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Table 1 Exploration of the evolutionary relationship between Shigella and E. coli by different methods
#1 BRAFRRAAENSEHES KBTEHLXRNAR

R A F 552 T Fu4h 22k

123 BREBEA 1600 £ kk KAt MLEE f’,’mi'ﬁk%ﬁ-ﬂﬁ‘%ﬁuﬁﬁ%a&% [16]

13 BREBE AN 19 R AT H MLEE 5 mdh £ 55144t f’}ﬁi“'ﬁﬁzf“ PRI KA B AT R SR 2% (17
KR, ATRERIET KIGAFEE

72 BREBRE . 13 ¥k EIEC R 72 MoK BT i RFLP R | %k%ﬁ-ﬂﬁ‘%z SRR R, (18]
BB 5 EIEC n] *A?%jcﬂ%ﬁlﬂu’ﬁlﬂ%i

WITH . BT EE L4 200 1 16S rRNA 1 gyrB ZERFFI 48T ESE S KA B B B % 0EE KR [19]

3 BREBTE AN 19 bk AT SBUR MR KA B B 5 T R 21 2 52 B S BIEC HAWARHIIERLE KR, L 0]
FRIAFH IR — 53¢

2a BUAR ICE BB AR AT B Ll e IR 4 2 HRE S KA HAT = AL, TR [15.29]
& T E—E ’

. CVTree R AN K i AT B R R YR T R — e 1 2 A

6 PREBVHE A 19 KT Py [28]

46 #REFH . 32 ¥k EIEC F1 8 Bk KT 5 MLST WS EIEC BANCHEENELE KRR, £ 5]
T RMFFEE IR — 43 3¢

LR EIEC 3£ 169 #k L3 A AT HEVUHE A BIEC & KIaH 3 T 0[5 —Fhat [26]

7 BREBE A 29 ¥R SHAFE FFPs EVHE T RS KA B Tk, LR [30]

%J zﬂﬁﬂtﬂﬁ%ﬁ
6 Bk BB TEA 28 BRI BN SRt 1 B H f’}ﬁi“ Ret KA BRI R, HAESR G1]
3 AT R SRR
1.2 EREHAHDFHLF] PR FEARAGES o SN IR R R AT D RE R RE, ki ok

Eb 5 S DR 21 27 R B 22 AR IQ G 16 (2457T) 5
KIAF B K12(MG 1655) 4 & PR 20 1) 5 BEHE SR 3L A
I, [HIZFTEHR T 356 AN KIAT B R A HE A,
BT 12 ANBRVETRR AR L 372 AMEEEEH LA
T2 195 ANREAT J RO T ) 5 76 5 BT s BT 46 93 B
RIL, HARE T 2 654 AMNET R B 8T8 52
HE(ORF), fHAHXTER T 219 N5 4TE1A. Fi R
P O PJs & S A O I R AT B I A B N, I iE
T RERKSF RS RS T 1T B R G BRIFis A oK
R 72 B e, s [QEP B R PRE T
2 552 MET KA B ORFs, Sk2ET 199 A4~ 54b
JEEE FmAY . O Pt G iS5 AH OC B K W AT 1 Ji A ik
A, FREA I ORFs 32 B2 DLW B 44 I R RN oK 11 2 g
ff) ORFs N, [EINAEFE—Lepd KRB 4R, 1z
v UL B 1 B 4 b R G AH OGN0,k e SR B 35
P S KRR EY), 1l R S 1) 7K 4%
7 B R A B ATk

MR AR B AR SOR PR AT B B B, ik
MR T 12 BURL pINV HIZRAT, EHRGE T 5 B )

BOWREICN. HE— 2B IR BLOUR AR 1% ORI AN
Euﬁ#ﬁfﬁi%ﬂiﬁmumﬁiﬁ#%ﬁﬁ
PEL. BRI TSR AN, SR T s
((TEh ﬁﬁﬁﬁE,Wﬂ%ﬂ%Eﬁ%ﬁﬁ%ﬁm

AR RIS AL T IR T 78 70 A DU R AR RE NS 1 3
W EAFIAE. WETTIAA, FEARSOR K #

o] SRR R T, AR AR 3 O R
A2, AFE omp T FEF IR, cadA Fe DR )i 2K BT
PAJZ Curli A7 s R TESS. BIR 3 A5 R AR E 20w
PER T B rh A A, TR A5 B B o U s 2k B R
I RO I L S AU AE AR B0 T 1A BUm 1
BEAC I R R % T R E .

2 SRESMBFHMERBRLTR

FHIET 8 ANE FEE M AT 7R ILER
FEFE 3 ANDH Cl. C2 K C3P3, Yang 503
T 23 NEFEEB R CL#E—2R0 8 3 4
T4y SC1. SC2 F SC3. C1 43 3¢ 4,55 i 95 Al ify

BB 307 i 28 LA R AR ICE S 6 L: SC1
B 7 PRI E B AR SC2 A7 6 Fhifl [CE
BB M R AR R BB 5 B SC3 ALE 3 Filifl I
BV MR DA RAR ICEH 6 B, C2 732
7 il B TR I AL AR R ”azﬂ.méf
SCEVE IR 6 T LAAM BT A A AR R T i
A, RNEBE, KR %ﬁiLgﬂnoi,u
J B ICEB B 13 BUARE T UL AR — AN 3.

228 BUKL pINV W] MR 45 5 7 22 ipgD~ maiA

&

]



* 1032 - MU FEESE YRR

Prog. Biochem. Biophys. 2016; 43 (11)

Al maiC 735 pINVA FI pINVB 2824, 1% Jii ki 7
B3R A A 25, W CL 23 30 & s Y
#EA pINVA ik, C3 G A H A pINVB
kL, C2 RMEMREH . b, FEEN
W1 B AR MRS RN, e ipgD B FORIE T
pPINVA JFiHL, mwxid Al maiC FE KR YR T pINVB i
Fiesl, X ek BB pINV Tk R BB T T
sk, REET C1 A C3 43X TE A, H R
1E C2 R G | AR AmdE A, =ik
BV IR — DR S AR MNIE .

RATE TR I B R A 43 S 1K A S L
BRI A —30, SRR I3 B BRI 43 AT B To v S
HESEREHME R R, R, BUETF R 2 E TSR
I FE o AT B R AL B, AR SC A% BRI
TR ARG RN SRR IS 4 A I35 B &
B A 11 35k DR LA AT Tt e 43 I LAY 4R (B 1).
21 REIKERHE

(EEBRER) 4 NMEREF, 48 IREWRE IR
{100 &0 T P R R A 2 T LA I A, DR AR AR R
NI ZR0 T A SRR 8 I B K 2 8 iz
THEE.

FIH MLST $A, Choi ZEHU5F WE I 10704 K
BB 7T ANEXEREAT S, KM TE R
1-5. Xo YBET =03, gz 6 M s
=N {H MLST fUERH & R, BHAR
REAE FIA % IS BRI SR & R R, HE A HERIFA
Fe s M DA A T S5 B A 3 IR A P S R AR SR R AAE S g
RN

e B A R RO e R 7 ik TR 42 T R
N8~ BB AR b b A T B S .
By Ak RNy, W 5035 5 b o B P 41 2 STI1
rhoE AR R BT IS A Xy R L, R Xy
AT ST91 6 N3 T . Xv BUAR R E B
W EEAAET 3 ML R, R EFEZ A
PRIE. 78 1 bR R ECRIE T R, AR 2 AR 3 B
PREZRIE T 28, Bon i KIMERAT R . &
X T AT 1993 47, H Xv £ H 3T 2000
A, EEU 22 BON E A SORAT S L. i
T RE AL 3RS T SRL fi7 . Tn7 S 25,
W A T 25 35 IR gyrd RAERAR, IF HIRTG— N4
W opt FERII TR, 3 300N 257 K O PR 25/ Itk
AZ. N3G R R EUAE RS K, O Pl o Ad
16 FEA R R, XWAH R A2 T Xv 7
(] pAg R A 9 1) B SR R AR A i S A

Mt b, KIH EE REREAAE 3 Dl
B, HARSORERE A2 H AT R ZERRAT 3, (|
ZIRTFEAE, AFEHR S RA R E R EEREIL
TSP RER.

1 IRE BB Z AN E K ifAT. (HiEF
K, WFFE KD 3a BUAR ICE NS K, JEH%
2R ER 2 5 53 ) 2 3 (MSM) HR R A HE LA
B, FLT 4 ER 331 Kk 3a A ICE B A 5
BRI 2 #r, R 3a B8 3 NP3 | 2 NorsCar
SR THEMAE I, SRIE T B4 T 4 ECE th
TR TIN5 3 43 3 B H A X B kAL
B, HBLTF 1996~1998 4F (A, L5 HuHE 4 b A A7 1E
HEKR. JFRIE 3 703 205 NMEHKRAA 199 4
KIET B, FEAREEH 41 4 MSM A H B 40 4]
ZOr SRR R, 5 AR I 1 B, R
%0 5 BYEREAT A R IR, ATRERTED
BRIMEEBSES AN —MEA. ©H&
blagy.;» catAl~ aadAl~ tet(B)5EZ2 AN 25K T, F
My 2500 AL B AHE TR AT E R E A, A REUE T 1%
L8 B i R 5 R 1.

ik — B AT T AR AR TR TR A% 3R A AR
i, Baker ST AT ER R B 351 MR AR IS E
AT AT, RILER 6 B4k, AR ICES I A7
14~19 {2 2 (815040 7 A RGEEALEE(PG). PG,
PG2. PG4 Ml PG6 & d 5 Z W 73 >, WM T
1341~1659 4£[6], PG3 1 PG5 H BT 1822~1848
RN R XIPR R ENEARE S 28, 7
FEARD 2 A3 3C, AR [RI FEL8 5y 3 AR AE TR e 1
X, KB PG HIRIDTE—E R E A2 2B K R
(RS . e TR B A IR 4 4 A ORI AR e 1
Ty B R ER K T sie BEH, FIBF PG1. PG2. PG3
HIPG6 B HARIRAT T fec FEDH,  5EMRAH B X 2K
PIEN . PG3 H (1) 2a BYAE K & B B 3k 43 SHI-1.
SRL A K b s B ], HL 23 77 R 24 1k 6l 25 9 e s
PG3 A1 SR U5 T F2 T 32 YN 1958 43 B8 bk Ok 3R A5 g 1Y
Stxla (WA, FEZMIX H % Stxla 8 M4 K
VML, 54, HIRESE K AR 9 kot
SRL Mif 247 & 13845, B J XnT e R BLEh e, 1A
H T 25 R e B 1. BRI 2 3a b, #E IR
] T 24k 37 9 L L ) 50 DX 3K A AR (e A, (R
AU A PR, RIS 24 BORN N 24 5555 1 24 B
TR — X3k Py AL I8, X I R R i 2 P 5F
A QS B AR 3BT I 6 2R A



2016; 43 (11)

R, % EREERARLARER

* 1033 -

22 RAERHA

PN eI R N A S A R g
&, AR AL A SETT A PR R SN B 5K
RN EH N EBEERE. AERITRYRER
B, AR AR S B AR AIRSON [ T 51 R 9 451
MR 2, FF B G| ICTE.

bU % B DR AH 2 kB, 2 A B A K B (P

KPR IR IE H 7%, b AT R0 O b Jii 2
RZITE 1 TR I, X B RN E S
ST R AN SIS 1 AR,

AR, AR T bt — SR T RN
EWHE RGN, B4R 132 #RR N &
WH AR A0, Holt ZE5 R B4 BRR N E 4R
W 4 AN 523, HENEATZIESIE T 400 51T
BRI 32 1T DT 17 g B, 430 M4
T 19~20 8 gk . BEL o dr R, &
TRy SR R A R ECR, BRMF RS BT
B3, WaRHBORKIZ R, . SR &£
FREENI LAy XA, R SCRA BORNE
BEJ1. LM IEAFTE — MMEE I Nz kL
%, REET 1995 F G AR 49%, RIS T
B RS, (&R 1z, BRI BAAE K B
PRAEA Y U 2 (7%, R AL 3 A2 T A — I
W, SRAF—E KW ZAEREELE S SRR
TR, R BEMRAE N A5 IE R T
PoEL. PR TR, S TR T e+
A BEE LT, A FEIRAR, DL 7 B AR 3R
44547 tetAR. strAB. sul2 FEK TR spA?, FEL
i 24 1% A A 84k, BRAEAEPLAR 3 IR A7 R AE
6 F LR, TTRE R 1%5 S PRI U 3 i i
DRl . Xl g b [X A P 2B B 1 23 B 8k — 2B IE 5K
T EREER. BN 263 FRillEE A P9 S B B 1L
IHT, TR ERUARNEE > LM T 1982 40
JEHE N AT, 2 5 M dbd S PO (Khanh
Hoa) AL (Hue) ™. B AT B Pk 2 T8 Rl ST (1 i3
oy 3, RFARNETHE B IR H, GRS
FIPREIIE 2. ENOEZAERT, W2k
AR RN EE, W 157 ¥R gyrd ZEH R AE R,
S B0 S T VI 2 PR B 5. 1T AE 1994 4E J5 4
B RIRE — NS BS BRI AT B 3 DA SR 5%
Yo% B A B UKL pDPTL, 2006 4F J5 43 25 B B AR
R AEAE T BN Bk B R T R

pKHSB1, 1] g 1% 17 it Sk 7 12 2% 1 PR IR 1 2 1
JRR 2 —B FAh, RAMBERKET grA HEH
RAF R 3RAF T pKHSBI kL. FEFXLERI, W
FERHARNEH T UMERN “MH 7, DRI
XA 2 2 P9 A2 7 T 505 T W] RESRAS R 24 12k
23 FESREHE

IR BB S B ) A A A A T T R
R, HIBR AT R s R E AR, B
SRR Zem /N T RIS HE, (IS A

BT ARERANT, WFFEXTIT X 60 F 14
Bk 56 R 1 RO BB AT T T, KRILE
MEREI N4 L. X ADATE
EHEANTEM; X B T HE; 23X CHD
AT 2 A, 1 B SRR T 20 A
¥, TSR, FERERS . B RS
IR, R T 20 AR LT . %A
BB HAA TR SR A i 25 B R Re ), HoarsZ c M
D £/b 5 PR AT R 45K . 4 ORI &
M 24 5208, RIS PiAE REGRIE N )6, BT
T 100 £E N 4ER 330 Bk 1 B0 850 B 1) 4 3k R 40
B, B — WU AT 7 AR AT, K
B BRI ENEA S 4 NS s I AT
22 a3 FESAA TR X MamT24
X s 2SIV A T ENEERORREFNAE DN . %A &5
W R HIT 18 thad, nIREs 1738~1742 4 K&
1779 36 BRI IRATA 5. B M115 BLARA 1
RUR P EH L BT 19 g 1, ) 19 gk
IR EH I A S AR UK ) F9r 32, IESE 1% S
TEARRIRGEY B fERENAAR R, XV Y
R T IR gyrA FERRAZ, 4 R3K43 SRL 7 1 &,
o34 1% 47 2 B SRL-A F1 SRL-B, b4t
533 WA e (43 3 M ¥ 53 3O W3R T SRL & /)
8, Bb2BAEse T 1 AU BB TR X i 24 3 K] IR
E3ilpALEN
24 HKERE

fifi [ EBT B 0 B8 T EDRERCOR R, e RAE 1% X
WORAT. ZJEAE RN E RN R T B
— T I B ——f (OB B 20 B9, $RoRH
A EETIAR R B R B 2

BT 2B E kSR, HEmmeoe T RE
% B R AT . AN R T R B 2
W 13 BUORJE T Cl. C2. C3 Wl f— 37 e,
JE A PR B DR 4 2 7 R A% L35 L T e T 2R

H
145 IR (Escherichia albertii)®™.



« 1034 ¢ £ FESEYYNIEHE Prog. Biochem. Biophys. 2016; 43 (11)
EERIFIE A MR ERE L, RFF
IR 8 1554~1763 4F [R5 - BRI 19 3 [F) 46 6 .
. AT 20 42 70 448 DU 2E 20 45
* PO BT JE R 5 3 B K 2
Rk 7 43 Hu [X 51,
RN EPE D LT 1982 450 & i A&
R 3.4.69.11.12.13 PTG, ZEmdby i, ik
BB T MR .
ol SC2 1% 1,3,6,8,10,18
IR 5
SC3 K 24,14
| K6
=
2 fif1 1< 5,7,9,11,15,16,17 \-
IR 2 -
AEERAR R E S E T 1341 ~1848 (£ 401k Ay
R AFR T AN 2a F 3a RN ALRE T2, B
u O T2 S R S X A S 7,
a3 — iBE3 el—— —. s (1 N b 1)
| +F 1996 ~1998 4F []
§ SMEHLE R MSM 146
! X 17 1 AR B 350 T 3a
j A4y S7ea,
IS ‘
WK 1b HEF 2000 £E 7T S5 44k B LTS
R e = = —. —e FRUEIRENE Xv, FEZ AL
| [ RE e
KIFE.
o |
TP 1 LIRIFLE 44 1 BRI SRS,
Sz 3] ~ EIGE A=
1% 10 %ﬁjlm% 1882 4 [ 1) 2 7] 4H
2 %R RGBT AR TR 24 35 PR A g
/! fifl [< 13 1R BRI,
Fig. 1 Schematic diagram of phylogeny of Shigella
1 ERFRFEUTER
3 & st Fa il S5 PRt 7 183, AEAE B B B SRR
I[TX3 ==

BE TR ZH BEALHIE TEHR 7 RSB T V22 AL A AT
RAE, $eft 7 s b Re S5 IR o A 75 T R, Xt

NKRGH T

vel (2]

WA KRR, ST

W E, e S KA B R R IR R VAT
gy BRI BRI 7T e e PR A A T R R
VU A EIEC A BE /& K i K iR — AP,
(ENAZCSIN R L EZ &S



2016; 43 (11) 17ER, & EEE

&

AL RER * 1035 -

£ 4 AN IUTERE RV L, BT —
Lk 1. AR ] 5 11 76 B T 2 P e PR S BT
S, THLEREE Lt R R A S B 51 R B
BIBRZ , X FPELR N LA U 75 20 7T XX
P LS55 ) A% 8 RTAAT MR AT SE IR N BT

i, ARERANF AT RIEHTRER. RN
AR S SR I EACAIT T, A 2R N 6 RS Y

TR HEAT 2R G A 0 M N 24 7 Ji5 S T A — A L2
JrTal . WEFEAS R A TE 5] R 1 2 10 5 B LS
A, RO HAh TS RS T OV, XREREREA BT
PR 5 LTS FEAE JR) A X A AT, X%
WP AR ES %

SRS R EAL 70 S22 AR TR, {E
FRTX T B S E I IR R VA RN il
T AN T R LI D) 7 B0 R . R AR
AL LS AR R s AL I BEAT 2 R ST T

HE R R, SHAE T S ERROR, A
WX TR 2P R MR, B s Rt
AWrgkiE. Hug, B AT K Z 0T R X )
R MG AL, ML E 1 i o AR X, ASE
HMZ B ERR. R TAHROEASE, E
SR B EAHIE FE T S b [ R R D, ik
FUSE e W [ T ok A5 [ A AR A DG 2. PRI
o L ST AN RTINS )L AS [l X7 o AR
SRR E R TR EN T, 4G NAF
s PRTCEE PSSR B A A R, Moy
R I R R Bl 4 SR P T S 1 Bl S AN
WX R R S

2 % x M

[1] Kotloff K L, Winickoff J P, Ivanoff B, et al. Global burden of
Shigella infections: implications for vaccine development and
implementation of control strategies. Bulletin of the World Health
Organization, 1999, 77(8): 651-666

[2] Ye C, Lan R, Xia S, et al. Emergence of a new multidrug-resistant
serotype X variant in an epidemic clone of Shigella flexneri. Journal
of Clinical Microbiology, 2010, 48(2): 419-426

[3] Lan R, Reeves P R. Escherichia coli in disguise: molecular origins
of Shigella. Microbes and Infection / Institut Pasteur, 2002, 4(11):
1125-1132

[4] Cui X, Wang J, Yang C, et al. Prevalence and antimicrobial
resistance of Shigella flexneri serotype 2 variant in China. Frontiers
in Microbiology, 2015, 6: 435

[5] Carlin N I, Rahman M, Sack D A, et al. Use of monoclonal
antibodies to type Shigella flexneri in Bangladesh. Journal of
Clinical Microbiology, 1989, 27(6): 1163-1166

[6] Stagg R M, Cam P D, Verma N K. Identification of newly

recognized serotype lc as the most prevalent Shigella flexneri
serotype in northern rural Vietnam. Epidemiology and Infection,
2008, 136(8): 1134-1140

[7] El-Gendy A, El-Ghorab N, Lane E M, et al. Identification of
Shigella flexneri subserotype lc in rural Egypt. Journal of Clinical
Microbiology, 1999, 37(3): 873-874

[8] Qiu S, Wang Z, Chen C, et al. Emergence of a novel Shigella
[lexneri serotype 4s strain that evolved from a serotype X variant in
China. Journal of Clinical Microbiology, 2011, 49(3): 1148-1150

[9] Allison G E, Verma N K. Serotype-converting bacteriophages and
O-antigen modification in Shigella flexneri. Trends in Microbiology,
2000, 8(1): 17-23

[10] Sun Q, Lan R, Wang J, et al. Identification and characterization of a
novel Shigella flexneri serotype Yv in China. PloS One, 2013, 8(7):
€70238

[11] Wang J, Qiu S, Xu X, et al. Emergence of ONPG-negative Shigella
sonnei in Shanghai, China. Diagnostic Microbiology and Infectious
Disease, 2015, 83(4): 338-340

[12] The H C, Thanh D P, Holt K E, et al. The genomic signatures of
Shigella evolution, adaptation and geographical spread. Nature
Reviews. Microbiology, 2016, 14(4): 235-250

[13] Johnson J R. Shigella and Escherichia coli at the crossroads:
machiavellian masqueraders or taxonomic treachery?. Journal of
Medical Microbiology, 2000, 49(7): 583-585

[14] Peng J, Yang J, Jin Q. The molecular evolutionary history of
Shigella spp. and enteroinvasive Escherichia coli. Infection,
Genetics and Evolution: Journal of Molecular Epidemiology and
Evolutionary Genetics in Infectious Diseases, 2009, 9(1): 147-152

[15] Jin Q, Yuan Z, Xu J, et al. Genome sequence of Shigella flexneri
2a: insights into pathogenicity through comparison with genomes of
Escherichia coli K12 and O157. Nucleic Acids Research, 2002,
30(20): 4432-4441

[16] Ochman H, Whittam T S, Caugant D A, et al. Enzyme
polymorphism and genetic population structure in Escherichia coli
and Shigella. Journal of General Microbiology, 1983, 129(9): 2715~
2726

[17] Pupo G M, Karaolis D K, Lan R, et al. Evolutionary relationships
among pathogenic and nonpathogenic Escherichia coli strains
inferred from multilocus enzyme electrophoresis and mdh sequence
studies. Infection and Immunity, 1997, 65(7): 2685-2692

[18] Rolland K, Lambert-Zechovsky N, Picard B, et al. Shigella and
enteroinvasive Escherichia coli strains are derived from distinct
ancestral strains of £. coli. Microbiology (Reading, England), 1998,
144 (Pt 9): 2667-2672

[19] Fukushima M, Kakinuma K, Kawaguchi R. Phylogenetic analysis of
Salmonella, Shigella, and Escherichia coli strains on the basis of the
gyrB gene sequence. Journal of Clinical Microbiology, 2002, 40(8):
2779-2785

[20] Fukiya S, Mizoguchi H, Tobe T, et al. Extensive genomic diversity
in pathogenic Escherichia coli and Shigella Strains revealed by
comparative genomic hybridization microarray. Journal of

Bacteriology, 2004, 186(12): 3911-3921



* 1036 - MU FEESE YRR

Prog. Biochem. Biophys. 2016; 43 (11)

[21] Sahl J W, Morris C R, Emberger J, et al. Defining the
phylogenomics of Shigella species: a pathway to diagnostics.
Journal of Clinical Microbiology, 2015, 53(3): 951-960

[22] Pupo G M, Lan R, Reeves P R. Multiple independent origins of
Shigella clones of Escherichia coli and convergent evolution of
many of their characteristics. Proc Natl Acad Sci USA, 2000,
97(19): 10567-10572.

[23] Kingombe C I B, Cerqueira-Campos M-L, Farber J M. Molecular
strategies for the detection, identification, and differentiation
between enteroinvasive Escherichia coli and Shigella spp. Journal
of Food Protection, 2005, 68(2): 239-245

[24] Lan R, Lumb B, Ryan D, et al. Molecular evolution of large
virulence plasmid in Shigella clones and enteroinvasive Escherichia
coli. Infection and Immunity, 2001, 69(10): 6303-6309

[25] Lan R, Alles M C, Donohoe K, et al. Molecular evolutionary
relationships of enteroinvasive Escherichia coli and Shigella spp.
Infection and Immunity, 2004, 72(9): 5080-5088

[26] Pettengill E A, Pettengill J B, Binet R. Phylogenetic analyses of
Shigella and enteroinvasive Escherichia coli for the identification
of molecular epidemiological markers: whole-genome comparative
analysis does not support distinct genera designation. Frontiers in
Microbiology, 2015, 6: 1573

[27] Qi J, Luo H, Hao B. CVTree: a phylogenetic tree reconstruction
tool based on whole genomes. Nucleic Acids Research, 2004,
32(Web Server issue): W45-47

[28] Zuo G, Xu Z, Hao B. Shigella strains are not clones of Escherichia
coli but sister species in the genus Escherichia. Genomics,
Proteomics & Bioinformatics, 2013, 11(1): 61-65

[29] Wei J, Goldberg M B, Burland V, et al. Complete genome sequence
and comparative genomics of Shigella flexneri serotype 2a strain
2457T. Infection and Immunity, 2003, 71(5): 2775-2786

[30] Sims G E, Kim S-H. Whole-genome phylogeny of Escherichia
coli/Shigella group by feature frequency profiles (FFPs). Proc Natl
Acad Sci USA, 2011, 108(20): 8329-8334

[31] Zhang Y, Lin K. A phylogenomic analysis of Escherichia coli /
Shigella group: implications of genomic features associated with
pathogenicity and ecological adaptation. BMC Evolutionary
Biology, 2012, 12: 174

321 5 3,8 W SARF, A BB IR LA 1 FL B A R 2 o
WHAL SR 0T, T E R C 4, 2005, 35(2): 131-137
Bin W, Yang E, Peng J, et al. Science in China. Series C, Life
Sciences / Chinese Academy of Sciences, 2005, 35(2): 131-137

[33] 5kZEUK, £ H, R, 5. EWIRKEBEL I (S. boydin) IHEFE
[RIZH 20 i S kb o3 #r. o ERHS:: C 4, 2005, 35(4): 359-364
Zhang X, Wang J, Peng J, et al. Science in China. Series C, Life
Sciences / Chinese Academy of Sciences, 2006, 35(4): 359-364

[34] Hale T L. Genetic basis of virulence in Shigella species.
Microbiological Reviews, 1991, 55(2): 206-224

[35] Nakata N, Tobe T, Fukuda I, et al. The absence of a surface
protease, OmpT, determines the intercellular spreading ability of
Shigella: the relationship between the ompT and kcpA loci.
Molecular Microbiology, 1993, 9(3): 459-468

[36] Ochman H, Moran N A. Genes lost and genes found: evolution of
bacterial pathogenesis and symbiosis. Science (New York, N. Y.),
2001, 292(5519): 1096-1099

[37] Maurelli A T, Fernandez R E, Bloch C A, et al. “ Black holes”
and bacterial pathogenicity: a large genomic deletion that enhances
the virulence of Shigella spp. and enteroinvasive Escherichia coli.
Proc Natl Acad Sci USA, 1998, 95(7): 3943-3948

[38] Sakellaris H, Hannink N K, Rajakumar K, et al. Curli loci of
Shigella spp. Infection and Immunity, 2000, 68(6): 3780-3783

[39] Yang J, Nie H, Chen L, et al. Revisiting the molecular evolutionary
history of Shigella spp. Journal of Molecular Evolution, 2007,
64(1): 71-79

[40] Kotloff K L, Nataro J P, Blackwelder W C, et al. Burden and
aetiology of diarrhoeal disease in infants and young children in
developing countries (the Global Enteric Multicenter Study,
GEMS): a prospective, case-control study. Lancet (London,
England), 2013, 382(9888): 209-222

[41] Choi S Y, Jeon Y-S, Lee J H, et al. Multilocus sequence typing
analysis of Shigella flexneri isolates collected in Asian countries.
Journal of Medical Microbiology, 2007, 56(Pt 11): 1460-1466

[42] Zhang N, Lan R, Sun Q, et al. Genomic portrait of the evolution and
epidemic spread of a recently emerged multidrug-resistant Shigella
flexneri clone in China. Journal of Clinical Microbiology, 2014,
52(4): 1119-1126

[43] 5 577, RE BB B0RAT 20 5 5L AL D). b L
AR =B, 2013
Chang Z L. Epidemiological distribution and genome evolution of
Shigella in China[D]. Beijing: Peking Union Medical College, 2013

[44] Borg M L, Modi A, Tostmann A, et al. Ongoing outbreak of
Shigella flexneri serotype 3a in men who have sex with men in
England and Wales, data from 2009-2011.
Communicable Disease Bulletin, 2012, 17(13)

[45] Ratnayake R, Allard R, Pilon P A. Shifting dominance of Shigella

European

species in men who have sex with men. Epidemiology and
Infection, 2012, 140(11): 2082-2086

[46] Baker K S, Dallman T J, Ashton P M, et «l. Intercontinental
dissemination of azithromycin-resistant shigellosis through sexual
transmission: a cross-sectional study. The Lancet. Infectious
Diseases, 2015, 15(8): 913-921

[47] Connor T R, Barker C R, Baker K S, et al. Species-wide whole
genome sequencing reveals historical global spread and recent local
persistence in Shigella flexneri. eLife, 2015, 4: e07335

[48] Bangtrakulnonth A, Vieira AR, Lo Fo Wong D M A, et al. Shigella
from humans in Thailand during 1993 to 2006: spatial-time trends
in species and serotype distribution. Foodborne Pathogens and
Disease, 2008, 5(6): 773-784

[49] Ud-Din ATM S, Wahid S U H, Latif H A, et al. Changing trends in
the prevalence of Shigella species: emergence of multi-drug
resistant Shigella sonnei biotype g in Bangladesh. PloS One, 2013,
8(12): e82601

[50] Shepherd J G, Wang L, Reeves P R. Comparison of O-antigen gene

clusters of Escherichia coli (Shigella) sonnei and Plesiomonas



2016; 43 (11) 17ER, & EEE

AL RER * 1037 -

shigelloides O17: sonnei gained its current plasmid-borne O-antigen
genes from P. shigelloides in a recent event. Infection and
Immunity, 2000, 68(10): 6056-6061

[51] Holt K E, Baker S, Weill F-X, et al. Shigella sonnei genome
sequencing and phylogenetic analysis indicate recent global
dissemination from Europe. Nature Genetics, 2012, 44 (9): 1056-
1059

[52] Holt K E, Thieu Nga T V, Thanh D P, et al. Tracking the
establishment of local endemic populations of an emergent enteric
pathogen. Proc Natl Acad Sci USA, 2013, 110(43): 17522-17527

[53] Nguyen NT K, Ha V, Tran N V T, et al. The sudden dominance of
blaCTX-M harbouring plasmids in Shigella spp. Circulating in
Southern Vietnam. PLoS Neglected Tropical Diseases, 2010, 4(6):
€702

[54] Rohmer L, Jacobs M A, Brittnacher M J, et al. Genomic analysis of
the emergence of 20th century epidemic dysentery. BMC Genomics,
2014, 15: 355

[55] Njamkepo E, Fawal N, Tran-Dien A, et al. Global phylogeography
and evolutionary history of Shigella dysenteriae type 1. Nature
Microbiology, 2016, 1: 16027

[56] Woodward D L, Clark C G, Caldeira R A, et al. Identification and
characterization of Shigella boydii 20 serovar nov., a new and
emerging Shigella serotype. Journal of Medical Microbiology,
2005, 54(Pt 8): 741-748

[57] Hyma K E, Lacher D W, Nelson A M, et al. Evolutionary genetics
of a new pathogenic Escherichia species: Escherichia albertii and
related Shigella boydii strains. Journal of Bacteriology, 2005,
187(2): 619-628

Advances on Genome Evolution of Shigella”

YANG Lang, QIU Shao-Fu, LI Peng”, SONG Hong-Bin"™
(Institute of Disease Prevention and Control, Academy of Military Medical Sciences, Beijing 100071, China)

Abstract  Shigella, an enteric pathogen, causes widespread bacillary dysentery around the world. Over the past

few years, the emergence of resistance to multiple antimicrobials and new serotypes has brought new challenges to

the surveillance and prevention of Shigella. The rapid development of genomics contributes to a better

understanding of origins, mechanisms of variation and spreading principles, and has great scientific significance to

control the spread of bacillary dysentery. From the perspective of genetic source, this essay focuses on the

evolutionary relationship between Shigella and E. coli, as well as the possible molecular mechanisms. For the

purpose of providing reference for researching and prevention of Shigella, the article also outlines the advances on

genome evolution of S. flexneri, S. sonnet and S. dysentery type 1 with a detailed description of their features on

temporal and spatial distribution and of the function of variation in resistance genes during evolution.
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