
 
 
Coding sequences of genes cytidine deaminase  
>A2_HOMO 
ATGGCCCAGAAGGAAGAGGCTGCTGTGGCCACTGAGGCTGCCTCCCAGAATGGGGAGGATCTGGAGAACCTGGA
CGACCCTGAGAAGCTGAAAGAGCTGATTGAGCTGCCGCCCTTTGAGATTGTCACAGGAGAACGGCTGCCTGCCA
ACTTCTTTAAATTCCAGTTCCGGAATGTGGAGTACAGTTCCGGGAGGAACAAGACCTTCCTCTGCTATGTGGTT
GAAGCACAGGGCAAGGGGGGCCAAGTGCAGGCATCTCGGGGATACCTAGAGGATGAGCATGCGGCTGCCCATGC
AGAGGAAGCTTTCTTCAACACCATCCTGCCAGCCTTCGACCCAGCCCTGCGGTACAATGTCACCTGGTATGTGT
CCTCCAGCCCCTGTGCAGCGTGTGCTGACCGCATTATCAAAACCCTTAGCAAGACCAAGAACCTGCGTCTGCTC
ATTCTGGTGGGTCGACTCTTCATGTGGGAGGAGCCGGAGATCCAGGCTGCTCTGAAGAAGCTGAAGGAGGCTGG
CTGTAAACTGCGCATCATGAAGCCCCAGGACTTCGAATATGTCTGGCAGAATTTTGTGGAGCAAGAAGAGGGTG
AATCCAAGGCCTTTCAGCCCTGGGAGGACATTCAGGAGAACTTCCTATACTACGAGGAGAAGTTGGCAGACATC
CTGAAG 
 
24  668  3.6 
 
>A1_HOMO 
ATGACTCCAGAGGAGGAAGTCCAGAGACAGAGCACCATGACTTCTGAGAAAGGTCCTTCAACCGGTGACCCCAC
TCTGAGGAGAAGAATCGAACCCTGGGAGTTTGACGTCTTCTATGACCCCAGAGAACTTCGTAAAGAGGCCTGTC
TGCTCTACGAAATCAAGTGGGGCATGAGCCGGAAGATCTGGCGAAGCTCAGGCAAAAACACCACCAATCACGTG
GAAGTTAATTTTATAAAAAAATTTACGTCAGAAAGAGATTTTCACCCATCCATGAGCTGCTCCATCACCTGGTT
CTTGTCCTGGAGTCCCTGCTGGGAATGCTCCCAGGCTATTAGAGAGTTTCTGAGTCGGCACCCTGGTGTGACTC
TAGTGATCTACGTAGCTCGGCTTTTTTGGCACATGGATCAACAAAATCGGCAAGGTCTCAGGGACCTTGTTAAC
AGTGGAGTAACTATTCAGATTATGAGAGCATCAGAGTATTATCACTGCTGGAGGAATTTTGTCAACTACCCACC
TGGGGATGAAGCTCACTGGCCACAATACCCACCTCTGTGGATGATGTTGTACGCACTGGAGCTGCACTGCATAA
TTCTAAGTCTTCCACCCTGTTTAAAGATTTCAAGAAGATGGCAAAATCATCTTACATTTTTCAGACTTCATCTT
CAAAACTGCCATTACCAAACGATTCCGCCACACATCCTTTTAGCTACAGGGCTGATACATCCTTCTGTGGCTTG
GAGA 
 
21 740 2.8 
 
>AID_HOMO 
ATGGACAGCCTCTTGATGAACCGGAGGAAGTTTCTTTACCAATTCAAAAATGTCCGCTGGGCTAAGGGTCGGCG
TGAGACCTACCTGTGCTACGTAGTGAAGAGGCGTGACAGTGCTACATCCTTTTCACTGGACTTTGGTTATCTTC
GCAATAAGAACGGCTGCCACGTGGAATTGCTCTTCCTCCGCTACATCTCGGACTGGGACCTAGACCCTGGCCGC
TGCTACCGCGTCACCTGGTTCACCTCCTGGAGCCCCTGCTACGACTGTGCCCGACATGTGGCCGACTTTCTGCG
AGGGAACCCCAACCTCAGTCTGAGGATCTTCACCGCGCGCCTCTACTTCTGTGAGGACCGCAAGGCTGAGCCCG
AGGGGCTGCGGCGGCTGCACCGCGCCGGGGTGCAAATAGCCATCATGACCTTCAAAGATTATTTTTACTGCTGG
AATACTTTTGTAGAAAACCATGAAAGAACTTTCAAAGCCTGGGAAGGGCTGCATGAAAATTCAGTTCGTCTCTC
CAGACAGCTTCGGCGCATCCTTTTGCCCCTGTATGAGGTTGATGACTTACGAGACGCATTTCGTACTTTGGGAC
TT 
 
17 590 2.9 
 
>A3A_HOMO 
ATGGAAGCCAGCCCAGCATCCGGGCCCAGACACTTGATGGATCCACACATATTCACTTCCAACTTTAACAATGG
CATTGGAAGGCATAAGACCTACCTGTGCTACGAAGTGGAGCGCCTGGACAATGGCACCTCGGTCAAGATGGACC
AGCACAGGGGCTTTCTACACAACCAGGCTAAGAATCTTCTCTGTGGCTTTTACGGCCGCCATGCGGAGCTGCGC
TTCTTGGACCTGGTTCCTTCTTTGCAGTTGGACCCGGCCCAGATCTACAGGGTCACTTGGTTCATCTCCTGGAG
CCCCTGCTTCTCCTGGGGCTGTGCCGGGGAAGTGCGTGCGTTCCTTCAGGAGAACACACACGTGAGACTGCGCA
TCTTCGCTGCCCGCATCTATGATTACGACCCCCTATATAAGGAGGCGCTGCAAATGCTGCGGGATGCTGGGGCC
CAAGTCTCCATCATGACCTACGATGAATTTAAGCACTGCTGGGACACCTTTGTGGACCACCAGGGATGTCCCTT
CCAGCCCTGGGATGGACTAGATGAGCACAGCCAAGCCCTGAGTGGGAGGCTGCGGGCCATTCTCCAGAATCAGG
GAAAC 
 
19 593  3.2 



>A3B_N_HOMO 
ATGAATCCACAGATCAGAAATCCGATGGAGCGGATGTATCGAGACACATTCTACGACAACTTTGAAAACGAACC
CATCCTCTATGGTCGGAGCTACACTTGGCTGTGCTATGAAGTGAAAATAAAGAGGGGCCGCTCAAATCTCCTTT
GGGACACAGGGGTCTTTCGAGGCCAGGTGTATTTCAAGCCTCAGTACCACGCAGAAATGTGCTTCCTCTCTTGG
TTCTGTGGCAACCAGCTGCCTGCTTACAAGTGTTTCCAGATCACCTGGTTTGTATCCTGGACCCCCTGCCCGGA
CTGTGTGGCGAAGCTGGCCGAATTCCTGTCTGAGCACCCCAATGTCACCCTGACCATCTCTGCCGCCCGCCTCT
ACTACTACTGGGAAAGAGATTACCGAAGGGCGCTCTGCAGGCTGAGTCAGGCAGGAGCCCGCGTGACGATCATG
GACTATGAAGAATTTGCATACTGCTGGGAAAACTTTGTGTACAATGAAGGTCAGCAATTCATGCCTTGGTACAA
ATTCGATGAAAATTATGCATTCCTGCACCGCACGCTAAAGGAGATTCTCAGA 
 
21 566  3.7 
 
>A3B_C_HOMO 
TACCTGATGGATCCAGACACATTCACTTTCAACTTTAATAATGACCCTTTGGTCCTTCGACGGCGCCAGACCTA
CTTGTGCTATGAGGTGGAGCGCCTGGACAATGGCACCTGGGTCCTGATGGACCAGCACATGGGCTTTCTATGCA
ACGAGGCTAAGAATCTTCTCTGTGGCTTTTACGGCCGCCATGCGGAGCTGCGCTTCTTGGACCTGGTTCCTTCT
TTGCAGTTGGACCCGGCCCAGATCTACAGGGTCACTTGGTTCATCTCCTGGAGCCCCTGCTTCTCCTGGGGCTG
TGCCGGGGAAGTGCGTGCGTTCCTTCAGGAGAACACACACGTGAGACTGCGCATCTTCGCTGCCCGCATCTATG
ATTACGACCCCCTATATAAGGAGGCGCTGCAAATGCTGCGGGATGCTGGGGCCCAAGTCTCCATCATGACCTAC
GATGAGTTTGAGTACTGCTGGGACACCTTTGTGTACCGCCAGGGATGTCCCTTCCAGCCCTGGGATGGACTAGA
GGAGCACAGCCAAGCCCTGAGTGGGAGGCTGCGGGCCATTCTCCAGAATCAGGGAAAC 
 
14 572 2.5 
 
>A3C_HOMO 
ATGAATCCACAGATCAGAAACCCGATGAAGGCAATGTATCCAGGCACATTCTACTTCCAATTTAAAAACCTATG
GGAAGCCAACGATCGGGACGAAACTTGGCTGTGCTTCACCGTGGAAGGTATAAAGCGCCGCTCAGTTGTCTCCT
GGAAGACGGGCGTCTTCCGAAACCAGGTGGATTCTGAGACCCATTGTCATGCAGAAAGGTGCTTCCTCTCTTGG
TTCTGCGACGACATACTGTCTCCTAACACAAAGTACCAGGTCACCTGGTACACATCTTGGAGCCCTTGCCCAGA
CTGTGCAGGGGAGGTGGCCGAGTTCCTGGCCAGGCACAGCAACGTGAATCTCACCATCTTCACCGCCCGCCTCT
ACTACTTCCAGTATCCATGTTACCAGGAGGGGCTCCGCAGCCTGAGTCAGGAAGGGGTCGCTGTGGAGATCATG
GACTATGAAGATTTTAAATATTGTTGGGAAAACTTTGTGTACAATGATAATGAGCCATTCAAGCCTTGGAAGGG
ATTAAAAACCAACTTTCGACTTCTGAAAAGAAGGCTACGGGAGAGTCTCCAG 
 
18 566  3.2 
 
>A3D_N_HOMO 
ATGAATCCACAGATCAGAAATCCGATGGAGCGGATGTATCGAGACACATTCTACGACAACTTTGAAAACGAACC
CATCCTCTATGGTCGGAGCTACACTTGGCTGTGCTATGAAGTGAAAATAAAGAGGGGCCGCTCAAATCTCCTTT
GGGACACAGGGGTCTTTCGAGGCCCGGTACTACCCAAACGTCAGTCGAATCACAGGCAGGAGGTGTATTTCCGG
TTTGAGAACCACGCAGAAATGTGCTTCTTATCTTGGTTCTGTGGCAACCGACTGCCTGCTAACAGGCGCTTCCA
GATCACCTGGTTTGTATCATGGAACCCCTGCCTGCCCTGTGTGGTGAAGGTGACCAAATTCTTGGCTGAGCACC
CCAATGTCACCCTGACCATCTCTGCCGCCCGCCTCTACTACTACCGGGATAGAGATTGGCGGTGGGTGCTCCTC
AGGCTGCATAAGGCAGGGGCCCGTGTGAAGATCATGGACTATGAAGACTTTGCATACTGCTGGGAAAACTTTGT
GTGCAATGAAGGTCAGCCATTCATGCCTTGGTACAAATTCGATGACAATTATGCATCCCTGCACCGCACGCTAA
AGGAGATTCTCAGA 
 
23 602  3.8 
 
>A3D_C_HOMO 
AACCCGATGGAGGCAATGTACCCACACATATTCTACTTCCACTTTAAAAACCTACTGAAAGCCTGTGGTCGGAA
CGAAAGCTGGCTGTGCTTCACCATGGAAGTTACAAAGCACCACTCAGCTGTCTTCCGGAAGAGGGGCGTCTTCC
GAAACCAGGTGGATCCTGAGACCCATTGTCATGCAGAAAGGTGCTTCCTCTCTTGGTTCTGTGACGACATACTG
TCTCCTAACACAAACTACGAGGTCACCTGGTACACATCTTGGAGCCCTTGCCCAGAGTGTGCAGGGGAGGTGGC
CGAGTTCCTGGCCAGGCACAGCAACGTGAATCTCACCATCTTCACCGCCCGCCTCTGCTACTTCTGGGATACAG
ATTACCAGGAGGGGCTCTGCAGCCTGAGTCAGGAAGGGGCCTCCGTGAAGATCATGGGCTACAAAGATTTTGTA



TCTTGTTGGAAAAACTTTGTGTACAGTGATGATGAGCCATTCAAGCCTTGGAAGGGACTACAAACCAACTTTCG
ACTTCTGAAAAGAAGGCTACGGGAGATTCTCCAG 
 
16 548 2.9 
 
>A3F_N_HOMO 
ATGAAGCCTCACTTCAGAAACACAGTGGAGCGAATGTATCGAGACACATTCTCCTACAACTTTTATAATAGACC
CATCCTTTCTCGTCGGAATACCGTCTGGCTGTGCTACGAAGTGAAAACAAAGGGTCCCTCAAGGCCCCGTTTGG
ACGCAAAGATCTTTCGAGGCCAGGTGTATTCCCAGCCTGAGCACCACGCAGAAATGTGCTTCCTCTCTTGGTTC
TGTGGCAACCAGCTGCCTGCTTACAAGTGTTTCCAGATCACCTGGTTTGTATCCTGGACCCCCTGCCCGGACTG
TGTGGCGAAGCTGGCCGAATTCCTGTCTGAGCACCCCAATGTCACCCTGACCATCTCCGCCGCCCGCCTCTACT
ACTACTGGGAAAGAGATTACCGAAGGGCGCTCTGCAGGCTGAGTCAGGCAGGGGCCCGTGTGAAGATTATGGAC
GATGAAGAATTTGCATACTGCTGGGAAAACTTTGTGTACAGTGAAGGTCAGCCATTCATGCCTTGGTACAAATT
CGATGACAATTATGCATTCCTGCACCGCACGCTAAAGGAGATTCTCAGA 
 
20 563 3.6 
 
>A3F_C_HOMO 
AACCCGATGGAGGCAATGTATCCACACATATTCTACTTCCACTTTAAAAACCTACGCAAAGCCTATGGTCGGAA
CGAAAGCTGGCTGTGCTTCACCATGGAAGTTGTAAAGCACCACTCACCTGTCTCCTGGAAGAGGGGCGTCTTCC
GAAACCAGGTGGATCCTGAGACCCATTGTCATGCAGAAAGGTGCTTCCTCTCTTGGTTCTGTGACGACATACTG
TCTCCTAACACAAACTACGAGGTCACCTGGTACACATCTTGGAGCCCTTGCCCAGAGTGTGCAGGGGAGGTGGC
CGAGTTCCTGGCCAGGCACAGCAACGTGAATCTCACCATCTTCACCGCCCGCCTCTACTACTTCTGGGATACAG
ATTACCAGGAGGGGCTCCGCAGCCTGAGTCAGGAAGGGGCCTCCGTGGAGATCATGGGCTACAAAGATTTTAAA
TATTGTTGGGAAAACTTTGTGTACAATGATGATGAGCCATTCAAGCCTTGGAAAGGACTAAAATACAACTTTCT
ATTCCTGGACAGCAAGCTGCAGGAGATTCTCGAG 
 
14 548  2.6 
 
>A3G_N_HOMO 
ATGAAGCCTCACTTCAGAAACACAGTGGAGCGAATGTATCGAGACACATTCTCCTACAACTTTTATAATAGACC
CATCCTTTCTCGTCGGAATACCGTCTGGCTGTGCTACGAAGTGAAAACAAAGGGTCCCTCAAGGCCCCCTTTGG
ACGCAAAGATCTTTCGAGGCCAGGTGTATTCCGAACTTAAGTACCACCCAGAGATGAGATTCTTCCACTGGTTC
AGCAAGTGGAGGAAGCTGCATCGTGACCAGGAGTATGAGGTCACCTGGTACATATCCTGGAGCCCCTGCACAAA
GTGTACAAGGGATATGGCCACGTTCCTGGCCGAGGACCCGAAGGTTACCCTGACCATCTTCGTTGCCCGCCTCT
ACTACTTCTGGGACCCAGATTACCAGGAGGCGCTTCGCAGCCTGTGTCAGAAAAGAGACGGTCCGCGTGCCACC
ATGAAGATCATGAATTATGACGAATTTCAGCACTGTTGGAGCAAGTTCGTGTACAGCCAAAGAGAGCTATTTGA
GCCTTGGAATAATCTGCCTAAATATTATATATTACTGCACATCATGCTGGGGGAGATTCTCAGA 
 
17  578  2.9 
 
>A3G_C_HOMO 
CACTCGATGGATCCACCCACATTCACTTTCAACTTTAACAATGAACCTTGGGTCAGAGGACGGCATGAGACTTA
CCTGTGTTATGAGGTGGAGCGCATGCACAATGACACCTGGGTCCTGCTGAACCAGCGCAGGGGCTTTCTATGCA
ACCAGGCTCCACATAAACACGGTTTCCTTGAAGGCCGCCATGCAGAGCTGTGCTTCCTGGACGTGATTCCCTTT
TGGAAGCTGGACCTGGACCAGGACTACAGGGTTACCTGCTTCACCTCCTGGAGCCCCTGCTTCAGCTGTGCCCA
GGAAATGGCTAAATTCATTTCAAAAAACAAACACGTGAGCCTGTGCATCTTCACTGCCCGCATCTATGATGATC
AAGGAAGATGTCAGGAGGGGCTGCGCACCCTGGCCGAGGCTGGGGCCAAAATTTCAATAATGACATACAGTGAA
TTTAAGCACTGCTGGGACACCTTTGTGGACCACCAGGGATGTCCCTTCCAGCCCTGGGATGGACTAGATGAGCA
CAGCCAAGACCTGAGTGGGAGGCTGCGGGCCATTCTCCAGAATCAGGAAAAC 
 
23 566 4.1 
 
>A3H_HOMO 
ATGGCTCTGTTAACAGCCGAAACATTCCGCTTACAGTTTAACAACAAGCGCCGCCTCAGAAGGCCTTACTACCC
GAGGAAGGCCCTCTTGTGTTACCAGCTGACGCCGCAGAATGGCTCCACGCCCACGAGAGGCTACTTTGAAAACA
AGAAAAAGTGCCATGCAGAAATTTGCTTTATTAACGAGATCAAGTCCATGGGACTGGACGAAACGCAGTGCTAC



CAAGTCACCTGTTACCTCACGTGGAGCCCCTGCTCCTCCTGTGCCTGGGAGCTGGTTGACTTCATCAAGGCTCA
CGACCATCTGAACCTGGGCATCTTCGCCTCCCGCCTGTACTACCACTGGTGCAAGCCCCAGCAGAAGGGGCTGC
GGCTTCTGTGTGGATCCCAGGTCCCGGTGGAGGTCATGGGCTTCCCAGAGTTTGCTGACTGCTGGGAAAACTTT
GTGGACCACGAGAAACCGCTTTCCTTCAACCCCTATAAGATGTTAGAGGAGCTAGATAAAAACAGTCGAGCCAT
AAAGCGACGGCTTGAGAGGATAAAGCAGTCC 
 
14 545  2.6 
 
>A3-PSEUDO_HOMO 
ATGAAGCCTCAGATCAGAAACCTGATGGAGTGGATGTATCCAGGCACATTCTACTACAACTTTGAAAACAGACC
CATCCTCTCAGGTTGGAACACCACCTGGCTGTGCTACAAAATGAAAACAAAGAAGGACCCCTCAAAGCCCCCTT
TGGACGCAAGGATCTTTGGAGGCCAGGTCTATTCCAAGCCTGAACACCACCCAGAGATGAGATTCGTAGATTGG
TTCTGCAACTCGAGGCTGCATCGTGACCAGGACTACCTGGTCATCTGGTACATCTCCTGGAGTCCCTGCTCAGA
GTATGCAGGGAACGTGGCAGAGTTCCTGGCCAAGGATGGCAAGGTCACCCTGACCATCTTCGTTGCCCACCTCT
ACTACTTCTGGGAAGCAGATTACCAAGAGGAGCTTCACAGATGGTGTCAGAAAAAACAGCCACATGCCAGCATG
AAGATCATGAACTATGATGAATTTCAACACTGTTGGGACAAATTTGTGTACAACCAAAGAATGCTATTTGATCC
TTGGAAGCAACTGAATACAAATTATGCATTACTGCACAGCATGCTGGGGGAGATTCTCAGACACTTCACTTACA
ATTTTACCAATGATCCTTCAGTCTCTGGGCAGCACCAGACCTACCTGTGCTGCAAGGTGGAGTGCCAAAACAAT
GATGCCTGGGTCCCTCTGGACCAGCAACAAGGGCATCCTACCCAGCCAGGCTTTGAATCAGTTGCTATTAAGTT
CCATGCAGAGCAGTGCTTCCTGTACCTGATTTCCTTTTGGAAGCTGGACCGGGCTCAGTGCTACAGGGTCACCT
GGTTCATCTCCTGGAGTCCCTGCTTCAGCTGTGCCCAGCAAGTGGCTACATTTCATTGGGAGAACAGATGTGTG
AGCCTGCACATCTTCGCTGCATGCATCTATAATTATCTCCCAGGATATGAGGGGCTGTGCATGCTGCAGAGGGC
TGGGACCCAAATCTCCATCATGACCCGGAAGTTTAGGCACTGCTGGGTCACCTTTGTGGACCACCAGGGATGTC
CCTTCCAGCCCTGGGATGGACTAGATGAGCACAGTCAAGCCCTAAGTGGGAGGCTGCAGGCCATTCTCCAGAAT
CAGGAAAAC 
 
32 1115  2.9 
 
>A2_MUS 
ATGGCTCAGAAGGAAGAGGCCGCTGAGGCTGCGGCGCCAGCCTCTCAGAATGGAGATGATTTGGAGAACCTGGA
AGACCCTGAGAAGCTGAAAGAGCTGATCGATCTTCCGCCCTTCGAGATTGTCACTGGGGTGCGGCTACCAGTCA
ACTTCTTCAAGTTTCAGTTCCGGAACGTGGAATACAGTTCCGGGCGGAATAAGACCTTTCTCTGCTATGTGGTC
GAAGTACAGAGTAAGGGCGGCCAAGCGCAGGCGACGCAGGGCTACCTGGAGGATGAACACGCAGGTGCCCACGC
CGAGGAGGCTTTCTTTAACACCATCCTGCCAGCTTTCGACCCGGCCCTCAAGTACAATGTCACCTGGTATGTGT
CCTCCAGCCCCTGTGCAGCCTGCGCTGACCGGATTCTCAAAACCCTCAGCAAGACTAAGAACCTTCGTCTGCTC
ATTCTGGTGAGCCGGCTCTTCATGTGGGAGGAGCCAGAGGTCCAGGCCGCTCTGAAAAAGCTGAAGGAGGCCGG
CTGCAAACTTCGCATCATGAAACCCCAGGACTTCGAGTACATCTGGCAGAATTTTGTGGAGCAAGAAGAGGGTG
AATCCAAGGCCTTTGAGCCCTGGGAGGACATTCAGGAGAACTTCCTATACTATGAGGAGAAGTTGGCAGACATC
CTGAAG 
 
19 668  2.8 
 
>A1_MUS 
ATGAGTTCCGAGACAGGCCCTGTAGCTGTTGATCCCACTCTGAGGAGAAGAATTGAGCCCCACGAGTTTGAAGT
CTTCTTTGACCCCCGGGAGCTTCGGAAAGAGACCTGTCTGCTGTATGAGATCAACTGGGGTGGAAGGCACAGTG
TCTGGCGACACACGAGCCAAAACACCAGCAACCACGTTGAAGTCAACTTCTTAGAAAAATTTACTACAGAAAGA
TACTTTCGTCCGAACACCAGATGCTCCATTACCTGGTTCCTGTCCTGGAGTCCCTGCGGGGAGTGCTCCAGGGC
CATTACAGAGTTTCTGAGCCGACACCCCTATGTAACTCTGTTTATTTACATAGCACGGCTTTATCACCACACGG
ATCAGCGAAACCGCCAAGGACTCAGGGACCTTATTAGCAGCGGTGTGACTATCCAGATCATGACAGAGCAAGAG
TATTGTTACTGCTGGAGGAATTTCGTCAACTACCCCCCTTCAAACGAAGCTTATTGGCCAAGGTACCCCCATCT
GTGGGTGAAACTGTATGTACTGGAGCTCTACTGCATCATTTTAGGACTTCCACCCTGTTTAAAAATTTTAAGAA
GAAAGCAACCTCAACTCACGTTTTTCACAATTACTCTTCAAACCTGCCATTACCAAAGGATACCACCCCATCTC
CTTTGGGCTACAGGGTTGAAA 
 
19 683  2.8 
 
 



>A3_N_MUS 
ATGCAACCCCAGCGCCTGGGGCCCAGAGCTGGGATGGGACCATTCTGTCTGGGATGCAGCCATCGCAAATGCTA
TTCACCGATCAGAAACCTGATATCTCAAGAAACATTCAAGTTCCACTTTAAGAACCTAGGCTATGCCAAAGGCC
GGAAAGATACCTTCTTGTGCTATGAAGTGACTAGAAAGGACTGCGATTCACCCGTCTCCCTTCACCATGGGGTC
TTTAAGAACAAGGACAACATCCACGCTGAAATCTGCTTTTTATACTGGTTCCATGACAAAGTACTGAAAGTGCT
GTCTCCGAGAGAAGAGTTCAAGATCACCTGGTATATGTCCTGGAGCCCCTGTTTCGAATGTGCAGAGCAGATAG
TAAGGTTCCTGGCTACACACCACAACCTGAGCCTGGACATCTTCAGCTCCCGCCTCTACAACGTACAGGACCCA
GAAACCCAGCAGAATCTTTGCAGGCTGGTTCAGGAAGGAGCCCAGGTGGCTGCCATGGACCTATACGAATTTAA
AAAGTGTTGGAAGAAGTTTGTGGACAATGGTGGCAGGCGATTCAGGCCTTGGAAAAGACTGCTTACAAATTTTA
GATACCAGGATTCTAAGCTTCAGGAGATTCTGAGG 
 
31 623  5 
 
>A3_C_MUS 
CGAATGGACCCGCTAAGTGAAGAGGAATTTTACTCGCAGTTTTACAACCAACGAGTCAAGCATCTCTGCTACTA
CCACCGCATGAAGCCCTATCTATGCTACCAGCTGGAGCAGTTCAATGGCCAAGCGCCACTCAAAGGCTGCCTGC
TAAGCGAGAAAGGCAAACAGCATGCAGAAATCCTCTTCCTTGATAAGATTCGGTCCATGGAGCTGAGCCAAGTG
ACAATCACCTGCTACCTCACCTGGAGCCCCTGCCCAAACTGTGCCTGGCAACTGGCGGCATTCAAAAGGGATCG
TCCAGATCTAATTCTGCATATCTACACCTCCCGCCTGTATTTCCACTGGAAGAGGCCCTTCCAGAAGGGGCTGT
GTTCTCTGTGGCAATCAGGGATCCTGGTGGACGTCATGGACCTCCCACAGTTTACTGACTGCTGGACAAACTTT
GTGAACCCGAAAAGGCCGTTTTGGCCATGGAAAGGATTGGAGATAATCAGCAGGCGCACACAAAGGCGGCTCCG
CAGGATCAAGGAGTCCTGGGGTCTGCAAGATTTGGTGAATGACTTTGGAAACCTACAGCTTGGACCCCCGATGT
CT 
 
20 590 3.4 
 
>AID_MUS 
ATGGACAGCCTTCTGATGAAGCAAAAGAAGTTTCTTTACCATTTCAAAAATGTCCGCTGGGCCAAGGGACGGCA
TGAGACCTACCTCTGCTACGTGGTGAAGAGGAGAGATAGTGCCACCTCCTGCTCACTGGACTTCGGCCACCTTC
GCAACAAGTCTGGCTGCCACGTGGAATTGTTGTTCCTACGCTACATCTCAGACTGGGACCTGGACCCGGGCCGG
TGTTACCGCGTCACCTGGTTCACCTCCTGGAGCCCGTGCTATGACTGTGCCCGGCACGTGGCTGAGTTTCTGAG
ATGGAACCCTAACCTCAGCCTGAGGATTTTCACCGCGCGCCTCTACTTCTGTGAAGACCGCAAGGCTGAGCCTG
AGGGGCTGCGGAGACTGCACCGCGCTGGGGTCCAGATCGGGATCATGACCTTCAAAGACTATTTTTACTGCTGG
AATACATTTGTAGAAAATCGTGAAAGAACTTTCAAAGCCTGGGAAGGGCTACATGAAAATTCTGTCCGGCTAAC
CAGACAACTTCGGCGCATCCTTTTGCCCTTGTACGAAGTCGATGACTTGCGAGATGCATTTCGTATGTTGGGAT
TT 
 
17 590 2.9 
 
>A2_RATTUS 
ATGGCTCAGAAGGAAGAAGCCGCTGAGGCCGCGGCACCAGCCTCTCAGAACGGAGACGATTTGGAGAACCTAGA
AGACCCTGAGAAGCTGAAGGAGCTGATCGATCTGCCGCCCTTCGAGATCGTCACTGGGGTGCGACTGCCTGTCA
ACTTCTTTAAGTTTCAGTTCCGGAACGTGGAATACAGTTCCGGGCGGAACAAGACCTTTCTCTGCTATGTGGTC
GAAGCACAGAGCAAGGGAGGCCAAGTGCAGGCGACGCAGGGCTACCTGGAGGATGAACACGCTGGTGCCCACGC
TGAGGAGGCTTTCTTTAACACCATCCTGCCAGCTTTCGACCCGGCCCTGAAGTATAATGTCACCTGGTATGTGT
CCTCCAGCCCCTGTGCAGCCTGCGCCGACCGAATTCTCAAGACCCTCAGCAAGACCAAGAACCTGCGGCTGCTC
ATCCTGGTGAGCCGGCTCTTCATGTGGGAGGAGCCAGAGGTCCAGGCCGCCCTGAAGAAGCTGAAGGAGGCGGG
CTGCAAACTTCGCATCATGAAACCCCAGGACTTCGAGTACCTCTGGCAGAATTTTGTGGAGCAAGAAGAGGGTG
AATCCAAGGCCTTTGAGCCCTGGGAGGACATTCAGGAGAACTTCCTATACTATGAGGAGAAGTTGGCAGACATC
CTGAAG 
 
18 668  2.7 
 
>A1_RATTUS 
 
ATGAGTTCCGAGACAGGCCCTGTAGCTGTTGATCCCACTCTGAGGAGAAGAATTGAGCCCCACGAGTTTGAAGT
CTTCTTTGACCCCCGGGAACTTCGGAAAGAGACCTGTCTGCTGTATGAGATCAACTGGGGAGGAAGGCACAGCA



TCTGGCGACACACGAGCCAAAACACCAACAAACACGTTGAAGTCAATTTCATAGAAAAATTTACTACAGAAAGA
TACTTTTGTCCAAACACCAGATGCTCCATTACCTGGTTCCTGTCCTGGAGTCCCTGTGGGGAGTGCTCCAGGGC
CATTACAGAATTTTTGAGCCGATACCCCCATGTAACTCTGTTTATTTATATAGCACGGCTTTATCACCACGCAG
ATCCTCGAAATCGGCAAGGACTCAGGGACCTTATTAGCAGCGGTGTTACTATCCAGATCATGACGGAGCAAGAG
TCTGGCTACTGCTGGAGGAATTTTGTCAACTACTCCCCTTCGAATGAAGCTCATTGGCCAAGGTACCCCCATCT
GTGGGTGAGGCTGTACGTACTGGAACTCTACTGCATCATTTTAGGACTTCCACCCTGTTTAAATATTTTAAGAA
GAAAACAACCTCAACTCACGTTTTTCACGATTGCTCTTCAAAGCTGCCATTACCAAAGGCTACCACCCCACATC
CTGTGGGCCACAGGGTTGAAA 
 

20 683  2.9 
 

>A3_N_RATTUS 
AGAAACCCGCTAAAGAAGTTATATCAACAAACATTCTACTTTCATTTTAAGAACGTACGCTATGCCTGGGGTCG
AAAGAATAACTTCTTGTGCTATGAAGTGAATGGGATGGACTGCGCTTTACCTGTCCCCCTTCGCCAAGGGGTCT
TCGGAAACAGAGCCCTGCTCCTTCCCTCCAATCAAGAGTTCCCCTTTGTCACCCAGGGCCACATCCACGCCGAA
CTCTGCTTCATATACTGGTTCCACGACAAAGTCCTGAGAGTGCTGTCCCCGATGGAAGAGTTCAAGGTCACGTG
GTACATGTCCTGGAGCCCCTGCAGCAAGTGCGCGGAGCAGGTAGCCAGGTTCCTGGCCGCACACCGCAACCTAA
GCCTGGCCATCTTCAGCTCCCGCTTGTACTACTACTTAAGGAACCCGAACTACCAGCAGAAGCTCTGCAGGCTG
ATTCAGGAAGGAGTCCACGTGGCTGCCATGGACCTACCAGAATTTAAAAAGTGTTGGAACAAGTTTGTGGACAA
TGACGGCCAACCATTCAGGCCTTGGATGAGACTGAGAATAAATTTTAGTTTCTATGATTGCAAGCTTCAGGAGA
TTTTCAGC 
 

23 596 3.9 
 

>A3_C_RATTUS 
CGAATGAATCTGCTAAGGGAAGATGTATTTTACTTGCAATTTAACAACAGCCACCGGGTCAAGCCAGTCCAGAA
TCGCTACTATCGCAGGAAGTCCTATCTGTGCTACCAACTGGAGCGGGCCAATGGCCAAGAGCCACTCAAAGGCT
ACCTGCTATACAAGAAAGGTGAACAGCATGTAGAAATCCTCTTCCTTGAGAAGATGCGGTCCATGGAGCTGAGC
CAAGTGCGAATTACCTGCTACCTCACCTGGAGCCCCTGCCCAAACTGTGCCCGGCAACTCGCTGCATTCAAAAA
GGATCACCCAGACCTAATTCTGCGGATCTATACCTCCCGCCTGTATTTCTACTGGAGGAAGAAGTTCCAGAAGG
GGCTGTGTACTCTGTGGCGATCAGGGATCCACGTGGACGTCATGGACCTCCCTCAGTTTGCTGACTGCTGGACA
AACTTTGTGAACCCGCAAAGGCCCTTTAGGCCATGGAATGAACTGGAGAAAAACAGCTGGCGCATACAAAGGCG
GCTCCGGAGGATC 
 

21 527  4 
 

>AID_RATTUS 
AGCCTCTTGATGAAGCAAAAGAAGTTTCTTTACCACTTCAAAAATGTCCGCTGGGCTAAGGGTCGGCACGAGAC
CTACCTGTGCTATGTGGTGAAGAGGAGAGATAGTGCCACCTCCTTCTCACTGGACTTTGGCCACCTTCGCAACA
AGTCGGGCTGCCACGTGGAATTGTTGTTCCTACGCTACATCTCGGACTGGGACCTGGACCCCGGCCGGTGTTAC
CGTGTCACCTGGTTCACTTCCTGGAGCCCCTGCTACGACTGTGCGCGGCACGTGGCTGAGTTTCTGAGATGGAA
CCCTAACCTCAGCCTGAGGATTTTCACCGCGCGCCTCTACTTCTGCGAAGACCGCAAGGCTGAGCCTGAGGGGC
TGCGGAGGCTGCACCGCGCCGGAGTCCAGATCGGGATCATGACCTTCAAAGACTATTTTTACTGCTGGAATACA
TTTGTAGAAAATCATGAAAGAACTTTCAAAGCCTGGGAAGGGCTGCATGAAAACTCCGTCAGGCTAACCAGACA
GCTTCGGCGCATCCTTTTGCCCTTGTATGAAGTCGATGACTTGAGAGATGCGTTTCGTATTTTGGGACTT 
 

16 584  2.7 
 

>AID_FUGU 
ATGCTTTTGCCAAGAAAGAAGTTCATCTACCATTACAAGAATGTGCGATGGGCACGGGGCCGGCACGAGACCTA
CCTCTGCTTTGTGGTGAAGAGGCGAGTGGGCCCAGACACGCTAACCTTTGACTTTGGACACCTCCGCAATCGCA
GTGGCTGCCACGTAGAGCTGCTTTTCCTGCGTTACCTGGGAGCCTTATGCCCTGGGTTGTGGGGTTACGGAGCC
GCCGGAGAGAAGAGGCTCAGTTACTCCGTTACCTGGTTCTGCTCCTGGTCTCCCTGTGTCAACTGCTCCATCCA
ACTCTGCCAGTTTCTCAATAACACCCCCAACCTTCGCCTCAGGATCTTTGTCTCTCGCCTTTACTTTTGTGACC
TGGAGGACAGCCTTGAAAGAGAAGGCCTGAGGATGCTGACCAAAGCCGGCGTGAGGATCTCAGTGATGAGCTAC
AAAGACTATTTCTATTGCTGGCAGAAATTTGTGGATTGCAAAAAGAGCAACTTCAAGGCCTGGGAAGAGCTGCA
TCAAAACTCTGTACGCCTCACCCGCAAACTCAATCGCATTCTG 
 

14 557 2.5 
 



>A2_FUGU 
GAACAGATGAGCCCATTCTACTTCAAGTTTCAGTTCAGGAACGTTGAGTATTCATCAGGGAGGAACAAGACCCT
GCTGTGCTTCAGAGTGGATTCGCCAGGAGGCAGCACCGAGCCACTCAAGGGTTACATGGAAGATGAACATGCCA
CAGCACATGCAGAGGAGGCCTTCTTTCAACAAGTGCTGCCTAATCCATCTCTGGAGTATGACATCACATGGTAT
GTATCATCCAGTCCGTGTATCTCTTGTGCCAACACGCTGGCAAAGATGCTCCAGCAACGCAAAAAAGTCCGCCT
CTGTGTATTCTGCTCCCGGCTCTTTGAGTGGGACCAGCCAGAAGTAGTAGAGGCCATCCGGACCCTGGTGAGGG
CCGGATGCAAACTAAGGATGATGAAGCCCTCTGACTTCCAGCATGTGTGGGAAACTTATGTGGAGAAGGAGGGC
GAAAGCTTCACGCCATGGGAGGATTGTCAGGACAACTACAATTATTACAAGGAGATATTAGCTGATATCCTCAA
G 
 
26 515 5.1 
 
>A2*_FUGU 
TTTCAGTTTCAGTTCAAGAATGTAGAATACTCTTCGGGACGGAACAAGACCTTTCTTTGCTACCTGGTGGACAC
GGGGAAAGCCGATGAGGGGCTACAGAGGGGATATTTAGAGGATGAGCATACTGGTTCACATGCTGAGGAGGCCT
TCTTCACACAGTGTCTGCCACATTACGACCCCGCCCTCAAGTACTCAGTGACCTGGTATATGTCTTCCAGTCCT
TGCTGTGCTTGTGCAGCTAAGATGGCTGAAGCATTAAAGGCCAGGAGAAACATTAAGTTGAGCATCTTTGCTGC
TCGTTTATTTGAGTGGGAGGAAGCAGAGATCCAGGCTGGACTGAAAGCTCTACACATTGCTGGCTGCAAGATCA
GAGTGATGAAGCCTCTGGACTTCTCTTACACCTGGGACACTTTTGTAGAGAATGAGGATCAGCCACTGAACCTC
TGGGCAGATTGCAAAGAAAACTATGAGTACTACCACGAGAGGTTGGCTGACATTCTACAG 
 
22 500  4.4 
 
>AID_DANIO 
AGTGTGCTCATGACCCAGAAGAAATTCATCTTCCACTATAAGAATGTGCGCTGGGCTCGAGGGAGACACGAAAC
CTACCTTTGTTTTGTAGTAAAGCGACGCATCGGCCCTGATTCCCTCTCTTTTGACTTTGGACACCTGCGCAATC
GCTCCGGATGCCATGTAGAGCTTCTCTTTCTGCGTCACTTGGGTGCGTTGTGTCCGGGCCTGAGCGCTTCTAGT
GTGGACGGTGCAAGATTGTGTTACTCAGTGACCTGGTTCTGCTCCTGGTCGCCCTGCTCTAAATGTGCTCAACA
GCTCGCCCACTTCCTGTCACAGACGCCCAATCTGAGGCTGAGGATCTTTGTGTCACGCCTGTACTTCTGTGATG
AAGAGGACAGCGTGGAGAGAGAAGGTCTGCGACACCTGAAGAGGGCAGGAGTTCAGATCTCGGTCATGACTTAT
AAAGACTTTTTCTACTGCTGGCAAACGTTTGTTGCGAGGAGGGAGCGGAGTTTTAAAGCCTGGGATGGACTTCA
TGAAAACTCTGTCCGGCTTGTTCGGAAACTCAATCGGATTCTG 
 
12 557  2.2 
 
>A2_DANIO 
GAAGTGCCGATGGAGAACGGAGAGGCCGGAGCTGCTGCTGCAGACGGAGAAAAACCAGAACCTATAGAGCTGCC
GCCATTCGAGACCATCACAGGGGATCGCATGGACCCGTTTTTCTTCAAGTTCCAGTTCAAGAACGTGGAGTACT
CGTCCGGCCGGAATAAAACCTTCCTGTGTTACCTGGTGGACCACGGCGGCGAAGGCCTGATGAGGGGCTACATT
GAGGACGAGCACGCTGGCGGACACGCAGAGGAAGCCTTTTTCCAGCAGATCCTGACCAACTACGACCCGGCCTG
CAAATACACCATCACCTGGCACTCCTCCAGTCCCTGCGCCAACTGCGCAACCAAGCTGGCGGAGATCCTGCGCT
CCAGGAAGAACATCCGGCTGGCCATCTTTTCGTCGCGGCTGTTCGAGTGGGAGGAGCCTGAGATCCAGGCAGGG
CTGAAGCTACTAGCGTCCGTCGGCTGCAAACTGCGCATGATGAAGCCGCTGGATTTCACCTACACCTGGGACAC
GTTCGTGGAGAGCGACGAACAGCAGTTCACACCCTGGGAGGACTGTCAGGAGAACTACGAGTACTACCAGGACA
AACTGGCCGACATCCTGCAG 
 
17 608  2.8 
 
>A2*_DANIO 
AATGGGGAGATACCAGAAGAAGCCAAAGGCCCAGTCAAAAATGAGGAGTTTGAGCTAGAGCCGATGGAGCTGCC
GCCATTTGAGATCATTGTAGGAGACCGAATAAACCCAACCTTCTTCAAGTTCCAATTTAAAAATGTGGAGTACT
CGTCCGGGCGCAACAAGACCTTCCTGTGCTACCAGGTCGACATACAAGGTGGAGCAGCAGAGACGGATGGCGTT
CGTGGTTACCTGGAGGATGAGCATTCAGGCTCACATGCCGAAGAGGCCTTCTTTCAACAGGTGCTGGCCTATTA
TGACAAGTCCCTCCGCTATACAGTGACTTGGTACACATCGTCCAGCCCTTGTGTGGCCTGCGCTGCTAAGCTTG
TGGAGATCTTGAAAGCACGCAAGGCGCTGCGCCTTAATATCCACTGCTCCCGTCTCTTTGAATGGGAGGAACCG
GAGATACAGGCCGGACTTCAGGCGCTAGTTAGGGCAGGGTGTAAACTACGCATGATGAGGCCTGTGGATTTCGT



GTATGTCTGGTCTTTTGTTGAGAACGAAGAAGATAATTTTACACCCTGGGAAGACTGTCAAGATAACTTTGAGT
ATTATGATGAGAGATTGCAGGATATTTTAAAG 
 
24 620 3.9 
 
>A2_GALLUS 
ATGGCAGAAAAGCAGGAGGAGCCCAGCAACACCCAGAACGGTGAACCCGACAACGCAGAGGAGGGTGAGGGGAA
AAAGAAGAAGAAGTTGAAGAGGGAAGATCTGCCTCCGTTTGAAATCGTGACAGGGGAACGCCTCCCAGCCATAT
TTTTCAAGTTCCAGTTCAGGAACGTGGAATACAGCTCAGGCAGGAACAAAACCTTCCTGTGTTATGTTGTAGAG
ACCCAAGGCAAAGAGTCAAAGACCTCCCGGGGTTACCTGGAAGATGAGCATGCAGCCTCCCATGCAGAAATTGC
TTTCTTTAACACGATTTTGCCAAAGTGTGAATCAAGCCTCCGCTACAACATCACCTGGTACGTCTCCTCCAGCC
CCTGCGTGACCTGTGCTGATCGGATAAGTGAGACCCTAAGGAAGAACAAGAACCTGCGTCTGACAATCATGGTA
GGCCGCCTCTTCATGTGGGAAGAGCCAGAAATGCAGGCTGCCCTGAAAAAAATGAAGTCTGCTGGCTGCAAGCT
GAGGATTATGAAGCCTCAAGACTTTGAGTACGTCTGGCAGAACTTTGTGGAACAGGAAGAAGGAGAGGAAGCAA
AGGCTTTCGTGCCGTGGGAGGACATTCAAGAGAACTTCCAATACTATGAGGAAAAGCTGGCTGAGATTCTGCAG 
 
26 662  3.9 
 
>AID_GALLUS 
ATGGACAGCCTCTTGATGAAGAGGAAGCTCTTCCTCTACAATTTCAAGAACCTGCGCTGGGCCAAAGGCCGTCG
TGAAACCTACCTCTGTTATGTTGTGAAGCGCCGTGACAGTGCTACATCATGCTCCCTGGACTTTGGATACCTGC
GTAACAAGATGGGTTGCCATGTGGAGGTTCTCTTCCTACGCTACATCTCAGCTTGGGACCTGGACCCAGGCCGC
TGCTACCGCATCACATGGTTCACCTCCTGGAGCCCCTGTTATGACTGTGCCCGACATGTGGCTGACTTCCTTCG
TGCCTACCCAAACTTGACCCTCCGCATTTTCACTGCCCGCCTCTACTTCTGTGAAGATCGCAAGGCTGAGCCTG
AGGGGCTGAGACGCCTGCACCGGGCTGGGGCCCAAATCGCCATCATGACTTTCAAAGATTTCTTCTACTGCTGG
AACACGTTTGTGGAGAACAGGGAAAAGACATTCAAAGCCTGGGAAGGGCTGCATGAAAACTCTGTCCATCTGTC
CAGGAAACTCCGACGGATCCTTCTGCCACTGTATGAAGTAGATGATTTACGAGATGCCTTTAAAACTCTGGGAC
TT 
 
29 590  4.9 
 
>A2_XENOPUS 
ATGGCACAGAGGCAAAATAATTCACAGTCTTCCAAGGATCCTATCAATAACACAGAGAAAGCAGAGAAAGAAGA
GAAAGCAGAAAATGGCGAGGGAAATTCCAAAAAGAAAGAACTAGAGGAGTTGCCTCCCTTTGAAATAGTGGAGG
GGAGTCGCATCCCTGCTTCTTCTTTCATGTTTCAGTTTAAGAACGTGGAGTACAGTTCTGGACGTAACAAGACT
ATTCTGTGCTACACTGTGGAAAGACCTGAGGCTCAAATATTCCATGGATATTTAGAGGATGAACATGTCTCAGC
TCATGCCGAGGAAGCTTTCTTTACATCTGTCCTGCCTCAGTTTCTCACCTCAGGGTCAGTCACTGTAACTTGCT
ATGTGTCATCTAGTCCATGCGTTACTTGTGCTGCCTCCATAGCTCAATGCCTGCGGAAAAACAAAACTGTACGA
ATACAGCTGGCAGTGGCCCGGCTATTCCAATGGGAGGAGCCCGAGATCCGAAGGGCCCTGAAAGGCCTCCGCTC
CGCAGGTTGCCAAGTCAGAATGATGAGGGGTGCTGACTATATTTATGTGTGGAAGAACTTTGTTGAGCCTGACA
TCACCCTGGATGATGAGGGAATGGAGGTAGTGAAGGATGAGCATCAAGACTTCATACCCTGGGAAGATTTGGAG
GAAAACTCCAGGTATTATGAAGAGAAGCTGGCAGAGATTCTAAGA 
 
19 707  2.7 
 
>A2_ORYZIAS_BJ502566 
TCTGCTGCTGCAGTGGAAAACAGTGAGAATGGCACACTTCAGTTTGAGCCCATGGAGCTACCCCCTTTTGAAGT
CATCACTGGAGACCGGATCGACCCATTTGTCTTCAAGTTCCAGTTCAAAAATGTGGAGTACTCGTCCGGCCGCA
ACAAGACGCTGCTGTGTTACCTGGTTGATACTGGGGGTGCAGGGGATGGGCTGCTAAGGGGATACCTGGAGGAT
GAACACGCTGGGATCCACGCTGAGGAGGCATTCTTCACACACTGTCTGCCGAACATTGACCCCAATGTTCAGTA
TACAATAACCTGGTACGTGTCGTCCAGCCCTTGCCACGCTTGTTCCTTAAAGCTAGCAGAGGTGCTGAAGGCCA
GGAAAAATGTCAAGCTCAGCATCTTTTCTGCTCGCCTGTTCGAGTGGGAGGCAGAGGAGGTCCAGGCTGGTCTG
AAGGCCCTGCACAGCGCCGGCTGCAAGCTTAGAGTGATGAAGCCTCTGGACTTCTCTTACACCTGGGACACCTT
TGTGGAAACTGAAGAGCAACCGCTGAACCTTTGGGAGGACTGCAAAGATNACTATGAGTACTACCACGAGAAGC
TGGACCAGATTCTGCAC 
 
24 605  4 



>A1_MONODELPHIS 
ATGAATTCTAAGACAGGTCCATCAGTAGGAGACGCCACTCTAAGGAGGAGGATCAAACCCTGGGAATTTGTGGC
CTTCTTTAACCCTCAAGAACTCCGTAAAGAGACATGTCTCCTCTATGAAATTAAATGGGGTAATCAAAATATTT
GGCGACACTCCAATCAAAATACATCTCAACATGCTGAAATCAACTTCATGGAAAAATTCACTGCAGAAAGACAT
TTTAACTCTTCTGTTAGATGCTCCATTACCTGGTTCCTCTCTTGGAGCCCTTGCTGGGAGTGTTCCAAGGCCAT
AAGAAAGTTTTTGGATCATTACCCCAATGTGACTCTTGCCATTTTTATTTCTCGGCTTTATTGGCACATGGATC
AACAGCATCGTCAAGGACTCAAGGAACTTGTCCACTCTGGAGTGACTATCCAGATTATGAGCTACTCAGAGTAT
CATTACTGTTGGAGAAATTTTGTTGACTATCCACAAGGGGAAGAAGATTACTGGCCCAAATACCCCTACCTTTG
GATTATGTTATATGTCCTGGAACTCCACTGCATAATTTTAGGGCTTCCACCTTGTTTAAAGATTTCAGGGAGTC
ATTCCAATCAGCTTGCGCTCTTCAGCCTTGATTTGCAAGACTGCCATTACCAAAAGATTCCATATAATGTTCTT
GTAGCCACAGGGCTGGTCCAGCCATTTGTGACCTGGAGA 
 
30 701  4.3 
 
>A1_ORYCTOLAGUS 
ATGGCTTCCGAGAAAGGTCCTTCAAACAAGGATTACACGTTGAGGAGAAGAATTGAACCCTGGGAATTTGAAGT
CTTCTTTGACCCCCAAGAACTGCGTAAAGAGGCCTGCCTGCTCTACGAAATCAAGTGGGGGGCAAGCTCCAAGA
CCTGGCGCAGCTCGGGCAAGAACACCACCAATCACGTGGAAGTCAACTTCCTAGAAAAGCTGACTTCAGAGGGG
CGGCTTGGCCCATCCACCTGCTGCTCCATCACCTGGTTCTTGTCTTGGAGCCCCTGCTGGGAATGTTCCATGGC
GATTAGAGAATTTTTGAGTCAACACCCGGGTGTGACTCTGATAATTTTTGTAGCTCGGCTATTTCAGCACATGG
ATCGCCGGAACCGGCAAGGGCTCAAGGACCTCGTTACCAGCGGCGTAACTGTCCGGGTTATGAGCGTCTCAGAG
TATTGTTACTGCTGGGAGAATTTTGTCAACTACCCGCCGGGGAAAGCAGCTCAATGGCCAAGGTACCCACCTCG
GTGGATGCTGATGTATGCACTGGAACTCTACTGCATCATTCTAGGTCTCCCACCCTGTTTAAAGATTTCAAGAA
GACATCAAAAGCAGCTTACATTTTTCAGCCTTACTCCTCAATATTGCCATTATAAAATGATTCCACCATACATC
CTTTTAGCTACAGGATTGTTACAACCTTCTGTGCCTTGGAGA 
 
23 704  3.3 
 
>A3A_EQUUS 
ATGGAGGCCAGTGCAGCGCCCATGGCCAGACGCCTGATGCCTGAAGACACCTTCACTGAGAACTTCAACAATGT
GGTTTGGCAGAAGGCGACCTATCTGTGCTATGAGGTGGAGCTCCCGGATGGCGACTACAGGGTCCCGCCAGGCC
AGGACAAGGGCTTCCTGCACAACCAGGGTGGTCACATGGCCGGGCCACCCCGCCACGCAGAGATGCGCTTCCTG
GACCTGATCTCTTCTTGGAACCTGGACCAGGATCTGTGCTACAGGGTCACCTGTTTCATCTCCTGGAGCCCCTG
CGCTGAGTGTGCTCAGAGACTGGCTGAGTTCCTGCGGGAGAACAGCCACGTGAGCCTGCGCATCTTCGCTTCCC
GCATCTACACCAAGGGAGAGAATGGAGACTACAGGGAGGGACTGCGCACCCTGCAGGAGGCTGGGGCCCAAATC
GCCATCATGACCTCAAAAGAGTTTGAGCACTGCTGGAAGACCTTCGTGGACAACCAGGGAAGGACCTTCCAGGC
CTGGGATGAGCTGGATGCTGAGAGTCGCTACTGGTCCATGGAGCTGCAGCGCATTCTACAGCCGACTGCTCCTC
CCTCCCTGCCTCCCCTCTACTTTCCTCCCTCCCATCCTGTCCCTGGCCCTTCCTTTCGCTCTCTCAGAGGCTCC
TCTGGG 
 
12 668  1.8 
 
>A3B_EQUUS 
ATGGAGGCCAGGTGCCTCATGGATGAAGACACCTTCACTGAGAACTTCAACAATGTGAACTGGCCACGCAAGAC
CTACCTGTGCTATGAGGTGGAGCTCCCGGATGGCGACTCCAGGGTCCCGCCAGGCCGGGACAAGGGCTTCCTGT
GCAACAAGCCTGTTGATGTGGCTGGGCCACGCCGCGACGCAGAGATGCGCTTCCTGGACCTGATCTCTTCTTGG
AACCTGGACCAGAAGCTGTGCTACAGGGTCACCTGTTTCATCTCCTGGAGCCCCTGCGCTGACTGTGCTCAGAG
ATTGGCTGAGTTCCTGCGGGAGAACAGCCACCTGAGCCTGCGCATATTCGCTTCCCGCATCTACACCAAGAGAA
AATATGGAGACTACGGGGCGGGACTGCGCACCCTACAGGCGGCTGGGGCCCAAATCGCCATCATGGCCTCAGAA
GAGTTTGAGCACTGCTGGGACACCTTCGTGGACCACCAGGGAAGACCCTTCCAGCCCTGGTATGCGCTGGATGC
CAAGAGCCGTTACCTATCTGAGCAGCTGCAGCGCATTCTACAGCCGACTGCTCCTCCCTCCCTGCCTCCCCTCT
ACTTTCCTCCCTCCCTGCCTCTCCCTCTACTTTCCTCCCTCCCATCCTGTCCCTGGCCCTTCCTTTCGCTCTCT 
 
16 662  2.4 
 
 
 



>A3A_BOS 
GCCGCGGCTCGAGCAACAATCAAGGGTCGAGGTTCCAAAACCTACCTGTGCTACGAGGTGGAGAGGCTGGACGG
AAACGCTACGATCCCTCTGGACGAGTACAAGGGCTTTGTGCGCAACAAGGGTTTGGATCAACCGGAGGAACCCT
GCCATGCAGAGCTCTACTTCCTGGGAAAGATCCGTTCTTGGAATCTGGACCGGAATCAGCACTACAGGCTCACC
TGTTTCATCTCCTGGAGCCCCTGTTACGATTGTGCCCAGAAACTGACTACATTCTTGAAGGAGAACCGCCACAT
AAGCCTGCACATCCTTGCCTCCCGCATCTATACCCGCAACCATTTTGGGTGCCATCAGAGTGGCCTGTGCGAAC
TGCAAGCGGCTGGGGCCCGAATCACCATCATGACCTTTGAGGACTTTAAGCACTGCTGGGAAACCTTCGTGGAC
CACAAGGGAAAACCCTTTCAGCCCTGGGAGGGGCTAAATGTAAAGAGTCAGGCGCTCTGTGCGGAACTGCAGGC
CATTCTCAAGACTCAGCAAAAC 
 
17 536  3.2 
 
>A3_C_SUS 
AACACAATGAATCTACTAAAAGAAAATATATTCAAACAACAGTTTGGCAACCAGCCCCGGGTCTCGGCGCCCTA
CTATCTGAGGAAGACCTACTTGTGCTACCAAGTGAAGGGGCCCGATGACTCCATTCTTGACAAAGGCTGCTTCC
AAAACAAGAAAAAGCGACATGCAGAAATTCGTTTTATTGACAAGATCAATTCCTTGAATCTGGACCAGAACCAG
TGCTACAGAATCATCTGCTATGTCACCTGGAGCCCTTGTCACAACTGTGCCAAGGAGCTGGTTGATTTCATCAG
CAATCGGCACCACCTGAGCCTGCAGCTCTTTGCCTCCCGCCTGTACTTCCACTGGGTCAGGTGTTATCAGAGGG
GTCTGCAGCGTCTGCAGGCAAATCGGGTTTCCGTGGCTGTCATGAAAGGCCCAGAGTTCAAAGACTGCTGGGAA
AAGTTTGTGGACCCCCAGGGGGAGAGCTTCCCATCCTGGGAGAAGCTGGAGCAATACAGCGAGAGCATAAGCCG
ACGGCTCTCAAGGATCCTGCGTTTCGCGAATCAGAATAATTTAGAGGATTCCTTCAGAGATTTGCGACTCGGTT
CCCCATCACCTTCATCATCAAGAAGTGACTCGAGA 
 
19 623 3 

>Sus scrofa cytidine deaminase (CDA), mRNA NCBI Reference Sequence: 
NM_001244385.1 

CACACTGGCTGTGAGGTCTCTTTCCGATCCTCTGCCAGCCCCAGGTGGACCAACATGGCCCAAGAGCGTC 
CCAGTCCCGCCTTGGAGCCCGAGCACGTCCAGCAGCTGCTCTTCTCCTGCCGGGAGGCCAAGAAGTCCGC 
CTACTGCCCCTACAGTCGCTTCCCGGTGGGGGCGGCCCTCCTCACCGGGGACGGGAGGATTTTCTCCGGG 
TGCAACATAGAAAATGCCTGCTACCCGCTGGGCGTCTGTGCTGAACGGACCGCCATCCAGAAGGCCATCT 
CAGAAGGATACAAAGAGTTCAGGGCAATTGCCATCGCCAGTGATCTGCAAGATGATTTTATTTCGCCATG 
CGGGGCCTGCAGGCAAGTCATGAGAGAGTTTGGCACCAACTGGGCCGTCTACATGACCAAGCCGGATGGC 
ACATACGTTGTCAGGACCATCCAGGAGCTGCTAACGGCCTCCTTTGGGCCCGAGGACCTGCAGAAGATCC  
AGTGAAAGGTG   
 

17 497 3.4 
 

>CDA_FUGU 
ATGGCGAACAAAAACGAGGCGGCGCAATTATCGGCAGAAACCATCAAGATGCTGATCGACCAATCTCACGAAGT
GAAAAAGCACTCACACTGTCCTTACAGTAAATTCAGAGTGGGGTCTGCTCTTCTGACCGTCGACAACCGCGTGA
TTACAGGCTGCAATGTGGAGAATGCATGTTTCTACCTGGGATTTTGTGCTGAAAGAAACGCTATAGCCAAGGCA
GTGTCAGAAGGGAGCAAAAAATTCAAGGCCATTGCGATTGCCAGTGACATGACTGACCAGTTCATCTCCCCGTG
TGGTGCCTGCAGGCAGTACATGCGGGAGTTTGGGACAAACTGGAGAGTGTTCCTGTCAAAACCCGACGGTTCTT
ACCTGGAGAGAACACTAGAGGACCTGCTTCCCGTTTCCTTCGGGCCCGAAGAT 
 

13 419 3.1 
 

>CDA_HUMAN_978 
ATGGCCCAGAAGCGTCCTGCCTGCACCCTGAAGCCTGAGTGTGTCCAGCAGCTGCTGGTTTGCTCCCAGGAGGC
CAAGAAGTCAGCCTACTGCCCCTACAGTCACTTTCCTGTGGGGGCTGCCCTGCTCACCCAGGAGGGGAGAATCT
TCAAAGGGTGCAACATAGAAAATGCCTGCTACCCGCTGGGCATCTGTGCTGAACGGACCGCTATCCAGAAGGCC
GTCTCAGAAGGGTACAAGGATTTCAGGGCAATTGCTATCGCCAGTGACATGCAAGATGATTTTATCTCTCCATG
TGGGGCCTGCAGGCAAGTCATGAGAGAGTTTGGCACCAACTGGCCCGTGTACATGACCAAGCCGGATGGTACGT
ATATTGTCATGACGGTCCAGGAGCTGCTGCCCTCCTCCTTTGGGCCTGAGGACCTGCAGAAGACTCAG 
 
16 434  3.7 



>DCMPDA_FUGU_Q9BVD8 
GTCTCTACCGGGAAAAGAGAAGACTACCTGGAGTGGCCCGAATACTTCATGGCTGTAGCCTTCCTGTCTGCACA
AAGGAGTAAAGATCCAAGTTCACAGGTGGGAGCATGTATCGTGAACCAAGAGAAAAAAATAGTCGGTATTGGTT
ATAATGGTATGCCGAATGGCTGCGATGACGACCTGTTGCCTTGGTGCCGTTCCGCCGAAGACCATCTCGACACC
AAATATCCTTATGTGTGTCACGCTGAGATGAACGCCATCATGAACAAGAACAGTGCCGACGTGAAAGGCTGCGC
CATGTACGTGGCTTTGTTCCCCTGCAACGAGTGCGCCAAGCTCATCATCCAGGCAGGTCTGAAAGAGGTGATCT
ACCTCTCCGATAAGTACCACAACACCCCAGGAATGATCGCTTCCAGAAAGTTGCTTGACTTGGCTGGGATTCAG
TACAGG 
 
17 446  3.8 
 
>DCMPDA_HOMO_1635 
ATGAGTGAAGTTTCCTGCAAGAAACGGGACGACTATTTGGAATGGCCAGAGTATTTTATGGCTGTGGCCTTCTT
ATCAGCACAGAGAAGCAAAGATCCAAATTCCCAGGTCGGCGCCTGCATCGTGAATTCAGAAAACAAGATTGTCG
GGATTGGGTACAATGGGATGCCAAATGGGTGCAGTGATGACGTGTTGCCTTGGAGAAGGACAGCAGAGAATAAG
CTGGACACCAAATACCCGTACGTGTGCCATGCGGAGCTGAATGCCATCATGAACAAAAATTCGACCGATGTGAA
AGGCTGTAGTATGTATGTCGCCTTGTTCCCTTGTAATGAATGCGCTAAGCTCATCATCCAGGCAGGTATAAAAG
AAGTGATTTTCACGTCTGATAAATACCATGATAGTGACGAGGCAACTGCTGCGAGGCTCCTGTTTAATATGGCC
GGGGTGACATTCCGGAAATTCATACCGAAGTGCAGCAAGATTGTCATTGACTTTGATTCAATTAACAGCAGACC
GAGTCAAAAGCTTCAG 
 
30 530 5.7 
 
>ADAT2_HOMO_NM_182503 
ATGGTCTACAACAATGAAGTTGTAGGGAAGGGGAGAAATGAAGTTAACCAAACCAAAAATGCTACTCGACATGC
AGAAATGGTGGCCATCGATCAGGTCCTCGATTGGTGTCGTCAAAGTGGCAAGAGTCCCTCTGAAGTATTTGAAC
ACACTGTGTTGTATGTCACTGTGGAGCCGTGCATTATGTGTGCAGCTGCTCTCCGCCTGATGAAAATCCCGCTG
GTTGTATATGGCTGTCAGAATGAACGATTTGGTGGTTGTGGCTCTGTTCTAAATATTGCCTCTGCTGACCTACC
AAACACTGGGAGACCATTTCAGTGTATCCCTGGATATCGGGCTGAGGAAGCAGTGGAAATGTTAAAGACCTTCT
ACAAACAAGAAAATCCAAATGCACCAAAATCGAAAGTTCGGAAAAAGGAATGTCAGAAATCT 
 

14 428  3.3 
 

>ADAT2_FUGU_Q9CX14 
GCCAAAGATGCTCTGCAGAATGGAGAAGTGCCAGTTGGGTGTCTGATGGTTTACAACAGTGAAGTTGTTGGCAA
AGGGAGGAATGAAGTCAACGAGACGAAAAACGCCACCCGTCATGCTGAGATGGTGGCCCTGGATGAGCTCCTTA
ACTGGTGTCACAGCAGCAACTTGGACGTGAGCAGAGTGAGCAGGAACACGGTTCTGTACGTCACCGTTGAACCG
TGTGTAATGTGTGCTGCTGCACTGCGTCTGTTGAACATCCCCACAGTCGTGTACGGCTGCAGGAACGAGCGGTT
TGGAGGCTGTGGTTCCATTCTGGATGTTTCCTCTGCAGATTTACCTCAGACTGGAAACACCTTTAAG 
 

13 359 3.6 
 

>Homo sapiens cytidine deaminase (CDA), mRNA NCBI Reference Sequence: 
NM_001785.3 
CCGCTGCTCTGCTGCCTGCCCGGGGTACCAACATGGCCCAGAAGCGTCCTGCCTGCACCCTGAAGCCTG 
AGTGTGTCCAGCAGCTGCTGGTTTGCTCCCAGGAGGCCAAGAAGTCAGCCTACTGCCCCTACAGTCACTT 
TCCTGTGGGGGCTGCCCTGCTCACCCAGGAGGGGAGAATCTTCAAAGGGTGCAACATAGAAAATGCCTGC 
TACCCGCTGGGCATCTGTGCTGAACGGACCGCTATCCAGAAGGCCGTCTCAGAAGGGTACAAGGATTTCA 
GGGCAATTGCTATCGCCAGTGACATGCAAGATGATTTTATCTCTCCATGTGGGGCCTGCAGGCAAGTCAT 
GAGAGAGTTTGGCACCAACTGGCCCGTGTACATGACCAAGCCGGATGGTACGTATATTGTCATGACGGTC 
CAGGAGCTGCTGCCCTCCTCCTTTGGGCCTGAGGACCTGCAGAAGACCCAGTGACAGCCAGAGAATGCCC 
ACTGCCTGTAACAGCCACCTGGAGAACTTCATAAAGATGTCTCACAGCCCTGGGGACACCTGCCCAGTGG 
GCCCCAGCCCTACAGGGACTGGGCAAAGATGATGTTTCCAGATTACACTCCAGCCTGAGTCAGCACCCCT 
CCTAGCAACCTGCCTTGGGACTTAGAACACCGCCGCCCCCTGCCCCACCTTTCCTTTCCTTCCTGTGGGC 
CCTCTTTCAAAGTCCAGCCTAGTCTGGACTGCTTCCCCATCAGCCTTCCCAAGGTTCTATCCTGTTCCGA 
GCAACTTTTCTAATTATAAACATCACAGAACATCCTGGA 
 
30  805  3.7 



>Saccharomyces cerevisiae DNA, contig: contig11, whole genome shotgun 
sequence GenBank: BEGW01000011.1: 423374-423802 cytidine deaminase 
ATGAAAGTAGGTGGCATAGAAGACAGACAACTGGAAGCCTTAAAAAGGGCGGCACTGAAGGCGTGTGAAC 
TCTCCTATAGCCCCTATTCTCACTTCCGTGTCGGTTGTTCCATATTAACAAATAACGATGTTATCTTCAC 
TGGTGCTAATGTCGAGAATGCAAGCTACAGTAATTGTATATGTGCAGAACGATCTGCTATGATACAAGTT 
CTAATGGCAGGCCATCGCTCAGGATGGAAATGCATGGTCATTTGTGGCGATTCTGAGGACCAGTGTGTTT 
CCCCTTGCGGCGTTTGCAGGCAGTTTATCAATGAATTTGTGGTCAAGGACTTTCCAATAGTCATGCTTAA 
TTCCACAGGTTCTCGTTCTAAAGTCATGACAATGGGAGAACTGCTGCCCATGGCTTTTGGTCCATCTCAT 
TTAAACTAG   
 
11 425 2.6 
 
Observed AL pentamer frequency: 4.49 
Expected: 22/1024 ± 1.65x(22x1002/10242x100)1/2 ≈ 2.15% ± 0.25%* 
 
4.49% ≈ 2.15% + 15 σ, where σ  ≈ 0.15% 
 
P(Observed ≥ 4.45%) ≤ exp(-225) ≈ (e-2.25)100 ≈ 10100 



Caulobacter crescentus CB15 strain CB15 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075118.1 

GACCTGGTGGCTATGCCGGGGGTTCCCCACCCGATCCCATTCCGAACTCGGTCGTTAAGTCCCCCTGGGC 
CAATGGTACTTCGTCTCAAGGCGCGGGAGAGTAGGTCGCCGCCAGG  
 
8  112  7.2 

Thermotoga maritima MSB8 strain MSB8 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_103224.1 

ATCCCCGGGTGCCGATACTGGGGCGGGAAACACCCGGTTCCATTCCGAACCCGGCCGTTAAGCCGCCCTG 
GGCCGATGGTAGTATGGGGGCAGCCCCATGCGAGAGTAGGTAGCGCCCGGGGATTTGT   
 
5  124 4 

Helicobacter pylori 26695 strain 26695 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075103.1 

TCCCTTTTCCTTGTGCCTTTAGAGAAGAGGAACTACCCAGTTAACCATTCCGAACCTGGAAGTCAAGCTC 
TTCATCGCTGATAATACTGCTCTTTTCAAGAGTGGGAATGTAGGTCGGTGCAGGGATAGGGAAAT   
 
9  131  6.9 

Pseudomonas aeruginosa PAO1 strain PAO1 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075116.1 

TGCTTGACGATCATAGAGCGTTGGAACCACCTGATCCCTTCCCGAACTCAGAAGTGAAACGACGCATCGC 
CGATGGTAGTGTGGGGTCTCCCCATGTGAGAGTAGGTCATCGTCAAGCTC   
 
3  116  2.6 

Mycolicibacterium smegmatis MC2 155 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075427.1 

GTTACGGCGGTCCATAGCGGCAGGGAAACGCCCGGTCCCATCCCGAACCCGGAAGCTAAGCCTGCCAGCG 
CCGATGATACTACCCTTCCGGGTGGAAAAGTAGGACACCGCCGAACAC   
 
3  114  2.6 

Methanosarcina sp. 795 genome GenBank: CP011449.1: c670055-669934 5S rRNA 

TGTGGCGGCCATAGCGGCAGGGCAACTCCTGTACCCATCCCGAACACAGAAGATAAGCCTGCCCACGTTC 
CTGACTGTACTGAAGTGCGCGAGCCTTCGGGAACTCAGGATCGCTGCCATGC   
 
8 118 6.8 

Escherichia coli str. K-12 substr. MG1655 strain K-12 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_103249.1 
 
TGCCTGGCGGCCGTAGCGCGGTGGTCCCACCTGACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGCGC 
CGATGGTAGTGTGGGGTCTCCCCATGCGAGAGTAGGGAACTGCCAGGCAT  
 
5   116  4.3 
 
Bacillus subtilis subsp. subtilis str. 168 strain 168 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_103286.1 
 
TCTGGTGATGATGGCGAAGAGGTCACACCCGTTCCCATGCCGAACACGGAAGTTAAGCTCTTCAGCGCCG 
ATGGTAGTCGGGGGTTTCCCCCTGTGAGAGTAGGACATCGCCAGGC   
 
3  112 2.7 
 
Mycobacterium tuberculosis H37Rv strain H37Rv 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_103329.1 
 
TTACGGCGGCCACAGCGGCAGGGAAACGCCCGGTCCCATTCCGAACCCGGAAGCTAAGCCTGCCAGCGCC 
GATGATACTGCCCCTCCGGGTGGAAAAGTAGGACACCGCCGAACA   
 
8 111  7.2 



Salmonella enterica subsp. Enterica serovar Typhimurium str. LT2 strain LT2; SGSC 1412; ATCC 700720 5S ribosomal RNA, 
complete sequence NCBI Reference Sequence: NR_075120 
 
TGCCTGGCGGCACTAGCGCGGTGGTCCCACCTGACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGCGC 
CGATGGTAGTGTGGGGTCTCCCCATGCGAGAGTAGGGAACTGCCAGGCAT  
 
5  116  4.3 
 
Pseudomonas putida KT2440 strain KT2440 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075145.1 
 
TTCTTGACGACCATAGAGCATTGGAACCACCTGATCCCATCCCGAACTCAGTAGTGAAACGATGCATCGC 
CGATGGTAGTGTGGGGTTTCCCCATGTGAGAGTAGGTCATCGTCAAGATT   
  
5  116  4.3 

Agrobacterium fabrum str. C58 strain C58 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075124.1 

GACCTGGTGGTTATCGCGGGGCGGCTGCACCCGTTCCCATTCCGAACACGGCCGTGAAACGCCCCAGCGC 
CAATGGTACTCCGTCTCAAGACGCGGGAGAGTAGGTCGCTGCCAGGTCT   
 
11  115  9.6 

Bradyrhizobium japonicum USDA 110 strain USDA110 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_075299.1 

GGCCTGGTGGTTTTAGCGAAGAGCCTCAACCCGATCCCATCCCGAACTCGGCCGTTAAACTCTTCAGCGC 
CAATGGTACTATGGCTTAAGCCCTGGGAGAGTAGGTCGCTGCCAGGCCT   
 
7 115 6.1 

Corynebacterium glutamicum ATCC 13032 strain ATCC 13032 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_075297.1 

TGTGTCGGTGGTGATAGTAGCAGGGAAACGCCCGGTCCCTTTCCGAACCCGGAAGCTAAGCCTGGTTACG 
CTGATGGTACTGCACTCGGGAGGGTGTGGGAGAGTAGGTTACCGCCGACC   
 
6 116 5.2 

Archaeoglobus profundus DSM 5631 strain DSM 5631 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_075715.1 

GCCGACGGCCATAGGGGTCGGGGAAACACCCGGACTCATTCCGAACCCGGAAGTTAAGCCCGACCCCGTT 
CCGCGTGGTACTGTGTTCCGAGAGGGCACGGGAAGCGCGGAAGCCGTCGGCA   
 
6 118 5.1 

Burkholderia pseudomallei K96243 strain K96243 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075304.1 

TGCCTGATGACCATAGCGAGTCGGTCCCACCCCTTCCCATCCCGAACAGGACCGTGAAACGACTCCACGC 
CGATGATAGTGCGGATTGCCCGTGTGAAAGTAGGTAATCGTCAGGC  
 
2 112  1.8 

Bacillus cereus ATCC 14579 strain ATCC 14579 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075158.1 

TTTGGTGATGATGGCAGAGAGGTCACACCCGTTCCCATACCGAACACGGAAGTTAAGCTCTCTAGCGCCG 
ATGGTAGTTGGGACCTTGTCCCTGTGAGAGTAGGACGTCGCCAAG 
  
3  111 2.7 
 
Streptococcus pneumoniae R6 strain R6 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075123.1 
 



TAAGTGACGATAGCCTAGGAGATACACCTGTACCCATGCCGAACACAGAAGTTAAGCCCTAGAACGCCGG 
AAGTAGTTGGGGGTTGCCCCCTGTGAGATAGGGAAGTCGCTTAGC 
 
0  0   

Shewanella oneidensis MR-1 strain MR-1 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075142.1 

TGCTTGGTGACAATAGCATTGTGGTCCCACCTGATCCCATCCCGAACTCAGAAGTGAAACGCAATCGCGC 
CGATGGTAGTGTGGGGTCTCCCCATGTGAGAGTAGGTCATCGCCAAGCGC 
 
2  116  1.7 

Aster altaicus chloroplast, complete genome NCBI Reference Sequence: NC_034996.1: c129302-129182 5S ribosomal RNA   

TATTCTGGTGTCCTAGGCGTAGAGGAACCACACCAATCCATCCCGAACTTGGTGGTTAAACTCTACTGCG 
GTGACGATACTGTAGGGGAGGTCCTGCGGAAAAATAGCTCGACGCCAGGAT 
 
3  117  2.6 

Datura stramonium chloroplast, complete genome NCBI Reference Sequence: NC_018117.1: c132806-132686 5S ribosomal RNA 

TATTCTGGTGTCCTAGGCGTAGAGGAACCACACCAATCCATCCCGAACTTGGTGGTTAAACTCTACTGCG 
GTGACGATACTGTAGGGGAGGTCCTGCGGAAAAATAGCTCGACGCCAGGAT   
 
3  117  2.6 

Rubus takesimensis chloroplast, complete genome NCBI Reference Sequence: NC_037991.1: c132382-132262 5S ribosomal RNA 

TATTCTGGTGTCCTAGGCGTAGAGGAACCACACCAATCCATCCCGAACTTGGTGGTTAAACTCTACTGCG 
GTGACGATACTGTAGGGGAGGTCCTGCGGAAAAATAGCTCGACGCCAGGAT  
 
3  117  2.6 

Cicuta virosa chloroplast, complete genome NCBI Reference Sequence: NC_037711.1: c131571-131451 5S ribosomal RNA 

TATTCTGGTGTCCTAGGCGTAGAGGAACCACACCAATCCATCCCGAACTTGGTGGTTAAACTCTACTGCG 
GTGACGATACTGTAGGGGAGGTCCTGCGGAAAAATAGCTCGACGCCAGGAT   
  
3  117  2.6 

Gallus gallus breed Red Jungle Fowl isolate RJF #256 unplaced genomic scaffold, GRCg6a CHRUN_242 NCBI Reference Sequence: 
NW_020109910.1: c2060-1941 5S ribosomal RNA 

AAGCCTACAGCACCCGGTATTCCCAGGAGGTCTCCCATCCAAGTACTAACCAGGCCCGACCCTGCTTAGC 
TTCCGAGATCAGACGAGATCGGGCGTTACCAGGGTGGGATGGCCGTAGGC  
 
1  116  0.9 
 
Cricetulus griseus unplaced genomic scaffold, CriGri_1.0 scaffold884, whole genome shotgun sequence NCBI Reference Sequence: 
NW_003613683.1: c1840240-1840122 5S ribosomal RNA 
 
ATCTACTGCCATACCACCCTGAACGTGCCGGATCTCATCTGATCTCAGAAGCTAAGCAGGGTCGGGCCTG 
GCTAGTACTTGGATGGGAGACCACCTGGGAATACTGGGTGCTGTAGGCA   
  
7  115  6.1 
 
Cephus cinctus unplaced genomic scaffold, Ccin1 Ccin1_scaffold0299, whole genome shotgun sequence NCBI Reference Sequence: 
NW_014333002.1: 26981-27099 5S 
 
GGCAAGGTCCATACCACGTTGAATACACCAGTTCTCGTCCGATCACTGAAGTTAAGCAACATTGGGCGCG 
GTCAGTACTTGGATGGGTGACCGCTTGGGAACACCGCGTGTCCTTGCCT   
 
2  115  1.7 



Saccharomyces cerevisiae S288C chromosome XII, complete sequence NCBI Reference Sequence: NC_001144.5 :459676-459796 5S 

GGTTGCGGCCATATCTACCAGAAAGCACCGTTTCCCGTCCGATCAACTGTAGTTAAGCTGGTAAGAGCCT 
GACCGAGTAGTGTAGTGGGTGACCATACGCGAAACTCAGGTGCTGCAATCT   
 
2 117  1.7 

Glaucocystis incrassata strain SAG 229-2 plastid, complete genome NCBI Reference Sequence: NC_040152.1:c27253-27129 5S  

CCTGGTGCCTATGGCGTGGTGGACCCACACCGAAACCATCCCGAACTCGGTACTAGAAGTGAAACACTAC 
AGCGGTGAAGATACTAGAGGGGCAGCTCTCTGGGAAAATAGCTCGGTGCCAGGAT   
 
4 121 3.3 

Callitropsis vietnamensis plastid, complete genome NCBI Reference Sequence: NC_026298.1: 60600-60720 5S ribosomal RNA 

AATTCTGGTGTCTCAGGCGTAGGGGAACCACACCAATCCATCCCGAACTTGGTGGTTAAA CTTTACTGCG 
GTGACGATACTGCAGGGGAAGCCCTGTGGAAAAATAGCTCGATGCCAGAAT   
 
5  117 4.3 

Hesperocyparis glabra plastid, complete genome NCBI Reference Sequence: NC_026297.1: 60712-60832 5S ribosomal RNA 

AATTCTGGTGTCTCAGGCGTAGGGGAACCACACCAATCCATCCCGAACTTGGTGGTTAAACTTTACTGCG 
GTGACGATACTGCAGGGGAAGCCCTGTGGAAAAATAGCTCGATGCCAGAAT   
 
5  117 4.3 

Cupressus sempervirens plastid, complete genome NCBI Reference Sequence: NC_026296.1: 62043-62163 5S ribosomal RNA 

AATTCTGGTGTCTCAGGCGTAGGGGAACCACACCAATCCATCCCGAACTTGGTGGTTAAACTTTACTGCG 
GTGACGATACTGCAGGGGAAGCCCTGTGGAAAAATAGCTCGATGCCAGAAT   
 
5  117 4.3 

Callitropsis nootkatensis plastid, complete genome NCBI Reference Sequence: NC_026295.1: 60515-60635 5S ribosomal RNA 

AATTCTGGTGTCTCAGGCGTAGGGGAACCACACCAATCCATCCCGAACTTGGTGGTTAAACTTTACTGCG 
GTGACGATACTGCAGGGGAAGCCCTGTGGAAAAATAGCTCGATGCCAGAAT   
 
5  117 4.3 

Cavia porcellus strain inbred line 2N unplaced genomic scaffold, Cavpor3.0 supercont2_13, whole genome shotgun sequence NCBI 
Reference Sequence: NT_176406.1: c36908410-36908290 5S ribosomal RNA 

GTCTACGGCCATACCACCCTGAACGCGCCCGATCTCGTCTGATCTCGGAAGCTAAGCAGGGTCGGGCCTG 
GTTAGTACTTGGATGGGAGACCGCCTGGGAATACCGGGTGCTGTAGGCTTT   
 
2  117  1.7 

Malus domestica cultivar Golden Delicious isolate X9273 #13 chromosome 9, ASM211411v1, whole genome shotgun sequence NCBI 
Reference Sequence: NC_041797.1: c9964992-9964874 5S ribosomal RNA 

GAATGCGATCATACCAACTAATATGCACCGGATTCCATCAGAACTCTGAAGTTAAGGGAGTTTGGGCAAG 
ATTAGTACTAGGATGGGTGACCTCCTAGGAAGTCCTCGTGTTGCATCCC  
 
4  115  3.5 

 



Antrostomus carolinensis isolate BGI_N321 unplaced genomic scaffold, ASM70074v1 scaffold4047, whole genome shotgun sequence 
NCBI Reference Sequence: NW_010326526.1: c34865-34747 5S ribosomal RNA 

GCCTACGGCCATACCACCCTGAGAACTCCCAATCTCATCTGATCTCGGAAGCTAAGCAGGGTTGGGCCCG 
GTTAGTACTTGGATGGGAGACCGCCTTGGAATACCAGGTGCTGTAGGCT   
 
2  115  1.7 

Ornithorhynchus anatinus isolate Pmale09 chromosome 3, mOrnAna1.p.v1, whole genome shotgun sequence NCBI Reference 
Sequence: NC_041730.1: c53600548-53600430 5S ribosomal RNA 

ATCTGCGGCCATACCACCCTGAACGTGCCCGATCTCGTCTGATCTCGGAAGCTAAGCAGAGTTGGGCCTG 
GTTAGTACTTGGATGGGAGAATGCCTGGGAATACCTGGTGCTGTAGGTT   
   
3  115  2.6 

Denticeps clupeoides chromosome 1, fDenClu1.1, whole genome shotgun sequence NCBI Reference Sequence: NC_041707.1: 
30970836-30970954 5S ribosomal RNA 

GCTTACGGCCATACCACCCTGAGAACGCCCGATCTCGTCCGATCTCGGAAGCTAAGCAGGGTCGGGCCTG 
GTTAGTACTTGGATGGGAGACCGCCTGGGAATACCAGGTGCTGTAAGCT   
 
2  115  1.7 
 
Carassius auratus strain Wakin unplaced genomic scaffold, ASM336829v1 scaf_tig00037271, whole genome shotgun sequence NCBI 
Reference Sequence: NW_020526371.1 :48919-49037 5S ribosomal RNA  
 
GCTTACGGCCATACCAACCTGGCTATGCCCGATCTCGTCTGATCTCGGAAGCTAAGCAGGTTTGGGCCTG 
GTTAGTACTTGGATGGGAGACCGCCTGGGAATACCGGGTGCTGTAAGCT  
 
2 115  1.7 
 
Pteropus vampyrus isolate Shadow unplaced genomic scaffold, Pvam_2.0 Scaffold66, whole genome shotgun sequence NCBI 
Reference Sequence: NW_011888847.1: c8268243-8268125 5S ribosomal RNA 
 
GTCTACAGCCATGGCACCCTGAACATGCCTGATCTCATCTGATCTCAGAAGCTAAGCAGGGTCAGGCCTG 
GTTACTACTTGGATGGCAGACCACGTAGGAATACCAGGTGCTGTAGGCA   
 
1  115  0.9 
 
Haloferax volcanii DS2, complete sequence NCBI Reference Sequence: NC_013967.1: 1603076-1603197 5S ribosomal RNA 
 
TAAGGCGGCCAGAGCGGTGAGGTTCCACCCGTACCCATCCCGAACACGGAAGTTAAGCTCACCTGCGTTC 
TGGTCAGTACTGGAGTGAGCGATCCTCTGGGAAATCCAGTTCGCCGCCCCTA   
 
2  118 1.7 

Halomicrobium sp. ZP60 chromosome, complete genome NCBI Reference Sequence: NZ_CP039375.1: 2602863-2602984 5S 
ribosomal RNA  
 
AAAGGCGGCCATAGCGGCAGGGAAACACCCGTACCCATCCCGAACACGGACGTTAAGCCTGCCAGCGTTG 
CGGTGAGTACTGGGGTGTGCGAACCCCTGGGAAAGCCGGTTCGCCGCCTGCC   
 
6  118  5.1 
 
Haloterrigena jeotgali strain A29 plasmid unnamed6, complete sequence NCBI Reference Sequence: NZ_CP031304.1: c666418-
666297 5S ribosomal RNA 
 
TACGGCGGCCATAGCGGCGAGGTGCCTCCCGTACCCATCCCGAACACGGAAGATAAGCTCGCCTGCGTTT 
CGGTCAGTACTGGAGTGGGCGACCCTCTGGGAAATCTGATTCGCCGCCACCA   
 
4  118  3.4 
 
Halobellus limi strain CGMCC 1.10331 chromosome, complete genome NCBI Reference Sequence: NZ_CP031311.1: 1536989-
1537110 5S ribosomal RNA 
 



TAAGGCGGCCAGAGCGGCAGGGCGACACCCGTACCCATCCCGAACACGGAAGTTAAGCCTGCCAGCGTGT 
CAGCAAGTACTGGAGTGAGCGATCCTCTGGGAACACTGGCTCGCCGCCTCCC   
 
4  118  3.4 

Halobacterium salinarum strain 91-R6 chromosome, complete genome NCBI Reference Sequence: NZ_CP038631.1: 75841-75962 5S 
ribosomal RNA  

TAAGGCGGCCATAGCGGTGGGGTTACTCCCGTACCCATCCCGAACACGGAAGATAAGCCCGCCTGCGTTC 
CGGTCAGTACTGGAGTGCGCGAGCCTCTGGGAAATCCGGTTCGCCGCCTACT   
 
4  118  3.4 

Natronorubrum bangense strain JCM 10635 plasmid unnamed4, complete sequence NCBI Reference Sequence: NZ_CP031309.1: 
c108047-107926 5S ribosomal RNA 

TACGGCGGCCACAGCGGCGGGGTTCCTCCCGTACCCATCCCGAACACGGAAGATAAGCCTGCCTGCGTTC 
CGGCGAGTACTGGAGTGCGCGAGCCTCTGGGAAATCCGTTTCGCCGCCTCCA   
 
4  118  3.4 

Halapricum salinum strain CBA1105 chromosome, complete genome NCBI Reference Sequence: NZ_CP031310.1: 1480608-1480729 
5S ribosomal RNA 

TAAGGCGGCCATAGCGGCGGGGCAACTCCCGTACCCATCCCGAACACGGAAGATAAGCCCGCCTGCGTTC 
CGGTGAGTACTGGAGTGCGCGAGCCTCTGGGAAACTCGGTTCGCCGCCTACT   
 
4 118  3.4 
 
Candidatus Nitrosocosmicus franklandus isolate NFRAN1 genome assembly, chromosome: NFRAN NCBI Reference Sequence: 
NZ_LR216287.1 :c2458839-2458721 5S ribosomal RNA 
 
GTAGCCGGCCATAGCGTTAGGGCCCGACCCGGTCCCATTCCGAACCCGGAAGTCAAACCTAACGTCGCTG 
CTGGATACTGACGTGCGAGAGCCGTTGGGAAACAGCAGTGCTGGCACCT   
 
4 115  3.5 
 
Halorubrum ezzemoulense strain Fb21 chromosome, complete genome NCBI Reference Sequence: NZ_CP034940.1: c1789778-
1789657 5S ribosomal RNA 
 
AAAGGCGGCCAGAGCGGTGGGGACACACCCGTACCCATTCCGAACACGGAAGTTAAGCCCACCAGCGTAC 
CGTGAAGTACTGGAGTGAGCGATCCTCTGGGAACCACGGGTCGCCGCCTGCC   
 
5  118  4.2 

Halorubrum sp. BOL3-1 chromosome, complete genome NCBI Reference Sequence: NZ_CP034692.1: 2178713-2178834 5S 
ribosomal RNA 

GAAGGCGGCCAAAGCGGTGGAGACACACCCGTACCCATTCCGAACACGGAAGTTAAGCCCACCAGCGTAT 
CGTGAAGTACTGGAGTGAGCGATCCTCTGGGAACCACGAGTCGCCGCCTACC   
 
4  118  3.4 

Sulfodiicoccus acidiphilus HS-1 DNA, complete genome NCBI Reference Sequence: NZ_AP018553.1: c2264953-2264834 5S 
ribosomal RNA 

CCAACCGGCCATGGTGAACGGGAAACACCCGGACTCATTTCGAACCCGGAAGTTAAGCCGTTCACGTTCG 
GCTGGTAGTGGGACTCCGTGAGGACCCGCAACCTGCCGGAGCCGGTATGG   
 
4  116  3.5 

Haloarcula marismortui ATCC 43049 strain ATCC 43049 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_075280.1 



TTAGGCGGCCACAGCGGTGGGGTTGCCTCCCGTACCCATCCCGAACACGGAAGATAAGCCCACCAGCGTT 
CCAGGGAGTACTGGAGTGCGCGAGCCTCTGGGAAATCCGGTTCGCCGCCACC   
 
3  118  2.6 

Acorus calamus plastid, complete genome NCBI Reference Sequence: NC_007407.1: c130993-130873 5S rRNA 

TATTCTGGTGTCCTAGGCGTAGAGGAACCACACCAACCCATCCCGAACTTGGTGGTTAAACTCTACTGCG 
GTGACGATACTGTAGGGGAGGTCCTGCGGAAAAATAGCTCGACGCCAGGAT   
 
3 117  2.6 

Ammopiptanthus mongolicus chloroplast, complete genome NCBI Reference Sequence: NC_034742.1: c129838-129718 5S rRNA 

TATTCTGGTGTCCTAGGCGTAGAGGAACCACACCAATCCATCCCGAACTTGGTGGTTAAACTCTACTGCG 
GTGACGATACTGTAGGGGAGGTCCTGCGGAAAAATAGCTCGGCGCCAGGAT   
 
3 117  2.6 

Ammopiptanthus nanus chloroplast, complete genome NCBI Reference Sequence: NC_034743.1: 108087-108207 5S rRNA 

TATTCTGGTGTCCTAGGCGTAGAGGAACCACACCAATCCATCCCGAACTTGGTGGTTAAACTCTACTGCG 
GTGACGATACTGTAGGGGAGGTCCTGCGGAAAAATAGCTCGGCGCCAGGAT   
 
3 117  2.6 

Ammopiptanthus nanus chloroplast, complete genome NCBI Reference Sequence: NC_034743.1: 108087-108207 5S rRNA  

TATTCTGGTGTCCTAGGCGTAGAGGAACCACACCAATCCATCCCGAACTTGGTGGTTAAACTCTACTGCG 
GTGACGATACTGTAGGGGAGGTCCTGCGGAAAAATAGCTCGGCGCCAGGAT   
 
3 117  2.6 

Arabis alpina complete chloroplast genome NCBI Reference Sequence: NC_023367.1: c129079-128959 5S rRNA  

TATTCTGGTGTCCTAGGCGTAGAGGAACAACACCAATCCATCCCGAACTTGGTGGTTAAACTCTACTGCG 
GTGACGATACTGTAGGGGAGGTCCTGCGGAAAAATAGCTCGACGCCAGGAT   
 
3 117  2.6 
 

Methanoregula boonei 6A8 strain 6A8 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075507.1 

GATAGCGGCCATAGCTGTCGGGAAACACCTGGTCTCATTCCGAACCCAGCAGTTAAGCTGACACACGTAG 
TATGCTGTACTTGGGTACGCGAGTCCCTGGGAACCATACCAAGCTGCTATCA   
 
4 118  3.4 

Ignicoccus hospitalis KIN4/I strain KIN4/I 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075517.1  

CCCGGCCCGGCCACAGCGACCGGGTAACACCCGGACCCATTTCGAACCCGGAAGTTAAGCCGGTCGCGCG 
GGGTCCGGCAGTGGCGTCCGAGAGGCGCCGCAGCCGCCCCGTGCTGGGACCGGGC   
  
1  121  0.8 

Thermococcus onnurineus NA1 strain NA1 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075529.1 

GGTACGGCGGTCATAGCGGCGGGGTCACACCCGGTCTCGTTTCGACCCCGGAAGTTAAGCCCGCCAGCGA 
TCCCGGGTGTACTGCCCTCCGAGAGGGGGCGGGAAACCGGGAACGCCGCCGGCCAC   
 



4  122  3.3 

 

 

Methanococcus aeolicus Nankai-3 strain Nankai-3 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075496.1  

TAACGGTCATAGCGAAGGTGTTATATCCGATCCCATTCCGATCTCGGAAATCAAGCCCTTCAGCGATTCC 
CTAAGTACTGCCATTCGGTGGAAACAGGGAGACGCTGTTAGT   
 
11  108  10.2 

Methanococcus vannielii SB strain SB 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075495.1 

TAACGGTCAAAGCGGAGGTGTAACATCCGATCCCATCCCGATCTCGGAAATTAAGCCCTCCAGCGATTCT 
TTAAGTACTGCTATCTAGTGGGAACAAAGTGACGCCGTTAGTCA   
 
2  110   1.8 

Metallosphaera sedula DSM 5348 strain DSM 5348 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075478.1 

TCCACCCGGCCATAGCGGGGGAGCAACACCCGGACTCATCTCGAACCCGGAAGTAAAGTCCCCTGCGTTG 
GGGATGCGGTGGGATCCGAAAGGGCCCGCAGCTACCCCAAGCTGGGATGGA   
 
1  117  0.9 

Methanobrevibacter smithii ATCC 35061 strain ATCC 35061; PS; DSMZ 861 5S ribosomal RNA, complete sequence NCBI 
Reference Sequence: NR_075474.1 

GTTTTGCGGTCATAGCATGGGGGTTATACCTGGTCTCGTTTCGATCCCAGTAGTGAAGTCCTTTTGTGTT 
TTGTTTGTGTACTATGGTTTTCTATGGGAATTTCATTTCGCTGCAAG   
 
2  113  1.8 

Staphylothermus marinus F1 strain F1 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075459.1 

CCCGGCCATAGTGGCCGGGCAACACCCGGTCTCATATCGAACCCGGAAGTTAAGCCGGCCACGTTGGGGT 
GGGCCGTGAGGTCCGAGAGGCCTCGCAGCCGCCCCAAGCTGGGAT   
 
1  111  0.9 

Methanoculleus marisnigri JR1 strain JR1 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075455.1 

TAGCGGCCATAGCAGAGGGGAAACACCTGGACCCATTCCGAACCCAGCAGTTAAGCCCTCTCACGTGCCA 
TGTGGTACTGAGGTGCGCGAGCCCTCGGGAAGCACGGCTCGCTGCTATTAC   
 
9 111  8.1 

Pyrobaculum calidifontis JCM 11548 strain JCM 11548 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_075454.1 

CCCGGCCATAGGCGCCGGTGCTACACCCGGTCTCATCAGAACCCGGAAGTTAAGGCCGGCGCCGCGCTCG 
GGAGTACTGGGCTCCGCGAGGGCCCGGGAAACCGGCGTGCTGGGAG 
 
3  112  2.7 

Methanocorpusculum labreanum Z strain Z 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075452.1 



TCATGCGGCCATAGCAGAGAGGTTCCACCCGGACCCATTCCGAACCCGGCAGTTAAGCTCTCTTACGTCG 
GCTATTGTACTGAGATATGCGAATTCTCGGGAAGTTGTCAACGCTGCACCCC   
 
5 118  4.2 

 

Pyrobaculum islandicum DSM 4184 strain DSM 4184 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_075435.1 

CCCGGCCATAGGCGCCGGTGCTACACCCGGACTCATCAGAACCCGGAAGTTAAGGCCGGCGCCGCGGACG 
GGAGTACTGGGCTCCGCGAGGGCCCGGGAAACCGCCGTGCT   
 
3 107  2.8 

Rahnella aquatilis HX2 strain HX2 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075987.1 

CCTGGCGGCAGTAGCGCGGTGGTCCCACCTGACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGCGCCG 
ATGGTAGTGTGGGGTCTCCCCATGCGAGAGTAGGGAACTGCCAGGC   
 
5 112  4.5 

Frateuria aurantia DSM 6220 strain DSM 6220 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075981.1 

CCTGGCGGCTATAGCGCTGTGGTCCCACCCGATCCCATCCCGAACTCGGAAGTGAAACGCAGTTGCGCCG 
ATGGTAGTGTAGCTTGCTATGCAAGAGTAGGTCACCGCCAGGG   
 
3 109  2.8 

Solitalea canadensis DSM 3403 strain DSM 3403 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075980.1 

TCAGGTGCCTATATCGGCGGTGTCCACCTCTTCCCATTCCGAACAGAGAAGTTAAGCCCGCCAGAGCCGA 
TGGTACTGCCGTAACAGGTGGGAGAGTAGGTCGGTGCCGATT   
 
9  108  8.3 

Flavobacterium columnare ATCC 49512 strain ATCC 49512 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_075965.1 

TAAGGTGGTTATTGCGGCGGGGCTCACCTCTTCCCATTTCGAACAGAGAAGTTAAGCCCGCCAGCGTCGA 
TGGTACTGCATTTTGTGGGAGAGTAGATCGCCGCCTTTC   
 
7  108  6.5 

Desulfovibrio africanus str. Walvis Bay strain Walvis Bay 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_075964.1 

CCTGGCGGCCATAGAGGTGGGGCCACACCCGATCCCATTCCGAACTCGGCAGTTAAGACCACCCTCGCCG 
ATGATACTTGGAGTCCACTCCTGGGAAAGTAGGTCGCCGCCAGGT   
 
4 111  3.6 

Sulfobacillus acidophilus DSM 10332 strain DSM 10332 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_075961.1 

GTCGGTGCGTTGCGCCGGGTGAGTTGACCCGTTCCCATGCCGAACACGGTCGTCCCCCGCCCGTACGCTG 
AGACTACTGGTCCCGTCGGGGACTGGGATCATCAGGCCGTGCCGACC   
 
1 113 0.9 

Niastella koreensis GR20-10 strain GR20-10 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075960.1 



TATGGTGATTATACCGAGGGTGTTCACCTCTTCCCATTCCGAACAGAGAAGTTAAGCCCCTCATGGCCGA 
TGGTACTACACAACAATGTGGGAGAGTAGGTAGTTGCCATAT   
 
9  108  8.3 

 

 

Owenweeksia hongkongensis DSM 17368 strain DSM 17368 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_075957.1 

TATGGTGACTATAGCGGTGGGGATCACCTCTTCCCATTCCGAACAGAGCAGTTAAGCCCACCAGCGCAGA 
TGGTACTGGAGTAATATCCGGGAGAGTATGTCGTTGCCACTT   
 
9  108  8.3 

Streptococcus parasanguinis FW213 strain FW213 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075949.1 

TAAGTGACGATAGCCTAGGAGATACACCTGTACCCATGCCGAACACAGAAGTTAAGCCCTAGAACGCCGG 
AAGTAGTTGGGGGTTGCCCCCTGTGAGATAAGGAAGTCGCTTAGC   
 
0 

Gordonia polyisoprenivorans VH2 strain VH2 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075948.1 

CGGCGGCTATAGCGGTGGGGAAACGCCCGGTCCCATTCCGAACCCGGAAGCTAAGCCCACCAGCGCCAAT 
GGTACTGCACCCTAATCAGTGTGGGAGAGTAGGACACCGCCGAACA   
 
9  112  8 

Paenibacillus terrae HPL-003 strain HPL-003 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075946.1 

TTTGGTGGCGATAGCGGAGGGGTTCCACACGTACCCATCCCGAACACGACCGTTAAGCCCTCCAGCGCCG 
ATGGTACTTGGACCGCAGGGTCCTGGGAGAGTAGGACGTCGCCAAGC   
 
4 113 3.5 

Thermovirga lienii DSM 17291 strain DSM 17291 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075945.1 

TCTGGTGGTCATAGCGGAGGGGAAACACCCGGATCCATGCCGAACCCGGCAGTTAAGCCCTCCAGCGCCG 
ATGGTACTGCGATGGGTAATCGTGGGAGAGTAGGTCGCCGCCAGAA 
 
6  112  5.4  

Exiguobacterium antarcticum B7 strain Eab7 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075943.1 

TGGTGACGATAGCCAAGTGGTCACACCCGTTCCCATGCCGAACACGGAAGTTAAGCACTTGAACGCCGAA 
AGTAGTTGGGGGCTTCTCCCTGTGAGGATAGGACGTTGCCAGGCC   
 
1 111  0.9 

Muricauda ruestringensis DSM 13258 strain DSM 13258 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_075936.1 

CTAGGTGGCCATGGCGACGGGGCCCACCCCTTTCCATTCCGAACAGGGAAGTTAAGCCCGTTTGCGCCGA 
TGGTACTGCCACACCAGGTGGGAGAGTAGGTCGCCGCCTTCT   
 
11 108 10.2 



Acetobacterium woodii DSM 1030 strain DSM 1030 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075932.1 

CGTAATGATGGCGGAAGGGCCACACCTGTTCCCATACCGAACACAGAAGTAAAGTCTTCCAGCGCCGAAA 
GTACTTGGTGGGTAACTGCCTGGGAGGATAGGACATTGCGGGACT   
 
2  111  1.8 

 

Emticicia oligotrophica DSM 17448 strain DSM 17448 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_075929.1 

CATGGTGTTAATAGGGCGGGTGTTCACCTCTTCCCATCTCGAACAGAGAAGTTAAGCCCCGCACCGCCGA 
TGGTACTAATGTCAAAATTGGGAGAGTAGGTAGACGCCAGGA   
 
5  108  4.6 

Turneriella parva DSM 21527 strain DSM 21527 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075928.1 

TCTGTGCGCAATAGAGCAAGGGTCACACCCGTTCCCATCCCGAACACGGAAGTTAAGACTTGCATCGCCA 
ATGGTACTCGGTTCTTCGGAGCCCGGGAGAGTAGGACGCGCACAGGT   
 
5 113  4.4 

Cyclobacterium marinum DSM 745 strain DSM 745 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_075927.1 

TTAGGCGGCCCGGCGCAGGGGACCCACCTCTTCCCATCCCGAACAGAGAAGTTAAGCCCTGCAGCGCCGA 
TGGTACTGGGGTTACACCTGGGAGAGTAGGTCGCCGCCTTCT 
 
5 108  4.6 

Spirochaeta thermophila DSM 6578 strain DSM 6578 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_075923.1 

CCTGGTGACTCGAGCGGAGGGGCAACACCCGTTCCCATTCCGAACACGGAAGTTAAGCCCTCCAGCGCCG 
ATGGTACTGCCCCATGAGGGGTGGGAGAGTAGGCCGTCGCCAGGC   
 
9 111  8.1 

Runella slithyformis DSM 19594 strain DSM 19594 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075917.1 

GATGGTGGTTACAGGGCGGGTGTTCACCTCTTCCCATTCCGAACAGAGAAGTTAAGCCCCGCTCCGCCGA 
TGATACTGAGATAAAACTTGGAAAAGTAGGTAGCCGCCACAA   
 
4  108  3.7 

Flexistipes sinusarabici DSM 4947 strain DSM 4947 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075916.1 

ACTGGTGGCTATGGCGGAGGTGCAACACCCGTACCCATTCCGAACACGGAAGTTAAGACCTCCAGCGCCG 
AAGATACTCGGGCTAACCAAGCCCCGGAAAAATAGGTCGCCGCCAGTG   
   
3  114  2.6 

Myxococcus fulvus HW-1 strain HW-1 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075913.1 

TCCGGTGGCTATGTCGGAGGGGTCCCACCCGTTCCCATCCCGAACACGGAAGTTAAGCCCTCCAGAGCCG 
ATGGTACTTCGCGGGAAACCGCGCGGGAGAGTAGGTCGCTGCCGGAT   
 
5  113  4.4 



Oligotropha carboxidovorans OM5 strain OM5 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075911.1 

TGGTGGTTCTAGCGAGGAGCCTCAACCCGATCCCATTCCGAACTCGGCCGTTAAACTCCTCAGCGCCGAT 
GGTACTATGGCTCAAGCCCTGGGAGAGTAGGTCGCTGCCAGGCC   
 
9  110  8.2 

 

Corynebacterium ulcerans BR-AD22 strain BR-AD22 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_075906.1 

TGGTGGTTATAGCGTCGGGGGTACGCCCGGTCCCTTTCCGAACCCGGAAGCTAAGCCCGATTGCGCTGAT 
GGTACTGCACCTGGGAGGGTGTGGGAGAGTAGGTCGCCGCCAACCA 
 
6 114  5.3 

Lacinutrix sp. 5H-3-7-4 strain 5H-3-7-4 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075910.1 

TAAGGTGATTATAGCGATAGGGCTCACCTCTTACCATTCCGAACAGAGAAGTTAAGCCTATTAGCGCCGA 
TGGTACTACATTTGTGGGAGAGTAGGTCGTCGCCTTTT   
 
6  104  5.8 

Treponema brennaborense DSM 12168 strain DSM 12168 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_075894.1 

CCTGGTGGCCATAGTGGAGAGGTAATACCCGTTCCCATCCCGAACACGGAAGTCAAGCTCTCTTACGCCG 
ATGATACTGCTATTGCGGGAAAGTAGGTTGCTGCCAGGC 
 
7  105  6.7 

Thermodesulfobium narugense DSM 14796 strain DSM 14796 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_075892.1 

CCCGGTGACCATAGCAAAGGTGCCCCACCCGTTCCCATTCCGAACACGGAAGTGAAAGCCTTTAGCGCCG 
ACGATACTATTGGGGAAAATAGGACGTTGCCGGGA   
 
2 101  2 

Porphyromonas asaccharolytica DSM 20707 strain DSM 20707 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_075891.1 

TAAGGTGGTTATAGCGTTGGGGATCCACCTCTTCCCATTCCGAACAGAGCAGTTAAGCCCAATAGCGCCG 
ATGGTACTGAGTAAAACCGGGAGAGTAGGTAACCGCCTTTC   
 
7  107 6.5 

Thermodesulfatator indicus DSM 15286 strain DSM 15286 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_075890.1 

CCGGGTGCCCATACCGGAGGGGCCACACCCGTTCCCATTCCGAACACGGTCGTTAAGCCCTCCAGGGCCG 
ATGGTACTGCTGGGTTACCCCGGTGGGAGAGTAGGTCGGCGCCCGGG   
 
8   113  7.1 

Sphaerochaeta coccoides DSM 17374 strain DSM 17374 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_075885.1 

CCCGGTGGTCATAGCAGAGTGGTCATACCCGTTCCCATCCCGAACACGGCAGTCAAGCACTCTCGCGCCG 
ATGGTACTGCGTTTTTCGCGGGAGAGTAGGTCGCCGCCGGGC   



 
7  108  6.5 

Verrucosispora maris AB-18-032 strain AB-18-032 5S ribosomal RNA, complete sequence NCBI Reference Sequence: NR_075884.1 

TACGGCGGTTATGGCGGAAGGGAAACGCCCGGTTACATTCCGAACCCGGAAGCTAAGCCTTCCAGCGCCG 
ATGGTACTGCACTCGGGAGGGTGTGGGAGAGTAGGACACCGCCGGAC   
 
7  113  6.2 

Selenomonas sputigena ATCC 35185 strain ATCC 35185 5S ribosomal RNA, complete sequence NCBI Reference Sequence: 
NR_075883.1 

TCCAGTGGCGATAGCTGAGTGGTTCCACCTGTTCCCATCCCGAACACAGTCGTTAAGCACTCATACGTCG 
AAAGTACTTGGTTGGAGACGACCTGGGAGGATAGAAAGCTGCTGGTT   
 
1 113 8.9 
 
Observed AL pentamer frequency: 401.2 /100 ≈ 4%  
Expected: 22/1024 ± 1.65x(22x1002/10242x100)1/2 ≈ 2.15% ± 0.25%* 
 
4% ≈ 2.15% + 12 σ, where σ  ≈ 0.15% 
 
P(Observed ≥ 4%) ≤ exp(-144) ≈ (e-1.44)100 ≈ 3 10-63  
 
 



AL-pentamer proximity for 100 SASP proteins 
 

Clostridioides difficile strain 630 delta erm, complete genome GenBank: CP016318.1: 1503870-1504070 SASP 
 
ATGGATGATGTTTCAAGACAAAATGCTATAAAAGCTTTAAAACAAACAAAAATGGAAATAGCAGGAGAGT 
ATGGAATGAATTATGAAGATGCTTTTGAAATAATAGAAAATGCGTCTAATAAAGGTGTTTTAGAAGGTTA 
CTTTAAAAAGCTTGAAAAGAAAAAAAATTTAGGTCAAGGTATATCTAGGCATTTAGAATAA   
 
13	197			6.6	
	
Pseudoflavonifractor capillosus ATCC 29799 B_capillosus-2.0.1_Cont39, whole genome shotgun sequence GenBank: 
AAXG02000007.1: c199825-199622 SASP 
 
TGGAGGCCGCTTCCGAGGTTGGCGTCAACCTGAAGCAGGGCTACAACGGCGACCTGACCTCCCGTGAGGC 
CGGCTCCGTGGGCGGCCAGATGGTCAAGAAGATGATCCAGGCCTACGAGAACGGAATGCAGTAA   
 
8	130		6.2	
	
Eubacterium ventriosum ATCC 27560 E_ventriosum-MSIQ_Cont10.2, whole genome shotgun sequence GenBank: 
AAVL02000028.1: 64678-64878 Small, acid-soluble spore protein, alpha/beta type SASP 
 
ATGAGTAACACTAACAAAGTTAATGTTCCTGAAGCAAAGGGTGCTATGAACAGATTCAAAATGGAATGTG 
CATCAGAGGTAGGCGTTCAGCTTACAGATGGTTATAACGGAAACTTAACATCAGCCCAGGCAGGTTCTGT 
GGGTGGACAGATGGTTAAGAAGATGATTGAAGCTCAGGAAAGACAGATGAGCGGTAAATAA   
 
14		197				8.2	

Dorea longicatena DSM 13814 D_longicatena-MSIQ_Cont14.1, whole genome shotgun sequence GenBank: AAXB02000016.1: 
61524-61730 Small, acid-soluble spore protein, alpha/beta type SASP 

ATGGCAAATCGTTCATCAAACAAAGCAGCCGTACCTGAGGCAAAGGGTGCATTAGACAAATTCAAGTATG 
AGGTAGCAAGCGAACTTGGAGTTCCGTTATCAGACGGCTACAACGGAGACCTGACATCAAGACAAAACGG 
ATCTGTCGGCGGTTATATGGTTAAGAAAATGATTGAACAGCAGGAAAAACAGATGGCAGGCAAATAG   
 
7		203		3.5	

Intestinibacter bartlettii DSM 16795 C_bartlettii-2.0.1_Cont622, whole genome shotgun sequence GenBank: ABEZ02000022.1: 
280387-280689 Small, acid-soluble spore protein, beta type SASP 
TTATTGTTGTCCTTTACCTGCCATTTGTTGTTCTGCCATTTCGACTAATTTTTTAGTCATGTATCCACCA 
ACATAACCATTTTGTCTAGCTGTTAAGTTTCCTTTATCAACTTGTTGATAATCAGCCATACCTAGTTCAT 
TAGCTATTTCTAATTTCATTTGATTTAATGCTTGTTTAGCTTGTGGAACTGCTGTTTTGTTATTGTTGTT 
GTTTGACATATCTAATACCTCTTTTCTATGATTTTTGTTTCTTGGTAGTATTATATGAAATATTTGTTTT 
ATAATACATACAATTTGTGACAA   
 
13	299		4.4	
	
[Eubacterium]	siraeum	DSM	15702	E_siraeum-3.0.1_Cont322,	whole	genome	shotgun	sequence	GenBank:	
ABCA03000045.1:	c37855-37667	Small, acid-soluble spore protein, alpha/beta type SASP	
 
ATGGCTAGTACCAATAAAAAGAACAAGGCAGCATTAAACAGCATCAAGATGCAGGCTGCAAGCGAAGTAG 
GCGTACCCCTTAAGGATAACGGCTACAACGGCGACCTTACTTCAAAGCAGGCTGGTTCAATCGGCGGTCA 
GATGGTCAAGAAGATGATCGAATCCTACGAAATGTCAAACAAGCAGTAA   
 
13		185		7	

[Eubacterium] hallii DSM 3353 E_hallii-1.0_Cont439.1, whole genome shotgun sequence GenBank: ACEP01000143.1: 6905-7126 
Small, acid-soluble spore protein, alpha/beta type SASP 

ATGGCAAGTAATAAAAATTCTTCATCTAACAGAGTAGAAGTACCGGAAGCAAGAGACGCAATGGACCGTT 
TTAAAATGGAAGTAGCCAACGAACTTGGTGTGAATTTAAAACAGGGATATAACGGAGATATTACTGCAAG 
AGATGCCGGCTCCATCGGAGGAGAAATGGTTCGTAAGATGATCAAGAGACAGGAAGAGGAAATGGCTGGT 
CAGAGCCGCTAA   
 
16  218  7.3 



[Clostridium] scindens ATCC 35704 C_scindens-2.0.1_Cont260, whole genome shotgun sequence GenBank: ABFY02000013.1: 
132098-132310 Small, acid-soluble spore protein, alpha/beta type SASP 

ATGACAATGGCAAGTCGTTCATCAAACAGAGCAGCCGTACCTGAAGCAAAGGGTGCATTGGACAAATTCA 
AATATGAGGTTGCAAACGAATTAGGAGTACCGTTAACAGACGGATACAACGGAGACCTGACATCTAGACA 
GAATGGTTCTGTCGGCGGATATATGGTTAAGAAAATGATCGAACAGCAAGAGAAACAGATGGCTGGCAAATAA   
 
9	199		4.5	

Coprococcus eutactus ATCC 27759 C_eutactus-2.0.1_Cont262, whole genome shotgun sequence GenBank: ABEY02000018.1: 
c65614-65408 Small, acid-soluble spore protein, alpha/beta type SASP 

ATGGCAAGTTCAAACTCTAACAAGGCAAGTGTCCCAGAGGCAAAGAGTGCTATGAACAAGTTCAAGATGG 
AGGTAGCTAAGGAGATCGGTGTAGATCTTAAGGACGGCTACAATGGAGATTTAACTTCAGCTCAGTCTGG 
ATCGATCGGAGGAGAGATGGTTCGTCAGATGATCAAGAGACAGGAAGAGCAGATGTCAGGCAGATAA   
 
15		203		7.4	
 
Blautia obeum ATCC 29174 R_obeum-MSIQ_Cont262, whole genome shotgun sequence GenBank: AAVO02000003.1: 172483-
172710 Small, acid-soluble spore protein, alpha/beta type SASP 
 
ATGACAAAAAACAGTTCTTCTAACAGAGCAGTTGTACCTGAAGCCAAAGGAGCCCTGGATCGTTTTAAAT 
TCGAAGTTGCAAATGAACTGGGCGTTCCGCTTACCGATGGCTACAACGGAAACCTGACATCCAAACAGAA 
CGGAAGTGTCGGCGGATATATGGTCAAAAAAATGATTGAACAGCAGGAAAGACAGATGTCCGGCAATTCT 
CAGAATGAACAGTACTGA   
 
7		224		3.1	
 
Blautia hydrogenotrophica DSM 10507 R_hydrogenotrophicus-1.0_Cont1.23, whole genome shotgun sequence GenBank: 
ACBZ01000017.1: 52449-52661 Small, acid-soluble spore protein, alpha/beta type SASP 
 
ATGGCTAGAAATTCTTCAAATTCCGCAGCAGTGCCGGAAGCAAAGAGCGCATTAGACCGTTTTAAATTTG 
AGGTTGCAAACGAGTTGGGAGTACCTCTGACTGACGGTTATAACGGAAACCTGACTTCCAAACAGAACGG 
AAGCGTAGGCGGTTATATGGTTAAGAAGATGATTGAAGCCCAGGAAAGACAGATGACTGGCGGACAGTACTAA   
 
8		209		3.8	
	
[Ruminococcus] torques ATCC 27756 Ruminococcus_torques_2.0_Cont64, whole genome shotgun sequence GenBank:  
AAVP02000003.1: 123659-123898 Small, acid-soluble spore protein, alpha/beta type SASP 
 
ATGTCGTTAAAATGCAAAAGGAGGAAATTGATCATGGCAAATCGTTCATCTAACAGAGCAGCAGTACCGG 
AGGCAAAGGGCGCTCTGGACAAATTCAAGTATGAAGTGGCAAGTGAGTTAGGAGTACCGTTGACAGACGG 
TTATAACGGAGACCTCACATCGAAACAGAACGGATCTGTTGGCGGATATATGGTCAAGAAAATGATCGAG 
CAGCAGGAAAAACAGATGGCAGGCAAATAA   
 
8		236		3.4	
	
Flavonifractor plautii ATCC 29863 F_plautiiATCC29863-1.0_Cont510.3, whole genome shotgun sequence GenBank: 
AGCK01000277.1: 763-972 small, acid-soluble spore protein C2 SASP 
 
ATGTCTAGCTCTAACAATTCCAATTCCAACCAGCCCGTGGTTCCCAGCGCCCGTGAGGCCCTGAACAAGT 
TCAAGATGGAGGCCGCCCAGGAGGTTGGCGTCAACCTGAAGCAGGGCTACAATGGCGATCTGACCAGCCG 
TGAGGCCGGTTCCGTTGGCGGCCAGATGGTCAAGAAGATGATCCAGGCGTACGAGAACAGCATGCAGTAA   
 
13	207		6.3	

Desulfitobacterium hafniense DP7 D_hafnienseDSM13498-1.0_Cont144.1, whole genome shotgun sequence GenBank: 
AFZX01000039.1: c7693-7475 Small, acid-soluble spore protein, alpha/beta type SASP 

ATGAGCAATAAAACGCCAATGGTTCCTGAATCCGAAAACAAGTTGGATCAACTTAAATGGGAAGTTGCTG 
AGGAACTCCATTTAGACGACGACATCCAGGAAAGAGGTTTTGAAAACATGACCACCCGGGAAGTCGGACA 
AATCGGCGGCAATATGGTCAAAAAAATGGTGGCATTTGCCGAAGAGCAGATGGGTAAAGGGGCCGACATT 
AAGGATTAA			

9	215		4.2	



Clostridium celatum DSM 1785 C_celatum-1.0_Cont521.1, whole genome shotgun sequence GenBank: AMEZ01000133.1: c61494-
61312 Small, acid-soluble spore protein, alpha/beta type SASP 

ATGTCAAAAGCATTAGTTCCAGAAGCAAAACAAGGATTAAGCGCATTCAAGAACGAAGTAGCAGCGGAAA 
TGGGAGTACCATTCACAGATTACAATGGTAACCTAACATCTAGACAATGCGGTTCCGTAGGTGGTGAAAT 
GGTTAAGAGAATGGTAGAACAATACGAAAGTGGATTAAAGTAA   
 
18		179		10	

Marvinbryantia formatexigens DSM 14469 B_formatexigens-1.0.1_Cont7.1, whole genome shotgun sequence GenBank: 
ACCL02000008.1: 188424-188837 Small, acid-soluble spore protein, alpha/beta type SASP 

TTTACATTAACTGCCAGTTTATATTCCGGAGAATTTCATATACTATCACTGCAATCGAAAAACACACAAA 
AAAACAAACGAAAAGATTGCAGATAAAATGCAAAGGAGGCGTAAATTTTATGTCAAGTAAATCTTCTAAC 
ACAGCAGCAGTACCGGAGGCGAAGGGAGCACTGGACCGTTTCAAATTTGAAGTTGCGAGCGAGCTCGGCG  
 
6			206		2.9	
	
[Bacteroides] pectinophilus ATCC 43243 B_pectinophilus-1.0.1_Cont749, whole genome shotgun sequence GenBank: 
ABVQ01000035.1: c417970-417746 Small, acid-soluble spore protein, alpha/beta type SASP 
 
ATGGAGGTGGACAGTATGAACAGTTCAAATTCTAATTCTAAGACAAAGAAACAGGCACAGGATGCTCTTG 
ACAGATTTAAGATGGAAGTTGCATCAGAGATTGGTGTACCTCTTAAGGAAGGATACAACGGAGATCTTAC 
AACAAGCCAGGCCGGTTCAGTCGGTGGTGAGATGGTAAGAAAGATGATTAAGAGACAGGAAGAGCAGATG 
TCTTCAGGCAACTAG 
 
11  221  5 
 
Ruminococcus lactaris ATCC 29176 R_lactaris-2.0.1_Cont378, whole genome shotgun sequence GenBank: ABOU02000017.1: 
17538-17744 Small, acid-soluble spore protein, alpha/beta type SASP 
 
ATGGCAAGTCGTTCATCTAACAAAGCAGCAGTGCCTGAAGCAAAAGGCGCACTCGACAAGTTCAAGTACG 
AGGTAGCAACAGAGCTGGGAGTACCGTTGACAGACGGATACAACGGCGACCTGACATCCAAACAGAACGG 
ATCTGTCGGTGGATATATGGTAAAGAAAATGATCGAGCAGCAGGAAAAGCAGATGGCAGGAAAATAA   
 
5			203			2.5	
 
Coprococcus comes ATCC 27758 C_comes-1.0.1_Cont2253, whole genome shotgun sequence GenBank: ABVR01000041.1: 516733-
516945 Small, acid-soluble spore protein, alpha/beta type SASP 
 
ATGAATATGGCAAGTCGTTCATCAAACAGAGCAGCCGTGCCAGAAGCAAAAGGTGCACTGGACAAATTTA 
AATACGAGGTTGCAAGCGAACTGGGAGTACCGTTATCAGACGGGTACAACGGAGACTTAACTTCAAGACA 
GAACGGATCTGTCGGAGGTTATATGGTCAAGAAAATGATCGAAGAACAGGAAAAACAGATGTCCGGTCGATAG   
	
11		209		5.3	

Clostridium sporogenes ATCC 15579 C_sporogenes-2.0.1_Cont478, whole genome shotgun sequence GenBank: ABKW02000003.1: 
1295759-1295986  Small, acid-soluble spore protein, alpha/beta type SASP 

ATGAAAAATAAACCAGATGATAGAAGAGATAATGTAGATAAAATTCAATATAATATTACTAAGACTATTC 
AAAACTGTGAGCTTGCAGATGAAATGATTGCAAAAACAGATGATGAAAAAACGAAAAAAACTCTAATAGA 
AAAAAACCAAAGAAGAAGAGAAGCACTTGATGGTATGAGAGAAGAAATTAAAGATGAAGCAAGAGATAAG 
AAAAATGGATATATGT   
 
22		222	10	

Clostridium sp. M62/1 C_sp_M621-1.0.1_Cont5.1, whole genome shotgun sequence GenBank: ACFX02000031.1: 96192-96377 Small, 
acid-soluble spore protein, alpha/beta type SASP 

ATGAATGTACCAGAGGCTAAGGAAGCAATGAACAGATTCAAGATGGAGGTTGCCAATGAGCTTGGTGTTC 
CGTTAAACAGCAACGGATACAACGGCAACTTAACTTCTGCTCAGAACGGTTCTGTAGGCGGATATATGGT 
TAAGAAGATGATCGAGGCTCAGGAAAGACAGATGGCCGGCAAATAA   

16 182  8.8 



Anaerofustis stercorihominis DSM 17244 A_stercorihominis-2.0.1_Cont258, whole genome shotgun sequence GenBank: 
ABIL02000005.1: 428678-428869 Small, acid-soluble spore protein, alpha/beta type SASP 

TTATTTCATTGAATTTTCGTAAGATTCAACCATTCTTTTAACCATTTCACCACCGATAGAACCGGCTTCT 
TTACTAGTTAAATTACCATTATATCCATCTTGAAGATTAATGCTAAGTTCGCTAGCAACTTGTTTCTTAA 
ATTGGTCTAAGCCTTTTTTAGCTTCTCTGTTGTTCATCTGTTTCACCTCCAT   

9  188  4.8 

Clostridium sp. SS2/1 Clostridium_sp_SS21-1.0.1_Cont14.1, whole genome shotgun sequence GenBank: ABGC03000004.1: c56363-
56142 Small, acid-soluble spore protein, alpha/beta type SASP 

ATGGAAGAACGAACTTCAGCAAGAAGCAAAGGAACAAACAGAGTCGAGGTACCAGAAGCGAGAGGAGCCT 
TAGACAGATTTAAGTTCGAAGTTGCAAATGAGATCGGTGTGGATTTAAAAGAAGGATATAACGGACACTT 
AACAACTGCTCAGGCAGGATCTGTCGGAGGAGAGATGGTTCGTAAAATGATCCGCAGACAGGAAGAAGAA 
ATGTCTCGCTAA   
 
5		218		2.3	

Anaerotruncus colihominis DSM 17241 A_colihominis-0.2.1_Cont303, whole genome shotgun sequence GenBank: 
ABGD02000027.1: 56025-56219 Small, acid-soluble spore protein, alpha/beta type SASP 

ATGACCAGTTCCAACAATCCTGTTGTCCCGCAGGCCCGCGAGGCTCTTGATAAGTTCAAAATGGAAGCCG 
CCCGTGAAGTCGGCGTCAACCTCAAGCAGGGCTACAACGGCGATCTGACCTCTCGTGAAGCCGGTTCTGT 
CGGCGGCCAGATGGTCAAGAAGATGATCGAGGCGTACGAGAACTCCATGAAGTAA   
 
11		191		5.8	

Anaerostipes caccae DSM 14662 A_caccae-4.0.1_Cont13, whole genome shotgun sequence GenBank: ABAX03000002.1: c118067-
117843 Small, acid-soluble spore protein, alpha/beta type SASP 

ATGGAAGAACGTACTTCAGCAAACAGCAAAGGAAACAACAGAGTGGAAGTTCCAGAGGCTAGGGAAGCAC 
TGGACAGATTCAAATTCGAGGTTGCTAATGAAATCGGTGTAGACTTAAAAGAAGGATACAACGGACATTT 
AACAACTGCTCAGGCAGGTTCTGTTGGAGGAGAAATGGTTCGTAAAATGATCCGCAGACAGGAAGAGGAA 
ATGTCTGGCCGTTAG   
 
7		221		3.2	

Pseudobacteroides cellulosolvens ATCC 35603 = DSM 2933 ctg1, whole genome shotgun sequence GenBank: LGTC01000001.1: 
1240722-1240946 Small, acid-soluble spore protein, alpha/beta type SASP 

TTACTCAGAAATCATACTTTCTGCCATTTGAATCATTCTCTTTACCATCTGACCGCCTATAGGGCCGCCT 
TCCAAACCGTTTACTTTGGCCGGAACATCTCCCTTGTAGTGGTCATTGTTTTCCTTTATATATTGAAGGT 
GTCCAATTTCTTGTGCACACTCTATTTTGAATCTTGTAAGTGCTTCTCTGCTTTCAGGTACCAGTGGTTT 
TCTTGGATTTGACAT   
 
7		221		3.2	

Bacillus mycoides strain AH603 chromosome, whole genome shotgun sequence GenBank: CM000737.1: 444037-444333 Small, acid-
soluble spore protein gamma-type SASP 

GTGGAGGTGAGAAAGATGAGTAAAAAACAACAAGGTTATAATAAGGCAACTTCTGGTGCTAGCATTCAAA 
GTACAAATGCTAGCTATGGTACAGAGTTTGCAACTGAAACGAATGTACAAGCAGTAAAACAAGCGAACGC 
ACAATCAGAGGCACAGAAAGCACAAGCTTCTGCTGCTCAAAGTGCAAATGCTAGTTATGGTACAGAGTTT 
GCAACTGAAACAGATGTGCATGCAGTGAAAAAACAAAATGCACAATCAGCTGCAAAACAATCACAATCTT 
CTAGTTCAAACGAGTAA   
 
14  293  4.8 

 



Bacillus thuringiensis serovar kurstaki str. T03a001 chromosome, whole genome shotgun sequence GenBank: CM000751.1: 
c349955-349659 Small, acid-soluble spore protein gamma-type SASP 

GTGGAGGTGAGAAAGATGAGTAAAAAACAACAAGGTTATAACAAAGCAACTTCTGGTGCTAGCATTCAAA 
GTACAAATGCTAGTTATGGTACAGAGTTTTCAACTGAAACAGATGTACAAGCTGTAAAACAAGCAAACGC 
ACAATCAGAAGCAAAGAAAGCACAAGCTTCTGGTGCACAAAGTGCAAACGCTAGTTATGGTACAGAATTT 
GCAACTGAAACAGACGTGCATTCTGTGAAAAAACAAAATGCTAAGTCAGCTGCAAAACAATCACAATCTT 
CTAGCTCAAATCAGTAA   
 
14  293  4.8 
	
Clostridium botulinum A str. ATCC 3502 complete genome GenBank: AM412317.1: 1907279-1907482 small, acid-soluble protein 
alpha SASP 
 
ATGCCAAGTAATAAAAATTCTAATAATTTAGTAGTGCCAGAAGCACAACAAGGATTAAACCAACTAAAAA 
TGGAAGTTGCAAACGAAGTAGGAATAGCAAACTATGATTCAATGGATAAAGGAAACTTAACTTCAAGACA 
AAATGGATATGTAGGCGGAAACATGGTTAAAAAGATGGTAGAAGCTTACGAAAGAAATCTATAA   
 
15 200  7.5 

Clostridium botulinum A str. ATCC 3502 complete genome GenBank: AM412317.1: 1907543-1907743 small, acid-soluble spore 
protein beta SASP 

ATGGCAAATAGAAATTCTAATAATTTAGTAGTGCCAGAGGCAAAACATGGATTAAATCAATTAAAAATGG 
AAGTTGCAAACGAAGTAGGAATAGCAAACTATGATGCTGTGGATAAAGGAAATTTAACTTCAAGACAAAA 
CGGATATGTAGGCGGAAATATGGTTAGAAAGATGGTAGAAGCTTACGAAAGAAATCTATAA   
 
10  197  5.1 

Clostridium saccharoperbutylacetonicum N1-4(HMT), complete genome GenBank: CP004121.1: 3458976-3459185 small, acid-
soluble spore proteins, alpha/beta type SASP 
 
ATGTCTTCAAACAATAGTGGAAGAAACAGAACATTAGTACCAGAAGCAAAGCAGGGATTAAGCAGATTAA 
AAACTGAGGTTGCTTCAGAAGTTGGTTTAAGTGACTATGAAAATCAAGATAAAGGTAACCTTTCTTCAAG 
ACAAAATGGTAGCGTTGGCGGTTACATGGTAAAACACATGATCGAAAGCTACGAACAAGGCTTAAAGTAA   
 
13			206		6.3	

Bacillus subtilis subsp. subtilis strain SRCM101441 chromosome, complete genome GenBank: CP021507.1: c3351111-3350971 
Small, acid-soluble spore protein J SASP 
 
ATGGGTTTCTTTAATAAAGATAAAGGAAAACGTTCCGAAAAAGAAAAAAACGTAATCCAAGGAGCTCTTG 
AAGATGCTGGTTCAGCTCTAAAAGATGATCCGCTTCAAGAAGCTGTGCAAAAAAAGAAAAATAATCGATAA   
 
9		137		6.6	

Paenibacillus sp. JDR-2, complete genome GenBank: CP001656.1: 1350163-1350387 SASP 

ATGGCTAACCAATCCAACAATTTAGTTGTACCGCAAGCGAAAGAAGCTTTGAACCGCATGAAATACGAAA 
TTGCTACTGAACACGGCATTCCGCTCTCCGAAGGTTATAACGGCAATCTGATGACTCGCGAAGCGGGTAC 
GATTGGCGGCAACATTACGAGACGCCTTGTTCAAATGGCAGAACAATCTTTAAGCGGAGCACAATTCTCC 
AATACAAGAAGATAG   
 
8  221  3.6 

Paenibacillus polymyxa M1 main chromosome, complete genome GenBank: HE577054.1: 1395028-1395207 SASP H 

ATGAACGTGGAACGAGCAAAAGCCATTTATGATTCATCCGAAACGATTGCCGTCCAATTGGATGGCAAAC 
CGATTTGGATTGAGCATGTAGATGAAGCGAATGGTATGGCAACGGTACAGATCGGCAGCAGACCGGGTGA 
TACACAAACCGTTCGTGTAGATCGATTGGAAGAACAATAG   

12  176  6.8 

 



Butyrate-producing bacterium L2-50 GenBank: AY357288.1: 3119-3301 small acid-soluble spore protein (SASP) gene  

ATGAGTGTTCCGGAAGCTAAGGACGCTATGAACAAGTTCAAAATGGAGGTTGCTAAGGAAATTGGTGTAA 
ACCTCAAGGATGGTTACAATGGTGACTTAACATCTGCTCAGAGCGGATCAATCGGTGGCGAGATGGTTCG 
TCAGATGATCAAGAGACAGGAAGAACAGATGTCAGGCAGATAA   

14  179  7.8 

Bacillus cereus Q1, complete genome : CP000227.1: c2872211-2871999 SASP C2 

ATGGCAAACAATAATAGTGGAAGTCGTAATGAATTGTTAGTTCGAGGTGCTGAACAAGCTCTTGATCAAA 
TGAAATATGAAATTGCACAAGAGTTTGGTGTACAACTTGGTGCGGATACAACAGCTCGTTCAAACGGATC 
TGTTGGTGGTGAAATTACAAAACGTTTAGTAGCAATGGCTGAACAACAACTTGGTGGTAGAGCGAACCGTTAA 
 
8  209  3.8 

Oceanobacillus iheyensis HTE831 DNA, complete genome GenBank: BA000028.3: 1185411-1185635 SASP 

GTGCAGACAATAGTCTTACAGGAGGTGATATTAATGGCTAACAACAGTTCAAATCAATTAGTAGTTCCAG 
GAGTACAACAAGCTCTAGATCAAATGAAATATGAGATCGCTCAAGAATTTGGTGTGTCTTTAGGTGCTGA 
TACAACTTCTCGTGCAAACGGTTCTGTAGGTGGAGAGATTACTAAACGTCTTGTTCAAACTGCTCAACAA 
CAATTGCATGGCTAA   
 
7 221  3.2 

Clostridium saccharoperbutylacetonicum N1-4(HMT), complete genome GenBank: CP004121.1: 3865590-3865796 SASP 

TTAGAGTCCTTGTTCGTAACTTTCAATCATTCTTTTAACCATTTCTCCACCAACACTTCCATTTTGTCTT 
GAAGAAAGGTTTCCTTTATCAGTATTTTCATAATTGCTTAATCCTATTTCTGAAGCAACCTCAGTTTTCA 
ATCTGTTTAAACCTGCCTTTGCCTCTGGTACTAAAGTTCTATTGCTTCCACTATTACTTGATGCCAT  
 
11 206 5.3 

Gottschalkia acidurici 9a chromosome, complete genome GenBank: CP003326.1: c1744362-1744150 SASP 

ATGCCAAGTACAAACAGTAGTAATAAAATAGTTGTTCCTGAAGCTCGTCAAGCTTTAAATCAAATGAAAA 
CTGAGATTGCAAGTGAGTTAGGATTAAGTAACTATGAGTCAATAGACAAGGGAAACCTATCTGCTAGACA 
AAATGGTTACGTTGGTGGATACATGACAAAAAGACTAGTAGAGCAAGCTCAAAGATCATTATCTGGAAAATAG   
6 209 2.9 

Anoxybacillus flavithermus TNO-09.006 genomic scaffold chrAF6, whole genome shotgun sequence GenBank: KB205935.1: 356441-
356587 SASP 

ATGAAACCAAACAAAACAGCAGCAGGAACAAACATTCAACATGTAAAACAACAAAACGCTGGCCAGTATG 
GGACAGAGTTTGCGACTGAAACTGATGTTCAACACGTGAAGCAACAAAATGCAAAATCAGAAGCAAAGAA 
AAGCTAA   
 
4  143   2.8 

Parageobacillus thermoglucosidasius TG4 DNA, scaffold01, whole genome shotgun sequence GenBank: BHZK01000001.1: 2683000-
2683209 SASP 

ATGGCAAGATCAAGCAATAAACTGCTTGTTCCGGGAATCGAACAGGCATTGGAACAAATAAAATATGAAA 
TCGCCCAAGAATTTGGCGTACAATTAGGAGCAAATACCGTTTCCCGGGCAAACGGCTCTGTCGGCGGCGA 
AATTACGAAACGGCTCGTTTCCCAAGCGCAAAGCCAGCTGGCCGGATCTGCTTTTCAAAAAACAGAATAA   

7  206  3.4 

 



Bacillus megaterium DNA, transposon TnMERI1, complete sequence, strain: MB1 GenBank: LC152290.1: c684-519 SASP 

ATATGGTGCTCAACAAGCAATTGACCAAATGAAATATGAAATTGCTAGTGAGTTTGGTGTTAACCTAGGT 
CCTGATGCAACTGCTCGTGCAAACGGATCTGTAGGTGGAGAGATTACAAAACGTCTGGTACAAATGGCTG 
AGCAACAACTTGGCGGCGGACGCTTC   
 
7  162  4.3 
 
Thermoactinomyces sp. CDF CotJC protein gene, partial cds; and CotJB protein, CotJA protein, alpha/beta-type SASP,  GenBank: 
GQ202245.1: 1287-1499  
 
ATGGCACAACAAGATCGCACTCGCAGTTCTAGTCAATTGCTGGTGGCTGGTGCTGCTCAAGCAATCGATC 
AAATGAAATATGAGATTGCTCAAGAGTTTGGCGTTCAATTGGGAGCTGACACCACTTCCCGCGCAAACGG 
CTCTGTCGGGGGAGAAATCACGAAACGTCTGGTTTCCATGGCTCAACAACAGCTTGGAGGAAGCAACTTCTAA   
 
7  209  3.4 
 
B.megaterium SASP B gene encoding small, acid-soluble spore protein B GenBank: M14161.1 
 
AGCTAGTCGTATGGAGGAACCAAAAGACATGGTAGATGCAGTTATGTTCTTAGTGTCCGATCAAGCAAAT 
ATGATTTGCGGTCAAACGCTTATTATTGATGGAGGGCGTTCACTTTTAATGTAAGGTAAATGTATTTTGG 
GCTTGCGCCTTAAAATACTGAAAAAAGTTTGCATACCCTATTTACCTCCCGGGCATATTAATTTTCGTGG 
AGGTGATTACAATGGCAAAGCAAACAAACAAAACAGCATCTGGTACAAGCACACAACACGTGAAACAACA 
AAATGCTCAAGCATCTAAAAACAACTTCGGTACTGAATTTGGTAGCGAAACAAATGTACAAGAAGTGAAA 
CAACAAAATGCACAAGCAGCGGCAAACAAAAGCCAAAATGCTCAAGCATCTAAAAACAACTTCGGTACTG 
AATTTGCTAGCGAAACAAGTGCTCAAGAAGTGAGACAACAAAACGCACAAGCTCAAGCAAAGAAAAACCA 
AAACTCTGGTAAATACCAAGGTTAATATCAAAAGCGAACTTAACGTCTTTCATACGGCGATGTTAAGTTC 
GCTTTTTCTTATATAAAAAGCAACAAAGTATGACAAAACTTCTTGAAACTTTACACAACTCGTCAAAGGAATCT   
 
24 630  3.8 
 
B.megaterium small, acid-soluble spore protein (SASP) C-1 gene GenBank: M10919.1 
 
ATATCCATGAAATTTGCAGAGGTTTACAATCAGGTGAAATCAGCGTGAATGATTTGAAAGAAAAAGACCC 
TTTTGTTGTAAATGCAGTTCAAGAAGCAATGGATAGAATAACTAAACACAATTCTTAAAATAGCTATAAA 
AAGCAATCATTTTTATTAAGCCAAAGACTAACTCTTTACAGAGTTAGTCCTTTGTCATTCAAATAGTATA 
CCATGAACGCGAAAAAAGAATGACAAACGAGTTGTCATTCTCTCTCCTACACATGGCAAGCGATTAGTTT 
TTAGTCACAAGGAAATGAAACATCTAATCCCACTTTTTACAGTGTCGGTTGTTTCTAAAAATTAGTATGT 
CATCCTAACAAGGAAATATACATCCATTATTTACCACGAATACATTTCTTCCACAATAGGAAACTTAAGA 
AAAACAAGGAGGTGACACAACATGGCAAACAACAACAGCAGCAACAACAATGAGTTATTAGTATACGGTG 
CTGAACAAGCAATCGATCAAATGAAATATGAAATCGCTAGCGAATTTGGTGTAAACCTTGGTGCTGATAC 
AACTGCACGTGCAAATGGATCAGTAGGTGGCGAAATCACAAAGCGTCTTGTGCAATTAGCTGAGCAACAA 
CTTGGCGGCGGACGTTTCTAAGACAACTTTATAATTGATGGCTGAAGGAAGAATGGGTCCCCATTCTTCC 
TTTTTGTACGAATAAAAAAGGAAGGAGAGAGTATATGCAGCAACATCAATTAGCT  
 
23 761  3 
 

[Bacillus thuringiensis] serovar konkukian str. 97-27 chromosome, complete genome NCBI Reference Sequence: NC_005957.1: 
c2943911-2943699 SASP 

ATGGCAAACAAGAACAGTGGAAGTCGTAATGAATTGTTAGTGCGAGGCGCTGAACAAGCTCTTGATCAAA 
TGAAATATGAAATTGCACAAGAGTTTGGTGTACAACTTGGTGCAGATACAACAGCTCGTTCAAACGGATC 
TGTTGGTGGTGAAATTACAAAACGTTTAGTAGCAATGGCTGAACAACAACTTGGTGGTAGAGCTAATCGCTAA   
 
9 209 4.3 

Bacillus amyloliquefaciens subsp. plantarum YAU B9601-Y2 complete genome GenBank: HE774679.1 SASP 

TTGGGCAGACGTCGTGGAGTTATGTCAGATGAGTTCAAATATGAGCTGGCGAAGGACCTTGGTTTTTACG 
ATACGGTGAAAAACGAGGGCTGGGGAGGCATTCGGGCGCGTGACGCCGGGAATATGGTAAAGCGCGCGAT 
TGAGATTGCCGAACAGCAGATGGCGGCTCAGAACCAAAATAACCGATAA   
 
7  185  3.8 



Bacillus velezensis strain SRCM101413 chromosome, complete genome GenBank: CP021890.1: 229419-229670 SASP 

ATGATGGACAGGACACTCGGATATTTGCGCGAGTCGCTTTCGAACCACTTGGAGCATGATGTGTGCCGAA 
GGATTTATAAAAAGCTTCAGGTGAAGCATTATGAAAATGAGGGCGAGTTTGTGAAAGATCTAAATGATTT 
GGAAATGGATGCGCTGAATCAGGTGCTTGAAAAGGAAATCAAATATGCTGAGAACGAGCAGGATGAGAAG 
CGCACGATGGAATTGAATGAAGTATATGAGCTCCTGTTTTAA   
 
8 248  3.2 
 
Bacillus licheniformis strain SRCM100027 chromosome, complete genome GenBank: CP021677.1: 213006-213254 SASP 
 
ATGGACACAACATTGGGCTACCTCCGTGAGTCACTGTCGAATCACCTTGAACACGGCATAGGACAAAACA 
TTTACAGAAAAATCGTTTCCGGGCGATATGCCAATGAGGAAGAGTTTGTCGAGCACTTGGAGGAGCGGGA 
AATGGAATTTCTGAATCAAGTGCTTGAACATGAGATGAAATATGCGCTGAATGAACAGGACCATAAACGG 
ACAAGAGAATTAAACGAAGTGTATGAACTGCTGTTTTGA  
  
13  245  5.3 
 
Bacillus atrophaeus strain SRCM101359 chromosome, complete genome GenBank: CP021500.1: 227782-228030 SASP 
 
ATGGATAAAACCTTGGGTTATTTACGGGAATCGCTTTCCAATCATCTTGATAACGATGTATGCCAGCGAA 
TTTACAAGAAGATGTTAACTCGGCATTATACGGGGGAAGGCAACTTTGTAAAGGATTTAAATGATGATGA 
AATGTCTTATCTGAACACTATATTAGAAAAAGAAATCAAGTACGCTCAAAATGAACAAGACCAACAGCGG 
GCAAGCGAGTTAAACGAGGTTTATGAATTGCTGTTCTGA   
 
12  245  4.9 

Bacillus subtilis subsp. subtilis strain SRCM100757 chromosome, complete genome GenBank: CP021499.1: 221169-221417 SASP  

ATGGATGTTACACTCGGTTATTTGCGCGAATCACTTTCGAATCATCTAGAAAATGAAGTCTGCCAGCGTA 
TTTGCAAGAAGATGCTGGCGAAGCGTTATGCAAATGAAGGGGAATTTGTAAAAGACTTAGATGATAATGA 
AATGTCTTTTTTGAACCATGTATTAGAAAAAGAAATTAAGTATGCCCAGAATGAACAGGATCAAAAACGG 
GCCAAGGAATTAAACGAGGTGTATGAATTACTGCTTTGA   
 
17 245  6.9 

Bacillus subtilis subsp. subtilis strain D12-5 chromosome, complete genome GenBank: CP014858.1: 2244206-2244352 SASP P 

ATGACCAATAAGAATACAAGTAAAGATATGCATAAAAACGCCCCTAAAGGACACAATCCCGGCCAACCTG 
AGCCTCTAAGCGGAAGCAAAAAAGTAAAGAACCGAAACCATACAAGACAAAAGCACAACTCAAGCCATGA 
TATGTAA   

4  143  2.8 

Bacillus coagulans 2-6, complete genome GenBank: CP002472.1: 31304-31471 SASP 

ATGTCTGAACGTTTTAAAGAAGAACTGGCGAAAGATCTCGGCTTTTATGATGTCGTCCAGGAAGAAGGCT 
GGGGCGGCATTAAAGCCCGGGATGCCGGGAATATGGTAAAGCGTGCCATTGAACTGGCTGAAGCGCACCT 
TGCTTCGGAAAAACAATCGGGCAACTGA   
 
6  164  3.7 
 

Geobacillus sp. Y412MC61, complete genome GenBank: CP001794.1: 1747465-1747665 SASP 

TTATTCCGTTTTTCGGCCTGCCAATTCGCTTTGTGCTTGAGCAATGAGCCGTTTCGTAATTTCTCCGCCG 
ACGGAGCCGTTGGCGCGCGAAACCGTGCCAGCCCCGAGCTGTACGCCAAACTCTTGGGCGATTTCGTACT 
TAATTTGTTCCAACGCTTGTTCGATGCCTGGAACAAGCAGTTTGTTGCTTGAACGAGCCAT   
 
5 197  2.5 

 



Thermoanaerobacter tengcongensis MB4, complete genome GenBank: AE008691.1: 792422-792740 SASP 

TTAAGACCTTCTTTGCATATACTCTGATTCACTGCCTGCAAGGCCTTGCTGACCGCCTTGTGCAGGGGGA 
GAACCATATATGCTGATGCCTCTAGCCATTGCCGATTCTGCGAAATGAACCATTCGCCTTAACATTTGTC 
CTCCTACTTTTCCGCAGTCTCTACTGCTTATATGTCCCCAGTAATCTTCAGACCCTTGTTTTACAGGCAA 
ACCTAATTCTGAGGCGATTTCGTATTTCATGTTGTCAAGAGCTTTATGAGCCTCTGGTACCATTTTTGGC 
CTGTCATTCCAGCTTCCTCTTGCCATTTCAATCCCTCCT   
 
20 315  6.4 

Bacillus methylotrophicus strain B25 genome assembly, chromosome : BAMMD1 GenBank: LN999829.1 SASP 

TTGGGCAGACGTCGTGGAGTTATGTCAGATGAGTTCAAATATGAGCTGGCGAAGGACCTTGGTTTTTACG 
ATACGGTGAAAAACGAGGGCTGGGGAGGCATTCGGGCGCGTGACGCCGGGAATATGGTAAAGCGCGCGAT 
CGAGATTGCCGAACAGCAGATGGCGGCTCAGAACCAAAATAACCGATAA   
 
8 185  4.3 

Bacillus bombysepticus str. Wang, complete genome GenBank: CP007512.1: c3335004-3334870 SASP N 

ATGGGTAATCCGAAAAAAAATTCAAAAGACTTTGCACCGAATCATATTGGAACACAATCAAAAAAAGCTG 
GTGGAAATAAAGGAAAGCAAATGCAAGATCAAACAGGTAAACAACCGATTGTTGATAATGGTTAA   

6 131  4.6 

Bacillus halodurans C-125 DNA, complete genome GenBank: BA000004.3: 77286-77471 SASP 

ATGAGTCGAAGACGTGGAATCATGTCAGATCGCTTAAAGGAAGAAATTGCGAAAGAGTTAGGGTTCTACG 
ATACCGTCCAACAAGAAGGTTGGGGAGGCATTCGTGCACGTGATGCAGGAAACATGGTGAAGCGTGCCAT 
TGAGCTTGCTGAGCAGCAATTAGCAGAGAGAGAATCTTCACGTTAA   
 
7  182  3.9 

Bacillus anthracis strain PR09-4, complete genome GenBank: CP012727.1: 3383781-3383930 SASP 

ATGGGTAAAAGAAAAGCAAATCATACTATTTCAGGAATGAATGCGGCATCTGCACAAGGACAAGGTGCTG  
GTTATAACGAAGAGTTTGCAAATGAAAACTTAACTCCTGCAGAACGACAAAATAATAAGAAACGCAAAAA 
GAACCAGTAA   
 
5  146  3.4 

Clostridium beijerinckii strain NCIMB 14988, complete genome GenBank: CP010086.2: 4894410-4894598 SASP 

ATGGATAAAGAAAGAGCACAGGAAATTGTTTCATCATCAGTAATGGCAAATGTAACACTTAACGGAACTC 
CAATTTACATCGAAAGCGTAAATACTAATACAGAAACTGCTAATATCCATTTTTTTAAAAATCCAAAAAA 
TTCACGCGAAGTGCCTTTAACTAGTTTACAAGAACATAATAAAAAATAG 
 
5   184  2.7 

Bacillus mycoides strain M2E_15 contig_238, whole genome shotgun sequence GenBank: LLWA01000150.1: 1332088-1332480 SASP 

ATGAACAAAAAACAACAAGGTTACAATAAGGCAACTTCTGGTGCTAGCATCCAAAGCACAAATGCTAGCT 
ATGGTACAGAATTCGCAACTGAAACAAATGTACAAGCAGTAAAACAAGCGAATGCACAAGCAGAGGCAAA 
GAAAGCACAAGCTTCAGGTGCACAAAGTGCAAATGCTAGTTATGGTACAGAATTCGCAACTGAAACAAAT 
GTACAAGCAGTAAAACAAGCGAATGCACAAGCAGAGGCAAAGAAAGCACAAGCTTCAGGTGCACAAAGTG 
CAAATGCTAGTTATGGTACAGAATTTGCAACTGAAACGGATGTGCATGCAGTGAAAAAACAAAATGCACA 
ATCAGCTGCAAAAAAATCACAATCTTTTAGCTCTAATCAATAA  
 
12 389  3.1 



Geobacillus sp. WCH70, complete genome GenBank: CP001638.1: c900227-900018 SASP  

ATGGCAAGATCAAGCAATAAATTGCTTGTTCCTGGAATTGAACAAGCGTTAGATCAAATAAAATATGAAA 
TTGCCCAAGAATTTGGCGTACAATTAGGAGCAAATACGGTTTCTCGCGCAAATGGCTCTGTCGGCGGCGA 
AATTACAAAACGGTTAGTCGCACAAGCACAAAGCCAACTTTCCGGATCTGCTTTCCAAAAAACCGAATAA   
 
6  206  2.9 

Parageobacillus toebii NBRC 107807 strain DSM 14590 Ga0265171_11, whole genome shotgun sequence GenBank: 
RCWX01000001.1: 279784-279993 SASP F 

TTAAAATTGTTGTTGAGTACCGCCTAATTGTTGTTGCGCCATAGCAACAAGGCGTTTTGTGATTTCTCCC 
CCAACAGAACCGTTAGCGCGAGAAGTAGTATCAGCGCCTAATTTTACGCCAAATTCTTGAGCGATTTCGT 
ATTTCATTTGTTCAAGAGCTTGTTGTGCTCCTGGAACAAGCAATTGATTCGAATTGTTGTTGCGTGCCAT   
 
6  206  2.9 

Parageobacillus toebii NBRC 107807 strain DSM 14590 Ga0265171_11, whole genome shotgun sequence GenBank: 
RCWX01000001.1: 1356834-1357019 SASP 

ATGGCAAAACAACAACCAAACAAAACAGCTGCAGGCACTAACATTCAAGAAGTAAGACAACAAAACGCAC 
AATCTGCACAAGCAGGTCAATTCGGCACTGAATTTGCTGCAGAAACTAATGTGCAACAAGTAAAACAACA 
AAACGCGCAAGCAGAAGCTCGCAAAGCGCAAAATTCAAGCAAATAA   
 
9  182  5 

Geobacillus thermodenitrificans NG80-2, complete genome GenBank: CP000557.1: 895067-895318 SASP 

TTATTCTGTTTTTCGGCCTGCCAGCTGGCTTTGGGCTTGAGCAACAAGCCGTTTTGTAATTTCCCCGCCG 
ACGGAACCGTTGGCGCGCGAAACAGTGCCAGCCCCGAGCTGTACGCCAAATTCTTGAGCGATTTCGTATT 
TAATTTGTTCCAATGCTTGTTCAATGCCTGGAACAAGCAGTTTGTTGCTTCCACGTGCCATCATTCTTGC 
CTCCTTTGTCATGTTTAAGTGTGGCATCATTAGTATGAGCAA   
 
7  258  2.7 

Carboxydothermus hydrogenoformans Z-2901, complete genome GenBank: CP000141.1: c1047458-1047186 SASP 

GTGAAATCACCATTGGAAAAACTTAAATATGAGGTTGCCGGGGAACTGGGCATCGGCACCGACGACACCA 
CCTACAGACAAAACTTAGAAAAAATGAAAATCGAAGCCGCCAGGGAAATCGGTATTTATGACCAAGTTAA 
AGACGGCTACTGGGGTGAAGTTCCATCCCGGGAATGCGGCCGGGTTGGTGGAAGGCTTGGTGGAAAAATT 
GGTGGTAACATGGTAAAAAAATTAATTGCCTTGGCAGAACAGCAATTACAACAGAAGTGGTAG 
 
8 269 3 
 
Paenibacillus alvei isolate Paenibacillus B-LR1 genome assembly, chromosome: PBLR GenBank: LS992241.1: 460538-460756 SASP 
 
ATGTCTAATCGTTCTGGTTCCAACAACTTGGTTGTTCCTCAAGCTACTGCTGCATTGGAGCAAATGAAAT 
TCGAAATTGCTCAGGAATTGGGCGTTCCAATTCCACAAGACGGCTACTACGGGAACTACACTTCCCGTGA 
TACCGGTTCTATCGGGGGATACATGACGAAGCGTTTGGTGCAAATGGCACAACAATCGCTTTCCGGCGGT 
TCCCGCTAA 
 
6  215  2.8 

Paenibacillus alvei isolate Paenibacillus B-LR1 genome assembly, chromosome: PBLR GenBank: LS992241.1: c457500-457273 SASP  

ATGCCAAATCAACAATCAGGAAGCCGCTCCAATAATCTAGTTGTTCCTCAAGCAACAGCAGCATTGCAAC 
AAATGAAGTTTGAGATTGCTCAAGAATTGGGTATTCCAATTTCTCAAGATGGTTACTACGGTAACTATAC 
TTCTCGCGATATGGGCTCCATCGGAGGCTACATCACGAAGCGTCTTGTACAAATTGCTGAACAGCAATTG 
GCTGGCCGCGCTCGCTAA 
 
9  224  4 



 

Bacillus filamentosus strain Hbe603, complete genome GenBank: CP011974.1 :2734256-2734435 SASP H 

ATGGATGCGCAAAGAGCACAAGAAATTTCTAATTCAACGGACATGGCAAATATAATGTATAATGGAAAAA 
GTGTTTATATTGAACATGTAGACCAAGAAAATGGGACAGCTACAATTCATAATATTGACGAACCAAATAA 
TAAACAAAGTGTTTCTATATCAGATTTAACAGAACAATAA 
 
6 176  3.4 

Bacillus anthracis strain Ames chromosome, complete genome GenBank: CP009981.1: 3625253-3625456 SASP C 

ATGGCAAACCAAAATTCTTCAAATCAATTAGTAGTACCAGGAGCAACAGCTGCAATCGACCAAATGAAGT 
ACGAAATCGCTCAAGAATTTGGTGTACAATTAGGAGCAGATTCTACAGCTCGTGCTAACGGTTCTGTTGG 
TGGCGAAATCACAAAACGTCTAGTTGCAATGGCTGAGCAAAGCCTTGGCGGATTCCACAAATAA  
 
5  200  2.5 

Bacillus paralicheniformis strain BL-09, complete genome GenBank: CP010524.1: 57263-57448 SASP  

ATGGGCAGACGTCGAAGCATCATGTCAGAGGAATTCAAAAATGAATTGGCTAAGGATCTTGGATTTTACG 
ACACGGTAAAAACCGAGGGCTGGGGCGGAATTCGGGCCAGAGACGCCGGTAACATGGTGAAGAGGGCCAT 
TGAATTAGCCGAACAGCATATGGCTCAAAACCAGCAAAATCATTAA   
 
7  182  3.9 

Bacillus paralicheniformis strain BL-09, complete genome GenBank: CP010524.1: 227024-227272 SASP 

ATGGACACAACATTGGGCTACCTCCGTGAGTCACTGTCGAATCACCTTGAACACGGCATAGGACAAAACA 
TTTACAGAAAAATCGTTTCCGGGCGATATGCCAATGAAGAAGAGTTTGTCGAGCACTTGGAGGAGCGGGA 
AATGGAATTTCTGAATCAAGTGCTTGAACATGAGATGAAATATGCGCTGAATGAACAGGACCATAAACGA 
ACAAGAGAATTAAACGAAGTGTATGAACTGTTGTTTTGA 
 
13  245  5.3 

Sporosarcina globispora strain DSM 4 scaffold1, whole genome shotgun sequence GenBank: LGUF01000007.1: 3756751-3756900  
SASP O 

ATGGCTAAAAGAAAGGCTAATCATATTATCGAGGGAATGAATGCTGCAAAAGGCCAGGGCATGGGCGCGG 
GCTACAATGAGGAATATGCCAATGAGCCATTAACTGAAGCACAAAAACAGAACAATAAAAAGCGGAAAAA 
GAATCAGTAA   
 
7  146  4.8 

Bacillus infantis NRRL B-14911, complete genome GenBank: CP006643.1: c2178064-2177921 SASP P 

ATGAACAAAAACGACAGCAAAGATATGCACAAAAATGCCCCAAAAGGAAATAACCCGGGTCAGCCTGAAC 
CGTTAAGCGGCTCCAAGAAAGTAAAAAACCGCAACCATACAAGACAAAAGCATAATTCAGGGCACGACATGTAA   
 
5  140  3.6 

Bacillus firmus strain NCTC10335 genome assembly, contig: ERS1247816SCcontig000001, whole genome shotgun sequence 
GenBank: UFTC01000001.1: 1286847-1287047 SASP A 

CTAGCGTGCTCCGCCTAGCTGCTGCTCCGCCATTTGCACAAGGCGCTTCGTAATTTCTCCGCCTACTGAT 
CCATTTGCTCTTGAAGATGTTTCCGGGCCAAGGTTCACACCGAATTCTGTTGCAATTTCATACTTCATTT 
GATCAATTGCCTGACTGACTCCTGATACTAAAAGCTGATTAGAATTGCTGTTTCTTGCCAT   
 
8  197  4.2 

 



 

Bacillus krulwichiae strain AM31D chromosome, complete genome GenBank: CP020814.1: 642664-642843 SASP B 

ATGGATAGACAACAACAACAAGCGTCTAAAACAAACGCACAACAAGTTAGAAGACAAAACGCTGCTTCTG 
CACAAGGTGCAGATACAGAATTCGCGAGCGAAACTGATGTACAAGAAGTACGTCAGCAAAATGCTCAGTC 
TCAAGCTCGCAAGCAGCAAAACTCTTCAAGACAACAGTAA   

5  176  2.8 

Bacillus krulwichiae strain AM31D chromosome, complete genome GenBank: CP020814.1: 1113182-1113388 SASP C1 

ATGGTAAACAACAACAACAACAGTAATCAATTACTGGTTCCAGGAGTACAGCAAGCATTAGACCAAATGA 
AATACGAGATTGCTTCTGAATTCGGTGTTGAACTTGGTGCAGATGCAACAGCACGTGCAAACGGTTCTGT 
TGGCGGAGAAATCACCAAGCGTCTCGTTCAACAAGCTGAATCTCAGCTTGGAGGTTCACAATTTTAA 
 
8 203 4 

Bacillus krulwichiae strain AM31D chromosome, complete genome GenBank: CP020814.1: 2324595-2324801 SASP C2 

ATGGCAAGCAACAACAATAGTTCAAATCAATTACTAGTTCCTGGAGTACAACAAGCTTTAGATCAAATGA 
AGTATGAGATTGCACAAGAATTTGGTGTTCAACTTGGCGCTGATACAACCTCTCGTGCCAACGGTTCAGT 
TGGTGGCGAAATCACAAAACGTCTTGTTCAAATGGCTGAACAACAATTAGGCGGTTCACAATTCTAA   
 
7  203  3.5 
 
Bacillus krulwichiae strain AM31D chromosome, complete genome GenBank: CP020814.1: c3432677-3432468 C3 SASP 
 
ATGGCAAACAACAATAGCAACAATTCAAATCAACTTCTTGTTCCTGGTGTACAACAAGCACTAGATCAAA 
TGAAGTATGAGATCGCTTCTGAGTTTGGTGTTCAACTTGGTCCTGACGCAACTTCTCGTGCTAACGGTTC 
TGTTGGTGGAGAAATCACTAAGCGTTTAGTACAAATGGCTGAACAACAAATGGGTGGTTTTCAACAATAA 
 
7  207  3.4  
 
Geobacillus subterraneus strain KCTC 3922, complete genome GenBank: CP014342.1: 1252984-1253166 SASP H  
 
TTACGAATGCTCTTCTAAGCTGGCGACCGGCACGCTTTGTTTTTGATTCGGATTGTCAAGCGGATGGATG 
GTTGCCATCCCTTTTTGCTGATCGACATGCTCAATGTAAATGCGCTGGCCGTTGTACGTGACATTCGCCA 
TCACTGGCGATGAGGCGATTTCTTGCGCCCGACGAGCATCCAT  
 
7   179  3.9 

Bacillus toyonensis BCT-7112, complete genome GenBank: CP006863.1: 3120802-3121083 SASP 

ATGAGTAAAAAACAACAAGGTTATAACAAGGCAACTTCTGGTGCTAGCATTCAAAGTACAAATGCTAGTT 
ATGGTACAGAGTTTGCGACTGAAACAAATGTACAAGCAGTAAAACAAGCAAACGCACAATCAGAAGCAAA 
GAAAGCACAAGCTTCTGGTGCACAAAGTGCAAACGCTAGTTATGGTACAGAATTTGCAACTGAAACAGAT 
GTGCATGCTGTGAAAAAACAAAATGCAAAATCAGCTGCAAAACAATCACAATCTTCTAGTTCAAACGAGTAA   
 
11  278  4 

Thermoactinomyces vulgaris strain DSM 43016 Ga0070019_102, whole genome shotgun sequence GenBank: REFP01000008.1: 
146200-146412 SASP 

ATGGCACAACAAGATCGCACTCGCAGTTCTAATCAATTGCTGGTGGCTGGTGCTGCTCAAGCAATCGATC 
AAATGAAATATGAGATTGCTCAAGAGTTTGGCGTTCAATTGGGAGCTGACACCACTTCCCGCGCAAACGG 
TTCTGTCGGGGGAGAAATCACGAAACGTCTGGTTTCCATGGCTCAACAACAGCTTGGAGGAAGCAACTTCTAA  
 
7 209  3.4 

 



 

Thermoactinomyces vulgaris strain DSM 43016 Ga0070019_102, whole genome shotgun sequence GenBank: REFP01000008.1: 
c152962-152672 SASP 

ATGATGAACAACAAAAACTTTGGACCGCAAGAATCCAAAACCAATGCACAACAAGTTCGTCAGCAAAATC 
AGCAATCCGCTCAACGTCAAACCGGTAAATATGGTACCGAGTTTGCTTCTCAAGCTGGTGCAGCTCAACA 
ACAACAACAGCAACAACAAGCTCGCCAAGCTCAACGCCAAGGGCAACAAGCTGGTAAATTCGGAACTGAG 
TTTGCTTCCGAAACCAATGCACAACAAGTTCGTCAACAAAATCAGCAATCTCAAGCCAAAAAAGGCCAAC 
AACAACAATAA  
 
12 287 4.2 
 
Thermoactinomyces vulgaris strain DSM 43016 Ga0070019_102, whole genome shotgun sequence GenBank: REFP01000008.1: 
290944-291132 SASP 
 
GTGGCCAACCGTTCCAACCGATTGCTCGTTCCCGGTGCCCGGCAGGTCTTAAACCAGTTCAAAGAAGAAA 
TTGCTTCGGAATTCGGAGTGAAGTTGGGTTCTGACACGGCGGCCCGTGCCAATGGTTCCGTCGGCGGTGA 
GATCACGAAACGGCTCATTTCGCAAGCGCAAAAACAATTGAATGAATAA   
 
8 185 4.3 
 
Bacillus subtilis subsp. spizizenii strain SW83 chromosome GenBank: CP030925.1: 192171-192419 SASP 
 
ATGGATGTTACACTCGGTTATTTGCGCGAATCACTCTCGAATCATCTAGAAAATGAAGTCTGCCAGCGTA 
TTTGCAAGAAGATGCTGGCGAAGCGTTATGCAAATGAAGAGGAATTTGTAAAAGACTTAGATGATAATGA 
AATGTCTTTTTTGAACCATGTATTAGAAAAAGAAATTAAGTATGCCCAGAATGAACAGGATCAAAAACGG 
GCCAAGGAATTAAACGAGGTGTATGAATTACTGCTTTGA   
 
16  245  6.5 

Bacillus simplex strain SH-B26, complete genome GenBank: CP011008.1: 2256208-2256360 SASP O 

TCATTGGTTTTTCTTTCTTTTTTTATTATTTTGCCTTTGCATTTCCGATAATGGCGGTTCATTTCCCAGT 
TCATCATTATACCCAGCTCCATTACCTTGCGCTTTTGCAGCATTCATACCTGGTATAACATGATTTGCCT 
TTTGTTTTGTCAT   
 
5  149  3.4 

Aneurinibacillus soli DNA, complete genome GenBank: AP017312.1: 1462925-1463125 SASP A2 

TTATGCACGACCGCCAAGCTGTTGTTCAGCCATTTGTACAAGGCGTTTTGTAATCTCGCCACCTACAGAA 
CCGTTCTGGCGAGAAGTTGTGTCCGGCCCGAGTGTTACACCGAATTCAGAAGCGATCTCGTACTTCATCT 
GATCCAGCGCGTTTGCTGCTTGTGGTACGACAAGCTTGTTTGTGTTCGAATTTTGAGCCAT  
 
7  197  3.6 

Aneurinibacillus soli DNA, complete genome GenBank: AP017312.1: 2346698-2346907 SASP C1 

ATGTCACAGCAACAAAATAGAAATCGTAATAACAATGAACTGGTTGCTCCACAAGCACTGGATATGATGA 
AGTATGAAATAGCTTCTGAATTCGGTGTACAACTCGGACCGGATACAACTTCTCGCCAGAACGGTTCTGT 
CGGAGGCGAAATTACAAAGCGCCTGGTTCAGATAGCAGAGCAACAATTAAGTGGTAAATACGTGCAATAA  
 
6   206  2.9 

Aneurinibacillus soli DNA, complete genome GenBank: AP017312.1: c3048746-3048531 SASP A3  

ATGCCACAACAAAATCAAGGCCGTAATACTAACCAACTGGTAGTACCACAAGCGACTAATGCACTCGATC 
AAATGAAGTATGAGATTGCGGCGGAATTCAGTGTACAACTTGGACCAGATACAACTTCTCGCCAGAACGG 
TTCTGTCGGGGGCGAGATTACAAAGCGTCTTGTTCAGATGGCTGAACAACAACTAAGTGGTAAATACGTG 
CAATAA   
 
7  212  3.3 



 
 
 
 
Aneurinibacillus soli DNA, complete genome GenBank: AP017312.1: c3353234-3353034 SASP C3 
 
ATGGCTAACAACAACAGCTCAAACAAGCTGGCAGTACCACAAGCGGCTAACGCGCTCGATCAAATGAAGT 
ATGAAATTGCTTCTGAGTTCGGCGTACAGCTTGGACCGGATTCTACATCTCGTGCGAATGGTTCTGTAGG 
CGGCGAGATCACGAAGCGTCTTGTTCAAATGGCTGAACAACAGCTCGGTGGCCGTGCATAA   
 
7  197  3.6 
 
Lysinibacillus sphaericus C3-41, complete genome GenBank: CP000817.1: 70145-70306 SASP 
 
ATGTCACCTCGATTAAAAGAAGAGATCGCAAAAGAACTTGGATTTTATGATGTTGTGCAAAAGGAAGGCT 
GGGGCGGCATAAAAGCTCGAGATGCTGGTAATATGGTCAAGCGTGCCATTGAAATGGCTGAGCGAGCAAG 
TAATGAGCAAGAGCGTAAGTAG   
 
9  158  5.7 
 
Lysinibacillus sphaericus C3-41, complete genome GenBank: CP000817.1: c4019787-4019569 SASP 
 
ATGGCTTCAAACAACAACCGCAGTTCAAACCAGCTTGCAGTACCTGGTGTACAACAAGCACTTGATCAAA 
TGAAATACGAAATTGCACAAGAATTTGGTGTTCAATTAGGGGCTGACGCTTCAGCTCGTGCTAACGGTTC 
CGTTGGTGGTGAAATCACTAAACGTCTTGTACAAATGGCAGAATCTCAATTAAAGGGTATGCCAAACAAC 
AACCAATAA   
 
7  215  3.3 
 
Edaphobacillus lindanitolerans strain MNA4 genome assembly, contig: Ga0116976_13, whole genome shotgun sequence GenBank: 
FTPL01000003.1: c332939-332733 SASP 
 
ATGCCAAACAACGACAACAACTCGAACAAGCTTCTCGTTCCCGGCGTCCGCCAGGCACTCGACCAGATGA 
AGGAAGAGATCGCCCGCGACTTCGGCGTCCAGCTTGGCGAAAACACGTCAGCGCGTGCCAACGGATCCGT 
CGGCGGAGAAATCACAAAGCGCCTCGTTCGCCAAGCCCAGCAGCAGATGAAGGGCCCGCAAGAATAA   
 
8  203   3.5 

Edaphobacillus lindanitolerans strain MNA4 genome assembly, contig: Ga0116976_13, whole genome shotgun sequence GenBank: 
FTPL01000003.1: c332939-332733 SASP 

ATGCCAAACAACGACAACAACTCGAACAAGCTTCTCGTTCCCGGCGTCCGCCAGGCACTCGACCAGATGA 
AGGAAGAGATCGCCCGCGACTTCGGCGTCCAGCTTGGCGAAAACACGTCAGCGCGTGCCAACGGATCCGT 
CGGCGGAGAAATCACAAAGCGCCTCGTTCGCCAAGCCCAGCAGCAGATGAAGGGCCCGCAAGAATAA   
 
8  203  4 

Parageobacillus thermoglucosidasius strain DSM 2542 chromosome, complete genome GenBank: CP012712.1: 1972688-1972837 
SASP O 

CTATTGATTCTTTTTTCTTTTCTTGTTGTTTTGGCGCTGCGCTTCTGTCAATGGCTCGTTGGAAAATTCT 
TCGTTATAGCCGGCTCCCTTTCCTTGCGCGTCCGCCGCATTCATGCCGGGAATGACATGATTGGCTTTCC 
GTTTGCCCAT   
 
4 146  2.7 

Bacillus aryabhattai strain AB211 scaffold11, whole genome shotgun sequence GenBank: MCAN01000003.1: 1288271-1288450 SASP 
H 

ATGGATGCACAAAGAGCACAAGAAATTGCTGATTCAGTCGACATGGCCAATGTAATACATAATGGGAAAA 
GCATTTACATTGAGCATGTAGACCAACAAAATGGGATAGCTACAATTCATAACCTCGATGAACCAAGTAA 
TAAGCAAAGTGTTTCTATATCTGAACTAGCAGAACAATAA   
 
7 176  4 
 
 



 
 
 
 
Bacillus loiseleuriae strain FJAT-27997 Scaffold1, whole genome shotgun sequence GenBank: LFZW01000001.1: 1923819-1923965 
SASP O 
 
TTACTGGTTTTTCTTTCGCTTTTTATTATTTTGTTTTTGTTCCTCTGTTAAAGGTTGAGAAAATTCCTCG 
TTATATCCTGCACCTTTCCCTTGTGCGCTAGCTGCATTCATGCCAGGAATTATATGGTTTGCCTTACGTT 
TAGCCAT   
 
6 143  4.2 
 
Geobacillus stearothermophilus 10, complete genome GenBank: CP008934.1: 325050-325199 SASP O 
 
ATGGCAAAGCGAAAAGCAAACCACGTAATCCCTGGCATGAACGCCGCCAAAGCCCAAGGAATGGGAGCCG 
GCTACAATGAAGAGTTTTCCAATGAACCGCTGACAGAAGCACAGCGCCAAAACAACAAAAAACGAAAAAA 
GAACCAATAG   
 
5  146  3.4 
 
Bacillus rhizosphaerae strain SC-N012,DSM 21911,NCCB 100267 genome assembly, contig: Ga0075195_103, whole genome shotgun 
sequence GenBank: FRBS01000003.1: 254907-255107 SASP  
 
TTATCTTTGAAATCCGCCTAATTGTTGTTCAGCTTGAGCAACCAAACGTTTCGTGATTTCGCCACCTACA 
GAACCGTTTGCACGAGAAGTCGTGTCAGCTCCAAGGTTTACGCCAAATTCAGAAGCGATTTCGTATTTCA 
TTTGATCAAGTGCTTGTTGTACGCCAGGTACTACCAAGTTATTTGAGTTTGAGTTAGCCAT   
 
5  197  2.5 

Virgibacillus chiguensis strain CGMCC 1.6496 genome assembly, contig: Ga0104465_104, whole genome shotgun sequence 
GenBank: FQXD01000004.1: 159098-159298 SASP 

ATGGCTCGACGAAACCGTAATCAGTTAGAAGTGCCAGGTGCAGAAAAAGCAGTCGACTCCCTAAAGTATG 
AGATCGCTAATGAATTTAATGTCGATCTTGGCGCCGATACTACTGCAAGAGAAAATGGTTCCGTGGGTGG 
CGAGATGGTGAAGCGTATGATAAAAATGGCAGAACAAGATCTCGCAAATAGACAGAAGTAG  
 
13  197 6.9 
 
Observed AL pentamer frequency: 4.49 
Expected: 22/1024 ± 1.65x(22x1002/10242x100)1/2 ≈ 2.15% ± 0.25%* 
 
4.49% ≈ 2.15% + 15 s, where s ≈ 0.15% 
 
P(Observed ≥ 4.45%) ≤ exp(-225) ≈ (e-2.25)100 ≈ 10-100  
 



AL-pentamer proximity for the 20 aminoacid–tRNA ligases of Deinococcus radiodurans R1 
 

Deinococcus radiodurans R1 chromosome 1, complete sequence GenBank: CP015081.1: c651235-649715 glycine--tRNA ligase 
 
ATGCCCGCAACCTCAATGGAAGAACTCGTCAGCCTGTGCAAACGCCGGGGCTTTATTTTTCAGGGCAGTG 
AGATTTACGGCGGCCTGCAAGGCTTTTACGACTACGGCCCCCTCGGCGTGGAGCTGAAGAACAACATCAA 
GGCGGCGTGGTGGCGCTCCAACGTCTACGAGCGCGACGACATGGAAGGGCTGGACGCCTCCATCATCATG 
CACCGCATGGTGCTGCGACACTCGGGCCACGAGGCGACGTTCTCCGACCCGATGATCGACAACAAGAAGA 
ACAACAAGCGCTACCGCCTCGACCACCTTCTCAAAGACCAGAAAGCCGACGTACAGGCCAAAGTCGCCGA 
AATTATGGGTGAGAGTGCCGACAACTTTGCCGCGCTGGTGGCTGCGCTGAACGCCAAGCCCGCCCAGGCC 
TCCGCCGCATTCAAGGAAGCGGGCGTGCGTGACCCCTTCTCCGGCGAGGTAGGCGAGTGGACCGACCCCA 
AGCCGTTCAACATGATGTTCCGCACGACCATCGGCCCGGTGGCCGACGAGGAAAGTTACGGCTACCTGCG 
TCCCGAAACCGCGCAGGGCATCTTCACCAACTTCAAGAACGTGGTGGACTCGACCAGCCGCCGCCTGCCC 
TTCGGCATCGCGCAGATCGGCAAGGCGTTCCGCAACGAGATCACGCCGCGCAACTTCATTTTCCGGGTGC 
GTGAGCTAGAGCAGATGGAAATTGAGTTCTTCGTGACGCCCGGCACCGACGAGGAGTGGCACGAGCACTG 
GCTGGAAAAGCGCCTGAAATGGTGGGAAGACCAGGGCGTGCCGCGCGAGAAGATCGAGATTCTGGATGTG 
CCGAAAGAAGACCTCGCGCACTACTCCAAGCGCACCTACGACCTGATGTACGACTACCCCACGCTGGGGC 
ACGAGGAAATCGAGGGCATCGCCAACCGCTCCGACTACGACCTCGGCTCGCACACCAAGTCGCAGAGCGA 
GCTGGGCCTGGTGGCGAAGGTGGAGGAAAACAACGACTCCATCGCCAAGCTGACCATCCCCCACCCCGAA 
ACGAACAAGCCGGTCGTGCCGTTCGTGATCGAGCCGTCGGCGGGGGTAGACCGGGCGATGCTGGCGGTGC 
TGAGCGAAGCGTTTACCAAGGAAACGCTGGAAAACGGCAACGAGCGGATTGTGCTGAAGCTGAAGCCGCA 
CCTCGCGCCGATTAAAGTGGCGGTCATTCCGCTGGCCCGCAACCGGGAAGAAATCACGGACGTGGCCAAA 
GCCATCAAGGCCGAGCTTCAGGGCCTCGGCCTGGGCCGGGTGCTGTACGAGGACTCCGGCAACATCGGCA 
AGGCGTACCGCCGCCATGACGAGGTGGGCACGCCCTACTGCGTCACCGTGGACTTCGACACCGTCGGGCT 
GGGTGAGAACACGGACGAGAGCCTGAAAGACACCGTGACCGTCCGTGACCGCGACACGCTCGCGCAGGAG 
CGCGTGAAAATCAGCGAACTGGCGGGGTGGATTCAGGCGAAGTTGCGCTGA 
 
25 1517  1.6 observed, 2.15 ± 0.6* expected (* 90% confidence interval) 

Deinococcus radiodurans R1 chromosome 1, complete sequence GenBank: CP015081.1 :1441515-1442873 asparagine--tRNA ligase 

ATGACTGCTTCATCCCCAGTGACCCGTTCGAGTATTCAAGACCTGAAACAGCACATCGGGCAGTCCGTCG 
AGGTGCTGGCCTGGCTGCAAGACAAGTCCGGCAAGGGCAAGATTCAATTTCTCAAGCTGCGCGACGGCTC 
GGGCTTCGTGCAGGGCACCGTGTTCAAGGGCGACGTGGCCGAGGACGTGTTCGAGGCCGCCAAGCGCCTG 
ACCCAGGAACAGGCCGTGCGCGTGACCGGCGAAGTCCGCGCCGACGAGCGGGCTCCCGGCGGCGTGGAAC 
TCAGCGTGCGTGACCTCAGCGTCATTTCCGAAAACGTGGGCGAGTACCCGATCACGCCCAAGGAGCACGG 
CATCGAGTTCCTGATGGACCACCGCCACCTCTGGCTGCGCCACCGCCGCCCCTGGGCCATCATGCGGGTG 
CGCGACTGCGTGCAGCGCGGCATCGTCGAGTTTTTCCACGGCGAGGGCTTCGTGCGCTTCGACGCGCCGT 
TCTTCACGCCCAACGCCGCTGAAGGCACCACCGAACTTTTTGAAATCGATCTCTTCGGCGAGGACAAGGC 
GTACCTCTCGCAGACCGGGCAACTGCACGCCGAGGCGGGCGCCTTCGCCTTCGGCAAGGTCTACACCTTC 
GGCCCCACCTTCCGCGCCGAGAAGTCCAAGACGCGGCGTCACCTGCTCGAATTCTGGATGGTCGAGCCCG 
AAGTCGCGCCGAGCAGCCACGCCGAGAACATGGCGCTGCAAGAGCGCATGGTGAGCCACCTCGCCCGCAA 
AGTCCTGAGCGAGTGCGCCGCCGAACTCGAGATGCTGGGCCGCGACGTAAGCAAGCTCGCTGGGGCCGCC 
GAGGGGAACTACCCCCGCGTGACCTACACCGAGGCGCTGGAGATCATTCGGCAGCACATCGAGGACAAGG 
ACCTGCCGCCCAACGTGCAGGAGGACGTGCAGCCCGTCGAGTGGGGCGACGACCTCGGGGCGCCGCACGA 
AACGATTCTGGGCCACCACTTCGACCGTCCGGTGATGGTCGAGAAGTACCCGGCGGCCATCAAGGCGTTC 
TACATGCAGCCCGACCCCGAAGACCCCCGCGTGGCCCTGTGCGACGACATGATTGCGCCCGAAGGCTACG 
GCGAAATTATCGGCGGCTCGGAGCGTATTCACGACTACGAGCTGCTCAAGTCGCGCATCGAAGAGCAGGG 
ACTGCCGCTCGAAGCCTTCGACTGGTACCTCGACCTGCGGCGGGTGGGCAGCATGCCGCACGCGGGCTAC 
GGCATGGGCCTGGAGCGCTTCATCGCCTGGATGACCGGCATCGACCACATCCGTGAGGCGATTCCCTTTC 
CCCGGATGCTGACGCGCATGAAGCCCTAA 

34  1353  2.5 observed, 2.15 ± 0.6* expected 

Deinococcus radiodurans R1 chromosome 1, complete sequence GenBank: CP015081.1: 80923-82152 tyrosine--tRNA ligase 

TCAGCCTTCCAGCACCAGCCGGGCGAACTTGTCCTTGCCCTTCTGGATGACCACGCCTTCCGTCAGTTGC 
TCGCGGGTGAGCTGGCCTTGCGGGTCGCTGTAAGTCTCGCCGCCGAGCTTAAGACCCCGGTTCTGAATCA 
GTTTGCGGGCGGCGCCGTTGCTGGGTTCCAGGCCCGCCAGCACGACCAGTTTCGCCATGCTGACGTGGCC 
CTGTTCGTTCAGCTCACTTGCCGGGACGCTGACGGCGGGAATGTTGTCGGGAATGCCACCCTTCGCCACC 
GAGCGGAAGCGCGCCTCGGCAGCGTCGAGGTCGGCATCGGGGTGGAAGGCTCGCACCACTTCGCGGGCGA 
GTTCGCGGTGGGCGGCGACCGGGTGCCCGGCGAGCAGTTCCTCGATGCGCTCACGCGGCAGGTCGGTCAG 
CAGCGTGAAGTAGTTGTCCAGCAGCGGGTCGGGCACCTTCATCAGCCCGGCGAACATGGCGTGCGGCTCG 



TCGGTCAGGCCGATATAGTTGTCCAAGCTCTTGGACATCTTCTCGGTGCCGTCCAGGCCGACGAGCAGTG 
GCAGCGTCAGCACGACCTGCGCTTCTTGCCCGTAGTCGCGTTGCAGGGCGCGGCCCACCAGGTTGTTGAA 
CAACTGGTCGGTGCCCCCGAGTTCCACGTCGGCGTGCAGCGCCACCGAGTCGTAGCCCTGGGTGAGCGGG 
TAGAGCAGCTCGTGCATGGAAATCGGGGTGCCGGCGCTGAGGCGCTTGGTAAAGTCGTCGCGTTCCAGAA 
TGCGCGCCACGGTGTACTTCGCCGCCAGGCCGATGATGTCCTTGTAGCCAAGCTGTTCGAGCCACTCGGA 
GTTGTACCTGATTTCAAGAGCTTCGGGTTCCTGGCGCAGAATCAGGCGGCACTGCGCGAGGTAGCTCTCG 
GCGTTGGCGCGCGCTTCTTCCAGGCTCAGCGGCGGGCGGGTCTTGGATTTGCCGCTGGGGTCGCCGATGG 
TCGCGGTGAAGTCGCCGATCAGCATGATGACCTTGTGCCCGAGGTCCTGAAACTGCCGCATTTTGCGCAG 
AATGACGGCGTGCCCGAGGTGCAGGTCGGGGCGGGTGGGGTCGGCGCCGAGCTTGACGCGCAGGGGCTCG 
CCTTTCTCAATCTTGCGCTTGAGGTCTTCTTCGGACACGAGGTCCACCACGCCGCGCTTGAGAAGCTGGA 
TTTGCTCATTGACGGGAACATTTCTGCGGATTTCGGACAT   
 
19  1226  1.5 observed, 2.15 ± 0.6* expected 

Deinococcus radiodurans R1 chromosome 1, complete sequence GenBank: CP015081.1: 104401-106887 glutamine—tRNA ligase 

ATGACCGATGCCCCCCGCCCAACCGCCGGGGCCGACGCCCCAGCCCGGCCCCCCGCTGCCCCACTCGTCG 
CGCCCAACTTCATCACCGAAATCATCGAGCGCGACCTTGAGGCCGGCAAGTACCCCCGCGTCGTGACCCG 
TTTTCCGCCCGACCCCAGCGGCTACGCGCACCTGGGGCACGTCTTTGCCAGCCTGCTCGACTTCAACACG 
GCGCGGCAGTACGGCGGGCAGTTCAACCTGCGCATGGACGACACCAACCCCGAGCTGGCGCGGCAGGAGT 
ACGTGGACTCCATCGCCGACGACCTGAAGTGGTTGGGGCTCGACTGGGGCGAGCACTTCTACTACGCCAG 
CGACTATTTCGACCGCTACTACGCCTATGCCGAGCAACTCATTCGCCAGGGCGACGCCTACGTGGAAAGT 
GTAAGCCCCGAGGAACTGTCGCGGCTGCGCGGCAACGCGACCACGCCCGGCACGCCGAGTCCTTACCGTG 
ACCGCTCGGTTGAAGAAAATCTCGACCTGCTGCGCCGCATGAAGGCCGGCGAATTTGCCGACGGTGAGCA 
CGTCCTGCGCGCCAAGATTGACCTCACCGCCCCCAATATGAAGCTGCGCGACCCGGTGCTGTACCGCATC 
GTCAACAAGCCGCACTTCCGCACCAGCGACGAGTGGCACATCTACCCCGCCTACGACTTCGAGCACCCCT 
TGCAAGACGCCATCGAGGGCGTGACCCACTCCATGTGCAGCCTGGAATTCGTGGACAACCGCGCCATCTA 
CGACTGGCTGATGGAAAAACTGAACTTCGACCCGCGCCCCCACCAGTATGAATTCGGGCGCCGGGGGCTG 
GAATACACCATCACCAGCAAGCGCAAGCTGCGCGAACTGGTGCAGGCGGGCCGGGTGAGCGGCTGGGACG 
ACCCCCGCATGCCCACCCTGCGTGCCCAGCGCCGCCTGGGGGTCACGCCGGAAGCGGTGCGGGCCTTCGC 
CGCCCAGATCGGGGTGAGCCGCACCAACCGCACGGTGGACATCGCCGTGTACGAAAACGCGGTGCGCGAC 
GACCTCAACCACCGTGCCCCCCGCGTGATGGCGGTGCTGGACCCAGTGAAGGTCACGCTGACCAATTTGG 
ACGGCGAAAAGACGCTCTCGCTTCCCTACTGGCCGCACGACGTGGTGCGCGACTCGCCCGACGGTCTGGT 
CGGAATGCCCGGCGGCGGGCGGGTGGCCCCCGAGGAAGCTGTGCGCGACGTGCCGCTCACCCGCGAGCTG 
TACATCGAGCGCGACGACTTCAGCCCCGCGCCGCCCAAGGGCTTCAAGCGCCTGACCCCCGGCGGCACGG 
TCCGGCTGCGCGGCGCCGGCATCATTCGCGCCGACGACTTCGGGACCGACGAGGCGGGGCAGGTCACCCA 
CATCCGCGCCACCCTGCTGGGTGAGGACGCCAAAGCGGCGGGCGTCATCCACTGGGTGAGCGCCGAGCGT 
GCCCTGCCGGCCGAGTTTCGCCTCTATGACCGCCTGTTCCGGGTGCCGCACCCCGAGGGCGAAAACGCGG 
ACGTGGAGGACGACAGCGCCGGCCCCGCCGAACACGAGGCCGAGCCGGGCGCCGGGCAGGAAACGGCGCC 
GGTCAGCCAGGGCTTCATGCGCTACCTCACCCCCGATAGCCTGCGCGTGCTGCGCGGTTACGTGGAGCCG 
AGCGTGGCCGGCGACCCGGCAGACACCCGCTACCAGTTCGAGCGTCAGGGCTACTTCTGGCGCGACCCTG 
TTGAATTGGAACGGGTAGACAGCCGCGAGGACGCGCTGGTGTTCGGGCGCATCATCACCCTGAAAGACAC 
CTGGGGCAAGCAGGGCGGCGGCACCCAGCAGAAGGCGGAAGGCAAGAAGCGACCCTCTACCAAGGGGAGA 
GGGCCTGACGAAGTCAGGGGTGAGGGGTCTTCTTCCCCAGCTAAAGCCCATGCGCCCAAAGCCCAGCCCC 
TCACCCCCGAACAGGACGCCGAATTCACCCGGCTGCTCGGCCTCGGTGCCTCGGAGGGGGACGCCCGCAC 
CATCGCCCGTGACCCGGCGCTGCTCGCCTTCGTGGGGGGGGCGGCGCCGGGGGACACCTTCGCTCAGGTC 
GCCTCGTGGACAGTCAACGAACTCGTCGCGGGCCTGCGTGCCGGGGAGGTGAAGGTGCGGGCCGCCGACC 
TCGCGCCGCTCGCCGAGGGGGTGGCGAGTGGGCAACTCAGCGCGCGCATTGCGCGTGAGGCCCTCGCCCG 
CGCCGCCGCCAGCGGGGACGCGCCGCTCACCATCATCGAGCGCGAGGGTCTGAATGCCGGCCTGAGCGCC 
GAGGCCCTGCAACAGGTAGTGGCCCAAGTCATCGCCGCCAATCCCGACAAGGCGGAGGCCTACCGCGGCG 
GCAAGACCGCGCTGCTCGGTTTTTTCACCGGGCAGGTCATGCGCGCGACCGCCGGCAAGGCCGACCCGCA 
GGCGCTCGCGGCGGCGCTCAAAGACGCTCTCGCCTGA   
 
26 2483  1 observed, 2.15 ± 0.5* expected 
 
Deinococcus radiodurans R1 chromosome 1, complete sequence GenBank: CP015081.1: c156062-154233 arginine--tRNA ligase 
 
ATGGATTTGAAGGCCCAACTCAAAGCAGCCGTCGAGCAGGCCGCGCACCAGATGGGAATGCCCGTCGACG 
CCGCCATTCAGGAAACGCCCGCCAATAAACCCGGCGACTACGGCACGCCCGCCGCCTTCCAGATGGCGAA 
GGCGGCCGGGGGCAACCCCGCCCAGATCGCCGCGCAGCTCGCGCAGACGGTGGTGCTGCCCGCCGGCATC 
CGCAGGGTGGAGGCCACGGGGCCGTTCCTGAACTTTTTCCTCGACGCGGGCGCTTTCGTGCGCGGCGTGG 
TCGAGCGTCCCTTCGAGCTGCCCAAGCGCGAGGGCAAGGTCGTCATCGAGCACACCTCGGTCAACCCCAA 
CAAAGAGCTGCACGTCGGGCACCTGCGTAACGTGGTGCTGGGCGACTCCATGGCGCGGATTCTGCGGGCG 



GCGGGGCACACCGTCGAGGTACAGAACTACATCGACGACACCGGGCGACAGGCCGCCGAGTCGCTGTTCG 
CCACCCAGCATTACGGCCGCGTCTGGGACGGCGTGCAGAAGTACGACCAGTGGCTCGGTGAAGGCTACGT 
GCAGCTCAACGCCGACCCCCAGAAGCCCGAGCTGGAAAGCGGCATCATGGAGATCATGCACAAGCTCGAA 
GCCGGGGAGCTGCGGCCCCTGGTCGAGCAGACGGTGAAGGCGCAGCTTCAGACCTGCTTTCGCCTCGGCG 
CGCGCTACGACCTGCTGAACTGGGAATCCGACGTGGTGGGCAGCGGGTTTCTGGCGCAGGCCATGAACAT 
TCTGGAAGGCAGCAGGTACACCTCGCGCCCCACCGAGGGCAAGTACGCCGGGGCGTTCATCATGGACGTG 
TCGGAATTTATGCCGGGGCTGGAAGAACCGAACGTGGTCCTCGTGCGCTCGGGCGGCACCGCCATGTACG 
CCGCCAAGGACATCGGCTACCAGTTCTGGAAATTCGGCCTGTTCGAGGGGATGAAATTCAAGCCCTTCAT 
GCAGGACCCCGAAGGCAACACCATCTGGACGAGTGCCCCGGACGGCCAGCCCGACGATGAGCGGCGCTTC 
GGGCACGCGCAGGAGGTCATCAACGTGATCGACTCGCGCCAGGACCACCCGCAGACGGTGGTGCGTTCGG 
CGCTGGGTGTGGCGGGCGAGCAGGAGAAGGAGGAGCGCAGCATCCACCTCTCCTACGCCTTCGTGACGCT 
GGAAGGCCAGACCATCAGCGGGCGCAAGGGCATCGCGGTCAGTGCCGACGACGCGATGGACGAGGCCCAG 
AAGCGCGCGCTGAGCGTCTTGCAGGGCATCAATCCCGACCTGGCCGCGCGCGAGGACGCCGCCGAAATCG 
CCCGGCGCATCGGCCTGGGCGCCATCCGCTTCGCCATGCTCAAGGCCGAGCCGACCCGCAAAATCGACTT 
CCGCTGGGAGCAGGCGCTGGCGCTGAACGGGGACACCGCGCCCTACGTGCAGTACGCCGCCGTGCGCGCC 
GCCAACATCCTGAAAAAGGCCGAGGAAGCCGGTTATGCCACCGACGGCACCGGGGCCGACTGGGACGCGC 
TGCCCGACATCGACCTCGTGCTCGCCAAGCAGATCGCCAAGCTGCCCGAAGTCGCCGCGCAGGCCGCCCG 
CATCCACTCGCCGCACGTGGTGGCGCAGTACGCGCTCGATCTCGCCACATCCTTCAACGCGTGGTACAAC 
GCCAAAACCAAGCAGGGCAAACCCGCCACCAACGTCCTGCAATCGGAAGAAGGGTTGCGGGAAGCGCGGC 
TGGCGCTGATCGTGCGGCTGCGCAAAGCCTTCGAGGACACCCTGGACCTCATCGGCATCGAGATTCCGGC 
GGCGATGTAA   
  
29 1826  1.6 observed, 2.15 ± 0.55* expected 
 
Deinococcus radiodurans R1 chr 1, complete sequence GenBank: CP015081.1:c371799-369337 phenylalanine--tRNA ligase subunit ß 
 
ATGAAACTTCCCTACTCCTGGCTCAAAGAACTGATTCCCGACCTCCCGCCCGTCGCTGACCTCGAACCCA 
CCTTCGCGCATCTCGGGCTGCCGCTCGAAGGCGTGGAGGACGTGCCCGCGCCGGTGGGCGGCGTGCTGCT 
GGTGGCCGTGAAAGCCGCCGAACCGATGGAGGGCACGCAGCTCACCAAACTGACGCTCGACACCGGCGAG 
AATGGTGAAAAGACCATCGCCAGCGGTGCCCCCAACGCGGTGGGTCTGCCGGCGGGCACGATGGTCGCGC 
TGGTCACGCCCGGCACCACGCTCGGCGGGATAACCTACGGCGTGCGGCCCATGCAGGGCGTCGAAAGCTG 
GGGCATGGCCGCCAGCGCCAAGGAACTCGGCATCGGCGAGAGCAACGCGGGCATTCTGACCTTCCCGGCA 
GGCACGGCGGCGCCCGGCACACCCCTGCGCGAGCTGTGGCCCGCCGACAGCGTGCTGGACGTGGAAGTCA 
CGCCCAACCGCGCCGACGTGCTGAGCGCGCTGGGCCTCGCCCGCGACCTCGCGGCGTACCTGAACCTGGA 
GCTGAAAGAACCCCAGATTCCTGCCGCACCCACCCAGCCGGGCGAGATCCGCGTCAGCCTGCCTGACCGG 
GGCCGGGTGCTGGACCGCGACCCGCAGGGCAAACTGCGCTTCGGCTGCGACCATTTCGCCGCCCGCGCCG 
TCAGCGGCCTGCAAAACGGCCCCGCGCCGCTGTGGATGCAGCGCCGGGTCAGCCTCGCGGGGATGCGCTC 
CATCGACCTGATCGTGGACACCTCCAACTACGTGATGCTCGAACTCGGTCAGCCCACCGCGCTGTACGAC 
CGCCGCGACGTGGCCGGGGACGGCCTGGTGGTGGCCTTCGGTCTGCGCGAGGGCGAGACTGTCAAGGACC 
TGCTGGGGAATACGCATCAGGTCGGCCCGGAGGACCTGCTGATTCTAGACGCGGGAATGAGCGACGAACC 
GGTGATGACGGTAGCCGAGGCTTTTGCCAGCGCCGGGCAGCCCAAGGAAGGCTCGCACGTGCTGGGCATC 
GCGGGCATCATGGGGGGCGACCACGGCCACGTGCGTGCCGACACCCGCGACGTGGTGATCGAGTCGGCGC 
ACTTCGACCCCGTGTTGCTGCGCCGGACCTCCACCCGGCTGGGCCTCAAGACCGACGCCGTGTACCGCTA 
CGAGCGCGGCGTGGACCCGCTGCTGGCGCCCAAAGCTGCCGTGCGGGTGGCCGAGCTGCTGCGCGCGGCG 
GGCGGCACCCCCGAAGCCGGGCAGACGGTGGTGGGCACCCCCGAAGTGCCGCAGACCATCACCACGACCG 
GCGAGCAGATTCGCGCCCTGCTGGGGATGCACATCGGCACGGCGGAAATGCGCGAGAGCCTCACTCGCCT 
GGGCTGCACAGTGACGGGCGACGGCGACAGCCTGACCGTCACCCCGCCTTCGTGGCGGGTGGACATGGTC 
ATCTGGCAGGACCTCGCCGAGGAAGTCGCCCGACTGCACGGCTTTACCGAGTTGCCCGAAACGCTGCCCA 
CCCTGCGCGTGCACGAGAGCAACATCGGCGCCTCGGCCCAGAGCGAAGCCCGCGCGGAACTGCGGCGCAC 
CCTCGCCGGGCTGGGCTTTCAGGAGGTCGTGACTTACACCTTCACCAGCGACGAGGAAGCGCAGAAGGCG 
CGGGCCGAGGCGCCCGGCGTGCGCCTGCGTAACCCCATGACCACCGACCGCACTGGGATGCGCACGGCGC 
TGTACCCCTCGCTGCTGCGGGCGGCGGGCGCACACCCGAAAGGCGAGCGGGCGCTACTGTTTGAAATCGG 
GCGGATTTTCCCGGCGGCGGGCGAGCAGGAACGCCTGGGCCTGCTGATGCGCGGCGACCTCGCGGCCCGC 
ACCTATCAGGACGGCGTGCGCGGCGATTTCAGCGTGTTCAAGGGACTGGTGCAGGGCTTTGCCGGAGCGG 
TCGGCGCCAGCTTTGCGCTGGAGCAACTGCGCGGCGACGACGTGCCCGCCGCCCTGCACCCCGGCGTCGC 
GGGCGCGGTGGTCTGGAACGGCGAGCGGGTGGGCTGGTTGGGCGCGCTGCATCCCGAAATTGCCCAGGAA 
TTTGGCTTGAAAGGCGACACTTTCCTGATGGAAGCCGCGCTGCCGCTGCCGGGCCGCGACTGGGCCTTCC 
GCGACCCCAGCCGTGCCCCCGCCGCGTGGCGTGACCTCGCGGTGATTGCGCCGCAGGGCGTGAGCTACGG 
CGACATCGTCGGGGTGCTGAAAGGCGCGGGCGGCGAACTGCTGGAGAGCGTGGAGCCCTTCGACGTGTTC 
ACCGGCGAACAGGTGGGCGCGGGCAACCGCTCGGTGGCGGTGCGCCTGACCTACCGGGGCGCCAAAACCC 
TGACCGACGAGGAAGTGGACCCGGTGTTCAACGCGCAGATTGACGCGGTGAAGGCGCGGGGCTGGGCGAT 
TCGGGAGAAGTAA   
 
32  2459 1.3 observed, 2.15 ± 0.5* expected 



Deinococcus radiodurans R1 chromosome 1, complete sequence GenBank: CP015081.1: c373751-372732 phenylalanin--tRNA ligase 
subunit alpha 

ATGCAAGACACCGCGATTCAGGAAATTCAGGGGGCCGAGACGCTTGAGGCGCTGCAGGCCGTCAAGACGA 
AGTACGTCGGCAAGTCCGGCCTGGTGACGAAAGAACTTGGGAGCCTCGGCAAGCTGCCGCCCGAGGAACG 
CAAGGCGTGCGGCGCCGAAATCAACGTGGTGCGCGCCGCGATTCAGGCCGCGCTGGACGAGAAAGAGTCA 
GCCCTCAAGCGCGCGGCACTCGACGCTAAACTTGCCAGCGAAGCCATCGACGTGACGCTGCCGGGCCTGC 
CCCTGCCGGCGGGCGGGCTGCATCCCATTTCCCGCGTGCTCGACGACCTGATCGGCATCTACCGCCAGAT 
GGGCTACGCGGTGATCGAGGGGCCGGAAGTCGAGGAAGAGCACTACAACTTCGAGGCGCTCAACGTGCCG 
TGGTATCACCCCGCGCGCGACCTGCAAGACACCTTCTGGCTGGAAGACGGACGCCTGCTGCGCACCCACA 
CCTCGCCCATGCAGATTCGCTACATGGTGGACCACGAGCCGCCCTTCAAGATCGTGGTGCGCGGCAAGGT 
CTACCGCTACGAAGCCACCGACGCCACCCACGAGGCGATGTTTCACCAACTGGAAGGGCTGGTGGTGGGC 
GACGGCATCAGCATGAGCGACCTCAAGGGGACCATTGCCGAAATGGCGCGCGGGCTGTACGGCGCGAGCG 
CCAAGGCGCGCTTTCAGCCCAGCTATTACCCCTTCGTGGAACCCGGCGCCGACTTCGCCGTGTACTGGGA 
AAACCCGCGCGGCGAGAGCAAGTGGCTGGAACTGGGCGGCTGCGGCATGGTGCATCCCAACGTGTTCAAG 
GCGGTGGACGACCTGCGCGAGGCGGCGGGCAAGGACCGCGTGTACGAGGGCAAAACCGGCTTCGCGTTCG 
GGCTGGGGCTGGAGCGCATCGCCATGCTGAAGTACGGGATTCCCGACATCCGCTACTTCTACGCCAACGA 
CCCGCGCGTCATCGGGCAGTTCCGGGGGGAACTGGGATGA   
 
32 1016  3.2 observed, 2.15 ± 0.75* expected 
 
Deinococcus radiodurans R1 chromosome 1, complete sequence GenBank: CP015081.1: c427261-424589 alanine—tRNA ligase  
 
ATGACTGCGCCGCTCACCACCGCCGAGATTCGCGAGAGGTACCTGTATTTCTTCGAAACCAAGGGGCATC 
TGCGCCTGCCCTCGCACTCCACCATTGCCCCCGACCCCACCACGCTCTTTACGGTCGCTGGGATGCAGCC 
CTTCAAGGAAAACTTCATGGGCGCGCCCGCCGTGTTCGATGGCCAACCCAGCAAGCGCGTCACCACCGCG 
CAAAAGTGCGTGCGCGTGGGCGACATCGAGAACGTGGGCCGCACCCGCCGCCACCTCTCGCTGTTCGAGA 
TGATGGGCAACTTCTCCTTCGGGGACTACTTCAAGCGCGACGCGATTCACTGGGCCTGGGAGTTCCTGAC 
CGGCCCGGAGTGGATGGGCATGGACAAGGACAAGATGTACGTCACCGTCTACAAGGACGACGACGAGGCG 
TTCGGCTACTGGACGCAGGACATCGGTTTGCCCGCCGAGCACATTCACCGCTTCGACGCCGACGAGAACT 
TCTGGCCCGCCAACGCGCCGCTCGAAGGCCCCAACGGGCCGTGTGGCCCCTGCTCGGAGATTTACTACGA 
CCGTGGCGAGAACTACGGCGACGACACCTGGGGCGACTACTACCAGACCCGCGAGAGCGCCCGCTTTCTG 
GAGGTCTGGAACCTGGTGTTCCCGCAGTACGACCGCCAGGACTTGGACGCCAGCGGTCAGCCCGTGCTCA 
AGGACTTGCCTTTCAAGAACATCGACACCGGGATGGGCCTGGAGCGCGTCGCCAGCGTGGTGCAGGACGT 
GCCCGACTTCTATTCCAACGACGTGTTTAAGCCCATCGTCGAGCGGGTGGCCGAGCTGAGCGGCAAGCCT 
TACGAGGGCGAAACGAGCGTCTCGCACCGCGTGGTCGCCGAACACATCCGCTCGGTGAGCATGATCGTGG 
CCGACGGCACCGCCTTTTCCAACACGGGCCGGGGCTATACCGCCCGCAAAATCATGCGCCGCGCCATTCG 
TCACGGGTACATGCTGGGCCTGCGCGAGCCGCAGCTCTACCGGTTGGTCGAACTGGTGGTGGACAGCATG 
GGCGGCGCTTACCCCGAGTTGCAGCACAACCAGAGCCGGGTCGAAGCGAGCGTGAGGGCGGAAGAAGAGC 
AGTTCCTCAAGACGCTCGAAGGCGGCATCAAGCGCCTGGGCGGGCTGCTGAGCGGCATGGAAAAGGGCAG 
CACGCTGGTGGGCAAAGACGCCTTCGAGCTGTACGACACCTACGGCTTCCCGGTGGACCTGACCAAGGAA 
ATCGCCGAGGAATACGGCGTGAGCGTGGACGAGGCCGGCTACGCCGAGAGCCTGGAACACGCGCAGGAAA 
TCGCCCGCGCGGGCAGCAAGTACGGCAAGTCCGAACTGTTCGGCGGCCATCAGGAAGCGCTCGACGGCCT 
GCCCGCCACGCAGTTTGTCGGCTACGACCAGACCTCCGGGGACGGTCAGGTGCTGGCGCTGCTGAGCGGC 
GGCGAACGCCTGAGCCACCTGCCGGCGGGCAGCGAGGCCACCGTCGTTCTCTCGCAGACGCCCTTTTACG 
GCGAAGGCGGCGGCGAGGTGGGCGACACCGGGCGGCTGGAGTGGGACGGCGGGGCCGGTATCGTGCGCGA 
CACCCAGAAGACTAAGCAGGGCGTGTTCCTGCACGACGTGCTGGTGGAGCAGGGTGAGCTGAAAGAAGGC 
ACCCGCGTGCGCGGCGTAGTCAGCCCCGAGCGGGCGGCCATTCAGCGCCACCACACCGCCACCCACCTGC 
TGCATGCGGCACTCCGGGCGGTGCTGGGGGGCGGCGTGCAGCAAAAAGGCTCGCGGGTGGCTGCTGACCA 
ACTCCGCTTCGACTTCTCGCACGGGGCCGCCATGAGCGCCGAGGAAATCGCCCAGGTCGAAACGCTGGTC 
AGCCGCTGGGTGAGTGCCAACTTCCCGGTGTCGTGGCGCGAAATGCCGATTGCCGAGGCGAAAGCTGCCG 
GTGCCACCGCGCTGTTCGGTGAGAAGTACGGCGACGTGGTGCGCGTGGTGCGGGTGGAAGGCGACGTGGA 
CTTTGGCGGCCACGCGGTCTCCAGCATGGAGCTGTGCGGCGGGGCGCACGTCTCGCGTACCGGCGACATC 
GGCGCCTTCGTGATTGTCTCCGACGAGAACGTGGCGGCGGGCGTGCGGCGTATCGAAGCGCTGGCGGGCG 
AGCAGGCTACGGCGTGGCTGCGCGGGCGCCTGAACGCCTCGGCCAAGGCGGCGGCGCTGCTCAATACCTC 
GCCCGAGGGCCTGGAAGAGCGTGTCAGCGGCCTGCAGGGGCAACTCAAGGCCGCCGAGAAGGAAACGGCC 
CAGGCGCGCCGCCAACTCGCCGAAGCGCAGATGGGCGGGGGTGGCAGCGCGGCCCAGACCCGCGAATTGG 
GCGGCTTCAAGGTCGCCAGCCTGAAGCTCTCGGGCATCGAGGGCAACGAACTGCGCGGCGCCGCCGACAA 
ACTGCTCGACCAGAGCGGCGCGGACCTCGTGGTGATCGCCTCCGACAAGGGCCTGGTCGTCAAGGCGACC 
AAGGACGCCGTGGCGAAGGGCGCGCACGCCGGACAACTGGTGAGCAAGCTCGCGGCGGCGGGCGGCGGCA 
AGGGCGGCGGACGCCCTGACATGGCGCAGGCGGGGATTACGGACGCGGCGGGCGCGTTGGGAGCGCTGGA 
CACGGCGTTTTGA 
 
46  2669  1.7 observed, 2.15 ± 0.45* expected 



Deinococcus radiodurans R1 chromosome 1, complete sequence GenBank: CP015081.1: c554453-551982 leucine—tRNA ligase 
 
ATGACCCAGGAAGCCACTAAACCCAACATTCAGGAACCCCGCGCTGAGCGTTATAACCCGCACGCCATCG 
AACAGAAGTGGCAGGGGCAGTGGCAGGAAAGCGGCCTGTACAAATTCGACGAGAACGCCCCCGGCGAGAA 
GTTCTACGCCCTGACGATGTTCCCGTACCCCTCGGGCAACCTGCACATCGGCCACTGGTACGCCAACGTG 
GCCCCCGACGCCCGCGCGCGCTGGCTGCGGATGCGCGGGTATAACGTGCTGTTTCCGATGGCTTTCGACG 
CCTTCGGGCTGCCCGCCGAGAACGCCGCCATCAAGAACAACACCAACCCGGCGACCTGGACCTACGCCAA 
CATCGAGCGCATGACCGGGCAGTTCTCGCGCATGGGCACGATGATCGACTGGTCGCGCAAGTTCGCCACC 
TGCGACCCCGAGTACTACCGCTGGAACCAGTGGTTTTTCATCGAGTTCTGGAAGCGCGGGCTGGCCTACA 
AGAAGGGCGGGCTGGTCAACTGGTGCCCCAAGGACCAGACGGTGCTGGCGAACGAGCAGGTCGTGAACGG 
CCACTGCGAGCGCTGCGGCACGGCGGTCGAGCGGCGCAACCTGAGCCAGTGGTACCTGAAAATCACCGAC 
TACGCCGAGGAACTGCTGGACTTTAGCGCCACCGACATGCCCGAAAAGGTCCGCGCCATGCAGACCAACT 
GGATTGGCAAGTCGGTGGGCGCCGAGGTCACCTTCGACACGCCCGCCGGCCCCGAGACGGTCTTTACCAC 
CCGCCCCGACACGCTGATGGGCGCGACGTTCATGGTGCTGGCGCCCGAGCATGCCAAGGTGAAGGAATTG 
ACCACCGACGAGCAGCGCGCCGAGGTGGAAGCTTACGTCGCTGCCGCCGGGCGCAAGACCGACGTGGAGC 
GCCAGCAGGAAGGCGAAAAGACCGGCGTGTTCACCGGCAGTTATGCCACCCACCCCATCAGCGGGCACCA 
GTTGCCCATCTGGGTGGCCGACTACGTGCTGGTCACCTACGGCACCGGCTCCATCATGGCCGTGCCCGCG 
CACGACGAGCGCGACTTTGCCTTTGCCAAGAAGTTTGACCTGCCTATCAGGGAAGTCATCCGCGCCGAGG 
GGTCCGAGGGCATGGGCGACCAGCCGAGCGAGCCGTACTCGGGCGAGGGCCAGATCGTCAATTCCGGCGA 
GTTCGACGGCATGCCCGGCGGCAAGGCGAGCATCGCGGCCATCATTGCCCGGCTGGAGGAACGCGGCGTG 
GCGAAGGCCAAAACGACCTACCGCCTGCGCGACTGGCTGTTTGCCCGCCAGCGCTACTGGGGCACGCCGA 
TTCCCTTCGTCCACTGCGAGAAGTGCGGGATGCAGCCCGTTCCCGAGGACCAGTTGCCGGTGAAGTTGCC 
CGAGAACGTGGCCTTCACCCCGACCGGCCAGAGCCCGCTGAAGCTGGATGAAGAGTGGAAGACGACCACC 
TGCCCCTGCTGCGGCGGCCCCGCCGAGCGCGAAACCGACACCATGGACACCTTCGTGGACTCGAGCTGGT 
ACATGTACCGCTACCTGTCGCCCAACTACGACGGCGGCCCCTTCGACCCCAGTAAGGCGGGCCTGCTGCC 
GGTGGACCTGTACACGGGCGGCATCGAGCACGCCATTTTGCACCTGCTGTACTCGCGCTTCTGGACCAAA 
GTGATGCGCGACATGGGCCTGACGACGCAAAGCGAACCGTTTGCCCGGCTGCGCAACCAGGGCATGGTGC 
TGGGCGAGGACGGCGAGAAGATGTCCAAGTCGCGCGGCAACGTGGTCGACCCCGACGACCTGGTGCGCGA 
GTACGGCGCCGACACGGTGCGGGCGTTCCTGATGTTCATCGCCCCCTGGGAACTGGGCGGCCCCTGGGAT 
CCGCAGGGCATCAACGGCCCGAGTAAGTGGCTCTCGCGCGTCTGGAACGTGTTCTTCGAGGAGAAGGTCA 
GCGGCCCCGAGGAAAAGATGCAAGGCGCCGACGTGCGCTTCGCCGTTCACTCCGCGCTGAAGAAGGTAAA 
CGACGACTTCGAGCGCATGAGCTTCAACACCATCATTTCGACCCTGATGGAGCTGACGAACGCGCTGGTC 
AAGGCCAAGCGCTCGCCGGTCTTCGGCACGCCCGTCTGGGAGGAAGCGCTGGACATCTTCAACCGCATGC 
TGGCCCCCGTCGTGCCCCACATCGCCGAGGAAATCTGGCATGAGCGTGGGCAAAAGGGCAGCGTGCACAC 
CGCGCAGTGGCCGCAGGTGGACGAGGCGGCGGCGGTGCGCGACACCGTGACCATCGGCGTGCAGGTGTCG 
GGCAAGGTGCGCGGCGAGGTCAGCATCTCCAAGACCGCCAGCCAGGAAGAAGCCCTGAGCGCGGCGCGGG 
CCATCGCCGAGGTGCAAAAGCATCTGGAAGGCAAGACCGTCGTCAAGGAGATCTACGTGCCGGGGCGGAT 
TATCAACATCGTGGCGAAGTAA   
 
47  2469  1.9 observed, 2.15 ± 0.5* expected 
 
Deinococcus radiodurans R1 chromosome 1, complete sequence GenBank: CP015081.1: 628397-630346 threonine--tRNA ligase  
 
ATGCACGTCACCCTTCCCGACGGTAAACAACTCGACCTTCAACCCGGCGCCACGGCGCTCGACGCCGCCA 
AAGCCATCGGCCCGCGCCTGGCGCAAGACGCCCTGGGCGCCACCGCCAATGGCGAACTTACCGACCTGAT 
GACGCCGCTGAGTGATGGCGCCAGCATCACCCTGATCACCAAGAAGAATCCCGGCGACGCCGCGCCGCTG 
TTCCGGCACTCGCTGGGCCACGTCATGAGTCAGGCGGTGGGCGAATATTACAAGGCCAAAGGCTACGGCC 
CCGACGCCATCAAGCGCGGGGTGGGGCCGTACATCGAAAACGGCTGGTATCAGGATTTCGACCTGCCCGA 
GCCGCTGAAAGAAGAGGACCTGCCCGAGATCGAAAAGATCATGCGCGACATCATCGGGCGCGGCCTGGAC 
ATCACCCGGCGCGAAATCAGCAAAGACGAGGCGCTGGCGCAGTTTCCCCACGACCCCTACAAGGCTGAGC 
TGATCGAGGGTTTGCCGGACGACGAACCCATCACCTTCTACAGCCAGGGCGACTACACCGACCTGTGCCG 
GGGGCCGCACTTCCCTAGCACTGGCAAGCTGCCGCAGAGCTTCAAGCTGATGAGCACCAGCGGCGCGTAC 
TGGCGCGGCAACGAGAAAAACCCCATCCTCCAGCGCATCTACGGCGTGGCGTTCGCCACCCAGAAGGAAC 
TGGACGAGTACCTGTTTCAGCTCGAAGAAGCCAAGCGGCGCGACCACCGCAAGCTGGGCAAGGAACTTGA 
ACTGTTCACCATCGACCCGCTGGTGGGCAAGGGCCTGCCGCTGTGGCTGCCCAACGGCACGGTGCTGCGC 
GAAGAGCTGACCAACTTCATGAAAGAGCAGCAGTTCCAGCGCGGTTACCAGGGCGTGGTGACGCCCAACA 
TCGGGAACCTCGACCTGTACCGCACCTCCGGGCACTACCCGTACTACTCCGAGTCTCAGTTCAACCCGAT 
TCAGGTGGACGAGGAAGAGTACATGCTCAAGCCCATGAACTGCCCGCATCACGTGCGAATTTACGCCAGC 
AAGCCGCGCAGCTACCGCGACCTGCCGGTGCGGCTGGCCGAGTTCGGCACGGTGTACCGCTACGAGCAGT 
CGGGCGAACTCAACGGCCTGACCCGCGTGCGCGGCTTCACGCAGGACGACGCCCACATCTTCTGCCGCCC 
GGACCAGCTCAAGCGCGAGTTTCTGGACGTGCTCGACCTGACGGTGCTGGTGCTCAAGACCTTCGGCATG 
ACCGACGTGCGTTTCCGCGTGGGCGTGCGCGACCCCGAGTCCGACAAGTACGTGGGCGACGAGCAGAACT 
GGGCGCTGGCTGAGCGCCAGATTATCGAGGCGGTGGAGGAAGTCGGCCTGCCCTACACCATCGAACCCGG 
CGACGCAGCCTTCTATGGCCCCAAGCTCGACTTCGTGGTCAAGGACGTGCTGGGGCGCGAGTGGCAGCTC 



GGGACCATTCAGGTGGACTACAACCTGCCCGAGCGCTTCGACATCTCCTACACCGGCGAGGACGGGCAGG 
AGCACCGCCCGATCATGATTCACCGCGCGCCCTTCGGGTCCATCGAGCGCTTCACCGGCATCCTGATCGA 
GCACTACGCGGGCGACTTTCCGCTGTGGCTGGCGCCCCGGCAGGTCATGATCATCCCTATTGCCGACCGC 
CACAACGCCTACGCTGAGGAGCTGCGTGAGGAACTGCACCGCGCCGGGTTGCGCGCCGAGGTGGACGATT 
CCTCCAACCGCATGCAGGCCAAGGTCCGCGACGCCGAGCTGCACAAGATTCCGGTGATGCTGATCGTGGG 
CGACAAGGAGCAGGAGGCCCGCGAGGTCAGCGTGCGCGAGCGCACCGGCGAAGGCACCAAGGAGCGCAAG 
GGCGTGAAGTTTGACGAGCTGAAGGCGGAATTGCTGGAGCGGCGGAAGAACCGGTCTTAA 
 
40 1946  2.1	observed, 2.15 ± 0.5* expected 
 
Deinococcus radiodurans R1 chromosome 1, complete sequence GenBank: CP015081.1: 1028561-1030057 cysteine—tRNA ligase 
 
ATGACCCAGCCCACCATCACCCAGGACACCGCCCGCCAGCCCAACCCCAACATCACCCTCTACGACACCA 
TGCAGCGCCAGAAGGTGCCTTTCGTGCCCGGCACGCCCGGCTACGTGGGCATGTACCTGTGCGGCCCGAC 
CGTCTACTCCGACGCGCACCTGGGTCACGCCAAGAAGGAAGTCGCCTTCGACGTGATTCGCCGCGCCCTG 
ACACATTTCGGGTATCAGGTGCGCTACGTCTCCAACATCACCGACGTAGGCCACCTGCTGAACGACGCCG 
ACGAGGGCGAGGACAAGTTGCAGGCGCGCGCCCGGCTGGAGCAACTGGAGCCAATGGAAGTTGCCGACAA 
GTACTTCTGGTCGTTTTTCCGCGATATGGACGCCCTGAATGTCCTGCGCCCCAGCATCAACCCGCGCGCC 
ACCGGGCACATTCAGGAGCAGATCAAGCTGATCGAGGAACTCATCGAGAAGGGCCACGCCTACGAGTCGG 
CGGGCAGCGTCTACTTCGACGTTCGGAGTTGGCCCGAGTACGGCAAGCTCTCGGGCCGCAAACTCGACGA 
CCAGGAGGAAGGCACCCGCGAGGCCGTGCGCGACGAGAAACGCGACCCCCGCGACTTCGCGCTGTGGAAG 
AAGGCCGAGCCCGAGCACCTGATGCGCTGGGACTCGCCCTGGAGCGTGGGGTTTCCCGGCTGGCACATCG 
AATGCTCGGCCATGAGCCTGAAGTACCTCGGCGAGGGCTTCGACATTCACGGCGGTGGCCTCGACCTGCA 
ATTTCCCCACCATGAGGCCGAAATTGCCCAGGCGGAGGCGGCGGGGCACCACTTCGCGCGCTACTGGATG 
CATAACAACATGCTGACCATCGGCGGCGAGAAGATGTCCAAGAGCAAGGGCAACTTCACGACCATTCAGG 
ACATCCTGAAAAAATACGACCCGATGGTGGTGCGCTTCCTGCTGGTGAGCAGCCACTACCGCAGCGTGAC 
CGAGATGAACGAGGAAGCCTTTGCGAGCGCGGCGAACGGCTACCGCCGCCTCAGCGAAACGCTGCACGAA 
ATCGAGCGCCGCTTGAAGGACGCGCCTGCTGGCTCGGACACTGCGCTGGACAGCAAAATCGCCGCCCGCG 
TGACCGAGTTCGAGGACGCCATGCGCGACGACTTCAATACGCCCAAAGCGGTGGCCTCACTGTTCGGGCT 
GACCGGCGAGCTGAACACCGCGCTCAATGCCGGGCCAGTGGGACGCGATACCCTGGAGCGCGCGCGCGAC 
GCCTACCGCAGCCTCGGCGGCGACGTGCTGGGCCTCTTTGCCGAGACAGGCAGCGCGGCTTCGGTCGCCC 
AGGACGACGCCTCAGTGATTGACGCCCTGATGGACCTGGTCCTCAAAGCCCGCCAGAACTACCGCCTGCA 
AAAGCAGTACGCCGAGGCCGACGAGCTGCGCGAAACGCTGGGCAAGGCGGGCATCACGGTGGAAGACACC 
AAAGACGGCGCGCGCTGGAAACGCTGA  
 
26 1493 1.7 observed, 2.15 ± 0.6* expected 
 
Deinococcus radiodurans R1 chromosome 1, complete sequence GenBank: CP015081.1: c1288720-1286675 methionine—tRNA ligase 
 
GTGCAAAATCCCCCCCAGCACCCTGAGGCCCAGTCCCCCGAGACCCGGGACCGTGAGTTTTTCATCACCG 
CCGCCATCGACTATGCCAACGGCACCCCGCACATCGGGCACGTCTACGAAAAGATTCTGGCCGACGCGAT 
TGCCCGTTACCAGCGCCTCGCCGGGCGCGACGTGACGTTTGTGATGGGCACCGACGAGCACGGCGAAAAA 
ATCAGCAAGGCGGCGGCCAAAGGGGGCGTGACCCCGCAGGAGCTGGTGGACGACCTCTCGGAGCGGGCCT 
TTCAGGGCCTGTGGAAAAAGCTCGGCATCAGCTACGACTTTTTTATCCGCACCACCTCGGCCAAGCACAA 
GAAATATGTGCAGGACGTGCTTCAGCGGGTCTACGATGCGGGCGACATCTACTTTGCCGAGTATGAGGGC 
CTCTACTCGGTGGGCGCCGAGCGCTACGTGACCGAGAAGGAACTGGTGGAAGGCCCCGACGGCGTGCGGC 
GCTTCCCCGGCGACAAGGACCCGCCCGAGCTGCGGCGCGAGGCCAACTACTTCTTCAACATGCAGAAGTA 
CCAGCCCTGGCTGCTGGAGACCTTGCAGCAAAACCCCGACCTGATTCAGCCCGCCGGCTACCGCAACGAG 
GTGCTGGAGATGCTGAAAGAGGACATCGGCCCACTGAGCATCAGCCGCCCCAAGGCGCGGGTGCCGTGGG 
GCATCGAGCTGCCCTGGGACACCGACCACGTGACCTACGTGTGGTTCGATGCGCTGCTGAGCTACCTGAC 
GCCGCTGGTGAGCCAGGGGCAGGACGCCAGCATGAGCGGCAAGGCGTGGCACGTCATCGGCAAGGACATC 
CTCAAGCCGCACGCGGTGTTCTGGCCGACCATGCTGCGCGCCGCCGGGCTGCCGCTCTACCGCCGCTTGG 
TGGTGCACAGCCACATCCTCGCCGAGGACGGGCGCAAGATGGGCAAGAGCCTGGGCAACGCGATTGACCC 
CGAAGAACTGGTTGCCGCGTGGCCGGTGGACGCCATTCGGTATGCGCTGCTGCGCGAGGCGTCGCTGGGG 
GCCGACAGTCCCTTCGGTGAGGGCGTACTGGTTAGCCGCCTGAACTCGGACCTCGCCAACGACCTCGGCA 
ACCTGCTTTCGCGCACCGTGAGCATGATTCAGAAGTACAGAGGCGGCGTGATTCCGGCAGCGACCGAGCC 
GACCGACCGCGAACGCGAGATTGAGGCGGCGGCGCGCGCCCTCCCAGACGAAGTGCTGCGGCTGGTGGAC 
GAACTGAAAATCAATATGGCGATCGACGCCGCGATGAGCTTCGTGCGCGACCTCAACCGCTACATCGCCG 
AGTCCACGCCCTGGACCCTCGCCAAGTCGCCGGAGACGCAGGGCCGCCTCGACACCGTGCTCTACACCGC 
CGCCGAGGGGCTGCGCGTAGCGAGTGTGGCGCTCGAAGCCGTGATTCCGACCAAGGCGAAGGAACTGCGC 
GAGCAGCTCGGCCTGGGCCGCCAAGGCTACCCCCTGCAAGCCGCTTGGGGCCTGACCCCCGCCGGCACCC 
GCGTGCAGGGCGGCGCCATCCTGTTTCCCAAGCCCGAGCCGAAGGCGGACGAAACGAAAAACGCCGAGGC 
CAAGCCCCCCAAGCCCCAAGCCAAGAAAGAGAAAAAGACCGTGACCGACACTGCTCCCGCCAAGACCACC 
GAACAGAAGCCCGAAGCTGCCGCCCCTGCCCAGAACGACGGCCTGATTTCGATCGACGACTTCGCCAAGA 



TCGACCTGCGAATCGCCGAAGTCGTGGCCTGTGAAGCGGTGGAAAAGGCCGACAAGCTGCTCAAGCTGAC 
CGTCAAGCTCGGCGACGAGACGCGCACGGTGGTCAGCGGCATCCGCAAGTGGTACGAACCCGAAGCGCTG 
GTGGGCCGCAAGGTCGTGCTGGTCGCCAATCTCAAGCCCGCCAAGCTGCGCGGCATCGAGTCGCAGGGCA 
TGATTCTGGCAGCGGAGGACGACGCCGGGAACCTCGACCTGGTGGGAACCGAGCTGGACCTGCCGAGCGG 
GACCAAAGTTCGTTGA   
 
36 2042  1.8 observed, 2.15 ± 0.5* expected 
 
Deinococcus radiodurans R1 chromosome 1, complete sequence GenBank: CP015081.1: 1365358-1366641 histidine—tRNA ligase 
 
ATGGCGATTCAGCGTCCCAAAGGCACCAACGACCTCCTGCCGAGCGGCAGTCCCAAGACCGAAGCGTTTC 
AACGGGCCGCGGCCCACGAGTGGCTGATCGCGCAGGCCCGTGAAGTGCTCGAACGCGCCGGGGCGCAGCG 
CATCGACACGCCGATGTTCGAGGAAGCCGAACTCGTCAAGCGCGGGGTGGGCGGCTCGACCGACATCGTG 
CGCAAGGAGATGTTTACCGTCTACTACTTCGGCGACCACGGCGGCTACGTGCTGCGTCCCGAGGGCACGG 
CGAGCATCGTGCGGGCGTATCTGGAGAACGGGCTCAAGCAACTGCCCGCGCCGCTCAAGCTCTGGACCTC 
GGGGCCGATGTTCCGCGCCGAGCGGCACCAGAAGGGCCGCTACCGCCAGTTCACGCAGGTGGATTACGAG 
GTGCTGGGCTCCGCCGACGCGCTCGTCGACGCCGAGGCGATTGCGCTGATGGTGGCGGTGGTGCAAAAGC 
TGGGGCTGCGGGGCGTGCGCGTCAAGCTCGGGTCCATCGGCGACCCGGAGGACCGCGAGCGCTACAACGC 
GTACCTGCGTGATTTGTTCTCGCCGCACTTGGGGCGCCTCTCCGACGATTCCAAAGACCGCCTGGAGCGC 
AACCCGATGCGGATTCTGGATTCCAAGAGCGCGAGTGACCAGGAACTGCTGGCCGAGCTCAGCGTGCGGC 
CCATGCTCGACTTCCTCGGCGAAGGCGCCGCCGCCGACTTCCGGCAGGTGCAGGCCTACCTGAGCGACTG 
GGGCGTGCCGTTCGACCTCGACCCGAGCATCGTGCGCGGGCTGGACTATTACCGCCGCACCGCCTGGGAA 
CTCCACTACGAGGGCATCGGCGCCAAGTCGGCCCTGGGCGGCGGCGGGCGCTACGACGGCCTGAGTGAAC 
AACTCGGCGGCGGCAGCGTGCCGGGCATCGGCTGGGCGTTCGGCGTCGAGCGGCTGTTGCTGGCGCTCGA 
GCAGGAAGGCATCGAGATTCCGGGCAGCGGCGGGCCGCAGCTCTACGTCGCGGCGCTGGACGAAGAAAAC 
GTGCCGCTGGCGGCGCGGGTGGCGCTCGCGGCCCGCGCGTCTTGCCGCGCCGAGTTCGCCTACCGCGCCA 
TGAAACCGGGCAGCGCCTTCAAGGACGCCGAGCGCCGGGGCGCCGTGTGGGTGGGCCTCATCGGGTCGGA 
GGAAGCCGCCGCCGGGACCCTGAGCCTGAAAAACCTGCACACCGGCGAGCAAAAGACCGTGCCGGTCGGG 
GAGCTGGGACAGGCCCTTGCTTGA 
 
18  1280  1.4 observed, 2.15 ± 0.65* expected 
 
Deinococcus radiodurans R1 chromosome 1, complete sequence GenBank: CP015081.1: 1367030-1368760 aspartate—tRNA ligase 
 
ATGAAACGCACGTCCCTGATCGGCCAGCTCGGCCAAGCGCAGCAACAACAAACCGTCACCCTGCAAGGCT 
GGGTCAGCCGCCGCCGCGACCTGGGCGGCCTGATTTTTCTAGAGCTGCGCGACCGCTCCGGCACCGTGCA 
GGTGCAGGTCGAGCCCGATTCTCCCGCTTTTGCCGAGGCCGACCGCCTGCGCGCCGAGTACGTGGCCGAA 
ATCGAGGGCACCTTTCAACCCCGCCCCGAGTCGCAGCGCAAGGGGGGCCTGGCCGACTTCGAGGTCATTG 
CCAGCCGGGTCAAGGTGTTGAACGCCGCCAAGACGCCGCCTTTTGAACTCGACAAGGGCGAGAGCGTGGC 
TGAGGATATTCGACTGAAGTACCGCTACCTCGACCTGCGCCGCCCGGAGATGCAGCGCGCCCTGATGCTG 
CGCTCCAAGGCCGTGACCGCCGTCACCGAATTTCTCGACGCCGAGGGCTTTATTCAGGTCGAAACGCCGA 
TGCTCACCAAGTCCACGCCCGAGGGCGCGCGTGACTTTCTGGTGCCCTCGCGCCTGAATCCCGGTGAATT 
CTACGCGCTGCCGCAGAGCCCGCAGCTGTTCAAGCAACTGCTGATGATCGCGGGCTTCGACCGCTACTAC 
CAGCTCGCCCGCTGCTTCCGCGACGAGGACCTGCGCGCCGACCGCCAGCCCGACTTCACGCAGCTCGATA 
TGGAGATGAGCTTTGTCGAGCAGGACGACGTGCTCGAAGTGCAGGAGCGGCTGCTCGCGCACGTGTTCAG 
GCGGGTGCTGGACGTGGAGTTGCCTCTCCCCTTTCCGCGCATGAGCTACTTCGACGCGATGGACCGCTAC 
GGCTCCGACAAGCCGGATTTGCGCTTCGACTCGGCCTTTACCGACGTGACCGGGCTGTTCCGGGGCGGGG 
AATTTGCGGCGTTTGCAAGTGCCCCGAGCGTCAAAGTCCTCGTCGCGCCCGAGCTGACGCGCAAGCAGAT 
CGACGAACTCGAGCGCGTCGCCAAGCAAAACGGCGCGGGCGGTCTGGCCTGGCTGCGGCGTGACGGTGAA 
GGGTTTACGGGCGGCATCTCCAAGTTCGTGGGCGGGATTGCCCCGCAGCTGATCGAGCAGACCGGCGTCG 
CGCAGGGCGGCACGCTGCTGTTCGCGGCGGGCGAGTGGAAAAAAGCGGTCACGGCGCTGGGAGCGGTGCG 
CCTCGCGCTGCGGGACCTGTTCGACCTGGCGGCGGGCGGGCCGCAGTTTCATGTGTCCTGGGTGGTGGAC 
TTTCCGCAGCTCGAATTCGACGAGGACTCGCAGAGCTGGACCTACATGCACCACCCCTTCACCGCGCCGC 
ACCCGGGCGACGTGGCGCTGTTCGGCACCGAGCGGCAGGGCGAGATGCGCGCGCAGGCCTACGACCTCGT 
GATGAACGGCTTTGAAATCGGCGGCGGCTCGGTGCGTATTCACGACCCCGAGGTGCAGGCGAAGATGTTC 
CAGGCCATCGGCTTTTCCGAGGAGGCTGCGCGCGAGAAGTTCGGCTTCTTTCTCGACGCGTTGGAATACG 
GCACGCCTCCGCACGGCGGCATCGCCTGGGGCTTTGACCGCCTGCTGATGCTGATGAGCGGCGCGGGCAG 
CATCCGCGAAGTCATCGCCTTCCCCAAAAACAACCGCGGCGCCGATCTGATGGCGCAGGCCCCCTCCCCC 
GTCGAGGATGCGCAGCTCGCCGAAGTGGGCGTGCAGGTTCGGGGCGAATAA   
 
25 1727 1.4 observed, 2.15 ± 0.6* expected 
 

 



Deinococcus radiodurans R1 chromosome 1, complete sequence GenBank: CP015081.1: 1378406-1381642 isoleucine—tRNA ligase 

ATGACCAAACGTACCTTCGCCCCTGTCCCCACGCAGCCTAACTTCCGCCAATTGGAAGCCGACATCCTCC 
AGAAATGGAAGGATGAGCAGGTCTTCGAGCAGACGCAGACCCGCCCCGCTCCGGCAGGCGAGTTCGTGTT 
CTATGAAGGGCCGCCCACCGCCAACGGCAAGCCCGCCCTCCACCACGTGCTCGCCCGCTCGTTCAAGGAC 
CTCTTTCCCCGCTTCAAGGTGATGCAGGGCCACCACGTCACCCGCAAGGGCGGCTGGGACACCCACGGCC 
TGCCGGTGGAAATCAGCGTGGAAAAAAAGCTCGGCTGGCTGGGCCGCAACCACGGGGCGAGCCGCGAGGA 
ACTCGAGGAATTCAACCGCCTGTGCCGCACGTCCGTCTGGGAAACCATTCAGGACTGGAACGAACTCACC 
GAGCGCATGGGCTACTGGCTCGACCTGGGCGACCCCTACATCACCTACCAGAACAGCTACGTGGAGTCGG 
TGTGGAACTTGCTGCGGCGCCTGCACGAAAAGGGTCTGGTCGCGCAAGATTACAAAGTGGTGCCGCTCTC 
GCCGCGCATCTCCTCTACCCTGTCGCGTGCCGAGCTCGGTGAAGTGGACTCTTACCGCATGGTGGACGAC 
CCGAGCGTGTATGTTCGCCTCCCCATCGTCTGGGACACGTTGCCCGAGCGGGCACACGCCGCACTCAGCA 
GTCTCAGTGGTGAGCAGCGCCAGGGCCTGAGCCTGCTGGTGTGGACGACGACCCCCTGGACGCTGCCGAG 
CAACACCCTGGCTGCCGTCAACCCGGATCTCGACTACGTGGTCGCCGACAGCCCGAGCGGGCGCGTCATC 
GTCGCCGAGGGCGCGGTGGAACGGCTCTCGGCGCTGCACAAGGACGCGGCTCCGCTGGAAGTCCTCGCGC 
GTTTCAAGGGTCGCGATCTGGAATGGGTGGAATACGAACCGCCCTTCCCCGAAGTAGCGTCTCAACTCGG 
CGTCGTGTCGGAGCTCCACGAGCGGCGTGACGGCAAGCCGGTCCTGCACTTCGTGGTGATGGCCGACTTC 
GTGAGCGATGTGGACGGCTCCGGGGTGGCGCATGAGGCGCCCGCTTACGGCGCGGAGGACTTGGAGGTCG 
CCCGCGCGTACGGCGTGCCGCTGATGTTCGGGGTGGACGACCACGGCATCCTGCAAGTCACGCACGAGCA 
AGGCAAGTTCTTCAAGGACGCCGACAAGGGCCTCATCGCCGACATGAAGGCGCGCGGCCTGATGTTCTGG 
GCCGGTACCTTGAAACACCGCTATCCCTTCCACGACCGCACCGGCGACCCCATCCTCTACTTCGCCAAGA 
AGGGCTGGTACATCCGCACGTCGCAGGTGGCGGGCGAGATGCTGGCGCAGAACGAAAAGATCAACTGGGT 
GCCGGGCAACATCAAGCACGGGCGCTTCGGCAACTGGCTGGAGGGCAACGTGGACTGGGCCATCTCCCGC 
GAACGCTACTGGGGCACGCCGCTGCCCTTCTGGCAGTCCGAGAGCGGCCAGCTGCGCGTGATCGGCAGCG 
TGGCGGAACTCTCCGAGCTGGCGGGGCGCGACCTGAGCGACCTCGACCTTCACCGGCCTTACATCGACGA 
CATCACCTTTACGCTCGACGGTGAGGAGTACCGCCGCGTGCCCGAGGTGCTCGACGTGTGGTTCGACTCG 
GGGTCGATGCCCTACGCGCAGTGGGGACTGCTGCTGAACGAACAGGGCGAAGCGGTGCGCGGCGCCGAGC 
AATTTGCCAAGCACTATCCCGCCGACTACATCTGCGAGGCGATCGACCAGACGCGCGGGTGGTTCTACTC 
GCTGCACGCCATCTCGACGATGCTCTACGACCAGCCGGCGTACAAGAACGTCATCTGCCTGGGGCACATC 
GTGGACGAGAAGGGCCTGAAGATGTCCAAGAGCAAGGGCAACGTGGTGGCGCCGCTGCCGCTCTTCGACC 
AGTACGGCGCGGACTCGGTGCGCTGGTACATGTTCATGGCGTCGGACCCCGGCGACCAGAAGCGCTTTTC 
CGAGCGTCTGGTCGCCGAGGCGCAGCGCAGCTACGTGAACACGCTGTGGAACGTCTATTCGTTCTTCGTG 
CTGTACGCGAACCTCGACCAACCTGACCTCGCCGCTGCTCCCGCCGTGGCCGAGCGGCCCGAGATGGACC 
GCTGGCTGCTTGCCCGCCTGGAAGAAACGGTGCGCGACGTGACGGCGGCGCTCGAAAGCTATGACGCCCG 
CAGTGGGGGCCGCGCCCTGGAAGGGTTCGTGGACGACCTGAGCAACTGGTACGTGCGCCGCAGTCGCAGC 
CGCTTCTGGGGTGAGGGCGGCACCGTGGACACCGCCGCCTACGCCACGCTGCACGAGGCGCTGCTGGTGG 
TGTCGCAACTGACCGCGCCGTTCACACCTTTCCTGGCCGACGCGCTCTACCGCAACCTGTCGGGCGAGGA 
GTCGTCGGTGCACCTGACGCCGTGGCCGACCGTCCGCGCCGAGCGGCTCGACCGCAAGCTGACCGCCGAC 
ATGGCCGCCGTGATGAAAGTCGTGGAACTGGGCCGCGCCGTGCGGGGGGCGCACAACCTCAAGACCCGGC 
AGCCGCTCGCCGGGGTGCAGGTACGCGCCGCCTCGCCCGAAGCGCTGGACGCGCTGAAGCGCTCGCAGAC 
GCAGATCATGGAAGAACTGAACGTCAAAGCCGTGACCTTCCTAGAAGGCGACACCGACCTCGTGCAGTAC 
AGCCTGCGCCCGAACCTGCCGGTGGTGGGCAAGCAGTACGGCAAGCAGCTTCCGGTGCTGAAAAAGGCCC 
TGACAGAGGCGGACGCCCGCGCCGTCGCCACGGCGGTGCAGGCCGGTCAGGGCTTCAGCGTGCAGGCCGA 
CGGCGTGACCTTCGACCTGACGCCGGGGAGCGTGCTGGTGGACGCCAAGGCGCCCGAAGGTGTGGCGGCT 
GCCGAGGACGCTGGGTATCTGGTGGCCTTCGATACCGCCCTGACCCCTGAACTGGTACGCGAGGGGCTGG 
CCCGTGATCTCGTTCGCGCCATTCAGGAGGCCCGCAAGGCGGCGGGCTTCGAGGTGCAGGACCGGATTGC 
CCTCGCGCTGGAACTGGATGGCGAGGCGCTGGAAGCGGCGCAGGCGTGGCAGGACTTCATTGCCGGTGAG 
GTGCTGGCGGAGCAGGTGGCCTACGGCTCCGGCGAAGGCTTCCGCGCCGAGGTGGAAGGCGGAGCGGTGA 
CGCTCAAGAAGCTTTGA 
 
65 3234  2 observed, 2.15 ± 0.4* expected 

Deinococcus radiodurans R1 chromosome 1, complete sequence GenBank: CP015081.1: c1620566-1619541 tryptophane—tRNA 
ligase 

ATGACCACCCCGACCCCTGCCGCTACACCTGCCCGCCCCCGCGTCCTGACCGGGGACCGGCCCACCGGGG 
CGCTGCACCTCGGGCACCTCGCCGGGTCGCTGCAAAACCGGGTGCGCTTGCAAGACGAGGCCGAGCTGTT 
CGTGCTGCTTGCCGACGTGCAGGCGCTCACCGACCACTTCGACCGGCCCGAGCAGGTGCGCGAGAACGTG 
CTGGCGGTGGCGCTCGATTACCTCGCCGCCGGGCTCGACCCGCAGAAGACGACCTGCGTGGTGCAGTCGG 
CGGTGCCCGAACTCGCCGAGCTGACGGTCTATTTCCTCAATCTGGTCACGGTGTCGCACCTGCGCCAGAA 
CCCCACCGTCAAGGCCGAAATCGCGCAAAAGGGCTACGGCGAGCGGGTTCCTGCCGGGTTTTTCGTGTAT 
CCGGTGTCGCAGGCCGCCGACATCGCCGCGTTCGGGGCCACGCTGGTGCCGGTGGGCGACGACCAGTTGC 
CGATGCTCGAACAGACCCGCGAAATCGTGCGGCGCTTCAATGCGCTGTATGCCCCGGTGCTCGCCGAGCC 



GCAGGCGCAGCTCAGCCGGGTGCCGCGTCTGCCGGGGCTCGACGGGCAGGCCAAGATGAGCAAGTCGCTC 
GGCAACGCGATTGCGCTCGGCGACTCTGCCGACGAGGTGGCGCGCAAGGTCATGGGCATGTACACCGACC 
CTGGCCACCTGCGGGCAAGTGATCCCGGACGGGTGGAGGGCAATCCGGTCTTCACCTTCCTCGACGCCTT 
CGACCCCGATCCGGCGCGGGTGCAGGCGTTGAAAGACCAGTACCGCGCGGGCGGCCTCGGTGACGTGAAG 
GTCAAAAAGCACCTGATTGACGTGCTCAACGGGGTGCTGGCTCCCATCCGCACGCGGCGCGCCGAGTATG 
AGCGCGACCCCGACGCCGTGCTCCGGTTCGTCACGGAGGGCACGGCGCGGGGCCGGGAGGTGGCGGCGCA 
GACGCTCGGGCAGGTGCGGCGGGCGATGCGGTTGTTTGGGCACTGA 
 
12 1022 1.2 observed, 2.15 ± 0.75* expected 

Deinococcus radiodurans R1 chromosome 1, complete sequence GenBank: CP015081.1: c1446067-1444568 proline—tRNA ligase 

ATGACGAAAGATGGCGGCAAGAAAGACAACCAGGGCCAGGACAAGAAGGCGCAGCAGTACGGCGTCACCC 
CCCAGAGCGTAGATTTCAACGACTGGTACAACGAAGTGGTCAAAAAGGCCGACCTCGCCGACAACTCGCC 
GGTGGCGGGCGCGATGGTCGTGCGGCCCTACGGCTCGGCGCTGTGGGAAAACATTCAGCGCTGGCTCGAC 
GACCGCTTCAAGGCGAGCGGGCACGAATCGCTGATCTTCCCGACCCTCATTCCCATGAACTTCATCATGA 
AGGAGGCCGACCACGTCGAGGGCTTCGCGCCCGAGCTGTTCACGGTGAACAAGATCGGCACCGAGGAACT 
GGCCGAGCCCTACGTGATGCGCCCGACCTCCGAGACGATCATCGGGCACATGTGGAGCGGCTGGCTCAAC 
TCCTACCGCGACCTGCCCTTCCTGCACTACCAGTGGGGCAGCGTGTTTCGCGCCGAGCTGCGGACCAAGG 
CGTTTCTCCGCACCTCCGAGTTTTTCTGGCACGAGGGCCACACCGCCCACGCCGACGAGGCCGAGGCCCG 
CGCCGAAGTGCGCCAGCAACTCGACCTGTACCACGAGTTCTGCCGCGACGTGCTGGCCCTGCCGGTGGTG 
CGCGGCGAAAAAACCGCCTCCGAGCGCTTTGCCGGGGCGGTCGCCACCTACTCCATCGAGGGCATGATGC 
GCGACGGCAAGGCGCTGCAATCGGGCACCTCGCACTACCTCGGCCAGAACTTCAGCCGGGCCTTCGATGT 
GAAGTACCAGACCCGCGAACAGAAAGAGGAATTCGCGCACACGACCTCCTGGGCCATCTCCAGCCGCATC 
ATCGGGGCCATCATCATGACCCACGGCGACGACTCCGGGCTGATGATGCCGCCCCGCATCGCGCCCATTC 
AGGTGGTTGTGATTCCGGTGGGCCGCAAGGACAACTTCGACCAGATGGTGCAGGAAGGCGAGAAACTGGC 
CGCCGAGCTGCGCGCCCAGGGCCTGCGCGTCAAGGTGGACGGGCGCGACGGCGTGACCAACGGTTTCAAG 
TACAACGACTGGGAACTCAAGGGCGTGCCGGTGCGCATCGAACTCGGCCCGCGCGATCTGGAAAGCGGTG 
TGCTGGTCGTCAAGAACCGCCACAGCGAGGACAAAGAAACCCTGCCGCGCGCCGAAGCGGTCAGCGGCAT 
GAGCGCCCGTCTGGACACCATCCACGACTTCCTGATGAAGCGGGCGACGGATTTCCTGCTGGCGAACACC 
GCCGAAGTGGACAGCTACGACGCCTTCCAGCGCGAAATCGAGGCCGGTCACTGGGTCCGCGCTTACCACT 
GCGGCGAGCCGGCGTGCGAAAAGAGCATCAAGGAAGACACCAAGGCGACCGCCCGCAATGTGCCCTTCGA 
CGACGCCGAGTTCTTTGCCGAGCGCGGCGAGGGTCAGTGCGTGAAGTGCGGCCAGCCGAGCGCGTATGGC 
AAGCGGGTGCTGTTCGGGCGTCAGTATTGA 
 
38 1496 2.5 observed, 2.15 ± 0.6* expected 

Deinococcus radiodurans R1 chromosome 1, complete sequence GenBank: CP015081.1: c2237914-2236463 glutamate—tRNA ligase 

ATGTCTGCTCCCAGCTCCCCGCGCGTGACCCGCATTGCCCCCAGCCCCACCGGCGACCCGCACGTCGGCA 
CGGCGTACATCGGGCTGTTCAACCACACCCTCGCCCGCCAGAGCGGAGGCCGCTTCATCCTGCGGGTGGA 
GGACACCGACCGCAACCGCTACGTCCCCGACAGCGAAAAACGCATTTTCCAGATGATGCAGTGGCTGAAC 
CTCACCCCCGACGAAAGCCCGCTGCAAGGCGGTCCCAACGGGCCTTACCGCCAGTCCGAGCGCTTCGACC 
TCTACGGCGACTACGCCCGTCAGCTCGTGCAGAGCGGGCACGCCTACTACGCCTTCGAAACGTCCGATGA 
ACTCGCCGCCCTGCGTGAGGAAGCGCAGAAGGCCGGGCACGTCATCGCCATTCCCAGCCGTGACTTGGGC 
GCGGCGCAGGCGCAGGCGCGGGTGGACGCGGGCGAGCCGGCGGTCATTCGCCTGAAGGTGGACCGCGACG 
GCGAAACGGTGGTCAACGACCTGCTGCGCGACCCCATCCACTTTGCCAACAAGGAAATTGACGACAAGGT 
GCTGCTCAAGGCCGACGGCTTTCCCACCTACCACCTCGCCAACGTGGTGGACGACCGCTTAATGCAAGTC 
ACCCACGTGGTCCGCGCCGAGGAGTGGATTACCTCCACGCCTATTCACGTACTGCTTTACCGCGCCTTCG 
GCTGGCCGGAGCCCGTGTTCGCGCACATGCCGCTGCTGCGCAACGCCGACAAATCCAAGATTTCCAAGCG 
CAAGAATCCCACCAGCGTGGAGTGGTACCAGAACCAGGGTTTCCTCCCCGAAGCGATGCTCAACTTTCTG 
GCGACGATGGGCTGGACGCACCCGGACGGCCAGGAAATCTTCGACCTCGCCGAGTTCGAGCGGGTCTTTC 
GTCTCGAGGACGTGACGCTCGGCGGCCCGGTCTTCGACCTCGCCAAGCTGCGCTGGTACAACGGCAAGTA 
CCTGCGCGAAGTACTGAGCGAGGACGACGTGGCGCGGCGACTGCACGCCTTCCTGATGCAGAACAAAGTC 
ACGCTGCCCAGCGTAGACGGCCCGCAGGACCCTTACTTCCGCGCCGTCACCCACCTGATGATTCCCCGCC 
TGGAAGTCTTCGCCGACTTCATGGACAAGACGCTCTACTTCTGGTCCGAGGATTACCCGGTGAACGAGAA 
GGCGCAGAAAGCCATCGACGCGGGCAAAGAGTTGCTGCCTGAGCTGGCCGCCCGCCTCAAGAACCTGCCG 
ACCTTCGATGCCGCGAGCATCAAGGAGATGTTCCACGCCTACGCCGAGGAAAAGGGCCTGAAGATGGGTA 
AAGTGATGCCCCCCATCCGCGCCGCCGTCGCGGGCACGATGGAAAGCCCCGACCTGCCGGAGATGCTTGA 
AGCGCTGGGCCGCGAGCGCGTGCTGGCGCGGGTGGAAAAAGCCGCCCGCTGA   

38 1448  2.6 observed, 2.15 ± 0.6* expected 



Deinococcus radiodurans R1 chromosome 1, complete sequence GenBank: CP015081.1: c2354014-2352473 lysine—tRNA ligase 

CTGCACGAACAGACCATCGCCCGCCTGAATAACCTGGACGCGCAGGTTGACGCCGGCTTCGAGGCCTATC 
CCTACAGTTACCCCCAGACCCACCACGCCCGCGACGTGTTCGCCGCTCACCCTGCCAGAGAAGAGGGCAC 
AGGGGAAGGGGGAACGCTGGAACCCGGCCAGAAGTGGGAAGAAGAAAGCTACTCGCTCGCGGGCCGCGTG 
ACCCTGATGCGCCACATGGGCAAGGCCGCCTTTGCCGACCTGAGCGACGAGGACGGCAAAATCCAGCTGT 
TTTTCTCCAAGCAGGACACCGCCGGCTTCGACGCCACCAAGAAAATCGACCTCGGTGACATTATCGGCGT 
GAAGGGTCACCCCTTCGTGACCAAGACCGGGCAACTGACCCTGCATGTGACCGAGTGGCAGCCGCTCGTC 
AAGAGCCTGCACCCGCTGCCGAGCAAGTTTCACGGCCTGCAAGACGAGGAACTGCGCGCCCGGCGCCGCT 
ACGTAGACCTGATGGTGACCGAGGGCGCCCGCGAGAAGTTCCAGGCCCGCAGCCGCATGATTCGGTACAT 
CCGCAACGAACTGGACGAACGCGGCTTCATGGAAGTGGAGGGGCCCACCCTTCAGGTCACGGCGGGCGGC 
GCCGAGGCCCGGCCCTTCATGACGCACCACAACGCGCTCTCGTACGATTTCAAGTTGCGCATCAGCCTGG 
AACTGTACCTCAAGCGGCTGCTCGTCGGCGGCTTCGAGCGGGTGTACGAGATCGGGCGGGTCTACCGCAA 
CGAGGGCATCGACCGCACCCACAACCCCGAATTCACCATGCTGGAACTGTACTGGGCCTACGCGGACTAC 
AGCGACATCGCCAAGTTGGTCGAAGACCTGCTGAGCGGGCTGGCAAAGGAAGTGCACGGCTCTTATCAGT 
TCGAGTACCAGGGCAAGACGCTGGACTTTACCCCGCCGTTTGCCCGTGTGGATTACCTCGGCGGCCTGCG 
CGAGCACGTGCCGGGCCTCGACTTCGACCCGCTGGACCTAGACCGGCTGCGCGCTTTCTGTGACGAGCGC 
TTTCCGCAGTGGAAGGGCGTGCCGAGCTACAAGCTGCTGGACAAACTGTTCGGTGAGTTCGTGGAGCCGC 
TGCTGAGCAATCCGACGTTCGTGATGGACCACCCCGCCGTGATTTCGCCGCTCGCCAAGAAGCACCGTTC 
CCGCCCCGAGGCCGTCACCGAGCGTTTCGAGGTGTTCTGCTCGGGCTTCGAACTGGCGAATGCGTTCTCC 
GAACTCAACGACGCCTTCGACCAGCGCGAACGCTTTGAGGCGCAGACTGCCCGCCAGGCCGCCGGAGACG 
ACGAGGCGCACCCGCAGGACGAGGACTTCCTGCTCGCGCTGGAATACGGGATGCCGCCCGCCGGGGGCCT 
GGGCATCGGCATAGACCGGCTGGCGATGCTGCTCACCGACTCGGATTCCATCCGCGACGTGCTGCTGTTC 
CCGCTGCTGCGGCCCGAAGGCGGCGAGGCGGAAGAAGCTGACGACACCGCGCAGGAAAACACCGCCGGCTGA  
 
23 1538 1.5 observed, 2.15 ± 0.6* expected 

Deinococcus radiodurans R1 chromosome 1, complete sequence GenBank: CP015081.1: 2574688-2577429 valine—tRNA ligase 

ATGACCGACCCCCACACCACCACCCTCCCCACGCAGTTCGACCCCACCGGCATCGAGCCGAAATGGGCCG 
CCCGCTGGCGCAGTGAACCGTTCCGCGCTGACGCCACCAGCGGCAAAGACCCCTTTACCATCGTGATTCC 
GCCGCCCAACGTGACCGGCAACCTGCACCTCGGACACGCGCTCGACAACACGCTCATCGACACCCTGATT 
CGCTACAAGCGCATGGCGGGCTTCGAGGCGCTGTACCTGCCGGGCATGGACCACGCGGGCATCTCCACGC 
AGGTGGTGGTGGAGCGGCAGCTCAAGGACGCCGGGACCAGCCGCCACGACCTCGGGCGCGAGGCGTTCCT 
TGAAAAAGTCTGGGAGTGGAAGGGCAAATCCGGCGGCATGATTCTCGATCAGCTCACCCGCCTGGGCGTG 
AGCGCCGACTGGACCCGCGAGCGCTTCACGATGGACGAGGGCCTCTCGCGCGCCGTCCGCACCCAGTTCG 
TGAAGCTCTACCACGACGGCCTCGCCTACCGGGGCGAGCGCATCGTGAACTGGGACCCGGCCTCACAGAC 
CACGCTCTCCGAACTGGAAATTGACCGCGAAGTGCGCAAGGGCAAGATGTACACCCTGTCGTACAAGCTG 
GAAAACTCCGCCGAGCGCGGGAGCAACGGCGAAACTGGCGAAATCCGCATCGCCACCGTGCGCCCCGAAA 
CCATCTTCGCCGACCAGGCGATTGCTGTGCATCCCGAGGACGAACGCTTCCGGCATCTGGTGGGCCAGAA 
GGCGCGCATTCCGCTGACCGACCGCTGGGTGCCCATCATCGCCGACGAAGCGGTGGAGATGGAATTCGGC 
GTCGGGGCACTGAAAATCACGCCCGCGCACGACCCCACCGACTTTGAAGTGGGCGAGCGGCACGGCCTGG 
AGCGCCCCAGCGTGATTGATCTCGACGGCAACCTCACCCGTGACGAGCTGGTGCCCGCCGAGTTTCAGGG 
TCTGGAACGCTTCGCCGCGCGCAAAGCGGTGGTGAAGGCGCTGGAAGAATCCGGCGATCTGCTGGAGCAA 
AAGGACCACGACACCGCCATCGGCCTCTCCGAGCGCACCAAAGTGCCGGTGGAGCCCATCATTTCCGAGC 
AGTGGTTCGTGAAGATGAAACCCTTTGCCGACCAGGTCTTGGAAGGACTGGATAAGGGCGAGATCAAGCT 
GGTGCCCGAGCGCTACACGAAGGTCAACCGTGACTGGCTGGAAAACATCCGCGATTGGAACATTTCCCGG 
CAGTTGTGGTGGGGCCACCAGATTCCGGCGTGGTACGACAAAGAGGGCAACATCTACGTGCCCGACCCGG 
AAAACCCCGAACTCGACTGCGACCAGGACCCCCGCTACGCGCACCTCAATCTGCGCCGCGATCCCGACGT 
GTTCGACACCTGGTTTTCGAGCAACCTGTGGCCCTTTTCCACCCTCGGCTGGCCTGACACCGACAGTGAG 
GACTTCCGCAAGTTCTACCCGACGCAGGTGCTGGTGACCGGCTACGACATCCTCTTTTTCTGGGTGGCGC 
GCATGCAGATGGCGGGCTACGGCCTGACCGGACAAGCACCCTTTTCCACCGTGATGCTGCACGGCCTGTA 
TCTGGACGCCAAGGGCCAGAAGATGTCCAAGAGCAAGGGCAACGGCATCGACCCGCTGGAACTGTTTGGG 
CAGTACGGGGTGGACGCCTGCCGCTTCGCCTTCACGTTCCTCTCGACCGGCGGGCAGGACATCAAGCACG 
ACGCCCGGCGCTTCGAGCAGGGCCGCAACTTCGCCAACAAGCTCTGGAACGCCACCCGCTTTGCGCTGAT 
GCGTCTGGGCGAAGCCCGAATCGAGGGGAGCGACGACCTCTCCGCCTACGTCCGCGCCGCCGTGACGCTG 
CCCGATGGCGTGCTGCTGCGGAGCAAGGACGTGTTGGCACAGCTCAAGGAGCGCGACGACCTCACCCTCG 
CGGACCGCTGGATTATCAGCCGCCTGAATGACGTGACCGCCGAAGCCTCCGCGCAGCTCGATGCCTTCGA 
CATCGGCGCCGCCATCCGCACGCTGTACTCGTTCACCTGGGACGAGTTCTGCGACTGGTACATCGAGGCC 
GCCAAGCCCGAACTCGCCAGCGGCAACCTCGGCACCATGGCGACGCTGAAGGTGGTGCTGGAGCACGTGC 
TCAAGCTGCTGCACCCCTTCATGCCGTTCATCACCTCCGAGCTGTACGCCGCGCTGGGGCACCGCCGCCA 
GATTGCCGTGCACAGCTGGCCGCAGCCCGACGCCGCTCTGCACGACGCGGAAGCCACCAAAGCTTTCGAC 



GCGCTGCGCTCGGCGGTGGACAGTGCTCGCAGCCTCAAGAGCGAACTGGGCCTCTCGCCGCAGGACCGCC 
TGAACGTGGCGGTGGACGGCGACCTCGCTGACGTGGTGCGACAGAACGCCCGCGTGGTGGAGGGCATCGC 
CAGGGTGAACCTCGTGCCCGCTCTGGAAGGCCGCACGCTCTCGCAGGTGGCCCCCGGCGTGACCATCCTC 
GCGCCGCTGGAAGGCACGGTGGACATCGCCGACTGGGTGAAAAAGCAGCAAAAACGCCTCGCCGAACTCG 
ACAAGCAGATCAAGCAGGCGCAGGGCAAGCTGAACAACGAGGGCTTCGTGGCCCGCGCCCCCGCCGAGGT 
GATCGAGGAGGAGAAGCGCCGGGTGGCCGACTTCGGGGCGCAGAAGGAGCGGTTGGAAGGAGTGTTGGCT 
CAGTTGGGGTGA   
 
34 2738  1.2 observed, 2.15 ± 0.45* expected 

Deinococcus radiodurans R1 chromosome 1, complete sequence GenBank: CP015081.1: c1437593-1436316 serine--tRNA ligase 

ATGCTGGACCTGAAATTTATCCGTGAGAACCCCGACGCCGTGCGCGAGGCCATTCGCGTCAAGAACGTGG 
CCCTTGACCTGGATGACCTGTTGCAGCGTGACCGCGACCTCGTGGCGCTCAAGCAGCGCGTGGAAGCCAT 
GCAGACCGAGCGCAATGCCAACGCCAAGCTGGTGCCCAAGGCCAGCCCCGAGGACCGCCCCGGCCTGATT 
CAAAAGGGCAAGGACCTGAGCGAAGACCTCAAGGCGCTCGAGCCCCAACTGCGCGAGCAGGAAGACGCCC 
TGAAGCAACTGCTGCTGCGCGTGCCCAACATTCCGCTGCCGGGCGTGCCCGTCGGCAAGGACGAAGACGA 
CAACGTGGAACTGCGCCGCGAAGGCGAGCTGCCTGGGTTCGACTTCACGCCGCTCGACCAGGTCGAGATT 
CTGGAAAAGCAGGGCTGGGCCGACTTCGAGCGTGTCGCCCGCGTCTCGGGCAGCCGCAGCTACCTGCTCA 
AGGGCGACGCGGCGCTGCTGGAAATGGCGGTGCTGATGTTCGCGCTCGATTTCCTGTCGCAGCGCGGCTT 
TACTCCACTTTCGACCACGGCGCTCGTCCGCCGCGAAACGCTGGTCAACTCGGGCCATTTCCCCGGCGAC 
GAGGAATCGGTCTACAAGCTTGAAGGCGATGAACTGCTGCTCGCTGGAACCGCCGAGGTGCCGATCAATA 
GCCTCTACGCGGGCGAGCAGCTCAGCGCCGACGAGTTGCCGCTGACCTTCGCGGGTTTCAGCGCCGCCTT 
CCGCCGCGAGGCCGGGAGCGCCGGGCGCGACGTGCGCGGGCTGATTCGCGTCCACGAGTTCCGCAAGGTC 
GAGCAGTACGTCCTGTGCCGCGCCGACCAGGAAGAGGGCCTGAAATGGTTCGAGCGCCTGCTGAGCAACG 
CCGAGGGGCTGTTGCAGGCACTGGAGCTGCCCTACCGCGTCATTCAGAACTGCACTGGCGACATGGGCGC 
GGGCAAGGTGCTGATGTACGACATCGAAACCTGGGTGCCGAGCGAGCAGAAGTACCGCGAAACCCACTCC 
TGCTCGTACCTGGGCGACTGGCAGGCCCGCCGCACCGGCCTGCGCTACCGCGACGAGCACGGCAAGCTGC 
TCTACGCCCACACCCTCAACAACACCGGCATCGCCAGCCCGCGCATTCTGGTGCCGCTGCTCGAAAACCA 
CCAGCAGGCTGACGGCACCGTGCGCGTGCCCGCCGCGCTGCGCCCTTACCTCGGCGGCAGGGAAGTGCTG 
GGCCAGCCGGTGCGCTGA  
 
32 1274  2.5 observed, 2.15 ± 0.65* expected 
 
Observed mean proximity: 1.8 Expected mean proximity: 2.15 ± 0.55* (* 90%-
confidence interval calculated from the mean sample size equal to 1913). 
Data from https://www.ncbi.nlm.nih.gov/nuccore/CP021507.1?report=genbank 
 



	
	
	

AL-pentamer proximity for CRISPR Cas proteins 
 
Mucilaginibacter paludis DSM 18603 chromosome, whole genome shotgun sequence GenBank: CM001403.1: 2879349-2879678 
CRISPR associated protein Cas2 
 
ATGCGTTTAAATGAATACCGGATTTTGTGGATATTAGTATTTTTTGACCTGCCGACAGAAACAAAAAAAG 
ACCGGCAAATCTACAGTAGGTTTCGTAAGGATATTATGAAGGATGGATTTGGTATGTTCCAATTCTCCAT 
CTACCTGCGGCATTGCAGCAGTCGTGAAAACGCTGATGTACACATCAAACGTGTGAAGAAAATACTCCCA 
CCTAAAGGTCACGTCGGTATCATGACCATTACCGATAAGCAGTTCGGAATGATGGAATTGTTCTATGGTA 
AGGAAGAGAAGGAGCTTCCAGACACCCCACAGCAATTGGAATTGTTTTAG  
 
9 326 2.8 

Mucilaginibacter paludis DSM 18603 chromosome, whole genome shotgun sequence GenBank: CM001403.1: c2880706-2879693 
CRISPR associated protein Cas1 

ATGATAAAACGAACGCTTCACTTCAGTAATCCGGCTTACCTGAGCTTAAAGGAAAGCCAGTTGGTAATTG 
ATCTTCCTCACCTTAAAATTTTAGGGGAAAAGGAAAGTAAAAAGTCGGTACCTATTGAAGATATAGGAAT 
TGTTGTACTGGATCACCAGCAGATCACCATCACCCATGGCTGCATTGCAGCATTATTATACAACAATTCC 
GCGATCATCACCTGCGATCATACACATCACCCCACCGGCATGATGCTACCAATTGACGGACATGATACGC 
AAAGCGAGCGCTTCAGGTACCAAATCGATGCTTCACAGCCACTTAAGAAGCAGCTTTGGCAACAAACTAT 
CCAAGCCAAAATATTAAACCAAGCGGCGGTTTTGGCAGATCGTGGTATTCCCCACGATAATATGCTTCAC 
TGGGCTAAGTCTGTACGTTCAGGCGATCCGGATAACTACGAAGGACGTGCCGCCGCTTATTACTGGAAGA 
ATGTATTCCCTAAAAAAGTGGAATTCTTTCGTGGCCGTGAGGGTGACCCGCCAAACAATTTACTGAATTA 
TGGTTATGCCATATTACGGGCTATTGTAGCGCGCGGGCTGGTATGTTCCGGCCTGATACCTACATTAGGT 
ATACATCACAGGAATAAATATAACGCCTATTGCTTGGCTGATGACATTATGGAGCCTTACCGCCCCTATG 
TTGATTTGATCGTTCTAAAGATCATCGATAATGGCGAGAATTTTTTAGAGTTAGGCAATTCTATAAAATC 
TCAGTTATTAGGCATTGCCACCGTTGACGTACAATTTGAAAGGAATAGGAGTCCGTTAATGGTTGGTGTG 
CAAAGCACTACTGCTTCTTTAGCCAGGTGTTACGAAGGAAAAAACAGGAAAATAAACTACCCTATCATGA 
AGAATTTTAATCCTAAAAGGGCCATAATCCCTAAGCCGGACGAAAATTTCAATGATGAGGATACAGAAAA 
TACTATTGAATACAATATTGGCGATGAAGAATAG 
 
31  1010  3.1  
 
Mucilaginibacter paludis DSM 18603 chromosome, whole genome shotgun sequence GenBank: CM001403.1: 7594207-7594989 
CRISPR associated protein Cas6 
 
GTGCGATTTAAATTAACATTGTTGCCTACGGGCAGTAAAACGACCGTTCCATTCAATTATCAGTATGCCC 
TTGCGGCGGTAATTTTTAAAAAGGTTGCCGCTGCCGACGAGCAATACGCCAACTTTTTACATCAGCAAGG 
TTATGCCCTGAACAATTACTCCAAACATTTTAAGTTTTTTACCTTCTCTAACCTGGAAGGTAGGTTTACG 
CCACAGCAAAATGCCCTGTTGCTGCAAGGTAATCAAACCGGGTTTGTGCTTTGCTGCCACATGCCCGAAT 
TTGCTGCGCATTTAATAACCGGTGTTTTTACCGATCAGTTGATATCAATAGGCGGGAGCGGGGCCGTGGG 
CCGGTTTAGGGTTGAGCAAATTGTATCGCTCCCGGCTGCCTTTAAGGATGATGACGAAATACACACGATG 
CAGTTTAAACCGCTTTCGCCCTTGGTTGTAGGCCGGACCAACGCTAAAGGCAATGATGATTATTTATCGC 
CAGAAGATGAGGATTTTATACCCCTGCTACATATTAACCTGGCCGATAAGCTTGCCGTTGCTTATAATGA 
TAGTTATAGCGGGCGAATTGGTATCAAGGTAAAGCATGAACCCGGAAAGCTAAAATCTCGCCTGGTGACG 
ATTAAGGAAGGGACAGCGGCCGAAACTAAGGTACGTGGCTTTTTCGGGTTTGCCCTGGAGATGACTGCGC 
CTGGCAGGGTGATCAATTTTGTGTTGGACGTGGGGCTGGGCGGGATGAATAGTATGGGGTTTGGTTGTGT 
GGAGGTGAAATAA   
  
24 779 3.1 

Streptomyces virginiae strain IBL14 Cas2 gene, complete cds GenBank: KY176009.1 

GTGTATGTAGTCGTCGTCTACGACACCCACGCCAAACGAAACGCACGGATCCTGCGTACCTGCCGCAAGT 
ACCTCCACCACGTCCAGCGCAGCGTCTTCGAAGGCCACCTCAGCGACGCCCAACTCCGACACTTTCAAGC 
TGCAGTCGAAGATGCCCTCGACTTGGAGTACGACAACGTCCTCGTCTACACGTTCCCAGCCGGCACCGTG 
CCACAACGCCTTGAATGGGGAGCAGTCGAACCCGCCCCCAGTGACATCCTGTGA   
 
9 260 3.5 

 



	
	
	

Legionella pneumophila strain L15-118 CRISPR-associated endoribonuclease Cas2 (cas2) GenBank: MF440347.1: 5115-5414  
 
ATGCAAATAAGATTATACAAGGAATACATAGTTTCCTACGACATCAGGGACAACAGCATCCGACGTACAA 
TTTACGAAAGGCTTAAAGACATTGGCTTAACCCCCGTTCAAAAATCAGTATTTTGGGGATATTTAAACGA 
ACCTGAAAAAAGATATTTAACGAACTTTCTAAAAAAAGAACTTGCCAAACAAGATACCGCTTTTATTACA 
CCTTGCAAGCTGGCTCAAGAATACGAAGTAAACCTCATTAATCTTGAACTGGATGAACTTAGGAAACCGG 
ATGGACACATCATCGTATAA   
 
10  296  3.4 
 
Tannerella forsythia 3313 DNA, complete genome GenBank: AP013044.1: 2465356-2465619 CRISPR-associated protein Cas2 
 
ATGTATGTGATTCTGGTCTATGACTGCGGCGAGAAACGGGTTGGGAAAATGCTCAAGCTCTGTCGGAAAT 
ATCTGAATTGGATACAAAATTCGGTTTTTGAAGGCGAAATTACAGAAGTTAAATTAAAAGAGTTAACTTT 
GAAGGCTGAGAAAATAATGAACAGCGATGAAGACTCTCTGATTGTTTTTTCAAGTCGACAAGAAAAATGG 
TTGGATAAGCAAATCTTTGGTAAAGAGCGGAGTAGTGTCGATAACTTCTTGTAA   
 
12  260  4.6 
 
Nostoc sp. 'Peltigera membranacea cyanobiont' N6 chromosome, complete genome GenBank: CP026681.1: 5862085-5862366 
CRISPR-associated endoribonuclease Cas2 
 
ATGTTTTTATATGTGATTGCTTATGACATTCCTTGTGATAAACGACGTAAAAAAGTAGCTGATTTACTTG 
AAGGCTATGGACAACGGGTTCAATATTCTGTCTTTGAGTGTCAGTTGACTACCGATAAATATCAAGATTT 
ACGTCGTCGGTTAAGAAAAAAGTTGAAGTTAACTGAAGATAGTCTACGATTTTACCCTTTGTCACGACAT 
ACCCTTTCTCAAGTAGAATCTTGGGGTGTGGGGCCATCTGTGATTGAACCGCCTAGTTCGATAATCATTTAA   
 
8 278  2.9 
 
Saccharolobus solfataricus strain SARC-B chromosome, complete genome GenBank: CP011055.2: 2127278-2128213 type I-A 
CRISPR-associated protein Cas7/Csa2 
 
ATGTGGATATCCTTCTCCGTTAGGTATTTGGTAAACGTAGAAGATCTAAATAACGTAGAGTCTGCAGGGA 
ACTACGTAAGGCATAGGAGAGCTCCATTAGTTTTTAAGGATAAAGACTCCTACACGGTAACATATGTGCC 
AGCAGTTAGTGGAGAAATGATAGCACATGGGTATCAAATGAATCTAGTCGAACTAGCGCTTCAAAGAAAT 
CTACCAGTAGATAGTTTAGCTAAGCAGGGAATATTGATAAAGAGGGGTTCTGATGATAAGGTTCATGAAG 
GCACTAAATGCACTGATGAAAAAGGGTCGGATTACGAACTCTGCGTCATTAATGAGGATATAGTCGAGGA 
TGTTGCTGGATTCATGAATCCAAACAAGCTAGTTAAGAGAACTTCAAATGTAGCCTTTAGTTACATGGTT 
CCTGCAATAGATGCAGTTAAAGCTTCAACAATATCTTCCCAATTTCACGTTAGGTATGCTAATAAAGAAC 
TAATGGACAAATACAAGAACGAGAACATTCAATCCCTATATAATATCGAAACAGCGAGCGCATCGTATGT 
ACTTACGGGTTACTTGAACGTTAACAGTGTAGGAAAGACACAAAACTATCCGGTAAAAGAAGTTGATAAG 
AAAAAGGATAGGGAAAAGGCTGCATTAGATGCCTTAATGTTAACTTTAACGCAATTCCTATTTGGCGCAA 
AGTTGACTAGATTTAAGCCCATAGTGGAGATAGAGGCCTTATTTGTTAGCGCTTCAGAGAAGCCTTTCAA 
TCTACCACCCGTAACTGGAGACATTAAGAAATACATAGACCTTGTTAACTCTACAACGGATTCCTTCGCT 
AAAATTTTGAATATTAAACGGCCCGTAGTAAAGTACTATCTAAAGGAGGAGAAAGGTAACGTCAATACGC 
CAATAGATGCGTTTACGGTAATGTAA   
 
29 932  3.1 
 
Saccharolobus solfataricus strain SARC-B chromosome, complete genomeGenBank: CP011055.2: 2120631-2121506 type I-A 
CRISPR-associated protein Cas4/Csa1 
 
GTGTTCTTTACTCATTCAGATATGCTGTTGCTTTCAAAGAGGATAAAGAAGTTACCTAAGAACGTGGATG 
AGGAGCTGAGGGGATGGAATTGGAGCGAACCACCAGTTTACACTAGGTCCCTTTCACAGGTATCAATTTC 
CGAAATGGTTTACTGTAGTACTCTGAGGAACGTTTACCTTAAGGTAAAGGGCTTTAGGGGAGAAATAGGT 
AGGCAAATACTTCAAGGTTCACTTATCCACACGATTTACGCTATTGGCATTGAAGCAATCAAACGTTTTA 
TTTATTCAAGGGAAAGCATTGATGGGAGTACTCTGAGAACGCTAATGGGAGATGAGTTTTACTCCCTACT 
TAAGGACTTAAGGGAGGAAGAGGGGATTTACGCAAAGGTCTTATGGGATCACATTACGAACATTTATTCA 
GCTGAACTGGATAGGGTTAGGAGTAAGTTCACTAACTTAACTAGGGATTCCTTGGTCTCCCAAGTTGTGC 
CGTTTTACGTTGAGTTTCCAGTTGATGGTTCCCTTCTGGGCTTGACCAATTTAAGGGTCGACGCCTTTAT 
CCCTCACCTTCCCCTAATAGCGGAAATGAAGACTGGGAAATACAGATACACTCACGAGTTGTCCCTTGCA 
GGATACGCTTTGGCAATTGAGAGCCAGTACGAGATACCCATTGATTTTGGTTACTTGTGTTATGTTACTG 
TGACTGAAAAGGAGGTTAAGAATAACTGCAAGCTGATTCCCATTTCAGATTCCTTGAGGAGTGAGTTCTT 
GGACATGAGGGATAAGGCTCAAGACATAATGGATAAGGGTGTGGATCCTGGGATAGCTAAGGATTGTGAG 
AGTGATTGCATGTTTTATAAGGTTTGTCACCCTTAA  
 

27 872 3.1 



	
	
	

Methanosaeta concilii GP-6, complete genome GenBank: CP002565.1: c2758294-2758007 CRISPR associated protein Cas2 

ATGCTGGTCTGGGTGATCTACGACATATCCGAAAACAGATACCGCAGCCGGGTGGCTAAGATCTGCAAGA 
ACTACGGCCTGTTTCGGGTGCAGAAGAGCGCATTTCTGGGAGACTTGAACCGGAATGAGTCCGACTCCCT 
GACTCTGGAGTGCGAGGCGATTATTGACGAATCGGATTCAGTCTACGTCTTCCCCATGTGCGAGGACTGC 
TTTGATAAGATCAAGCTGATCGGAGCAGGGTTCGATCGAGAGCTGGTGAGCGGGATGACCATAACCAAGG 
TGTTTTGA   
 
8 284 2.8 

Desulfobacula toluolica Tol2 complete genome GenBank: FO203503.1: 1119557-1120546 CRISPR-associated protein, Cas1 family 

ATGAAACAATCCTTATATCTTTTTTCAAATAGTACCATCAAAAGAAAAGACAATTCTTTGATGTTTGAAA 
TTGACGGAGAAAAGAAATACCGTCCTGTTGAATCAATTTGTGACCTTTTTCTTTTCAATGAACATACTCT 
GAATACAAAATTGCTGAATTTTCTGGGGCAACAAAAAATTCCCGTTCATATTTTTAATTATTACGGATTT 
TATTCCGGTTCATTTGTCCCAAGAGAGCAATATCTTTCAGGGCATGTCACCATCAGTCAGGCAAAGCATT 
ATCTTGACGATAAAAAAAGAATGGTTTTGGCCTATGAATTATTGAATGCCGCAGCTTCAAATATTATCAC 
CAATTTAACCTATTATAAAAACAGGGAAAGAGATATCGGTGAAAAAATTTTAAAGATAAAAGAGTTAAAA 
AAATCATTAAAAAATGCGGATTCAATTTCATATTTAATGGGCATAGAAGGAAATATCAGGGATTTGTATT 
ATTCTGCTTTTAATGAAATTGTTCAAAATAAGGTTGAATTTAAAAAACGTATTAAAAGACCGCCGGATAA 
TTTTATAAATTCCCTGATTTCATTTGGTAATTCCCTTGTTTATACAACGGTTCTGTCTGAAATTTATAGA 
ACCCAGCTTGATCCTACCGTGAGTTTTCTTCATGAGCCGGGTTACAGGCGGTACTCCCTTGCCCTTGATA 
TATCGGAAATTTTTAAGCCCATCCTCCTTGATAGAATGATCTTTACCATGATCAACAAAAAAGAATTAAC 
GGAAAAAGATACGGATAAAGACCTTAACTATTGTTATCTGAAAGATCAGGGCCGGATGAAATTTTTAAGA 
AAATATGATGAAAGGCTGAAAAAGACTATTAAACATAAGAAACTCAATCGCAATGTTTCTTACAAACGGC 
TTATACGGCTGGAGTGTTATAAAATTGTTAAACATATTCTGGGTGAAGAAAAATATACCGGGTTCAAGAT 
GTGGTGGTAA  
 
39 986  4 
 
Desulfobacula toluolica Tol2 complete genome GenBank: FO203503.1: 1118078-1118929 CRISPR-associated protein, Cas6 family 
 
ATGATTGCAGGCTTCACTAACCCTGAAGCCTTCCGGAAAGGTATGATTTTGCGTATAAAAATAACAGCAA 
TAACGAATCAACCGGCCTTTTTTCCCTATAATTATCAATATGCAGTTCATTCAGCTTTGTACTCTTTAAT 
TCAAGAATCATCAGCAAACTATTCAAGTTTTTTACATGATAAAGGGTATGTAAAAGATGGCATCAATAAG 
CTTTTTAAACTATTTACCTTTTCAAAGCTCAACTTTAGTCCTAAAAATAATGGGAATGGCGGTTTTTATA 
AGGTTTCAAAAATACAATTTGTGTTTTCCACCATCATGGAAAAAAGCATGAGACATTTAATCCTCGGCAT 
ATTTTCAAATCAGAAAATGATGTTAAACTTGAGCGGGCAAAGACATTTTTTTGATATTGTAAATGTTGAT 
ATTCAGGAAGATTGTCAGTTTACCAATACTGAAAAATTTATTTGTTTGTCGCCCATAACCGTTTCAAGCA 
TAATGATCAAAGAAAAAGGTAAAAGGGTGCAACATTTTTTAAACTATATGGTGCCCGCGGAAAGAGATCA 
TTTTGTTGAAAATTTAAAGAAAAATCTTATTAACAAATATGAAACCATCAATAATATCCCATATGAAAAT 
ATGAAATTTCCTTTTCAGTTTCATTTTGAAAACAACTATATCGTAAAAAGAAATGGCAGAATATCAAAAT 
TGATTGAATTTAAAAATAATATTAAAGTCAAAGCCATGGAAGCCCCTTTTTATATAGAGGCAGATCCTGA 
GTTAATTAAAATCGGGTATGATTGCGGATGGGGTGAAAAAAACAGCGCCGGTTTTGGTTGTGTTGAAAAA 
GCAGCAAAATAA   
 
30 848 3.5 
 
Desulfobcula toluolica Tol2 complete genome GenBank: FO203503.1: 1118938-1119459 CRISPR-associated protein, Cas4 family 
 
TTGAACCGGTTTTTAATGGGAGAAAATATGGATAATATTAATTTTACCGGCACACAGATTAATTATTATT 
TTGTCTGTAAGCGAAAACTCTGGTTGTTTACAAGAGCTATTCGGTTTGAAGATGAAAATGAATATGTGCA 
GTTGGGAAAACTCATTGATGAAAGCACTTATAAACGCAATAAAAAGCAGATTGAAATCGGCAATATCAAA 
ATTGATTTCATTGATAATACGGGGGTTATTCATGAAATCAAGAAATCAAACAAGATTGAAAAAGCCCATA 
TTTATCAGCTGAAGTACTATATATATTTTTTAAATAAAATGGGGGTTAAAAACATAATCGGTGAAATAGA 
TTATCCAAAACTGAAGCAAAGACAAAAAGTGATATTGGATGCTGAAGATGAAATGGAATTTAAGACTATT 
TTTTCTGATATCCATGAAATCCTTGACAGGAAAAAACCTCCGGCAATAATAAACAAACCGTATTGTAAAA 
AATGCGCTTATTATGAATTTTGTTTTGTCTAA   
 
26 518 5 
 
 
 
 



	
	
	

Desulfobacula toluolica Tol2 complete genome GenBank: FO203503.1: 1120549-1120830 CRISPR-associated protein, Cas2 family 
 
ATGTATATTATTGCAATGTATGATATAAATACTGAAACAAAGGCGGGTCGGAAAAGATTAAGACATATGT 
TTAAATTATTGAAAAAATACCTTATCCGTATTCAGAATTCTGTCTTTGAGGGGGAGCTTACCAAAGCTAA 
ATTTGAGAAAATGAAGTATGAAGTCAACGATATTATTGATAGCTCAAAAGATTCGGTTATTTTTTTCAAA 
AGCCGTGATATCAAATGGATGGACAAAGATATCTGCGGGTTTGAAAAAGATGATACGGATAATTTTTTATGA   
 
12 278 4.3 

Methanobacterium congolense isolate Buetzberg genome assembly, chromosome: I GenBank: LT607756.1: 1377274-1377537 
CRISPR-associated endoribonuclease Cas2 

TCAAAGAATTCCACCGATAGGTGCCTTTTCAACCCCAAGAACCTTCCTTTTAAGTGCTTTCTCGCTCCTC 
ATAGTATAAAGTATCACAGAATCCTCATCTTTGTTTATAATACCTTTCAGACCATCCTTTATCTCTTCAA 
ACTCACTTCTTGTAACCTCTCCCTCAAATACTGAGTTCTGAATCCAGTGCAGATGAGTTCTGAGGAAAGA 
TTTGACCTTGTTAACCCTGTCAACGTTGATGTCATAGACAATTATAACGTACAT   
 
8 260 3.1 

Methanobacterium congolense isolate Buetzberg genome assembly, chromosome: I GenBank: LT607756.1: c1379814-1378849 
CRISPR-associated protein Cas1 
 
ATGAAAAAGAACTACTACCTTATGTCGGATGGATTACTTAAAAGAAAGGAAAACACACTGTATTTTGTCA 
ACAAAGATGGTAAAAAGCCCATACCCATAAACAAGATCTATTCAATATACGCCTACGGATCCCTGACCTT 
TTCATCCCAGTCTGTGCACCTCCTGGCAAAGGAAGGCATCCCAATACACTTCTTCAACTACTACGGATTC 
TACGACGGCAGTTTCTACCCCCGGGAAACCCTGCTTTCAGGGGATCTTCTGGTGAAACAGGCAGAACACT 
ACCTCAACCCTGGAAAAAGGCTCTGGATAGCTAAAAAGTTCATTGAGGGTGCCGCAGGTAACATGGAAAA 
GGTTCTGGGCTATTACCACGTTGAAAATGGCATTGGAGAAACAGTGAAGGATCTAACCTTTTCATCCAAC 
GTGACCGAGGCAATGAACGTTGAGGCACGTATGCGTTCCGAGTACTACTCAAAAATGGATGAAATATTGC 
CTGATGGATTTAAAATGGAGGGTAGGAGCAGGAGGCCTCCAGAGAACATGGTGAACGCCCTCATAAGTTT 
TGGAAACTCAATGGTCTATTCAACCGTTATCTCGGAGATATACAACACTCAGCTCAACCCCACAATCTCT 
TACCTCCACGAACCCTTTGAGCGGCGCTACTCCCTAGCACTGGATCTGAGCGAGATGTTCAAGCCGATAC 
TGGTTGACAGGCTCATATTTTATATGGTAAACAAGAAAATGCTGACCGAGGACGACTTCGAACAGAAGGT 
GGACTACTGTATGCTCAACGACAGCGGGCGGAAGAAGTTCATCAAGGAGTACGATGAGAGACTTAAAAAG 
ACCATAAAGCACAGGGAACTCAACCGTAAGGTTTCTTACAGGCGTTTGATCCGGCTTGAAGCTTACAAGT 
TAATCAAGCACATTCTGGGCACACAGGAGTACAAACCATTTGTTATGTGGTGGTGA   
 
33 962 3.4 

Methanobacterium congolense isolate Buetzberg genome assembly, chromosome: I GenBank: LT607756.1: c1381325-1380807 
CRISPR-associated exonuclease Cas4 
 
ATGCTCCCAAACTCAGAAAAACACCTCCAAGTCAGAGGTACTGAAATAAACTACTACTTCATCTGCAGGA 
CCAAGCTCTGGCTGTTTTCCCACAACATCCAGATGGAGCAGGAATCTGAATCAGTTTCAATGGGTAAACA 
GCTCCACAAGAAGAGCTATGGCCGTGAGAAGAAGGACTTCACCATTGACAACCTCATAAGCGTGGACTTC 
ATAAGGAGGGGTGAAGCCTTGGAGCTCCATGAGGTTAAAAAAAGCAGTAAAATGGAGGACGCCCACCGCT 
ACCAGCTCCTTTACTACATGTACTACCTGAAGAAGGAGAAGGGAATCCAGAATATTGTAGGATTCATAGA 
CTATCCAAAGCTGAGGAAAAAAGAGAAGGTTGAGCTCACAGAATCTGGAGAAAAATATTTAGAGGGTATC 
ATTGAAGGTATTGGTCAAATAATTCATGGAACCATTCCAAAACCTGAAAAAAAGAAAATATGCCGTAAAT 
GTGCCTACTACGAGTTCTGTTGGGTTTGA   
 
15 515 2.9 
 
Methanobacterium congolense isolate Buetzberg genome assembly, chromosome: I GenBank: LT607756.1: c1385116-1384403 
CRISPR-associated protein Cas5 
 
ATGGAAAATAAAGCATTGGTATTTGATATATGGGGGGATTATGCACATTTTCGTAAAATTGAAACCACCA 
CTTCTCCTCTCACATATTCAATTCCAACAGGGACTGCTGTTGCTGGATTAATCGCAGCAATGTTAGGTTG 
GCAAAGAGATTCTTATTATGATACTCTTTCTAGGGATAATTTTGAATTTTCTATTAGGATATTAGAACCT 
ATAAAAAAAGTTCGGATGAATATTAATTTGATAAAAACAGATGAAGGATTTTACCTATGGGATATTAAGG 
GGACTCCAAGATCCCCTACTCCCTATGAGTTTATAAAAAATCCATCTTATAGAATTTACATCCATTTAAA 
AGAAGCGAACACATATAAAACGTTGAAATATTATCTTGAAAATCATAAAACAATCTTTACTCCCTATTTA 
GGTATTAGTGAACTCATTGCTAACTTCAGTTTTGTTGGTGAATATGATATAAATCCTAAAGAGTTAGAAA 
GAGCTGAAGTACATACTGTATTAAAAAAGGATGATTACAAAATTTATGTTGGTAATTTAGAAGAAGGAAT 



	
	
	

GAGGTGGTCACGAGAGAACATGCCATTATATATGAATTCAGATCGTTGCGTAACTGAATATTCAGAAGTT 
CTTCTTGAACAGACTGGAAAACCTCTTATGATTGAAAATGGATTATTCTATGAAATTGGTGAAGATAATG 
TTGTTTTCCTGTGA   
 
29 710 4.1 

Methanobacterium congolense isolate Buetzberg genome assembly, chromosome: I GenBank: LT607756.1: c1386034-1385126 
CRISPR-associated protein Cas7 
 
ATGAGTGATGTTGTGAAAAATAGATCAGAAATAATTTTTTTATACGATATTGAGAATGCAAATCCAAATG 
GAGATCCAATGGATGAAAACAAGCCTAGGATAGATGAAGAAACTGAAAAGAATATTGTTACTGATGTAAG 
GCTCAAAAGAACCATCCGCGATTTTTTATACAAATTTTTAGATGAAGAAATTTTCATAGTAGAAGAAATT 
AATAAAGATGGAACCCAAAAAACCAGAGAAAATAGACTTGAAGAACTTAAAATAAGTTCTAAAGAAGATG 
GAGTTAAATTACTTGAAAATTATGTCGATTTAAGGTTATTTGGTGCAACAATTGCAGTTAAAAATATGCC 
ATTGACATGGATAGGTCCTGTTCAATTTAAATTTGGTAAGTCACTCCATAAAGTAGAACCAAAAACCATT 
AAAGGAACTAGTGTAATGCCTTCAAAGGAGAATGTAACTAGAGGAACTTTTATTGAAACTCAAATCCTCC 
CATATTCATTAATTTCATTTTATGGAATAATAAATGAAAATGCAGCCAAAAAAACCGGTTTAACAGAACT 
GGATGTTGATTTAATGATGAATGGGCTTTGGAATGGAACAAAGAATATCATCACACGATCTAAAATTGGC 
CAAATGCCTAGACTGTTATTAAGGGTGGTTTATAAAGAAGATAATTTCCATATTGGAGACTTGGATAAGG 
GAATAAAACTCACATTCAATGAGAATATTGAAGAAAAAGCTTTAAGAAATATATCTGAGGTTAAATTAGA 
TATCTCGGGTTTAATAGATAAAATTGAGTTAAATAAGGATAAAATTGAAAGGATTGACTTTAAAATCAAT 
GATTTAGAAACAACTCCTACATTAAAAGATTCGTTTGAAGGAATCAAACTGAAAGAATTAATGTTTTAA   
 
34 905 3.8 
 
Methanobacterium congolense isolate Buetzberg genome assembly, chromosome: I GenBank: LT607756.1: c1388623-1387892 
CRISPR-associated endoribonuclease Cas6 
 
ATGCGCTTAAAAATAAGTCTGGCATCCCGGAACAGTGAATACAAAATTCCTTACAATTACAATTATCAAC 
TTTCTTCGTTAATTTACAGGAAGATAGCAGACCTTGATCTAGCCAGCGAGCTCCATATTTCCTCTGATTT 
TAAATTTTTTACTTTTTCTCAGATTTACGTTCCCAGAAGAAGGATAACCAAGAACGGCATCATCTCAAGG 
GATGGTAATCTGCATTTTTACATTTCCTCTCCGAACGACTACTTGATTCAGAGTATGGTTGAAGCTTATC 
TCGAGGATCTTGAGGTTAACTTCCGGGGCGATAGGCTGCAGGTTCAGGAGGTTGAGCTTTTAAAGAAACC 
TAAATTCAAGAAAAGTGCAGAGTTCAAGACCATATCTCCTGTGATGGCAAGAATAAAAAGGGATGATAAA 
ATATGGGATCTGAACCCTGGAGACCTTCAGTTCTATACAGCTCTCCAGAAGAACCTTCTGAACAAGTATA 
GGGCATTTCACGGTAGCTACAATGGTGATGAGTATTTGAAGATTGCTCCAGACATGGGATCTGTGAAACG 
CAAACGAATAACCATCAAGAAGGACGGCGTGGAAACTTACCACAGGGCTTATCAGATGCGCTTCACGGCT 
GAGGGGGATCCGAGACTTTTAGAATTTATGTATGATTGTGGATTTGGGGAGAAAAATAGTATGGGTTTTG 
GAATGGTTAATTTAATTAATTATAGTTATTAG   
 
27 728 3.7 
 
Metallosphaera hakonensis JCM 8857 = DSM 7519 strain HO1-1 chromosome, complete genome GenBank: CP029287.1: c384573-
384313 CRISPR-associated endonuclease Cas2 
 
ATGTATGCCATTTTAGTTTATGACATAGATGAGAGCAGAGTTTCCAAGGTCCTAAAGACCTGCAGAAAGT 
ATCTAACGTGGATTCAGAGATCCGTCTTCGAAGGTGAGATTACTGAGGGGAACTTAGAACTACTCTCAGA 
AGAATTGAAAAGAATTATCAAGGATCAGGACAACGTCTTGATCTATCTAACCCCAACGAAAAAGAACTTC 
AGGGTCGTCTCCATTGGAAAGGAGAGGGATAGAAGCGACAACTTCCTATAA   
 
9 187 4.8 
 
Metallosphaera hakonensis JCM 8857 = DSM 7519 strain HO1-1 chromosome, complete genome GenBank: CP029287.1: 392756-
393250 CRISPR-associated protein Cas4 
 
ATGTCAATTAAGTTAAGAGAGGACGTAGTGGTAACTGGTACCTTGATCTGGTACCTTAAGATTTGCCCCA 
GGGAAGTTTGGTACATGGCGAGGCAGATCACACCCTATGAGGGTCATCCGAAACTGGAGAAGGGACGAGC 
GATTCATCAAATATACTCAGATCGAATTCAGATCTCTCTGGAGGGAATGAAGATTGACGGGTTTAGGAGA 
GAGGAAAGAACCGTGATTGAGATAAAATCGTCTTCAAGACATCTTGAATCTGCAAGGGCGCAGACAAACT 
ACTACTTATATAGATTGAAGGAGGTTGGTTTGAATTGCGAAGGTGAGATTTACGTTCCCAAGAAAGGAGA 
GAGGCATAGGGTTACGCTCAACGAAGACCAGGTTAGGAGGGATCTTGAGGAGGTTAAGAGTATCGTAAAT 
TCGGAAAATCCACCTCCAAGAGTCAGGATTAAGTATTGCAAAAAGTGCGCATACAAGGACTTCTGTTGGG 
GGTAA   
 

20 491 4.1 



	
	
	

Metallosphaera hakonensis JCM 8857 = DSM 7519 strain HO1-1 chromosome, complete genome GenBank: CP029287.1: 397622-
398572 type I-B CRISPR-associated endonuclease Cas1 
 
ATGAAAAGGCTCTTTATACTTGCCAACGGTACGCTGAAGAGAAAGGGGAACACACTCTCTCTGATCACCA 
AGGAGGGAACAAAGTACGTACCCATCACCACCATCAGTTCAATTTACGTGTTCGGTGAGGTTAGGTTCAA 
CAAGAGGCTCATTCAGTTCCTGAGCCGTAATCACATACCCGTTCACTTTTTCGGGAAACGTTACCTGGGT 
ACCTTCTACCCAAGACTATTCAACGCCTCAGGTTTCATGGTACTTAAACAGGTTCAGACTTACCTGGACC 
CCAAGATGAGGGCTGGGCTTGCTAGAAAGTTCGTGGAGGGGGCCATTAAGAACATGGCCACCGTACTCAG 
GGAGAACAATTTTCAGGAGGACGCCGTGAAACTTAGGGAGTACCTCAAGTTACTGCCCGAAGACGTAGAT 
GGGATCATGGGAGTTGAGGGGAACGCGAGGAGCTTCTACTTCGAGTCCCTGGATAAGATCCTTGATCAGG 
ACTTCAGGCTGGTAAGGAGGAGCAGGAGACCTCCCGAGAACATGGGGAACTCGCTCATGAGTTTAATGAA 
CACGGTACTTTACGCTGCAGTTCTGGATGAGGTTTATCAAACCCACCTGGACCCCAGGGTTGGGTTTCTC 
CACTCAACCAATTTCCGAAGGTTCTCCCTGAACTTGGACGTGGCCGAAGTCTTCAGGCCGGTTATCGTCG 
ATAGACTGATGATTTCCATGATAAATAGGAGGGAGATAACCAAGGACGACTTCGAGGAGATGACGGCTGG 
ACTTAAGTTAACCCAAGGGGGGCTAAGGAAGGTGTTAACGGCTTTAGATAAGAGGCTCTCCTCAACGGTA 
AAGGTTGGGAACAGGAAAATGACGTACTCCAGGATTATTAGGGCTGAACTGTATAAAATTGAGAGACATT 
TGTCCGGGGACGTGGAGTACTCCCCGTTCTTAATCAGGTAG   
 
38 947 4 

Metallosphaera hakonensis JCM 8857 = DSM 7519 strain HO1-1 chromosome, complete genome GenBank: CP029287.1: 401050-
401937 type I-B CRISPR-associated protein Cas7/Csh2 
 
ATGACTAAGATAAACAACAACTCCGAGATCCTCTTCTTATATGAGGCAAAGCTCACCAACCCCAACGGGG 
ATCCCGACGACGAGAACAGGCCCAGAATGGACCCCAAGACCAAGAGGAACCTGGTTAGCGATGTAAGGCT 
CAAGAGGTATTTCAGGGATTACATCATTTCCAAACTCGGAGAGGACAGCGTATGGGTTACTAAGATTGAG 
GGTAAGAACGTCGATGCCACCGAGAGACTCAAGAGGATAGGTAGTCCCAAAGACGTCTTGGCCAAGTGTA 
TAGACGCCAGGCTCTTCGGTGCCACCATACCTGAGAAGGGGGAACAGAAGGGGAAGTCCACGTCCTTCAC 
GGGACCGGTCCAGTTCACCTGGGGATATTCCCTCCACAAGGTTGACATGGTCGACTCCAGGTCCATTACT 
TCCCTATTCTCAGGAAGGGACACCGGGTACGGTAACATAGGCAAGGACTACAGGGTATACTACTCCCTGA 
TAGCGTTCCATGGGGCCGTGAGCGCCAAGAGGGCCGAAATCACGGGTGCCAGCGAGGAGGACCTAAAGAC 
GCTGGATAACTCCCTATGGGACTCCCTCGTTACTGAGACGGTAACCAGGAGCAAGCTGGGACAGAGGCCA 
CTCCTCTACCTTAGAGTTGAGTACTCCTCCCCAGAGAAGATGAAGGGGGACCTGAGGAGGTTCGTGAAGG 
TTAAGGAGAAAAGTGAGAGCGTGAGGGACTTGACAGACTTGGAAGTGAACCTCGACGCTTTGGTGAATCT 
CGTGAGCTCCAACGACGTGATCAAGGTTGTAGCGAGGTGTTCCGACGACTTCAAGGGATTCTGCGAACAA 
GTTAAGAGTGCCTGCGATGAGGGGAAGAAGAACTGCATCGTAGGGTAG   
 
27 884  3.1 
 
Methanobacterium sp. BRmetb2 chromosome, complete genome GenBank: CP022705.1: 468549-469262 CRISPR-associated 
endoribonuclease Cas6 
 
ATGAGATTGAAAATCAATCTAACATCACAAATGAGTAATTATTTAATTCCTTATAATTACAACCACATCC 
TTTCTGCTATTATTTATCGTAAGATATCTGACCTTGATTTAGCAGCAAAACTTCATTTTTCAAAGGATTA 
TAAATTTTTTACTTTTTCACAGATTTACGTTCCACAATTTAAACGTACAAAACAGGGCATTATTTCCAGA 
AATGGAAAATTAGAATTCTATGTTTCTTCTCCTAATGATGACTTAATAAAAAGCCTCGTAGAAGGGCACC 
TTGAGAACACCGAAGTAAATTTCAAAGGTGATAAACTACTGGTGGAGCAGATTGAACTTCTAAAAAAACC 
TATTTTTAAAGAAAATATGAAAATGAAAACCATGTCACCAATTATGGCCAGAATAAAGCGAGAAGTTGGG 
GGAAAACTTAAGATATGGGATCTGGATCCTGGAGATGAGCGGTTCTATGAAAGTGTTCAGAAAAATTTGA 
TTAATAAATATGTTAAATTTTACGGGGATTTTGATGGTGAAAGGTGGGTTAGGATAAAGCCTGATATGAA 
ATCTGCTAAAAGGCGCAGGATTGATATTAAAGGAACTTATCACAGATGTTTCATGATGAATCTTGAGATT 
GAAGCTGATTTGAGGCTTTTGGAATTTGTTTATGATTGTGGGCTTGGTGAGAAGAATAGTATGGGATTTG 
GGATGGTTGAATAA 
 
20 710 2.8 
 
Methanobacterium sp. BRmetb2 chromosome, complete genome GenBank: CP022705.1: 471663-472280 CRISPR-associated 
endoribonuclease Cas6 
 
ATGAAAACGCTAAGAATATTGATTGAAGGTTGGGTAACTTCTTTCAGATACCCTGCTTTTATCAGCGGAT 
TTCAGCCAACTTTACCAGTACCTCCATTAAGTACAGTTTATGGCCTTATATCTGCAGCTAAAGGAGAATT 
AGTTACTCCAGAAGACTTATCTGTTGGTTATATATTCAATTACCAGGGAAAAGCAGTAGATTTAGAAACA 
ATATATGAATTATCTGGTTTAAAAGGTAAATCAAACGTTATTAAAAGAGAATTTCTCGTAAATCCTGAAA 
TTTATTTATATATGGATGATTTGGATTATCGAGATTACTTTAAAAAACCGCACTATCCTCTCCTTTTAGG 



	
	
	

GCGTTCAACAGATCTAGTAACTATCAGTGAAATTAAAGAAGTAGAGCTTGAAAAAAAATCAAACATAAAA 
CTTGGTAGAACCATACTCCCATTAGGCACAAACGGTGCTTTTGGTACTATTCAATCATTACCAACACATT 
TTACTAACACAATTCCACGTAAAGCAGTAGGCACTAAACCATTTATATTAATGAACCAGTTCTTTGATTA 
TCAAGATGAATGTTATTTTGATAAAGAAAAGGAGTGGGGAGTTTGGTTCCACAAATGA   
 
24 614 3.9 
 
Methanobacterium sp. BRmetb2 chromosome, complete genome GenBank: CP022705.1: 474545-475060 CRISPR-associated protein 
Cas4 
 
ATGCTTTCAAACTCTGAAAAACAACTCCGGATAATAGGAACCCAAATTAATTACTATTTCATCTGCAAGA 
CTAAACTCTGGCTTTTTTCTCATCACATCCAGATGGAACAGGAATCTGATCTAGTTTCTCTTGGAAAATT 
ACTGCATTCACAAAGTTACAAAGATGAAAAAGAGTTTACCATTGACAATCTAATCAGTATTGATTTTATT 
AAAAAGCAAGATTATTTAGAGCTTCATGAGGTCAAAAAGAGTAATAAGATGAAAGAATCCCATGAATACC 
AGCTTCTTTACTACATGTATTATTTAAAAAATGAGAAAGGTATTGAAAATATCAAAGGCGTAATTAATTA 
TCCTACAATAAGAAAAAAAGCTACGATTATTTTAGATGAGTCTAAAGAGAAGGAATTAATGAGTATAATT 
GAAGATATTGGTAGAATTATTAATAATGACACTCCAAAACCTGAAAAAATGAAAATTTGCAGGAAATGTG 
CATATTTTGAGTTTTGTTGGGTTTAA   
 
22 512 4.3 
 
Nitrospira moscoviensis strain NSP M-1, complete genome GenBank: CP011801.1: 1417060-1417353 CRISPR-associated 
endonuclease Cas2 
 
ATGGCAGAAGATCGGGCCTGGTACTTGATCTGCTATGACATCCGCGACCCTAAGCGGTGGCGGCGCGTGT 
TTAAGCTGCTGAAAGGCTATGGGCATAGCCTTCAGTACTCCATCTTCCGCTGTCGGTTGACTAAGCGCCA 
GATCGAACAGTTGCGTTGGGAATTGGCGACTCTGCTCGATCCCGTCGATAGCCTGATGGTTGCAAGTCTG 
TGTCCAGGATGTGCTTCTCGGATGGAGGTTCAAGGAGGGAAGGGTGACTGGGATTCCGAGCATGAGAAGT 
TCAAGGTTCTTTGA 
 
9  290 3.1 
 
Aeropyrum pernix K1 DNA, complete genome GenBank: BA000002.3: c784515-784237 CRISPR-associated protein Cas2 
 
TTGGTGTACGTTTTAATAGCCTACGATATAAGCAATGATTCTAAACGCCTCAAGGCCGCACAGAAACTTC 
TGCAGATGGGATTCGCTAGGGTACAGAAGAGCGTGTACATCGCGAAGGGAGGACGGAGTCTTGCCAAGGA 
GGCGTACCGAGCTCTCCAGAGGCTAGCGGACAGTGGGAAAGACAAGATCATGGTGATGGTTATTCCGGGC 
GACAGTGTTAGGGATGCCTACGGTCTTGGGGGTAGTCTTGAGGATGGGAAGAGAGTTGTGGTGGTGTAG   
 
8 275 2.9 
 
Thermoanaerobacter kivui strain DSM 2030, complete genome GenBank: CP009170.1: c1756606-1756046 CRISPR-associated 
protein Cas4 
 
ATGATTCTTAATGTAATTTTTTTATTTTTTGTGGTGTATTTACTTATTCAAGCTATTATTGAAAAAAGAC 
CACCTTATAAGAAGATGAGGAGAAGTATTGGGTTTCGCGGTGGCAAAATAATATACATAGACAAGCAACA 
AGAAGTTAAAGAAAAAGGCGTTACATATGGGAAACTATTAAAATCGGATAAATATGGTTTATCTGGAAAA 
CCTGATTATATTTATCAGTTGGGAGAAGAACTTGTTCCAATAGAGTTAAAAAGCAGTGAAGCTGATGATT 
CTCCTTATTATAAAGATGTTATGCAGCTGGTGGCGTATTTCTTGATAATAGAAGATGTGTATAACAAGAA 
AGTAAGAAGAGGGAGAATAGTTTATAGAAACACTATGTTTGAGGTATACAATAAAAAATATTTGAAAAAA 
GAACTTTTAAATCTTGTAGATAAAATGAAAAAGATGAAACAAGGAAATTATTTTCCAGAGATAAAACCTT 
CATTTGCCTTATGCAGATTTTGCCCCTGCAGAGGTACTGTCTGTGAAATATACAATGACGCTTCCAAATAA   
 
22 557 3.9 
 
Thermoanaerobacter kivui strain DSM 2030, complete genome GenBank: CP009170.1: c1666773-1666372 CRISPR-associated 
endoribonuclease Cas2 
 
ATGCCAAATGTTAATATCAGAGCTCTAAAAAATGAGATATTAAAAGAAGTTAAGACTGCCATCAATCCTG 
ATAAGGACAAAGATGGCAAGGTATTTTCTGAGGTTGCAAAGAAAACAGGGCATCTTTTAAAAGAATCCAA 
TGTAACGGTTACACAGCTGCGCAAGGTTTTCACAGAGGTCAAAAGACTTTCCCCAGAGGATGAGAACTAC 
AAATACAAACTAAAGCTTTTAAAAGCAAAGATGGCATATACATCAGGAAGATTTCCAAAGCTAAAAGATT 
TTCAAGATATAGTCGATGAGGCATTGCCAATTGCAGAACAAAATGAGAAAACATTGGAGAGATTTAAAGA 
CTTTTTTGAGGCAGTTGTTGCATACCACAAATTCTTTGGCGGAAGAGAATAA   
 
19 398 4.8 



	
	
	

Observed mean proximity: 3.6 Expected mean proximity: 2.15 ± 0.9* (* 90%-
confidence interval calculated from the smallest sample size equal to 187). 
Data from https://www.ncbi.nlm.nih.gov/nuccore/CP021507.1?report=genbank 
 



AL-pentamer proximity of the capsid proteins of 15 virophages 
 
Zamilon virophage complete genome NCBI Reference Sequence: NC_022990.1: 3374-5203 capside protein 
 
ATGTCAAATAGTGCTGTACCTTTAAATGTTGTAGCAATTCAAGAACCCCGTCTTGAACTTAATAATGAAA 
GAACTTGGGTAGTGGTTAAAGGTGGTCAACAAGTCACCTATTATCCTTTCCCTTCAACTTCTTTCAGCTC 
TAATCAATTTAATTTCATTTGTAATCCTCCTTCAGCACAAACTGTATTGGATCGATTAGCATTCATTCAA 
GTTCCTTATGATATCACTTTCAATGTTAATCCTGCTCATGCTGGTGTAACTGACAATCTTTTACAACCTG 
GTCGTGATGCTTTCCGTGCTTTCCCTATTAGTTCTATTACTAATACTTTAACTGCAACCATTAATGGTTT 
CCCTGTGAATATTGAATTAGGACAAATTATTCACGCTCTTAGCAGATATCATACTCCTCTTAAACTTAAA 
AATGGATGGATGTCTATGCAACCTTCTTTTGAAGATAATTATCAATCATATCGTGATGCTGATGCCACTA 
ATAACAATCCTTTAGGTGATTTTACAAGCGCATCTGGTCTTTCTGAGCTTCCAAGAGGATCATATTCCAT 
GAATGTTGTGTCAAATACTCCTACTACTGCTAGAATTACTGGTGTACTTTATGAACAAGTATTCCTTCCT 
CCATTTATTTGGGATGAACATCAAGCTGGTGGTCTTGCAAATCTAACCAGTTTAACCTTCAATTGGGTAC 
TAAATAATAATCTTGCTAGAATATGGTCTCATTCAGATATTACTAATGATGTTTCTGGAAACAGTACTAT 
TGGTTCAATGAATGTCAGCTTCCAACAACCCTCAATGTATCTTGGATTTGTTACTCCTCGATTAAATATT 
CCTATTCCTCCCAGAATAACTTATCCTTATTTCAAACTTTCAAGATACACTACACAATTCCAAAATACTC 
TTGCTCCCAATGCAACCAGTACTTACAAATCTAATATTGTTCAACTTGATTCTATTCCAAGGAAACTTTA 
TGTATTCATGAAACAATCTGATTCAGTGATTTATCAAAATCTCAATAATCAAATTACCACTCCTGATGTA 
TTCCTACAAATCAATTCTCTCAATTTAACTTGGAACAATCAACAGGGTGTTCTTTCTGGAGCATCTGCAC 
AAAATTTATATGACTTCAGTGTTCAAAATGGTTACAACAAGACTTGGACTGAATTTAATGGTCTTACACA 
ACAATTATCAGGAGTCTCTGGATCACCTACCAAAGTAATTGGTCTTGAAGGAGGAATAGTTTGTCTCGAA 
TTAGGTAAAGATGTAGGATTACGTGACGATGAAGCTGAAGGTGTGCTTGGTAATTTCAATTTACAAGTAC 
AAATGACTTGCACTAATACTAATCAATATCTCACAATCGTACCTGATATGTATATTATTGCAGTATATGA 
TGGTACTCTTGTTATCTCTAATACTAGTGCTATGGCATCAATTGGTGTTGCCTCTAAAGAAGAAGTATTA 
AATGCTCCCATTAATCATAGCATGTCATATCACGAATTACAAACTGTATATGGAGGAGATTTCTTTAGCA 
CATTTAAGAATTTCCTTGGAAAAGCCGCTAATGTAGCCGGAAAGGTAAATAATTTTCTCAAAGATTCAAA 
AGTAGCTAGTTCTGTGCTAGGAGCTATTCCTCATCCTTATGCTCAAGTTCCTGGACAAATTTTAAGGAAT 
ATTGGTTATGGTGAAGGTGGAGTATCTGCTGGTGGTGTTGTTGCTGGATCTGGAAGAAGAAAGAAAGGTG 
GAGTATTAGTAGGAGGCAGTGAATGTGAAGGTGGAAGATATATGTCCAAAGCTGAATTAAAGAAAGCTTT 
ACGAATGTAA   
 
83 1826  4.6 
 
Sputnik virophage isolate Rio Negro virus capsid protein gene, complete cds GenBank: KJ183141.1 
 
ATGTCTAATTCAGCTATTCCTCTTAATGTTGTAGCAGTTCAAGAACCTAGACTTGAACTTAATAATGAAA 
GAACTTGGGTTGTTGTTAAAGGAGGTCAACAAGTCACCTATTATCCTTTTCCTTCAACTTCATTCAGTTC 
TAATCAATTCAATTTTATTTGTAATCCTCCTTCTGCACAAACAGTACTTGATAGACTTGTTTTTATTCAA 
GTTCCCTATGATATCACTTTTACTGCCAATCCATCTCATGCAGGTATAACTGAAAATTTACTTCAACCTG 
GTCGTGATGCATTCCGTGCATTCCCTATTAGTTCTATTACTAATACTCTCAATGCCACTATAAATGGTTT 
CCCTGTGAATATTGAACTTGCACAAATTATTCATGCACTTAGTCGATATCATACTCCTCTCAAAGTTAAA 
AATGGATGGATGTCTATGCAACCTTCATTTGAAGACAATTACCAATCTTATAGAGATGCTGATGGAGCCA 
ATAACAATCCTCTTGGAGTATTTACTTCAGCAGCTGGTCTTTCTGAATTACCTAGAGGATCATACACAAT 
GAATGTTGTAACTAACACTACTACTACTGCTAGAATTACTGGTGTTCTTTATGAACAAGTTTTCCTTCCT 
CCTTTCTTGTGGGATGGAGAACAAGCTGGTGGTTTAGCTAATCTTACTAGTTTAACATTCAATTGGGTAT 
TGAATAATAATTTAGCTAGAATCTGGTCACATTCAGATATTACTAATGATGTTTCTGGAAATAGTACTAT 
TGGATCAATGAATATTAGTTTCCAACAACCAAGTATGTATCTTGGATTTGTTACTCCTAGACTTAATATT 
CCTATTCCTCCTAGAATTACTTATCCTTATTTCAAACTTTCCAGATACACTACTCAATTCCAAAATACTC 
TTGCTCCTAATGCTTCTTCTACATTCAAATCAAATGTTGTACAACTTGATTCAATTCCTAGAAAACTCTA 
TTTGTTTGTGAAACAATCTGATAATGTAATTTATCAAAATCTCAATAATCAGATTACTACTCCTGACGTA 
TTCCTTCAAATTAATAACTTGAATTTAACATGGAACAATCAACAGGGTATTCTTTCTGGAGCATCTTCAC 
AAAATCTTTATGATTTCAGTGTTCAAAATGGTTACAATAAGACTTGGTCTGAATTTAATGGTGTAACCCA 
ACAATTCAATGGTGTTTCAGGACAACCTACTAAAGTCATTGGACTAGAAGGTGGAATTGTTTGTTTAGAA 
TTAGGTAAAGATGTTGGTCTTAGAGATGATGAAGCTGAAGGTGTTATTGGAAACTTCAATTTACAAGTTC 
AAATGACTGTAACTAATACTAATCAATATGTAACTGTTACTCCTGATATGTATATTGTAGCAGTTTATGA 
TGGTACTCTTGTTATCTCTAATACTAGTGCTATGGCTTCTATTGGAGTAGCTTCTAAAGAAGAAGTATTG 
AATGCTCGTATTACTCATGGAGTTTCATACAATGAATTACAAAGAATTTATGGAGGTGATTTCTTTAGTT 
CATTCAAGAATTTCTTAGGAAAAGTAGGTAATGTTGCTGGAAAAGTCAATAATTTCCTCAAAGATTCTAA 
AATAGCAAGTTCAGTTCTTGGTGCAATTCCTCATCCTTATGCTCAAGTTCCTGGTCAAATCCTTAAAAAT 
GTAGGTTATGGTGAGAGTCATGTTGGTGGAGGTAAGAAAAAAGGAGGAGTTCTTATTGGCGGAAGACAAC 
TTACAAAAGCTGAATTGAGAAAAGAACTTAAAATGTGA 

89 1784  5  



Megavirus vitis isolate vigne Megavirus vitis transpoviron mobile element, complete sequence NCBI Reference Sequence: 
NC_040848.1 

ATGGTTAGAAGAAAAAAATGTATAAAATTTAGAGGTAAAAATGTATATTATGCAAATATACAAGATTTGT 
CTAAAAAATTAAATATTCCTATTACGCAAGCTAGGAAAATAATAAATGATAATGGTAGAAGAATTGTTAT 
TGATTCAAATAATAACACATTATTAATTAATATCAAGAAAGAAAATTTTACTGGACTTTTGAAAACAAAT 
TTTGGTATCAGTAGAATAGATAATAAAAAAATTATTAATGATACTCACATTCTTAATAAGGGTATTGATA 
TTGTTAAGGAATTAGGACCAAATACAGAAGGAAAATATTTAATAAAAATTATTCTTTACATAACATTTGT 
GAGTCCTGATCCAGTTAATGAAGATGAAATATTAACTAATGATAAAGTGGATTATGTTAAAATACAAAAT 
TTAATTGATGAACATCGTCTCGAGGAACGAGAAATTACTACACCATATAATGGTTACAATGACGAAATTC 
CTAATTTTATAAGAAGGAAAATTAAGGAATATATGAAAAACATTAAAAAATCTGGTGGTCAATTAATACA 
TTATGAATATCGTATTGGTTCATATTATAAAAATAGAAGATTAAAATTTAAAAAGGGATATGTTAGGGAA 
TTAAATAATGTTTATGAATTAACAGAATGGGTAAACATTCAATACGAAAATAGTGATAATACAAATGATA 
CATGCGTGGTTAGAACAATTTCCAAAAGATATCCTAAATTGTACTGGAAAATAAAAAAACTTGAAACTAT 
CCACGGCGTTAAAGTTCAAGATTTTTTAGGATTTTGTCAAAAATATGATATCGGTTACAATATTTTTAAT 
GAACTTGGTAAAAAATTATATAATTATCAGGGTTCGGACGGATTACTTAACTGTATTATTTACAATAATC 
ATATTTATCCAATAAATGGCGGTAAACCAAAAAAATATTCTACAAAAGAATACAAGATAAATTTTGTAGA 
TGATTCGTTAAAAAAACTTAAAAATATATTAAACACTGAAAAAAAATTACCTTCTAATATTAAAATTGAT 
TCAGTTAGAAGAAAAAATAAGATAGATAATATTAAAGATGTTAATATTACATCATTTACAGTGAAGGATA 
AAAAATTCATTTGTAATGATGAATATCAAGAATGTTTAAAAATATTAACTAAAATGGGATATAGTGAATA 
TATTTTTGATAATATACGAATAACAAATATTCCTAATTTATTAGAAAAAATATTAAAAGTAGACGATGTA 
TCATCATTTATTCCTGAAAAAGAATTATTTAAAACATCACCGCTATTATGGAAATGTAATAATGTAATAA 
AGCCGAATCGTGTTATAACAAAAAATAATAATGATGTAATAGAATGGTTAACAACCATCGACAAAAATAA 
ATGTTATTCATATTGTCTTTATTCTTTACCTTATCTTATAAAATTCGATTATAGAAAACATAAACTTAAT 
GATAAACCAACAAAAATTATTGATAATAATTTATATTTGGCAAAACCAAAATTTTGGACTATTTTAATGC 
CTAAAACTAAGATATATCCTGGATATTTTTTATCAGAATGTAGAAATATTGGTATTGAATTTGATTTATT 
AGAAGAATTAGAAACAGAAATAGTTCCTAATTATTTTAGAAAAATAATTAAATTAATGTACGATAATATG 
TCAGCTGAATCATTTAAAAGTGCATTAAATATATTTATAGGTACATTTGAAAGAAATGATATGCAAACAT 
ATAATTACGAATATAGCGGTATATTTACAAAAGAAGCAGTAAAGGCACAAGAAGGTTTTTATAAAAAAAT 
GGGCGATCATTATTTATTATTCAAAGAAACCGAACAATATTTTCATGTTCGTGATAGATTACCAATTGCT 
TCACAAATAAAGGATATGTCTAGAATGATTTTGTATAAAAAAATAAAAGAATTAGGATTAAAAGATGATC 
AGATTGTACAAATAAATACTGATTCAATATCATATTATGGTGAACTGCCAAAAGAATTAGATCCAAGTAT 
TTTATCTGGTTGGAAACGATCGGATTTTAAAGAATTAGGTGATGTTAACAATTTTATCGATGAAGAAGTC 
AGTGTTAAAAATATTACTAACAGTAATAAAAAAACAAGAATTATTCATCAACAATATGCAGGATCGGGTA 
AAACGACATATATTATTGATAATCTTGTACCCAGATTATTAAAAAAGGGTATATCATTTATTGTATTAAC 
GCCTACACATAAGACATTAGATGAATATAGAAAAAATAATATAAACTGTGAGATCATGCAGAAATATGTT 
TTCACAAATACCATTCCAGAAGAAGACTATATTATTGTAGATGAAATTGGTTTTGTTGATCGCGGATGTC 
ATGATTTACTTTATAAAATAAATAAAGCCAATAAAAATTTTGAATGTTTTGGGGATTTTAATCAACTACA 
ACCAGTGGGAGAAAATCAACCACTAAATCAGCCACATTATTTGAAATATATGTTCAAATATATATACACT 
GATTTTATTAATTATCGCAATAACTTCACGAAAGAATACTATGATGATTTAATAAACGAAAATATAGATG 
TGATATGTGAAGTAAATAAATGGTCGCATAAAAATATGATGAAAGCGGAATATATTCTATGTTTTCGACA 
TAAAACAAAAAATAAATATAATAACATCATGATAAAAAAATTAGGTTTTAATTCATGGCGTGATATTGGT 
GTGAAAATTGTTTGTGTAACAAATAAATTAATTGAACACCATATTTATAATAATAAACAATTCACCATAT 
CAGATATTAATAAAAATGATAAAAATTATAAATTAAAAGATGATAATGGTGAAGAATTTGTTGTGACCGA 
AAGAAGATTATTATCTAATTTCGAACCTGCTTATGCCATTAATATACATCAAGCACAAGGTATGACACTA 
AATTCATATTTTTGGGCTTCTGATGATGATAATTTTATTAATGGGAATGTTGCTTATACAATTATCAGCA 
GGTTAAAACAAAAACTTAATTTTTCATTGGAAAGAGAATTTATGAAAATATTATTGACTGAAAATAATTA 
TTTATAA  
 
123 3083 4 

Maverick-related virus strain Spezl (virophage at the origin of large DNA transposons), complete genome NCBI Reference 
Sequence: NC_015230.1: 14876-16696 putative major capsid protein 

ATGAATACACCCCCAGAACTCGATACTGTTTTACAAGCTCCATATGCTTATAATTGGCCCACTTCTAAAA 
ATGTTAAAATTGCTTCTAGAATAGGCATTCCATACTCAACATTTCAAACAATTCAACCCGTATCAGATGC 
ACCTAATAATGGTATAGGTCAAATAACTTTTAATCAACCTCTTGGAAATTTAACAGGAGGTGCTCCACGT 
TTAAGAGTAAGTTTTACTGCTGAAATTAAAAATATTTTAGCTGATTCATCTTTAAAAGATCAAATAGGCC 
TGAAATCTTTTCCAGTTAATAGAAGTATACCTGTTGCAGTAATTAATATGAATGGTAAAACTTTTACCAG 
TTACCCCGCACAATTAATTAAACTTCATCAATATAATGCGGATCCTCTAGAACTTGCTTTGCTTTCTCCC 
TGCTCTGATGTAGATGAATATAATAAAATAAAAGCCGTTTCTATGAATAACCCTTATAGACAAGGTACAG 
AATCTACCGATAGCCGAATGTCTCGCGGTTTAGGTTGTAATTATGCCTATTATATCCACCCACGGGCAGC 
AGGTAGCACATCCGTAAAAATTGATTTTGTAGTAGATGAAGCACTTGTAGCCAATCCCACACAATATAAA 



AATATTAAAGACCCAGTACCTTTTAGAAACCTGAACACATTTAAAGTCATATTAGATGGACAATTTAAAC 
CTGAAAATATGATTGGTATTGCGGATGATGTTAAACTTGTGGCGGGTAAAGCAGATTTTGAAGTGGATAT 
AACCGGATTTAAAATTAATATGCTTGTTCAAAACTGGGTCGCCCCTCTTGAAATTGGTGACATTCCTAAA 
ACTATAATATATAACACCCCGTTAATTTCATTAGAAGGTAATATAAGTTCGATGTGCCTCAATACAAAGG 
ATCCTTACGGTATCCCTGGTGAACGAAATAAACACATATTAACAACTCATAGTATGGCAATGAATAATGT 
CCCTTCAATGTTTGCTGTTATGGTTTCACAAGAAACACCAACAAAAAAGTTTGCCCCTGATCAACTTGCT 
GGAATTATTGGATTAGAAATTAAGGTGGATTCTGATGTTGGTATTTTTAGAGAACTTGAACAACAACAAC 
TGTACGAATTATCTTCATCTAATGGATATAATAAAAGATTTTCATGCTTTAGTGGTGCTCTGGCTAATGG 
CTTGACTGTGGCAGATCCCGCTGTGGCTGCTGGTAACAAATTTAAAGAAGCTATATTTGGTGCTGGTTCT 
GTAATTTTCTTCCGTCCTTCCGATCTGGGATTAAAAGATTATAATGTTATGGCTAATGCTAATAAGTCCA 
TTAATATGCAGGTACAAGCAACATTTGTCACCCCTGAAGCTGCGGGTACTGGTGCTCATTATAAATTAGA 
AGTGTTTTCAATTAGAGATAATCTCACCTACAGCTTTGAAGATGGTACCTTTATGGATGATTTAACCCTT 
TACACTCCCGACCAACTATTACGAAGCCCCCTAAAACTTACTGATGACAATAACAAATTAATGCGGGTTA 
TGGGCGGGTCCTTTATGGGTGATGTTATGACTAATTTTAACCATATGGCAGCTCATCCTGTGACTAAAAC 
GGTGACTAAACTTTTAAGAAATGCGGGACCATTAAAAGATTATGCGGGAGATGGTACAATGATGGGAAAC 
ATTGCCTCCGTTTATGGTTATGGTAAAAAAAAAACAACCACTAGAAAAAAGAAAGGTGGAGAAATTGTTT 
TACTAGGATCAGGAAAAAAAGGCGGTAAAAAATTATCAGATAAACAACTTCACGACTTAAGAAACCTCTAA 
 
71 1817  3.9 

Moumouvirus australiensis isolate 10A, complete genome GenBank: MG807320.1: 471905-475239 capsid protein 1 

ATGGCAGGAGGATTATTACAACTCGTAGCTTATGGTGCTCAAGATGTTTACCTAAACTAGTTGGGTAGAA 
AAGTAGGACGCCGTGATGAATATGGATAAGTCACGGATAAACCGGTTTGTGGTCCATTAAATCGTAATAA 
ACTTACGAAACCACGCCTGCTAGTGGGAATAATTTTATTCCTGCGACACCTTCAAATTCAGATGAACCCC 
TAAAGCCGTATAAAGTAGATAAAAAAATTGAATTCTCAAAAATTGTTTTATTACAAATTCATGTTATTAT 
TAATATGGAAACTAAAATATGCACACAATGTAAAGATGAAAAATCTTTAACAGAATTTGGTGTAAGAAAT 
AAAAAGAAAAATATTTTACATCAATGGTGTAGAGTATGTCTTAACGAATATGCCAAAAAATACCGCGAAG 
AGAATAAAAATTTGCTTAAAAAAAGACAAAAAAAGTGGTATAAAACTAAAGGTAGAAAATGGAAAAAAAT 
ATATGATAAAAATAATCTCGAAAGAACAAGACTAAGAGATAATGAAAGATATCATTCTGATCCAAGTTTT 
AGAACCAAAAAAATACTAAGATCAAGATTAGCAAAAGTACTTAAAGGTGAGAAAAAATCTAAAAAAACTT 
TAGAATATGTAGGATCTGATATATTATTTATCAGACAATGGTTTGAATTTCAGTTCGATGAAAATATGAA 
TTGGGAAAATCAAGGTACTTATTGGGACGTAGAACATGTTATACCTTGTTCTGCTTTTGATCTTTCTCTT 
GAGGAAAATATTTATAAGTGTTTTAATTGGAGAAATTTAAGACCTTATGAAAAGAAAGCAAACGGTAAAA 
AAGGCAATAAAATAATTATTGAAGACATATTTAATCACAAGAAAAAATACAGAGAATTTGAATTATTTTA 
TCTATTCGGTACCAAGTAACATGGGAAACTATGTTATGGCCTGGAGAAGTAGCCAGGGTATGGTCACAAG 
CCGACGGATGATGAATTTGGTTAAAAAATTTAATCAAATTTTGAAATGGGCAAATGCTGAGCCAAGTCCT 
AAACCTCGTTATGCAAGAGGCAAGGATGCAGTCCAGAGACTAGAAGGAGGTGCGCGTGAGAGAATTAGCA 
GTTCTCGATGATCGTGTGAGGTATAGTCCGTCCCCATCTCGAAAGAATGGGATCCGACAGACAGGGAATC 
CGCAAATAACTTTTTTTAAGGTTTGAATACAACATTTCTGGCCTTAGTAGTTATTAAAGGTAACTGCTAG 
TCATTTTATCAATATTGGTGTAGTAAGCAACCTGCCGCTGAAAAGATCCGATATTGAAAAATGGCGACAC 
TGTCAAATTGCGGGAACGTCCTAAAGACGTCGTGTACCAAGTCAATGGAGAAATCTATTGATGGCCGAGA 
TTGGAACTCGGGTATGGTAAAAATCACGCGTATGATTAAATAGAGTCATTCTATTTATGAAATGGATAAT 
CCGCAGCCAAGTCCTAAATACCGTAAAAATGATGAGTATTTCAAAAAGTAAAATTTTTGGAATCACGGTA 
CATGGATGCAGTTCAGAGACTAAATGTCAGTGGCGATGAAAGAAACTAATCATTTCTTTATGATTCGTTA 
AGTTATAGTCCGGCCACATGGGAAACTATGTGGACTAACCGCGTATATCGTCGTCATACTAACTTTGCGA 
CTGAATCAATTGAGCAATATTTTAATGGTAATACTAATTTCGGAAGAAAATCCACCGCAGAAATATCTCG 
TAATGGAGATCTTATTACCCAAGCTTTCCTTAAAGTAGTATTACCCGAAGTAAGATTTACTGGTCCTTTT 
GATAAATTCGGACATGTTAAATTCGCTTGGGTCAAACATATTGGTCATGCTATTGTTGATGAAACTGAAC 
TCGAAATCGGTGGTTCTACTATTGATAAACAATATGGTGATTGGCTTCACCTCTGGCAAGAAGTTTCTCA 
AAGTAAAGATCATGAAGCCGGTGCCAATAAGATGCTTGGTAATGTTCCTGAATTAACATCTATCAGTACT 
CTTGATTGGGACAGTTATGATAACAATCTTCTTAAAAATTCATACACTCTTTACGTTCCTCTTCAATTCT 
ATTTTTGTCGCAATAATGGTCTCGCTCTCCCTCTTATTGCTCTCCAATATCACGTAGTCAGAATCTACGT 
TAAATTCAGACCCGCTGAACAATGTTACATTGCCAGTGATGCTTTCAAGAGTGGTGCTGATAACTTTGAA 
CTTGACGATGTTTCAATTTATGTCAACTATGTTTATCTTGACACTGAAGAAAGACGAAGATTCGCTCAAG 
TTTCTCATGAATATCTTATTGAACAACTTCAATTCACTGGTGAAGAATCAATTGGTACTAGCAACTCTGC 
TAAATATAAACTCAATTACAATCACCCCGTCAAAGCTCTTTATTGGATCACCAAATTAGGTAATTATCAA 
GGAGGTAAATTCATGGTTTATGATCACGAAGATTGGGAACGTGCTCGTGAAAATGCCGCTAAACTTCTTA 
TCCTTGCTCAATATGATCTTGACGAATTTGGTTATTTCAATGATGTTGCTCCTGAACAAAACGATAACAG 
TTATCATGGTGATTGTGGTCTTCAATATGTTGGTGTAGATCCTTCAAGTACTTCTGAAGAACCCCATTAT 
ACCTTCAATGATTCACACACCGCTGATGCCTTTGATGGTACTGTTCTTATTGGTAAATTAGCTCCTTGTG 
TTCCTCTCCTTAAGAGAAACAAAGATGTTGATCTCCGTGATAAAGTTGATGGTGTTATCCGCATTGTTAC 
TGATTTCGAAAATGATAACTTAAGATATCCTGAAGTTGAAAAAGTTACCAGAAACGATCTTTCTATTTCT 



GATCTTTCAATTCCTGTTGATAAATTCGATGAAGACAACCGTGTTGATTACATTAAGAAACACGATATTA 
CCGTATGGCAACACGACAACTACGGTCTTCTCATTGACGGTACTAAAAATCCTGTAAGTGATGCTGAACT 
CCAACTCAATGGTCAATCACGTCAAAGCAAGAGATCTGGCTTCTGGCATGATACTGTTGAACCCTACATG 
CATCACACTAAAACACCCAAAGATGGTCTCAATGTCTTCTCATTCGCTCTTAACCCTGAAGAACATCAAC 
CATCATGTACTTGCAATTTCTCAAGAATTGATACTGCTCAACTCAATCTCTGGTTCAATCACTTTGCTAA 
CAGCAAATATGCTGATGTTTTCGCTGACAATGATAATAAAGTTCTTATCTTCGCTATCAATTATAATGTC 
CTCAGAATTATGAGCGGAATGGGAGGCTTAGCCTACTCAAACTGA  
 
150 3331 4.5 

Pleurochrysis sp. Polinton-like virus isolate PleuroPLV, partial genome GenBank: KY203338.1: 11562-12602 minor capsid protein 

ATGAACGCGCCTGGATACCATATTGTTGACCAGACCAATGTGTATATCAATACCGGCTCTGGACTGAACC 
CAGATTCAACGGGAGATGATATCAAGCTGACGTTTAACGATGTGAACGTGAAATGCGGAGACAACCAGTT 
CTTCAAGCTCACGTTAAAACAGTTTAACATGTACAAGTCATGGACGAACGTGAATGCGAATAACTCCATT 
TTCGTTCTAAACATTGGCGGATCATTCTTCACCGAGTCGCTTACACAGCGGAACTATTCGAGTTTTCGTG 
ATCTGGTGACTGAATTCTCCTCAATTGTTGATTTGGTACTGATTAGAGAGGGAGCCTACACTACATCGTC 
AGTTACTGTGAATAACCCTAACACAGCAAGCGATATATCCGGTAACGTGGAATTCGATTTTTCGATATCG 
ACCACAGAGGCTCACGGATTCAGTGACGGAGAAATCAAGCTGCATGCGAATGTGTCATTGGGTGACTTCT 
ACAGACTGCTTGGGGTCAAGCGTAGCAAGGTGGACAACGATGTGGACGGTTGGCAGATGACCGCGCCTGA 
CGCGAACACTCTGCGCTTCAGAGGATATTACAACTGTCAGCTGAGTACTGAGAGCTACGTCTACCTACAT 
TGCTCGACATCGAGCTGCAGTATCGCTACGAGGAACTACACTCTCGGCTCCAAGGACAGCCCTGGACCCC 
AGCTCGATCATAGCACGATCCTGGCTAAGATCCCGATTCAAAATAACGTCTTGGCATATGACTCCCAGTC 
AGACGAGTTCGTAACGCTCCTGAAAAACATCAAGCAGATCTCGTATATGGAACTCGACCTTAGGGACAGT 
AAGGGCCGTAAGATCCCACTCATCGCTGCCGGTCAGAACACAGATGGGAACCGCTCATTCGAATGCCTAC 
TCGAAATCCAAACGATTCAGCGGACCGGGTCTCACCAAGGTCACTTTAAGTCTCCGGAAGATGACAAGAC 
ATATGCGCATCACAACACTCGACCCCTCGTCTTCCACAAGAACGGACAAACTGGATACTGA   
 
44 1037  4.2 

Cafeteria virus-dependent mavirus, complete genome GenBank: KU052222.1: 24414-25325 minor capsid protein 

ATGAAACAGTATATTTGGCTTAATGAAACTATCAAGAGTAATAAACAATTAGCTGGACCGCGGGGCTCTT 
ATAAAAGACCCGTTAGTGTTGATATTTTTCGTTCTTCTACAATTTTAGACCCTGATAAAAATTATCTCTT 
AATTGTTGAAGAGTTCCATCTCCATAAAATAAGACTTCCATTATTTAAACCCGCGGGACATGACTATCAA 
GTAGGAATTTTTAACCGTTCCACCGATGAAATTATGGGAGTACGTGAGGTTGATTTTAGTACCTTTGTAG 
ATGAAGATGGGTACATGTACGATTATGTTGATGTAGGTACCGCCATTAATGAAACTTTAGCTGGATTATG 
TGACGGTATCATAGGAGAAGAAGACATACCCGTTTTTAGTTTTAATAAACATAGTAAAAAATTTGAAATC 
ACCACGACTGAAAATTTTAGAAACGGTCATTTTATTATGTTTAATGATGACATGAGAGTAGACTTTAACT 
CTTTTGAATTTGACGACATAGACGAAGAGTATTCATTAGTTATATTAAATGAAGATGTAGAAACACAAGA 
TGCTTCCACTTTAGAATTTTTAACCCCTATATCGCATATTGTTATAGAATCTAACGACCTCCCCGTATCT 
TATGAATTACTCCCTTCAATATCTAAAAACACCACTATATCAGATAACACGGGGGTTTTCCTTACTAATT 
ATAAATATTTACAACAAAACAATCAAGATTATAACAGCATTTTATTTAGGGTTGAAAATTCCTCTAATAA 
ATACCATAATATTTTACAAACTAATTTTAACCGTTTTAATTTATCCTTTACCATATACGATTATGATAAT 
GAAAAACACCCTTTAACTCTTCTTCCTCAAACAGTAATACAACTTAAGCTTTTATTTGAATCAATAGATTAA   
 
33 908  3.6 

Cafeteria virus-dependent virophage mavirus, complete genome GenBank: KU052222.1: 25440-27260 putative major capsid protein 

ATGAATACACCCCCAGAACTCGATACTGTTTTACAAGCTCCATATGCTTATAATTGGCCCACTTCTAAAA 
ATGTTAAAATTGCTTCTAGAATAGGCATTCCATACTCAACATTTCAAACAATTCAACCCGTATCAGATGC 
ACCTAATAATGGTATAGGTCAAATAACTTTTAATCAACCTCTTGGAAATTTAACAGGAGGTGCTCCACGT 
TTAAGAGTAAGTTTTACTGCTGAAATTAAAAATATTTTAGCTGATTCATCTTTAAAAGATCAAATAGGCC 
TGAAATCTTTTCCAGTTAATAGAAGTATACCTGTTGCAGTAATTAATATGAATGGTAAAACTTTTACCAG 
TTACCCCGCACAATTAATTAAACTTCATCAATATAATGCGGATCCTCTAGAACTTGCTTTGCTTTCTCCC 
TGCTCTGATGTAGATGAATATAATAAAATAAAAGCCGTTTCTATGAATAACCCTTATAGACAAGGTACAG 
AATCTACCGATAGCCGAATGTCTCGCGGTTTAGGTTGTAATTATGCCTATTATATCCACCCACGGGCAGC 
AGGTAGCACATCCGTAAAAATTGATTTTGTAGTAGATGAAGCACTTGTAGCCAATCCCACACAATATAAA 
AATATTAAAGACCCAGTACCTTTTAGAAACCTGAACACATTTAAAGTCATATTAGATGGACAATTTAAAC 
CTGAAAATATGATTGGTATTGCGGATGATGTTAAACTTGTGGCGGGTAAAGCAGATTTTGAAGTGGATAT 
AACCGGATTTAAAATTAATATGCTTGTTCAAAACTGGGTCGCCCCTCTTGAAATTGGTGACATTCCTAAA 



ACTATAATATATAACACCCCGTTAATTTCATTAGAAGGTAATATAAGTTCGATGTGCCTCAATACAAAGG 
ATCCTTACGGTATCCCTGGTGAACGAAATAAACACATATTAACAACTCATAGTATGGCAATGAATAATGT 
CCCTTCAATGTTTGCTGTTATGGTTTCACAAGAAACACCAACAAAAAAGTTTGCCCCTGATCAACTTGCT 
GGAATTATTGGATTAGAAATTAAGGTGGATTCTGATGTTGGTATTTTTAGAGAACTTGAACAACAACAAC 
TGTACGAATTATCTTCATCTAATGGATATAATAAAAGATTTTCATGCTTTAGTGGTGCTCTGGCTAATGG 
CTTGACTGTGGCAGATCCCGCTGTGGCTGCTGGTAACAAATTTAAAGAAGCTATATTTGGTGCTGGTTCT 
GTAATTTTCTTCCGTCCTTCCGATCTGGGATTAAAAGATTATAATGTTATGGCTAATGCTAATAAGTCCA 
TTAATATGCAGGTACAAGCAACATTTGTCACCCCTGAAGCTGCGGGTACTGGTGCTCATTATAAATTAGA 
AGTGTTTTCAATTAGAGATAATCTCACCTACAGCTTTGAAGATGGTACCTTTATGGATGATTTAACCCTT 
TACACTCCCGACCAACTATTACGAAGCCCCCTAAAACTTACTGATGACAATAACAAATTAATGCGGGTTA 
TGGGCGGGTCCTTTATGGGTGATGTTATGACTAATTTTAACCATATGGCAGCTCATCCTGTGACTAAAAC 
GGTGACTAAACTTTTAAGAAATGCGGGACCATTAAAAGATTATGCGGGAGATGGTACAATGATGGGAAAC 
ATTGCCTCCGTTTATGGTTATGGTAAAAAAAAAACAACCACTAGAAAAAAGAAAGGTGGAGAAATTGTTT 
TACTAGGATCAGGAAAAAAAGGCGGTAAAAAATTATCAGATAAACAACTTCACGACTTAAGAAACCTCTAA 
 
73 1817  4 

Qinghai Lake virophage, complete genome GenBank: KJ854379.1: c15342-13609 major capsid protein (MCP) 

ATGGCATCCGCAGACTTTAAAACTACTCTCATCAAGCAATCGACCCTTGCTGATATTACCGACCAATTGG 
ACTACGCAGTTCTAAGTGGTGCTTCCAGCAATACTTACCAGCAATTTAACGCTGTATCAACATCCGCATC 
AAGTATTACCTTTTCTTTACAGGTACCTTCTGAGTCTATAGTCGTATCAAGAGAAATATTGATAAGAACC 
GACATTAATTTTACTGTTGATGTAACAAATGTTCCTATCGGTGCAAAGGCATTTGACTACGGAAAAACCG 
ATGCTCTTCAAGCATTCCCTCTTAATAGTTTATTTAGCACTTCATCCGCACAAATCAACAACACTAATGT 
CTCTGTTAATACCCAAGATGTATTGCCTCAATTGTTAAGACTTAACAATAGCAGAGAACTTTATAAATAT 
AACTCATTTTGTCCTTCTCTACCCGATCAAGCATACCATTCATATGCCGATGGTGTTGATGCTTTTAATA 
ACCCATTAGGGGCTTACTCTAATGCATCTTACGATGTCGACCTTATTCCTAGGGGAGCATTTAAACTTAA 
AACATTTTCATATGTATATACTCCTGTCGCTGGTGGCTCTCCTGACACTCTTGTCTCTGCCAATGTTGGT 
GATGTTTGGAAGATATCTATCACAGTTGAAGTATGTGAACCTATTATTGGTCTCTCACCATTTGTATTTG 
GAGACTGCGATTACAATAAGCAAGGTTTAGTTGGTATTAACGCCTTGTCCTTTGTCTTCAATATTGATAG 
TAGTTGTAAGAGATTTTTCAGTTGCTCTCCTTCACCATCAAGAGACATATCTGTTAGTTTAGGAACTTCT 
GCCAATCCTCAACCATTCGAGAAATGTTCCCTGTTGGTTAATTTCCTTAGTACTCAACCATCCGACTTGA 
TTCCTGCTCGTAATGTAGTACCATACCACGATTTTCCAAGATTTTTATCCCTTCAATCTGCTACAAATCC 
ACTTGGTGCTGGTGCTTCTACCACAGTTAATTCTCAAAACATTCAAATTAATCAATTGCCCGATTACTTT 
ATCGTCTGTGCTAGAAAACCAATGTCTCAACAAACCATTAAGGATAGTTCTTCCTTCGCTGTTATTAATA 
GTATAAGTGTTAATCTTAACAATGCATCGGGTCTTCTTTCATCTGCTACCGCCCAAGACCTTTGGAGAAT 
TTCTGAGCGTAATGGTTCTACTCAAAACTGGCTAGAATTTAGCGGTAAGGCATCAAACGAAGGAAACAAC 
GATATCATCGCCACTGATATTGCTACAACTGGTTCGCTACTTATTTTGTCTCCTCCATTTGACTTGTCTC 
TCCCTGACTACTTAACATCAGGAAGCATCGGTCAATACAACTTCCAACTTCAAATGAATATCACCAACCA 
ATCTGTCGATGCTTACACTCCTGAAATTTGTATAATCTGTGTTAATAGTGGTGTATTTACTACGGTTGCT 
GGTTCATCAAGCATCTTTACTGGTATCCTTACTAAACAAATGGTTCTTGATAGCAAGACAACTGAGGCAA 
TTGACCCTGTATCATCCGTTCTATATAAGAGAATGATTGGTGGAAATCTTGGAAACAGAATTGCTACTGC 
CGTTAAGAAAATGCCATTCCTAAGAGATTTAGCAGGAAAATTGAGAGAAATGGTAGGTATGGGTGTCCCA 
GTTGGAGGAGGTATAATGTCCGCTGGAGGAAAATTGGATGCTCTCTGTGCTTAA  
 
64  1730  3.7 

Miers Valley soil virophage partial MCP gene for coat protein, segment MCP, isolate Miers Valley soil GenBank: LT221025.1 

ATAAAATACCCACTGTATAGTCCAAATAGGATTACCTCAACATCAAATCTTGCACCTGTTGCTGCTCTAG 
CAAGTATTTCTCTGACTTTACAACCATTGACTCTTACTCAAATTCCTTATTGTGTTTATTTATGGGTTGG 
TCGATCAGATGCCGAAACATTAGCAAATGTTAATAATATAGTTACATCAACCGATACTAACTTTAGAATT 
GATTCATTGAATATGACTTGGGGTACTGTACAAGTTATGAGTTCGTCTGGTCCATTAGATCATTATAATG 
TTTCTATAAAGAATGGTTTAAAGAACGTCTCATTTACAGAATATTATGGAGAGACCAACTCGTTTTCACA 
ATCTATCGCCGCTCCTTCTACTAAAATTGGATTAACTGGAAGTGTAATAAGATTAATACCTGGTATTGAT 
TTTGCATTAGCGGATACCTCTCTAGCACCTGGAGTGAATGCACAAACTACTTTCCAAATTAGTGTAGTTG 
CAACAAATCTTAATAATAAATATGCTGTAACACCTCAACTGAATGTTTTATTTGTAGATGAAGGATACGT 
TGATATCCAAGGTGATTTAGCAACTAAGCGTATCGGAGTTATTCCTCGTGAAGCTGTTATCCACATGCCA 
GCAAATGATAGTTATAAGGCTGAAGATTTAAGATATTTTGGTGGAGCACCATCTTTCTCTAGTCGCTTTA 
ATGTGTTTTCTAAAAATTTAGCAAATCGAGTTAAAGATTTTGATATTCCTGGTAAAGCAAGACAAGCCAA 
TCGTTTTTTACAAGACAAAAAAGTAATCAGTAGAGGATTAGATGCAGCTTCGTGGTTACCAACAAGATTT 
AGTGGTAATTTACAAAGATTATCAGGTGTAGCTCGTGATTTTGGTTATGGAGGATGTGGAGATGATATGG 



GTGCTTATTTACCTGAAAATATACATGAAGATAGAGGAGGTTATTTGGCTGTTAATAATCAAGATAATAT 
GGGTGGTAGATCTATTCCTCTTGATAGATTACGCAATGCTATGTGTAAACGATAA   
 
42  1031  4.1 

Organic Lake virophage, complete genome GenBank: HQ704801.1: 7791-9518 major capsid protein  

ATGTCTAGCGAACTTTCTACCTTTCTAGTCCAAGATCCACGTATCAGTCGTATCACCAGCGATGTTCAAG 
TTGCGGTGAAAGATGGTCCGGCTTCGAGCGTGGTCCAAGGCTACCCTACTAACTCGAACAGCTCGTCCAC 
TACCCTTTTCAATGTCAATGTCCCAAGCGAAAACACTCTTGTAGACCGCAACCTTCGTGTCCAAGGTACG 
ATCCAATGTGTTATGGAATTAACTGTAGGCACAACTGAGATTAATGTCGATACTTTACAAATTGTACCAT 
CTGCTTTTCCCTTAAATCAAGCACTTCAATCGGCATCTCTTACCCTTAACAATGCTAAAGTCTCGGTTCA 
ATCGGCGGATATTCTCAACGTTATAACGAAACAATACCATCAACGATTTTTAAGCAAACACATCCAAACT 
ACTCCATCTATGGTAGACAAATATTACGCCAAAGCGGTCGATGCTATGTCGGAGAACAAACCCTCGGCGT 
GGGGTGCTGGTGTTGAATCTGCCGAAAAAGACAGCGACACCGCTGGTCGTGCCGACTCTAGCATCAGTTA 
CGTTGTCTACACAAGTGCTGGTGTTGCGGTTGCCTCAGGAGCTAACTTGACTGTCGCTACAACCTATTAT 
GTAGAAATCTCTCTTGATGTGAATGAACCCATATTAGGAATGCCAACTCTTGAATTTAAAGAAGAAGAGT 
CGTCTTATTTAGGCATTAACAACCTCGAACTTGTGCTTCAATACAATGACTTTAAGAATGTATTTAATGT 
AAACAAAGAACTCGTATTGTCTTTCTCGAGTGGAGTTAAATTTGGAACTCAGGCGTCCACTCTTTTCTTG 
AAAGATGACGCCCGACTTATGGCTCGGTATATTAGTCTTCATCCATCCCAATATGCAAAACTCAATGCTA 
AAAATATCCTTCCATATGACGAATTTGTAGCCTACAAAACAACCCTTTCTCTTCCGTCGGATGGTGTAGG 
TGTAAATGGGGCTATGACGAACGTCATTTCTATGCGTCAAGTGCCTGACAAGATTTACCTTGTGGTACGC 
CCTCAATATCGGTCACAAAAAGCATATTGGTCAAATAACCTCAGCTACCCAATCTCTCAAGTTAATATCA 
CTTTCAACAACAAAGCGGGACTTCTATCTGAAATGGATGCTTATTCGCTTTACCAAATGTCCCGCCGTAA 
TGGTTCTCAACAAACTTGGAATGAGTTCCGTGGCGTGGTTCGATCTGGGAACGGAGGGAAATTCACTTCT 
TTAGGAAGTATTATCGTCATCGATCCGGTCCGTGATTTAGGATTGAGCGATATGCTTTCGAGTTCTAGTC 
TTGGACAATTTGGTTTCCAAGCGATTGTGACTACAGAACCAATGGAAGGTATTGCTAACTCGGCCTTAGC 
CAATATTGAACTTTGTGTTCTTGCGAACTATGGTGGTGTAATGATTACTGAAAGGGGATCGAGTGCGACG 
ATGAGTGGATTACTCACCAAATCAGAAGTATTAGAAGCGAAAGAAAAAGGAACTTCCAAAATTGATTATG 
AAGATGTCGAAGCTATGTCGGGCGGTAATCTTATGAAGAAAGGCGTGACCGCTCTCGGCGATGTGCTAAA 
ACGCAACAAAGGAGCAATCGGTAAAGGAGTTGCCTCAGCGGTAGAGTCGGCTATTGGTGGAGCAAAAACG 
TCGTCGTATTCAACGTCTGGCGGTTCTCGGCTCTCCAAATATATGTAA   
  
52 1724  3 

Yellowstone Lake virophage 6, complete genome NCBI Reference Sequence: NC_028270.1: c6005-4254 putative major capsid 
protein 

ATGAGCGACTTAAAAACAGTTTTAATTAATGATTCAAGAATTGAAGATATAAGCGGTGAAATTGGGTTTT 
CCGTGCTAGGCGGTCCTCAACAATCCACGTTTCAACCACAACAGGCGAATACATCATCTAATACTTCCCA 
TTCATGGCAAATTAATGTACCTAGTGAAAATATTGTCGTTGATAGAAGAATTTTACTTGATACTGATGTA 
GCATTTACAATTACAATTACAAATGTTCCAGTAGGTCAGGTAGCGTTTAATTGGGGTAAAACTGATGGTT 
TTGGACCTTATCCATTAAATAACTGTTATCTTACTCAAAATGTTTTAATTAATAATTGTGGTTTATCTGT 
AAATACCCAAGATATAATCGCCCCTTTACTTCGTTTGAATGACCAAAAAATACACACTTATTATGATGGA 
TGGACTCCATCAATGGTTGATGATACTTATTATAATTATTCTGATGCTGTAGATGCTAACAACAACCCCA 
TTGGAACTGTTGTTAATAATAGTATGGATAATAAAATGAAACCACGAGGATGTCATACTATTAAATCTAT 
GTTAATTAAACATTATTTAAGCACTGCACCGCTTGTTATTGCTGATGCTTCTGTTATTTCTACTAATGTA 
GCGGATACTTGGACTATTGATTTAACTACTCATTTTACTGAACCTTTACTTTTTCTATCTCCTTTTATAT 
CTAATCCGTGCGTATCTAATGAGGCTGGATTTTTAGGAATTAATAATTTTTCATTCAATTTTACTATTGA 
TTCTAATTTACGTCGTGTATTTAGAACTTCTAATGCTTGGACAAATACATATTCATTCACAAATTCAACT 
GCATTTACTAAATTACAAATTCTTATGAATTATCTAAGTGTCCAACCTTCCCAATATGCTAAAATATCCG 
CTCGTAATGTTTTACCACTTTTACAATATGATAGATATATCGCTAACTCTAGTAATACTACCGCTAATAT 
TCCACCTGCTGTTGTTGGTGCTAATAATAGTATTACTTTAACCTCAACCCCCTATACCTCATCTAATATT 
GCATTGAATCAAATCCCAGACACCATTTTAATTTTTGGTCGTATTCCAGTATCTAGTCAAACCGCTAAAA 
ATAGTGATGCATTCTATAAAATTGATTCTATTTCTATTAACTTCAATAACGTAGCAGGTATTCTTAGTAG 
TGCTACACCTCACGAATTATGGGTATTATCTCAAAAGGCGGGTTCATCTCAATCTTGGGATGAATTTAGT 
GGACAAGTTAATACTTCAAGTGCATCAGGTGCAAGTTCAATTATTCCAACAACTGGTTCAATTCTCGTTC 
TATCACCATCAATGGTATTCAATTTACCTGAATACCTCAGTAGTTCCAGTTTAGGAAGTTATAATTTACA 
ATTTACTATTAATTTATCAAATCAAAGTTTAACTGCTTCTGCTATTGAAATCGTTGTTGTTACTATTACA 
TCAGGATACATCACAACACATCAAGGAACTACTCAATCTTTTACAGGTGTATTGAATAAAGAGATGGTAA 
TGAGTGCGAAAGAAGGGTCGGCTGTTCCTCGTCTCGCACAATCTGATTATGAACGCCTTGTTGGTGGTGT 



AAGAGATAATAGAGGAGTAATGAATATGATGAAACAATTTAAAAATAGACGTATGGGCTCAACTTCTGGC 
GGTGTAATGTCTGGTGGTGTAATGTCTGGTGGTATGCAAACTGGTAGTCGTCTAGGAAAATATATTCGTTAA   

61 1748  3.5 

Yellowstone Lake virophage 7, complete genome NCBI Reference Sequence: NC_028257.1: c17093-15336 putative major capsid 
protein 
 
ATGGCAAATAATTCTATGAAAGTTATGAAGGTAATTGATGAGCGTATTAATGTTGCACAGGCTCCAGTGC 
TTATTGTAAATGAATCAACTCCAAGTGTGCAATATTCAACTATTAATGTTGCTGGTAATGCTTCACTTAC 
GCCTACTTTTACAATTCCGTGTCCTCCAAATCAAGGGTTAGATAGAACCGTGACGATGGCATTCACTGTT 
CAATTTTTAATTACTGGAACTGATTTGGAACAATTTCAAGCAAATCCAGCAATTGCATTGAGAGCGTGGC 
CATTACATAATGCATGCACATCTATGAATATTAATTTAGGTAATGCCGGTATTGGTATTAATCCTAGTCA 
ATATGCTGCGGCATTATTAACACAATGGAATTGTGATAGTCATACACAAGCAACTGATTTATCATCATTT 
CCATCGGCTCCAGATAGATATTCAAGTTATGCGGCCGCGGCATTATCAACTACATCACCATTTGATTCTG 
ATTTTGCAGCTGTAAATTCTGATTATGCTAATACATCAAGAACTGGACAAATTACATCTATTGAATATTA 
TGATGGCACATATGTATTGGGTGGAACTGGAGCTACTCCAGTTGCATGGGGTGCTCCTGCAACTCAAATG 
GTAATTACTGCAACGGTTTATGAACCTATTGCCGCTTCTCCTTTTGTATATACTGGAATTAGAAATCCTA 
AAAAAGCATTTTTTGGATTAGGAAACGTCACGGTGAGTTTGAGCTTTAGTAATTTACAAAGAATGTTAAG 
TTATTATATTCCTGGAACTGCTACAATTACATCAATTCAAGGACAATTTGCATCTCAATCTTTGTTAGTT 
TCTTACATATCAGCATTTGAAGATAGTGTATCAAATTATGTATCTCCTATGGCATATAATTATGCAACTC 
TTAGAACTGCAACATCTGTTTTTACGGTTGGGGCTTCAACTGGTGGGGTAATGGCATCTGCAACTGCTAA 
TTCTGCTACAATGCAATTAAGTGTTGTTCCATCACACTTTTTAATATGGGCAACGCCTCCATTGAATTTT 
GTTGAATCGCAAACACAATCATTACCTGATTTTTGTTTTACTCTTAGTAATGCAACTATTAATTTTGCTG 
GTAAAGATAACATTTTAGGAACTAACTGTACTGCATATCAACTATATAATATTAGTAAAAAAAATGGTTC 
AAATACTTCATTTTCGCAATGGACTGGAGCACAAATTTTATCTTCTTCAACACAAACTAATCCAGCAAAT 
CCACCACAATATTACGGTGGGGGAGTTTTAATTTTAAAAACGAGTGAAGACCTTCGCCTCCCTGCAACGA 
GTTGCGCTGGTATGAATCGTGCAATTAACTTTCAAATTCAAGTGCAATGCACAAATTTAACTGATATCGC 
ATTTGGTGCAAATTGTCAATTAAATGTGTTGGCAATTACTGATGGTGTTTGTCTTACTCAACATGGTTCT 
CGTGTTCAACTTATTGAAGGTGGTATTACTGAAGATATTTATAATAATGCTCCAGTTGTTTCTGGATTAG 
AAGAACTGGCCGTAAAAAGTTATACAAATAAAAATGGATATTCTGGAGGCAGTTGGGCATCATTTAAAAA 
TGATATGTCAAAATTTGCTGATTATATATCTCCGGTCACGAAACCTATTATTGGAGCATTGACAAATAAA 
GCGGTTGCTGGAATTGAATCCGGCGCTGGTCGTATGAATCGTGGTAAAATTCGTGGATTATTGAAAGACA 
TGTATTAA   

79 1754 4.5 

Dishui Lake virophage isolate 5 putative major capsid protein gene, complete cds GenBank: KU245928.1 

ATGGCTATGCTTCTGCTCTCGGACCATTTCCATTCCATTCTCTCTGTAATACCGTCCAAGCAACCATTAA 
TAACAATACCGTTTCCCAGAATATGCGAGATGTTATGTATCAGTTTCTCCGCTTTAATGACCGCAGAGAA 
CTTGCACGATACAATAACGCTTGTCCCACCATGTATGACTCCTATTTTAATTATCAAGATTGTCTCGGCA 
CTAATAACAACCCTCTCGAATAATGTAAGCAACGACCAAGATTTTCAACCAAGAGGTGCTTTCGTTCTTG 
ACAGCATTACTGGTAATGAACCCAAAGGTTCTATTGCTTCCAACACTCGTAATGTGATCTTGACCTTTAC 
TACAACTGAACCTCTTATGCTTTCACCTTTTATTTGGTGTGATCCTAAGAGCAACAATCAAGGTATGTAT 
GGCGTTCAAACACTCAACTTTGTCTTCAATCTTGGTCTTCCAAATCGTATTGTTCGTCTTGCTAATAAAG 
ATTTATTTGACGGCGGTGTTGCTACTATTTCTCTTCCCAATCAAGCAATTAACAACGCACAATTACTCAT 
GGAATTTTATACAAGACAGCCAAGCGATTTGGTTTCCAGCCGTAATGTTGTCCCGTTCGCAGAATATCCC 
CGTTATTTAACCCCTATGACTTCTCTTGGTGCTCTTGCTGCCTATAACCCTCAAACTCCATTAGTTATTC 
CCTCTGTATCTGTAAATTTTCAGTCAATTCAGTTGAATTCTGTTCCTGATAAACTTATCATTTGTTGCCG 
TAAAGTTCTCGCACAGCAAGACGCCTTTGATAGTGATAGTTTCTTACCTATTACCAATATAAGTATCAAT 
TTCAACAACAAAGCAGGTCTGTTGTCAAGTGCTCGTCAGTATGATCTATGGCGTATGAGTGTGGAATCAG 
GAAGCAACCAAACATGGGCGGAATTTACGGGTTTCGCAAATATTGGAAATAATGTTCCTCTGTCAAATGG 
TCCTTCGTCAGGTGCTAAGAGAGTTCCAACTTGTGGATCTGTTCTTTGTTTAGAGATGGGGAGACATGTA 
GAATTAGACGATGTTTATGCCCCAGGAAGTATCGGGGCATTTCAACTTCAATTCCAAACTACATTTCAAA 
ACAATACCCTTGAAGCAATTGACGACCAAAACAATCAGTATGAGATCGTGCTTATTACCATGAATAGCGG 
TGTCTTCACAATTGAGCGTGGAACTTCACAGACTTATACTGCTATTCTGTCCCGTGCCGATGTGCTTTCT 
GTTTCTTCTCAACCTTCTCATTCCAAGTCTTCTGTTGCTCGTCTTGTTGGTGGATCATGGGAAGATTCAT 
TCAAATCCCTTTGTTCCTCAATTGCTCCTTATGCTGGTAAAGCAGAAAAAGTTAAAGATCTAATAATGGG 
TGAAGGTGCGTCAGGTGGCGGTCAGTCAGGCGGTCGTATGAGAAAACATCTCGCCATGTAA   

51 1457 3.5  



Dishui Lake virophage isolate 6 putative major capsid protein gene, complete cds GenBank: KU245929.1 

ATGTCTTCCAGCGATTTTGAGAAAGTTTGCGTCCAAGACGATGTGCTTAACACTACTGACAAAGTGCGAT 
ACGCAGTATTTAAGGGAGCACAGAATATTACTCCCGCACAATACAACGCCATTTCTACAAGCAATTCAAG 
TATTACTTGGAATATTCAGTTGCCAAGTGAATCTACTGTATTCTCTCGTAGGATCATGGTAAGGGCAACC 
ATTTCAGTTAAAATTACGGGTGATTTCGCCGCCACCGCTCCCAACGGGTCTGTGCTGGTAAATTATGGTT 
ATGCTTCCGCATTAGGTCCTTTCCCCCTTCAATCTCTTTGTAATACTATTCAGGCAACTATTAACAATAA 
CACAGTATCACAAAATCAACGAGATGTCATGTTCCAGTTGCTACGATTTAATGACCGCAGGGAACTTGCC 
AAATATAACAACTCAACTCCCAACATGTATGATTCTTATTTAGATTATCAAGATGCTCTTGGAACTAATA 
ACAACCCACTTGGTGGTTGGAATAATGTAAGCAACGACCAAGATTTTCAACCAAGAGGTGCTTTCGTTCT 
TGACAGCATTACTGGTAATGAACCCAAAGGTTCTATTGCTTCCAACACTCGTAATGTGATCTTGACCTTT 
ACTACAACTGAACCTCTTATGCTTTCACCTTTTATTTGGTGTGATCCTAAGAGCAACAATCAAGGTATGT 
ATGGCGTTCAAACMCTCAACTTTGTCTTCAATCTTGGTCTTCCAAMTCGTATTGTTCGTCTTGCTAATAA 
AGATTTATTTGACGGCGGTGTTGCTACTATTTCTCTTCCCAATCAAGCAATTAACAACGCACAATTACTC 
ATGGAATTTTATACAAGACAGCCAAGCGATTTGGTTTCCAGCCGTAATGTTGTCCCGTTCGCAGAATATA 
CCCGTTATTTAACCCCTATGACTTCTCTTGGTGCTCTTGCTGCCTATAACCCTCAAACTCCATTAGTTAT 
TCCCTCTGTATCTGTAAATTTTCAGTCAATTCAGTTGAATTCTGTTCCTGATAAACTTATCATTTGTTGC 
CGTAAAGTTCTCGCACAGCAAGACGCCTTTGATAGTGATAGTTTCTTACCTATTACCAATATAAGTATCA 
ATTTCAACAACAAAGCAGGTCTGTTGTCAAGTGCTCGTCAGTATGATCTATGGCGTATGAGTGTGGAATC 
AGGAAGCAACCAAACATGGGCGGAATTTACGGGTTTCGCAAATATTGGAAATAATGTTCCTCTGTCAAAT 
GGTCCTTCGTCAGGTGCTAAGAGAGTTCCAACTTGTGGATCTGTTCTTTGTTTAGAGATGGGGAGACATG 
TAGAATTAGACGATGTTTATGCCCCAGGAAGTATCGGGGCATTTCAACTTCAATTCCAAACTACATTTCA 
AAACAATACCCTTGAAGCAATTGACGACCAAAACAATCAGTATGAGATCGTGCTTATTACCATGAATAGC 
GGTGTCTTCACAATTGAGCGTGGAACTTCACAGACTTATACTGCTATTCTGTCCCGTGCCGATGTGCTTT 
CTGTTTCTTCTCAACCTTCTCATTCCAAGTCTTCTGTTGCTCGTCTTGTTGGTGGATCATGGGAAGATTC 
ATTCAAATCCCTTTGTTCCTCAATTGCTCCTTATGCTGGTAAAGCAGAAAAAGTTAAAGATCTAATAATG 
GGTGAAGGTGCGTCAGGTGGCGGTCAGTCAGGCGGTCGTATGAGAAAACATCTCGCCATGTAA   

65 1739  3.7 

Observed mean proximity: 59.8/15≈4 Expected mean proximity: 2.15±0.8* (* 
90%-confidence interval calculated from the minimal size of ligases, 908). 
Data from https://www.ncbi.nlm.nih.gov/nuccore/CP021507.1?report=genbank 
  
Standard deviation s for the minimal ligase: s=0.48. Then, the number X of 
standard deviations between observed and expected mean proximities equals: 

X = (4-2.15)/0.48 = 3.9 
and, if the observed mean proximity O is a Gaussian random variable, 
following the Table of the distribution function below, we have : 

Proba(O ≥ 0.04) = Proba(X ≥ 3.9) ≈ 5 10-5 

 

Table of the distribution ∏(t)=P(X≥t) of the N(0,1) random variable X 

 

 


