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Abstract: Objective The genomic characteristics, toxicity, drug resistance and genetic diversity of Listeria
monocytogenes (Lm) isolated from food and patients based on whole genome sequencing (WGS) in Liaocheng City from
2019 to 2022 were investigated. Methods The Lm strains isolated from food and patients were detected by the drug
sensitivity test and WGS. The whole genome sequencing data was spliced and assembled by MGAP to carry out gene
prediction and functional annotation on the assembled genome, MLST, production of cg MLST minimum spanning tree.
The genetic evolution of 18 domestic and foreign foodborne Lm isolated strains obtained from NCBI were analyzed by wg-
SNP method. Results The genome size of 33 Lm isolates was 2. 89-3. 41 Mb, and the CG content ranged from 37. 81% to
37.97%. The strains could be divided into 6 ST types (ST9, ST121, ST8, ST87, ST155, ST101), corresponding to 6
clonal complex groups (CC9, CC121, CC8, CC87, CC155, CC101). The strains carried fosX and mprF resistance gene,
18 other virulence genes such as IplAl and prsA2, with varying degrees of deletion of virulence genes. 2 strains were
resistant to tetracycline and 1 strain was resistant to lincomycin. The stains carried virulence islands LIPI-1 and LIPI-2

without virulence islands LIPI-3 and LIPI-4. The genetic evolution analysis of wg-SNPs, c¢gMLST and phylogenetic tree
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based on single-copy core protein sequence showed that the molecular typing of 33 Lm strains was with high diversity in

molecular typing. Patient derived strains were closely related to food isolates, and food isolates were closely related to

foreign outbreak isolates in evolutionary relationships. Conclusion The strains of Lm isolated from food and patients both

carry virulence genes with certain potential pathogenic ability. The drug resistance of the isolated strains is not serious.

Molecular types exhibit diversity. The close genetic relationship between strains from food sources and patient isolates

suggests that the potential risks of foodborne infections in commercially available food.
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Table 1  Detailed table of case information for 9 clinical patients
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Table 2 Information of 18 Listeria monocytogenes isolated strains from NCBI

T R G B X Sr B ARy B3 ST 434 CCH#¥ Lineage Accession

2016TE4526-1-1 BAF 2016 I Bl 7 7 i} GCA_003045205.1
Lmo2001 [ 2018 Ik 151) 7 7 I GCA_009755545.1
CD0086 e [H] 2011 o 37 37 Jii GCA_018034845.1
D76L Ei/1979 2020 EE/EEES 7 7 I GCA_021197715.1
HMO00113468 [EIB 2018 i 204 204 I GCA_013389395.1
N13-2046 Fii + 2013 i 155 155 Jii GCA_003587605.1
PNUSAL004217 B 2018 55 181 5 5 I GCA_003681775.1
Lisporto_25421 WA T 2010 I Bl 388 388 I GCA_900199755.1
MOD1_LS1000 EgE| 2014 Jogi 382 183 I GCA_001482155.1
Lmc547 2 W 2019 T hh 7 7 I GCA_014304675.1
Lml6 [ 75 2003 o 155 155 I GCA_002966935.1
DPC6895 IR 2011 i 59 59 I GCA_000987705. 1
H34 [ER S 2016 95 51 489 489 I GCA_002101275.1
BfR-LI-00752 7 ] 2014 i 59 59 I GCA_013363795.1
Lm20 i 2016 5 Bl 2035 4 I GCA_018735785.1
NH1 h 2018 i 477 9 I GCA_002969195. 1
L51 i+ 2020 i F K 37 37 I GCA_014269505.1
PNUSAL001911 eS| 2014 975 151) 1038 101 I GCA_004508785.1

F 3 33 MR T AT B R bR AR AR L [ A 4 A AT

Table 3 Basic information and genomic structural characteristics of 33 Listeria monocytogenes strains

WG S EORIR i il Contig ™4 Contig N50 /bp  GC & /%  FNYIK/Nbp  Lineage ST 43 14 CCH#f
DZ01 A S T 3% 48 2021-06-21 22 477 575 37.83 2986 269 I 9 9
DZ02 Gl 2021-05-24 22 477 575 37.83 2986 894 | 9 9
DZ03 9 91 2021-08-05 18 519 539 37.87 3016 003 I 3 3
DZ04 EER 2021-08-16 18 477 309 37.83 2998 308 I 9 9
DZ05 EEA 2021-09-06 15 542 663 37.97 2993011 Jii 121 121
DZ06 EER 2021-11-08 18 477 547 37.84 2979933 I 9 9
DZ09 &5 2021-11-08 26 438912 37.93 3 082 056 I 8 8
DZ10 E 2021-10-18 13 579 702 37.83 3012041 I 8 8
DZ11 E e 2021-10-18 26 477 572 37.82 3032588 I 9 9
DZ12 95 9] 2020-01-07 17 357 532 37.96 2980 777 I 87 87
DZ13 77l 2020-06-01 17 579 701 37.83 3014 885 I 8 8
DZ14 EER 2020-08-31 32 357 400 37.91 2979 164 I 87 87
DZ15 95 191) 2020-09-21 14 450 425 37.89 2 892 860 i NEW NEW
DZ16 s il 2020-09-26 14 478 151 37.89 2962 764 I 87 87
DZ17 EEN 2020-09-31 15 579 702 37.84 3012267 I 8 8
DZ18 EER 2020-11-03 15 408 528 37.81 3010 500 I 8 8
DZ20 A A 2020-11-03 13 503 837 37.85 2937 620 I 155 155
DZ21 9 151 2019-08-19 14 412 723 37.85 2920 407 | 7 7
D722 W7 i 2019-10-21 19 428 881 37.86 2939 150 I 155 155
D723 T 5 2019-10-21 21 255953 37.89 2965 393 I 87 87
D724 T8 7= i 2019-10-21 15 441971 37.82 3308 815 I 155 155
DZ25 T 2019-10-21 13 579 539 37.86 2969 974 I 8 8
D726 TR 2019-10-21 21 540933 37.82 2943 172 I 11 11
D727 9 9] 2022-04-16 27 357 399 37.88 2973 064 I 87 87
DZ28 7= 2022-04-25 24 438910 37.81 3042 041 I 8 8
D729 EER 2022-06-06 16 439915 37.89 3031 609 I 101 101
DZ30 TEER 2022-06-06 17 361 333 37.90 2966 553 I 87 87
DZ31 FIEAR 2022-06-06 15 477 158 37.88 3096 588 I 9 9
DZ32 EER 2022-06-20 17 357 400 37.94 3026 566 I 87 87
DZ33 EER 2022-06-20 25 357 466 37.89 2976 345 I 87 87
DZ34 9 9] 2022-07-05 22 438912 37.87 2972 660 i 8 8
DZ35 9 151 2022-08-21 21 510 779 37.84 3 408 825 I 155 155
DZ36 i 151 2022-12-30 18 294 786 37.87 3002 815 I 87 87

51 mprF  FosX Tif 25 3£ K, X} AMP PEN 45 8 Fji#1
AR B ST B PR DZ24 HEA AR i S 24
A LimA 23S ribosomal RNA methyltransferase #1174
PR 2R 25 KL AL rer (45) , % IO BR 28 bR 7T 25 3K Tif
25 5 T Bk DZ32 57 DU 3R 3K KM 25 KL N ver (M), X Y

R 25, Ay 22 MR E S B R mprF (FosX
fisf 25 HE FL, %) AMP \PEN 4§ 8 FlbiiA: R I8, 33 tk
Lm YK 3 25 /7 1 LIPI-1 F1 LIPI-2, ¥4 K 46 ) 3] 25
J1 & LIPI-3 fl LIPI-4, I &b ik 4 7 IplA 1 prsA2 il
vip S HAW 17 A8 Ty HE D o F 5 TR A A R AR B Y
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Figure 1 ~ Cluster analysis of 33 Listeria monocytogenes based

on MLST
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cgMLST B0 HF 7R, 33 Bk Lm 43 85 bR A7 16 45
PR 25 5 B0 AE 1~1 898 A2 i), WLIE 2.
s 19 73 B3 vk DZ36 43 5 b BB 3 BBk DZ14
DZ23 .DZ32 Ml DZ33 #7715 55 A0 Fe XA 13 22 5, 43 0l
k36,34 .38 Hl 32 A~ ;9 4l 43 B Bk DZ36 43 il Rl
1] 53 85 Kk DZ12.DZ16 . DZ27 1 1E %5 1 K2 4 o7 o 22
S, 0000 43 .8 F 27 AW 4 S bk DZ27 FE A
Sy B KR DZ30 S5 A7 FE A 5 25 AN BN 25595 61 43
BBk DZ34 FIE 5L 5 B AR DZ1T S5 07 3 KA 8 25 5
AR 165 [F]—4F 0 19 £ 5 40 B bk DZ13 Fi DZ17
S LA 22 580 1,DZ01 A DZ02 5543 5
A 22 AN H0H 4

FA QBRI ) 8 R A% ST R TR 4 IO 2 5 PR 2 1R T 2 P R g R IR e S bk

Table 4 Type, resistance and virulence gene deletions of drug-resistant Listeria monocytogenes isolated from 9 patients

7 R iiif 24 A ifif 24 1 PRSI RINM
DZ03 mprF (FosX X} AMP .PEN .SXT.ERY .TET.CLI.VAN Fi1 CIP f &% ActA inlF .inlk Ami lpeA vip
DZ12 mprF \FosX X AMP .PEN .SXT.ERY .TET .CLI.VAN FI CIP £ /& ActA inlF Ami vip
DZ15 mprF . FosX X} AMP PEN SXT .ERY .TET,CLI. VAN Fl CIP /g% Ami \wip

DZ16 mprF . FosX X AMP PEN .SXT .ERY \TET.CLI,VAN I CIP f#{ & ActA (inlF Ami .vip
D721 mprF  FosX X AMP PEN .SXT ERY \TET.CLI.VAN Fl CIP fi{ i Ami wip

D727 mprF (FosX %f AMP .PEN .SXT.ERY .TET.CLI.VAN FI CIP f{ % ActA JinlF \inlk \Ami vip
DZ34 mprF \FosX %f AMP PEN ,SXT.ERY \TET ,CLI.VAN #il CIP & Ami \vip

DZ35 mprF FosX X} AMP PEN SXT .ERY .TET,CLI. VAN FI CIP /g%

D736 mprF \FosX X AMP .PEN .SXT.ERY . TET .CLI. VAN FlI CIP £ /&% ActA inlF inlk . Ami .vip

F5 2AMRE G B G TR TR AN S 24 i (R S R (Y 24 M AN 2 ) R DR B SR

Table 5 Twenty-four strains of food isolated Listeria monocytogenes carrying resistance gene types, resistance and virulence gene deletions

bR g ifif 245 J& (K] it 24 1 BRSNS
DZ01 mprF  FosX X AMP PEN .SXT ERY \TET,CLI,VAN Fl CIP fif /& —
DZ02 mprF FosX %} AMP ,PEN .SXT.ERY .TET ,CLI.VAN #l CIP /5% —
DZ04 mprF FosX X AMP PEN .SXT ERY \TET.CLI,VAN Fl CIP f#{ g —
DZ05 mprF FosX X AMP PEN .SXT ERY \TET.CLI,VAN Fil CIP fifJ& ActA \inlF \inl] Ami
DZ06 mprF (FosX %} AMP ,PEN ,SXT.ERY .TET ,CLI.VAN #l CIP /5% —
DZ09 mprF FosX X AMP PEN .SXT ERY \TET.CLI VAN Fl CIP ff{Ji& Ami \wip
DZ10 mprF FosX X AMP PEN .SXT ERY \TET.CLI,VAN Fil CIP fif /& Ami wip
DZ11 mprF FosX X} AMP ,PEN .SXT.ERY .TET ,CLI.VAN #l CIP #§ /5% —
DZ13 mprF FosX X AMP PEN .SXT ERY \TET.CLI VAN Fl CIP f#{ i Ami wip
DZ14 mprF FosX X AMP PEN .SXT ERY \TET.CLI,VAN Fl CIP fif /g ActA \inlF Ami .vip
DZ17 mprF  FosX X AMP PEN .SXT ERY \TET ,CLI,VAN Fl CIP i Ji Ami wip
DZI18 mprF FosX X AMP ,PEN .SXT ERY \TET.CLI,VAN Fl CIP f#{jg& vip
DZ20 mprF FosX X AMP PEN .SXT ERY \TET.CLI,VAN Fl CIP fifJg —
D722 mprF  FosX X AMP PEN .SXT ERY \TET ,CLI,VAN F CIP i Ji —
D723 mprF FosX X AMP ,PEN .SXT ERY \TET.CLI,VAN F CIP ff{ g inlF \vip

F FosX .tet(45) LimA 23S ribosomal
D724 mprf FosX \tet(45) Lim MPOsOMAL 3 AMP . PEN SXT.ERY . VAN 1 CIP#/& , I TET , CLIfiif 25 —

RNA methyliransferase

D725 mprF FosX X AMP PEN .SXT ERY \TET.CLI,VAN Fl CIP ff{ g Ami wip
D726 mprF FosX X AMP PEN .SXT ERY \TET.CLI,VAN Fl CIP fifJi& Ami wip
DZ28 mprF  FosX % AMP PEN .SXT ERY \TET,CLI,VAN F CIP i Ji Ami wip
D729 mprF FosX X AMP ,PEN .SXT ERY \TET.CLI,VAN Fl CIP f{ /i —
DZ30 mprF FosX X AMP PEN .SXT ERY \TET.CLI,VAN Fl CIP ff{J& ActA inlF inlk ,Ami ip
DZ31 mprF FosX X AMP PEN ,SXT ERY \TET,CLI,VAN F CIP i Ji —
D732 mprF \FosX \tet(M) X AMP .PEN .SXT .ERY .CLI.VAN Fl CIP /8%, %} TET T4 25 ActA .inlF .inlk Ami wip
DZ33 mprF FosX % AMP PEN ,SXT ERY \TET.CLI,VAN Fll CIP fffJ& ActA inlF inlk ,Ami vip
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Figure 2 Minimum-spanning tree of 33 Listeria monocytogenes isolates showing the genetic relationships

based on the cgMLST analysis
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