Supplementary File S1: Promotor analysis for signatures of potential NtcA regulation of carotenoid transcription in Chlorogloeopsis fritschii PCC 6912
NtcA is a global transcriptional regulator in cyanobacteria, noted for its role in nitrogen homeostasis.  Its binding is enhanced by 2-oxoglutarate which acts as a signalling molecule for the cellular C to N balance (Tanigawa et al., 2002).  NtcA has a wide role in the physiology of the cell including response to stress and the differentiation of heterocysts (Picossi et al., 2014).
Genes involved with keto carotenoid biosynthesis were found to be transcriptionally controlled by 2-oxoglutarate dependant binding of NtcA to the promoter regions in Nostoc PCC 7120, where the crtW gene and the crtPB operon are up-regulated in response to high light. (Sandmann et al., 2016)
Potential NtcA binding sites are recognizable in the promoter regions of crtO, crtW and the crtPB operon in Nostoc PCC 7120 (Sandmann et al., 2016) by their sequence motif.  In nitrogen-regulated genes, the NtcA recognition and binding consensus is GTAN8TAC centred ~40 bp upstream from the transcription start site, with the GTN10AC subset being essential for binding.  However, non-canonical binding sites can also be involved in NtcA-dependent regulation of transcription (Aldehni and Forchhammer, 2006). 
Here, we analysed regions of the expressed genes for crtO, crtW and crtPB in Chlorogloeopsis fritschii PCC 6912 for putative NtcA binding regions in comparison with patterns of binding sites observed in Nostoc PCC 7120. Central positions of motifs are calculated relative to the transcription start site.

Details of promotor features are given in Figure 1 below:-
The expressed C. fritschii PCC 6912 crtO (WP_016878174.1) promotor has a GTN10AC motif at -55bp, corresponding to the putative NtcA binding motif identified in the Nostoc PCC 7120 all3744 gene at -50bp (GTAATTTCGTTTCAC).  In C. fritschii PCC 6912 there is an additional upstream GTN10AC motif at -324 bp (GTCTGGGGCTATAC). Expression of crtO in C. fritschii PCC 6912 is not changed in response to UV, and is downregulated in Nostoc in high light.
The expressed C. fritschii PCC 6912 crtW (WP_016874500.1) upstream sequence has a non- canonical 13 bp GTN9AC motif at -65bp (GTGGTTAGTGAAC) which corresponds to the  -64bp GTN9AC NtcA binding region in the Nostoc PCC 7120 crtW (alr3189) upstream sequence.  Unlike the Nostoc sequence, there is a - 33bp GTN10AC motif (GTGTGAATTTAAAC) in the promotor region, and a third putative binding site - a GTN10AC motif at -108bp. The Nostoc sequence has a more distant GTN10AC motif at -327 bp. The transcription of crtW is upregulated in C. fritschii PCC 6912 under UV, and also in Nostoc in high light.
The upstream region of C. fritschii PCC 6912 phytoene desaturase crtP (WP_016875939.1) also has a 13 bp GTN9AC motif,( GTATAATGAGTAC) at the canonical position of -47bp, corresponding to the -47bp GTN9AC motif in the upstream region of Nostoc crtP (alr1832) (GTATAATGAGAAC).  There are additional GTN10AC motifs in the C. fritschii PCC 6912 sequence at -150bp GTN10AC (GTTTGGGTGTCTAC) and -201bp GTN10AC (GTTTAAAATTCTAC) which are echoed by GTN11C motifs in Nostoc at -159 bp GTN11C (GTCCTTGNCGACTCC) and -202 bp GTN11C (GTTCACATCTGAGC).  The crtPB operon is upregulated in C. fritschii PCC 6912 under UV, and in Nostoc in high light.
The conserved motifs illustrated here provide evidence for a functional role in the NtcA control of carotenoid transcription in C. fritschii PCC 6912, and provide the basis for further analytical investigation.

>crtO (WP_016878174.1) upstream sequence
CCAAGATTTTGGAGTTGCCCGCAGACTAAAAGTCTGGGGCTATACAAACAAAGACTGTCTACGCAGTCTGATAACATTTCACCTCAATCACGATACACATATCATTATTGTAGAGACGCGATATATCGCGTCTCTACATGGTCTATATTTGTATCAGACTTTTTATGAAATGGTATTACATATTAATTATTTTTGCTCGAAAGCTTGAGACCATCAGCAGTTACCATCCCCCTACAGATTGATTGCAAACAACTGCTAAATCAAAGAAATGCTAAAGATGGGATTATAACTGGCGAAAGAGTTATATTCTCCACCCTCTTTCTAACATCGGGAAAGATACACCCATTTCCCAAATTGCAACT

-55 bp   GTN10AC  GTTATATTCTCCAC
-324 bp GTN10AC  GTCTGGGGCTATAC

>crtW (WP_016874500.1 ) upstream sequence
ACTCCGCGGCTCAAAAGCCTTACAGAGCAAGAAATTTTGCTTACACAGTCACCATCTATGCAAATATGTGTAATATTATTTAAGTAAACTTAATTTTTCTACATATTTGATTTAGATGTTACTTATAGCACAGCGCTGACCACGAACGGGGTTTTCCCTTAAGTGGTTAGTGAACTTTTTAATGACCAAATTGTGTGAATTTAAACAAAATTTTAGGCGGAGTAAAAGCCTG

-33bp   GTN10AC  GTGTGAATTTAAAC
-64bp   GTN9AC    GTGGTTAGTGAAC
-108bp GTN10AC  GTTACTTATAGCAC

>crtPB (WP_016875939.1) upstream sequence
CAAATGTGGGGTTTAAAATTCTACTAAAAGCAGTGCTTAACCATCGGGCTGACTCACCGCTGTTTGGGTGTCTACAAAGGAGGAGAAGCGTCGCACGGCGAAGCTCTCTGCCCTCGGCTTTTTTACAATCATCTGTCATCGACTGCAAATGTAACGGTTTGCAAAGTATAATGAGTACGGCAAAACCATTAAGAAATATTGAAGAGCAGTAAGGTTAA

-47bp   GTN9AC    GTATAATGAGTAC
-150bp GTN10AC  GTTTGGGTGTCTAC
-201bp GTN10AC  GTTTAAAATTCTAC

[bookmark: _GoBack]Supplementary File S1 Figure 1: NtcA binding sites in selected promoter regions of C. fritschii PCC 6912. Central positions of the 14bp motifs are given (-7bp from the 3’ end) calculated relative to the transcription start site. Putative Sigma70 promotor sequences predicted by BacPP software (de Avila e Silva et al., 2011) are shown in red (underlined) and putative NtcA binding sites are differentially coloured as indicated.
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