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(1. " RAMAEDIR AT A e A RE Y E R E SR AR AP ORI e S
T RABTAEDN B EAR AL 7R M 510070)
2. TEBEEIEERRITARAF )R B 519000)

B OE: UNRKARZZNHARAI—, ZABEANES . DITRE SR G ET o AR A 4
AR AR 09 R AL 4B Ty ik A AR R AR A RIE Gy o T o B ik, W ITRE 69 R A A £ 24 i
HAFEARSE, TR EIER ST oFHA . AT 55 E 5K (Pulsed field gel
electrophoresis, PFGE). % {%.% 5 7| 4#7(Multi-locus sequence typing, MLST). 3/{i & TE &4
/%] 44T (Multi-locus variable numbers tandem repeat analysis, MLVA)/AZ R 3k 69 HUAE 9] 7 6942 =
& 5 7| 5 # (Clustered regularly interspaced short palindromic repeats, CRISPR)%. 5 & & Al
M, ST HRBALA ik, B EEBIFFFE, RCFR ) Z2EA. X, o Tadsy
AR TTRE S F R 4931 7 %, PFGE #IAA 25 BRI AEY TR 6947k, MLST #=
MLVA A E 5915 3. T & LG Ao T e MR S 2T 3T R F AR TR, RFLF
P HIFER AL T, RAFT—RO T HoRIH T E, MLF LI CRISPR 5Bt R4 & 69
B AP R A R 3 69 B 68 ) . et o Bl oy ik R & B 9K E S A R A RGE R SR, B
T ARIE B AR, A B e R R INA M S ERSEG SR T k.
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Abstract: Salmonella is an important foodborne pathogenic bacterium, with more than 2 500 serotypes.
A number of techniques have been developed for Salmonella subtyping, including phenotypic and
genotypic techniques. Traditionally, Salmonella isolates are identified and typed by phenotypic
techniques such as serotyping and phage typing. During the last two decades, genotypic techniques
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have been used for differentiation of Salmonella isolates and source tracing of foodborne outbreaks.
These methods include molecular serotyping, pulsed field gel electrophoresis (PFGE), multi-locus
sequence typing (MLST), multi-locus variable number of tandem repeats analysis (MLVA), and
clustered regularly interspaced short palindromic repeats (CRISPR). Compared with phenotypic
methods, genotypic methods are widely applied for Salmonella typing due to their high discriminatory
power and good reproducibility. Molecular serotyping, as a new method, is to identify serotypes of
Salmonella by PCR. PFGE is considered the “gold standard” for Salmonella subtyping. MLST and
MLVA, as DNA sequencing-based methods, are publicly available online and can be compared readily
between laboratories. CRISPR typing has a high distinguish capacity among the same serotype with
homology and satisfying genotyping result. However, each typing method has different advantages and
drawbacks, operating conditions, and applicability. Therefore, it is necessary to choose the suitable
typing methods for genetic diversity analysis according to the characteristic of strains and experimental

facilities available.
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PTG (Salmonella spp.)J&—F o WL A&
AR, WAKEHSYEA RN EE, Y
TR NI VDT TR Y F 2, O
B W) M EREZENE ST IREE
A Ko AR RE R 5 E0% ) 8.3
ANIRY, RS RS Ao I A e S e g 2
PRI, 0 o s B B2 Vb 1] ER R A T e . R A
2 Wr o B BA R X

HET, YT TIRE 23 B304 v] o3 o 2 53 B A
Oy T o BIPIZE o RIS BTk BRI 3E 2 BA
WRTE AR AR, A3 IR R R, B
W TR T AT A, KRN T
T I 53 L DK i 37 8 i HR UK (Pulsed field  gel
electrophoresis,, PFGE) . 213 /5. 7517341 (Multi-locus
sequence typing, MLST)., £/ 5] A& 7570
#r (Multi-locus variable numbers tandem repeat
analysis, MLVA) LK S AR AR ] B 9 J (o] SCER R
¥ %1 (Clustered
palindromic repeats, CRISPR)%5 /77, il el —
TAER, W/ T B W e, BA
W R UE . PE SRR TN SRR
S, ORI T A R A R A B

ARSCHLU T TR ) 3 B )5 AT 0, H
WA TTERIEI, B . R HIFT S, JF4h
BA TG B A OCHTTE AR HAH B WA

regularly interspaced shout

1 RHEGH
1.1 MmFHE

B 1934 4F5—K & 3% Kauffmann-White F7¢)5
I 1IR3 i W o DAY S B e = S 3 i
P FH Y Kauffman-White F1J5 22(2007 4F ) i
RVPT TR ME AL L35 2 500 24>, 1 [ Y HGE R
A 300 14~

VDT TG VAT P L7 4 28 2 e~ AT A 44 2 1
MUHEE . JEEBORZ . Ay 1 B S R L
I3 P2 A AR ) R S BT T DX 4, V0 1) R T L
J5 BB =R BRO)DUE . HERME) PR
KFEREVBUR . O HEFZEM DT TIRE AR
ig Z B (Lipopolysaccharides, LPS)#4, HA %
AIFREPE, TR H PR =2 i VDT ] R A
EBEAMM, ez, Ai&EiR. REEWTTR
PSRRI H B, 0RO S 1 AHHD RIS
2 MH2), PERRAGA—FEEUR, RISYH3
TP BB A = R R,

IV 3 R AR RSV S RV 1] IR TR 43 2
2, BEDWATEE . ARSCS =k JUAR R 4 EE N I
JRA ST T TR HTS YA T, B KU G
bR, SRS BERE R AT g  8, KB
MG BEERRAFTEA R ZAL . (1) SE i
B —HRUPT TIRE IS R A2 1-2 d BT R
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] FREDEXS AT WA Mg Y, R 2t 4
PRI (2) PHRA S KELepiik R AR 5T,
HOGH RV ARG RS, 772k ABEILS:, Toiior i,
(3) TAAEAC B GHARG R . (4) 12N 71 :
] P S 0 2 R 2o FH R 2 4 ol A 5
A= I S BT A T I S AR LT AT VD T IR
o3, HHSE ZR I A REI L A . 12t
2514 2006 1 2007 44 BkYD 1 T3 M (GSS)H H A%
53 B VD 1T QTR LA & [ 77 103 19 70 B 45 SR A Ry
S, S ER R A IS R T 435 HE X
By, SERFUAZE MG E M AR . R AT
[ELEW A et 8 oy T 5 W 11 R W S 12 = S Y 5
7= I R B At 1 7= G AL, Rk B
AFEBCRUTTIRE A BIRCR . (5) SLH A G
YELRE: . XA LEVD T T IR -5 IR A4 S 48
HEIRGE . OV FEERGS GG, MR RAREE N
SIS N A TSR, A5 ) il U R ) S ALY
1.2 EEASE

I T 1K (Bacteriophage/Phage) /& — 23 J& YL 41 1A
P EE, FEMRAZRRAE SN, ©rTLLIE
MBS 5 ERERE N2 IR RS, #
His LY B DNA 5 RNA 7EATE EHRN . WA
X 32 40 A ) SR G RN S A FH o ELAA R R
Pk, BI—FPg AR A H AR RN A A — 2SR 2
B VDT A A M T A R T i M i T 1
SR VT IR 8 2 R P L —dE, #)
FHZ A e TR AR PRl SR it v 1] G TRT I TR 8 R 375 A
FAIWEE TR B R T 1Y, BRSPS R — I AL A v
FR B R 2t AS ] AR 0O i (A7) U R 5
i o3 BIF R A, 4T S B0 #1915 B, , U Bhatta
2 SR ] 22 b 0 700 07 ke B0 fol P 57 A K 1 43
(] — L 375 78 AV 1] PR AN ] e s PR AR 26

Wk PR 0 R 5 P Al R A T 2 B AR YR . 1)
Wil i Ae . FEmlels . A TSR AR 2R
W, ENSMEHE TR R LR, e
L TV T R  Se B A A R O

[ i NI LN A1 V% = RO 5 AN < D ey L M
AR BIE AR s (ARAHARZAL, o Beg
AR BEEMEZE AHERER, MHGEKR
T RE R R RS

2 TR
2.1 SFMFSE

R4 W% 2 S0 (Polymerase chain reaction,,
PCR)FAME) 12 W H T2 2B U AE ik, 43
TLEWHR M R &R Ys Wit gt TR Z 8
R, R A o0 o AR S K . BEE VDT
TR SR ZH I 7 TAER e, AZEXHD TR A
TUBDRBRTRA o BB BFBOR, R st
R, RARUDT TR A9 IS 4% 5 PCR #E,
M AR 22 E PCR Rl A 22 FH 4 0 TR i
A,

PCR 7 ik o3 BUyRAh T AR S0 3G 48 € T i R
A, IR TR EIZW R . HATEDT ] IR i
4 PCR A BIAGHE 5 2 LA rfo 3% K (2Rt O HU)E) R
F, wazx Al wzy FER (it O Pk BT A
WHEAE KR &5 . Cardona-Castro 252147 T
¢HZ H# PCR (Multiplex polymerase chain reactions,
M-PCRYAZ . 4 1 202 LA rfbd FIl wzx FEFIAE J i
TR S5, 55 2 4R flic, fljB. wedB LR Al sdf-1
AR AR 5., PCR KGN 25 5 SRR vE A M7
Y I LR IR G SR B T 96.5% . X!k
P8 T YD TICH N A—D A1 8 Ffvi U ifi 375 41 (15 98
IR . CRIRIGFETTICE . N BIEIFEVDT]
R . RAZED TR . ZILWTTIRE . R
RH . FEERLD T TR ARG D TG B4R % PCR
K &5, g7 T AN RS M-PCR Rk R, 7E1%
G LT %5 J7 1 AN RE S0 1 IX 53 1Y — 28 1M 95 AU 7
T, 7 F I3 8 k45 E EEEH . 20 22 90 4F
RIS, BB BVD T TR 1,4,[5],12:4:- 5 Bl
FEVDTTIRE EA MR, WA GEE I E 5
M35 Y58 )X 4% . Tennant 284S T 1L fIjB Al
1S200 J5 B R HE LR (1) M-PCR 14 3 4 85 R IX 4310
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ITIRE 1,4,[5],12:0:- 5 BUGFEVD T QBRI Ak o A5 S5 56
FEBHEGITED, BELEMESR, Bl
FUERE T 58 MR RUFEVD I TECR TR FR AT 13 #RVDT TG
P LA, [S],12:0:-FF kR, IR PIRh iy B R A T T T8
PRI & Z BT L3R

MR L I 5E e O, AN fT 4k
YOI BT LT P B R AN, 958 PCR AN AY 47 5
PERNRAERE , Aad i S 40 5 ) TR B = Pt i
W AT L. APTAIA, LI M-PCR A3ERKT)
O3 LI 73 B 7 VR AR 5 0T TS 8 R, 38
e A F B s as &, BASMEEE YT
BRI 1545 o
2.2 BKiHIFERER FB ik

PFGE Hi A J2& 20 42 80 4EAC & ki, @
L BRI VTR /L AP DNA, 28 PFGE 7355, [k
e g o A PR M Y VTR R W B RR I SR 2ROk
2, WIS TAN s /R e v TR R PFGE
Iy R g7 b 2 R Xba T (R B A
5'-T|CTAGA-3"). Spe I (IFAll07 50 5'-A | CTAGT-3")
SERRAIE N YOI, Rivoal 28R H] Xba 1 1 Spe 1
XY A RN R VDT TG . RAZEND T TR
ALV TR TEA LS, P AN ) PFGE %Y
B, HA s RV TR E R PFGE #31, DL Xba 1 #Y
X 4rHEF1#HE . Wang Z"hE 1 PFGE ¥ 123 #lip
RIPTTIRECETA 7 HRARD ) 4 15, 444>
LA, PFGE £ R H G brififl . ol HZ iR
SRR ERRE, TN TR
PR S 1 BB /M5 7 T

1996 4F, 32 [E ¥ il A Fi i #1.00 (Centers for
Disease Control and Prevention, CDC)ZE . T Frififk
(KR K A7, S T H CDC Fil—2E51
=S 50 W B TRIERCE I T B4, R
Z Rk i (PulseNet , http://www.cdc.gov/pulsenet).,
% W 4, AT DA T BE A R AR B 41
PFGE L0255 e E A g Rt T i, i
FHEOR R RGO ER, BTG Y Rk T

T8, SHRERE MM EAT SEBR A B D V1T R
PFGE 43 A J5 1 F 22 I 3L [ PulseNet 7343 Hbr
WET i, AEVDTT IR Ay A AR 1 o B 47 il v
A EEAER (DD LR B | FERT . 22,
PFGE HARTEHIKEIE i . P ZAS R 22 [a]
AR X R E—E B R R, H PFGE XELAIX
SR AR R PR T ] — B R AN [ B AR 22 1]
/MK DNA {7 #2852
23 BHmFSE

MLST /& Maiden %:°*'fE 1998 4F 3T 20 il
YIHL 3k $ R (Multi-locus enzymatic electrophoresis,
MLEE) & JEE 1T i) — Rl i o0 B p TR, e T
FHF i 548 4% 2 BK T (Neeisseria meningitidis), MLST
T FERVERRVD T IR SE 4 E 7 SRR SF Y
T Z A (Housekeeping gene), 43-7]+& aroC ., dnaN .
hemD. hisD. purE. sucA #il thrA, |/ DNA ¥
FAGKIUR 7 R ) S5 3 DA, 3 i PR il i 28 72
oK 78 SO TR BT 24 ke A ok 35 PR ey e AR B
Liu 2250 121 MROTTREE 7 MR RN AT
PCR §'H7, L7 42 DNFHIRL, Sl 0850w
Y 36 FOANEVPITIREAHLL, HoPERE &, X
Py 425 ] PFGE I MLST Wiy i) 4 1 £
it 3 B TR R I R (BRA SE VD T IR A R b
FTECEDIL 30 #RVPI TR /> TR, MLST Bl &
T TR M E AL B A 70 8, 7EAR. AhsEii
WL I B %, Singh Z5PUR FHENHERY
RICHEPEAAEN DNA Bt , A5 H AR DI )
HBR s FS, BER 14 NHEEE (G146 aroC . dnaN
hisD. purE. sucA. thrA. flimA. mdn. pgmB. atpD.
glnA. aceK. glpF #il icdA)JE1T PCR §"#, 55T
— I FFH AR (New generation sequencing, NGS)Z%
A5 38 BRYD T R i [Heidelberg (n=23), Montevideo
(3), Senftenberg (2), Typhimurium (2), Enteritidis (2),
Gaminara (2), Anatum (1), Worthington (1), Muenster
(DRI T MLST 4384, 7T 53k 37 A5
AL, FIF MLST Z0Afr A 152 50 % 43 B3 0 1Y) B 98
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IR R, &I AGFEVT TR A £ 22 ST19,
ST34.ST36.ST1544 JFH| IS B4R 3T ST1922
B F IR, 85 MLST 2058 A] UM Bk 6] () 55
GRF, R EMRILRI R ORI, BT LGB R
s 1] P S50 T s A TSR IR, DT T IR S5 B R
PEEOR T A IR B AT SRR 2B U T G T
MLST REHEST ML BB X 43, (HARBEAR G X 431
RN R ZE S, JUHSRIAEFED T IR MG R
IR . 25 XA — 2228 I A G SE R i
1T MLST 4370, fed - o 55 70 Py ity 22 520
MLST %65 4% 5 il a5 6 8507 5 R B BeAZ e 747
WE, SRR RAE RS Reill & Aok
12225 % NI £ RN RN T N (Y B L N B S g
REFANH /3 )5 0 32 1A

MLST HAR U AAE T RAT 25 R Al FE A ] 51
W RS L, i BN EE R gkt T
e HAET, SRV RELE N I TF 299 R R
MLST #dsFE#f 2 2y, Hop i B2
% IR 22 JE 55K 2F (http://mlst.ucc.ie) Fl 2F K 2
(http://www.pubmlst.org)¥) MLST %4 /% . MLST #%
RIGHI, TR R AT S B, fiE
W T fRRA TR 2 EASFHOCHRAR LG R, A
S [B] () 25 R EA AT E AR AT EeE, S
ARS8 R 2 AR T MLST R 184+
XL B ZIE R Y RAS ST, BRIEH T
T PR ST P B MLS T 7 522655 i b 43 28 iy vp
AR BRI, AR T MLST HAR RS, %
FEEAES, B AR R T KB A TR 75T Fl
SRR EYI TR R L IR, R E B,
24 ZNRRITEEFINSH

MLVA 24 PCR Ay JEAitt , AR AR A P i 7E 3
PRI 2H AN [ 7 37 5 1 1 78 BB K & T 31 (Variable
number tandem repeats, VNTRs)E & KA1 2 57K
A TEEA 0, MLVA A PO FE . S HR R
FR MO . TEX AN B AR IR B R
- EA L PFGE FIWE A5 BT i A S 0 BE T, X1

TP 124 BRVDIT R RRIEFT MLST . PFGE Al
MLVA 438, 443 33 4~ MLST %, 62 /> PFGE
Al 78 /4~ VNTR #I, A[ULRFH MLVA J5 i %51
UK DR 1 5 R AR AL B N 22 S e BE R e =i o
Ak, MLVA R[] — AW AR ] R R 745
R, FEVDTTEGTR A TEA T 2 W R 3 A 4
TEZEMEH . Malorny 2505t 240 #RG 2 TP T TS
A THEET 9 4~ VNTRs 7 551 MLVA 43R R B
K435, MLVA XF PT 4 F1 PT 8 Fb I B 1A 750 1) i bk
S TR, B 62 kR PT4 MUK R 24 4
MLVA 54, 81 #% PT8 TUE#E /K 21 1~ MLVA %,
Tien 252X ZE VDT TR HEATHET 114 VNTRSs {i
Y MLVA 2 A1LL K 3ET Xba 1 1 Bln 1 fEVIAY
PFGE 43 RISE R AT R L, MLVA 2 BU5 00 HER
T, AR TR G R R DGR .
R MLVA el X PFGE 45 BIAH A0 va ek, {2
X FZH# T 2451 DT104 ik, MLVA 43 BIAAAEA
o BRILLISN, 25 i B AN s kAL, fRXE
K BRI
25 RERMEERMEEREXEEFT
CRISPR J&:—245 sk . K )% 9 21-47 bp Y
[A) ) 5552 J# 51 (Direct repeats, DRs)ZK K, | IZAF4E
REBAMHE(CIFI TR E), Jansen 25304 Hidn 4
4 CRISPR. 'EJ&HANEZ M EE P FR/MEE
(1) 1) X )53 (Spacers)[HIFEHESN T AL, R ABHT T4
(Leader) fll CRISPR #f] 3¢ & 1 3 [H (cas) K £ %L
CRSPR {17 £ DRs HA S EEMLRFHE, 1] Spaces
W ELA W 5 22 5P, T CRISPR Ao 5 s A F
FEALER VD 1] BB TE P 1) 40 B R P 0 28 A atE Ak i)
Sy FRRER, R T DR ] A0 a5t A5 AH DG B A T
FRA R o AT HGAE A L B YD G
& H WA CRISPR 1if /5 (Locus): CRISPR 1 Al
CRISPR 2. Fabre ZE00%f 130 Fh ity %1114 783 kb
I TSR % B0, CRISPR JFAIZEVS TR H HHA
mEZEME, BR#ET T ROGEDITRE .
L4,[5),12:0:- ik S R VDT TG CRISPR v 1 3 7l
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Ji¥k. Liu ZEPORE5E & 0L 75 1 5L (fimH I ssel)
Ml CRISPR K [ K JE &l 09 J¥ 31 40 A
(CRISPR-MVLST)X i 4 V0] F B B AR 114y 6 31) 1 X
SMEJ1 T PFGE; Shariat %0 /CR LK 141 Bk
AR U TTIRE /T B k(8 13 1 PFGE H450) A
22 Fi ¥ %51 % (Enteritidis sequence types, ESTs), EST
4 1 EST 8 B4 UL, Horbid 2 B 6 1S3 CRISPR
SN SEH . T CRISPR {7 S AE DT T ERH H HAT =
FELAME, WL L ERARIA A Spacers 25, HES
DX 53 (e BE RIIR A IS 78 o ARl x5 R R &
PR P AD E RIS RAFEV T IR A
RUPTTER T, AH [H] i 8 v 1) G B B A 18] Y
CRISPR JERIAEAE I 35 1 7 91 22 ek, W DAAR &
Hiu v FH 7R 43

H i, CRISPRS 73 BUBARTEV T 18 73 B B AN
AR IEEAWHIEH, €111 CRISPRS 4%
B 2 (http://crispr.u-psud. fr/crispr/) & 4 . 5E AL,
AT AE TR A 28 O 58 R 4 SE DR A0 1) S A AR
Y1y CRPSIPR i 4515 5., IF A FIH CRISPRionary
BLAST CRISPRs. Flank Align % T EFFT7E484)
Mo ATV TSRS = 2 M Bs i sc e, 7E8ds
T L ARl R scH  HE T
BATHY T, N R kR Y7
3 S5iE

PITIRE S WINBUR A Z —, TERAETTTIR
B LT RN, EEEAE RN
BRI S Wi R, (Rl Ry 3 R AL e
U5 P RS FE oS R R R AL DG R 2S T JkAh
1RG5y B VAT HAEAE R I E R S, BT ok
B Ak kR, NSRRI
IRA TR A A RIS R . b PFGE 236 F
HLUKEE AT Bk, BER 4. A2,
AFNF LGS o Bl AR 3 A () e
R, My HEEREE . AR, HEET Web (0%
P EA M T Bkt , MLST . MLVA F1 CRISPR
Ik AR, T HTRELEY TR R

JEIE A AN R BT E A R, BB IR
BRI RICR . R, R BUEOREA HAR
SFIERT, WA R ARRRE . 23 H A IS 2
A ZRA VPR B & 1 73 BT AT ARG ST
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