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ARER, FargfgelRBansaotr. [£R1 080 EAREEN, SR FHRHLEH
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Whole-genome sequencing, virulence, and drug resistance of a
bovine-derived strain of Salmonella enterica subsp. enterica
serovar Dublin

LI Cail, GUO Shuangz, WANG Yongqiangl, GENG Chaol, LU Xiangyul, SHI Jinchuanl,
WANG Zi'', LIU Kai '

1 Inner Mongolia Engineering Technology Research Center for Prevention and Control of Beef Cattle Diseases,
College of Animal Science and Technology, Inner Mongolia Minzu University, Tongliao 028000,
Inner Mongolia, China

2 Xing’an League Animal Disease Control Center, Xing’an League 137400, Inner Mongolia, China

Abstract: [Background] The virulence and drug resistance of Sal/monella spp. as a major
zoonotic pathogen have attracted widespread attention. [Objective] To investigate the
virulence and drug resistance of Salmonella enterica subsp. enterica serovar Dublin isolated
from a dead calf in Tongliao City. [Methods] Bacterial isolation and 16S rRNA gene
sequencing were performed with the lung of a dead calf, and the pathogen was identified as
Salmonella. Animal tests, drug sensitivity tests, and PCR were employed to examine the
virulence gene, drug resistance, virulence, and drug resistance genes of the isolate, and the whole
genome was sequenced. [Results] The isolate had strong virulence, with the median lethal dose of
2.8x10° CFU/mL to mice. It was multidrug-resistant, sensitive to only polymyxin B and cephalothin,
and moderately sensitive to doxycycline and enrofloxacin. The detection rate of 13 virulence
genes was 92.3%. The whole genome of the isolate had the length of 4 965 370 bp and the GC
content of 52.12%, and it carried two plasmids with the lengths of 79 524 bp (pTLS-1) and 45 301 bp
(pTLS-2), respectively. The isolate carried 996 virulence genes and 24 pathogenicity islands. A
total of 42 drug-resistant genes were detected, among which 4 were horizontal transferable genes.
In addition, there were 9 mobile genetic elements in the genome, including insertion sequences,
transposons, etc. [Conclusion] The Salmonella Dublin strain isolated from a calf was virulent and
multidrug-resistant, carrying a large number of virulence genes and drug-resistant genes.
Keywords: Salmonella enterica subsp. enterica serovar Dublin; virulence genes; pathogenicity
island; drug resistance; drug resistance gene; whole genome sequencing

U (Salmonella spp )22 KA SRz BRI g T, ARFAARYD ] R A I 2 b

YERRIEIAEY) , JB Tt RN Enterobacteriaceae)
1] R 8 (Salmonella) i) —25 G 5 46 FJE K
WATEAT IR, s R B AR IR
Y AR 5O HL ) FNHE E BT (H Bl ) il b
ITIREES A 2 600 ZHRPMIEHEY, Hrhga k24
& T RWTTRER, X50F ROFED T KR

MIRER FE MmNz —, HE FEEEDN,
FE Sl U A A Zom e, WAk A4 E
WEVE IR, RO | BT A AR A5
M 9 54 B PRI P ERAIAR YD ] IR AT
FEARGE, WIS ARS i B P iE
Mt b ag, 50 ARG R E W B
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Bomes S, HEUISEOIETY, Wik, #
FEMRVD ) QT AR 36 2 B i AL AR R S

BT, E WA SCHEHIARID TR R B 1
NP RIS, KA A RE AR
TR AR R IE . FERRSEEI 5K, =40 b X4
FAARYDT T IR AR B, X IRk A T T 45
SRR W InE ARSI T 20032015 4§
ERAAMRYD 1T QTR B AR, X3 B8 TR R R A 7 3 IR 21
I 5 5 T T AR 9 VR R 24 Y 25
WEI TAEEAERE . PR . RESRBEZNT
FEIR Tzt Fe i B — B A e TR
o, AR TR SO0 T IR A 545 B — bR A TR
FOMRUD T TR PRI PR, T [ P sl = A OGRS
JIT LA R AR R 1755 00 BT 2 A i, 3% B
PRIEAT A BE DD 5 430, DA AR5 50 B g 2
PRI 20 {5 S8 2 7 ) 3k DR i 24 35k R 11 485415 1
B,k AR DR AR AR YD 1] G RRT 9 A 7 2 A
G SRS

1 MR5r%

1.1 M

OBHREAR (VR . M AE . AR . Bl 284)
KBNS AR KGEIL T — R4, Wit
A 4 HIEVET TSR A B . BRI 30 2,
M2, REE N 20-25 g, WA HARR2AL5 )
Prbol . WITRED AR, FiEEAY
FARBRFAL/A 7] 5 16S rRNA LK 2 7 Sy 3L [
SR D), MEWREEEEDRHEARA S
B AR FE R4 DNA $REGAR & . PCR ¢
IR H1 DL2000 DNA Marker, B it i MEHEA4E 1)
FHE B A BRA W s 9ok Ie i 2, bifg
P YRHECA R AR 22 [RYV AR, IR
WRAEYHEARGIRA . PCR AL, FFEEHIR
BHE (P ENDABRA Al IKAL, dbais—{UasaT
BT RedRml B0, SCARTER A A F] .

1.2 HEMIBEE

TG R A6 FU AL 2 I S8 A AR A A A TR 5
BB, HRP UG B a A SR 5L, 37 °C
HiFR 24 h, PRI G R TEARSIRIZ, 37 °CHE AR
W, PREUE AR T R 2L . g
AL RIZH DNA $2 B & i B 5 52 i ik 4
FH4 DNA. FIH 16S rRNA FE[RGE 59
(# D17 PCR, PCR WA (50 uL): 10xTagq
buffer 5 uL, dNTPs (10 mmol/mL) 2 pL., MgCl,
2.5 pL, b FUHESI(10 pmol/L)45 1 pL, #
#r 6 uL, ddH,O %2 50 uL. PCR Sh 4514
95 °C 5min; 95°C30s, 56°C30s, 72°C30s,
3 30 MEFR; 72 °C 10 min, PCR #4742
1% 35 JE W S5 e FE Dk A6 100 3000 7y o
1.3 PERBREMIRE

W 1.2 thalifb i) 7 B TR PR R 75 4 A LB
WARREFRHE, 37 °C. 160 t/min K537 12-16 h
PRATH M - ¥ 30 HU/NRFENLA R 5 4, A
WE A, BB AL/ BUEE R R TR R &N
2.18x10° CFU/mL, %5 2 41/ 2.18x10" CFU/mL,
% 3 414 2.18x10° CFU/mL, %% 4 4K
2.18x10° CFU/mL, X B2 /)> B i v G 45 o 455
FeEk, WE/INER AR ZIET GO, 545
R BOAE 1 (LDso) . shW) L il AT 6 sh
R, A NS RIGERF % 5
Sy, Sy M2021007,
1.4 258Uttt

KGR AR FEEXT 14 R P ittt 1)
1 5§ ¥ & (minimum inhibitory concentration,
MIC Kz, BRIk T 3 IREE . SHEHE
Il IR 5K 36 % #5 fE B3 23 (Clinical and Laboratory
Standards Institute, CLSI)F1E ZK i Ht & 2=
Z 4t (National Antimicrobial Resistance Monitoring
System, NARMS)HE7 5 i E 173030 45 4 F1 45
JEHNTO, g 0LAy R AR . o R R R i 2
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Table 1 Primers information

EIE By 1R 51 PIERE
Primer name Primer sequence (5'—3") The length of the amplification (bp)
16S-F AGAGTTTGATCCTGGCTCAG 1429
16S-R GGTTACCTTGTTACGACTT

invA-F ACAGTGCTCGTTTACGACCTGAAT 243
invA-R AGACGACTGGTACTGATCGATAAT

hilA-F CGTGAAGGGATTATCGCAGT 296
hil4-R GTCCGGGAATACATCTGAGC

spvC-F ACTCCTTGCACAACCAAATGCGGA 571
spvC-R TGTCTCTGCATTTCGCCACCATCA

sipA-F CCATTCGACTAACAGCAGCA 449
sipA-R CGGTCGTACCGGCTTTATTA

sopE-F CGAGTAAAGACCCCGCATAC 362
sopE-R GAGTCGGCATAGCACACTCA

pefA-F ACGCTGCCAATGAAGTGA 225
pefd-R CAGAAGCCCAGGTGATAGTG

sipC-F AGACAGCTTCGCAATCCGTT 446
sipC-R ATTCATCCCTTCGCGCATCA

ssrA-F CTTACGATTACGCCATTTACGG 706
ssrA-R ATTTGGTGGAGCTGGCGGGACT

sopB-F CCTCAAGACTCAAGATG 1987
sopB-R TACGCAGGAGTAAATCGGTG

sefA-F GCAGCGGTTACTATTGCAGC 321
sefA-R TGTGACAGGGACATTTAGCG

rck-F AACGGACGGAACACAGAGTC 189
rek-R TGTCCTGACGAAAGTGCATC

stn-F TTGTCTCGCTATCACTGGCAACC 617
stm-R ATTCGTAACCCGCTCTCGTCC

ssaR-F GTTCGGATTTGCTTCGG 251
ssaR-R TCTCCAGTGACTAACCCTAACCAA

1.5 FHEREN SEREVETURL s BluePippin 42 H %R M R 4t vl

S SCHR[11], [ A L A AR E ik H BE DNA; SO EE(SQK-LSK 109 3% 417,

T3 AP GBI LA B PCR AR PCR )11

s FALINE . A Canu V1.5 845t

fiﬁ?ﬁi%}}é M5 1.2 —%, PCR =¥t &E# i IEJ5 subreads FEA74H%E, it Racon V3.4.3

AR P S A R A PR w EA TN o
1.6 =EFEHENF

BAFF) =18 subreads Xt 2H 2525 B gEA T8 1F , i
F Pilon V1.22 #A4FH — AR — 2531 74

I FE 4 B8 Oxford Nanopore Technologies 4, 1521 Vi B 5 25 A0 3L PR 40 s B4 T )R 22 0 o

(ONT) Al BbRMEEAE R AR P T, B IRALE 1.7
PLECE B A S N 41 DNA, JEfratifs | WeBs &%
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{ifiFH SeqSero 1.2 KHE ZE X AR IEA 7 IML 375 AL 40407 5
i ¥ S KT 41 5 JE TUAR 2 11T 41 (non-redundant
protein sequence, Nr)Eu#ig % . LR AA IS (gene
ontology, GO)EHE/Z . 5 # A PR AN L A 20 A B
445 (Kyoto encyclopedia of genes and genomes,
KEGG) VI e ¥4 2 . w5 1 FE R 4 % (virulence
factor database, VFDB)FIHTA: K PrhFdE % (the
comprehensive antibiotic research database, CARD)
AT X AR BNERE U ] SPIFinder
2.0 B EXFYD T R85 91 2 (SPOJEAT 40

{#iFf] Mobile Element Finder 23 e %] KK 4 h %
B0 (mobile genetic element, MGE)JEF 1234

2 HERE4M

2.1 DEREKREESWE

SR TTIRE B AR F R %
o, WYELHE, TBAR/NE 1A), Fknr il m
vy G 59 LA BN 7 7 1 8 2 PR P T 2 1
FFIE (& 1B).
2.2 16S rRNA EEFFIEEER

T it JE 0 fi7 38 b ¥ 53 e B0 AR LY T
¥k, 25T 16S rRNA KK Y PCR P* ¥4 1%
TN WR R IS FL VK S ARAS B — 2%l . PCR =4l

JPE R4 NCBI WX, 58820 TIREF
G| —EPEFE 98% A I, ESEA B R VP T]
IRR, K HAm 4 Wk S-1-1,
23 MREFMREER

TEHEFN /3BT 24 h N, 2.18x10° CFU/mL
Fil 2.18x107 CFU/mL 7| & 4 /N 4388 T,
2.18x10° CFU/mL FIH4/NRAET: 1| H, XA
AR R MR Karber 2315520 B 1 1)
LDsy 4 2.8x10° CFU/mL.
24 BFHEREKRMNEZER

X B bR S-1-1 #E47 13 b TR H W
B SIS PCR K, 455 BoR, ZEHBE S-1-1
o 12 B S AR, R 92.3%, Kl
g nE 2 s
2.5 B IMEE R

14 PPy Ppxt sy &bk S-1-1 /9 MIC {Han
2 fiR, Hitp, BRk S-1-1 X 10 Fh2h i 2y,
SRR A TURER . LRER . RIFER.
RKRFEER . KAy, BidER . BKEA .
SRR R i v W 5 XoF 2 A2l ) v R R
A3 R RV RERGE J)EE X 2 R U,
SRR B MR K . IE S-1-1
PREA ZE M 251

Bl1 SBERESESER A DITREZEORFERIFRAR B: E 2 RO 5L

Figure 1
Gram stain microscopy result.

Morphological results of isolated strains. A: Culture result of Salmonella chromogenic medium. B:
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M 7 8 9 10

2 1R2FEHERE PCRI LR M: DL2000 DNA Marker; 1-12: 4351} sopE . sipA . hild . spvC.
invA. sopB. sefd. stn. ssaR. sipC. ssrA. pefd 551 F3&H

Figure 2 PCR amplification results of 12 virulence genes. M: DL2000 DNA Marker; 1-12: sopE, sipA, hilA,
spvC, invA, sopB, sefd, stn, ssaR, sipC, ssrA, pefA virulence genes, respectively.

*®2 DEERAYBURMERNEGR

Table 2 Drug sensitivity test results of isolated strains

ik Ry MIC B A ik Ry i MIC B A
Drug name (png/mL) Sensibility Drug name (png/mL) Sensibility
ZHiEE B 0.25 S Sk Ao AR A 256 R
Polymyxin B Cefazolin sodium

AN RU 4 R 5 IR 8 I
Ciprofloxacin Doxycycline

POFRER 64 R ETE S >512 R
Tetracycline Neomycin

+HHE 32 R RSN 1 S
Terramycin Thisporin

Rikib 2 4 I BAE R 512 R
Enrofloxacin Tilmicosin

TR 512 R BWAREH 256 R
Kanamycin Florfeniol

KRR R >512 R Tl P i W A >512 R
Gentamicin Sulfadiazine sodium

R: W25 1. AU S MU ZERHT2E . RIRE R S<16, 1=32, R>64; JKK&EER . Hif R S<4, 1=8, R>16;
PURRZRZE: PUAE ., mAEHEHR . +FHE S<4, 1=8, R>16; +HFK 8<0.25, 1=0.5, R>1; EHKI: ZHE K B S<2, R>4;
AR 2Y . MAEMERERN S<256, R>512; — MU, =AUKAER RIS LfEmphhy, BEfER S<16, R>32; FMIATHE
BB R S<2, 1=4, R>8; FRNVPA $<0.25, 1=0.5, R>1; KRIFABEL . BkHE s<l6, R>32; AHRE: BAERE
S<8, I=16, R>32

R: Resistance; I: Moderate; S: Sensitivity. Aminoglycosides: Kanamycin S<16, [=32, R>64; Gentamicin, neomycin S<4, [=8,
R>16; Tetracyclines: Tetracycline, doxycycline S<4, 1=8, R>16; Terramycin S<0.25, [=0.5, R>1; Lipopeptide: Polymyxin B
S<2, R>4; Sulfonamide: Sulfadiazine sodium S<256, R>512; First and third generation cephalosporins: Cefazolin sodium,
thisporin S<16, R>32; 4-quinolones: Enrofloxacin S<2, =4, R>8; Ciprofloxacin S<0.25, 1=0.5, R>1; Macrolides antibiotics:
Tilmicosin S<16, R>32; Chloramphenicol: Florfeniol S<8, [=16, R>32.
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2.6 2ERFBNFLER

X B ERE S-1-1 TR Amy, 3%
54 S-1-1 FERR AN ZH K/NA 4 965 370 bp, GC
Sl 52.12%, AU4E 1 AR A EIR YL A
G 2 AR BRI . Horp, Qe iR
} 4 840 545 bp, JEk: pTLS-1 K/NA 79 524 bp,
JFRE pTLS-2 K/NJy 45 301 bp, 24w 4 743 4>
B, WFpsREe FEE NCBI s, 5%
55 CP104858-CP104860. ik pTLS-1 4 IncN
RUGORE, Bk pTLS-2 i & AR BURE, £ IncFII
(S)F IncX1 P52 il o
2.7 EEBFI L
271 WIKEMBERSHER

4L R A e B i 1 SeqSero 1.2 $¥8

*3 BHRIWER

Table 3  Virulence island analysis results

5307, S-1-1 kK O HiLli =l O-9, H HitJ5ik H-g.p,
I35 B R ERAAAR YT IR -
272 BHERERAREZENESHESR

% VFDB B 2 X o3 #r, BEbk S-1-1 3t
HERER 996 N8 S HEA , ik BB I K i 4w i 1 77 40
FES 5 IIREA FHH BRI A I R
I 55 o VDT R TR ) 5 S mp v ] IR
B3 W R GE . 00 AR L RITAH DG Y FE SR IR 1,
EREVDITRESE I RERNEREZ —, @i
SPIFinder 2.0 4/4 04, fERR S-1-1 FHAEAE
24 ~%f 71 5 (salmonella pathogenicity island, SPI),
£ 4% 74 SPI-1 Al 6 4~ SPI1-2, HAZE IR I 3.
273 MAERRBITH SIS

% CARD ¥l FELLXT50#r, Ttk s-1-1 4t

AR FEBL A FE DR AR e o1 —Ebk
Name Gene position Gene origin Squence identity (%)
SPI-1 736 521-736 990 Salmonella-enterica-Gallinarum-SGB_4 100.00
748 308-748 722 Salmonella-enterica-Gallinarum-SGB_8 100.00
725 703-726 142 Salmonella-enterica-Gallinarum-SGB_ 1 99.77
727 813-728 242 Salmonella-enterica-Gallinarum-SGE_2 99.77
720 350-723 053 Salmonella-enterica-Typhimurium-SL1344 99.67
759 536-762 688 Salmonella-enterica-Typhimurium-SL1344 98.92
749 602-749 860 Salmonella-enterica-Typhimurium-J4STEHO 98.07
SPI-2 4 372 849-4 373 490 Salmonella-enterica-Gallinarum-SGC_2 100.00
4 368 463—4 368 857 Salmonella-enterica-Gallinarum-SGC_9 100.00
4375091-4 375 515 Salmonella-enterica-Gallinarum-SGH_ 1 100.00
4 382 747-4 383 130 Salmonella-enterica-Paratyphi_A-Spall 100.00
4 365 544-4 366 180 Salmonella-enterica-Gallinarum-SGB_10 99.22
4398 9174 403 544 Salmonella-enterica-Typhimurium-LT2 98.96
SPI-3 1669 677-1 670 414 Salmonella-enterica-Typhimurium-14028s 99.05
1652 207-1 653 720 Salmonella-enterica-Typhimurium-14028s 98.88
SPI-4 21583162 185014 Salmonella-enterica-Choleraesuis-SC_B67 98.88
SPI-5 3663 131-3 672 877 Salmonella-enterica-Dublin-2229 99.43
SPI-9 575 172-587 813 Salmonella-Typhi-CT18 98.43
SPI-10 2397 670-2 398 222 Salmonella-enterica-Gallinarium-SGE 3 99.28
SPI-12 127 545-136 883 Salmonella-enterica-Choleraesuis-SC_B67 97.97
SPI-13 989 509-989 849 Salmonella-enterica-Gallinarum-SGA_10 100.00
991 928-992 265 Salmonella-enterica-Gallinarum-SGD_3 99.41
SPI-14 3460 163-3 460 663 Salmonella-enterica-Gallinarum-SGA_8 99.80
3465 750-3 466 190 Salmonella-enterica-Gallinarum-SGC_8 99.77
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7 42 N 25 B, e 2800 Qe o fR 4 1Y
ZZMERGARCEEIN . FEG AR P 1]
IKVEERS A SETT R 25 2K N aac(6°)-Taa;
JERL pTLS-1 Wy 2 A n] K56 7% 11 i 24 3k
s A S B- N BRI SIS T 25 1) TEM-1 JE A
A VR R 250 ter(d) 5 Fike
pTLS-2 H#Ear 1 A B-INBE T 25 1) TEM-1
FER, HARGEIR I FR 4. A shoonl LAAE
AN T6) T E] K -5 B8, A 5 4l AT 8 (insert
sequence, IS)F1%% B - (Transposon, Tn)%§, #
TG N 25 Y, B 25 PR AL i . i
1+ Mobile Element Finder (48 JEr#r, HEk
S-1-1 /77 9 1> MGE, HARZERILE 5,
2.7.4 Nr #8IBEIRIMER

MBI 5 Nr Bl A HLRS, Ay LA B DR 20 7
A1) 55 AH 3 B AEABLTE 250 % (A1 98 41 | ) e A
B WRE S-1-1 iR 2| Nr £dis & 10 Jr 51 Ay

*4 WKFPEBMARESINEGER

4729 %, FERZERAE 3 Fs, HdA 3120 %
JFH 5 R AP T I S R 2 HA R, R
TERERY 65.98% , HIR 5 ETERE 29.06%F1 1.50%
VDT RTE (1 374) MU HERL(71) .
275 GO BURE IR OMER

XA S-1-1 @ REHAFF T GO R
o, A5RmE 4 Fon, Hhdg 3 801 &£F5)
TE GO ¥l EH AR RS, L K =R, &
51 A 40 M8 2H 43 (cellular component) . 43 T D) &g
(molecular function) 1 4= ¥ i & (biological
process). A S-1-1 ¥} 44 A~ g2 H ,
Hrh gl s iE R HA S SRR H 1Y
33.12%, FEAFEANML . PAZ AR5 o
ST FIORRIE R G SR RAAHD 25.99%, F#
WFEMALIEYE . BRGNS A RS
H 2y BIREEREM 40.87%, 2S5
FERA HLR D TR AT G

Table 4 Results of horizontal transferable drug resistance gene analysis

i 24 B A FEDR7 (A Tt 245 2 PR A 2 AR
Drug resistance gene  Gene position Location Type of drug resistance gene Similarity (%)
aac(6’)-laa 4170 193-4 170 630 4 {4 {k Chromosome FIEME TS Aminoglycosides  98.63
TEM-1 69 482-70 342 Plasmid pTLS-2 B- k24 Beta-lactams 100.00
1716-2 576 Plasmid pTLS-1 B- k2% Beta-lactams 100.00

tet(4) 10 724-11 923 Plasmid pTLS-1 PUPRZE 2K Tetracyclines 100.00
x5 TFBIMEETHEINES
Table 5 Results of a mobile genetic element
Bl 4 F5k X 2k BEIRAE FRALYE
Mobile element name Family Species Position Similanity (%)
Tn801 (TnA) Tn3 ¥ JEF Unit transposon 1569-6 516 98.16
ISSty2 1S3 i A5 Insertion sequence 3 745 457-3 746 700 96.58
ISKpn2 IS110  #fi AJ¥31 Insertion sequence 4 648 405-4 649 698  96.18
ISECL10 1S3 i AJ¥% Insertion sequence 624 162-625 368 93.21

2402 178-2 403 383 94.03
MITEEC1 1S630 % 5z [ % & ¥ 1] Miniature Inverted Repeat 638 015-638 137 93.50

427 097-427 219 94.31
TN8O1 (TnA) Tn3 1 ) ¥+ Unit transposon 69 335-74 282 98.16
ISSEN7 ISNCY {fi A 741 Insertion sequence 37 750-38 993 99.92
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