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Analysis of integrative and conjugative elements composition in
contaminated microorganisms of cooked poultry products by
metagenomic sequencing
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ABSTRACT: Objective To investigate the distribution, sources, and gene cassette contents of integrative and
conjugative elements in microorganisms contaminating cooked poultry meat products. Methods Cooked duck meat
was purchased, and DNA extraction, sequencing, assembly, binning, and metagenome-assembled genome (MAG)
acquisition were performed. These MAGs were then compared with an integron database. Results A total of 110

integrative and conjugative elements belonging to 65 distinct types were detected in the contaminating microbiota of
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cooked duck meat, primarily originating from 31 host microorganisms, including Mesorhizobium, Pseudomonas

aeruginosa, and Klebsiella pneumoniae. Among these integrative and conjugative elements, there were 9 kinds of

transposases, 1 kinds of virulence factor gene, and 19 resistance-related genes, including 10 tetracycline resistance

genes. Additionally, 11 defense genes, all of which were phage-defense genes, were identified. Conclusion The

discovery of various integrative and conjugative elements, virulence factors, resistance-related genes, and defense

genes reveals the complex genetic diversity of microorganisms in food. This provides important clues for studying

horizontal gene transfer and has significant implications for assessing food safety and preventing and controlling

foodborne pathogens. The effective application of metagenomic technology in integron research also demonstrates its

potential in the fields of food safety and public health.
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Table 1 Statistical table of ICEs in samples

F2=3 ICE %5 ICE #4#K K/Vkb 6 F A B H%
1 36 ICEVflInd1 114.20 IR Indl 1 0.91
2 52 ICEPacLESB58-1 111.10 i ¢ LI 4 LESBS8 1 0.91
3 76 ICESde3396 63.70 LR ALK LN NS3396 1 0.91
4 133 ICEMIOMAEF-1 61.00 KR A= AR TR MAFF303099 4 3.64
5 174 PAGI-2 105.00 il AR TR C 1 0.91
6 195 ICE(Tn4371)6036 59.80 PR R E AACO00-1 1 0.91
7 198 ICE(Tn4371)6039 53.50 R 1542 1 0.91
8 200 ICE(Tn4371)6041 48.50 H SRR A 2192 6 5.45
9 219 ICE-GI1 255.50 15 B EC 47 [C B DSM 12804 1 0.91
10 338 CMGI-3 97.00 i 2 4 JR T4 R CH34 1 0.91
11 438 phn Island 240.80 IR RS Cs1-4 1 0.91
12 827 ICESpy009 55.30 ik e 5 BR T MB56Spyo009 1 0.91
13 941 CTnPi4 58.60 o) IR R 17 1 0.91
14 1010 ICEPae690 86.20 HLR B MU FFUP_PS_690 1 0.91
15 1045 ICEValHN437 94.30 fff BEIR DN TA HN437 2 1.82
16 1081 Pac_ICE1 cn 102.60 TEMEA M AR M7 8 CH2010-6 2 1.82
17 1097 ICEMcSym(1284)-a 477.10 J W G A= HREE TR WSM 1284 2 1.82
18 1121 ICEKpn2 G_12-1 56.14 fiti R T ERAACHT 2_G_12 1 0.91
19 1157 ICEKpnA_0125-1 58.05 Jifi 4 2 F A QT A_0125 5 4.55
20 1179 ICEKpnB12-AN-2 238.17 il 4% 52 11 [T B12(AN) 1 0.91
21 1253 ICEKpnINF249-2 210.25 Jili % 3¢ 5 11 [G T INF249 5 4.55
22 1378 ICEKpnJF999-1 80.22 Jiti & B AR QAN il 8 TF999 1 0.91
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23 1459 ICE_FpA2-165_tNAleu 34.40 I AT A2-165 T kE JCM 31915 1 0.91
24 1471 ICE_LspYL32_ lysS 99.30 B YL32 1 0.91
25 1563 ICE_SsuNSUI002_plL_1 71.60 FEBEBRTH NSUT002 £k 1 0.91
26 1576 ICE-2 73.20 Z WA LR /RS [ ATCC BAA-247 1 0.91
27 1585 ICEAac2 27.70 PRI RATH VT1169 1 0.91
28 1587 ICE-ABAQ 71.80 T A BEMITE ES4326-D 1 0.91
29 1588 ICEAcapl 66.70 FERLRR AT A ATCC 51196 1 0.91
30 1629 ICE-DQ 83.60 TH AN ES4326-D 1 0.91
31 1646 ICEEal(4)_CSID3000516074 97.20 FRWCHIR Y5 1 42 B CSTD3000516074 3 2.73
32 1651 ICEEalI(1)_0422 63.80 FIRAS IR Y 1 A2 B 0422 1 0.91
33 1661 ICEEall(7)_F3543 104.60 FEWOBR B Y5 11 42T F3543 1 0.91
34 1743 ICEP33 211.20 B 2B AL TR P33 2 1.82
35 1763 ICEPgs6Chn]1 116.00 9B T60 1 0.91
36 1819 ICEPsyl15 51.20 THRPNETE CFBP6109 2 1.82
37 1844 ICEPvuChnBC22 148.80 B BC22 1 0.91
38 1869 ICESpsH35-1 69.80 RSEHERRE H35 1 0.91
39 1870 ICESpsH35-2 62.30 RSEHERRE H35 1 0.91
40 1871 ICESpsSUT-286-1 123.90 RIFEHEERK A SUT-286 5 4.55
41 1872 ICESpsSUT-286-2 51.40 RIFEEEER T SUT-286 9 8.18
42 1881 ICESsul112S 74.40 WAERRTA 11128 f 1 0.91
43 1974 ICEXfal 9a5c 88.20 WFRAFFE 9a5c 1 0.91
44 2010 Tn6783_201330 72.00 Hi R AR A 201330 1 0.91
45 2011 Tn6783_1305E 72.00 LRSI 1305E 1 0.91
46 2049 ICEMaB5P-1 129.80 R FE h A= A9 T BSP 2 1.82
47 2052 ICEMcSymWSM1497-a 443.50 JeE W G A AR T WSM1497 2 1.82
48 2062 ICEMsp.SymAA22-a 766.80 ARV TR AA22 1 0.91
49 2070 ICEMsp.M1D 199.40 R A R B M1D.F.Ca.ET.043.01.1.1 2 1.82
50 2071 ICEMsp.SymM1D-1 332.10 rFE AR J® MID.F.Ca.ET.043.01.1.1 1 0.91
51 2073 ICEMsp.SymMI1E-a 563.10 oA HiYEE B J8 MI1E.F.Ca.ET.045.02.1.1 1 0.91
52 2076 ICEMsp.M2A F.02 222.70 A= AR T B M2ALF.Ca.ET.043.02.1.1 2 1.82
53 2080 ICEMsp.M2A.F.046 155.50 rE AR JB M2A.F.Ca.ET.046.03.2.1 1 0.91
54 2083 ICEMsp.SymM3A 396.80 i E AR B M3ALF.Ca.ET.080.04.2.1 1 0.91
55 2084 ICEMsp.SymM4B 529.70 A= HYJRE B JB M4B.F.Ca.ET.058.02.1.1 2 1.82
56 2086 ICEMsp.M7D 336.10 E’Jim@%i?gﬁ%ﬁ%%ﬂ 1 0.91
57 2088 ICEMsp.M8A-1 102.00 v A 9% 7 8 M8ALF.Ca.ET.057.01.1.1 1 0.91
58 2089 ICEMsp.M8A-2 197.00 A MR 1 8 MSALF.Ca.ET.057.01.1.1 2 1.82
59 2094 ICEMINZP2042 65.90 A R R NZP2042 1 0.91
60 2098 ICEMsp.NZP2077 508.30 A A T4 B NZP2077NS 3 2.73
61 2100 ICEMsp.SymNZP2298 467.10 A AR T B NZP2298 1 0.91
62 2103 ICEMsp.SymSEMIA3007 480.90 s A AR A B SEMIA 3007 2 1.82
63 2104 ICEMISymTONO 508.60 i AERUE T B TONO 2 1.82
64 2105 ICEMITONO 241.60 YR B TONO 1 0.91
65 2111 ICEMsNIBBAC000500504-3 95.80 + 18 AE AR T NIBBAC000500504 1 0.91
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Table 2 Statistics table of host micobial

P55 (FEXCERY Bt i /%
1 Hh A AR B TR 17 26.15
2 i o AP L L TR 7 10.77
3 il 5 5 B A EC B 4 6.15
4 R BE R TR 4 6.15
5 FEWCBR AR T 11 42 TR 3 4.62
6 T AR 3 4.62
7 g W v A AR T 2 3.08
8 TR EEER TR 2 3.08
9 TR A M9 T 1 1.54
10 KA e A AR R TR 1 1.54
11 PERZE R 1B R AT I 1 1.54
12 10 75 B R ARy FG 1 1.54
13 IR FF T 1 1.54
14 T R AR AR 1 1.54
15 Z WA SR SRR G 1 1.54
16 Jifi 9 5 B A EG DA 2R i 98 1 1.54
17 [LESIAL 1 1.54
18 T B 1 1.54
19 JERERAT TR 1 1.54

20 AN 1 1.54
21 BRI 1 1.54
22 TS T 4 s 27 ] 1T 1 1.54
23 il e e 2R TRT 1 1.54
24 e FC A AT B 1 1.54
25 e 3 AR T 1 1.54
26 AR 1 1.54
27 ERE RN A 1 1.54
28 BIREE 1 1.54
29 A HpE A AR B 1 1.54
30 [N AT 1 1.54
31 v i) 38 IR FG 1 1.54
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FHEFEERTA NSUL002 ¥RAEE G 5 U IR RHUEA K, HEA
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ity R4 B P S A ) S DR G A — N B A S B o) — A
PERAEARF A B Z (8% . A I 1 S SR R e
FI| ICEs MR 7 B ot T 1, 5 Jde B R 48 A5 il 2o £ ik
Utk B KT R AR A, SRR W 25 1 1
TE ARG RE T R HE T R . XA AN OGR4
A, XA YRR A S RGP K 251
FEAR T BRI R
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FEATH EZEME IR FRRENLZE ABC ¥i2EA
ATP 255 FEENE 1, RIE TRIMEEEERIE SUT-286, &
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Table 3 Statistical table of proteases in gene cassettes

JF% ICE %% ICE £k K/IVkb 6 FEY g A B R R
1 198 ICE(Tn4371)6039 53.50 ARTE)E JS42 HE AL 1S66
2 827 ICESpy009 55.30 TRIREEER B MB56Spyo009 o AR I
3 1819 ICEPsy15 51.20 THRHHEEE CFBP6109 WAFFNICM: 19629 %% HERE; % ERE, 1851
4 1763 ICEPgs6Chnl 116.00 ARIETIA T60 ISAbal4 ¥LPE[E; ve
5 1844 ICEPvuChnBC22 148.80 HE AR B H BC22 1S30 FETCA ISAbal25 FRIG4 RERTE; %% 9, ISAbal25
6 1869 ICESpsH35-1 69.80 R EERRTR H35 1S6 FETT 181216 SRR R, 4 1ET, 181216V
7 1121 ICEKpn2_G_12-1 56.14 fiti 9 SEEAARET 2_G_12 IS5 #EICHF ISKpn26 SRtk ety e IRt
8 1819 ICEPsy15 51.20 THEHHAE CFBP6109 FAJFHNTC 19629 4% RERE; %% FE, 1851
9 1881 ICESsul1128 74.40 FEHERRTE 11128 IS6 FETT ISS1S FEE% FElE; 5 et
10 1563 ICE_SsuNSUI002 plL | 71.60 FEHEERTE NSUI002 # G ve
11 195 ICE(Tn4371)6036 59.80 PENETRTE AACO0-1 AN, kX
12 1587 ICE-ABAQ 71.80 TR ES4326-D 51l DNA f# e
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Table 4 Statistical table of resistance proteases in gene cassettes

F9 ICEH% ICE 2% K/IVkb R SR & L REHE 116
E| - 15
1 1872 ICESpsSUT-286-2 51.40 B BERR I UEZS- 53 F 148 Dnak
SUT-286
= o TR TR .
2 1872 ICESpsSUT-286-2 51.40 IS BERR IEZS- 4315 Dnak
SUT-286
= S Ey
3 1872 ICESpsSUT-286-2 51.40 LB BERR I UEZS- 53 F 148 Dnak
SUT-286
= o TR TR .
4 1872 ICESpsSUT-286-2 51.40 LB BRI WESS 53 F 145 Dnal
SUT-286
= S Ey
5 1872 ICESpsSUT-286-2 51.40 B BERR I UEZS- 43 F 148 DnakK
SUT-286
= o TR TR .
6 1872 ICESpsSUT-286-2  51.40 IS BERR IS 53 F4148 Dnak
SUT-286
= S Ey
7 1872 ICESpsSUT-286-2 51.40 LB BERR I UEZS- 53 F 148 Dnak
SUT-286
= o TR TR .
8 1872 ICESpsSUT-286-2 51.40 IS BERR IEZS- 4315 Dnak
SUT-286
= S Ey
9 1872 ICESpsSUT-286-2 51.40 B BERR I UEZS 53 F {8 DnakK
SUT-286
- . 3-W IR 22 S R/ W RR 2 T R
10 1870 ICESpsH35-2 62.30 A AEBR BT H3S UEZS- i 5 ﬁ;@
45 {15 1 RINEAT . - 6 S-CRT )2 e H Ik S
11 1010 ICEPae690 86.20 R B L s s . e 3& o
FFUP_PS_690 B R /I 2S5t Uil

BRI | p-PAN | T
S il K kG o e
12 1743 ICEP33 21120 HASHEIR P33 Wit M 4 JE L D B ST BEAG A T A
A5
BRI | p-PUN | T
B R WG R A BEAC TN TR R

13 1743 ICEP33 21120 HASRAHER P33 et M 4 B D B -
B
14 1253 ICEKpnINF249-2 210.25 Hﬂi%ﬁiﬁ&% %Eﬁii‘ égﬁf e Hi%%iz P T ATP B
15 1253 ICEKpnINF249-2 210.25 Hﬂi%iiﬁ&% ﬁg;ﬁ?\:{‘ ;gﬁrf B R I Tl 1 1 ity
16 1253 ICEKpnINF249-2 210.25 W%iigE% ﬁ%ﬁi\ ééﬂ?ﬁf - 55 e il
17 1253 ICEKpnINF249-2 21025 W%nﬁqiﬁm% Q%)ﬂgi‘ ,ﬁ;ﬁiﬁ i aTe W*ﬁgg;iﬁﬁﬁ ATP
18 1253 ICEKpnINF249-2 210.25 Hﬂi%iiﬁ&% %EE?\;‘ égﬁf e R I Tl 1 1 it
19 36 ICEVflInd] 114.20 T AR Ind1 iﬁﬁ;ﬁﬁﬁ é;ﬁﬁfgf ATP W*ﬁ'rsimlg\m MRl

AT IR 0 e A ZR AT 24540 o 33 il s A 847t KT A MO T, P RE AR O W A R e A
A R0 PSR s AR ] 4 S S 2451 ) A4 R E R S W TR R RATREI 2 A, RIRT ARV, Thak
FEAC RIS AT 10 A4S, SR R AR L, O SIS A SRR 4-2 K T IR EE (K 5).
HAPERARD M RGN R 2l 7 A, FEORE T % oK L 917 0 e D) A RS0 A 78 T A A D TR T R
RANRE S PR, EEAREAAMKET (R T SR B 22 Fob 77 0 Sk, 0 T A 5 0 R L W
I Sk AR 1 S AR AP MR A HEN RGN 2 4, PR ACHE 28 8 R B IAC P i R 855
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Table 5 Statistical table of defense-related proteases in gene cassettes

F% ICE%&S ICE £ F% K/IVkb HKIRIEY) HF & RE IREAE FHU
1 1179 ICEKpnB12-AN-2 238.17 Jili 5e B A EC T B12(AN) WETRABI T ZR ST i 7
2 1157 ICEKpnAR 0125-1 58.05 Jili ¢ 7E F (1 FR BT AR_0125 UAESIENOTHESS M2 S R it 1
3 1157 ICEKpnAR 0125-1 58.05 Jili ¢ 7 F (1 FRBT AR_0125 UAEsIENOTHESS [[RESS i3
4 1157 ICEKpnAR_0125-1 58.05 Jili % FE A1 FRBT AR_0125 WA B 2R 5 IG5 S R it 1
5 1157 ICEKpnAR_0125-1 58.05 Jifi 5 FE A FRT AR_0125 U ESIENTT NS RSN i
6 1157 ICEKpnAR_0125-1 58.05 It 48 e B (A QA AR 0125 AT UNDIEHIENE 52 S TR 1
7 2088 ICEMsp.M8A-1 102.00 AR R U ESIENTT NS BB H 5
MB8A.F.Ca.ET.057.01.1.1
8 2100 ICEMsp.SymNZP2298 467.10 rRAE AR TR R NZP2298 WHEAHEE RS WA
9 2071 ICEMsp.SymM1D-1 332.10 Mle’?ﬁfi‘ﬁ) L WEAHER RS AR
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