
                 Supporting Figure S8A: patX upstream sequences in heterocyst-forming cyanobacteria 

Organisma                                                                                  Upstream sequenceb                                                                                     patX DIF1 
 Nos21 AATTTCTTTCTGTCAAACAGAATACTATTTTG--CAAACTTTCCGGATACACATTCAGAAGCTCAGTAGCAGTGAATATTAGAGTTC-ACAAGAAATATCTGCC-ATGCGT 5.0 

 Nos7107 AATTTCTTTCTGTAAAACAGAATACTATTTGC--CAAACTTTCCGGATACACATTCAGAAACTGAGTAGCAGTGGATATGAGAGTTC-ACAATAAATATCTGCT-ATGCGT 5.5 

 Nos7524 ATTTTTTTTCAGTAAAACACACTACTTTTTTT--ATAATTTTCCGGACTCAGCCCATAAGAATCAGTAGCAATAGATAAGAGAGTTCACAAAGAGATTCCTATG-ATGCGT 5.4 

 Nos3756 TTAATTTTTCAGTAAAAAGCACTACTTTTTTTC-AGAATCTTCCGGACTCGTCACATAAAACTCAGTAGCAATAAATAAGAGA-TTTACAAAGAGGCTTCTAAA-ATGCGT 5.8 

 Ana29413 ATAGGTTTTCAGTAAAAAGCACTACTTTTTTTT-AGATTTTTCCGGACTCGTTATATAAAACTCAGTAGCAATAGATAAGAGAATTTACAAAGAGACTTTTATG-ATGCGT 5.0 

 Ana7120 ATGGATTTTCAGTAAAAAGCACTACTTTTTTTT-AGATTCTTCCGGACTCGTTATATAAAACTCAGTAGCAATAGATAAGAGAATTTACAAAGAGACTTTTATG-ATGCGT 5.0 

 Ana310F ACTTTTATTCAGTAAAATACAATACTTTTTT--GCAAATTTTCCGGATAGACATATAAATATCAAGGATTAATGAAGTAGAGAGTTCTAAAATAGACATCTACT-ATGCGT 6.0 

 Ana102 ACATTTATTCAGTAAAATACAATACTTTTTC--GCAAATTTTCCGGATAGACATATAAGAGTTAAGTATTAGTGAAGTAGAGAGTTCTAAAATAGACATCTACT-ATGCGT 6.0 

 Ana90 ACATTTATTCAGTAAACTACAATACTTTTTC--CCGAATTTTCCGGACAGACATATAAAAGTTAAGTATTAGTGAAGTAGAGAGTTCTAAAATAGACATCTACT-ATGCGT 5.6 

  Ana7108 ATTTTTTTGCAGTCAAATACAATACTTTTTA--ACAAATTGTCCGGATGATCATACAAAAGTTAAGTATCAGTGAATTAGAGAGTTCTAAAATAGACATCTACT-ATGCGT 6.0 

  Ana7122 ATTTTTTTGCAGTCACATACAATACTTTTTG--ATAAATTGTCCGGATCATCATATAAATGTTAAGTATCAGTGAAGTAGAGAGTTCTAAAATAGACATCTACT-ATGCGT 4.5 

 AnaAzo ATTTTTTTGCAGTTAAATACAATACTTTTTT--ATAAATTGTCCGGATCATTATCTAAAAGCTAAGTATCAGTGAAGTAGAGAGTTCTAAAATAGACATCTACT-ATGCGT 5.2 

 CylR505 TGGTTCAATTTAGATTAAGTCAATCGATTTCTTCAAAATTGTCCGGATTCATGGGTGATAGGTAAGTATAAGTTAACCAGAGAGTTCTAAAATAGACATCTACT-ATGCGT 5.5 

 RapD9 CAGTTAAATAAAGATTAAGTCAATAGATTTCTTCAAGATTATCCGGATTCATAGGTGATAGACAAGTAAAAGCTAATCAGATAGTTCTAAAATAGACATCTACT-ATGCGT 5.8 

  CylS7417 TTTTTTGTTCAGTGCAGCACAATACTTTTTA--ATAAATTGTCCGGATGCCCATACAAAAACTAAGTATCAGTGAATTGGAGAGTTCTAAAATAGACATCTACT-ATGCGT 6.1 

  Nos29133 GTTTATTTTCAGTAAAACAGAATACTTTTTG--ATTAATTATCCGGATATTAATCAAAAAGCTAAGTATCAGTGAAGTGGAGAGTTCCAAAATAGACATTTGCT-ATGCGT 5.3 

 Nos29133-b CAAAAGAAAATATTTTTGCCATTATATTTAG--ATATGTTTACCGGATAATTTAAA-AATACTGTGTATTAGTTAATA---GAGATAAAATAGAGCTATTAACT-ATGCCT - 

  Nod9414 ATTTTTTTTCAGTAAAACACACTACTTTTTT--CTCAATATTCCGGACAAACTCCCAAAAAACCAGTAGCAGTAGACAAGAGAATTTTAAAATAAACATCTGTT-ATGCGA 5.2 

  Tol7601 ATTTTTATTCAGTAAAAAA-AACACGTTTTA--GGGATTTGTCCGGATGCAGTAATAAAAACTAAGTAA-GGTGGGAAAGAGAGTTCTAAAATAAACATCTGCT-ATGCGT 5.3 

  Cal7507 CTTCATAATAAGTAAAAAAAAGTACTTTTTA--AGAAAATATCCGGATGCACTAATAAAAACTCAGTAGTAGTGAATTGGAGAGTTCAAAAATAGACATTCGCT-ATGCGT 6.5 

  Mch7126 TTTGATATTTTGTAAAAAACAATACTTTTTA--AGAAAATATCCGGATGCACTAATAAAAACTCAGTAGTAGTGAAATGGATAGTTTCAAAATAGACATTTGCT-ATGCGT 5.8 

 Has12170 CATTTTTTTTAGTCAAAAACATTGCTTTTGT---CAAAATGTCCGGACGCAGGAAAAAAAACTAAGTATAAGTGAAGTGGAGAGTTCCAAAATAGACACTTACT-ATGCGT 4.9 

  Tol9009 CATTTTTTCAAGTTAAAAACGTTACTTTTGT---CAAAATGTCCGGACGCAGTAAAAAAAACTAAGTATCAGTGAAGTGGAGAGTTCCAAAATAGACACTTCTT-ATGCGT 4.1 

  Cal336-3 AGAAAATTTAAGTTAAAAAAAATACTATTTC--CCAAATTATCCGGATGCACTAAATAAAACTCAGTATCAGTGAAATGAAGAGTTCTAAAACAGACATTAGAT-ATGCGT 5.0 

  Cal6303 AATTTCCTGTAGTAAAAAACAATACTACAAA--ATAAACCATCCGGATACACAAACTAAATCTAAGTATCAGTGTATTGGAGAGTTCAGAAATAAACATTTGCT-ATGCGT 3.6 

  Cal7103 TTTTTGTCGAAGTAAAAAACAATACTTTTTTT---GAATCATCCGGATGCACTAAATAAAACTAAGTACTAGTGGA-TGGAGAGTTCTAAAATAAACATCTGCT-ATGCGT 4.2 

  Fis3754 ATATTTTTTCTGTTAAAAACAATACTTTTTTTACTAAATTGTCCGGAAGCAGTAAAAGAAACTCAGTATCAGTGAAATGAAGAGTTTTAAAATAGACACTTGTT-ATGCGT 4.5 

  Fis7521 ATATTTTTTCTGTTAAAAACAATACTTTTTTTACTAAATTGTCCGGAAGCAGTAAAAGAAACTCAGTATCAGTGAAATGAAGAGTTTTAAAATAGACACTTGTT-ATGCGT 4.6 

  Fis9339 AATTTTTTTCAGTTAAAAACAATACTTTTTTGACGAAATTGTCCGGAAGCAGTAAAACAAACTCAGTATCAAGTAAATGAAGAGTTCTAAAATAGACACTTGTT-ATGCGT 4.7 

 Hap220 TATTTTTTTCAGTTAAAAACAATACTTTTT-GACGAAATTGTCCGGAAGCAGTAAAACAAACTCAGTATCAAGGAAATGAAGAGTTCTAAAATAGACACTTGTT-ATGCGT 4.4 

  Scy7110 GTTTTTTTGCGGTAAAAAACAATACTCTTAA--ATAAATTATCCGGATGCACAAAAGAAAACTCAGTATCAGTGAAATGGATAGTTCAAAAATAAACATTCATT-ATGCGT 5.2 

 Tol521301 ATTTTTTTGTGGTAAAAAACAATACTCTTGA--ATAAATTATCCGGATGCACAAAAGAAAACTCAGTATCAGTGAAATGGATAGTTCAAAAATAAACATTCATT-ATGCGT 5.4 

 Scy61278 AAAATTTAACAGTAAAAATAAATACTATTTA--AGGATTTTTCCGGATGCAGTAAATAAAACTCAGTATTAGTGAAATGAAGAGTTCTAAAATAGACGTTTCTT-ATGCGT 5.9 

  Mas10914 AAATCTGTGCAGTAAAAAAAAATACTATTTA--ATAAATTATCCGGATGCACTAAAGAAAACTCAGTATCAGTGAAATGGAGAGTTCAAAAATAGACATTTACT-ATGCGT 5.1 

 Tol511288 AATTTTGTGCAGTAAAAAAAAATACTATTTG--CTAAATTATCCGGATGCAGTAAAGAAAACTCAGTATCAGTGAAATGGAGAGTTCAAAAATAGACATTTGCT-ATGCGT 5.4 

  RicHH01 TAGTTTTTAATCTAAGCAGAAAAAACTTTGG--GTAATTTATCCGGATGCAGTGGAAAACAG-AAGTATCAGTGAAGTGGAGAGTTTAAAAACAAACATCTGCTCATGCAT 5.1 

  Riv7116 TTTAATTTAGAGTAAAAAAAAACACTTTTTGG--TAAAATTTCCGGATGCAGTAATTAAAACTAAGTATCAGTGAAGTGGATAGTTCAAAAATAGACATCTACT-ATGCGT 4.1 

  Mas008 AAAACAGAAAAATTAGAAAAAATACTCACG---ACAAAATATCCGGATGCACTAAATAAAACTCAGTATCAGT-GATTTGAGAGTCTTAAAGTAAAAATTTATT-ATGCGT 5.0 

  



                     Supporting Figure S8B: patX upstream sequences in non-heterocyst-forming cyanobacteria 

        Organisma                                                                                     Upstream sequenceb                                                                                               patX  DIF1  
 Lep7376  GCGATCACAAAATTCCTTCAAGAAAAAGATTCTAGAAATTCCGGAGATACACCC-TCCTTTCAGTAAAAAGAACTGTACC-GTTTAAAGTCCATTAGGGCAATCTGCTATGACT 4.6 

  Spi9445  ATTTTTGAGAACTAGAGATCAGGGGATGTGAAAAATTTGTCCTGATGAATAGCAAGAAACTCCGTATCAGGAAATAGAAA------CCTGACACGGATTAAATTTGCTATGCAC 5.2 

  Mic7113  CAATCCTGTGAATATCCAATAAATTGCGACGAAAGTTTTTCCTGACGCCCTCATAAGAACTCCGTATCAGGTAATAGAAA--------TCCCGATACGGACATCTGCTATGAGC 4.6 

  Cri9333  AACTAAATAACTAAAATAATAAACTCTGTTTGGAGTTTTTCCGGATCTATTAGCCCTAAATCAGAAACAGGTATTAGCAA--------CCTTAGAGCAGGTATCTGCTATGCCT 5.6 

 Osc10802  GGTGAGAGCCGGTTGAGTCTGAGAAAAATTGACAAACTGTCCTGATGGACTGGTTGTTGATGCGTATCAGAAAAGGAAAC-----------TCTGATACGGACATCTCATGCGG 5.2 

 Osc10802-b  AAAGACCGGCATCCGGACAGTTGACAAAATCGCTCTTTGCCCGGATGGTTGCGC-TCTTGTCCGTAAAGAGAATTGGAAG--------CTCTGACACGGATAGTTCTTATGCGC - 

 Osc10802-c  GTGGACACATCGAAAACTGGCTGTGTGCCAGTTTTTTTATCCAGATGGCGCTGAGGTTTCTGCGAATCACGGAGTAGAAA-------GTTGATTCAAGGAGATTTCTTATGCGC - 

  Osc6304  ACCCCCTACAAAAACAATTTATTTTTTCTATCTTTCTTGTCCAGATAGAGCCTA-AGGAATGCGTATTAGGGAATATCAG--------TTATCCTAAGCAATTCCTTTATGCGC - 

 Osc6304-b  ACCCCCTACAAAAACAATTTATTTTTTCTATCTTTCTTGTCCAGATAGAGCCTA-AGGAATGCGTATTAGGGAATATCAG--------TTATCCTAAGCAATTCCTTTATGCGC - 

 Osc6304-c  GACCCGAGAGGGTTTCACCCCAAATAATTTAAAAAAATAGCCGGATGTTTTGTA-GATATTCCGTAGAAAGAAATAACAG---------TCAAAAAAGGAAATTATCTATGAGC 4.7 

  Gei7105  GCGATGTCCATAAAAATTCTAACCGGTCGCTTCAGATCGTCCTGACGCCATATTCGGAGACCTGTAACAGGGAACAGAAC------ACCTGAAACAGATTCTCCAAATATGCGT 3.1 

 Gei7105-b  GTATTCGTTCAAAAAAATTAAATTGGTCAAACAGGTTTCTCCGGATCGCAGCGAGATAGAGACGTAACTGGAAATAGAAA------CTCAACGAAGGGATTCTATACCATGCGC 4.6 

  PhoOSCR  AACCCCTCAGGACAATGGTTACGACTTGAAGGAATTTCCTCCTGATCGCCCCATCGGAAATCTGTAACAGGAACTAAGTA------CCTGAAACAGCTTCTTCCGATTATGCGT 5.0 

 PhoOSCR-b  GTTGAACAATATCCAAGTAGATCACAAAAATTGAATTTGTCCGGATAGATCCTCAGATTCTATGAGATCAGAAGTAGCAC------TATCACTCAAGGGGCTACTTTGATGAGC 5.6 

  MicFGP2  AGGTTTTTTGTAGAGATCCGAAAATTGCACAGATATCTATCCTGATAGATCAGG-GCAAGTCCGTATCACGTAATAGACA----------CTGACACGGATACTACCCATGCAA 4.7 

 MicFGP2-b  ACTTACTAATTGATGATTTCACCGCAATTATTTTTTTTATCCTGATAGCCGAGTACAGACTGCGTATCAAGAAGGGGAAA-------ATACAAACACCAAAATTTATGATGCGC - 

  Osc7112  GGGTTTTTTGCACAGATCCGAAAATTGCACAGATATCTATCCTGATAGACCCGG-GCAAGTCCGTATCACGTAATAGACA----------CTGACACGGATACTACCCATGCAA 4.7 

 Osc7112-b  ACTTACTAATTGATGACTTCGCCACAATTATTTTTTTTATCCTGATAGCAGAGTACAGACTGCGTATCAAGAAGGGGAAA-------ATACAAACACCAAAATTGATGATGCGC - 

 Tri101  CTTTTCTATATATTGAACTGACAAATTATTTCCTAACTATCCTGATTTGTTCCT-AACAGTCCGTATCAGAAAGTAGACA--------CTCTCAGACGGACGTAACCTATGCAA 4.4 

 Pla126-8  GGGGTTATAGCCGGATTTAACAAAAACTTTTGACAGTTATCCCGATCTAAATATTAACGGTTTGTATAAGGAAGTGGACA-------GACTTAAAGGGACACTTTATTATGCAA 4.8 

 Pla126-8-b  CAGGACTCAAAAGCAATCTAGGGAAAGTTTGTCTTTTTTACCGGATCAATTTCA-TTCAACTTGTATTAGAGAATGGACA--------CTCTAATACGGACAACTCTTATGCGA 4.6 

 Pla406  GGGGTTATAGCCGGATTTAACAAAAACTTTTGACAGTTATCCCGATCTAAATATTAACGGTTTGTATAAGGAAGTGGACA-------GACTTAAAGGGACACTTTATTATGCAA 4.8 

 Pla406-b   CAGGACTCAAAAGCAATCTAGGGAAAGTTTGTCTTTTTTACCGGATCAATTTCA-TTCAACTTGTATTAGAGAATGGACA--------CTCTAATACGGACAACTCTTATGCGA  4.6 

 Pla15  GGGGTTATAGCCGGATTTAACAAAAACTTTTAACAGTTATCCTGATCTAAATATTAACGGTTTGTATAAGGAAGTGGACA-------GACTTAAAGGGACACTTTATTATGCAA 5.0 

 Pla15-b   CAGGACTCAAAAGCAATCTAGGGAAAGTTTGTCTTTTTTACCGGATCAATTTCA-TTCAACTTGTATTAGAGAATGGACA--------CTCTAATACGGACAACTCTTATGCGA  4.6 

 Pla407 GGGGTTATAGCCGGATTTAACAAAAACTTTTGACAGTTATCCCGATCTAAATATTAACGGTTTGTATAAGGAAGTGGACA-------GACTTAAAGGGACACTTTATTATGCAA  4.8 

 Pla407-b   CAGGACTCAAAAGCAATCTAGGGAAAGTTTGTCTTTTTTACCGGATCAATTTCA-TTCAACTTGTATTAGAGAATGGACA--------CTCTAATACGGACAACTCTTATGCGA  4.6 

 Arth39  ACCAGTACCGTAGGGGTGAACAAAAAAATTATCAGATTATCCTGATATAGGCCTATTAGATTGGTATCAGGAAATGGACG---------CTTTAATACGGACATTTCCATGAAA 5.6 

 Arth39-b  ACTTTACTTGTTGCTTAGTTATCCAATTTTGCGATTTTTACCGGATCGCCAATA-TCCCGCTGGTATTAGATAGTGGAAA------CTTTCACACGGACAACTCCCTCATGCGT 4.1 

  Arth328  TCAAGTATTGTAGGGCTGAAGGAAAAAATTATCAGATTATCCTGATGTAGGCCTATTGGGTTGGTATCAGGAAATGGACG---------CTTTAATACGGACATTTCTATGAAA 5.3 

 Arth328-b  TGATTAATGATTTCCTAGTTATCCCATTTTGCGATTTTTACCGGATAGCTGATA-TCCCGCTGGTATTAGATAGTGGAAA-------CTTTGATAAGGACATTCCCTCATGCGT 3.9 

 Arth8005  TCAAGTATTGTAGGGCTGAAGGAAAAAATTATCAGATTATCCTGATGTAGGCCTATTGGGTTGGTATCAGGAAATGGACG---------CTTTAATACGGACATTTCTATGAAA 5.4 

 Arth8005-b  TGATTAATGATTTCCTAGTTATCCCATTTTGCGATTTTTCCCGGATAGCTGATA-TCCCGCTGGTATTAGATAGTGGAAA-------CTTTGATAAGGACATTCCCTCATGCGT 4.2 

 Lyn8106 *     GATTACAGAATAGAATCTCTATCTAAATTGTAGAAAATTTCCTGATTGTTCAGTCAAGTCTCCGTAAAAACACTTAAAGA...(97)...TTATTACGGACATTTCCCATGAAA 5.6 

  Lyn8106 *     AACGCGAGATCAATTTTTGTAGAAAATTTTTTAATCTTATCCTGATCTCATCAACTTGGGTTCGTATCAAGAAATGGACA-------GGTTTATTACGGACATTTCCCATGAAA 3.7 

 Lyn8106-b  ATCCTAAATACTGAATTGATAAACCACTTGATTATTTTAACCGGATCTCGAACA-AATTGTCTGTATTAGAGAATGGACA---------TACTTAGACGGACAGACTCATGCGG 4.3 

 LynBLJ *     GATTACAGAATCGAATCTCTATCTAAATTGTAGAAAATTTCCTGATTGTTGGGTGAAGTCTCCGTAAAAACACTGAAAGA...(96)...TAATTACGGACATTTCCCATGAAA 5.2 

 LynBLJ *     TAACGCGAGAGCAATTTTTGTAGAAAAATTTTCATCTTATCCTGATCTGATCAACTTAGGTTGGTATCAAGAAATGGACA-------GGTTAATTACGGACATTTCCCATGAAA 3.1 

 LynBLJ-b  AGCATTTAGGATTAATTAATAAACCACTTGATCATTTTAACCGGATCTCGAACA-AATTGTCTGTATTAGAAAATGGACA---------GACTCATACGGACAGACTCATGCGT 4.4 

  Gei7407  TGTCATCGGGCAAACCAGTGCTGGGGGTTTTTGGTTTTGTCCTGATGACCATCGAGAAGATCCGTAACAGGGAATAGAAA-------CTCTGCTACGGACCTCTTCCCATGAGC 5.0 

 Osc12  CTTATTTCCCATTCCCTATTCCAGCGGTTTCCAAAATCATCCTGATAGGCAATCCAAACTTCCGTATCAGGGAGTAGACG---------CTTTGATACAAACACGTTTATGGAC 5.2 

  Lep6306  AGGTGCGACTACCGAATTTGAGTTTTCAGGCATTTTTTGTCCTGATGTGATGCCCAAAATTGTGAAGAAAGGGGTATCAA-----------CACTGAGGACGTAAAATATGCGC 4.6 

  Lep2104  AGGTGTGACTACCGAATTTGAGTTTTGCCATCGATTTTGTCCTGATGTGATCACCTCTAGCGCGTAAAGGGGTATATCAC-----------ACTGAGGACGTACTCTTATGCGC  4.8 

  Lep3755  AGGTATGACTACCGAATTTGACTTAATCCATTGATTTCGTCCTGATCTAACCCC-CAAAGCGCGTAAAGGGGTATATCAC----------ACTGAGGACGTACTATTTATGCGC  5.1 

  Lep6406  CAACGGCCCCTAGATTCCAGCCGGACTGCCCCTGAATCATCCTGACCCCTCCTTCTGTGTCCTGTAACAGGGAATAGCAA-------CACAGAGAGGGGTCTTTTACAATGCTT  3.9 

  Syn7335  ATTTCAGCAATAGACTAGTTCAACTCTTCATATTTAGAACCCTGACTTCGCACA-AATTTGATGTAGTAGTGGGTATAGT---CTTGGATTAGAATCTCCTGAGTATTATGCTA  3.0 

 LepHIJ  AAATCTAAGCTTCCATCCACATTTTTTTCACACAGTTTTTCCTGAGTTATTTATTAATTTCATGTAATCAGAAAGTAGCA-------ATACTACTCATTTTCTGACCCATGAGA  5.5 

 ProH9006-a  GCTTCTGGAAATCACCACGAACCTTTGGGATTTCAGCAGCCTTGAAGTAACCCTTTGTCGACCGTCATCGCAATCCTTAT-ACTCTTCCTTTCTTTCGGAGTCTAACTATGAAC  (<2) 

 ProH9006-b  CCGCAGTTCATCGGAATTTTGCCTAAGGTTCCATAAACTTCCTGATCCTTCATTGATTTTTCTGTATGGGGGAATGAATCCATTAGACAGCTAAAGGACCACAAACCCATGGCC  6.5 



------------------------------------------------- 
a  Organism nicknames are associated with the full names in Fig. 3B. Organisms followed by asterisks present pairs of DIF1 regions (both shown). 
b  Highlighting conventions are the same as in Supporting Fig. S6. In addition, NtcA-binding sites are highlighted in dark green. The pink hyphen in 

the sequence of Tol7601 highlights what may be a deletion that occurred in a string of eight A residues as the result of a sequencing error. The 

nucleotide frequencies are shown graphically in Fig. 8B and 8C. 
d The primary DIF1 score is calculated from a PSSM using the 54 DIF1 regions shown in Supporting Fig. S6 as the training set, on a log base 10 

scale.  




