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Materials and Methods

A selection of 36 GAS strains was received at the Belgian Reference centre
for GAS, during 1994-2013. Of these, 17 isolates were invasive having been
isolated from blood (n=11), tissue (n=2), wound (n=1) and other invasive
sources (Table 1). 50% were isolated from patients with streptococcal toxic
shock syndrome (STSS). The 19 non-invasive strains were all isolated from
patients with pharyngitis during 1999-2010. All GAS strains were typed by
WGM. KpnI restriction maps generated using Argus® system (Opgen Inc,
Gaithersburg, USA) were analysed using MapSolverTM (Opgen) (Figure 1).

WGS of 25 strains was performed via 2X150b paired end sequencing using
Nextera XT sample preparation kit and Miseq, Illumina. Sequences were
independently assembled using SPAdes v3.1.0 (de novo assembly). Scaffolds
from each strain were ordered against published genome S. pyogenes
MGS5005 (accession number: CP000017), and the generated pseudo
chromosomes were annotated using RAST server, then compared using
mauve v2.3.1. For each year, a representative genome was selected and
aligned against a GAS genome from 1994 (as an initial reference) using
MUMmer and Single Nucleotide polymorphisms (SNPs) analysis was
performed using show-snps function. CRISPR (clustered regularly interspaced
short palindromic repeats) and Cas (CRISPR-associated) genes were
identified using http://crispr.u-psud.fr/Server/.

Our longitudinal genomic analysis showed a rather high
conservation of the emm1 GAS genome in Belgium during the 20
year period studied here. We also showed, for the first time, that
the superantigen gene SpeJ might be associated with a mobile
element and thus is transferable between GAS strains. We also
detected a HNH-homing endonuclease in GAS from 1999 that
might influence the duplication of its carrier element, the
streptococcal prophage Φ315, observed in the
2005-2013 GAS genomes.

All invasive emm1 GAS belonged to ST28. The WGM of invasive and non-
invasive strains has a similarity of ~90% (data not shown). A similarity of ~91%
was seen among the invasive GAS strains isolated during 1994 and 2013,
within these 4 clusters (C1, C2, C3 and C4) can be differentiated (Figure 2).
Compared to GAS isolated in 2013, genomic differences were detected as
follows 44kb insertion (2003, 2007, 2008 and 2013), 27kb insertion (1999,
2001), 22kb deletion (1999, 2001), and 60kb insertion (2013).

Similarly, genomic variations are identified from comparative genome analysis
(Figure 3). Excluding differences originating from phage and mobile element
insertions in the ~1865579 bp core genome of GAS strains, we found over ~50
SNPs, among them 4 non-synonymous SNPs that were longitudinally
conserved genes over 20 years such as recO, lysR, rpoD and sic.

We also detected duplication of the chromosomally-encoded streptococcal
pyrogenic exotoxin (SPE) gene speJ in 1999 and 2010 (Table 2). The
duplicated speJ was associated with phage remnants that showed homology to
Lactococcus lactis subsp. lactis plasmid transposases.

In addition, GAS from 1999 showed gain of prophage Φ315 which harboured a
HNH-homing endonuclease. Homing endonucleases are known to facilitate the
perpetuation of the genetic element that encodes them 4. This prophage Φ315
was found to be duplicated in the genomes of GAS isolated during 2005-2013.
Our analysis of the CRISPR/Cas system, which provides acquired immunity to
bacteria against phages, confirmed there is no correlation between the
CRISPR/Cas gene distribution and prophages, as previously shown 5 (Table 3).

Table 3: Correlation between CRISPR and prophages

Group A Streptococcus (GAS) causes a wide spectrum of infections ranging
from pharyngitis to toxic shock syndrome. One of the classifications of GAS
strains is based on differences in the hypervariable amino-terminal regions of
the emm gene. During the last two decades, there has been a global
resurgence of severe invasive infections caused by genotype emm1 GAS1. In
GAS horizontal gene transfer plays an important role in evolution and occurs
primarily by transduction2. GAS gain virulence genes, antibiotic resistance
mechanisms or metabolic adaptations3.

In this study, we investigated the longitudinal evolution of emm1 GAS in
Belgium, over a period of 20 years by using whole genome mapping (WGM)
and whole genome sequencing (WGS). We aimed to detect and identify
evolutionary changes in relation to genomic differences in GAS causing
invasive and non-invasive infections.
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Table 2: Superantigens distribution in emm1 GAS strains

DNA Extraction Bacteria grown on 

blood agar plate used for high 

molecular weight DNA extraction.

DNA molecules immobilized on 

flow chip: DNA loaded onto the 

microchannels and the DNA 

molecules are pulled in and stretched 

by capillary force.

RE Digest

Fluorescent Stain: Using 

microfluids, a restriction enzyme (RE) 

is added and DNA is cut.

Analysis:  DNA fragments are sized 

and ordered, represented here by 

colored blocks and using overlapping 

fragment data from other molecules, 

a compiled optical map is created.
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Conclusion

Figure 3: Comparative genome analysis of sequenced emm1 invasive strains (1994-2013). Pink color indicates the 

similarity among the strains and variations were marked in white, red, blue and green color.

Figure 2: Comparison of whole genome maps of emm1 invasive strains (1994-2013)

Figure 1: Overview of WGM protocolTable1: Strain characteristics and clinical information


