
S1 Table. Characterization of five distinct operons based on 16S-23S ITS regions recovered from two ribosomal operon types in Scytonema hyalinum species cluster. Color coded regions are labeled at the top of each block of each operon type.  For the helices, the basal clamps regions (5' and 3' ends that define the base of the helix) are in green shading, for ease in seeing differences in the operons. 
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Type 1 operon: Attached to Type 1 16S rRNA gene; distinguished by distinct leader (AACAGGGA, compared to TNTAGGGA); lacks both tRNA genes; D3 is GGTAY (compared to GGTTC in all Type 2 operons); D4 starts ATTG (compared to ACTG in all Type 2 operons). 
                                     leader |-------------------------D1-D1' helix---------------------------|    |------------D2-----------|            D3                                                                                                                                               |--------Box-B Helix---------|                 |--Box-A--||-------D4-------|   |------------------------V3 Helix---------------------------|       |-D5-| 

S. hyalinum 1 CMT-1FBIN-NPC21       AACAGGGAGACCTACTTCTACTAGAGACCGAACCCATAAATTTATTAGGTCCAA-GAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTAT-TGAGTTCGGTACCTTCGCTCTTAACAGCCAAGTATTGTTCGGTTTCTAACACTCAACAAACTTGATGGCTTGTTAAACTAGGAAGGTATGGGAATGAGACATTGCCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATAAACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGGTGAAAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAATTTGATTGCACTATATATCAGTACAAAA--CTGGTATTTGAATGCATCAAACGCAGGTAGACACCAATGTTTAAAAGT 

S. hyalinum 1 WJT4-NPBG1            AACAGGGAGACCTACTTCTACTAGAGACCGAACCCATAAATTTATTAGGTCCAA-GAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTAT-TGAGTTCGGTACCTTCGCTCTTAACAGCCAAGTATTGTTCGGTTTCTAACACTCAACAAACTTGATGGCTTGTTAAACTAGGAAGGTATGGGAATGAGACATTGCCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATAAACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGGTGAAAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAATTTGATTGCACTATATATCAGTACAAAA--CTGGTATTTGAATGCATCAAACGCAGGTAGACACCAATGTTTAAAAGT 

S. hyalinum 1 CMT-1BRIN-NPC31       AACAGGGAGACCTACTTCTACTAGAGACCGAACCCATAAATTTATTAGGTCCAA-GAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTAT-TGAGTTCGGTACCTTCGCTCTTAACAGCCAAGTATTGTTCGGTTTCTAACACTCAACAAACTTGATGGCTTGTTAAACTAGGAAGGTATGGGAATGAGACATTGTCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATATACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGGCGAGAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAATTTGATTGCACTATATATCAGTACAAAA--CTGGTATTTAAATGCATCAAACGCAGGTAGACACCAATGTTTAAAAGT 

S. hyalinum 1 CMT-1BRIN-NPC32       AACAGGGAGACCTACTTCTACTAGAGACCGAACCCATAAATTTATTAGGTCCAA-GAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTAGGCTTTCAAACTATTAT-TGAGTTCGGTACCTTCGCTCTTAACAGCCAAGTATTGTTCGGTTTCTAACACTCAACAAACTTGATGGCTTGTTAAACTAGGAAGGTATGGGAATGAGACATTGTCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATATACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGGCGAGAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAATTTGATTGCACTATATATCAGTACAAAA--CTGGTATTTAAATGCATCAAACGCAGGTAGACACCAATGTTTAAAAGT 

S. hyalinum 1 FI5-JRJ03             AACAGGGAGACCTACTTCT-CCAGAGACCGAACCCATAAATTTATTAGGTCCAA-GAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTAT-TGAGTTCGGTACCTTCGCTCTTAACAGCCAAGTATTGTTCGGTTTCTAACACTCAACAAACTTGATAGCTTGTTAAACTAGGAAGGTATGGGAATGAGACATTGCCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATATACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGGCGAGAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAATTTGATTGCACTATATATCAGTACAAAA--CTGGTATTTAAATGCATCAAACGCAGGTAGACACCAATGTTTAAAAGT 

S. hyalinum 1 WJT32-NPBG5-PS15      AACAGGGAGACCTACTTCT-CCAGAGACCGAACCCATAAATTTATTAGGTCCAA-GAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTACCCTTGTTCGGTATCTTCGACACAAACAACCAAGTATTGTTCGGTTTCTAATACTCAAACAAGTTAATTGCTTGTTATACTAAGAAGGTATGGGAATGAGACATTGCCAGAGGCAATAAACCCCAAGCTTTAAACTCAATTGGATAAACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGGCGAGAATCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATACGAATTTGATTGCACTATATATCAGTACAAGA--CTGGTATTTAAATGCATCAAACGCAGGTAGACACCAATGTTTAAAAGT 

S. hyalinum 1 CMT-1SWIN-NPC17       AACAGGGAGACCTACTTCT-CCAGAGACCGAACCCATAAATTTATTAGGTCCAA-GAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTACCCTTGTTCGGTATCTTCGACACAAACAACCAAGTATTGTTCGGTTTCTAATACTCAAACAAGTTAATTGCTTGTTATACTAAGAAGGTATGGGAATGAGACATTGCCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATAAACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGGCGAGAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAATTTGATTGCACTATATATCAGTACAAAA--CTGGTATTTAAATGCATCAAACGCAGGTAGACATCAATGTTTAAAAGT 

S. hyalinum 1 WJT32-NPBG5-PS15      AACAGGGAGACCTACTTCT-CCAGAGACCGAACCCATAAATTTATTAGGTCCAA-GAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTACCCTTGTTCGGTATCTTCGACACAAACAACCAAGTATTGTTCGGTTTCTAATACTCAAACAAGTTAATTGCTTGTTATACTAAGAAGGTATGGGAATGAGGCATTGCCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATAAACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGGCGAGAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAATTTGATTGCACTATATATCAGTACAAAA--CTGGTATTTAAATGCATCAAACGCAGGTAGACACCAATGTTTAAAAGT 

S. hyalinum 1 WJT73-NPBGC-12B       AACAGGGAGACCTACTTCT-CCAGAGACCGAACCCATAAATTTATTAGGTCCAA-GAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTACCCTTGTTCGGTATCTTCGACACAAACAACCAAGTATTGTTCGGTTTCTAATACTCAAACAAGTTAATTGCTTGTTATACTAAGAAGGTATGGGAATGAGACATTGCCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATAAACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGGCGAGAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAATTTGATTGCACTATATATCAGTACAAAA--CTGGTATTTAAATGCATCAAACGCAGGTAGACACCAATGTTTAAAAGT 

S. hyalinum 1 WJT71-NPBG27          AACAGGGAGACCTACTTCTACTAGAGACCGAACCCATAAATTTATTAGGTCCAA-GAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTACCTTTGTTCGGTACCTTCGACACAAACAACCAAGTATTGTTCGGTTTCCAATACTCAAACAAGTTAATTGCTTGTTATACTAGGAAGGTATGGGAATGAGACATTGCCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATAAACTTTTTCAGCAATCTTGTTGACCAAAGCAAGGCTGCTGGGCGAGAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAATTTGATTGCACTATATATCAGTACAAAA--CTGGTATTTAAATGCATCAAACGCAGGTAGACACCAATGTTTAAAAGT 

S. hyalinum 1 EM3-Z1-c02-cl236      AACAGGGAGACCTACTTCTACTAGAGACCGAACCCATAAATTTATTAGGTCCAA-GAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTACCCTTGTTCGGTACCTTCGACACAAACAACCAAGTATTGTTCGGTTTCTAATACTCAAACAAGTTAATTGCTTGTTATACTAAGAAGGTATGGGAATGAGACATTGCCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATAAACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGGCGAGAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAATTTGATTGCACTATATATCAGTACAAAA--CTGGTATTTGAATGCATCAAACGCAGGTAGACACCAATGTTTAAAAGT 

S. hyalinum 1 CMT-1BRIN-NPC30       AACAGGGAGACCTACTTCTACTAGAGACCGAACCCATAAATTTATTAGGTCCAA-GAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTACCCTTGTTCGGTATCTTCGACACAAACAACCAAGTATTGTTCGGTTTATAATACTCAAACAAGTTAATTGGTTGTTATACTAAGAAGGTATGGGAATGAGACATTGCCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATAAACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGGCGAGAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAATTTGATTGCACTATATATCAGTACAAAA--CTGGTATTTAAATGCATCAAACGCAGGTAGACACCAATGTTTAAAAGT 

S. hyalinum 1 WJT9-NPBG6A           AACAGGGAGACCTACTTCTACTAGAGACCGAACCCATAAATTTATTAGGTCCTTTGAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTACCCTTGTTCGGTACCTTCGCTCTTAACAACCAAGTATTGTTCGGTTTCTAACACTCAACAAACTTAATGGCTTGTTAAACTAGGAAGGTATGGGAATGAGACATTGTCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATATACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGGCGAGAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAATTTGATTGCACTATATATCAGTACAAAA--CTGGTATTTAAATGCATCAAACGCAGGTAGACACCAATGTTTAAAAGT 

S. hyalinum 1 WJT9-NPBG6B           AACAGGGAGACCTACTTCTACTAGAGACCGAACCCATAAATTTATTAGGTCCTTTGAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTACCCTTGTTCGGTACCTTCGCTCTTAACAACCAAGTATTGTTCGGTTTCTAACACTCAACAAACTTAATGGCTTGTTAAACTAGGAAGGTATGGGAATGAGACATTGTCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATATACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGGCGAGAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAATTTGATTGCACTATATATCAGTACAAAA--CTGGTATTTAAATGCATCAAACGCAGGTAGACACCAATGTTTAAAAGT 

S. hyalinum 1 CMT-1BRIN-NPC39       AACAGGGAGACCTACTTCTACTAGAGACCGAACCCATAAATTTATTAGGTCCTTTGAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTACCCTTGTTCGGTACCTTCGCTCTTAACAACCAAGTATTGTTCGGTTTCTAACACTCAACAAACTTAATGGCTTGTTAAACTAGGAAGGTATGGGAATGAGACATTGTCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATATACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGGCGAGAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAATTTGATTGCACTATATATCAGTACAAAA--CTGGTATTTAAATGCATCAAACGCAGGTAGACACCAATGTTTAAAAGT 

S. hyalinum 1 EM3-HA25              AACAGGGAGACCTACTTCT-CCAGAGACCGAACCCATAAATTTATTAGGTCCAA-GAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTACCCTTGTTCGGTACCTTCGGCAGAAACAGCCAAGTATTGTTCGGTTTCTAACACTCAACAAACTTGATGGCTTGTTAAACTAGGAAGGTATGGGAATGAGACATTGCCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATAAACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGGCGAGAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAATTTGATTGCACTATATATCAGCACAAAA--CTGGTATTTGAATGCATCAAACGCAGGTAGACACCAATGTTTAAAAGT 

S. hyalinum 1 EM3-HA19              AACAGGGAGACCTACTTCT-CCAGAGACCGAACCCATAAATTTATTAGGTCCAA-GAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTACCCTTGTTCGGTACCTTCGGCAGAAACAGCCAAGTATTGTTCGGTTTCTAACACTCAACAAACTTGATGGCTTGTTAAACTAGGAAGGTATGGGAATGAGACATTGCCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATAAACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGGCGAGAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAATTTGATTGCACTATATATCAGCACAAAA--CTGGTATTTGAATGCATCAAACGCAGGTAGACACCAATGTTTAAAAGT 

S. hyalinum 1 EM3-HA20              AACAGGGAGACCTACTTCT-CCAGAGACCGAACCCATAAATTTATTAGGTCCAA-GAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTACCCTTGTTCGGTACCTTCGGCAGAAACAGCCAAGTATTGTTCGGTTTCTAACACTCAACAAACTTGATGGCTTGTTAAACTAGGAAGGTATGGGAATGAGACATTGCCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATAAACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGGCGAGAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAATTTGATTGCACTATATATCAGCACAAAA--CTGGTATTTGAATGCATCAAACGCAGGTAGACACCAATGTTTAAAAGT 

S. hyalinum 1 EM3-HA15              AACAGGGAGACCTACTTCT-CCAGAGACCGAACCCATAAATTTATTAGGTCCAA-GAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTACCCTTGTTCGGTACCTTCGGCAGAAACAGCCAAGTATTGTTCGGTTTCTAACACTCAACAAACTTGATGGCTTGTTAAACTAGGAAGGTATGGGAATGAGACATTGCCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATAAACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGGCGAGAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAATTTGATTGCACTATATATCAG--CAAAA---TGGTATT-GAAT-CA-CAAACGCAGGTAGACACCAATGTTTAAAAGT 

S. hyalinum 2 HK-05                 AACAGGGAGACCTACTTCT-CCAGAGACCGAACCCATAAATTTATTAGGTCCAA-GAGAAGTCATCCCAAGGTCGGTCGAGATTGGCTGTTGGCTTTCAAACTATTACCCTTGTTCGGTACCTTCGGCAGAAATAGCCAAGTATTGTTCGGTTTCTAATACCCAATAAACTTGATGGCTTGTTAAACTAGGAAGGTATGGGAATGAGACATTGCCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATAAACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGGCGAGAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAATTTGATTGCACTATATATCAGTACAAAA--CTGGTATTTGAATGCATCAAACGCAGGTAGACACCAATATTTAAAAGT 

S. hyalinum 3 HAF2.B2.c1-P11        AACAGGGAGACCTACTTCT-CCAGAGACCGAACCCATAAATTTATTAGGTCCAA-GAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTACCTTTGTTCGGTACCTTCGACACAAACAACCAAGTATTGTTCGGTTTCTAATACTCAAACAAGTTAATTGCTTGTTATACTAAGAAGGTATGGGAATAAAACATTGCCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATAAACTTTTTCAGCAATCTTGTTTACCAAAGCAAGACTGCTGGGCGAGAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAATTTGATTGCACTATATATCAGTACAAAA--CTGGTATTTAAATGCATCAAACGCAGGTAGGCACCAATGTTTAAAAGT 

S. hyalinum 4 HTT-U-KK4             AACAGGGAGACCTACTTCTACTAGAGACCGAACCCATAAATTTATTAGGTCCAA-GAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTACCCTTGTTCGGTACCTTCGACACAAACAACCAAGTATTGTTCGGTTTCTAATACTCAAACAAGTTAATTGCTTGTTATACTAAGAAGGTATGGGAATGAGACATTGCCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATAAACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGCCGAGAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAATTTGATTGCACTATATATCAGTACAAAA--CTGGTATTTGAATGCATCAAACGCAGGTAGACACCAATGTTTAAAAGT 

S. hyalinum 5 ATA-SAL-RM1           AACAGGGAGACCTACTTCT-CCAGAGACCGAACCCATAAATTTATTAGGTTCAA-GAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTAT-TGAGTTCGGTACCTTCTCCAGAAACAGCTAAGTATTGTTCGGTTTGTAACACTCAAACAACTTGATAGCTTGTTAAACTAGGAAGGTATGGGGATGAAACATTGCCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATAAACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGGCGAGAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAAGTTGATTGCATCAGTTATTAGTACAAAAAACTGGTAGTTGAATGCATCAAATGCAGGTAGACACCAATGTTTAAAAGT 

S. hyalinum 5 HA4185-MV1            AACAGGGAGACCTACTTCT-CCAGAGACCGAACCCATAAATTTATTAGGTTCAA-GAGAAGTCATCCCTAGGTCGTTCGAGATTGGCTGTTGGCTTTCAAACTATTAT-TGAGTTCGGTACCTTCTCCAGAAACAGCTAAGTATTGTTCGGTTTGTAACACTCAAACAACTTGATAGCTTGTTAAACTAGGAAGGTATGGGGATGAAACATTGCCAGAGGCAATAAACCCAAAGCTTTAAACTCAATTGGATAAACTTTTTCAGCAATCTTGTTCACCAAAGCAAGACTGCTGGGCGAGAGTCCAGACAGAACCTTGAAAATTGCATAGCAACTTGTCAAATGCGAAGTTGATTGCATCAGTTATTAGTACAAAAAACTGGTAGTTGAATGCATCAAATGCAGGTAGACACCAATGTTTAAAAGT 

 

Type 2A operon: Attached to Type 2 16S rRNA gene; distinguished from other Type 2 operons by absence of both tRNA genes and shortness of D1-D1' (maximally 68 nucleotides long). 
                                     leader |--------------------------D1-D1' helix----------------------------|    |------------D2------------|     D3                                                                                                                                         |--------Box-B Helix---------|                 |--Box-A--||-------D4-------|       |----------------V3 Helix-------------------|        |------D5-----| 

S. hyalinum 1 PT10-MK84             TTTAGGGAGACCCGAATCAATTCAAAAAATTATGAATGCGTGAATTGATAATTTTGAATTGATGTATCCCGAGGTCGGTCGAGGAAAAGTTGTTGGCTTTCAAACTATGATTGGTTCGATCCAAGTCGCACTAAGACAACCGAACAACAAAGTACGGTTGTGAGTAGGCAAACAGTCAAAGAGATTGTTACACTCAAAAATGGCGACTGCAAGTATTGCTTTTTAGCAATACGTGAGTCAAGAAATAGAACCAGCAATATTGCTTGAAACGGTAAGACTGCTGGATGTG-ATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAA----GCAGGTAGACACAGAGATTCTATGATTGCATGGATGAAAGTGTTTGCTTATATAGATTTCACCAATTGTTGAGT 

S. hyalinum 1 ACOI 2287             TTTAGGGAGACCCGAATCAATTCAAAAAATTATGAATGCGTGAATTGATAATTTTGAATTGATGTATCCCGAGGTCGGTCGAGGAAAAGTTGTTGGCTTTCAAACTATGATTGGTTCGATCCAAGTCGCACTAAGACAACCGAACAACAAAGTACGGTTGTGAGTAGGCAAACAGTCAAAGAGATTGTTACACTCAAAAATGGCGACTGCAAGTATTGCTTTTTAGCAATACGTGAGTCAAGAAATAGATCCAGCAATATTGCTTGAAACAGTAAGACTGCTGGGTGTT-ATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAA----GCAGGTAGACACAGAGATTCTATGATTGCATGGATGAAAGTGTTTGCTTATATAGATTTCACCAAATGTTGAGT 

S. hyalinum 1 FI5-JRJ03             TTTAGGGAGACCTGAATCAATTCAAAAGATTATGAATGCGTGAATTGATAATTTTGAATTGATGTATCCCGAGGTCGGTCGAGGAAAAGTTGTTGGCTTTCAAACTATGATTGGTTCGATCTAAGTCGCACTAAGAGAACCGAACAACAAAGTACGGTTGTGAGTAGGCAAACAGTCAAAGAGATTGTTACACTCAAAAATGGCGGCTGCAAGTATTGCTTTTTAGCAATGCGTGAGTCAAGAAATAGATCCAGCAATATTGCTTGAAACAGCAAGACTGCTGGGTATG-AACCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAA----GCAGGTAGACACAGAGATTCTATGATTGCATGGATGAAAGTGTTTGCTTATATAGATATCACCAATTGTTGAGT 

S. hyalinum 1 FI-8A                 TTTAGGGAGACCCGAATCAATTCAAAAGATTATGGATTCACGGATTCATAATTTTGAATTGATGTATCCCGAGGTCGGTCGAGGAAAAGTTGTTGGCTTTCAAACTATGATTGGTTCGATCTAAGTCGCACTCAGACAACCGAACAACAAAGTACGGTTGTGAGTAGGCAAACAGTCAAAGAGATTGTTACACTTAAAAATGGCGACTGCAAATATTGCTAAAAAGCAATACGTGAGTCAAGAAATAGATCCAGCAATATTGCTTGAAACAGCAAGACTGCTGGGTGTG-ATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAA----GCAGGTAGACACAGACATACTATGATTGCATGGATGAAAGTGTTTGCTTATATAGATTTCACCAATTGTTGAGT 

S. hyalinum 1 DV1-KK4               TTTAGGGAGACCCGAATCAATTCAAAAGATTATGGATTCACGGATTCATAATTTTGAATTGATGTATCCCGAGGTCGGTCGAGGAAAAGTTGTTGGCTTTCAAACTATGATTGGTTCGATCTAAGTCGCACTCAGACAACCGAACAA-AAAGTACGGTTGTGAGTAGGCAAACAGTCAAAGAGATTGTTACACTCAAAAATGGCGACTGCAAGTATTGCTAAAAAGCAATACGTGAGTCAAGAAATAGATCCAGCAATATTGCTTGAAACAGCAAGACTGCTGGGTGTG-ATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAA----GCAGGTAGACACAGACATACTATGATTGCATGGATGAAAGTGTTTGCTTATATAGATTTCACCAATTGTTGAGT 

S. hyalinum 1 CXA108-5BZ            TTTAGGGAGACCCGAATCAATCCAAAAGATTATGGATTCACGGATTCATAATTTTGAATTGATGTATCCCGAGGTCGGTCGAGGAAAAGTTGTTGGCTTTCAACCTATGATTGGTTCGATCTAAGTCGCACTCAGACAACCGAACAACAAAGTACGGTTGTGAGTAGGCAAACAGTCAAAGAGATTGTTACACTCAAAAATGGCGGCTGCAAATATTGCTTTTTAGCAATAGGTGAGTCAAGAAATAGATCCAGCAATATTGCTTGAGACAGCAAGACTGCTGGGTGTG-ATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAA----GCAGGTAGACACAGAGATTCTATGATTGCATGGATGAAAGTGTTTGCTTATATAGATATCACCAATTGTTGAGT 

S. hyalinum 1 EM3-Z1-c02            TTTAGGGAGACCCGAATCAATTCAAAAGATTATGGATTCACGGATTCATAATTTTGAATTGATGTATCCCTCGGTCGGTCGGGGAAAAGTTGTTGGCTTTCAAACTATGATTGGTTCGATCTAAGTCGCACTCAGACAACCGAACAAGAAAGTACGGTTGTGAGTAGGCAAACAGTCAAAGAGATTGTTACACTCAAAAATGGCGGCTGCAAATATTGCTTTTTAGCAATACGTGAGTCAAGAAATAGATCCAGCAATATTGCTTGAAACAGCAAGACTGCTGGGTGTG-AACCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAA----GCAGGTAGACACAGAGAATCTATGATTGCATGGATGAAAGTGTTTGCTTATATAGATATCACCAATTGTTGAGT 

S. hyalinum 1 EM3-HA25              TTTAGGGAGACCCGAATCAATTCAAAAGATTATGGATTCACGGATTCATAATTTTGAATTGATGTATCCCTCGGTCGGTCGAGGAAAAGTTGTTGGCTTTCAAACTATGATTGGTTCGATCTAAGTCGCACTCAGACAACCGAACAACAAAGTACGGTTGTGAGTAGGCAAACAGTCAAAGAGATTGTTACACTCAAAAATGGCGACTGCAAATATTGCTTTTTAGCAATAGGTGAGTCAAGAAATAGATCCAGCAATATTGCTTGAAACAGCAAGACTGCTGGGTGTG-AAGCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAA----GCAGGTAGACACAGAGATTCTATGATTGCATGGATGAAAGTGTTTGCTTATATAGATATCACCAATTGTTGAGT 

S. hyalinum 1 CMT-1BRIN-NPC32       TTTAGGGAGACCCGAATCAATTCAAAAGATTATGGATTCACGGATTCATAATTTTGAATTGATGTATCCCGAGGTCGGTCGAGGAAAAGTTGTTGGCTTTCAAACTATGATTGGTTCGATCTAAGTCGCACTAAGAGAACCGAACAACAAAGTACGGTTGTGAGTAGGCAAACAGTCAAAGAGATTGTTACACTCAAAAATGGCGACTGCAAGTATTGCTTTTTAGCAATACGTGAGTCAAGAAATAGATCCAGCAATATTGCTTGAAACAGCAAGACTGCTGGGTGTG-AACCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAA----GCAGGTAGACACAGAGATTCTATGATTGCATGGATGAAAGTGTTTGCTGATATAGATATCACCAATTGTTGAGT 

S. hyalinum 2 CNP2-Z1-c01-cl1       TTTAGGGAGACCCGAATCAATGCAAAAGATTATGGATTCACGGATTCATAATTTTGAATTGATGTATCCCGAGGTCGGTCGAGGAAAAGTTGTTGGCTTTCAAACTATGATTGGTTCGATCTAAGTCGCACTCAGACAACCGAACAACAAAGTACGGTTGTGAGTAGGCAAACAGTCAAAAAGATTGTTACACTCAAAAATGGCGACTGCAAATATTGCTTTTTAGCAATAGGTGAGTCAAGAAATAGATTCAGCAATATTGCTTGAAACAGCAAGACTGCTGGGTGTG-AACCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAA----GCAGGTAGACACAGAGATTCTATGATTGCATGGATGAAAGTGTTTGCTTATATAGATATCACCAATTGTTGAGT 

S. hyalinum 4 HTT-U-KK4             TTTAGGGAGACCCAAATCAATTCAAAAGA--------------ATTCATAATTTTGAATTGATGTATCCCTCGGTCGGTCGAGGAAAAGCTGTTGGCTTTCAAACTATGATTGGTTCGCTCCAAGTCGCACTAAGACAACCGAACAACAAAGTACGGTTGTGAGTAGGCAAACAGTCAAATAGATTGTTACACTCAAAAATGGCGACTGCAAGTATTGCTTTTTAGCAATACGTGACTCAAGAAATAGATCCAGCAATATTGCTTGAAACAGCAAGACTGCTGGGTGTT-ATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAA----GCAGGTAGACACAGACATACTATGATTGCATGGATGAAAGTGTTTGCTTATATAGATATCACCAATTGTGAAGT 

S. hyalinum 5 HA4185-MV1            TTTAGGGAGACCCGAATCAATTGAAAAGATTATGAATAT-TGAATTCATAATTTTGA-TTGATGTATCCCGAGGTCGGTCGAGGAAAAGTTGTTGGCTTTCAAACTATGATTGGTTCGATTCAAGTCGCACAAAGACAGCCGAAGAAAAAAGTACGGTTGTGAGTGGGTAAACAGTCAAATCGATTGTGACACTTAAAAGTGGCGACTGCAAGTATTGCGAAAAAGCAATAATTGATTGGAGAAATTGCTTCAGCAATCTTGCTTGAAACAGCAAGACTGCTGGATGTGTATTCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAACAAGCAGGTAGACACAGACATGACATGATTGCATGGATGAAAGTGTTTGCT-----AAATTGAACCAAATGTTGAGT 

Type 2B Operon: Attached to Type 2 16S rRNA gene; distinguished from other Type 2 operons by absence of both tRNA genes and length of D1-D1' (81-101 nucleotides long). 
                                     leader |-------------------------------------------D1-D1' helix--------------------------------------------------|    |------------D2------------|      D3                                                                                                                                                  |---------Box-B Helix---------|              -  |--Box-A--||-------D4-------|   |------------------------------V3 Helix------------------------------|         |------D5-----| 

S. hyalinum 1 WJT73-NPBGC-12A       TTTAGGGAGACCTACTTTTCAGTCAGCAGTGACCAGT------AAACAGTAAGCAA--AAAAACTGGTAACTGGTAA---CTGATAACTGAACACTGAAAGGACATCCCTCGGTCGGTCGAGGAAAAGTTGTTGGCTTTCAAACTATG-ATTGGTTCGAT-CTAAGTCGCACTCAGACAAGCGAACAACAAA-GTACGGTTGTGAGTAGGCAAACAGTCAAAAAGATTGTTACACTCAAAAATGGCGACTGCAAA-------TATTGCTTTTTAGCAATAGGTGAGTCAAGAAATAGATTCAGCAATATTGCT-TGAAACAGCAAGACTGCTGGGTGT-GAACCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGA------------CATACTATGATTGCATGGA-------------TGAAAGTGTTTGCTTAT-ATAGATATCACCAATTGTTGAGT 

S. hyalinum 1 WJT9-NPBG6B-PS4C      TTTAGGGAGACCTACTTTTCAGTCAGCAGTGACCAGT------AAACAGTGAGCAA--AAAAACTGGTAACTGGTAA---CTGATAACTGAACACTGAAAAGACATCCCTAGGTCGGTCGAGGAAAGGTTGTTGGCTTTCAAACTATG-ATTGGTTCGAT-CTAAGTCGCACTCAGACAAGCGAACAACAAA-GTACGGTTGTGAGTAGGCAAACAGTCAAAGAGATTGTTACACTCAAAAATGGCGACTGCAAA-------TATTGCTTTTTAGCAATACGTAGCTCAAGAAATAGATCCAGCAATATTGCT-TAAAACAGCAAGACTGCTGGGTGT-GAACCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAGGCAGGTAGACACAGA------------CATACTATGATTGCATGGA-------------TGAAAGTGTTTGCTGAT-ATAGATATCACCAATTGTTGAGT 

S. hyalinum 2 NIES-4073             TTTAGGGAGACCCGCTTTTCAGTCAGTAGTAACCAGT------AAACAGTGAGCAA--AAAAACTGATA-CTGCGGGTACTTGATAACTGAACACTGAAAAGACATCCCGAGGTCGGTCGAGGAAAAGTTGTTGGCTTTCAAACTATC-ATTGGTTCGAT-CCAAGTCGCACAAAAACAACCGAACAACAAA-GTACGGTTGTCAGTGTGGAAACAGTCAAATCGATTGTGACACTCCAAAATTGCGACTGCAAG-------TATTGCGAAAAAGCAATAATTGATTGGAGAAATTGCTTCAGCAATCTTGCTTGAAATAGCAAGACTGCTGGATGA--TATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGA------------CATGACATGATTGCATGGA-------------TGAAAGTGTTTGCTAA------ATTGAACCAATTGTGAAGT 

S. hyalinum 2 NIES-4073             TTTAGGGAGACCTGCTTTTCAGTCAGCAGTGACCAGT------AAACAGTGAGCAA--AAAAACTGATA-CTGCGGGTACTTGATAACTGAACACTGAAAAGACATCCCGAGGTCGGTCGAGGAAAAGTTGTTGGCTTTCAAACTATC-ATTGGTTCGAT-CCAAGTCGCACAAAAACAACCGAACAACAAA-GTACGGTTGTCAGTGTGGAAACAGTCAAATCGATTGTGACACTCCAAAATTGCGACTGCAAG-------TATTGCGAAAAAGCAATAATTGATTGGAGAAATTGCTTCAGCAATCTTGCTTGAAATAGCAAGACTGCTGGATGA--TATTCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGA------------CATGACATGATTGCATGGA-------------TGAAAGTGTTTGGTAA------ATTGAACCAATTGTTGAGT 

S. hyalinum 2 NIES-4073             TTTAGGGAGACCTACTTTTCAGTCAGCAGTGACCAGT------AAACAGTGAGCAA--AAAAACTGATA-CTGCGGGTACTTGATAACTGAACACTGAAAAGACATCCCGAGGTCGGTCGAGGAAAAGTTGTTGGCTTTCAAACTATC-ATTGGTTCGAT-CCAAGTCGCACAAAAACAACCGAACAACAAA-GTACGGTTGTCAGTGTGGAAACAGTCAAATCGATTGTGACACTCCAAAATTGCGACTGCAAG-------TATTGCGAAAAAGCAATAATTGATTGGAAAAATTGCTTCAGCAATCTTGCTTGAAATAGCAAGACTGCTGGATGA--TATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGA------------CATTTTATGATTGCATAAA-------------TGAAAGTGTTTGCACG-CATAGATATCACCAATTGTGAAGT 

S. hyalinum 2 HK-05                 TTTAGGGAGACCCACTTTTCAGTGAACAAGAAACAGT------GAACAGTTAACAGTGAACAAAAGATAACTGTTAA---TTGATAACTGATAACTGAAAAGACATCCCTCGGTCGGTCGAGGAAAAGTGATTGGCTTTCAAACTATC-ATTGGTTCTTTTCCAAGTCGGACAAAGAAAACCGAACAACAAA-GTACGGTTGTGAGTGGGTAAACAGTCAAATCGATTGTGACACTCAAAAATGGCGACTGCAAG-------TATTGCTAAAAAGCAATAATTGATTCGAGAAATTGCTTCAGCAATCTTGTT-TGAAACAGCAAGACTGCTGGAAAAATATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGA------------CATTGTATGATTGCATAAA-------------TGAAAGTGTTTGCTTTTCATAGATATCACCAATTGTGAAGT 

S. hyalinum 2 HK-05                 TTTAGGGAGACCCACTTTTCAGTGAACAAGAAACAGT------GAACAGTTAACAGTGAACAAAAGATAACTGTTAA---TTGATAACTGATAACTGAAAAGACATCCCTCGGTCGGTCGAGGAAAAGTGATTGGCTTTCAAACTATC-ATTGGTTCTTTTCCAAGTCGGACAAAGAAAACCGAACAACAAA-GTACGGTTGTGAGTGGGTAAACAGTCAAATCGATTGTGACACTCAAAAATGGCGACTGCAAG-------TATTGCTAAAAAGCAATAATTGATTCGAGAAATTGCTTCAGCAATCTTGTT-TGAAACAGCAAGACTGCTGGAAAAGTATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGA------------CATTGTATGATTGCATAAA-------------TGAAAGTGTTTGCTAA--AAAGATATCACCAATTGTGAAGT 

S. hyalinum 2 ETH2.2.M10-cl1        TATAGGGAGACCTACTTTTCAGTGAGCAGTGACCAAT------AAACAGTGAGCAAAAA--AACTGGTAACTGGTAA---CTGATAATTGAACACTGAAAAGACATCCCGAGGTCGGTCGAGGAAAAGTTATTGGCTTTCAAACTATATATTGGTTCGAT-AGAAATTGCA------AAAACGAGCAATATGCATACAGTTGTGATTGGGCAAACAGTCAAATCGATTGTTAAACTCAAAAACAGTGGTTGCAAATGTAATGTATTGTCAGCAAGCAATACCACATTCCAAAAATTGCTCCAGCAATCTTGCT-TCAACGAGTAAGACTGCTGGATGA-TATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGA------------CATTGTATGATTGCATAAA-------------TGAAAGTGTTTGCTGA--AAAGATATCACCAATTGTTGAGT 

S. hyalinum 2 JOH18-Brazil-74L      TATAGGGAGACCCGAATCG-AGTCAAAAGAACCAAGTAAAAAGGAAAAAGAAACAGAAAAA-TCTTTTGACTTTGAA---CTTTTGAGTTTTGACTTGATT--TATCCCAAGGTCGGTCGAGGAAAAGTAATTGGCTTTCAAACTATATATTGGTTCGAT-AAAGATTGCACAAG------CGAGCAACAAG-ACACAGTTGTGATTGGATAAACAGTCAAATCAACTGTTATGCTCAAGCATAGGGAATACGAATGTA-----TTGTAGAAAAGCAATACGTAACTCAAGAAATTGCTCCAGCAATCTTGCGCTTAAGTAGTAAGACTGCTGGGTGT-AATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGACATTGTAGGAATCATGGCATGAATGCATGAAATGATTTGAAAAATGAAAGTGTTTACTATAGATAGAAATCACCAATTGTAGAGT 

S. hyalinum 3 HAF2-B2-C1            TTTAGGGAGACCCAAATCA-ATTCA--AGAATCAA--------AATTCTTAAACAG------------GATTTTGAA---TTGATAATATTGAATTGGTTT--TATCCCGAGGTCGGTCGAGGAAAAGTGATTGGCTTTCAAACTATAGATTGGTTCGAT-AAAAATTCCACAAG------CGAACAACAAA-AGATGGTTCTAAGTGGGCAAACAGTCAAATCGATTGTTATACTCAATAACAATGACTGCAAAAGTA-----TTGTTAAAAAGCAATACGTAATTTAAGAGATGAGTCTAGCAATCTTGCA-TTAATCAGCAAAACTGCTGGGTGT-TATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGGCACAGA------------CGTGCAAAGAAATCATGAGATGATTTCAGAAACGAAAGTGTTTGCTTTTGATAGATATCACCAATTGTTGAGT 

S. hyalinum 5 HA4185-MV1-PH13D      TATAGGGAGACCCACTTTTCAGTGAACAATCAACAGT------TAACAGTCAGCAAAAAGTAACTGGTAATT----A---TTGATAAGTGATAACTGAAAAGACATCCCGAGGTCGGTCGAGGAAAAGTAATTGGCTTTCAAACTATACATTGGTTCGAG-AAAAATTGCA------CAAGCGAACAACAAA-ATACCGTTGTAATTGGGCAAACAGTCAAATCGATGGTTAGACTCAAAAACAGTGAGTGCAAA-----TGTATTGTGAAAAAGCAATACCAGACTCCAGAAATTGCTCCAGCAATCTTGCT-TCAACCAGTAAGACTGCTGGATGA-TATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGA------------CATTCTATGATTGCATAAA-------------TGAAAGTGTTTGCTTTTGATAGATATCACCAATTGTGAAGT 

S. arcangeli TH02NP                 TTTAGGGAGACCCAAATCA-AGTAAAAAGAACCAAGTAAAAAGTAAAAAGAAAGAGAAAAAATCTTTTGACTTTTGA---CTTTTGACTTTTGACTTGATG--TATCCCGAGGTCGGTCGAGGAAAAGTTGTTGGCTTTCAAACTATC-ATTGGTTCGAT-CCAAGTCGCACAAAAACAACCGAACAACAAA-GTACGGTTGTCAGTGTGGAAACAGTCAAATCGATTGTGACACTCCAAAATTGCGACTGCAA--GTA-----TTGCGAAAAAGCAATAATTGATTGGAGAAATTGCTTCAGCAATCTTGCT-TGAAATAGCAAGACTGCTGGGTGT-AATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGA------------CATGACATGATTGCATGAAAC----------ATGAAAGTGTTTGCTTT--ATAGATATCACCAATAGTGAAGT 

S. arcangeli M09                    TTTAGGGAGACCCAAATCA-AGTAAAAAGAACCAAGTAAAAAGTAAAAAGAAAGAGAAAAAATCTTTTGACTTTTGA---CTTTTGACTTTTGACTTGATG--TATCCCGAGGTCGGTCGAGGAAAAGTTGTTGGCTTTCAAACTATC-ATTGGTTCGAT-CCAAGTCGCACAAAAACAACCGAACAACAAA-GTACGGTTGTCAGTGTGGAAACAGTCAAATCGATTGTGACACTCCAAAATTGCGACTGCAA--GTA-----TTGCGAAAAAGCAATAATTGATTGGAGAAATTGCTTCAGCAATCTTGCT-TGAAATAGCAAGACTGCTGGGTGT-AATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGA------------CATGACATGATTGCATGAAAC----------ATGAAAGTGTTTGCTTT--ATAGATATCACCAATAGTGAAGT 

S. arcangeli Valle de Zapoltlan     TATAGGGAGACCCAAATCA-AGTAAAAAGAACCAAGTAAAAAGTAAAAAGAAAGAGAAAAAATCTTTTGACTTTTGA---CTTTTGACTTTTGACTTGATG--TATCCCGAGGTCGGTCGAGGAAAAGTGATTGGCTTTCAAACTATAGATTGGTTCGAG-AAAAATTGCACAAG------CGAACAACAAA-ATACCGTTGTAATTGGGCAAACAGTCAAATCGATTGTTATACTCTCTAACAGTGAGTGCAAATGTAATGTATTGTGAAAAAGCAATACCAAATTCCAAAAATTGCTCCAGCAATCTTGCT-TGAACCAGTAAGACTGCTGGATGA-TATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGA------------CATTGTATGATTGCATAAA-------------TGAAAGTGTTTGCTTTTGATAGATATCACCAATTGTGAAGT 

 

Type 2C operon: Attached to Type 2 16S rRNA gene; distinguished from other Type 2 operons by presence of both tRNA genes and length of D1-D1' (80-90 nucleotides long). 
                                     leader |-------------------------------------------D1-D1' helix------------------------------------------------|    |------------D2------------|       D3        |-------------------------------tRNA ILE---------------------------------|    |--------------------------------V2 Helix-----------------------------------|  |--------------------------------tRNA ALA-_-----------------------------|                                                                                                                             |-------Box-B Helix------|                |--Box-A--||-------D4-------|   |-------------------------------V3 Helix------------------------------|         |------D5------| 

S. hyalinum 1 WJT9-NPBG6A           TTTAGGGAGACCTACCT---AAAGAACAAAGAACAAAGAACAAAGAACAAGAAATTTTTGTTTTTTTCTTCTTGATAAAATGTT-CTGT--CTTTA--GGACATCCCGAGGTCGGTCGCAATCTTAAGGTAAGCTTTCAAACTATAAACAGGGTTCGATTATGGGCTATTAGCTCAGGTGGTTAGAGCGCACCCCTGATAAGGGTGAGGTCCCTGGTTCGAGTCCAGGATGGCCCACCTGAAGACAGTGAACACTCAACAGCGAACAGTCAACAGTAAAAAACTGGTAGCTGGTAACTGGCAAGTGAAAACTGACTTAGGGGGGTTTAGCTCAGTTGGTAGAGCGCCTGCCTTGCAAGCAGGATGTCAGCGGTTCGAGTCCGCTAACCTCCACCTACTCCACCAAAAAAA---ATGCCACAAAAAAAATTGCTGAGAAGCAACAAGCAAAAAAAGTGAGAGAAAACTTTT-TGTTGGCAA-ACGAGGGTGGTAGTATGAGAAAATGTGGGTGAATTCAGCAATATGACGTTCGTCAGACTGCTGGGTGTGAACCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGACATACTA-------------TGATTGCATGG-------------ATGAAAGTGTTTGCTGAT-ATAGATTTCACCAAT-TGTTGAGT 

S. hyalinum 1 WJT9-NPBG6B           TTTAGGGAGACCTACCT---AAAGAACAAAGAACAAAGAACAAAGAACAAGAAATTTTTGTTTTTTTCTTCTTGATAAAATGTT-CTGT--CTTTA--GGACATCCCGAGGTCGGTCGCAATCTTAAGGTAAGCTTTCAAACTATAAACAGGGTTCGATTATGGGCTATTAGCTCAGGTGGTTAGAGCGCACCCCTGATAAGGGTGAGGTTCCTGGTTCGAGTCCAGGATGGCCCACCTGAAGACAGTGAACACTCAACAGCGAACAGTCAACAGTAAAAAACTGGTAGCTGGTAACTGGTAAGTGAAAACTGACTTAGGGGGGTTTAGCTCAGTTGGTAGAGCGCCTGCTTTGCAAGCAGGATGTCAGCGGTTCGAGTCCGCTAACCTCCACCTACTCCACCAAAAAAA---ATGCCACAAAAAAAATTGCTGAGAAGCAACAAGCAAAAAAAGTGAGAGAAAACTTTT-TGTTGGCAA-ACGAGGGTGGTAGAATGAGAAAATGTGGGTGAATTCAGCAATATGACGTTCGTCAGACTGCTGGGTGTGAACCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGACATACTA-------------TGATTGCATGG-------------ATGAAAGTGTTTGCTGAT-ATAGATTTCACCAAT-TGTTGAGT 

S. hyalinum 1 DV1-KK4-cl56          TTTAGGGAGACCTACCT---AAAGAACAAAGAACAAAGAACAAAGAACAAGAAATTTTTGTTTTTTTCTTCTTGATAAAATGTT-CTGT--CTTTA--GGACATCCCGAGGTCGGTCGCAATCTTAAGGTAAGCTTTCAAACTATAAACAGGGTTCGATTATGGGCTATTAGCTCAGGTGGTTAGAGCGCACCCCTGATAAGGGTGAGGTCCCTGGTTCGAGTCCAGGATGGCCCACCTGAAGACAGTGAACAGTCAACAGCGAACAGTGAACAGTAAAAAACTGGTAGCTGGTAACTGGTAACTGAAAACTGACTTAGGGGGGTTTAGCTCAGTTGGTAGAGCGCCTGCTTTGCAAGCAGGATGTCAGCGGTTCGAGTCCGCTAACCTCCACCTACTCCACCAAAAAAA---ATGCCACCAAAAAAATTGCTGAGAAGCAACAAGCAAAAAAAGTGAGAGAAAACTTTT-TGTGGCGAA-ACGAGTGTGGTAGAATGAGAAAATGTGGGTGAATTCAGCAATATGACGTTCGTCAGACTGCTGGGTGTGATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAAACATACTA-------------TGATTACATGG-------------ATGAAAGTGTTTGCTGAT-ATAGATTTCACCAAT-TGTTGAGT 

S. hyalinum 2 NIES-4073             TTTAGGGAGACCTACTTTTCAGTCAGGAGTGACCAGTAAACAGTAAGCAA------AAAAACTGGTAACTGGTAACTGATAAC---TGAACACTGAAAAGACATCCCGAGGTCGGTCGCAATCTTAAGGAAAGCTTTCAAACTATAAACAGGGTTCGATTATGGGCTATTAGCTCAGGTGGTTAGAGCGCACCCCTGATAAGGGTGAGGTCCCTGGTTCGAGTCCAGGATGGCCCACCTGAAGACAGTGAACAGTCAACAGCGAACAGTAAACAGTAAAAAACTGGTAGCTGGTAAGTGGTAACTGAAAACTGACTTAGGGGGGTTTAGCTCAGTTGGTAGAGCGCCTGCTTTGCAAGCAGGATGTCAGCGGTTCGAGTCCGCTAACCTCCACCTACTCCAAGTGAAAAA---TTGCCA---------------------------CAAAAAAAGTAAGAAAAGACTTTGGTGTGGCGAA-ACGAGTATGATAGAATGAGAAAATGTGGATGAATTCAGCAACATGACATTCGTCAGACTGCTGGATATTATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGACATTTTA-------------TGATTGCATAA-------------ATGAAAGTGTTTGCTATTGATAGATATCACCAAT-TGTTGAGT 

S. hyalinum 2 NIES-4073             TTTAGGGAGACCTACTTTTCAGTCAGGAGTGACCAGTAAACAGTAAGCAA------AAAAACTGGTAACTGGTAACTGATAAC---TGAACACTGAAAAGACATCCCGAGGTCGGTCGCAATCTTAAGGAAAGCTTTCAAACTATAAACAGGGTTCGATTATGGGCTATTAGCTCAGGTGGTTAGAGCGCACCCCTGATAAGGGTGAGGTCCCTGGTTCGAGTCCAGGATGGCCCACCTGAAGACAGTGAACAGTCAACAGCGAACAGTAAACAGTAAAAAACTGGTAGCTGGTAAGTGGTAACTGAAAACTGACTTAGGGGGGTTTAGCTCAGTTGGTAGAGCGCCTGCTTTGCAAGCAGGATGTCAGCGGTTCGAGTCCGCTAACCTCCACCTACTCCAAGTGAAAAA---TTGCCA---------------------------CAAAAAAAGTAAGAAAAGACTTTGGTGTGGCGAA-ACGAGTATGATAGAATGAGAAAATGTGGATGAATTCAGCAACATGACATTCGTCAGACTGCTGGATATTATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGACATTTTA-------------TGATTGCATAA-------------ATGAAAGTGTTTGCTATTGATAGATATCACCAAT-TGTTGAGT 

S. hyalinum 2 HK-05                 TTTAGGGAGACCCACTTTTCAGTCAGGAGTGACCAGTAAACAGTCAGCAA------AAAAACTGGTAACTGGTAACTGATAAC---TGAACACTGAAAAGACATCCCGAGGTCGGTCGCAATCTTAAGGAAAGCTTTCAAACTATAAACAGGGTTCGATTATGGGCTATTAGCTCAGGTGGTTAGAGCGCACCCCTGATAAGGGTGAGGTCCCTGGTTCGAGTCCAGGATGGCCCACCTGAAGACAGTGAACAGTCAGCACTCATCAGTGAACAGTAAAAAACTGATAGCTGGTAACTGGTAACTGAAAACTGACTTAGGGGGGTTTAGCTCAGTTGGTAGAGCGCCTGCTTTGCAAGCAGGATGTCAGCGGTTCGAGTCCGCTAACCTCCACCTACTCCAACTGAAAAA---TTGCCA---------------------------CAAAAAAAGTAAGAAAACACTTTGGTGTGGCGAA-ACGAGTATGATACAATGAGAAAATGTGGATCAATTCAGCAACATGACATTCGTCAGACTGCTGGAAGTAATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGACATTCTAGGAAATCATGACATGAGTGCATGACATGAAATCAGAAATGAAAGTGTTTGCTTTTGATAGATATCACCAAT-TGTGAAGT 

S. hyalinum 2 HK-05                 TTTAGGGAGACCCACTTTTCAGTCAGGAGTGACCAGTAAACAGTCAGCAA------AAAAACTGGTAACTGGTAACTGATAAC---TGAACACTGAAAAGACATCCCGAGGTCGGTCGCAATCTTAAGGAAAGCTTTCAAACTATAAACAGGGTTCGATTATGGGCTATTAGCTCAGGTGGTTAGAGCGCACCCCTGATAAGGGTGAGGTCCCTGGTTCGAGTCCAGGATGGCCCACCTGAAGACAGTGAACAGTCAGCACTCATCAGTGAACAGTAAAAAACTGATAGCTGGTAACTGGTAACTGAAAACTGACTTAGGGGGGTTTAGCTCAGTTGGTAGAGCGCCTGCTTTGCAAGCAGGATGTCAGCGGTTCGAGTCCGCTAACCTCCACCTACTCCAACTGAAAAA---TTGCCA---------------------------CAAAAAAAGTAAGAAAACACTTTGGTGTGGCGAA-ACGAGTATGATACAATGAGAAAATGTGGATCAATTCAGCAACATGACATTCGTCAGACTGCTGGAAGTAATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGACATTCTAGGAAATCATGACATGAGTGCATGACATGAAATCAGAAATGAAAGTGTTTGCTTTTGATAGATATCACCAAT-TGTGAAGT 

S. hyalinum 2 CNP2-Z1-c01-cl2       TTTAGGGAGACCTACTTTTCAGTCAGCAGTGACCAGTAAACAGTAAGCAA------AAAAACTGGTAACTGGTAACTGATAAC---TGAACACTGAAAAGACATCCCGAGGTCGGTCGCAATCTTAAGGTAAGCTTTCAAACTATAAACAGGGTTCGATTATGGGCTATTAGCTCAGGTGGTTAGAGCGCACCCCTGATAAGGGTGAGGTCCCTGGTTCGAGTCCAGGATGGCCCACCTCAAGAGAGTGAACAGTCAACAGCAAACAGTGAACAGTAAAAAACTGGTAGCTGGTAACTGGTAACTGAAAACTGACTTAGGGGGGTTTAGCTCAGTTGGTAGAGCGCCTGCTTTGCAAGCAGGATGTCAGCGGTTCGAGTCCGCTAACCTCCACCTACTCCACCAAAAAAA---ATCCCACCAAAAAAATTGCTGAGAAGCAAGAAGCAAAAAAAGTGAGAGAAAACTTTTTTTTGGGGAA-ACGAGTGTGGTAGAATGAGAAAATGTGGGTGAATTCAGCAATATGACGTTCGTCAGACTGCTGGGTGTGAACCAGCCAGAACCTTGAAAACTGCATAGTGACGCGAAGCAGGTAGACACAGAGAT-------------TCTATGATTGCATGG-------------ATGAAAGTGTTTGCTTAT-ATAGATATCACCAAT-TGTTGAGT 

S. hyalinum 2 ETH2.2.M10-cl2        TATAGGGAGACCTACTTTTCAGTGAGCAGTGACCAATAAACAGTGAGCAA------AAAAACTGGTAACTGGTAACTGATAAT---TGAACACTGAAAAGACATCCCGAGGTCGGTCGCAATCTTAAGGAAAGCTTTCAAACTATAAACAGGGTTCTTTTATGGGCTATTAGCTCAGGTGGTTAGAGCGCACCCCTGATAAGGGTGAGGTCCCTGGTTCGAGTCCAGGATGGCCCACCTGAAGACAGTGAACAGTGAATCGTGAACAGTGAACAGTAAAAAACTGGTAGCTGGTAAGTGGTAACTGAAAACTGACTTAGGGGGGTTTAGCTCAGTTGGTAGAGCGCCTGCTTTGCAAGCAGGATGTCAGCGGTTCGAGTCCGCTAACCTCCACCTATTCCAAGGAAGAAA---TTGCCAC---------------------------AAAAAAAGTAAGAAAAAACTTTGCCGTGGTAAG-AAAAGTGTAATAATATAAGAAGATGTGGGTAAATTCAGCAACATGACAATCGTCAGACTGCTGGATGATATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGACAT-------------TGTATGATTGCATAA-------------ATGAAAGTGTTTGCTTTTGATAGATATCACCAAT-TGTTGAGT 

S. hyalinum 2 F10-MK28              TATAGGGAGACCAACTTTTCAGTGAACAATCAACAGTTAACACTGAGCAGTGTTGTAACTGCTCATGATTGATAACTGATAATAACTGATAACTGAAAGGGCATCCCTTGGTCGGTCGCAATCTTAAGGAAAGCTTTCAAACTATAAACAGGGTTCT-TTATGGGCTATTAGCTCAGGTGGTTAGAGCGCACCCCTGATAAGGGTGAGGTCCCTGGTTCGAGTCCAGGATGGCCCACCTGAAGACAGTGAGCAGTCAACACTCATCAGTAAACAGTAAAAAACTGATAACTGGTAGCTGGTAACTGAAAACTGACTTAGGGGGGTTTAGCTCAGTTGGTAGAGCGCCTGCTTTGCAAGCAGGATGTCAGCGGTTCGAGTCCGCTAACCTCCACCTATTCAAACGGAAAAA---TTGTCAC-GAAAAAATT-----GCTCTTAAGTAAGAAAAAACTGAGAAAAAAGTTT-TTGTGGCGGTTGGAAGTGTGATACGATGAAAAAATGTGGAT-AATTCAGCAACATGACAAGAGTCAGACTGCTGGATGATATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGACATAATA---------TGCATGATCGCATGA-------------ATGAAAGTGTTTGCTT-TGATAGGAATCACCAATGCGTGAAGT 

S. arcangeli JOH12-THH60            TTTAGGGAGACCCGAAT--CAGT----------------TCAAAACTCAAG--ATTCTTTTCATAGAATTTTGAATTGATAATA-TTGA--ATTGG--TTTTATCCCGAGGTCGGTCGCAATCTTAAGGAAAGCTTTCAAACTATAAACAGGGTTCGATAATGGGCTATTAGCTCAGGTGGTTAGAGCGCACCCCTGATAAGGGTGAGGTCCCTGGTTCGAGTCCAGGATGGCCCACCTGAAGACAGTGAACAGTCAACAGCGAACAGTGAACAGTAAAAAACTGGTAGCTGGTAACTGGGAACTGAAAACTGACTTAGGGGGGTTTAGCTCAGTTGGTAGAGCGCCTGCTTTGCAAGCAGGATGTCAGCGGTTCGAGTCCGCTAACCTCCACCTACTCCAACTGAAGAAGAATTGCCA---------------------------CAAAAAAAGTAAGAAAACACTTTGGTGTGGCGAA-ACGAGTATGATAGAATGAGAAAATGTGGATGAATTCAGCAACATGACATTGGTCAGACTGCTGGAAGTAATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGACATTGTAGGAAATCATGACATGAGTGCATGACATGAAATCAGAAATGAAAGTGTTTGCTGA--AAAGATATCACCAAT-TGTGAAGT 

 

Type 2D Operon: Attached to Type 2 16S rRNA gene; distinguished from other Type 2 operons by presence of both tRNA genes, and different from DV1-KK4 Type 2C operon in sequence and length of D1-D1' helix. 
                                     leader |-------------------------------------------D1-D1' helix------------------------------------------------|    |------------D2------------|       D3        |-------------------------------tRNA ILE---------------------------------|    |--------------------------------V2 Helix-----------------------------------|  |--------------------------------tRNA ALA-_-----------------------------|                                                                                                                             |-------Box-B Helix------|                |--Box-A--||-------D4-------|   |-------------------------------V3 Helix------------------------------|         |------D5------| 

S. hyalinum 1 DV1-KK4-cl8           TTTAGGGAGACCTACCT---AAAGAACAAAGAACAAAGAACAAGAAA-------TTTTTGTTTTTTTCTT---GATCAAATGTT-CTGT--CTTTA--GGACATCCCGAGGTCGGTCGCAATCTTAAGGTAAGCTTTCAAACTATAAACAGGGTTCGATTATGGGCTATTAGCTCAGGTGGTTAGAGCGCACCCCTGATAAGGGTGAGGTCCCTGGTTCGAGTCCAGGATGGCCCACCTGAAGACAGTGAACAGTCAACAGCGAACAGTGAACAGTAAAAAACTGGTAGCTGGTAACTGGTAAGTGAAAACTGATTTAGGGGGGTTTAGCTCAGTTGGTAGAGCGCCTGCTTTGCAAGCAGGATGTCAGCGGTTCGAGTCCGCTAACCTCCACCTACTCCACCAAAAAAA---ATGCCACCAAAAAAATTGCTGAGAAGCAACAAGCAAAAAAGGTGAGAGAAAACTTTT-TGTGGCGAA-ACGAGTGTGGTAGAATGAGAAAATGTGGGTGAATTCAGCAATATGACGTTCGTCAGACTGCTGGGTGTGATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGACATACTA-------------TGATTGCATGG-------------ATGAAAGTGTTTGCTTAT-ATAGATTTCACCAAT-TGTTGAGT 

S. hyalinum 1 DV1-KK3               TTTAGGGAGACCTACCT---AAAGAACAAAGAACAAAGAACAAGAAA-------TTTTTGTTTTTTTCTT---GATCAAATGTT-CTGT--CTTTA--GGACATCCCGAGGTCGGTCGCAATCTTAAGGTAAGCTTTCAAACTATAAACAGGGTTCGATTATGGGCTATTAGCTCAGGTGGTTAGAGCGCACCCCTGATAAGGGTGAGGTCCCTGGTTCGAGTCCAGGATGGCCCACCTGAAGACAGTGAACAGACAACAGCGAACAGTGAACAGTAAAAAACTGGTAGCTGGTAACTGGTAAGTGAAAACTGATTTAGGGGGGTTTAGCTCAGTTGGTAGAGCGCCTGCTTTGCAAGCAGGATGTCAGCGGTTCGGGTCCGCTAACCTCCACCTACTCCACCAAAAAAA---ATGCCACCAAAAAAATTGCTGAGAAGCAACAAGCAAAAAAAGTGAGAGAAAACTTTT-TGTTGGCAA-ACGAGTGTGGTAGAATGAGAAAATGTGGGTGAATTCAGCAATATGACGTTCGTCAGACTGCTGGGTGTGATCCAGCCAGAACCTTGAAAACTGCATAGTAACGCGAAGCAGGTAGACACAGACATACTA-------------TGATTGCATGG-------------ATGAAAGTGTTTGCTTAT-ATAGATTTCACCAAT-TGTTGAGT 
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