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Material and methods 

Gonococcal DNA was extracted using the Qiagen DNeasy Tissue Kit (Qiagen Inc., Valencia, California) 

according to the manufacturer’s instructions. Genomes of the 25 isolates of N. gonorrhoeae were 

sequenced using an Illumina Hi-Seq platform according to established procedure and contigs were 

assembled using the CLC Genomics Workbench. However, no finishing, either by software or by PCR, 

was performed; the assemblies were left as sets of contigs.  This meant, for example, that a contig might 

contain only a portion of a gene.  The remainder of the gene might occur in another contig, or might be 

missing all together. The contig sets ranged in cardinality from 268 to 648 and N50 measure from 6186 

to 39792. Illumina-derived contigs were mapped to a reference strain, FA1090 (GeneBank accession 

AE004969), using a UNIX/LINUX shell script and the EMBOSS suite programs needleall and est2genome. 

In all, 10 loci (penA, abcZ, adk, gdh, glnA, gnd, fumC, pilA, pyrD and serC) were extracted from each of 

the 25 the genome assemblies using additional scripts and occasional manual sequence editing. The 

regions of homologous recombinations within the housekeeping genes were identified using a non-

parametric recombination detection method, SiScan (1), as earlier described (2). The DNA sequences 

were incorporated into molecular evolutionary analysis (MEGA) version 4 (3) for identification of SNPs. 

Phylogeny, based on SNPs, was inferred using the Minimum Evolution method (4). The Neighbor-joining 

algorithm (5) was used to generate the initial phylogenetic tree. The antimicrobial susceptibility of N. 

gonorrhoeae isolates to penicillin, tetracycline, spectinomycin, ciprofloxacin, cefixime, azithromycin and 

ceftriaxone was assessed, in duplicate, by the agar dilution method as described previously (6, 7). 

Evolutionary analysis, using STRUCTURE (8), was performed to evaluate the population structure of 

gonococcal strains and their evolutionary relationship using a combination of SNPs, antimicrobial 

susceptibility and penA alleles from the 25 strains. The programs CLUMPP (9) and DISTRUCT (10) were 

used to generate the initial graphs depicting the population structure of gonococcal strains. 
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