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All the Streptococcus pyogenes isolates were cultured on Columbia agar plate with 5% sheep 

blood (bioMérieux, Marcy-l'Étoile, France) and incubated at 37 °C overnight in 5% CO2 atmosphere. 

Colonies grown on agar plates were identified by using Matrix-Assisted Laser Desorption Ionization-

Time of Flight Mass Spectrometry (MALDI-TOF MS; Bruker Daltonics, Bremen, Germany). S. 

pyogenes strains were tested for their antimicrobial susceptibility by VITEK®2 (bioMérieux, Marcy-

l'Étoile, France) automated system and results were interpreted according to clinical breakpoints 

based on the European Committee on Antimicrobial Susceptibility Testing (EUCAST) tables (version 

13.0)1. 

Bacterial DNA was extracted using the automatic extractor EZ1 (Qiagen BioRobot EZ1), with 

the extraction kit (EZ1&2 DNA tissue kit, Qiagen, Germany), following the manufacturer’s 

instructions and setting the elution volume at 50 µl. Extracted DNA was quantified using Bioanalyzer 

Instrument and Next Generation Sequencing library preparation was performed according to 

manufacturer's protocol with DNAprep kit (Illumina, San Diego, California, USA). Prepared libraries 

were sequenced with an Illumina NextSeq 550 sequencing platform using a NextSeq 500/550 v2.5 

Kits in paired end (150x2).  

Whole genome sequencing analysis was conducted using the Bactopia pipeline (v3.0.0)2, 

including read pre-processing with Fastp3 and FastQC4, de novo assembly with Shovill5 and Pilon6, 

and assembly with Prokka7. Quality of the assemblies was evaluated using Quast (v5.1)8. Emm typing 

and Multilocus Sequence Typing (MLST) prediction were performed with emm-typer (v.0.2.0)9 and 

mlst (v2.23.0)10, respectively. Antibiotic resistance (AMR) genes were investigated with ABRicate 

(v1.0.1)11, using the Comprehensive Antibiotic Resistance Database (CARD)12 with 90% coverage 

and identity, while virulence factors with a combination of ABRicate, using the Virulence Factor 

Database (VFDB)13 with 70% coverage and identity, and BLAST, searching for the main S. pyogenes 

virulence factors described in literature. Prophages were investigated using PhiSpy (v4.2.21)14 and 

manually curated by searching the identified sequences with the Microbial Nucleotide BLAST 



(available at 

https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch&BLAST_SPEC=MicrobialGen

omes), using the bacteriophages database. Mutations in csrR/S genes were evaluated by mapping 

reads against the MGAS5005 reference strain (GenBank accession number NC_007297) using bwa 

mem algorithm15, followed by variant calling with freebayes (v1.3.6)16 and conversion of DNA to 

amino acid sequences by the EMBOSS transeq tool (EMBL-EBI). 

Single nucleotide polymorphism (SNP) calling was performed with Snippy (v4.6.0)17, using 

MGAS5005 as reference. The coreSNP obtained after removing putative recombinogenic regions 

predicted by Gubbins (3.3.1)18 was used to infer phylogenetic relationships among whole genome 

sequences by Maximum-Likelihood (ML) using IQTREE (v2.2.5)19 with 1,000 bootstrap replicates 

under the best nucleotide substitution model (GTR+F+G4) determined by ModelFinder20. The ML 

tree was visualized and annotated using iTOL (v6.5.2)21. Pairwise SNP distances were calculated 

using snp-dists tool (https://github.com/tseemann/snp-dists). 
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