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Study on the increased large genomic regions in Vibrio cholerae epidemic strains
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Cholera is an acute diarrheal disease and remains a major threat to health,
particularly in developing countries. It is caused by pathogenic strains of Vibrio cholerae
generated by the lysogenization of filamentous cholera toxin phage CTX® . We found that V. cholerae
epidemic strains possess increased genomic regions. The analysis revealed that recent isolates were
defective in replicating the CTX® prophage genome but instead it was suggested to be involved in
the increased host’ s genome regions.

Vibrio cholerae



B X C—19, F—19—1, Z—19 (Gt@m)

1. WFIERAA S D 5

IUTIFBELHRATOL < OHUR TEEZRMETH Y | I 130 T~400 HTADa LT A
ERRAL, BLXZE 10 TARaZLIICL-oTEL > TWW5 (Ali et al. PLoS-NID 2015
9:e0003832), MEHM ., =L 1L 7 BIOMRAGIT (N7 Iy ) ZERILTWAHA, 81K
MO RN T Iy TIENU ANV ORE LT, BTN T Iy Z7ICBALTYH, 123
BIORE P & 72> THRPIZILE S TNDD, TOERTHXUATNAMGNOERFL TS Z
LR S (Mutreja et al. Nature 2011 477:462-465.), L7=23-> T, Xy H/LHIFITH
WAL INRUT Iy 7 OBRFERTHY . ZOHIETHRITL TWD 2 L Z O Z it
THZEEF, NUT Iy ek EERE L, 2ofEE BT L TEETH D,

FZ TR BIX, 2007 D
2014 EF TIT_UHAMFD AL
HAHTCa L TERENSHEES
TeavI@EE, BFE 10T o7
AWy 7T 7L, &80 #ko
B ) MENTEAT -T2, EORESR,
o U 7 IR Sy BERE O —E81% VSP-11
EREXIND S LfEIEE KB LT
WBHZ EAEFRREL, VSP-11 KiE &
WATR DB HOWTHE L
(ITmamura et al. PLoS-NTD 2017
11:e0005386), — /. Z D5 /) LiiE e
WO, oIy s st ©
O KIFF 2 IR NI L T\ b 2
EnmEENE (K1), b,
ZOHEML TWA 5 ) AGEEIIRE
(X THRAL-TEBY  BRICHEA %% U—Eg%@%ff/Aggfégfﬁﬁm U,

g Bk fitah 1 U—RE (Y—oIvREnik « 188 L SRIROE—3
ﬁfﬁggg é;;) %‘;ﬁ@% z ; E4E52.96Mbp, BIREDS/ MBI E ARBBEDBLVETIE
- AT AN FHNBT Y EVICRZH(A). —EROK TIRERE(B)PRIB(C)A
EBEMAEECE = —SNTE 85nf.

. ZDX D7l ) LHEIE O KIFRE

REAEPHBITE Z > TWD Z LTV, L, 7/ AFEIROHEIN, HREE T
D=L, £ LT, WHROMIRICKE S RET S, £/, 2O L 2E ki, 2v 7
BT Cle < kR 7o TR A U EELORIMIE DWRATIC R L CW D ATREMEDR H D, £ D78,
ZDG ) AFEIBROENIERRCA I =X L EBRTH 2 81T, 2L IR T I v OB EH
LT L, E 5T, RN O LRPBYIEDFTAT A I = A LT MR %2155 L THHRE
ThdEEZT,

ooooooo
i

(A)

2. WO EB

T, 27 7 NESIFENTIZ S T2 50 & 72 0 | Bkx IR VL BTV b, FYYIENFIEIZE
WThH, JRFURO B 72 AR RO BRARIZ K X 22l % BTy (Hu et al. PNAS 2016
113:E7730-E7739), LU, ERIZEIT DHFIAROHERS 2 RHIFICIE > TRE L 726iEb £ 0 72
<, AR, 2 U I FATORRMZRBRICERRT 5, £72, 96k, 2 L 7 ATHROHER X, Bt
JFRISOR R G+ OB ZfEE L L TE=F —SNT& 72, Ll AT, KR 7
LTER OB+ 2 2 LI2X 0, ZhETHmoR TN L T iITROHERIZEE Y
DHENEOEND, T LT, ZHFa L IR0 T 2 v 7 O2RGEEET 5 ETRMERWIER
THY, R a L IHIEICHIRTE D, £72, 2N E THIEO KIS 7 LDEIEO N &5
JFE L OBURIZOWTIE, HFE VAT AR SN TR, LavL, KBRS ) AR OB,
WIRBE 7O a B —HEEOT 2T T, RyeBEFITEHICEL L T 2¥iEEZ o
ZLEMATREIC 2 DT, b b, BEAERNA DD, Lo T, PREETEIROBINNS, JHEE
SOFATOMMNC R 2 5 2 TO L AREMEIX FCE A BN D, £/, 2O X I RBAT, 21T
ORI 5T R A e OBREEIGCEICHEG LW LB b5, & 2 CARIETIE,
I U IHATIRICE T 547 7 LEIROBINA B = XL E AT 5 Z LI X0, RRYLE D RIT0ME
T 2R ER/L 2B ET D,

3. DL

ARFFE TRV DKL, BFEOBRMGEIND RT7 7 7 ARSINELN TS, LL, MiSeq
FRAWEY a— Y — ROEHIT—H TH D720, ZEDOF /7 AEFHIE 100 LLED Contig 124y
WrEiCunbd, BT /7 A RICBEHa E—5 50501, £ DM Contig MEE L=, HE
INFEIR D =2 & — 5O Bk EOALEIZET 2B HRIIE LTV, £22C, a7V —RKD)



JIRT DNA >—27 x> (0xford Nanopore Technologies ) ZH|H4 5, ZDIFE.

PEENNICTHDTZORZ 72 ERAR—REZMEL L EOF]

R

DD, mRDORFLIT,

U—RFROEETHY, A/ T 4D MiSeq 25 150 bp FEETHHDICKI L, T/ AT 1% 200 kbp
DEDY—REZ{LZENTE D, DD, ERRERGAER LB T T X I NES % S
TAHZLENAREL 2D, o — 7 U AT —OEE I MiSeq £ 0 &5 < . SNP f##T 72 L1 iE MiSeq

DI L TWDH, ARFZETHWDERILT TIZ MiSeq (2525 KT 7 ~7F 7 AR

B,

D

b T

WBTeD = T AT IRIET D ZE N TE ERT ) LA EHEG T 5 Z LN TE D,

7 SRS AN L 7ok LT
1T, WS ODDOFRREMENRE 2 Hiv, &
DAH=ZALGL, TTAI R, 77—
. T v ARV ICE
(Integrative Conjugative Element)
L BRAREEEER S S (M 2),
SEET ) AEANERE T H 2 LI X
0 Y EARDOER RS INE, 7T A
I REICFESTNDOD, F20E, Y
Bk ETh oG E ., YAk
YR F LT, EONESH
IR LN D, ZZ T, ZOHEM
FEIE DO NECE L DOELFIN D, Yufh,
IRSES O AN B 5- LT 5 AT REME
Db HBANERET D, BIZIX, 7 7

T?
4 N\
e

(" .@\
G
e 0000000 0 )/

M2 ZRBAEEKADIMENE
JLSERRN 2DODREBM(Chr. 1&Chr. 2)ZHULT
Wa (£T) . EEEE (B) GRAUREHE (L) . 5l

DREEFLE (BL) |
RN B B

REEN (BT) BECEELTVWS

— R T A I RHEROMENSP, Transposase, Integrase. Recombinase 72 EOMEM & 725, Z
o DIKEIIING, TTAIR, 77—, FTUARY U ICERE, DX D 2kt oy
CARDEATHEINME Z 5 =D EHEET D,

4. HFFERE

AFRE T, 2 U I HATRRRFERAISE Z » TV D KB 7 AGE OISV T, ZDJR
KEBHLNMITDHZEEZHBME LTI 21772 o72, 2 LT ORITHIIITH DA Foard
AT, abLTBENOHBELT-aVIEDT ) MENT T o7& 2 A, —EOETIEE L < HmM
L7247 7 HEEEDS R S 7208 ZF OEIMEE e A W = A LT A2 RIT R TH - 72, & 2 T,
07— RO ) AMENTIZE > CTREY ) AN EHBE LT 2 A, FH—Y0 R 7 EiT, 5

“UEIRIC 4 BT ORE SRR R oh o7 (M3),

W72 ho 72 (0chi et al. mSphere
2021 6:e0033721), F£7=. o
BEL ST 0.4 Mb |23 2 FEIE S
RIRIELTWD Z ERH LI
Rolob OO, ZOFEHOEY
LI Z s> TW o Tz, D72
B, T AEBROBEINE, Yok
FOBEHETIERL AL THEO A
VIR E A= RL TV CTXP
Ty =V OBEMAH =X LTH
% Rolling Circle Replication
(RCR) 12 L 2 R D ATREME DS B
LEZ7=, RCRTliX, 77 =%
J AOEI) LT Z 577,
v I DA T2 HERM S
%o VNG 7 AR O BRARALERL
25 % . RCR D= 7 FLDEF
— BN R oo T, TH D
FERNG ., 2L T ITHRO—ET

L7

f. OKA17, 39, 49, 51, 56
Translocation (2,743 and 6,930 bp)
(CTX®, detailed in manuscript)

L, BNfEk O EE R LI - T

"M“‘ ”WM] a. OKA17, 39
K\\\\\\\‘ | I __"17/f eplace transposase
§ \\ /" v "“Q_/ // b. OKA49, 51, 56
%\ % f 2 2 Replaced by transposase AB
: ;@@ = = (14,376 bp to 1,258 bp)
;; § { V. cholerae N16961 :‘ Eg
—T—E , Ch. 1 (2,961,149 bp) [ EE\ fngr'fl’;f" 49,51
%?é A".v f §§ (OKA39 : 150,395 bp)
%g%h, HS§§ (oxs 37536 o
// ///// i \i\\\\ OKAS6
/// /Af/ / i \x%\\‘\ > \\ Replaced by SXT
—— ??//’ / “Ilwll M \','\\\ \\\\ (1,874 bp t0 76,818 bp)
L

d. OKA17
Insertion (9,038 bp)
e. OKA56
Insertion (14,271 bp)

3 JLSRITRICETBY / LAEED SR

2,000 bpUA EDT/ AEESIRIEICRR> TH. B—FEK
(CI% 7 BFFDEIEA R DH o 72(Ochi et al. mSphere 2021),

&, RCRIZ X » TYARD RIRBERBE N BN L TV D Z LRI Sz, £ 2T, &HIZ58k
DFERY ) MEIN R LT & 2 A, IHHEOTITHRIZOT IS, CTXO fEROEE B 7 kS
T PHOTATIR E TR > TWDH L EHA LT, B2, 2k 7mn o7y —o 5 )
LEBRTHENTERLI o> TV, TNHO/RLY, THFEDO 2 LT RITR T, CTX®
T T =V ) AOEMS T 7 — VR ORHMN TE R 2o TEY, £, RCRIZK - TH
BUCYORTEI O Z > TWD Z ERIB I NT-, ZOHRRII L T ITHROES T-#1
AERESENEE, £, XTI v 7 OEFHFEREEZ L2050 THLH L7720, RS/
T v OMEEIZR L TREREEEZBEZ TWDHHDOEEILND,



5 4 3 3

Samanta Prosenjit Mandal Rahul Shubhra Saha Rudra Narayan Shaw Sreeja Ghosh Priyanka Dutta 88

Shanta Ghosh Amit Imamura Daisuke Morita Masatomo Ohnishi Makoto Ramamurthy

Thandavarayan Mukhopadhyay Asish Kumar

A Point Mutation in carR Is Involved in the Emergence of Polymyxin B-Sensitive Vibrio cholerae 2020

01 EI Tor Biotype by Influencing Gene Transcription

Infection and Immunity e00080-20
DOl

10.1128/1A1.00080-20

Suzuki Shota Yoshikawa Miki Imamura Daisuke Abe Kimihiro Eichenberger Patrick Sato Tsutomu 23

Compatibility of Site-Specific Recombination Units between Mobile Genetic Elements 2020

iScience

100805 100805

DOl
10.1016/j . isci.2019.100805

Ochi Kaoru Mizuno Tamaki Samanta Prosenjit Mukhopadhyay Asish K. Miyoshi Shin-ichi Imamura 6

Daisuke

Recent Vibrio cholerae 01 Epidemic Strains Are Unable To Replicate CTX® Prophage Genome 2021

mSphere e00337-21
DOl

10.1128/mSphere.00337-21

Imamura Daisuke 39

Changes in Cholera Pandemic Strains Revealed by the Complete Genome Sequences—Transmission 2022

route of the pandemic—

Japanese Journal of Food Microbiology 19 22

DOl
10.5803/jsfm.39.19




Suzuki Shota Osada Sachie Imamura Daisuke Sato Tsutomu in press

New Bacillus subtilis vector, pSSB , as genetic tool for site-specific integration and excision 2022
of cloned DNA, and prophage elimination

The Journal of General and Applied Microbiology -

DOl
10.2323/jgam.2021.10.004

15

2021

Rolling Circle Replication

92

2019

60

2019




Rolling Circle Replication

13

2019

CTX®

2021

42

2021




NICED




