
Table S1. Distribution of the catabolic genes for aromatic compounds and the heavy metal resistance 
genes in the biphenyl/PCB degrading KF strains. 

KF strains bph sal bza ben box dmp pca paa mer czc 
701 + + + + - + - - + + 
702 + + + + - - + - + + 
703 + + + + - + + + - + 
707 + + + + - + + + - + 
708 + - - - + + - + + + 
709 + - - + + - - + - + 
710 + + + + - + + - + + 
712 + - - - + + - - + + 
715 + + + + - + + + + + 
716 + + - + - + - - - + 

 

Table S2. Identity (%) of the nucleotide sequence of bphR. 

 703 707 710 716 701 715 709 708 712 
702 99.9 99.9 99.9 99.9 99.9 99.9 61.1 <60.0 <60.0 
703 - 100.0 100.0 100.0 100.0 100.0 61.1 <60.0 <60.0 
707 - - 100.0 100.0 100.0 100.0 61.1 <60.0 <60.0 
710 - - - 100.0 100.0 100.0 61.1 <60.0 <60.0 
716 - - - - 100.0 100.0 61.1 <60.0 <60.0 
701 - - - - - 100.0 61.1 <60.0 <60.0 
715 - - - - - - 61.1 <60.0 <60.0 
709 - - - - - - - <60.0 <60.0 
708 - - - - - - - - 88.5 

 



 

Table S3. Identity (%) of the nucleotide sequence of bphA1. 

 703 707 710 716 701 715 709 708 712 
702 96.7 96.7 97.5 96.7 97.5 97.5 71.9 76.2 76.1 
703 - 100.0 99.0 100.0 99.0 99.0 72.7 76.5 77.0 
707 - - 99.0 100.0 99.0 99.0 72.7 76.5 77.0 
710 - - - 99.0 100.0 100.0 72.3 76.5 77.0 
716 - - - - 99.0 99.0 72.7 76.5 77.0 
701 - - - - - 100.0 72.3 76.5 76.8 
715 - - - - - - 72.3 76.5 76.8 
709 - - - - - - - 74.5 74.1 
708 - - - - - - - - 92.2 

Table S4. Identity (%) of the nucleotide sequence of bphA2. 

 703 707 710 716 701 715 709 708 712 
702 99.7 99.7 99.5 99.5 99.5 99.5 66.7 69.2 66.7 
703 - 100.0 99.8 99.8 99.8 99.8 66.7 68.7 67.0 
707 - - 99.8 99.8 99.8 99.8 66.7 69.0 67.0 
710 - - - 100.0 100.0 100.0 66.0 68.2 67.4 
716 - - - - 100.0 100.0 66.0 69.2 67.4 
701 - - - - - 100.0 66.0 69.2 67.4 
715 - - - - - - 66.0 69.2 67.4 
709 - - - - - - - 66.8 68.3 
708 - - - - - - - - 87.3 

Table S5. Identity (%) of the nucleotide sequence of bphA3. 

 703 707 710 716 701 715 709 708 712 
702 100.0 100.0 100.0 100.0 100.0 100.0 67.0 71.0 70.4 
703 - 100.0 100.0 100.0 100.0 100.0 67.0 71.0 70.4 
707 - - 100.0 100.0 100.0 100.0 67.0 71.0 70.4 
710 - - - 100.0 100.0 100.0 67.0 71.0 70.4 
716 - - - - 100.0 100.0 67.0 71.0 70.4 
701 - - - - - 100.0 67.0 71.0 70.4 
715 - - - - - - 67.0 71.0 70.4 
709 - - - - - - - 65.4 63.9 
708 - - - - - - - - 93.9 

Table S6. Identity (%) of the nucleotide sequence of bphA4. 

 703 707 710 716 701 715 709 708 712 
702 100.0 100.0 100.0 100.0 92.7 92.7 62.2 <60.0 <60.0 
703 - 100.0 100.0 100.0 92.7 92.7 62.2 <60.0 <60.0 
707 - - 100.0 100.0 92.7 92.7 62.2 <60.0 <60.0 
710 - - - 100.0 92.7 92.7 62.2 <60.0 <60.0 
716 - - - - 92.7 92.7 62.2 <60.0 <60.0 
701 - - - - - 100.0 62.6 <60.0 <60.0 
715 - - - - - - 62.6 <60.0 <60.0 
709 - - - - - - - <60.0 <60.0 
708 - - - - - - - - 87.6 

 



 

Table S7. Identity (%) of the nucleotide sequence of bphB. 

 703 707 710 716 701 715 709 708 712 
702 99.9 100.0 99.9 99.8 92.0 92.0 71.3 73.8 74.9 
703 - 99.9 99.8 99.6 92.1 92.1 71.4 73.9 75.0 
707 - - 99.9 99.8 92.0 92.0 71.3 73.8 74.9 
710 - - - 99.9 91.8 91.8 71.2 73.7 74.9 
716 - - - - 92.0 92.0 71.3 73.8 75.1 
701 - - - - - 100.0 70.2 72.9 74.9 
715 - - - - - - 70.2 72.9 74.9 
709 - - - - - - - 68.9 70.1 
708 - - - - - - - - 92.1 

Table S8. Identity (%) of the nucleotide sequence of bphC. 

 703 707 710 716 701 715 709 708 712 
702 100.0 100.0 100.0 100.0 92.6 92.6 <60.0 68.7 69.6 
703 - 100.0 100.0 100.0 92.6 92.6 <60.0 68.7 69.6 
707 - - 100.0 100.0 92.6 92.6 <60.0 68.7 69.6 
710 - - - 100.0 92.6 92.6 <60.0 68.7 69.6 
716 - - - - 92.6 92.6 <60.0 68.7 69.6 
701 - - - - - 100.0 <60.0 67.9 69.4 
715 - - - - - - <60.0 67.9 69.4 
709 - - - - - - - <60.0 60.2 
708 - - - - - - - - 92.9 

Table S9. Identity (%) of the nucleotide sequence of bphX0. 

 703 707 710 716 
702 100.0 100.0 100.0 100.0 
703 - 100.0 100.0 100.0 
707 - - 100.0 100.0 
710 - - - 100.0 

 

Table S10. Identity (%) of the nucleotide sequence of bphX1 (bphE). 

 703 707 710 716 709 708 712 
702 100.0 100.0 100.0 95.4 90.6 <60.0 <60.0 
703 - 100.0 100.0 95.4 90.6 <60.0 <60.0 
707 - - 100.0 95.4 90.6 <60.0 <60.0 
710 - - - 95.4 90.6 <60.0 <60.0 
716 - - - - 88.6 <60.0 <60.0 
709 - - - - - <60.0 <60.0 
708 - - - - - - 91.5 

 

  



 

Table S11. Identity (%) of the nucleotide sequence of bphX2 (bphG). 

10 703 707 710 716 709 708 712 
702 100.0 100.0 100.0 96.6 84.5 64.2 63.4 
703 - 100.0 100.0 96.6 84.5 64.2 63.4 
707 - - 100.0 96.6 84.5 64.2 63.4 
710 - - - 96.6 84.5 64.2 63.4 
716 - - - - 84.9 63.9 63.3 
709 - - - - - 64.9 63.5 
708 - - - - - - 83.3 

 

Table S12. Identity (%) of the nucleotide sequence of bphX3 (bphF). 

 703 707 710 716 709 708 712 
702 100.0 100.0 100.0 91.2 80.6 66.1. 65.5 
703 - 100.0 100.0 91.2 80.6 66.1 65.5 
707 - - 100.0 91.2 80.6 66.1 65.5 
710 - - - 91.2 80.6 66.1 65.5 
716 - - - - 77.8 64.8 65.5 
709 - - - - - 66.7 66.7 
708 - - - - - - 85.1 

Table S13. Identity (%) of the nucleotide sequence of bphD. 

 703 707 710 716 701 715 709 708 712 
702 100.0 100.0 99.9 97.2 96.2 96.2 75.2 75.2 75.6 
703 - 100.0 99.9 97.2 96.2 96.2 75.2 75.2 75.6 
707 - - 99.9 97.2 96.2 96.2 75.2 75.2 75.6 
710 - - - 97.1 96.1 96.1 75.0 75.2 75.5 
716 - - - - 99.0 99.0 74.8 75.3 76.2 
701 - - - - - 100.0 74.3 75.0 75.7 
715 - - - - - - 74.3 75.0 75.7 
709 - - - - - - - 74.4 74.1 
708 - - - - - - - - 91.8 

 

  



 

 

 

Figure S1. Comparison of the bphX3 (a) and bphD (b) genes belonging to type I and type II.  
Note that the bph genes of KF716 show structural features of both type I and type II as 
described in the text. 

 

bphX3(702) 1 ATGAAGCTAGAAGGCAAAAAAGTCACCGTCCACGACATGACGCTGCGCGACGGCATGCACCCCAAGCGCCACCAGATGACGCTGGAGCAAATGAAATCCATCGCCTGCGGCCTGGATGCCGCGGGCATCCCGCTGATCGAAGTCACCCAC 150
bphX3(703) 1 ATGAAGCTAGAAGGCAAAAAAGTCACCGTCCACGACATGACGCTGCGCGACGGCATGCACCCCAAGCGCCACCAGATGACGCTGGAGCAAATGAAATCCATCGCCTGCGGCCTGGATGCCGCGGGCATCCCGCTGATCGAAGTCACCCAC 150
bphX3(707) 1 ATGAAGCTAGAAGGCAAAAAAGTCACCGTCCACGACATGACGCTGCGCGACGGCATGCACCCCAAGCGCCACCAGATGACGCTGGAGCAAATGAAATCCATCGCCTGCGGCCTGGATGCCGCGGGCATCCCGCTGATCGAAGTCACCCAC 150
bphX3(710) 1 ATGAAGCTAGAAGGCAAAAAAGTCACCGTCCACGACATGACGCTGCGCGACGGCATGCACCCCAAGCGCCACCAGATGACGCTGGAGCAAATGAAATCCATCGCCTGCGGCCTGGATGCCGCGGGCATCCCGCTGATCGAAGTCACCCAC 150
bphX3(716) 1 ATGAAGCTAGAAGGCAAAAAAGTCACCGTCCACGACATGACGCTGCGCGACGGCATGCACCCCAAGCGCCACCAGATGACGCTGGAGCAAATGAAATCCATCGCCTGCGGCCTGGATGCCGCGGGCATCCCGCTGATCGAAGTCACCCAC 150

bphX3(702) 151 GGCGACGGCCTGGGCGGCTCCTCCGTCAACTACGGCTTTCCGGCGCACAGCGACGAGGAATACCTGGGCGCCGTGATTCCGTTGATGAAGCAGGCCAAGGTCAGTGCCCTGCTCTTGCCCGGCATCGGCACCGTCGAACACCTGAAGATG 300
bphX3(703) 151 GGCGACGGCCTGGGCGGCTCCTCCGTCAACTACGGCTTTCCGGCGCACAGCGACGAGGAATACCTGGGCGCCGTGATTCCGTTGATGAAGCAGGCCAAGGTCAGTGCCCTGCTCTTGCCCGGCATCGGCACCGTCGAACACCTGAAGATG 300
bphX3(707) 151 GGCGACGGCCTGGGCGGCTCCTCCGTCAACTACGGCTTTCCGGCGCACAGCGACGAGGAATACCTGGGCGCCGTGATTCCGTTGATGAAGCAGGCCAAGGTCAGTGCCCTGCTCTTGCCCGGCATCGGCACCGTCGAACACCTGAAGATG 300
bphX3(710) 151 GGCGACGGCCTGGGCGGCTCCTCCGTCAACTACGGCTTTCCGGCGCACAGCGACGAGGAATACCTGGGCGCCGTGATTCCGTTGATGAAGCAGGCCAAGGTCAGTGCCCTGCTCTTGCCCGGCATCGGCACCGTCGAACACCTGAAGATG 300
bphX3(716) 151 GGCGACGGCCTGGGCGGCTCCTCCGTCAACTACGGCTTTCCGGCGCACAGCGACGAGGAATACCTGGGCGCCGTGATTCCGTTGATGAAGCAGGCCAAGGTCAGTGCCCTGCTCTTGCCCGGCATCGGCACCGTCGACCACCTGCTGATG 300

bphX3(702) 301 GCCAAGGACCTGGGCGTGAACACCATCCGCGTGGCCACCCACTGCACCGAAGCCGATGTGTCGGAGCAGCACATCACCCAATCGCGCAAGCTGGGTCTGGACACCGTGGGCTTTTTGATGATGGCGCACATGGCCAGCCCAGAAAAGCTG 450
bphX3(703) 301 GCCAAGGACCTGGGCGTGAACACCATCCGCGTGGCCACCCACTGCACCGAAGCCGATGTGTCGGAGCAGCACATCACCCAATCGCGCAAGCTGGGTCTGGACACCGTGGGCTTTTTGATGATGGCGCACATGGCCAGCCCAGAAAAGCTG 450
bphX3(707) 301 GCCAAGGACCTGGGCGTGAACACCATCCGCGTGGCCACCCACTGCACCGAAGCCGATGTGTCGGAGCAGCACATCACCCAATCGCGCAAGCTGGGTCTGGACACCGTGGGCTTTTTGATGATGGCGCACATGGCCAGCCCAGAAAAGCTG 450
bphX3(710) 301 GCCAAGGACCTGGGCGTGAACACCATCCGCGTGGCCACCCACTGCACCGAAGCCGATGTGTCGGAGCAGCACATCACCCAATCGCGCAAGCTGGGTCTGGACACCGTGGGCTTTTTGATGATGGCGCACATGGCCAGCCCAGAAAAGCTG 450
bphX3(716) 301 GCCAAAGACCTGGGCGTGGCCACCATCCGTGTGGCGACCCATTGCACCGAAGCCGATGTGTCTGAGCAGCACATCACCAAGGCACGTGCGCTGGGCATGGATACCGTGGGCTTTTTGATGATGGCACACATGGCCAGTCCGGAAGAGCTG 450

bphX3(702) 451 GTCAGCCAGGCACTCTTGATGCAAGGCTACGGCGCCAACTGCATCTACGTCACCGACTCGGCCGGCTACATGCTGCCTGACGACGTGAAAGCGCGCCTGAGTGCCGTGCGTGCCGCGCTCAAACCCGAAACCGAGTTGGGCTTTCACGGC 600
bphX3(703) 451 GTCAGCCAGGCACTCTTGATGCAAGGCTACGGCGCCAACTGCATCTACGTCACCGACTCGGCCGGCTACATGCTGCCTGACGACGTGAAAGCGCGCCTGAGTGCCGTGCGTGCCGCGCTCAAACCCGAAACCGAGTTGGGCTTTCACGGC 600
bphX3(707) 451 GTCAGCCAGGCACTCTTGATGCAAGGCTACGGCGCCAACTGCATCTACGTCACCGACTCGGCCGGCTACATGCTGCCTGACGACGTGAAAGCGCGCCTGAGTGCCGTGCGTGCCGCGCTCAAACCCGAAACCGAGTTGGGCTTTCACGGC 600
bphX3(710) 451 GTCAGCCAGGCACTCTTGATGCAAGGCTACGGCGCCAACTGCATCTACGTCACCGACTCGGCCGGCTACATGCTGCCTGACGACGTGAAAGCGCGCCTGAGTGCCGTGCGTGCCGCGCTCAAACCCGAAACCGAGTTGGGCTTTCACGGC 600
bphX3(716) 451 GTGAGCCAGGCCAAACTGATGGAAGGCTATGGCGCCAACTGCATTTATGTGACTGACTCGGCAGGCTATTTGTTGCCTGAGGGCGTGAAAGCCCGTCTGAGCGCGGTGCGCACGGCCCTCAAGCCCGAGACCGAACTGGGTTTCCACGGC 600

bphX3(702) 601 CATCACAACCTGGCCATGGGCGTCGCCAACTCGATCGCCGCGATCGAGGCCGGGGCCACCCGCATCGATGCCGCTGCCGCTGGCCTGGGTGCCGGCGCCGGCAACACGCCGATGGAGGTGTTCATCGCCGTATGCGCGCGCATGGGGATC 750
bphX3(703) 601 CATCACAACCTGGCCATGGGCGTCGCCAACTCGATCGCCGCGATCGAGGCCGGGGCCACCCGCATCGATGCCGCTGCCGCTGGCCTGGGTGCCGGCGCCGGCAACACGCCGATGGAGGTGTTCATCGCCGTATGCGCGCGCATGGGGATC 750
bphX3(707) 601 CATCACAACCTGGCCATGGGCGTCGCCAACTCGATCGCCGCGATCGAGGCCGGGGCCACCCGCATCGATGCCGCTGCCGCTGGCCTGGGTGCCGGCGCCGGCAACACGCCGATGGAGGTGTTCATCGCCGTATGCGCGCGCATGGGGATC 750
bphX3(710) 601 CATCACAACCTGGCCATGGGCGTCGCCAACTCGATCGCCGCGATCGAGGCCGGGGCCACCCGCATCGATGCCGCTGCCGCTGGCCTGGGTGCCGGCGCCGGCAACACGCCGATGGAGGTGTTCATCGCCGTATGCGCGCGCATGGGGATC 750
bphX3(716) 601 CATCACAACCTGGCCATGGGCGTCGCCAACTCGATCGCCGCAATTGAAGCCGGTGCGAATCGCATCGACGCGGCTGCCGCTGGCTTGGGCGCTGGTGCTGGCAACACGCCGATGGAGGTGTTCATCGCCGTGTGCGCCCGCATGGGGATT 750

bphX3(702) 751 GAAACCGGAGTCGATGTGTTCAAGATCCAGGACGTGGCCGAAGATCTGGTGGTGCCGATCATGGACCATGTCATCCGCATCGACCGCGACTCGCTCACGCTGGGCTATGCCGGGGTCTATTCCAGCTTTCTGCTGTTTGCCAAACGCGCC 900
bphX3(703) 751 GAAACCGGAGTCGATGTGTTCAAGATCCAGGACGTGGCCGAAGATCTGGTGGTGCCGATCATGGACCATGTCATCCGCATCGACCGCGACTCGCTCACGCTGGGCTATGCCGGGGTCTATTCCAGCTTTCTGCTGTTTGCCAAACGCGCC 900
bphX3(707) 751 GAAACCGGAGTCGATGTGTTCAAGATCCAGGACGTGGCCGAAGATCTGGTGGTGCCGATCATGGACCATGTCATCCGCATCGACCGCGACTCGCTCACGCTGGGCTATGCCGGGGTCTATTCCAGCTTTCTGCTGTTTGCCAAACGCGCC 900
bphX3(710) 751 GAAACCGGAGTCGATGTGTTCAAGATCCAGGACGTGGCCGAAGATCTGGTGGTGCCGATCATGGACCATGTCATCCGCATCGACCGCGACTCGCTCACGCTGGGCTATGCCGGGGTCTATTCCAGCTTTCTGCTGTTTGCCAAACGCGCC 900
bphX3(716) 751 GAAACCGGGGTCGATGTGTTCAAGATCCAGGACGTGGCCGAAGACCTGGTGGTACCGATCATGGACCACATCATCCGCATCGACCGCGACTCGCTCACGCTGGGCTATGCAGGGGTCTATTCCAGCTTTCTGTTGTTTGCCAAACGCGCC 900

bphX3(702) 901 AGTGCGAAGTACGGCGTGCCGGCGCGCGACATCCTGGTCGAGCTGGGACGGCGCGGCATGGTCGGCGGCCAGGAAGACATGATTGAAGACACCGCCATGACCATGGCACGTGAGCGCGGGTTGACCTTGACCGCCGCATGA 1041
bphX3(703) 901 AGTGCGAAGTACGGCGTGCCGGCGCGCGACATCCTGGTCGAGCTGGGACGGCGCGGCATGGTCGGCGGCCAGGAAGACATGATTGAAGACACCGCCATGACCATGGCACGTGAGCGCGGGTTGACCTTGACCGCCGCATGA 1041
bphX3(707) 901 AGTGCGAAGTACGGCGTGCCGGCGCGCGACATCCTGGTCGAGCTGGGACGGCGCGGCATGGTCGGCGGCCAGGAAGACATGATTGAAGACACCGCCATGACCATGGCACGTGAGCGCGGGTTGACCTTGACCGCCGCATGA 1041
bphX3(710) 901 AGTGCGAAGTACGGCGTGCCGGCGCGCGACATCCTGGTCGAGCTGGGACGGCGCGGCATGGTCGGCGGCCAGGAAGACATGATTGAAGACACCGCCATGACCATGGCACGTGAGCGCGGGTTGACCTTGACCGCCGCATGA 1041
bphX3(716) 901 AGTGCGAAGTATGGCGTGCCGGCGCGCGACATCTTGGTCGAGTTGGGACGGCGCGGCATGGTCGGCGGGCAGGAAGACATGATCGAAGACGCCGCCATGACCATGGCGCGTGATCGTGGGTTGACCTTAACCTCCGTATGA 1041

（a）

bphD(702) 1 ATGACCGCACTCACCGAAAGTTCTACCAGCAAGTTCGTGAAAATAAATGAAAAAGGTTTTTCCGATTTCAATATTCACTACAACGAGGCGGGTAACGGCGAAACCGTCATCATGCTGCATGGCGGGGGCCCCGGCGCTGGCGGCTGGAGT 150
bphD(703) 1 ATGACCGCACTCACCGAAAGTTCTACCAGCAAGTTCGTGAAAATAAATGAAAAAGGTTTTTCCGATTTCAATATTCACTACAACGAGGCGGGTAACGGCGAAACCGTCATCATGCTGCATGGCGGGGGCCCCGGCGCTGGCGGCTGGAGT 150
bphD(707) 1 ATGACCGCACTCACCGAAAGTTCTACCAGCAAGTTCGTGAAAATAAATGAAAAAGGTTTTTCCGATTTCAATATTCACTACAACGAGGCGGGTAACGGCGAAACCGTCATCATGCTGCATGGCGGGGGCCCCGGCGCTGGCGGCTGGAGT 150
bphD(710) 1 ATGACCGCACTCACCGAAAGTTCTACCAGCAAGTTCGTGAAAATAAATGAAAAAGGTTTTTCCGATTTCAATATTCACTACAACGAGGCGGGTAACGGCGAAACCGTCATCATGCTGCATGGCGGGGGCCCCGGCGCTGGCGGCTGGAGT 150
bphD(716) 1 ATGACAGCGCTCACTGAAAGTTCTACTAGCAAGTTCCTGAACATCAAAGAAAAAGGTCTTTCCGATTTCAAGATTCACTACAACGAAGCGGGTAACGGCGAAACCGTCATCATGCTGCATGGAGGGGGCCCCGGCGCGGGCGGTTGGAGT 150
bphD(701) 1 ATGACAGCGCTCACTGAAAGTTCTACTAGCAAGTTCCTGAACATCAAAGAAAAAGGTCTTTCCGATTTCAAGATTCACTACAACGAAGCGGGTAACGGCGAAACCGTCATCATGCTGCATGGAGGGGGCCCCGGCGCGGGCGGTTGGAGT 150
bphD(715) 1 ATGACAGCGCTCACTGAAAGTTCTACTAGCAAGTTCCTGAACATCAAAGAAAAAGGTCTTTCCGATTTCAAGATTCACTACAACGAAGCGGGTAACGGCGAAACCGTCATCATGCTGCATGGAGGGGGCCCCGGCGCGGGCGGTTGGAGT 150

bphD(702) 151 AACTACTACCGCAACGTCGGACCGTTTGTCGACGCCGGTTACCGGGTGATCCTGAAGGATTCGCCCGGCTTCAACAAGTCGGACGCGGTGGTGATGGACGAGCAGCGCGGCCTGGTCAACGCCCGTGCCGTCAAAGGGCTGATGGATGCG 300
bphD(703) 151 AACTACTACCGCAACGTCGGACCGTTTGTCGACGCCGGTTACCGGGTGATCCTGAAGGATTCGCCCGGCTTCAACAAGTCGGACGCGGTGGTGATGGACGAGCAGCGCGGCCTGGTCAACGCCCGTGCCGTCAAAGGGCTGATGGATGCG 300
bphD(707) 151 AACTACTACCGCAACGTCGGACCGTTTGTCGACGCCGGTTACCGGGTGATCCTGAAGGATTCGCCCGGCTTCAACAAGTCGGACGCGGTGGTGATGGACGAGCAGCGCGGCCTGGTCAACGCCCGTGCCGTCAAAGGGCTGATGGATGCG 300
bphD(710) 151 AACTACTACCGCAACGTCGGACCGTTTGTCGACGCCGGTTACCGGGTGATCCTGAAGGATTCGCCCGGCTTCAACAAGTCGGACGCGGTGGTGATGGACGAGCAGCGCGGCCTGGTCAACGCCCGTGCCGTCAAAGGGCTGATGGATGCG 300
bphD(716) 151 AACTACTACCGCAACATCGGTCCCTTTGTGGAAGCCGGCTACCGGGTGATCCTGAAGGACTCGCCCGGCTTCAACAAGTCGGACGCTGTGGTGATGGACGAGCAGCGCGGCTTGGTCAACGCCCGTGCCGTCAAAGGGCTGATGGATGCG 300
bphD(701) 151 AACTACTACCGCAACATCGGTCCCTTTGTGGAAGCCGGCTACCGGGTGATCCTGAAGGACTCGCCCGGCTTCAACAAGTCGGACGCTGTGGTGATGGACGAGCAGCGCGGCTTGGTCAACGCCCGTGCCGTCAAAGGGCTGATGGATGCC 300
bphD(715) 151 AACTACTACCGCAACATCGGTCCCTTTGTGGAAGCCGGCTACCGGGTGATCCTGAAGGACTCGCCCGGCTTCAACAAGTCGGACGCTGTGGTGATGGACGAGCAGCGCGGCTTGGTCAACGCCCGTGCCGTCAAAGGGCTGATGGATGCC 300

bphD(702) 301 CTGGGCATCGACCGGGCGCACCTGGTCGGCAACTCGATGGGGGGCGCCACGGCGCTGAACTTCGCTATCGAATACCCTGAGCGCATCGGCAAACTGATCCTCATGGGACCCGGCGGCCTTGGCCCCAGCATGTTCGCGCCAATGCCGATG 450
bphD(703) 301 CTGGGCATCGACCGGGCGCACCTGGTCGGCAACTCGATGGGGGGCGCCACGGCGCTGAACTTCGCTATCGAATACCCTGAGCGCATCGGCAAACTGATCCTCATGGGACCCGGCGGCCTTGGCCCCAGCATGTTCGCGCCAATGCCGATG 450
bphD(707) 301 CTGGGCATCGACCGGGCGCACCTGGTCGGCAACTCGATGGGGGGCGCCACGGCGCTGAACTTCGCTATCGAATACCCTGAGCGCATCGGCAAACTGATCCTCATGGGACCCGGCGGCCTTGGCCCCAGCATGTTCGCGCCAATGCCGATG 450
bphD(710) 301 CTGGGCGTCGACCGGGCGCACCTGGTCGGCAACTCGATGGGGGGCGCCACGGCGCTGAACTTCGCTATCGAATACCCTGAGCGCATCGGCAAACTGATCCTCATGGGACCCGGCGGCCTTGGCCCCAGCATGTTCGCGCCAATGCCGATG 450
bphD(716) 301 CTGGGCATCGACCGGGCGCACCTGGTCGGCAACTCGATGGGGGGCGCCACGGCGCTGAACTTCGCTATCGAATACCCTGAGCGCATCGGCAAACTGATCCTCATGGGACCCGGCGGCCTTGGCCCCAGCATGTTCGCGCCAATGCCGCTG 450
bphD(701) 301 CTCGGCATCGACCGTGCGCATCTGGTCGGCAACTCGATGGGAGGTGCCACAGCACTGAACTTCGCTATCGAATACCCTGATCGCATCGGCAAACTGATCCTCATGGGACCCGGCGGCCTTGGCCCCAGCATGTTCGCGCCAATGCCGCTG 450
bphD(715) 301 CTCGGCATCGACCGTGCGCATCTGGTCGGCAACTCGATGGGAGGTGCCACAGCACTGAACTTCGCTATCGAATACCCTGATCGCATCGGCAAACTGATCCTCATGGGACCCGGCGGCCTTGGCCCCAGCATGTTCGCGCCAATGCCGCTG 450

bphD(702) 451 GAAGGCATCAAGCTGCTGTTCAAACTGTACGCCGAACCGTCCTATGAAAACCTGAAACAGATGATTCAGGTGTTTTTGTATGACCAGTCCCTCATCACCGAGGAGTTGCTACAGGGCCGCTGGGAAGCCATTCAGCGCCAACCGGAACAC 600
bphD(703) 451 GAAGGCATCAAGCTGCTGTTCAAACTGTACGCCGAACCGTCCTATGAAAACCTGAAACAGATGATTCAGGTGTTTTTGTATGACCAGTCCCTCATCACCGAGGAGTTGCTACAGGGCCGCTGGGAAGCCATTCAGCGCCAACCGGAACAC 600
bphD(707) 451 GAAGGCATCAAGCTGCTGTTCAAACTGTACGCCGAACCGTCCTATGAAAACCTGAAACAGATGATTCAGGTGTTTTTGTATGACCAGTCCCTCATCACCGAGGAGTTGCTACAGGGCCGCTGGGAAGCCATTCAGCGCCAACCGGAACAC 600
bphD(710) 451 GAAGGCATCAAGCTGCTGTTCAAACTGTACGCCGAACCGTCCTATGAAAACCTGAAACAGATGATTCAGGTGTTTTTGTATGACCAGTCCCTCATCACCGAGGAGTTGCTACAGGGCCGCTGGGAAGCCATTCAGCGCCAACCGGAACAC 600
bphD(716) 451 GAAGGCATCAAGCTGCTGTTCAAACTGTACGCCGAACCGTCCTATGAAAACCTGAAACAGATGATTCAGGTGTTTTTGTATGACCAGTCCCTCATCACCGAGGAGTTGCTACAGGGCCGCTGGGAAGCCATTCAGCGCCAACCGGAACAC 600
bphD(701) 451 GAAGGCATCAAGCTGCTGTTCAAACTGTACGCCGAACCGTCCTATGAAAACCTGAAACAGATGATTCAGGTGTTTTTGTATGACCAGTCCCTCATCACCGAGGAGTTGCTACAGGGCCGCTGGGAAGCCATTCAGCGCCAACCGGAACAC 600
bphD(715) 451 GAAGGCATCAAGCTGCTGTTCAAACTGTACGCCGAACCGTCCTATGAAAACCTGAAACAGATGATTCAGGTGTTTTTGTATGACCAGTCCCTCATCACCGAGGAGTTGCTACAGGGCCGCTGGGAAGCCATTCAGCGCCAACCGGAACAC 600

bphD(702) 601 CTGAAGAACTTCCTCATCAGCGCACAAAAGGCGCCGCTTTCAACCTGGGATGTGACTGCCAGACTTGGAGAAATCAAGGCCAAGACATTCATTACCTGGGGGCGCGATGATCGCTTCGTTCCCCTTGACCACGGTTTGAAGCTGCTCTGG 750
bphD(703) 601 CTGAAGAACTTCCTCATCAGCGCACAAAAGGCGCCGCTTTCAACCTGGGATGTGACTGCCAGACTTGGAGAAATCAAGGCCAAGACATTCATTACCTGGGGGCGCGATGATCGCTTCGTTCCCCTTGACCACGGTTTGAAGCTGCTCTGG 750
bphD(707) 601 CTGAAGAACTTCCTCATCAGCGCACAAAAGGCGCCGCTTTCAACCTGGGATGTGACTGCCAGACTTGGAGAAATCAAGGCCAAGACATTCATTACCTGGGGGCGCGATGATCGCTTCGTTCCCCTTGACCACGGTTTGAAGCTGCTCTGG 750
bphD(710) 601 CTGAAGAACTTCCTCATCAGCGCACAAAAGGCGCCGCTTTCAACCTGGGATGTGACTGCCAGACTTGGAGAAATCAAGGCCAAGACATTCATTACCTGGGGGCGCGATGATCGCTTCGTTCCCCTTGACCACGGTTTGAAGCTGCTCTGG 750
bphD(716) 601 CTGAAGAACTTCCTCATCAGCGCACAAAAGGCGCCGCTTTCAACCTGGGATGTGACTGCCAGACTTGGAGAAATCAAGGCCAAGACATTCATTACCTGGGGGCGCGATGATCGCTTCGTTCCCCTTGACCACGGTTTGAAGCTGCTCTGG 750
bphD(701) 601 CTGAAGAACTTCCTCATCAGCGCACAAAAGGCGCCGCTTTCAACCTGGGATGTGACTGCCAGACTTGGAGAAATCAAGGCCAAGACATTCATTACCTGGGGGCGCGATGATCGCTTCGTTCCCCTTGACCACGGTTTGAAGCTGCTCTGG 750
bphD(715) 601 CTGAAGAACTTCCTCATCAGCGCACAAAAGGCGCCGCTTTCAACCTGGGATGTGACTGCCAGACTTGGAGAAATCAAGGCCAAGACATTCATTACCTGGGGGCGCGATGATCGCTTCGTTCCCCTTGACCACGGTTTGAAGCTGCTCTGG 750

bphD(702) 751 AACATCGACGACGCGCGTTTGCACGTTTTCTCCAAGTGCGGCCATTGGGCGCAATGGGAGCATGCCGATGAATTTAACCGATTAGCCATTGATTTTTTACGGCAGGCCTAA 861
bphD(703) 751 AACATCGACGACGCGCGTTTGCACGTTTTCTCCAAGTGCGGCCATTGGGCGCAATGGGAGCATGCCGATGAATTTAACCGATTAGCCATTGATTTTTTACGGCAGGCCTAA 861
bphD(707) 751 AACATCGACGACGCGCGTTTGCACGTTTTCTCCAAGTGCGGCCATTGGGCGCAATGGGAGCATGCCGATGAATTTAACCGATTAGCCATTGATTTTTTACGGCAGGCCTAA 861
bphD(710) 751 AACATCGACGACGCGCGTTTGCACGTTTTCTCCAAGTGCGGCCATTGGGCGCAATGGGAGCATGCCGATGAATTTAACCGATTAGCCATTGATTTTTTACGGCAGGCCTAA 861
bphD(716) 751 AACATCGACGACGCGCGTTTGCACGTTTTCTCCAAGTGCGGCCATTGGGCGCAATGGGAGCATGCCGATGAATTTAACCGATTAGCCATTGATTTTTTACGGCAGGCCTAA 861
bphD(701) 751 AACATCGACGACGCGCGTTTGCACGTTTTCTCCAAGTGCGGCCATTGGGCGCAATGGGAGCATGCCGATGAATTTAACCGATTAGCCATTGATTTTTTACGGCAGGCCTAA 861
bphD(715) 751 AACATCGACGACGCGCGTTTGCACGTTTTCTCCAAGTGCGGCCATTGGGCGCAATGGGAGCATGCCGATGAATTTAACCGATTAGCCATTGATTTTTTACGGCAGGCCTAA 861

（b）


