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Whole genome sequencing based characteristics and transmission risk analysis of Shiga toxin
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Abstract: Objective To investigate the prevalence and molecular characteristics of Shiga toxin-producing Escherichia
coli (STEC) in goat’s feace, breeding environments, and retail raw mutton in Zigong, Sichuan Province, and to provide
support for risk assessment, traceability investigation, and scientific prevention and control strategies for STEC infections.
Methods Samples of goat feces, farm environment sewage, and retail raw mutton were collected from four districts and
two counties in Zigong for STEC isolation. Whole genome sequencing was performed, and multilocus sequence typing
(MLST) , serotyping, Shiga toxin subtyping, antibiotic resistance genes were analyzed, and core genome single nucleotide
polymorphism (cgSNP) phylogenetic analysis were conducted based on the whole genome sequences. Results From May
to July 2024, a total of 466 samples were collected, and 74 STEC strains were isolated, including 67 from goat feces (67/
431, 15.55%) , 4 from environmental sewage (4/6, 66. 67%) , and 3 from raw mutton (3/29, 10.34%). The 74 STEC
strains were classified into 20 different serotypes, 21 MLST types, and 5 Shiga toxin subtypes. Sixty-four (64/74,
86.49%) strains carried more than 5 antibiotic resistance genes. cgSNP phylogenetic analysis revealed that strains of

serotypes 038:H26 and O12: H25 persisted in goats across different regions of Zigong and showed high genetic relatedness
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with strains from the environment and raw mutton. Conclusion

The high carriage rate of STEC in goats in Zigong, along

with the diverse molecular characteristics of the strains, indicates potential transmission pathways through environmental

contamination and raw mutton. The potential risk of human infection should be closely monitored.

Key words: Shiga toxin-producing Escherichia coli; whole genome sequencing; molecular characteristics; raw mutton;

foodborne pathogens
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[N A

A o7 b XA S 3R E A RO S b, 5 SR
FUBLE K H K FiZ X STEC AT O o T4
TIE B ¥ A% 49 U 1 I 58 1 AN 78 4 o PRLUG L 6 T
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(B M A= B AR A FD) B 5% ECC 1 57 3k KBt
5% STEC 3537 2 (L E A 5 55 A F] ) 5 Premix Tag™
(K% TaKaRa 23 w) ) ; 4 5 PR 20 12 Bt n) & (36
Promega /A H] ) ; PCR 51 49 e ¥R 51 i A= T 4B 9 T2
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TG KBRS W EL 10 mL ¥5 KB A 32 FP ) 90 mIL Y
EC W7 . STEC 43 85 %58 2 7% 5% 4 % i W 2 37
43 85 7 1 IS A 2B . RR AR 4R 37 CHR IR I R B
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5, B 1 mL B LA 12 000 r/min B0 2ER N
8.6 cm, B> 10 min, 35 LI, LA 500 L JG# 7K
FAVUE, 4RI 100 °C 10 min, 485 12 000 r/min 25
242N 8.6 em, BS L 5 min, BUE W W BRI A PCR 2
N F) DNA A48, PCR 60 51 9 K B2 oy 45 4 L 2% 1%
Xt T st F/aE sen2 PR 034 B4 B3RP T MAC
R R MBS 5 ECC #9558, 37 Cil G 5%, 78

MAC 55525 FFREL 10 MR AR % fF ECC L kiR
10 N1 L 75, HEAT B VK PCR AN o X sl A1/ Y
stx2 FE R BH PR B bR AT Al Ak o F AT AR A S e . T
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G385 11 B TR Rk 24 4% A [R) b AR B RE A, LA IS
FE MAC 15 77 3 1 5L BUAR [R) 200 6o, 0] L e 6 1 bR
R F 5 225317
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Table 1  Conventional PCR primers
FEH S1MF5 (5°-37) K /bp iB KR E/C
stxl stx1F: AAATCGCCATTCGTTGACTACTTCT 370 58
stxIR: TGCCATTCTGGCAACTCGCGATGCA
six2 stx2F: CAGTCGTCACTCACTGGTTTCATCA 283 58

stx2R: GGATATTCTCCCCACTCTGACACC

1.4 20T 4 DR 20 41 I Q% 4 ik DA 2 300 P

H 4 Promega 4H 1 i X 41 42 B I & Wizard®
Genomic DNA Purification Kit 156 B $2 B40 1 4 3
ZH DNA, HE DA 20 0 Py w0 20 40 % i bl 36 AR B
R R A A SE L. A Ilumina PE150 ~F 5
A0, 6 ek M I 4 Sk B B JoT i KA Y readss X
A5 7Y Dt 1 5808 1547 B 4% )5 19 B clean data, ff H]
FastQC v0. 12. 1 % clean data #4757 B4 , {# FH SPAdes”
Fl ABySS"" B A kAT 41 %%
1.5 ARG HE A

fii F EnteroBase H A% 3% 7 1 J& £ 45 5 (hitps: //
enterobase. warwick. ac. uk/species/index/ecoli)Z}%‘
WaEwEE 7T R IEN adk JumC .gyrB .icd .mdh .purA
F recA X 45 3 40 TH ik X 20 BF 422 7 90 3k AT 200 7
41 43 #4 (Multi-locus sequence typing, MLST) ; f#fi F
ABRicate(version 0. 8. 10) (https: //github. com/tseemann/
abricate ) KGR AT O HUIEFN H HU5 st FEPA
AR () A b B P G L X B 4 1 4 43 A TR R i
AR #E R A 5 Abricate SX1F N B Y
i 245 3 R 38 A CARD (https://card. mcmaster.
ca/) , 153 3 R AR T 25 & A5 2 o Snippy (version
4.6.0) (https: //github. com/tseemann/snippy) ¥ 17 4
HE DR 2H BB R A R 2 S B, i snp-dists
(V0. 7.0) (https: //github. com/tseemann/snp-dists ) 115
PR Z B FPG SNP BE 25, ffi FH Chiplot(https: //www.
chiplot. online/ ) X} & 4t & & ALK HEAT A WAL 2

2 #R
2.1 STEC W kR 5 B8 45 %

ALK STEC BbE 74 R, H P AEE R 3 bR
(3/29,10.34%) , G A 5 4 £k (4/6,66.67%) ,
FIAE 67 R (67/431,15.55%)

SHRE2AXERTATY 3 M AEFXREM,

it 1 Bk STEC. 6 J R4E 2 X H 375 28 1
FEE K H 9 Bk STEC. 7 AR 6 M X H Y
403 {7y £ FE40H K 58 Bk STEC, 7E 6 )y H 5% 75 K B
AR i 4 Bk STEC B bR, REE 6 X E 26 (R FE A
FEM K 2 #k STEC. 45 X B 14 37 5 3 K R 22
SR, T IXOFR E 3 2 R R e ATk
50. 00% , T 1y W X 3 3E vh SR K Y STEC. X4k B2 i
Y i A oR , EE SR B K XU KR 4R
(9 A 2 P RE SR B R AR Y STEC, 2 A Sk B STEC X AE
TUH X B A XOR H  37 A S A R R B T A
SR S RV BR B A L 0L L3R 2.
2.2 I iEAL MLST B i 51 5 2 W A 43 45 2%
AWFFE T 74 ¥R STEC BAK AT 434 20 FloAS [] 1L 775
BI(F 3), EFAME RN 012: H25(15/74,20.27%) ,
HR K 021:H25(14/74,18.92%) K 038: H26(12/
74,16.22%) , L7 % O110: H9 £1 0137:H7 ) B
PR 6 #k,0174: H8 A 4 Bk ,0176: H4,043: H2
1 O133:H25 &4 2 BRI, B4 11 Fhoiuvg #2554
1 BRI 5 2 %0 . MLST 45 3 Wow , 74 BR# 3L 50k
21 FlFF %1 B (2 3), ST10 S 3= % & 51 (18/74,
24.32%) . T4 MR 5 FORE W AY , sixlc(31/
74,41.89%) Fl stxla(17/74,22.97%) & 3 F Y,
b AL stx2b(3/74,4.05%) (six2g(3/74,4.05%) |
stx2k (3/74,4.05%) , Ko Wi #0041 5« stxla+sin2g
(12/74,16.22%) stxlc+stx2b(5/74,6.76%) .
M7 % 038:H26 . J¥ 51 # ST10 #5747 stxle J&F
FEME T AR SR A IR BE 3 BR BE TS K OR TR Y T B BT
A BERAE I B 012: H25 %51 & ST11948 4
W stala+stn2g W TA bR 7E 35 28 R SR 58 5 28 52 75 K
o] 46 L MLV 2 0146: H21 FE 5 5y ST442 | Ifil 75
1 0176: H4 FEFI RNy ST4441 AT sixle BY T HRAL
IYES AR, LTS R 022 H4 JF S Rl ST4145
e stale W RRAN 20 B8 A SR 3R 5% .
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Table 2 Collection of goat fecal, farm and retail raw mutton environment samples and STEC isolation information
SH 6J] 7H At
Hb SR BE I BT CRE R ) K o (k) / B (B / K b o (k) / K o (k) / K 2 /9,
KRB () R REBCE () RRE B () SRR ()

B FRH I (F 28 18) — 7/16 5/92 12/108 11.11

a KA CER) 0/1 — 0/3 0/4 0.00
. eI (FEfE) — 2/12 9/73 11/85 12.94
* KRBT (ER) — — 0/2 0/2 0.00

o IR (E2E ) — — 1/56 1/56 1.79
Rl KRN (ER) — — 0/4 0/4 0.00

FIH ACEAME) — — 37/74 37/74 50.00
T IX 758 % BB 57K ) — — 4/6 4/6 66.67
KA CER) — — 2/13 2/13 15.38

s FEH g (R 28 {E) — — 0/72 0/72 0.00
Wt
s KA (ER) — — 0/2 0/2 0.00
. IR (EIE ) — — 6/36 6/36 16.67

25 H
AT KRN HCER) 1/2 — 0/2 1/4 25.00
&1t 1/3 9/28 64/435 74/466 15.88
T — RN AR

3 FIE R IRTE N A IR R 74 Bk STEC BBk MLST %50 | 1 775 84 B o 33 38 0 54 43 A1

Table 3 Distribution of MLST, serotypes, and Shiga toxin subtypes of 74 STEC strains isolated from sheep feces, farm environments,

and retail raw mutton

MLST ERER WA Mt
sixlc stxla stxla+stx2g st c+stx2b stx2b six2g stx2k
ST10 038:H26(12)™ 0110:H9(6) — — — — — — 18
ST11948 — — 012:H25(12)" — — 012:H25(3) — 15
ST155 021:H25(1) 021:H25(10) — — — — — 11
ST15254 0137:H7(6) — — — — — — 6
ST13 — — — 0174:H8(4) — — — 4
ST971 — 021:H25(3) — — — — — 3
ST10326 — — — — — — 0133:H25(2) 2
ST937 — — — — 043:H2(2) — — 2
ST57 — — — 0176:H4(1) — — — 1
ST16 — 0111:H8(1) — — — — — 1
ST11386 0171:H25(1) — — — — — — 1
ST718 — 0168:H8(1) — — — — — 1
ST442 0146:H21(1)" — — — — — — 1
ST40 0X18:H21(1) — — — — — — 1
ST10648 — — — — ONT:H19(1) — — 1
ST43 — 06:H10(1) — — — — — 1
ST101 — 055:H12(1) — — — — — 1
ST1817 0104:H7(1) — — — — — — 1
ST17222 — — — — — — OgN8:H32(1) 1
ST4145 022:H4(1)* — — — — — — 1
ST4441 0176:H4(1)" — — — — — — 1
ST 31 17 12 5 3 3 3 74
TE G P S X R T PR S (AR RD ) 6 8 2 2 PR A 3 B T 5 6 8 BB AR 4 0 T b
2.3 mZHEH fig25 2 Fh, 2R mphA(19/74,25.68%) . W& i Hiil
M 74 Bk STEC W bRIE DI A EL G2 9 26 31 Fh S 25 % DN RIAK T B e 6 4% 1 Al 53 il gnrST
fiif 25 3 K, o 86. 49% 1 B AR AE A 5 BB DL I 9 Tid (41/74,55.41%) 1inG(4/74,5. 41%) . {H15 =M

G EE SR RE T R 2 9 B, DL arr-2
(31/74,41.89%) K F . B-W BRI 25 HE 4 6 Flt,
PL blagy,,0(26/74,35.14%) J ¥ . A5 R 25 5
4 4 B, DL floR(34/74,45.95%) 3 F . DUFR 2K 251t
ZHELA 3 ML 1etA(35/74,47.30%) K o Bk i S Tif
LA 3 L L sul2(17/74,22.97%) 9+, HATE

K2, FEIE dfrA14(31/74,41.89%) . KHN

&, W k4R 5 STEC1808 .STEC1809 F1 STEC1810 =
R B R I 4 14 4> 6 AP UL i 25 3 B, 9F HLY TR
B 48 7 B 7 B M T 25 L R blagy,.,e, 3X 3 PR BRI 3500
B H R A FR A 2
2.4 SIFA RGBT
AT GT 4> B 74 Bk STEC M 3 T & 3
M 2 A% 1 R 2 A5 M I R GE A, o0 B 45 2R R
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Figure 1
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LSBT ARAE 6 H M 7 H /v A& I Y 3%
i, T R 0] SNP 22 53<28, 7E cluster 2 77, IfiL 7 5 4
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& O YR A Bk SNP 22 5$<18, 7F cluster 3 H7, 5T
DX FE A o YR 10 T bR 5 R BT 3 A S TR R TR T R
RAE— %, SNP 22 5% 167, I3 B35 0176: H4.
TE cluster 4 W, MLyE 7 038:H26 1Y 1 #F R 253 —
f X BE TR R O> B A R B T2 E L B O X R ER
Bi 5 KR BT I DX AR A, HLRE SR BRI TR O A T
5—7 H B R E R Ak STEC188S5 55 37 5 37 PR B3 ok
R A R STEC1880 19 SNP 22 5k 98, 5[] f% 2 3¢ i
o JR B Bk SNP 22 5 <116, 5% 5l 3 25 85 ok I bk
STEC1880 15 [] f% = & ¥ ¢ I i #k SNP 22 5 <37,
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Heatmap of antibiotic resistance genes carried by 74 STEC strains
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1E cluster 5 Hv, I35 % 0174: H8 1Y 1# bk B fy —
e, X SU B BR O B TR BRI R DB 0 2 20 RE S
KET 6 HF 7 H,SNP 22 57#<60,

3 i

PENERKRR AW EME - BA U AE
RN — KB RAERE. RAashy+t
)& STEC M HE 15 3. KRZ AN STEC &L 238
o B AR AR AL B IR AR I A IS R ik sh ) R 4%
T 5 BRBE A G 10 22 58 . BRI, SRy T A BT R 4
STEC J& 4 , 75 222k H “ [A] — i B " (One Health) ¥ £
I 3 W At S AN 3R B8 T3 A = A JE R AT 4%
AR e TR R s M, A S L A
e JURP A [) ok 5 1) B A LA 0 B2

STEC £ 328 | 37 58 4 35 b5 K iii 85 A4 A rh iy
SYBEEE R I A ST X, R BRI STEC (Y H 2
T B, I 9% 58 5 25 55 0] BB & STEC &4 1 SRR .
VFZ B ZWN ¥ AEER DA R, AT Bk
Hb X2 1) 35 A A B SE 5 2B O SRR R T
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Bk KFEAG MmiER MLST ERFRTE RS
| | |
STECI919 @  OI37:H7 ST15|254
STECI909 @  OI37:H7 ST15254
STECI894 ®  OI37:H7 ST15254
STECI895 @  OI37:H7 ST15254 cluster 1
STECI896 ®  OI37:H7 ST15254
STECI897 ®  OI37:H7 ST15254
STEC1920 @  OI2:H25 ST11948
STEC1931 @  OI2:H25 ST11948
STECI916 @  OI2:H25 ST11948
STECI807 @  OI2:H25 ST11948
STECIS802 @  OI2:H25 ST11948
STEC1787 @  OI2:H25 ST11948
878 @ OI2:H25 ST11948
STEC1798 @  OI2:H25 ST11948
STEC1781 @  OI2:H25 ST11948
STEC1797 @  OI12:H25 ST11948 cluster 2
STECI803 @  OI2:H25 ST11948
STECI801 @  OI2:H25 ST11948
STEC1788 @  OI12:H25 ST11948
STECI805 @  OI2:H25 ST11948
STEC1804 @  OIl2:H25 ST11948
STECIS08 @  ONT:HI9 ST10648 stx2b T X
—| | STECI890 @  Ol76:H4 ST4441 gt
STECI824 @  Ol76:H4 ST57 u
STECI806 @  OgN8:H32 ST17222 stx2k T X
STEC1836 @  OI110:H9 ST10 stxle X
STEC1834 @  OI110:H9 ST10 stxle T X
STEC1839 @  OI110:H9 ST10 stxle TTHEX
STEC1825 @  OI10:H9 ST10 stxle TTHEX
STECI841 @  OI110:H9 ST10 stxle T X
STECIS00 @  O6:HIO0 ST43 stxla T X
STEC1885 : 038:H26 ST10 stxle
y 880 @  038:H26 ST10 stxle
IpRORTR STECI892 @  O38:H26 ST10 stxlc
STEC1893 ®  O38:H26 ST10 stxlc
SEFEE STEC1908 @  038:H26 ST10 stxlc
— [BEEC1939 @  038H26 ST10 stxle P
STEC1925 @  038:H26 ST10 stxle gluster
. TR AR 15K STECI913 @  O38:H26 ST10 stxle
STECI9I1 @  038:H26 ST10 stxlc
STECI903 @  038:H26 ST10 stxle
S| STEC1917 @  O38:H26 ST10 stxle
STECI906 @  038:H26 ST10 stxlc
STECI833 @  Ol11:H8 ST16 stxla
o . STEC1942 @  0104:H7 ST1817 stxle
PREIERY) 879 ®  022:H4 ST4145 stelc
Y STEC1777 @ O171:H25 ST11386 stxlc
STEC1922 @  O174:H8 ST13 I
STECI1899 ®  O174:H8 ST13 luster 5
®6A STECI900 @  Ol74:H8 ST13 cluster
STECI898 @  O174:H8 ST13
sA STECI864 @  O168:H8 ST718
STEC1932 @  O55:HI2 ST101
STEC1943 @ OXI18:H21 ST40 bl
Cluster STECI82 @  043:H2 ST937 b
STECI860 @  043:H2 ST937 J
STECI884 @  0l46:H21 ST442 TTHEX
. cluster 1 STECI83 @  O21:H25 ST971 H IR
STEC1859 @  O21:H25 ST971 AR HX
STEC1861 @  O21:H25 ST971 AR X
cluster 2 STEC1853 @  OI133:H25 ST10326 stx2k KX
STECI811 @  OI33:H25 ST10326 stx2k T X
| 3 STECI891 @  O21:H25 ST155 stxle T X
Cluster STECIS35 @  O21:H25 ST155 sixla FHKX
STEC1810 @  O21:H25 ST155 stxla TTHEX
STEC1809 @  021:H25 ST155 stxla T X
. cluster 4 STECI1840 @  O21:H25 ST155 stxla X
STEC1779 @  021:H25 ST155 stxla T X
| 5 STEC1941 ® 021:H25 ST155 stxla TTHEX
Cluster STEC1842 @  O21:H25 ST155 stxla FHX
STECI843 @  O21:H25 ST155 stxla T X
20000 STEC1827 @  O021:H25 ST155 stxla TTHEX
Tree scale L2 STECI940 @  O21:H25 STI55 stxla T

K2 74 Bk STEC Rtk & GE it AL
Figure 2 Phylogenetic analysis of 74 STEC strains
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