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Common metabolic pathways. The genetic components for common metabolic pathways are conserved in commensal Neisseria (Data Set S1). Genes for aerobic respiration processes, such as the pentose phosphate pathway and citric acid cycle, are found in all sequenced Neisseria genomes. Commensals also encode genes for anaerobic pathways, including those for glycolysis and denitrification [1]. Interestingly, N. mucosa alone possesses all the genes (NMUC2098-NMUC2110) necessary for biosynthesis of the cofactor molybdopterin. This suggests that N. mucosa is the only Neisseria species capable of utilizing molybdopterin-containing enzymes [2].

Genes for nucleotide biosynthesis are conserved in commensal Neisseria.  Additionally, commensals have transfer RNA genes for all 20 amino acids. All commensals also encode the 16S-23S-5S ribosomal RNA (rRNA) operon. Although our assembly resulted in a single contig for the rRNA genes, the contig depth was four-fold higher compared to the average genome coverage.  Thus, similar to pathogenic Neisseria 


[3] ADDIN EN.CITE , the commensals each have at least four copies of the rRNA operon.

In general, commensal Neisseria encode the genes necessary for biosynthesis of essential amino acids. However, N. cinerea, N. polysaccharea, and N. flavescens lack several sulfur metabolism genes that are required for cysteine biosynthesis in other bacteria 


[4] ADDIN EN.CITE . This result suggests that these commensal isolates may need to scavenge cysteine from the environment.
dRS3 and Correia repetitive elements. The commensal Neisseria genome sequences have fewer dRS3 and Correia elements when compared to the pathogens.  While the scarcity of these elements may reflect an inability of 454 sequencing to handle repeat-rich sequences, we believe that this explanation is unlikely. The Titanium 454 sequencing method used in this study resulted in average read lengths of >400bp. As most Neisseria repeat elements are <250bp 


[5] ADDIN EN.CITE , the Titanium technology should have been able to handle the repeat lengths found in our samples. To confirm this, we performed two tests. First, we searched the raw 454 reads of each genome sequence to see if we could find additional dRS3 or Correia elements that had failed to assemble. After normalizing for depth of coverage, we did not find any additional repeat elements. Second, we identified genes in the N. meningitidis MC58 genome sequence with 10 or more dRS3 elements located between them, and scanned the corresponding orthologous regions in N. cinerea for these repeat elements. N. cinerea was used because it has the lowest number of contigs of all the commensal sequences. We found that the orthologous intergenic regions in N. cinerea lacked dRS3 elements, and that these intergenic regions were smaller on average than the corresponding regions in MC58. These analyses confirm that our findings are not artifacts, and that commensal Neisseria have fewer dRS3 and Correia repeats compared to pathogenic Neisseria. 

Commensal-specific genes. Comparison of the sequenced commensal and pathogenic genomes identified several genes that are present in two or more commensals but absent from N. meningitidis and N. gonorrhoeae (Data Sets S3 and S4). For example, commensals have Type IV and Type VI Secretion Systems not found in pathogenic Neisseria, as well as distinct lipooligosaccharide modification genes (see below). Commensals most distal to the pathogens (N. elongata, N. sicca, N. mucosa, N. subflava) encode genes for collagenases similar to those found in the oral bacterium Eikenella corrodens. These genes have a higher %G+C content than the core Neisseria genome (55% vs. 50%) and their predicted products have >50% identity at the protein level to the E. corrodens collagenases. These observations suggest commensal Neisseria may have acquired new proteases from E. corrodens via lateral gene transfer. 

Type IV Secretion Systems. Gram-negative bacteria utilize Type IV Secretion Systems (T4SS) to transport substrates such as DNA and protein effectors across the bacterial cell envelope [6]. The Gonococcal Genetic Island (GGI, see also below) of N. gonorrhoeae encodes T4SS genes similar to those on the Escherichia coli F plasmid [7]. The GGI T4SS allows N. gonorrhoeae to secrete DNA into the extracellular milieu. Two commensal species, N. mucosa and N. sicca, encode T4SS genes that are most similar to the Agrobacterium tumefaciens VirB/D4 system (Data Sets S3 and S4). N. mucosa and N. sicca have orthologs of the T4SS coupling protein/substrate receptor (virD4), ATPases for translocation energetics (virB4 and virB11), components of the channel structure (virB6, virB8, virB9, and virB10), and the secreted relaxase that is involved in DNA processing and packaging (virD2). As the A. tumefaciens VirB/D4 system is involved in DNA transfer, the presence of vir genes in N. mucosa and N. sicca suggests that these commensal Neisseria may also utilize a T4SS to export DNA into the environment.

Type VI Secretion Systems. Three commensal species, N. mucosa, N. sicca and N. subflava, contain genes encoding Type VI Secretion Systems (T6SS) (Data Sets S3 and S4). Essential for virulence in several pathogens 


[8,9,10] ADDIN EN.CITE , T6SS are also found in symbionts [11] and commensals [12]. These are the first examples of T6SS in the Neisseria genus. 

Lipooligosaccharide modification. The lic1 (licABCD) locus is present in multiple species of commensal Neisseria (Data Sets S3 and S4). In Haemophilus influenzae lic1 encodes genes necessary for phosphorylcholine decoration of lipopolysaccharide 


[13,14] ADDIN EN.CITE . Three commensal Neisseria species, N. flavescens, N. lactamica, and N. subflava, contain lic1 and incorporate phosphorylcholine into their lipooligosaccharide (LOS) [15]. We also found licABCD in the genome sequences of N. flavescens and N. lactamica, but not N. subflava. The difference in findings from the two studies is most likely due to the use of different strains of N. subflava. The lic1 locus is also present in the genome sequence of N. polysaccharea, a species that was not examined by the other group. Thus, N. polysaccharea may also modify its LOS with phosphorylcholine.

Capsule genes in commensal Neisseria. Among commensals, the ctrABCD locus is present only in N. subflava. These genes are inverted relative to the orientation of the meningococcal homologs (Figure S2). A DNA Uptake Sequence (DUS) is present in the N. subflava ctrA gene, but not in the other ctrA homologs. The N. subflava DUS differs from the canonical DUS only at one position. Thus, N. subflava may have acquired the ctrABCD locus through this variant DUS. As DUS is hypothesized to function in genome maintenance, the N. subflava variant DUS may be responsible for maintenance of the ctrABCD locus in this commensal species.

Gonococcal Genetic Island (GGI). The 57 kb GGI is found in most N. gonorrhoeae isolates [16]. Several features of the GGI, including a lower %G+C content and fewer gonococcal DNA Uptake Sequences than the rest of the chromosome, suggest that this element was acquired via horizontal gene transfer. The function of many GGI genes is unknown; however, several contribute to virulence by promoting DNA secretion and autolysis [7]. As noted in the main text, three GGI genes, dsbC, topB, and parA, are found in all sequenced commensal genomes. Other GGI genes are only found in some but not all commensal genomes. For example, N. flavescens and N. lactamica both contain yecA and yeb. The former encodes a hypothetical protein, while Yeb is a homolog of a putative N-acetyltransferase from Ralstonia solanacearum [7]. N. subflava contains ydcB, which also encodes a hypothetical protein [7]. Finally, a copy of traD is found in N. elongata. The traD gene is encoded on the F plasmid and involved in conjugation; the Salmonella typhi TraD is a DNA-dependent ATPase that functions as a DNA pump 


[17] ADDIN EN.CITE . 

It should be noted that GGI genes are also found in one of the N. meningitidis genomes we examined.  The N. meningitidis carriage isolate alpha275 has nearly all the GGI genes, arranged in the same order as those in the N. gonorrhoeae GGI. This finding correlates with previous microarray studies that revealed the presence of complete or nearly complete copies of the GGI in several other N. meningitidis strains [18]. 
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