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Whole genome analysis and molecular traceability study of

Salmonella in fresh livestock and poultry meat
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Abstract: In order to investigate the contamination status of Sal-
monella in fresh pork and fresh chicken, and research its whole
genome characteristics and molecular traceability, the laboratory
randomly collected 24 fresh pork and 27 fresh chicken from the
fresh market in Changsha, were inspected according to “National

Food Safety Standard Food microbiological examination: Salmo-
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nella” GB 4789.4—2016. The results showed that in 24 randomly
selected fresh pork, 20 samples were detected, with the detection
rate of 83.3%; in 27 randomly selected fresh chicken, 20 sam-
ples were detected, and the detected rate is 74.1% ; the total de-
tection rate was 78.4%. The results showed that the fresh pork
and fresh chicken sold on the fresh market in Changsha were seri-
ously contaminated by Salmonella , which had great risk for food
safety. 40 of them were analyzed by whole genome sequencing
and molecular traceability analysis. The results showed that 20
kinds of pig-derived Salmonella strains and 20 kinds of chicken-
derived Salmonella strains could be divided into 5 clusters, and
clearly reflected the distribution of pollution sources and cross-
contamination of Salmonella, achieving precise traceability. 15
pathogenic genes were found, which clarified the possible patho-
genic genes and pathogenic mechanisms on the genetic level, and
suggested the potential risk of Salmonella. The research on the
pathogenic mechanism of related diseases provided guidance for
diseases control. 15 genes involved in drug-resistance were found,
which clarified the possible drug-resistant genes and the relative
mechanisms on the genetic level, providing important data for the
control of highly drug-resistant strains.
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FEOL T VP TTIR B 2 Al DUk A M, 51 AW 5% .
TRIT VDT IR R U W 25 (H R PR R
M S S B0 A T AR T 2 L 2 R T, A
ERWITRERATRLZEN TR TITREGENIY
PR WE A EMYE. N T TR L H A
IR B0 T B IR AT Y, EE AL U T IR
WE AR LA F S 43 B (Multi locus sequence typing .
MLST) $ AR LA K ik w37 %6 ¢ 1, ¥k (Pulsed field gel elec-
trophoresis, PFGE) . JF 4F- 3¢ , i 2 37 — A4 JE R 40 7 4 R
MR E T RBHEAN T4 FoaRERTZNATE
TR PR B0 T 0 5 b A PR S R AR AT

S VD TR B Y A B A AR R AT T
BEPLHRAE £ K 5 GB 4789.4—2016 73 B L % % #F i
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2 vh AR 1 R K (BPW) | DU 4 2 7 8 4 3 T R (TTB) |
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1.2 %3
1 5 R ¥ i 8% : Masticator Silver B, 74 ¥f % TUL
A 35k % 5 4 - MIR-2541-PC 50, F AR T HL 28 7 Ml #k
Rtk
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1.3 HERHRESLE

R AW BT S N 24 13 58X 27 1 A TE TR 1 B
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TTB 1, (42+1) CHiFE 24 h, FIARE 1 mL #3% 18 h
1Y) BPW WU, s # E 10 mL SC 1, (36 1) C 3%
24 h, I\ TTB 5 SC 43k 1 %%k = XLD,BS.HE ¥
M. BSFHE XLD EHz(361) CHeFE 48 h, HE F#x
(36=1) “CH;3: 24 h,
1.5 £k

B PR B - A b BE D T EG T R T U 3 R
SEHEEE, (361 CHEFE 24 h,
1.6 EXRK$Ea

B e B0 - A B BRI TG R T VL &R
PREROKFRRE W B [ 5, B 22 IR A, W Gl W 45 4 A
B,
1.7 $ES5EHKRE

B e REPE B - M b Pk O T B e R R IR
(36£1) “CHiFR 24 h, 15 BN alifb B 7% . R 4 A 3k
WIS R AT AN S . BTV &8 R BUR 41
Ja B R R A T — 70 CIORAF .
1.8 &EFANRF

X A0 BRUDTTIR P AT S 41 DNA (30 00 )5 . 2
B2 N T 3 R 45 AR el ) N WE R AR B B R A E
2 RS0
2.1 BEHMESELLETEER

ST B ARAGRY 40 BRIGEITE B, 7E BS Bl 85 R & b B
BHEHEANREHAGECE WEREERO, K
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NG R 207 L K R B ) R . H2S Biflg R 6,
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GAE N TTEIE .
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W IR #EAT PN . R 1 ] RV T IR
scaffold B H 7E 24 ~71, He R 4H K BE 43 1 H 3 842 688~
5019 323 bp,GC &1k 54.08% . B3 2 w750, 3 H
BUOAE 4 012~4 382, JE P ¥ K 7E 932~958 bp, #R
PEVD T IR T /Y scaffold £ H 7E 23~73, B X 2 5K B2 43 A
k4 638 420~5 201 462 bp,GC @K 51.93% , 3k
ECAE 4 016~ 4 476, F& R - ¥ £ BF #E 930 ~ 959 bp,
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TRAE YD ] PR T i R A8 I B Y 7 B (B /DN 425 799 bp. T
GC P &AL 20 A WMV IR £ 2,150, 3L W]
RGNS T QT 5 RS PR R v 7] PR T 7 3 TR 4R T AE T 22
S LI R T R RS [R] L 7R 32 a5 B R B S LTS
FTREPE A G 57 L R 52 02 PR TR SR 2 ) 38 5 XY 2
] 95 BT REHE R .
2.3 HEEMHBEREEDTREEENERREERS T
A )RR 15 A ] 9 2 [ B e — 358 23 7 51 LA T
TR L 9 A0 B B Y )R DNAFF 20 B4 [ A T B
UL AR [ Y 2 TR 2 6 7 S [ 9 b b B A [ 1 471 A )
THHE (EHE P b 35 DB 1 A, B8 DL A& [A)
N R NEREN L T RE AP REZRN ST
PRCPER B W M THEAGH ETRETHRMZ
B 43R o 43 B 20 #R 3G JRAE VD TT IR 15 20 R A% IR
PRV EQ T A0 2 D AL B AT 20 A BT 2 N K0 L R 4%
UUH AR [l PR R 22 4% DL AR ) YR TR L 57 5% AR ] 9 4
G ERFEIEEAE . B3R 3.4 Al 20 BRI TRV
IRH LA 3 988 Ik R K MR . 545 I B A [R] R 3k IR 45 1
2 170~2 191, 3G PHPEV I R B AL 3 919 AN A,

F1 0B EEDPITREERNAER

R REEHFENPIDIRELEFASNES FHIR

PEOLH R IR RBCAE 2 159~2 183, HL¥E Il H & [F] I3
Fk A 32 AL G PN RO o S Y K A T S LR )
PRI L IR LA R AR 5 R 3 R4S - RNA IR R
FIRC

24 ETRENEZRBRERASNMERREE.BRME

DITRE RS LR

LT P8 D1 () U5 R 43 S0 vy o R R v T IR
RSB UL 1) 45 58 5K 20 B EME T T R E W
WE R 5 #%, FC10728, FC11983, FC10743, FC11961
FC11980 5 Bk 44 1 # ,FC10733,FC12045,FC10701 ,
FC10726 4 # B4 K 1 # . FC10738, FC10718, FC10717
3R AE R 1K, FC10758, FC11967 2 4 B4k 1 7%,
FC10739 . FC10745 2 Bk B4R 1 58, B4 4 # FC10755,
FC11958.FC10730 ,FC10702 J&HH ip B 45 ,

FC10728, FC11983, FC10743, FC11961, FC11980
SHRABIRMEV TR RAE Ty 1 (H SR AF R A AR A, U6
BH 2 A o 26 RS TR) 4 65 A 3 A7 AR 5 e T TS R U T R R R
BT R — A g 2 B b sl [/ — A~ 57 48 A 7= He b . FC10733
5FCI0701 R4 N 157, B IR T R — 55 B o5, 0 B 4 %
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Table 1 20 strains of pig-derived Salmonella Table 2 20 strains of chicken-derived Salmonella
genome information genome information
RS éﬂ%ﬁr FER ALK oo %W %WTﬂJ [R5 ﬂj%‘,ﬁ FEHHKE oc %[ﬂ Tﬂ]%,ﬂ
B "/ % Bom KB /bp Bs /% B KE/bp
FC10701 63 3 983 709 54.11 4 210 946 FC10706 47 5 045 964 51.73 4 352 938
FC10702 62 3 964 029 54.13 4 210 942 FC10707 49 4949 339 51.81 4 260 941

FC10717 59 4032 099 53.96 4291 940

FC10718 68 4 084 758 54.06 4 347 940

FC10726 55 3996 834 54.11 4 223 946
FC10728 24 3 842 688 54.15 4012 958
FC10730 38 4118 772 54.09 4 382 940
FC10733 41 3947 781 54.13 4 145 952

FC10738 55 4 801 227 54.12 4163 950

FC10739 43 4012 233 54.06 4305 932
FC10743 46 4 892 100 54.03 4197 947
FC10745 42 5019 323 53.97 4 355 932
FC10755 45 4753 312 54.10 4 060 951
FC10758 56 4 940 490 54.07 4272 940
FC11958 29 4 727 322 54.14 4112 945
FC11961 40 4 835 698 54.08 4107 945

FC11967 48 4 847 344 54.06 4219 937

FC11980 37 4 836 241 54.10 4119 952
FC11983 41 4 839 301 54.11 4117 953
FC12045 71 4944 625 54.09 4 239 947

FC10712 37 4776 282 52.08 4 100 952

FC10721 46 4736 766 51.95 4038 954
FC10727 23 4 638 420 52.22 4016 959
FC10729 63 4 818 272 52.18 4 157 942
FC10731 47 5 040 319 51.72 4 345 937
FC10735 51 5029 498 51.91 4332 939
FC10736 58 5054 922 51.73 4 352 939
FC10754 43 4940 696 51.96 4 259 939

FC11951 56 4 680 341 52.16 4
FC11959 43 5154 124 51.66 4 394 934
FC11960 52 4 865 770 4
FC11964 49 4 841 872 51.93 4138 947
FC11978 73 5201 462 51.62 4
FC11981 60 4 878 762 52.12 4
FC11982 50 4791 968 52.01 4 140 943
FC11987 45 4094 948
FC11988 56 4

4

FC12043 46
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Table 3 Analysis of orthologous gene and paralogous Table 4  Analysis of orthologous gene and paralogous gene

gene of 20 strains of pig-derived Salmonella of 20 strains of chicken-derived Salmonella
» PHENER ZHNAER FRE HMER KRR ;. RENER ZHINER FRR HMER RKEE
FHEHEE  FEEEE EERE FEEEE KR ik FURAEE  FEREE FRE REEEE R
FC10701 2176 1538 0 489 7 FC10706 2 169 1528 0 654 1
FC10702 2183 1520 0 472 35 FC10707 2172 1522 0 566 0
FC10717 2170 1559 0 555 7 FC10712 2173 1515 2 377 33
FC10718 2174 1 554 4 541 74 FC10721 2182 1469 0 387 0
FC10726 2173 1543 0 501 6 FC10727 2 180 1504 0 300 32
FC10728 2 190 1502 0 319 1 FC10729 2173 1528 2 451 3
FC10730 2171 1543 0 578 90 FC10731 2171 1524 0 646 4
FC10733 2 180 1528 0 435 2 FC10735 2163 1 546 4 545 74
FC10738 2172 1 551 0 436 4 FC10736 2170 1526 0 655 1
FC10739 2175 1552 2 544 32 FC10754 2167 1551 2 525 14
FC10743 2 181 1533 0 477 6 FC11951 2176 1496 0 320 54
FC10745 2172 1553 0 521 109 FC11959 2159 1567 2 632 34
FC10755 2 191 1475 2 331 61 FC11960 2174 1492 0 489 16
FC10758 2 187 1512 0 554 19 FC11964 2174 1492 0 461 11
FC11958 2185 1507 6 391 23 FC11978 2 160 1551 3 687 75
FC11961 2189 1505 0 408 5 FC11981 2 165 1 544 0 471 14
FC11967 2190 1 500 0 493 36 FC11982 2183 1495 0 454 8
FC11980 2189 1504 0 425 1 FC11987 2177 1482 0 432 3
FC11983 2188 1508 0 419 2 FC11988 2 169 1537 0 467 83
FC12045 2176 1541 0 509 13 FC12043 2177 1483 0 438 1

SAFE X5 4. Bk I TR — 48 RiE, A FCL0707 55 FC10731 SR ¥ T A — & i@ A9 2 4> 20 )% B
FC10707 5 FC10743.FC11983 5 FC119582 2p Aok ¥R F [ PR PR AR v » Ud B[] — oty ot A8 T 1) 3 0% 3RS 38 W7 RE A7 7R 75
2B A BOFR R BLWTIZ AT & BT B BB A

100 FC10758
TEZ MR IRPE YD 1] QTR ¥5 G (915 00 7T BE I A [R) A 4t 6% {FC11967
RFTEC, M A 0 8 B R 77 FC10701, FC10726 5 0o S ECion6

FC10733 i L HE R 85 - 40 Bk B8 T 2 445 65 4, FC10717 FC1a0is

5 FC10738 [al 5 PR &5 » 43 B IE F 2 Mﬁ%mFCWZS
55 FC10743 [A] V5 1k #% &, 40 W0 ok UE T 2 A 8 B A
FC11961.FC11980 5 FC11983 [ I 1 #% 5 . 4 %1 ok I8 T
3 A B A5 DRI LA B (4% A 4 O R T TR — A R
BT B DL AR (76 56 DR 43 5] ) S 0 Y5 Y M]EE[%]
RGe et (UL 2) , 25 5 R 20 B IV 1] IR T 10
BE 4N 5 %, FC10706, FC10707, FC10731, FC10736,
FC11978.FC11982 6 #k %44 1 %, FC10721,FC11960,

FC10730
100, FC10717

FC10755
100, FC10728
FC10743
op) FC11961
FC11980

FC l 0739
FC10745

FC11964 FC11987 ,FC12043 5 #R R4 K 1 £, FC10754, 0-00009050%0‘51 %5020903 8.(‘)‘045
FC11959.FC11988 3 bk 3 4y 1 #£. FC10729, FC11981 Divorp T ution

2 MBS N 1B, AT 4 Bk FC10712 FC10727 FC10735 B ATEH N AR R LR 20
FC11951 Jo W & % 4 . B R K A A

FC10706, FC10707, FC10731, FC10736, FC11978, Figure 1 Phylogenetic tree of 20 pig-derived Salmonella
FC11982 6 #RAGURPEVD TR R AN 1 4% . Horp FC10706, strain based on single-copy orthologous genes
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Figure 2 Phylogenetic tree of 20 chicken-derived Salmo-
nella strain based on single-copy orthologous

genes

P RBUMEHE MR YR~ TTIRE. FC11982
5 FC11959.FC11988 5 FC11960 43 il 5 & 1 A [\l % . {H
KT R — 586 S B 6 ST 8 XS A AE £ Bk
XEUEPEVD T EC B 5 44 i 1% O, v] BB 2 A [ A9 4t 9% 28 3H
HOHATER X REM TR, WNEBEERERE,
FC11960,FC12043 . FC11987 5 FC11964 [&] J5 £ 4% /& » 23 5
KR T 4 A58 R FCL0754 5 FCL1959 [m) PR & . 43531
RIET 2 8 E L FCL0728 5 FC10743 [a] JME AR = 43531
KT 2 445 5 L, FC10706, FC10707 ,FC10731, FC10736
5 FC11978 [R) PP AR &5 o 43 5k U8 4 A 8585 A Ui B
A TR X 1R 3 ) ok 1 T [ — Ik 6 BRI
2.5 HEYEGREREDTREBHERSH

T HE X 5 03 0T, R 20 BRAEIRAE VDT IR,
20 ARAGUFEMEVD TTICTA , 2o 9 J2 15 FhBUm LA . Wk 5 F
6 Fin, LA E U ] TG I B0 A
FEYEV TTIVIE £, 20 BRXG IRV IT IR SL A 277 45
SEEE R LT 20 AR IR PE VD T IR LR 271 D EUR R .
fimA | fimD .ipaH9.8.ipgD & sopB.K08303. pirB.
sipA & ipaA .sipB & ipaB & bipB .sipC & ipaC & bi-
pC.sipD & ipaD & bipD . yee] 11 AHH K 20 ¥k 3% U5
PEW IR W BT 3 4 5 fimA | fimD  ipaH9. 8 ipgD &
sopB . K08303 ., ptrB. sipA & ipaA. sipB & ipaB &
bipB.sipC & ipaC & bipC, sipD & ipaD & bipD,
sptP yee] 12 AJE[H Sy 20 BRI MLV T R A BT 3L A
KT sopE FEPH L EWIEMEV TR HA FC10730 Hi1F .
B3 P50 1T R A FCL0706, FC10707, FC10712,
FC10731,FC10736. . FC11978 6 ¥k A % HH ,

R REEHFENPIDIRELEFASNES FHIR

15 FhEURIE N X ZFBORILEL . fimA 5L TE R
ST B R S T A S A B X TR B R SRR A 1
KM FAR B VR HI™) . fimD SR RN AN G AE A .
MTEETmMEN . A MEMNEEER. S
FTR T B F A T . yeel HERTERARMER A
SUP TR TR i 32 240 A R B, X o0 1) T TR Y S AR A T
BEAE T o Al 2 5T 5 T R B 3R T RE v 1) IR K T A
S I R 1 S5 R SO IR AL sipA & ipaA LsipB
& ipaB & bipB .sipC & ipaC & bipC sipD & ipaD &
bipD JEREBRD I NRER ARERBRER CR
RRE D AANTERIYA T BOW & SPEL. 4 1 ik A £ B 2
ANB B S BRI IR I B T ipaHO.S
R PR 1 R A R 2 BORL BT L T 400 A 0L /I AR R G BE AR L AR
SR sopB 3k B R AR L4 5- R B IR
A-TR R I » J2 — b L P R 8 7 s ML R AR
MU TTIRE R AN IE b Bz 20 f 3t 53 W sopB & A5 . ¥
WOk 3T IR JUL I 8t AR M P 15 5 45 5 AT i | g
A Clk P82 &, 7T EL 16 i 2 f 7 5 1% 5 & 1%,
K08303 , 3 X TE B g 8 1 Wi » 76 b B2 40 MO £ 5 1% = 4
. prrB BEBERE N SEAREE BT SA 4 AN BUR
A TR BT o sopE s RA T BRUP T IR B R
A ZAERER A ER . TN SN EAELES . EH
R P AR T s BRI 18 b Bz 400 M 5 B0 i FIE TS £
HEAE 240 HE 19 3 AL FOIE 5 s WO A A po Ll B L gE
AR A R 5 51 RIS P A i 7 4 T ) R A AR A S
R o sopD e R VE B 0N 2 1 A6 AR A% 400 i v ke
[FIFEF . speP o R B S 20 46 H - RE 5 1R 2 /0 P Al
A 25 B WR A . 300 +H] I DK 400 L g M AL e 500 o 0 o
L2 IED F 2R 4R BEL A I PN A 0 R P R e AR A T 51 R
AN 9 4 BRI, TROVE2 & SSA2 . 3 [ i #
SS-A/ Ro BB E H . & —F RNA-FH H B & 4. T fE
BT —F BRI YU . SS-A / Ro Fiin] £ Jy 5 4 L
ZLBEARAE (NLE) 1 1 35 2 b5 0
2.6 SEIEME GIRMED IR E W EE ST

B X 5 40T, B 20 AR IRV T IR
20 A PEEVD T TR L H P K 16 Fh 25 B A, 3k 7 FI K 8
JR7R o BR LB S L A PRV 1T IR S AT T IR
AT (149 T 245 4 PR 43 A 5 000 B A S L, 20 R IR A VD 1T IR
AT 294 AT 24 36 L 20 MRS PR v 1T IR AT 293 A4
W25 W, acrA.ampG.ampC & penP ., norR . norV.
norW.nsrR . ompC , ompF  tolC . YHBI & hmp . lepA .
pagP SIG2 & rpoS 14 A HZIIEH Jy 20 B BHE VS 1]
R T34 s acrA LampG .ampC & penP . norR . norV .
norW . nsrR . ompC . ompF . 10lC . YHBI & hmp . lepA .
pagP SIG2 & rpoS 14 M THZEHE B 20 B IV 1]
REFTIA T vanX e, 4350 14 BB RED TR
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W5 13 BRXG ULV TR A AR .

15 B 25 B R 5 K 2 R 25 ML o acrA BRI TR
IR A B B TolC e PR VR Ty A1MIEE T 38 25 L W 4 A
HELA BB F IR G, th A& 2 1 acr A i k4L
WZiY )G . 0 S I 2 B TolC 44 3L 14 25 1 18 i & 41
Ho ompCLompF FERE BN SR AL 2 H . 40 7§ 42 fil Bt
WY E . &AM ESLE B8 ompCLompF #3351 K &
WAL R ERS T EW A AR - NBEIE KD
Yy HENTE AR Y VI 8- P T i 26 2 ) A A0 T AR Y
AR LU 250 . ampC & penP LT B H B
P e ity v ol ol ) SRR B ZE B OK i K TEY . ampG L R
TERE - P ok g Al % o7 1% 5 A% At » 4 i — i 40l o
N HRNPAL R BN, BB M KNSR EREY
MYEM. AmpG & Z2HMMA REAR PR CED., 4
ampG FEFK A 2 56 2K AmpC B-P9 B e i 19
FH S R E R MK EESY . YHBI & hmp .norR |
nor V. norW  nsrR o 3 PR 7 B 43 3 o — S804k 280 8L 420
DR AR — e Ak BT T o SR R R L R AR — A A R

RS 20%BEED
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&R — F L EE JR T FoRAd-AND(+) \Rrf2 5k % 5%
PR T & — AL R AU F R BLE Y 0 1T R
i JE— A A S B — A S I B L S B0 W 40 i
EABEYD T B B T B R U 1T B B A T R B
PagP . PR VE B by Tk 35 55 B B, U0 1] EC B4 20 i A1 58 7 5
SRS Wl PagP ., BEKE B NG 19 Cos Bk N8 107 R 0 5% B8 20 P
R0 FRRE W AR 55 b 8 K IR Wi BR 4 » PagP 7= A= Y
WEEZ Al A48 TLR4 0938050, 55 ¥ 177 IR B X BH B+ it
BB AR P . SIG2 & rpoS & RNA H 4 iy £ 5
PUNBE F . S0 1T G A F 3 55 & F T sigma HF )5 3
P B AR X AN R B 5% R T 0 8 LA R B 3E 3R
B, lepAKERER N GTP 454 & . 88 1R 9 45 % 5% 07
MR IE LS B0, 23 vanX R 27 k1D
ITERH EA xS E RS D-IWAB-D-N & K,
FLRE A1 BE o R B D15 24 BE-D-1N 2 R K g . F 3
2T i RE I 5T A g 1) K & AR 25 R AR AR Ak DT AR T oy
BER Y5y T IR 20 T A AR RE B R 25 A 0. UARAR X
B R i 2

NREBFEESH

Table 5 Analysis of pathogenic genes of 20 strains of pig-derived Salmonella
FkE  fimA fimD ipaH9.8 ivgD & K08303 ptrB sipA & sipB & ipali sipC & ipaC sipD & ipaD yee] sptP TROVEZ & sopD sopE Bt
sopB ipaA & bipB & bipC & bipD
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Table 6 Analysis of pathogenic genes of 20 strains of chicken-derived Salmonella

ipgD & sipA & sipB & ipaB sipC & ipaC sipD & ipaD TROVE? &

Btk fimA fimD ipaH9.8 pj:)/)B K08303 ptrB z'/;)aA ’ 2 /n_/);; P& /n'/)fT ’ 2 /Jz'/)T/; yee] sptP SSA2 sopD sopE Bt
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Table 7 Analysis of resistance genes of 20 strains of pig-derived Salmonella

e CampC & . . YHBI & SIG2 & s

AR acrA  ampG penP ompC ompF tolC norR norV norW nsrR hmp lepA  pagP rpoS vanX it
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Table 8 Analysis of resistance genes of 20 strains of chicken-derived Salmonella
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