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ABSTRACT: Objective To isolate and identify Salmonella in meat products in Beijing, China. Based on the
results of genome-wide sequencing, the distribution of drug resistance genes and genetic relationship were analyzed.
Methods We used 38 strains of Salmonella to study genome-wide analysis of Salmonella from different sources.
Then, by measuring the minimum inhibitory concentration of the strains against 15 antibiotics, combined with the
results of genome-wide sequencing, the drug resistance characteristics and multidrug resistance of Salmonella from
different sources were analyzed. Results Thirty eight Salmonella strains were tested for resistance to 15 antibiotic ,

of which 34.2% were multidrug resistant strains, 68.4% of which were resistant to quinolone nalidixic acid, and
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42.1% of isolates were resistant to ampicillin. Based on the results of genome-wide sequencing, 38 strains of

Salmonella were classified into 12 types, 88.2% of which were closely related to the standard strain ATCC9184.

Conclusion The genome-wide resistance genes and virulence genes are related to the drug resistance phenotype,

which provides a theoretical basis for monitoring the transmission of Sa/monella resistance genes and virulence genes

in Beijing.

KEY WORDS: Salmonella; genome-wide sequencing; drug resistance gene; drug resistance phenotype

il

1 35

WITREZ—KE W EEESRE, BTEPR L
B4R ML 3500 M VER, REZA 200 25, ZF2HE
FKRAEGHENFE DR G FEFERZ -, RGP
R TTIREEE EE S B R E0R N . B4k, A
KRB REZ M TTIRIETIE, W4 EFEWTTE . Ak
1 FEVP 1 i (Nontyphoidal Salmonella, NTS), NTS FE 5|
Bl 42, EA AT A i AN NTS A F51R Z 8l il i
#2014 4 Leekitcharoenphon ZEPIWF5Y & B8 v 1] G4
ESFEREMESREI YR LW IR . S5HAE R TT
i AL T H O He, 4 3 A 4 P (genome-wide
sequencing, WGS)Z Il RALERPE, £ % 7] LLSE B SR
W AR AR K o A FE DAL URE S SR R 9 22 7ok 3%
TEPE B Z M 25 5

4 AL T 2 AT L Xoh 2 R ) TR AR A 7 v 40 B R IR
Yo AL R 20 7 91 ) A A T A AE TR 2 e o B e
BRI, 3 AR A5 B AR OR XS P SRR T 43 A, LA
TE 42 T DRV KT R 55 9 00 1 A 0 A8 AR 7 28 T e IR
2018 4, SR BIRIH MBI A KA BB A
TERBREREE A A . 55 B BAR ¥4 ) A1 190 B H 0> (centers  for
disease control, CDC)¥E T/, I REFIPTTREES
X5 120 F ANER. BErERNARE B RER TR
PRRI BR AT FE VD T T IR TR AE N VD 1) D B I 611 8508 75 % LA
o EE, WOMES T TGP 2 M . B IL 245 TE B R AL
i, XPVD T QTR A TR A B R . VDT LR T
AT R R SR T 2 FNARAT PR 25 . AR 245 2 4 A
) 1A R R A AR A B SRR A RAS PRI 24 2R
FRIALG Y RTZEETE K, R B N DNAGE
JEF B BURD A5, W DIACEARRE . AR X 38 #k
WG AT 2B E AT 407, T XLy G
MRG0T 24 R, 3 Ao 0 4 o JE A L B3 R 5 4% B
VIR — 2548 7% AR 7] 1) S 2% 06 R AR R 46 =

2 MRRITEE

2.1 HmER
R GB 4789.4-2016 FE 5L R SRAERLINM, 2017 4E 4 A

~6 A XAt M X TR A, HORAE 285 AR, ERIAR T
OSEEE HET B TP IR IR . 2 MRS RIRAR HE T
BN RV TR B ATCCO184 . 4 E VY '] K W
ATCC50071(3£ [ ATCC HRM L)
2.2 EFEFLF

U B % R 40 L 4 (tetrathionate broth base, TTB) &
W, WANER 5 0t 282 (selenite cystine, SC)MEFETR . A K
212 i A EL (xylose lysine desoxycholate agar, XLD)Eifg
(¥ [H Oxoid) (Thermofisher Scientific). . {737 3L (% F B}
35 w)); DNA $2IGG] & (TaKaRa 24 H); 22 FPET A
2RI AR (L A B ARA R A F]).
23 ZWHE
23.1 WITKBAMLEE

NE S5 BE TA B BREORT SR v, AR B ER K Ak
WA, R4 BHMAEY SE RS VITEK #T5E .
232 DNA &40

1 DNA $R B @ 4R BUL IR, 42 40 MR dh S
1) DNA BREVK ERlb S, WREFTTR ST 8.0k o >R F 3
PENHEERZ LUK (B E 1%; HUE 150V, HLIKITE] 40 min)
o R S I SR, T A DNA SCPE.
233 AARANAF. 4K, . R

M 13 KA RRE S SR, 4pR LA
2f de novo M7, X illumina M5 & AOEEFEA TR T
U8, DA FEAS 5 BT A (96 S (Clean Data)ifF A7 /5 225347 -

EE: FT T & RS 0A S, A
Clean Data (12025 {# ] SOAP denovo ¥f4:, %3t ZIRIH#
A I 45

. 2 Ym A3k R 8 Prokka A0 T 5E R F

ST (1) BRI F B Pr R e, AT draft FEN
AFH; (2) MEIDTTIRH wgMLST BT 3B 2 L %
reference JEFSHE; (3) FIASHELRFHIN draft FEH
WP AN AT RS BT RN R A HT; (4) A5 T AR AR i 2L
WP 5 5V TR E S5 WS R A7 51 AT He Xt b, 3K
73 SNP. (5) HEBAZ ALY SNP 2557
23.4 ST

T 2454 43 BT SR FH A 22 [P 75 4 DR 24 SR Al R A 2
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Table 1 38 strains of Salmonella genome-wide sequencing
typing results
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Iy BRI TS Z RV AT, R BT AR A Y BE TR 2T
I 50 1T I 275 T Ak B R 20 9 R A 7 L X 43 i, 3RS
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enterica serovar Enteritidis (taxid 149539) . Salmonella
enterica subsp. enterica serovar Enteritidis str. EC20120734
(taxid 1412609) 3 FpIEFE A, RO EV TR E G
Salmonella enterica subsp. enterica serovar Typhimurium str.
USDA-ARS-USMARC-1810 (taxid 1454647). Salmonella



786 B dn 2 4 R R I A 4R

81

enterica subsp. enterica serovar Typhimurium (taxid 90371)
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Table 2 38 strains of Salmonella and resistant phenotypes

Bk FK i 24
LRV NE]
2 AR B VDT T CFZ
3 DI NAL
4 MR U AMP-NAL-CFZ
5 BRI AMP-NAL
6 R TTE AMP-NAL-CFZ
7 BABIEVTTIE NAL
8 FUBFEIDI T NAL
9 BRI TIE NAL
1 BRI TET-SXT
12 FUAFEWDT T AMP-NAL
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13 A RITTHE AMP-NAL

14 RUPTTH

o

15 BAGIEVDT I TA
3.815 BTV
17 RUAGFEVD T T
18 VDT ITA
19 P8R BYDT 1B
20 I RIPIITA
22 R TT
23 FUGIEVDTITA
24 % MBI
25 RUAGFEVD T T
26 ST
27 BRI VDT
28 RV T
29 fH RV
30 RV

31 RGZED T

32 Milwaukee % /RIKFEVD T EH

33 BUGFETPT T

ey

34 M RIPT T
35 BABZEWT T
36 M RIPT T E
37 MHRIPTIE
38 RMIET T
39 BAGIEWTTH

40 IR VPTTH

AMP-NAL-CFZ
AMP-AMS-TET-SXT
AMP-AMS-TET-SXT
TET
No
TET-SXT
TET-CHL-SXT
NAL
NAL
AMP-AMS-CFX-CTX-CFZ-SXT
NAL
TET-NAL
AMP-AMS-TET-NAL-CHL-CTX-CFZ-GEN-SXT-CIP
AMP-AMS-NAL-CFZ
AMP-NAL
NAL
AMP-NAL
AMP-NAL
NAL
AMP-AMS-TET-NAL-CFZ
NAL
AMP-AMS-TET-NAL-CFZ
AMP-NAL
AMP-NAL

AMP-TET-NAL-CHL-CTX-CFZ-SXT-CIP

AMP-NAL-CHL-CTX-CFZ-SXT-CIP

=3

WIREZEMAERGIT R

Table 3 Salmonella multi-drug resistance statistics
Rtk PR ZH M 2 Rk S F B
W 5 U5 1T FR T 4.6, 14, 20, 28, 34, 36. 40 47.1%
FAAIEDT IR 15, 16. 39 21.4%
W N TTIRTE 24 100%
GRS BV T ICTH 27 50%
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AR . A SRR A P 43 A A TR 2 T R R
AH TR A 23 B B VR TR — R AH i . LR ALy B2 Rk
B, 88. 2% AR VDI IR A SARER bR ATCCO184 R4 KL HR
B, FTRERIE T M — M. 38 #RIDTTIRE h, AFEE
TEAVD T TR LS B A B FE TP T T IR UG R VDT TR
Wo ETEaMERE R EERIEE 2 —, 15 3
Tz, W ROMNGR XX RV R AR ],
RIS AR B .

WFFEREAVD TGP A 25 370 | ot 5 88 ) 2L
K, ELFEAMTPCLEERZNEIER, WiEEE

KBRS # 0 8  Bokl BRI | 3
R,

TEVD TV TR I Y Fe W B B J& i 88 1 & SPI-1 #5419,
A A A F AN, IR RAE SOV o — L
PEATE FE VR IR N Y HOE S, #18 SPI-2 |
AR 5 DR AT L3k . SPI-21ITARY 430 R Ge 4 sseL, A FH
B8 EAME P R S AN RS, 98 e TR T BR AN A0 BE
3, NI e 40 P A A A P S e 102 SPI-3 il SPI-4
XD I B TE BB P 5 K DA A3 R 285 B A0 A 2 i 1) 2 T i 4
B SPI-3 4l 10 DNIFRGRBIEEAE, Hrp megiC 515
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SOV FEH . SopB fii T SPI-5, Z/EYLJ5, SopB il SCV
izt P ECRE A R K AR (2 R R B Dk
TRV T AETEVD 1) R i A 7E
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MHTPERO Y H i 4Bk E A 2 A p- DI, G145 bla
rems bla cryvas bla pp, bla ypg bla kpe, bla syy M bla oy, X
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