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Figure S1: Layout of the gene encoding a sulfate binding protein in the Microcystis aeruginosa 

PCC 7806 mcyB strain. Blue regions are coding sequences for the sulfate binding gene (sbp). In 

orange is the 187-nt MITE, located from 1568698 to 1568884 in the mcyB genome. Primers were 

made to amplify a 181 bp region in the PCC 7806 wildtype (no insertion present), and a 376 bp 

region in mcyB. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S2: Cell concentrations (y-axis) of a chemostat experiment done for a previous manuscript 

by Stark et al. [1].Time in hours is on the x-axis. Normalized gene expression between the 

Microcystis aeruginosa PCC7806 mcyB and Microcystis aeruginosa PCC7806 wildtype strains 

were compared for the cold (19 C) treatment (T7 and T8, blue stars), and control “warm” (26 C) 

treatment (T1 and T10, orange stars).   

 

 

 

 

 

 

 

 



 

Figure S3:  A) Duplicated region of the Microcystis aeruginosa PCC 7806SL genome downloaded 

off NCBI’s GenBank. The region is ~45 kb in size, and codes ~49 genes. The region located from 

5094806 to 5139339 codes a transposase which is not seen in the duplicated region from 1 to 

43125.   B) Genome map of Microcystis aeruginosa PCC 7806SL. Duplicated regions of the 

genome (seen above) are denoted by the orange and the green box. The orange box represents the 

region that has an additional transposase in the region. 

 

 

 

 



 

Figure S4: Mauve whole-genome alignment of our Microcystis aeruginosa PCC 7806 wildtype 

(bottom) and mcyB (top) strains. Genome regions that are the same color correspond to one 

another. In green is the region of the genome that is inverted between the PCC 7806 wildtype and 

mcyB genome. 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S5: A) A SLC permease gene was interrupted in the Microcystis aeruginosa PCC 7806 

mcyB strain by a IS200/605 family transposase. B) The gene expression of the coding region of 

the SLC permease before the transposase is similar to the gene expression profile seen in the PCC 

7806 wildtype, however, transcripts for the coding region of the gene after the insertion are about 

half that of the wildtype.  

 

 

 

 

 

 

 



 

Figure S6: A) A IS1200/605 family transposase is present in the Microcystis aeruginosa PCC 7806 

wildtype genome, interrupting a trkH gene. The trkH gene is not interrupted in the mcyB genome. 

The mutation does not appear to cause a significant difference in expression from the Microcystis 

aeruginosa PCC 7806 mcyB genome. 

 

 

 

 

 

 



 

Figure S7: A) A glycosyltransferase gene in the Microcystis aeruginosa PCC 7806 mcyB and 

PCC 7806 wildtype genome was interrupted in both strains, by two different types of transposases. 

In mcyB, the glycosyltransferase gene was interrupted by a ISNCY (insertion sequence not 

characterized yet) transposase, whereas in the wildtype the glycosyltransferase gene was 

interrupted by a IS200/605 family transposase. B) Gene expression of the interrupted 

glycosyltransferase gene in mcyB and the PCC 7806 wildtype. In the wildtype, the IS200/605 

insertion reduced transcript abundance by approximately half for the region of the gene after the 

insertion sequence. In mcyB, insertion of the ISNCY transposase in the middle of the gene 

resulted in no expression for the coding region after the insertion.  

 

 

 

 

 

 



 

Figure S8: A) A IS200/605 family transposase inserted between genes coding for a 

sulfurtransferase and a NYN-domain protein in the Microcystis aeruginosa PCC 7806 wildtype 

strain. B) Insertion of the transposase did not seem to effect gene expression of the gene encoding 

a NYN-domain containing protein in the PCC 7806 wildtype, as the expression profile was similar 

to that of the PCC7806 mcyB strain. 

 

 

 

 

 

 



 

 

Figure S9 : A) Gene arrangement in Microcystis aeruginosa PCC 7806 wildtype (top) versus the 

Microcystis aeruginosa PCC 7806 mcyB (bottom) genome. The gene arrangement shows where 

a IS1-family transposase is inserted in a gene encoding an uncharacterized 

protein (putative thioesterase) in mcyB, and genes surrounding the mutated gene. The PCC 7806 

wildtype arrangement shows the same hypothetical protein and gene area, unmutated.  B) 

Transcription of the genes in the order shown in S9A. Insertion of the IS1-family transposase in 

the gene encoding a hypothetical protein significantly reduces its expression in the mutant 

(p<0.0001), while the IS1-family transposase is transcribed instead (average TPM ~70 at 26° C 

and ~118 at 19° C).  Consequently, this insertion causes a significant decrease in expression/little 

activity (p <0.001) of an ISL3-family transposase downstream of the hypothetical protein in 

mcyB compared to the PCC 7806 wildtype.   

 

 

 



Figure S10 (A):  In Microcystis aeruginosa PCC 7806 mcyB, an IS1634 transposase inserted 

between a diflavin flavoprotein and a putative lipoprotein. B) The IS1634 transposase inserted in 

the mcyB strain mimics gene expression of the diflavin flavoprotein.  

 

 

 

 

 

 

 

 

  



 

Figure S11: Predicted promoter regions found by BPROM [2]. The predicted promoter regions varied 

between the PCC 7806 wildtype and mcyB. Insertion of the IS1634 family transposase in  mcyB created 

new putative promoter regions, before the putative lipoprotein and the diflavin flavoprotein. Putative 

promoters are colored based on whether they are on the positive strand (blue), versus negative strand 

(yellow). 

 



 

Figure S12:  A gene encoding a phage tail protein, P-tail (previously annotated as mrpB) was found 

in Microcystis aeruginosa PCC7806, next to a microcystin-reliant protein (mrpA). These two 

genes were situated near a BrnTA toxin-antitoxin system (which is flanked by an IS4-transpoase), 

and an ISNCY (insertion element not characterized yet). B) Normalized gene expression (average 

TPM), for mrpA and the phage tail gene. These two genes appear to be active in the mutant at one 

time point, potentially providing some sort of function to the cells.  

 

 

 

 

 

 

 

 



 

Figure S13:  A phage protein gene with peptidoglycan binding domains (PGB- dark green) was 

identified in Microcystis aeruginosa NIES 843. Figure A is an unmutated gene arrangement in 

Microcystis aeruginosa LE3. Genes with similar colors are homologous to one another. B) In 

Microcystis aeruginosa NIES843, the phage gene (PGB) was found next to three other unique 

genes (nucleotide sequences not found in other complete Microcystis spp. genomes) downstream 

of PGB (all green) may have also been acquired with this gene. Flanking these four genes upstream 

is a gene encoding a hypothetical protein (marked by a red box) which appears to have been 

inserted by a ISL3 family transposase, as it has similar inverted terminal repeats to ISL3 and is 

flanked by direct terminal repeats, and a homolog of this gene is present in another area of the 

genome (seen in figure III, marked by a red box), next to an ISL3 transposase (II, IV, V). 

Downstream of these four genes is a sequence which is repetitive in the genome (exists in 25 

areas). This sequence is 5'-ATTTTAAAAGGGTTTTACCATTATTCAGC-3'. Of the twenty-five 

repeats, ten are by transposases, and of those ten, four are by TnpB transposable elements. Similar 

gene arrangements without the four acquired genes are found in other Microcystis genomes 

(Microcystis aeruginosa NIES-88, LE3 and Microcystis virdis NIES-102 were checked).   

 

 



 

Fig S14: A) Microcystis aeruginosa LE3 and Microcystis aeruginosa NIES298 both have a 

putative phage tail lysozyme (PGB/PL gene). Along with this gene are three other genes (in blue) 

that may have been acquired with the putative phage (PBG/PL) gene, one of them has a 

peptidoglycan recognition/binding protein domain (PGRP). In Microcystis aeruginosa LE3 and 

Microcystis aeruginosa NIES298, these four genes are flanked by mutated areas which have 

homology IS1-family transposases in the genome. These intergenic regions have areas that align 

with the inverted terminal repeat regions of an IS1-family transposase (ITLR – inverted left 

terminal repeat, ITRR- inverted right terminal repeat). ITLR (1) is an imperfect ITR of ITRR (1).  

In other Microcystis strains (NIES843, PCC 7806), the gene arrangement is similar to LE3 and 

NIES298, where an uma2 endonuclease is located near a tRNA, and a phytoene synthase (Trans-

IPPS) and a phytoene desaturase (PDS) are present. The unlabeled genes are uncharacterized 

genes.  

 

B)  Alignment of the inverted terminal repeats for an IS1-family transposase. The colored 

sequences are those from the intergenic regions in LE3 and NIES298, and black are the sequences 

of the IS1-transposase ITR's. The numbers by the sequences correspond to the location of the ITLR 

and ITRR, above. 

 



 

Fig S15: A) Simplified overview of the 187-nt insertion sequence in the sbp gene in mcyB. The insertion 

sequence is flanked by 8-nt long direct terminal repeats, duplicated from the target site. There are also 

imperfect 11-nt long inverted terminal repeats (ITR), and two putative open reading frames. Homologous 

insertion sequences from other Microcystis spp. show similar ITR’s.  B) Locations of identical 187-nt 

MITEs in the ΔmcyB genome. C) In-silico Mfold [3] prediction of the RNA secondary structure of the 187-

nt MITE sequence (Predicted ΔG= -41.39). 
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Fig S16: A) 187-nt long insertion sequence (IS) was inserted in a gene encoding a branched chain 

amino acid transporter (LivG) in the mutant strain. B) The livG gene shows expression values 

roughly half that of the wildtype, before and after the insertion sequence.  This is unlike the sulfate 

binding protein in the mutant, which has the same 187-nt IS, but has upregulated expression of 

sulfate transporter gene cluster (sbp-cysTWA).  

 

 

 



 

Fig S17: Shortened alignment (Clustal Omega output) of an ISL3-family transposase with inverted 

terminal repeats (ITR) that match the imperfect ITR’s of the 187-nt miniature inverted repeat 

transposable element that is active in Microcystis aeruginosa PCC 7806.  

 

 

 



 

Figure S18: A) Clustal Omega alignments [4] of the wildtype and mcyB translated sbp gene products.  

Outlined in red are the conserved amino acid residues involved in sulfate binding, as identified by NCBI 

conserved domain search [5, 6]. B) Protein structure alignments of the two sbp translated gene products. 

The pink structure is the wildtype sbp gene product, and blue is the mcyB gene product. The highlighted 

yellow region is the area of the wildtype protein that is missing in the coding region before the MITE 

insertion in mcyB.  



 

Fig S19: A) Results from reverse transcriptase PCR on different timepoints taken from the original 

RNA-seq experiment [1] .Transcriptomic libraries from the original experiment were used in this 

manuscript. In the Microcystis aeruginosa PCC 7806 wildtype, a 181-bp amplicon was generated, 

consistent with the lack of the MITE in the gene encoding a sulfate binding protein. For the PCC 

7806 mcyB strain, faint bands around 376-bp in length were generated, consistent with the 

presence of the MITE insertion in the gene encoding the sulfate binding protein. B) Points that 

RT-PCR analysis was done are indicated with a star in the RNA-seq time series. This gel image 

has not been modified beyond the text added to the figure. All bands present were run on the same 

gel at the same time.  
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