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ABSTRACT Streptococcus pyogenes (group A Streptococcus [GAS]) is a major human
pathogen that occasionally causes severe and life-threatening invasive diseases.
Here, we report the complete genome sequences of four GAS strains of three M
types, which were isolated from patients with severe invasive disease in Japan.

treptococcus pyogenes (group A Streptococcus [GAS]) is a major human pathogen

that causes streptococcal pharyngitis, skin and soft tissue infections, and life-
threatening conditions such as streptococcal toxic shock syndrome (STSS) (1). A large
number of virulence-related genes are encoded in GAS genomes and are involved in
host-pathogen interaction, colonization, immune invasion, and long-term survival
within hosts, causing diverse symptoms (2). GAS strains are generally classified on the
basis of serologic differences in the M protein, an antiphagocytic cell surface molecule.
Although more than 100 distinct M types have been identified so far, particular M
types (M1, M3, M4, M6, M12, M28, and M89) that are associated with invasive GAS dis-
eases have been frequently isolated (3, 4). In addition, recent epidemiological evidence
has revealed the rapid emergence of the GAS genotype emm89 as a leading cause of
disease in the world, particularly in the United Kingdom and Canada (5, 6). Here, we
report the complete genome sequences of GAS serotype M3, M28, and M89 strains,
which were isolated from patients with severe invasive disease in Japan.

Of the four GAS strains, two National Institute of Health (NIH [Japan]) strains (NIH34
and NIH35) and two Kyoto University (KUN) strains (KUN-0012590 and KUN-0014944)
were isolated from the clinical specimens of patients with severe disease in Kochi (7)
and Kyoto in Japan, respectively (Table 1). All clinical samples were cultured on 5%
sheep blood agar plates to isolate the GAS strains (8). These strains were incubated for
10h at 37°C in Todd-Hewitt broth supplemented with 2% yeast extract. The bacterial
cells were lysed with lysozyme and mutanolysin; then, the genomic DNA was extracted
by phenol-chloroform extraction and ethanol precipitation (9). The extracted DNA was
short- and long-read sequenced on the MiSeq (lllumina) and MinlON (Oxford Nanopore
Technologies) platforms, respectively. An Illumina library was prepared using the Nextera
DNA library prep kit, and paired-end reads were generated using the MiSeq reagent kit v3-
600. A MinlON library was prepared from unsheared genomic DNA using the rapid barcod-
ing kit (SQK-RBK004) according to the manufacturer’s instructions and sequenced with an
R9.4.1 flow cell (FLO-MIN106). The lllumina data were preprocessed using Trimmomatic
v0.36 to remove adapter and low-quality sequences (10) and used in a hybrid assembly
with the MinlON long reads using the Unicycler pipeline v0.4.7b with default parameters
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TABLE 1 Assembly statistics and general genome information for S. pyogenes strains

Data for S. pyogenes strain:

Statistic or characteristic NIH34 NIH35 KUN-0012590 KUN-0014944
Strain information

Origin Blood Blood Sputum Blood

Clinical symptom? STSS, NF STSS Pneumonia Bacteremia

Yr of isolation 1994 1995 2007 2009

M type® M3 M28 M89 M89
Assembly and genome statistics®

No. of MinION reads 488,389 417,386 540,643 298,000

No. of MiSeq reads 1,043,504 1,066,124 1,033,760 1,223,775

Total no. of MinlON bases 682,781,742 807,804,694 684,964,454 611,947,167

Total no. of MiSeq bases 294,812,074 302,301,351 291,936,329 345,293,722

Avg coverage (x) 514.37 598.97 526.75 547.81
Chromosome description

Genome size (bp) 1,900,555 1,853,362 1,854,597 1,747,400

G+C content (%) 38.6 383 38.5 38.6

No. of CDSs? 1,866 1,750 1,780 1,611

Avg protein length (bp) 291.5 300.3 296.7 307.8

Coding ratio (%) 85.8 85.1 85.4 85.1

No. of rRNAs (rrn operons) 18 (6) 18 (6) 18 (6) 18 (6)

No. of tRNAs/tmRNAs® 67 66 67 67

No. of CRISPRs 0 2 2 3

GenBank accession no. AP023387 AP023388 AP023389 AP023390

aSTSS, streptococcal toxic shock syndrome; NF, necrotizing fasciitis.
b M type, serological type of cell surface M protein.

<All values are based on the output from DFAST.

dCDSs, coding sequences.

etmRNAs, transfer-messenger RNAs.

(11). The Unicycler pipeline automatically identifies and trims overlaps for circular genomes
and rotates the genome to begin with the dnaA gene. The complete genome sequence
was then annotated using DFAST v1.2.6 with default parameters (12). The assembly statis-
tics, general genome information, and relevant characteristics are summarized in Table 1.
This genome information will help in understanding the GAS virulence mechanisms
involved in diverse disease types and facilitate future epidemiologic investigations.

Data availability. The complete genome sequences of the four S. pyogenes strains
in this study have been deposited in DDBJ/EMBL/GenBank under the accession num-
bers shown in Table 1. The raw Illumina and MinlON read data can be found in the
NCBI SRA under the BioProject accession number PRJIDB10330.
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