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Abstract 

Epidemiologic typing of Streptococcus pyogenes (GAS) is frequently based on the genotype of the 
emm gene, which encodes M/Emm protein. In this study, the complete genome sequence of GAS 
emm3 strain M3-b, isolated from a patient with streptococcal toxic shock syndrome (STSS), was 
determined. This strain exhibited 99% identity with other complete genome sequences of emm3 
strains MGAS315, SSI-1, and STAB902. The complete genomes of five additional strains isolated 
from Japanese patients with and without STSS were also sequences. Maximum-likelihood 
phylogenetic analysis showed that strains M3-b, M3-e, and SSI-1, all which were isolated from STSS 
patients, were relatively close. 
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Introduction 
Lancefield group A Streptococcus pyogenes (GAS), 

subtyped by the emm gene encoding M protein, is a 
non-motile, non-spore forming, beta-hemolytic 
Gram-positive bacterium belonging to family 
Streptococcaceae, order Lactobacillales, class Bacilli. GAS 
causes a wide variety of infectious diseases, which 
range in severity from relatively benign to life 
threatening. GAS harboring emm1 has been reported 
in patients with streptococcal toxic shock syndrome 
(STSS), a life-threatening GAS infection [1–3]. 
Extensive studies of the evolution of a highly virulent 
clone of GAS emm1 have shown the importance of 
multiple horizontal gene transfer events. From 2010 to 
2012, the predominant GAS genotype isolated from 
patients with STSS in Japan was found to be emm1, 

followed by emm89, emm12, emm28, emm3, and emm90 
in order of their prevalence [4]. Although less is 
known about the evolutionary and genetic events 
occurring in emm3 than in emm1 isolates associated 
with STSS, GAS emm3 strains are responsible for both 
STSS and pharyngitis [5–7].  

Sequencing of 95 GAS emm3 genomes isolated 
from patients in the province of Ontario, Canada, 
resulted in the identification of 280 biallelic single 
nucleotide polymorphisms (SNPs) [7]. The complete 
genomes of three GAS emm3 strains have been 
sequenced. Strains MGAS315 and SSI-1 were isolated 
from STSS patients in 1986-1990 and 1994, whereas 
strain STAB902 was from a non-invasive superficial 
cutaneous infection in 2011 [10–12]. This study reports 
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the complete genome sequence of GAS emm3 strain 
M3-b, isolated in 1994 from a patient with STSS in 
Japan. The draft genome sequences of an additional 
five strains isolated in Japan were also determined.  

Genome Announcement 
Two types of sequencing platform were utilized, 

454 and Illumina. An 8-kb paired-end library was 
generated for 454 sequencing. Sequencing with the 
454 platform was performed to a 38.7-fold depth of 
coverage and was used to assemble an initial draft 
scaffold of the M3-b genome. The pair-end library of 
the GAS M3-b genome was prepared and sequenced 
using GS junior according to the manufacturer’s 
instructions (Roche). This generated 445,292 reads and 
73,214,557 bp of sequence (38.7-fold coverage), which 
were assembled into contigs and scaffolds. Gaps were 
filled by conventional Sanger sequencing of the PCR 
fragments based on brute force PCR among the 
contigs and scaffolds. The assemblies were verified by 
mapping of reads generated from Miseq (Illumina).  

The M3-b genome was found to consist of a 
single circular 1,893,821 bp chromosome, with an 
average GC content of 38.54% (Table 1 and Figure 1). 
The complete nucleotide sequence of the chromosome 
of GAS M3-b has been deposited in DDBJ under 
accession number AP014596. Its genome was 
annotated by using Glimmer 3.02 [8] to extract its 
primary coding sequence (CDS), with initial 
functional assignment and manual correction 
performed by genome editing commercial software 
(in silico molecular cloning; in silico biology, inc). The 
annotated chromosome contained 1926 
protein-encoding genes and 58 tRNA-encoding genes 
for all amino acids (Table 2). PHAST showed that the 
chromosome harbored six prophage-like elements, at 
nucleotides 443879–486292, 545445–585108, 
624934–669255, 722262–761492, 877665–924352, and 
1098269–1160870 [9]. Each of these six prophage-like 
genes was highly conserved, with >80% sequence 
identity relative to the emm3 strains MGAS315, SSI-1, 
and STAB902. CRISPRFinder [13] showed that these 
four strains did not contain functional or functionally 
active clustered, regularly interspaced short 
palindromic repeats (CRISPRs), suggesting that these 
emm3 strains were prone to infection by phages.  

Two other emm3 strains, M3-a and M3-e, were 
isolated from STSS patients in Japan in 1994 and 1993, 
respectively, whereas three additional emm3 strains, 
M3-1, M3-3, and M3-4, were isolated from pharyngitis 
patients in Japan in 1985, 1994, and 1984, respectively. 
These five additional emm3 strains (M3-1, M3-3, M3-4, 
M3-a and M3-e) were newly sequenced using a MiSeq 

system with Nextera XT library kits (Illumina). 
Approximately one million 301 bp x 2 pair-end reads 
were obtained. After trimming based on base quality 
(quality score limit = 0.05, removing reads with more 
than two ambiguous nucleotides and those <15 bp in 
length), the reads were de novo assembled to construct 
contigs without annotation using a commercial 
software program, CLC genomics workbench (CLC 
bio). The contigs were used for further analyses. The 
raw reads data have been registered with DDBJ as 
accession number DRA003035.  

 
 

Table 1. Project information 

Property Term 
Finishing quality Level 6, finished 
Libraries used 8 kb paired-end library 
Sequencing platforms 454 platform 
Fold coverage 38.7- 
Assemblers Newbler 2.7 
Gene calling method Glimmer 3.02 
Locus tag M3_b 
Genbank ID AP014596 
GenBank date of release February 25, 2016 
GOLD ID Gs0118386 
BIOPROJECT PRJDB1740 
Source material identifier M3-b 
Project relevance Human pathogen 

 
 

Table 2. Genome statistics 

Attribute Value % of Total 
Genome size (bp) 1,893,821 100 
DNA coding (bp) 1,633,134 86.2 
DNA G+C (bp) 729950 38.5 
DNA scaffolds 1  
Total genes 2002 100 
Protein coding genes 1926 96.2 
RNA genes 76 3.8 
Pseudo genes 0 - 
Genes in internal clusters 0 - 
Genes with predicted function  1498 74.8 
Genes assigned to COGs 1610 80.4 
Genes with Pfam domains 1571 78.5 
Genes with signal peptides 96 4.8 
Genes with transmembrane helices 416 20.8 
CRISPR repeats 0 - 
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Figure 1. Circular representation of the genome of S. pyogenes strain M3-b. Circle 1 (outermost circle) indicates the distances from the putative 
origin of replication. Circles 2 and 3 show annotated CDS encoded by the forward (light blue) and reverse (pink) chromosomal strands, respectively. Circle 
4 shows the rrs operons. Circle 5 shows prophages (green). Circle 6 (innermost circle) shows the G+C content with more and less than average (0.40) in 
purple and green, respectively. 

 
Figure 2. Maximum-likelihood tree of GAS emm3 strains isolated in Japan. The phylogenetic tree was prepared using concatenated SNPs. The 
tree model was related to HKY models using jModel Test [15] and calculated with PhyML [14] with 100 bootstrappings, showing the indicated values for 
each branch. Trees were visualized using FigTree. Asterisks represent the strains isolated in Japan. Strains derived from STSS and non-STSS patients are 
indicated in solid-line and dashed line boxes, respectively. Years of isolation are indicated in parentheses. 
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All five strains possessed phages encoding the 
speA, sdn, and DNase genes, with four of these strains, 
all except strain M3-4, harboring speL, which encodes 
streptococcal pyrogenic exotoxin L. 
Maximum-likelihood phylogenetic analysis by of core 
genomes PhyML 3.0 [14] showed that the strains 
M3-a, M3-b, M3-e, and SSI-1, all of which were 
isolated from patients with STSS, were closely related 
(Figure 2). However, strain MGAS315, which was also 
isolated from a patient with STSS, was more closely 
related to strains M3-3 and M3-4, which were isolated 
from non-STSS patients. These results indicated that 
emm3 isolates from patients with and without STSS 
were indistinguishable. 
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