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Fig. 1.

Principle component analysis of GAS mutants.

Based on the RNA-seq analysis of deletion mutants of transcriptional regulators indicat-

ed, principle component analysis was performed.
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Fig. 2. Genome map of SDSE_GGS124.
Blue bars and red bars indicate the coding segment in positive strand and negative strand, respectively. There

are five rrs operon, which are indicated in green.
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Table 1. Summary of genomes of Streptococcus
. Genome size Number of the Genome cover
Bacterium Lancefield G+C% Number of CDS
(Mbp) rrs operons rate by SDSE (%)
SDSE GGS_124 G 2.11 39.6 2,102 5 —
GAS (13 strains) A 1.84-194 38.3-38.7 1,697-1,987 576 63-66
S. equi subsp. 2.02 41.3 1,961 5 30
zooepidemicus
MGCS10565 C
S. agalactiae 2.13—2.21 36.5-36.7 1,995-2,114 7 16-17
(3 strains) B
S. thermopilus 1.8-1.86 38.1 1,710-1,915 6 10
(3 strains)

Cover rate of each genome by SDSE is based on results of the BLAST analysis.

Table 2.

Existence or non-existence of major GAS virulence factors in SDSE

Item

Viruence factor in GAS

Existence/non-existence in SDSE

Adhesion
factor

Fibronectin binding protein
Collagen binding protein
Laminin binding protein

+

Toxic factor

Streptolysin O

Streptolysin S

Streptococcal pyrogenic exotoxin type G (SpeG)
Streptococcal mitogenic exotoxin Z (SmeZ)
Hemolysin

Streptococcal protein interfering with complement function (Sic)
Myosin-cross reactive streptococcal antigen

Immunity
evasion Hyaluronate synthetase (HasA, HasB)
Streptococcal C5a peptidase

C3-degrading proteinase

Erythrogenic toxin B/Cysteine proteinase (SpeB)

I+ + |+ 1+ + + |+ +

Regulatory
factor

covRS

M protein transacting positive regulator (Mga)

+ o+ o+

SDSE @ speG EWIZ & MR 3 2 2 — /X —HU)EE
e RFELTBYY, SDSEZiZe MEEMICh 2D S
A—=NN—=PFIIHFTEL Vv, IO ORIERETF % K% L
TWVWBIZH bbb, v AEGE T IV TIE, SDSE
X GAS L HEOWHEELZRT. D729, SDSE 12X 5
STSS &, WL LTI GASICE b0 HULTWD
B, EOFEM R FIERRE X R e AR H L L E D
ns,
IV. CovR Z1ZEHJ & U 7= Chip-seq | & % CovRS ¥ X 7
LIZEWEENICHE S N 2B EFHORTE

NGS Tid ChIP-seq (2 & V), $xGHIHIKF O & 7
HBETOMEDWRETH b, bitbNid, ChlP-seq
I2& D, Rk CovRS ¥ A 7 A WIS 2 w5 T BED
FEZRA TS, 7/ A DNA KA L T 2 il K
FR OB Z LG X0 WE b - Bk L 721,
CovRS IZH§ B HURIZ & 0 S0BELEE AT 9 o 5572k
B 5 DNA & [T L 721%, NGS 12 & 0 BEYIfEpT &2 17
9 Z & T CovRS DFEN & 70 B MR F M2 S 2T
LT ENTE D, BHTOMRE, 7/ LR TI119 IO

A pEaiasiRo o, RIS, WERETF & AHEER L
EERFAEEEICHEE L. ThH6D%MIIE, Ih
F T CovR DEER & LTSN TR o 72872 W
THEREITN TV, TS DORTO#EET O i~
D CovR D#EEHRTIVY T VN T v A THERIT L L LD
12, CovR / v 7 77 Mk & BFAEMO LI T, BT
DOFEPEAL TWDH I E2ERL TS, CovRIZE
5 B AR FE B TR K D FEBIMIE AN 1273 H S
NTVDLH, SROKEFIL, CovR ITHCHZ OB D
WL REER-LTWDLIEERIBELTWVS,
V. NGS OERRZEADIGHA

NCGM 1Z=KF, 77, MERS, Vh#Ex DA
BRISEIWIS T BIREEFEETH Y, T O DV
BIOERDPEREIN T WD, SR, 77 7 HEEBIE
EBO Y IBOCOIZDITEML, 77 VIS5, Ja
%%, MERS-CoV J&Hestb N S ek & 5E L, Bt >~
y — THBES NIIERID, EIZGASIC LB EGETH S
Z DV L 7R & #ER L 720 GAS %S MERS FRAE IR
ZRAE S D E DO THIRRVIER TH > 72720, FHE
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Fig. 3. Phylogenetic analysis of emmI-type GAS isolated from MERS suspected case.

The isolate named GAS-SMD is close to isolates from Japan, Taiwan and some of them from USA, and is not to

close to a isolate from Lebanon.
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Investigations of invasive streptococcal infection based on next generation sequencing
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With the advent of the next generation sequencer (NGS), whole genome analysis of pathogenic microor-
ganisms has become very familiar. This review introduces our investigations of an invasive streptococcal in-
fection using an NGS. 1) The isolation frequency of Streptococcus dysgalactiae subsp. equisimilis (SDSE) from in-
vasive streptococcal infection cases has been increasing recently. We reported for the first time on the com-
plete genome sequence of SDSE strains, and found that SDSE is the closest relative of group A streptococcus
(GAS), while SDSE lacks several important virulence factors. 2) Although it is known that GAS achieves hy-
pervirulence during the infectious stage in both humans and mice through disrupting couvRS, a two-
component regulatory system, it is unclear if the other genes are also disrupted in the in vivo environment.
We used an in vivo mutagenesis scheme to obtain mutant GAS strains, and identified the location of the gen-
erated mutations with an NGS. 3) We generated several GAS mutants, of which various transcriptional regu-
lators were deleted. After mouse infection of the mutants, their transcriptome data were obtained by RNA-
seq, genes were clustered, and their network was analyzed. 4) Although there are a number of transcrip-
tional regulators in GAS, there are only a few reports describing the regulons, which are directly regulated
by certain transcriptional regulators. The relationships among the regulatory network and the role(s) of
transcriptional factors during the pathogenesis of STSS are therefore not well-understood. We utilized ChIP-
seq and RNA-seq to explore the genes regulated by CovRS. 5) Our institute is one of the designated medical
institutions for specified infectious diseases such as Ebola, Dengue, MERS and Zika fever. We encountered a
patient who showed symptoms suspected as being caused by MERS-CoV infection since he had traveled in
the UAE and Morocco for sightseeing and had ridden a camel. MERS-CoV, in turn, is actually one of the in-
fectious diseases caused by GAS. We were able to analyze the whole genome sequence of the isolate.



