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Supplementary Materials

This supplementary file contains: 1) Supplementary Methods, 2) three Supplementary Tables, and 3)

two Supplementary Figures.
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Supplementary Methods

Whole-genome sequencing and closure of reference genomes. Five strains (one from each emm82,
emm83, emm87, emm101, and emm114; strains NGAS596, NGAS327, NGAS743, NGAS638, and
NGAS322, respectively) were randomly chosen and their genomes sequenced to closure using SMRT
sequencing (Pacific Biosciences, Menlo Park, CA, USA). Briefly, two SMRT cells of sequence were
generated for each isolate, generating >220 Mb of data in reads exceeding 3kb in length (Table S3). We
next used HGAP v2 (1) to correct the long reads and Celera Assembler 7.0 (2) to assemble the corrected
reads, followed by two rounds of polishing with Quiver

(https://github.com/PacificBiosciences/GenomicConsensus). The coverage of the final SMRT assemblies

in reads >3 kb is presented in Table S3. We did not find evidence of any associated plasmids in any
isolate. To assess base-calling accuracy in the Pacific Biosciences assembly, lllumina short-reads for the
five strains were generated. Briefly, genomic libraries were prepared using Nextera XT kits (lllumina, San
Diego CA) and sequenced as paired-end reads (101 bp +101 bp) in an lllumina HiSeq 2500 instrument
(Hlumina). Parsing of the multiplexed sequencing reads and removal of barcode information was done
using onboard software. lllumina reads from the five isolates were next aligned to their respective
assemblies using BLAT (3). All 5 genome assemblies were completely concordant with full length
perfectly aligning Illumina short-reads. SMRT assemblies were confirmed using OpGen technology
(Figure S3). Briefly, optical maps were prepared according to methods described previously (4, 5) at
OpGen Technologies, Inc. (Madison, WI, USA) after digesting genomic DNA of the strains with Kpn/ and
were assembled using OpGen's proprietary MapSolver software. All genome assemblies were then
formatted to begin at the first nucleotide of the intergenic region immediately preceding the
chromosomal replication initiation protein (DnaA, Genbank accession number AAL96837). Prophages

were identified in the closed genomes using the programs Phage Finder, PHAST, and Prophage Finder (6-
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8), and by manual inspection. Finalized genomes were then annotated using the Prokka pipeline (9).
Genome sequences have been deposited in GenBank under accession numbers CP007561 (emm82
strain NGAS596), CP007562 (emm83 strain NGAS327), CP007560 (emm&87 strain NGA743), CP010450
(emm101 strain NGAS638), and CP010449 (emm114 strain NGAS322). Phylogenetic relationships among
newly sequenced GAS genomes and circularized genomes available in GenBank were established as
follows: For each strain, single-nucleotide polymorphisms (SNPs) relative to the genome of emm59
strain MGAS15252, selected the arbitrary reference, were identified using Nucmer (10). A matrix file
containing the genotype of all strains at each polymorphic locus was then created from the Nucmer
polymorphism output data using a custom script. Then, for each individual strain, SNPs were
concatenated in order of occurrence relative to the reference strain and converted to a multiFASTA
sequence using custom scripts. A neighbor joining phylogenetic tree was then created using SplitsTree4
(11). The GenBank accession numbers for the genome sequences not generated in this study were as
follows: AE009949.1, AE014074.1, AM295007.1, CP000003.1, CP0O00017.2, CPO00056.1, CP000260.1,
CP000261.1, CP000262.1, CP000829.1, CP003068.1, CP003116.1, CPO06366.1, CP007240.1, and
HG316453.2. Full genomes were aligned using progressive Mauve (12). The genomes of the remaining
96 GAS strains used in this study were sequenced as paired-end reads with either lllumina HiSeq (101 bp
+101 bp) or MiSeq (150 bp +150 bp) instruments. Genomic libraries for lllumina sequencing were
prepared as described above. The average number of 101 bp and 151 bp reads per strain was 4,584,045
and 2,749,103, respectively (maximum 8,372,724 and 4,163,997; minimum 1,570,382 and 1,270,823,
respectively) and the coverage considering an average GAS genome size of 1.8 Mbp was 162 X, on
average (maximum 302 X, minimum 57 X). Table S1 lists the National Center for Biotechnology Short-

Sequence Archive accession numbers for each sequenced genome.

Bioinformatics analysis. Multilocus sequence-typing (MLST) was determined for all strains directly from

the short-read lllumina data using the SRST2 software (13). SRST2 and its resistance gene database,
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which contains sequences for 1913 genes associated with resistance to antibiotics was used to detect
presence or absence of genes encoding antibiotic resistance in iGAS strains (13). lllumina short-reads of
each strain were aligned against reference genomes generated in this study (emm82 strain NGAS596,
emma83 strain NGAS327, emm87 strain NGA743, emm101 strain NGAS638 and emm114 strain
NGAS322), or available in GenBank (emm59 strain MGAS15252) using Mosaik

(https://code.google.com/p/mosaik-aligner/). Coverage relative to the reference genomes was

calculated using the same software. Polymorphisms such as single-nucleotide polymorphisms (SNPs) and
short insertion/deletions (indels) were identified against the corresponding reference genomes
generated in this study or available at GenBank using VAAL (14). A matrix file containing the genotype of
all strains at each polymorphic locus was then created from the VAAL polymorphism output data using a
custom script. Then, for each individual strain, SNPs were concatenated in order of occurrence relative
to the genome of the corresponding reference strain and converted to a multiFASTA sequence.
Neighbor-joining phylogenetic trees (1,000 bootstrap replications) were then generated with SplitsTree4
(11). The A5 pipeline was used for de novo assembly of Illumina sequenced GAS strains (15). Contigs
were annotated with Prokka (9). Presence of recombination was evaluated using BRATNextGen (16).

Genome visualizations were created using BRIG (17) and edited using Adobe Illustrator.
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Table S1. Group A Streptococcus strains used in this study.

Strainname Year Isolation source Geographical area® emm type MLST” mrp sof SRA®acccesion number
ST gki gtr murl mutS recP xpt ygil
NGAS298 2011 Blood C emm87 62 13 3 10 12 20 2 3 + + SRX424640
NGAS299 2011 Blood H emm87 62 13 3 10 12 20 2 3 + + SRX424641
NGAS300 2011 Synovial Fluid C emm83 5 2 2 2 3 2 3 2 + - SRX424642
NGAS302 2011 Blood H emm28 52 11 6 14 5 9 17 19 + + SRX424643
NGAS303 2011 Blood D emm101 182 2 2 37 2 2 13 1 + - SRX765545
NGAS304 2011 Blood D emm28 52 11 6 14 5 9 17 19 + + SRX424644
NGAS305 2011  Synovial Fluid G emm1 28 4 3 4 4 4 2 4 - - SRX424645
NGAS306 2011  Synovial Fluid B emm83 103* 2 2 3* 37 3 + - SRX424646
NGAS308 2011 Blood H emm18 NF 6 5 7 1 5 0 3 - - SRX424647
NGAS310 2011 Blood NA emm114 188 31 8 25 52 2 27 + + SRX765546
NGAS311 2011 Blood D emm118 167 29 32 2 5 48 5 21 + + SRX424648
NGAS313 2011 Soft Tissue C emm83 103* 2 2 2 3* 37 3 2 + - SRX765547
NGAS314 2011 Soft Tissue E emm114 188 2 31 8 25 52 2 27 + + SRX765548
NGAS315 2011 Soft Tissue A emm83 5 2 2 2 3 2 3 2 + - SRX765549
NGAS320 2011  Synovial Fluid C emm83 103* 2 2 2 3* 37 3 2 ¥ - SRX424653
NGAS321 2011  Synovial Fluid NA emmb59 172 56 24 39 7 30 2 33 + + SRX424654
NGAS322 2011 Blood H emm114 188 2 31 8 25 52 2 27 + + SRX424655
NGAS323 2011 Soft Tissue B emm82 334 84 2 21 16 17 3 1 + + SRX424656
NGAS324 2011 Soft Tissue B emm83 103* 2 2 2 3* 37 3 2 + - SRX765550
NGAS325 2011 Blood D emm22 46* 9* 8 1 1 1 3 4 + + SRX424657
NGAS327 2011 Blood C emm83 5 2 2 2 3 2 3 2 + - SRX765551
NGAS328 2011  Soft Tissue NA emm82 334 84 2 21 16 17 3 1 + + SRX424658
NGAS329 2011  Soft Tissue B emm83 103* 2 2 2 3* 37 3 2 + - SRX765552
NGAS330 2011 Blood D emm41 579 2 2 32 2 2 2 2 + - SRX424659
NGAS332 2011 Soft Tissue c emm82 334 84 2 21 16 17 3 1 + + SRX424660
NGAS335 2011 Blood B emm87 62 13 3 10 12 20 2 3 + + SRX424662
NGAS336 2011 Blood E emml 28 4 3 4 4 4 2 4 - - SRX424663
NGAS337 2011 Blood E emm82 334 84 2 21 16 17 3 1 + + SRX424664
NGAS338 2011 Blood NA emm82 334 84 2 21 16 17 3 1 + + SRX424665
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NGAS791 2013 Blood D emml11 NF 3 4 6 7 1 5 0 + + SRX765591
NGAS793 2013  Soft Tissue H emm80 538 11 2 69 3 84 13 83 + - SRX765593
NGAS794 2013  Soft Tissue H emm9 75 15 14 7 18 19 3 1 + + SRX765594
NGAS795 2013  Soft Tissue D emml1l NF 3 4 6 7 1 5 0 + + SRX765595
NGAS796 2013 Blood C emm80 538 1 2 69 3 84 13 83 + - SRX765596
NGAS797 2013  Soft Tissue B emm68 86 21 31 1 3 28 3 4 + + SRX765597
NGAS798 2013 Blood A emm114 188 2 31 8 25 52 2 27 + + SRX765598
NGAS799 2013 Blood I Untyped 182 2 2 37 2 2 13 1 + - SRX765599
NGAS800 2013  Soft Tissue D emm4 39 5 11 8 5 15 2 1 + + SRX765600

112 ® Geographical areas are Thunder Bay District regions with same three first digits of Canadian Postal Code.

113 ° As determined by deriving information from short-read whole-genome sequencing (see methods). NF: Not found in MLST database. *:
114  mismatches relative to the listed allele were found.

115  “National Center for Biotechnology information Sequence Read Archive.

116  “Other: undefined normally sterile anatomical site.

117



118 Table S2. Presence of genes putatively conferring antibiotic resistance among invasive Group A Streptococcus strains.

Strain emm Gene associated with antimicrobial resistance

MLST ST
name type aph(3')-lll  dfrG dfrk erm(A) erm(B) Isa(A) mef(A) msr(D) tet(M) tet(S)
NGAS298 87 62 - - - - - - - - - R
NGAS299 87 62 - - - - - - - - - -
NGAS300 83 5 - - - - - - - - - -
NGAS302 28 52 - - - - - - - - - -
NGAS303 101 182 - - - - - - - - - -
NGAS304 28 52 - - - - - - - - - -
NGAS305 1 28 - - - - - - - - - -
NGAS306 83 103 + - - + - - - - + -
NGAS308 18 NF - - - - - - - - - -
NGAS310 114 188 + - - + - - - - + +
NGAS311 118 167 - - - - - - - - - -
NGAS313 83 103 + - - + - - - - + +
NGAS314 114 188 + - - + - - - - + +
NGAS315 83 5 - - - - - - - - - -
NGAS320 83 103 + - - + - - - - +
NGAS321 59 172 - - - - - + - - - -
NGAS322 114 188 + - - + - - - - + +
NGAS323 82 334 - - - - - - - - - -
NGAS324 83 103 + - - + - - - - + +
NGAS325 22 46 - - - - - - - - - -
NGAS327 83 5 - - - - - - - - - -
NGAS328 82 334 - - - - - - - - - -
NGAS329 83 103 + - - + - - - - + +
NGAS330 41 579 - - - - - - - - - -
NGAS332 82 334 - - - - - - - - - -
NGAS335 87 62 - - - - - - - - - -
NGAS336 1 28 - - - - - - - - - -
NGAS337 82 334 - - - - - + - - - -
NGAS338 82 334 - - - - - - - - - -
NGAS339 59 172 - - - - - - - - - -
NGAS340 118 167 - - - - - - + + - -
NGAS341 87 62 - - - - - - - - - -

NGAS344 75 49 - - - - - - - - - -
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Table S3. Whole-genome sequencing statistics.

SMRT sequencing Illumina sequencing
Strain NCBI emm Genome size
. Number of > Average length Total Number of Read Total
name Accession  type bases Coverage length bases Coverage (Mbps)
3kb reads of reads >3 kB reads
(Mb) (nt) (Mb)
NGAS596 CP007561 82 67,797 5,823 394.8 220 4943624 101 499.3 279 1,791,306
NGAS327 CP007562 83 55,567 5,984 3325 195 3858344 101 389.7 229 1,702,054
NGAS743 CP007560 87 62,014 6,070 376.4 196 5915890 101 597.5 312 1,915,554
NGAS638 CP010450 101 90,846 6,072 551.6 308 4498930 101 454.4 254 1,791,401
NGAS322 CP010449 114 44,361 4,991 221.4 114 4920574 101 497.0 255 1,950,469

14
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Figure S1. Prophage content of newly sequenced genomes of emm82, emm83, emm87,
emm101 and emm114 iGAS strains. All of the sequenced iGAS strains had one or multiple
prophages, all of which encoded one or two proven or putative secreted virulence factors, such
as secreted pyrogenic-toxin-superantigens: speC, speH, spel, speK, spel, speM, and ssa; secreted
DNAses: sdaD2, sdn, spd1, spd3; secreted phospholipase sla.
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Figure S2. Genomic rearrangements in newly closed GAS genomes. Genomes were aligned using progressive Mauve as described in the
Supplementary Methods. Locally collinear blocks (LCB), or conserved genome segments that appear to be internally free from rearrangements
are represented in like colors (arbitrarily labelled A-G). LCBs above the center line are in the forward orientation relative to the first depicted
genome while regions below the center line are in the reverse orientation. White spaces and gaps represent regions that are unique to a
particular genome, prophages, and other mobile genetic elements. A few landmark genes are depicted to provide reference.
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