTTTATGATAATTATGTATCCTAAATTTTATAGTATACCCACTT 

TAATCCTACATAAAGGTTTCATATAATTCTATATACGATTTAATAGTATCCTAATATTAC 

GATCCTAATGATAGTATACATATGAATAACTTTTTAAATAATTTAGTTTTAATAAAATAC 

TATTTAGAGTTAGAAGGTCGTTGAAAATAACACTAAGAATTGCACTTAAATGAACAATAA 

AATAACTGAAATTAGTACTATAGGTTACATCTTTACAACATTATGATAAATCCTATATAA 

TATATACAATTTACAAAGTCTAGGATCCTCATGCTGCTCGGTCCTATGATCATATTATAT 

TTAACTAAAAATGAGTCTACTCCGTCTATTTTGTCCTAAGTCAAACTATATAAAGTTTGA 

CTAAATTTATAGAGAATGGTATTAACATCTATCACATTAAAGATAATACCTCTATTCTAA 

ATTATAAGCTATTCTGGTTTTTCTACGTACATAGCTTTTATCATGTATCTAAATACACAC 

TATGTCTAGATACGTGACTTTTGCTATGTATCTCGAAAAGATAGAATAACTTACAATTTG 

GAACAAGTGAGTATAAATTATGAAAATATATTTCATAATAATGATGCTAATTTGATGTCT 

TAAGTTTGTAACTATTATTCTTCTTTGTATAATTTTGGTTAAAATTAATACAATTTGACT 

TAGGATAAATTTAGAATCCTTATATTTTTTAGAACCAGAAAGGAGGAAGTATATATTATG 

TCGATCCTAATAAGCAATAACCCTGTTACCCTACTTCTAACAGAACCTTCGTATTTCCTA 

CTGCAGTAACCAGATTCTTTCGTTACTTTCTGGTTAATCCAGGCCAAAAGGGTACAAGAA 

CAAGGGTTACGAACAAGATTGGATCTGATCCCTCGTTCCGAGTATTATTACTAGCTGTTG 

CCGGGCGACCGCGATGCGCCTGGTCCGCGCGATCCCCCCTCTCGTTCGCACCGCCTCAAC 

GACGGCCGCGTCCTCGCCAAACCGGGTGCTGAGGGTAGGCGACGCCGTGCGCGAGCGGCG 

GCACTTCACGGGGGCGGACGTGGCGGCGTACGCGGCGGTGAGCGGCGACCGCAACCCGGT 



 
 
 

GCACCTCGACGACGGCTTCGCCCGGGAGGTGGGCGGGTTCCAGCGCGGCCGCGTGGTGCA 

CAGCATGCTCGTGGCCTCCGTCTTCCCTTCCGTCATCGCCGCCCACTTCGTACGCTCCCA 

CCTCTTTCCCCGTGTGTGCATTTCGTCGAGCGGTACATGAGCATGGGCGCTAGACTAACA 

CCGGGGCTTGGCTTCACTGTCGGTTGGTGCAGCCTGGCGCCGTGTACGCGAGCCAGACCC 

TGCGGTTTGCGGCGCCGGTGTACGTCGGAGACGAGGTGGTTGCTCAAGTCCGGGCGCTCC 

ACATCCGGATGATGGCGGGGAATGGCAGCACAAGCCGGTACCTGTATGTCCTACGCAGCC 

GTCCTCTCCTCTTTATACCATACCAACGCAAGGATTAAGACTTCACCGTAACGTAACCCA 

TACTCCGGTTGATTCCGCGCAGGGTAAAATTCGAAACCAAATGCTTCACTGAAAAGGATG 

AGGGCTCTCTCGCCATTGATGGGGAAGCCATGGCTGTCCTGCCCACGCTGGACTGGAGTT 

CAGAGACAGCAGTCAGTAGAATGCTACTGTACCAATAGACCCAACCCAAGTTCGTTTTAC 

CAAAAATGCTATTGTGGCATTTTTTTCATGTGAATGTTACCATACATTTTCATTACAAAT 

ATATCACAACTGCAGTAAACATAGAAAAATGAATTCAATAGCAATGACAAATCGGTATTG 

TTAACAGAGTGGTCTCTAGTC 

>ShPHT4-5 

CTGCAAGTAACTCGGTGTAGTAAATATGTACAACATTTCTTCTGTTGAAGGAATATTCAC 

CTACAAACCTTAGTAGCCCTCTTTACAGCTATGATGGATCCATCCCTGAGCTTCGCCTTA 

TACACAGTGCCAAAATTACCTAACCCAATTTTGTTTTGTTCACTAAAGTTTGAAGTAGCC 

TGGCAAATTTCCTGAAACGAAAACTGTTCTTGCCAGGACTTTGTTTGGCTGCTATCACCT 

CTCTGCCTGGATATATTCTGTATAGTATTGCTTGTGCTACTTGTTGATGAAATTCTGGGG 

ACTGCAGGAAACAATCGGAAACCATCTTAATTGGACTCAACTTTGATTTAATAGTTGAGC 

AGTTTGATTAAGAACACATCCTCACAAAGTATATTCATCATTGAGCAGCTATGTATGTCT 

TGTTTTGGACCACATTATGGGTGCTGTTGAGTTTTGTAACTTGAACGCAAAGCTTCATGA 

TTGACCAAAAGCATGTCATTAGAAATGTCAGTTGAAGAGCAATGCTAACTTGAACGAGTT 

TGGATTCTGATTAGCTTATTAGGTGAAAACTGGAAACAGGAAGTGGCAGTGAAAACTCAA 

ATTGTAGATCGGGAGTATCGGGAGTCTGAGTAAGCTCAAATTTACTTTGACTAAACATCA 

GGCTGTATGATATTTGTAACCCATAAGTTGAAGGTCGATTAGTATGGACTCCTTATCGGT 

TATTGCTGATTTATGCCACAATTTTGCATTACCATGATTAAAATCGTTTCTTCTATAGAA 

TCTTAAAAGACCTGATTGGCCTCATTTGACGAGGTAAATATTCGTGTCTCGTTTCTAATG 

CAATTCGTTTCAGGACTAGCTAGTAGTAATAGTAACTAAGATAGTTACACAGGCAGCATC 

TCAGCTTCTACATGACAGATGAATGAAGAAAGGAAGGTGAGCTTACTGGGACTAGCAGAC 

ACATCCTGGCGCTCGATTGGAGGATTCTGATGGGCTTCCTTGATTTCAGATCGAGGAGTG 



 
 
 

AAGCAGTTTGCCCATGACCCTAAAATTGCAGTAACTCTTTCCCGGAATGATATTGAGCTC 

CTGGCCTTCGTGTTGACCATACGGGAACGAGGTGTATAAGTAGAAGTCCAAGAGAACCCA 

GGATCTGACTGAAACTCACTGTTGAAGCCAGAGAAATCTCCATGGCCGGTTGGGGATGTC 

CGGTTGCGAGCTGCCTGCATGGCTGATGGGATGCGAACATAATCAGGTACATGTTCTTCT 

GATTCTTAGCTTTTGTAGACTCGGAGGCGATGGAGGATAGACTGATTCAAATTTGACTGG 

GTGCATACATCTTTATTATCATAAAAAGGTGGTTGAAATGGGTTTTCAGGCCAAGCCAGT 

GGGGTTAGGAGTTATGACTTAGGAGTAAATGTACGTATGACAACCACTGTTTACAATAAT 

TTAATTGGTGGGGGATGTCACAGTAGGTATGTTTACAATTCCACTGCCAGAGACGAAATG 

GACCATGGCATCGTCCTTTGGCCTGTCCTCTGAAGCGTTCTCTTCTTATCGGATGTCTCC 

GAAGAGACGCGTTCTCTTCTTTATGTCAGACTGTTGAGTGTTGAGGTCAATGGTAGGGAT 

GCAAGTCTCTCGGGTTATTGGTCCTTCCGGAACTTGATAAAATGGACTAGAATGGTTCCG 

GAACTTGATAAAATAAACTACAGTGGCATGCCACCTGATTAATTTAGCATTTAGGTGGAG 

AAAAGAACTAAGTTAGCTGATCATAGAACACCATTGGGTATCCCCTTACATCCTTACTAG 

TAGCCCTCCAAGAATATTTCCTTCTAAATTCCGAATCTCTACAGACATCGATGTATGGTA 

TGCTGACATTCTCAATACTGAATAGCATTGGATCTGAAGTTTTTAACTTTTTTCATCAAT 

GTAAAGACCCTTCTATGCTCCCCATCAAGGATTTCCCTGTTTGCTGCATTCATTATATAC 

TTAAAAGAAGGGAAATTGACA 

>ShPHT4-6 

TAGAAGAGTTCAACTCCAACGTTCAGTGGAGATGCATGATAAGTTCACACAGCAATCCAG 

GTGCTTTTCACTACTGTGGAGATACTGTTGTCACCAACAAAAAGGGCAGCACCGGACCTA 

AGGCTTGTCAAAGTTCAAGGAAGTGATTGCCGTGAACCTTGATGTCGCCGGTGCCACAAG 

ATCTGTTGTTGCACCTTCCTCATCGGATTATGTGACATGCTTCGAGAGTTTGGGGTGGTT 

GCGTCCTTGGAGAGCAGTGACCTCAAGTGGGCAAGAATAGGTGGTGCGACGATGTTGTGG 

TGTGGAGAAATGGACAGTGGAGTGGTAAGGACTAAGGAGTGACAAGCAGTAGCGCAGAGA 

GACAGGTGGGCGATGGGTAGGTGTGGGCGCTCGTGATTCGTGAAGGTGAACAGAATGGCA 

ACATGAACAAGAAAAATGAATTGGGAGATATTCTTTTTACTTCTAGATAGATGGGATGCT 

CATCAATAATCTATCCCTAATATGGTAGTGTTGGTGACCACCAATACTAATTTTCAGGAT 

TATCAGAAGAGTTGCTGCAGCATTTTCGTAATATATCTCCTCCAATACCCATACGAAAGG 

TGGATCCTATGGAAGTGTTGGAGAAAAAATGACTGAGAAGTGGTAGTTGGAGTGGCCATC 

ATGTTATTGTGGGAGATACAACTCCCCCTTTATTTGAGAGATGACGAGAGAAATATTGGT 

AACAAAAAAAATGTCGGAAAAAACATAGTCATTCTTAATATGACAATTTTATGGGGATAG 



 
 
 

GGAGAGGTATCTGGGTATTGTTGGAGACATTCTAAAGCCCACGTATTTTAGTCCCATTTA 

CATGGACCAGTTGATCAATTCAAAAAAAAAAAAGACCGGTTGATCCATTTACGGCATCAG 

TAGCAGCCAAATTTCAGCGAAACGAACAGAGCCTCGCCAGTAAAGCTAAAAATGCTTAAC 

ATATATAAACATAAATGATTTTTATATTTGCCATCAGTGCCAATGTACTGGAGGAGATAA 

GGACGGGCGAGTGGCGGCGACGTCTAGACCGGTTGGCCTGTACTCAACGGTCAATATTAC 

TGCATTGTCTATCCACAAGGGATGTTAGTCCTATGTGACATAATGTCTGCTATGTAAGGA 

CTCCAAATAGGTGCATGGAGTGTTGGCGCCACCAAACTAATGTTGACCGGGGATCAGGAT 

GGACGGATGGTCATGGTCGTCGACGTCGAGGGCCGCCAACCAACCCCCGGGTCGGGACTC 

CGGTGCCGCTGATCACAGACGAAGCGACAGCCACGCTCGCACCATCATCTTGCGGCCCAG 

AAACGTGAACGAGTCGCTAGTCTCTGCGTTGCTGCCACCCGGAGTCCCGGGTCCCGGCGC 

AGGCTCATTCTCTACCGGCGTGGCGGCGTCCGAGCGCGTCAACTCATCGTCTGGCTGGCT 

TTCGCCGTGGCCGGGTAGGTGGTGAATCGGGCGAGCCGCGGTAGGTGTGGTTCCTGCCGG 

ACGCCGGCACGGCGCCCCCGCAATCCTTGACCCTTCGTCGTCCCTTCCCGAGTCCGCCCA 

GCAACAGCAACCCTGCCATTTTGCCAGAACCAACCAAACGGCTCCTCGCCGATTTAAGCC 

ACGTGACTGCCAAGCCGAAGCCGGCCACTCTCTCTCCCTTCCCTTGTCTCCTCGCTCGCT 

CCGATCTGCCTGCTGCCGCGGTGCCACCTACCGCCCTCGGCTCGACACCCTCGCCAGTCG 

TCACCCCGCGAGGTGGTCCTAATTTAACCCACCAACTAACCCAGCCGCCGATCAACCGCG 

CCCGCGCACGCCGCTCGCTCGCTCCCCCCGCACTGCCATGGGCCTGGCTCGCCGCGCGAC 

GCTCTCGGCGACCCCTGCCGTGCTCCTCTGAGACTGAGAGGCAGAGCTAGCCAGGCAGCC 

CCTGCTTGGCTGCTTGCCGTGTGTCGGGCTCGGCTTCTCCCACGCGCGGCGTGGGGTTGT 

TGGATCAAGCTTGACCAACCA 

>ShPHO1-1 

GTGTTTTCAAGGAGATGATCTTGACAAATATGGCAATTGACCAGTCAGCTATGACTTGTC 

TGCTGCAGGTTTGTTCATCTGTTGGACAACTGAGAATGGTTCGGGAGGTACATTGTTATG 

CTTTAAAAACCTTCTTCAAGTTGGATACTTTACTACTGAATGCTACCATCACTGTTTATG 

GCAGATGTGGTGATACCATCAGTGCTGAAACTGTATTTAATCTAATGGAGGAAAAGGACA 

TCATATCATGGACGGCATTGTTAACTTGCTACGCTCAGAATGGTCTTGATGAAGAGGTAC 

TCTTGTTCTTTAGGGAAATGCTCCGGGGAGGGTTGGGGTCTCCAGTATTTTGCATGACTA 

GTGTGCTACGAGCCTGTTCTAGTACCTCAAATCTTGCTGTTGGATTGCAAATCCATTCGA 

GGACTGTGAAGCTAGGTATTGATGATGATAATTCTGTAGAGAATGCACTCGTAAGCTTGT 

ATGCTAATTGTGGAAGTGTTCAGGTTGCCTTGAAGATATTTAACTCAATGAGTAATAGAG 



 
 
 

ACATCGTCACTTGGAATGCATTACTCACAAGTTTTTCACAGCATGGCAATGAGGCGGCAG 

CCATTCAGCTTTTTGATCTGATGCAAGAAGAAAAGGTCTGCCCAGATGATTACACTTTTG 

TTGGCCTGCTATCATCTTGCAGCCGAATGGGCCTTGTAAAAGAGGGCTGTGAGTACTTCA 

ATGAAATGAAGGCAAAATACAACTTGGAGCCCAAGATGGTTCATTATACCTGCATAGTTG 

ATCTACTTGCCCGTGCTGGAAGATTTTGTGATGCAATGGACTTCATTGATGCAATGCCTT 

ATGAACCAGACCAAATATTGTGGGAAGCTTTGCTAGCTTCATGTAAGGTTCATGGAAATT 

TGGGGTTAGGAAGAATAGCAGCTAAGAAGATTCTGGAAATTACACCACATGATTATTCAG 

CATACATTACATTATCAAGCATTCATGCTTCAGTTGACATGTGGGATGAGAAATGCTGGA 

ATCGCACTGTATTTGATACCCAGCAAGCAAGAAAGGATACTGGAAGGAGTTGGATTGATA 

CACAAAAAATATCAGAGAATATATTCGATGCATTACAAATTGGAGTGACGTAATGTTAGT 

TGATAATGCTTCTTTTCTGAAAGACTAGGGGTCTGTTACTCTCCATGGTTGCGGTGAAGC 

GTAGTGCCCTGAATCATAAGAAATCAACAAGCAGAACAAAAGATATCCATGAATGCAAGC 

AAACCATGGTCTCAATGTCATGCATCGAATAGAACTTACCTATGTCAGATCATCACCACA 

GAAAATATATGATGTGGTGCAAATGGCAGATTATTATCCTTTCTATGGTGTGGAACATGG 

TTGTAAACTTTCAGTGATTATCTTTCTTTAAATTTGTGATGCTCTACGATGCTGTTAATG 

TTGTAAGCTGTACATAGGGTGCTGCAGTTGGAAAGTATATTGATACTTCTCTATTGTCAG 

CCAAAATTTACATTGATGTTGGAAATACAGAGATATCTCTTCAGTGGATACAAACAAAAT 

CTACATCTAGGTTTAAGTTTTTTATGTTCACCTGCTGTGGGAGGTTAGTATGAGCACAGT 

CCAGCTCTTTATCAGTATGCTTTGCGATTCCTAAATTAACTATAATTTTCTATGCTTTGG 

ACCAGATATGCATGCATACTCTTTTGCACATCAAATGACATGGTAGAGACATGGCATACA 

TGAGTGAGAGCTGAAAGTGAGGTCATTGCACAATGCCAATATGACTCTTTACCAGGATTC 

TGTAGATCCTTGCAATTCTTAAATTCCAAGTTGTGAAGTTCATTATTGAGATCACAAGAG 

TTCAGTGACATTTGCTATTCTGCTAGTGTCTATTGTACCTTCTAAGTGGCTTATAAAGAA 

ATTTCATGTTTTGCAAAATGATCACAAACCTCTTCAGAGGTATTTTATGCATGACGGGCA 

GAACACAAAATTGATGAGGAG 

>ShPHO1-2 

GTGTTTTCAAGGAGATGATCTTGACAAATATGGCAATTGACCAGTCAGCTATGACTTGTC 

TGCTGCAGGTTTGTTCATCTGTTGGACAACTGAGAATGGTTCGGGAGGTACATTGTTATG 

CTTTAAAAACCTTCTTCAAGTTGGATACTTTACTACTGAATGCTACCATCACTGTTTATG 

GCAGATGTGGTGATACCATCAGTGCTGAAACTGTATTTAATCTAATGGAGGAAAAGGACA 

TCATATCATGGACGGCATTGTTAACTTGCTACGCTCAGAATGGTCTTGATGAAGAGGTAC 



 
 
 

TCTTGTTCTTTAGGGAAATGCTCCGGGGAGGGTTGGGGTCTCCAGTATTTTGCATGACTA 

GTGTGCTACGAGCCTGTTCTAGTACCTCAAATCTTGCTGTTGGATTGCAAATCCATTCGA 

GGACTGTGAAGCTAGGTATTGATGATGATAATTCTGTAGAGAATGCACTCGTAAGCTTGT 

ATGCTAATTGTGGAAGTGTTCAGGTTGCCTTGAAGATATTTAACTCAATGAGTAATAGAG 

ACATCGTCACTTGGAATGCATTACTCACAAGTTTTTCACAGCATGGCAATGAGGCGGCAG 

CCATTCAGCTTTTTGATCTGATGCAAGAAGAAAAGGTCTGCCCAGATGATTACACTTTTG 

TTGGCCTGCTATCATCTTGCAGCCGAATGGGCCTTGTAAAAGAGGGCTGTGAGTACTTCA 

ATGAAATGAAGGCAAAATACAACTTGGAGCCCAAGATGGTTCATTATACCTGCATAGTTG 

ATCTACTTGCCCGTGCTGGAAGATTTTGTGATGCAATGGACTTCATTGATGCAATGCCTT 

ATGAACCAGACCAAATATTGTGGGAAGCTTTGCTAGCTTCATGTAAGGTTCATGGAAATT 

TGGGGTTAGGAAGAATAGCAGCTAAGAAGATTCTGGAAATTACACCACATGATTATTCAG 

CATACATTACATTATCAAGCATTCATGCTTCAGTTGACATGTGGGATGAGAAATGCTGGA 

ATCGCACTGTATTTGATACCCAGCAAGCAAGAAAGGATACTGGAAGGAGTTGGATTGATA 

CACAAAAAATATCAGAGAATATATTCGATGCATTACAAATTGGAGTGACGTAATGTTAGT 

TGATAATGCTTCTTTTCTGAAAGACTAGGGGTCTGTTACTCTCCATGGTTGCGGTGAAGC 

GTAGTGCCCTGAATCATAAGAAATCAACAAGCAGAACAAAAGATATCCATGAATGCAAGC 

AAACCATGGTCTCAATGTCATGCATCGAATAGAACTTACCTATGTCAGATCATCACCACA 

GAAAATATATGATGTGGTGCAAATGGCAGATTATTATCCTTTCTATGGTGTGGAACATGG 

TTGTAAACTTTCAGTGATTATCTTTCTTTAAATTTGTGATGCTCTACGATGCTGTTAATG 

TTGTAAGCTGTACATAGGGTGCTGCAGTTGGAAAGTATATTGATACTTCTCTATTGTCAG 

CCAAAATTTACATTGATGTTGGAAATACAGAGATATCTCTTCAGTGGATACAAACAAAAT 

CTACATCTAGGTTTAAGTTTTTTATGTTCACCTGCTGTGGGAGGTTAGTATGAGCACAGT 

CCAGCTCTTTATCAGTATGCTTTGCGATTCCTAAATTAACTATAATTTTCTATGCTTTGG 

ACCAGATATGCATGCATACTCTTTTGCACATCAAATGACATGGTAGAGACATGGCATACA 

TGAGTGAGAGCTGAAAGTGAGGTCATTGCACAATGCCAATATGACTCTTTACCAGGATTC 

TGTAGATCCTTGCAATTCTTAAATTCCAAGTTGTGAAGTTCATTATTGAGATCACAAGAG 

TTCAGTGACATTTGCTATTCTGCTAGTGTCTATTGTACCTTCTAAGTGGCTTATAAAGAA 

ATTTCATGTTTTGCAAAATGATCACAAACCTCTTCAGAGGTATTTTATGCATGACGGGCA 

GAACACAAAATTGATGAGGAG 

>ShPHO1-3 

AAAAAGCTATGTGTGGGGGCTATAAAGTGATGCCAGCTACTCCTGAACATTGCAGCACTT 



 
 
 

GAAGAGCGATTCCCGCTTTAGTTGTGGGACCCGATGTTTTCCCTAGCACTGCTCCCACAT 

TGCAGAAGGCCTAAACTCCAGGGTAGATCATAGAGGGTGACTATTATGTGCGGCTCTCCA 

TAAAATGTTATTTGTCCGTTTTAAACAAAATGTTCTTTGCTAGCTTTGCCTAAGAGGCGA 

AGAAATAGTTAGTCACACGTATATGGCAAACAGTGTTTTTTTTTTTTTTTTGCTGATGGC 

CTCAGAACATTCGGATTTGGAAAAGAGTGAGGAAGAAGAGATCCACACGCTGATACGAAG 

ATGAAATGAAATACTCGAATAGTAGAGTATAGCTTTCCCATTTTTAAAGGCAAAAAGGGA 

GCTTCAGTTGCCCGCTTAATTGGTTTGGTTAAACAAGGAAGGAAAAAAAAAGATTAGGAA 

CTAGAACAAGGCAGTCGGTTAGCGTGGCGAGGCAGTTGTTGACTTGTCGTGTCGCCATTC 

GCGTCGCGCTGCACGCTCACCCGACTCCCTTCACTCCCAAGCTACTACCATACTCCAAAC 

TCCATACGTCCCCCGCTGCACGCTCAGGGCTCCTATATACTCTGCTCGCTTGCTACGCTC 

CTCATCGCCCCGAGATCCATCGATCGCATTCCCACCAGGGAGCTTAGCATCCGCACGCAC 

CCCCAACAAGCAGATCGCCACCGCCGGCAGCATGGCCGCGCCGCTGCTCTGGCAATGGCG 

CCGCCTCGCCGTGCTCGGCGCCCTCCTCGCGCTCCACCTCGCCGCCGCCGTGGCACAGTC 

GCCGCCAGCTGCACCCACGACCCCTGCCGCACCCACGACCCCGGCTGCACCCACGACCCC 

TGCTGCACCGACGACTCCTGCTGCACCCACGACTCCGGCTACACCGACGACTCCTGCCGC 

ACCCACGACCCCGGCTGCACCGACGACCCCTGCCGCACCGACGACTCCGGCTGCACCGAC 

GACCCCTGCCGCACCCACGACCCCGGCTGCACCCACGACCCCGGCGACGCCGGCGCCCAC 

CGCCACCCCGACAACGCCAGCGCCCACCGCCACCCCTGTCGCGCCAGCAAAGCCGCCGCC 

GGTCGCGCCAGCGGTTGCGCCGGCCAAACCCCCGCCGGTGACGCCGCCGCCCGTCACGCC 

ACCTCCCACGACGCCTCCACCCAAGACGCCGCCCGCGGTGCTCCCACCCGCCGCGGCGCC 

TCCGCCGACGGCCACGGCCCCGGCCGAGGCGCCCGCGTCGCTGCCTCCCGCGACGACGCC 

CCCGCCCGTGGCCGAGGCCCCCTCGCCGCCTGCGGAGATACCCCCCGCCGAGGCGCCGTC 

CAAGGGCAAGAACAAGCACAAGAGGAGGAAGAAGCAGCACGGCAAGAAGGAGGCGCCCGC 

GGAAGCGCCGCAGCCGCTGAGCCCGCCTGCTCCCGCCGCGCCGTCGCCGGCTGATCTGGA 

GGACGTGTCCGGCCCTGCACCGTCAGCGTCCGATGTGGTAAATGCCCGAATCGCTGTCCT 

ATTAGGCGAGAGCACTTCACATTTTCAGTGGGAATAATGATATTTTTTTCTTTACTTCTT 

TTCTGCAGAATGCGAGCAGCCGGCAGCACCAGCACTGGGCCTCCGTCGTCCTGCAGACCG 

CCATAGCGGCGCTTTTGCTATCGCTAGCGTGGTAAATCCCAGAGAGAGAGAGAGAGAGAG 

AGAGAGAGAGAGATCCATATATCAGTGTACGAGCTCATGGTGTAATTATTTCCTTCTGTT 

CATGTTGCGCCATCATAGGCCGGTGAGGTTTATCTGCGGGATTTGTTATAGGAACCATTG 

GTTTGTGGCTTTTGGTAATTTTTTTGACATGTTCTGTATCCATTTTTTTCGTTAATTTTG 



 
 
 

GAATAAAGACTCACACTTGCTCAGACAAAATACTGCGAAATGCGAACAAATGATTTCAGC 

ATCTTGGGTTATATAGAGATG 

>ShPHO1-4 

AGAGAGAGAGAGAGATCCATATATCAGTGTACGAGCTCATGGTGTAATTATTTCCTTCTG 

TTCATGTTGCGCCATCATAGGCCGGTGAGGTTTATCTGCGGGATTTGTTATAGGAACCAT 

TGGTTTGTGGCTTTTGGTAATTTTTTTGACATGTTCTGTATCCATTTTTTTCGTTAATTT 

TGGAATAAAGACTCACACTTGCTCAGACAAAATACTGCGAAATGCGAACAAATGATTTCA 

GCATCTTGGGTTATATAGAGATGCCATTCCATTCCCTGAAGGAATGAATTACACGCATGA 

ACAGCTAAAGATCCGAACAATTCTCCACCTCTTGAGTTTGAAAAAATTCAGCAGAATGTT 

GAAGGAACAAATTGTTTGATCTAGCAGTGATGGTCAGATGGTTCAGTAGTTGTGGATTAG 

TCCTCGTCCACTTCATGAAAAGGCAGTGGAACCGTCTTTACCGCCCGAAACTTGCCCGCG 

TTGTTCAGATGCTCATTCTCCAACCTGAAATTTTCAATATTTGTTTCAGTCTCTGACTCT 

CAAATTCTCAATGTGTTTGCTGTTCAAGAATTAATGAGATTGTGCAGAACTGTAGTATTA 

TAAGGTCTTTTTACCTATAGAAGTTCCAATGCCCTCGCCGGATCACTTCGAGGGCCGCTA 

GAAAGAAGGAAGTGACCCTAGAATCCAAACTCCCAAAATTTGGATGGATGACGGTCTGCA 

ACCAAGCAAGCCTCAGCACAAGATTCAGTCCCTGCAAAAAAAGTTCAGACAAGAATCAGA 

ACATTTCACTCGAGCCATTGGTTCTTCTGGAACGTAATGCTTCACTAGTGCAGAACAAAT 

AGCATGCTCGTCCATCTAGACCTTACAATCGAAAAATTAATATTGGATACTGAGTCTGAA 

GTGTTTTTTTTAATCTTCGTGCGTGATCAGGGTTCTGTTTTGATCCTTGACGTCGCTCAG 

TCGGACAGACTAAAACTCTGAACTAGCAAGCACTTTGTTCTGCAAGACACTGCAACCGAA 

CCTTCCTCAGCAGGGTGATTAGCTGAGGGACGTACCATTGACAGGTAGTATATGGATTTC 

CTCCTGAGGATGAGGTCGTTCCTGAGCCAGGGGTTCTTGGAGTTGGGCTGGAGCAGACCC 

CAGTCCTTGACGAAGTCCCAGTACAGCTGGTACACCGTGGCGCCGCTCGACACGGCGACG 

AGGAGCGACAGCGACGCCAGGCTCTTGTCCTTCTCGTACGCCACCTTGGCGCCGGCGGCG 

AGCATGGCGGAGACGTACTTGCCCAGGTTCACCAGGTGGCTCGTGTCCCCCTCGTCGAAC 

CACCTCCTTGCGCACTGCACAGCCAGCAGCCCAACAATTTTCAGACATTCAGAGTTCAGA 

CAGTCCAGAGACTGCACTCTGCCGCAGCAGGAAAGAACTCTCACCTGCATGGCTCTCCAG 

TAGTAAGGCAGGAAGGAGACGGCGTAGGCCAGGTCTCTGACGTGCTTGGTGTTGGTGCAG 

TAGCCGTACTCCTGCGTCCAGTAGCTCCCACTGATGTAATAGCACGCCAGGTACTCCAGG 

CTTCTTAGCATAGGCACCTGCGCATTTTGCCATCTCTTTTGTCAGATTATATGTTCGCCC 

TGTTTAGTTCCTCCAATTCTCCCCAAAATTCCACTATGCAAAAAGAAGATTCCCCGTCAC 



 
 
 

ATCAAAATGTCGGTAAATATATGGAGTACTAAATGTTGATAAAATCAAAAACTAATTGCA 

CAGTTTTGTTGTACTTTGTGAGACGAACATTTTAAACCTAGTTAGTTAAAATTTGGATAA 

TTTTTACCAAATACAAACGAAATGCTACAGGAATTCTGATACAGTGTTTTTCTTCCCAAT 

TCTCTCATCTAAACGAGGCCTTCATCTTCTATAGATTCATCGACAGAAATTTAGAGTACT 

GACTAGTAGTAGTACCTGGCTGCAAAGCTGATCGGCCATGAAGAAGTCTACCATTACAAC 

CTACAAATATTCAGAAACAAT 

 

 


