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Biphasic Outbreak of Invasive Group A 
Streptococcus Disease in Eldercare Facility, 

New Zealand 
Appendix 1 

Detailed methods 

Genome sequencing 

All isolates underwent short-read Illumina sequencing while only the reference isolate, 

DMG1800716 underwent long-read PacBio sequencing. Paired-end multiplex libraries were 

created and sequenced using the Illumina NextSeq 500 platform or Illumina Hiseq 2500 with a 

read length of 250 or 100 base pairs respectively. DMG1800716 genomic DNA was extracted 

using GenElute Bacterial Genomic DNA Extraction kit (Sigma) with a modified protocol that 

included 50 ug/ml lysozyme and 150 Units/ml mutanolysin. A 20kb library was size selected 

using BluePippin (Sage Science) and sequenced on the PacBio RSII using the DNA sequencing 

kit 4.0 v2, C4 chemistry and P6 generation polymerase. 

The complete genome assembly of GAS DMG1800716 was determined from a single 

SMRT cell using the SMRTpipe v2.1.0 with HGAP.2 and Quiver for post-assembly consensus 

validation. Illumina short reads were used to validate the consensus assembly. The final 

sequence was annotated using Prokka (1) with manual curation. Raw Illumina reads were de 

novo assembled into draft assemblies using SPAdes v.3.9.0 (2). Pairwise blast comparisons of 

the 55 emm81 genomes relative to DMG1800716 were performed using the BLAST Ring Image 

Generator (BRIG) (3). The complete genome sequence of DMG1800716 was submitted to 

GenBank under the accession number CP027771. Short reads of all sequenced isolates are 

available at the NCBI short read archive (SRA) under the accession numbers provided in Table 

1. 
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Phylogenetic analysis 

Phylogenetic relationships were inferred by both maximum-likelihood and Bayesian 

assessment of single nucleotide polymorphism (SNPs). Illumina paired-end short reads were 

mapped to the reference sequence (DMG1800716) using BWA-MEM v.0.7.15 with an average 

coverage of 105x. A total of 1,142 SNPs were identified from the alignment of 55 emm81 

genomes to DMG1800716 using FreeBayes v.1.0.2. Low complexity regions in the reference 

genome (DMG1800716) were identified as described previously (4). Mobile genetic elements 

and genomic regions of irregular SNP density were identified in the DMG1800716 reference 

genome and from the 55 emm81 core genome alignment using PHASTER and Gubbins v.2.2.0 

respectively (5,6). All low complexity mapping regions, high SNP density regions and mobile 

genetic elements were then excised from the alignment resulting in a 1,715,206 bp core genome 

alignment with a total of 336 vertically acquired SNPs. Consensus SNP alignments were used to 

build a maximum-likelihood tree with RAxML v8.0.1 (7). A general time-reversible model with 

gamma correction was used in RaxML, performed with 100 bootstrap random resamplings to 

assess tree support. Temporal phylogenetic analysis was assessed with BEAST v2.4.7 using an 

HKY plus gamma site model with a strict clock model after temporal signal was assessed using 

TempEst (8,9). Priors were set to the default coalescent Bayesian skyline model. The chain was 

run for 100 million iterations and sampled every 1000 iterations. The first 10% of runs were 

discarded as burn-in. 
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Appendix Figure.  Bayesian temporal phylogenetic estimation of outbreak and non-outbreak emm81 S. 

pyogenes isolates from New Zealand, inferred by BEAST analysis. Node labels indicate the estimated 

age of the node, with 95% highest posterior densities given in parentheses. Branch labels indicate 

posterior values. Green branches indicate non-outbreak isolates, blue branches indicate outbreak 

isolates. 
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