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ABSTRACT: Objective To clarify the meat type dependent distribution pattern of mobile genetic elements (MGEss)
in sauced meat products. Methods A total of 20 samples from 5 brands were collected, including 5 samples each of
beef, pork, chicken and duck. Metagenomic sequencing was performed, and the mobileOG database was employed to
analyze MGEs composition, host sources and associated antimicrobial resistance genes and virulence factors. Results
A total of 2180 non-redundant MGEs genes were annotated. Braised pork exhibited the highest MGEs richness (1789
genes, of which 960 were pork-specific), while duck showed the lowest. Across the 4 groups, 1557 cross-group shared
genes and 94 core MGEs genes were identified. Functionally, “replication/recombination/repair” genes predominated
(40.6%). Pork showed significant enrichment in “integration/excision” (62.6%) and “transfer” (52.3%) functions. The
expression levels of conjugative transfer (Tra) family genes, integrases and transposases in pork were 3.9-31.8-fold
higher than those in other meat types, indicating the strongest MGEs-mediated genomic rearrangement and horizontal
transfer activity in pork matrices. Toxin-antitoxin systems exhibited marked meat-type selectivity, with the Ccd system
detected exclusively in chicken and pork. Microbial source tracking revealed that Enterococcus, Lactobacillus and
Citrobacter were the core bacterial taxa driving MGEs diversity. Co-occurrence clusters of conjugative transfer-related
MGESss were identified in pork sample P004, while Lactobacillus-associated MGEs co-occurrence clusters were found
in P002, suggesting potential risks of antimicrobial resistance gene horizontal transfer and starter culture contamination
during fermentation processing. Conclusion The distribution of MGEs in sauced meat products exhibits significant
meat-type dependency, with the highest horizontal gene transfer activity observed in the pork matrix and Enterococcus
spp. identified as the core driving microbiota; fermentation processes may introduce lactic acid bacteria-associated
MGESs, thereby increasing the risk of antimicrobial resistance gene transfer.

KEY WORDS: sauced meat products; mobile genetic elements; horizontal gene transfer; antimicrobial resistance

gene; metagenomics
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1.1 #R5ERF

SRR IR LG 5 A-hh i 20 43E 4 A
filsh(ER 1): #KAPE 5 43(B001~B005), XN 5 17
(PO01~P005) ., # K HSA 5 f(CO01~C005), #KMgP 5 17y
(D001~D005), i | kg WAKEJG LRSI 2, A TH
VAR L IRAS, 2 h GRS 220 °CUKAF -

k7L DNA $EEGRGR & CE BRI A B A R A
7]); Qubit3.0 DNA Rl iz & (38 EEAEAr ARG FRA A .
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Al); Qubit®3.0 ZE AN (EEBEMR AL M ARAHIRAF); ETC
811 PC # AL (b mt R A A MR A B F]); F980A
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Table 1 Sample information

e RS T BB
1 B001 A - R T AT AL T X EASEan|
2 B002 A - R AT AE T AR XS EASEan|
3 B003 A -tk v N
4 B004 A M- ZiC ES KA LSRN
5 B005 SEM-FZILIESE R E A LSRN
6 €001 X TC-BRIE 107 A6 AR A RIS A
7 €002 G- BRI 107 AL AR A RIS A
8 €003 T AEXG I K 14 G
9 C004 X -4 AL XX A
10 €005 ER RS - R R BE RS F RS A
11 D001 i R -4 P A Ry A
12 D002 -G WAL (G IF RIS )  H iy A
13 D003 320 - 4 P AL Ry A
14 D004 5 T -4 AL g A
15 D005 LN - T HE B g A
16 P001 F PRI 7R R R
17 P002 B H-BR I 7R TR G R
18 P003 BRI Ik R
19 P004 - ok A
20 P005 SR8 T E R R

1.3 H@mTHE DNA HIZBSRENE

{fiFl Omega Mag-Bind® Food DNA Kit #4752k :
DNA 28, A5 FEF20 mg/mL, 37 °CHFH 30 min)FlE
I K (20 mg/mL, 55 °CHE & 1 h)Z0 08, R AmEERLIE
B DNA, Qubit 3.0 Kl DNA ¥ 54 fig
1.4 #HREEEES

78 DNA £ Illumina Miseq™/Hiseq™>f- & Xl 7,
JE AR 24 Trimmomatic iits . Bowtie 2 £ 1E E15 Y45,
{81/ MEGAHIT #4775 814, ] Prodigal #E475EH T,
ik Diamond X mobileOG ¥ #T MGEss 11 B2,
TR H T AN B (transcripts per million, TPM){E &
FEIAAT BT

15 HIEAE

BIEGEH N R R (vA.3. DA 01T ZREME 4T
MO MR A BT BonT Ak B 41 e 22 R4 B R A
Kruskal-Wallis AE S48 50, AHCH: 347 R Spearman AH

RIS B G I L P<0.05 S VAR, i
(RVER.CE L

HZRE

2.1 #ZRh MGEss 269

20 ¥ g PSR RE S PR R 2180 N ETTAR
MGEs AHICHE I, #4 1 # i Pl MGEs %0 BRI
SEREH, iR MGEs R & FFEE, Ml 1789
AFEEE, H 960 4N(53.7%) MM ARE & T ; 1 S
A MGEs 22 R = B 1 I AR T oAl 3 25 i .
HEAFERENE, 4 AR LR BRI Ay 3737, KFIE
TUA KL N (2180), 22{E(1557) 5 Bt T A [A] P A 25 B4 8] 77
TE) 2 s L2 B IR ) o, 8 1R 500 DA v S R PR B
2666 1), FREHERIKZ (488 1), 4 HILH WL
MGEs & [’ 35 94 4>, FKBHFB/ MGEs 3 K725 14 A il &
FLA 3 3 RE (B 1)

2.2 MGEss N8£S 5 5 o HHIE

B/ EHBERERREIFE, Ml 884 4%, flt
40.6%; HIR G /VIBRZL(523 4%, 24.0%) FlEE#25(322 4%,
14.8%); WERKRISKEH 272 25(12.5%); Fa i /R /it
e, R 179 5(8.2%) . BIREIH LG H/EHMER
ek 5. BEVIBRSHBIRE NG . MR AR E B
TN REAR R EAR B A A% SR (B 2).

Y& A BEREEMTRIT A, SRR
GRS R A P 5 AT R, N 57.3%, FERSIAL.
A AT A R 25 s 24.0% . 13.8%F1 4.9% (3 T2 H
TE 4 RSB TPM BUARXT ELB)) . MR BIUECRE, ¥
RRE S IERE 1 701 SR (R H % 79.3%), TPM ik
2450.98; XA 426 SR 48.2%), TPM H
1025.49; PR 244 SR % 27.6%), & TPM Ny
590.39; WA H 155 sk % 17.5%), & TPM K
209.53. £ PGS N TRRE L I AR AL R, HE MR AL AR
Z ¥ (variable coefficient, CV)} 116.3% (P002 =ik 1325.53
TPM), TP CV ik 173.3% (D004 }y 171.78 TPM, HAHEM
BIEF 13 TPM), % ZEHEH E2H DNA i E A
(RepA. RepB). DNA R A& MF(DnaE. PolA). f#jigff(DnaB .
UwrD). HE#H B HEH(RecA, RecB, RecC, RecF. RuA,
RuvB, RuvC, RadA, RadC). Hif# DNA 245G M (Ssh) &
FNFHEHGYA, GyrB, ParC)% >,

G YIRS EE TSI, SRR %3
B )G R T G AR AR, O 62.6%, ISR A
FIME PY R 4350 5 18.9% . 17.2%F0 1.3%(5: TiZ SR 1E 4
HFEMIBLE TPM BIMXTEL) . MR B E, AR
S LA 463 SFEH (R R 88.5%), & TPM ik 2297.36;
XK 253 (K2 48.4%), B TPM N 692.08; 41
G 167 (2 31.9%), B TPM 4 630.96; M P H
103 25(6 1% 19.7%), & TPM Jy 47.82, £ PR N

[« G CX G
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Fig.1 Analysis diagram of MGEss in different meat source samples

122.8% (C002 f=iik 398.43 TPM), 5[4 CV ik 141.5% (D004
7 33.52 TPM, HARFERIILTF 7 TPM), 2R CV 1 85.1%
(B003 2y 250.98 TPM)., IZISHE K FEALFEL FERE(tNpA , tnp,,
tpB., itA). FHAFFIMEEH(nK , insH6, insG, insF1,
insD1, insO1, insCl), #&AMEGINL, intl, int) KM g/ EH
fifi(tnpR, xerD, xerC, res, ccrA, ccrB, bin3)Z:0,
MRS PTG 00T, 85RWoR: B RENTE
T A AR, N 52.3%, ARG ARG Y
AR 23.5%., 12.3%F0 11.9%(Gk T2 38 35 K 75 1 41 A
R lFLE TPM AR L), A I BAOR T, 8 PIAE Lt
K th 267 43 (K 2 82.9%), . TPM ik 668.20; ¥
G 110 26(KEH 2R 34.2%), &L TPM iy 300.34; 4~ H
70 (K3 21.7%), B TPM i 157.13; M pYH i 45 (16
H#R 14.0%), B TPM N 151.46. 4% [ Sh 2 A0 P 3R &l [A] 28
SEER, REPIRENL CV R 126.5% (P004 53k 412.64 TPM, P002
A 173.38 TPM), T84 CV ik 199.2% (D004 4y 138.08 TPM,
D005 1% 0.41 TPM), 2EPJ CV iy 131.2% (B003 Jy 102.80 TPM,
B004 1 2.73 TPM), XA CV 7 108.7% (C004 7 134.79 TPM,
C005 {2 1.81 TPM), ZIHEF RIS HBMHLEH

(TraA, TraB, TraC, TraD, TraE, TraF, TraG, TraH, Tral,
Trb %) . IV B R G4 /- (MrB1~VirB11, VirD2, VirD4),
PG/ 55 R2 IR B I (Mob, MobA, MobB, MobC, Mbe,
Tral). FCxHE AL 1 (Mpf) S G R Tt i i 407
FPWE TR AR LR A T AT, 25 R %A
EF KRG AR, o 62.1%, RSP . A4 R FIHG
W5 17.1%. 13.3%F1 7.4% (% T2 5L R 78 PO 4 A
SRIALEL TPM [AEXT HLf) . MK S BRI, 5 AR 3
Frth 217 Z3E 0 (ke % 79, 8%), M TPM ik 667.82; A
Wﬁ 115 (K % 42.3%), & TPM 2 184.24; Nk H
4 2%( u,tt'.$27 2%), S TPM K 143.20; T8 pYA H 42 450K
tﬂi 15.4%), & TPM jy 79.34, TR 2SI N A i ) AR
SEERR, FERER CV 2N 124.3% (P002 ik 391.05 TPM,
P004 4 211.32 TPM), 4P CV ik 106.7% (B003 g 70.18
TPM, B004. B005 JLF->R#i i), B3R CV -7 99.5% (D004
4 43.16 TPM, D003 1Y 3.86 TPM),, 1% 2 35 PR 3= B A0 475 s 14
EsEAGSTEN . BiED . B4EN . BREN).
DNA {2 58 HilAH S8 [ (K 5B . portal 2511, DNA ¥
Gl WERERE) . BURAOCHE ARG . LR SR
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FH1TE

FEEOGEAE . BLBEN . PIRLEE )%,

YA | FER . PSS T AT, AR R
I RNTESG ) A S U AR, A 59.9%, TERSIA .
A FITE Y 30 5 19.7% . 18.2%F1 2.2%(F: T %253 N
TEPULEFESHIALE. TPM BIARXT L) . MAS ISR R, 34
WAL LR 141 SRFEFE K% 78.8%), & TPM ik
857.92; MK 71 4c(K 2 39.7%), & TPM Jy 282.21;
AR 40 SRR 22.3%), HCTPM Jy 261.34; B8Py H
33 45(Kr 22 18.4%), 54 TPM Jy 31.81, & [l St 280 PRk
(S AR, JEARRNL CV R 128.9% (PO02 ik 511.36 TPM,
P004 >/ 281.95 TPM), PJ CV 35 175.1% (D004 4 26.16 TPM,
HAREMISMET 3.5 TPM), XN CV & 115.9% (C001 Jy
134.96 TPM, C003 1% 1.98 TPM), ZEIEN T2 FER Kb
HEARG(RIERIB, MazF/MazE, HicAHicB, VapC/NapB).
PRSI RS (HsOR, HsdM, HsdS, McrA), CRISPR-Cas
REGAHICEE M (Casl, Cas2). Fhifa e sl (ParA, ParB.,
SopA., SopB) K AURAERHL R 1451,

2.3 ki MGEs EREREHFEEIFE
AT (Tra) SR D703 5 5 P h ARG HE B (94 1)
FI=EE(85.3 TPM)¥ 4 i, KByl E4- Wi

3.9 %, XM 3.9 5. NN 8.5 5 FEEAEFRM
15 f%. XS 4.3 f5. MR 13.5 f%5. TraEHE& IV &
I3 R G (TASS) I % O B L IL N, 5 I B4R 7, HmF
JEHE 7R e pXUR DRRE i v iT BEAE A TR BR A TR B S R A
A TE(Int) 5 5 FERG (Tnp) R FIARE LRI N & SR
AR 9B (278.5 TPM) .35 5 T Jft 3 4H; %%
JRE TR ZE 4 TR H 1 32 3 (432.4 TPM) A3 5124 P . 8 PR RIS PR
B 113 £, 6.2 51 31.8 1. #AJFFI(Ins) i R IR BLAH
I, FIREE R, 19 A MGEs FY 3R 21 A |
Bk SRR T HE TG S s, T B B 2 DR B R g B R AR T
(1) ) PR 1 I 52 TR DG (Rexp) 28 5 358 DR A 9 14 X5 DA 1
¥R ERE R 51(344.0 TPM A1 701.4 TPM), F B 4w kL
Sl i (1 (RepA, RepB)fl DNA RAEEI 3L, iy MGEs
WA ELZ SRR, FR-NERRREREEZEYER:
JFORIRRREE T BRSSO AT 3
i Ced, Maz #il Rel =25 TA &55., TA RGNk &
Tt FH 3 £ PR RIS R v T BB A7 AR 4 A8 DL b sl e 75 78
i, Hal il 4y B R ARGV 4R A SRR I fRE
LR 2).
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Fig.2 Analysis diagrams of mobile functional gene in different meat source samples
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F2 X% MGEss EERBFEREIAH RPHGESEREER

Table 2 Detection and abundance status of key MGEss gene families in various sauced meat products

SRR R R AU TPM U L I i
/TPM /TPM /TPM
HAHRL 153 24/56.0 24/19.9 11/6.3 94/85.3
A 95 21/87.7 22/101.9 14/2.5 38/278.5
% JRE I 197 32/38.2 45/69.7 14/13.6 106/432.4
AT 110 15/54.6 31/63.2 12/1.4 52/419.2
CKiLEBS 407 53/175.3 111/344.0 56/98.1 187/701.4
NG 27 7/6.8 3/22.1 2/0.3 15/96.8
Bl A ISR 82 10/22.2 31/142.1 9/76.5 32/288.0
N WIEES 66 13/28.9 18/18.3 5/4.4 30/80.5
BR-DIER 7 0/0 1/0 0/0 6/30.1
BR-VIBER 10 0/0 4/73 3/4.8 3/3.2
FRIFR 13 2/1.5 3/2.6 0/0 8/68.0

2.4 MGEss FESMERBENHEX M

Al i Pl A H MGEss PIRAEYRIEAFTE B 25 5

I ER TR KR MGEss TE# KGR P FEE RRE
(525.19 TPM), HHA8 4 (240.12 TPM)FIZE (14493 TPM),
*?[% Vﬂ R A (4.62 TPM). MABRTAJE 2 1 PR il &b A

P MR B, LS 19 SURL4) BC 2K 1 (ParA/ParC) 55 42
MGEss )2 ERIE

A B S IR MGEss 2 30 H SR FUA IS P & 445
fE: & WA S AR JE ORI MGEss 9 TPM i
1112.32(F % H P004 TTHK), HifEPIS MGEss [ 16.02%,
AP . 3G P AING P 43 B4R 717, 65.04 F10.30 TPM.
L5 96 R A P ARG HE B R SR T L KRR
YL T 55 2% S50 TR DDA K

AR B TR MGEss 753 1K 19 4 (460.70 TPM,
T3 C004 TTHR)FNM PY(386.65 TPM, 325 1 D004 FTRik)
Wb e, AR A (121.95 TPM)FIA: A (35.13 TPM)H
AHXTEAR, B T 38 PR RIS PRRE i P AT RE A AE LA 42 28 (5
HIBRBA AT 5 R B A TR G

Fr R BT 14 i I U5 MGEss 7255 A /P & 45(65.52 TPM,
AN A MGEss B 0.94%), 5558 A FR e i 9 Fo Ay
TEEIRAT VR AT CCAT R AT TR AE G, A 1 TR A e M A
KFHEH & MGEss B 5k .

A R I MGEss 7638 N rh 325 i 144.23
TPM, F %4l &5 A 2 (1 (TraD) & v B sl o 444
REE Y, $EoR 1T BEAFE T 24 JTORL A543 UK

i B 1R B R W MGEss 7E4- A SR8 & FE B
277.99 TPM, FZLh B003 TiHk), FEHIDE SR R
fiff, 592 Sh v R TR B 2 A A B0 TR (14 S s 1R
B ] R 5 R AL 1 A ) R TR A O

FUAT B & FIERIT FC 1 & K R MGEss 7234 1A P002 H
F S H A (A I TPM=1577.97, {§ P002 & MGEss [
47.49%), T B IS N/ A /A8 2 RN ATk AR e e R
M (ParC &%), 5 REER & H A FLER I MGEss FHfiE—3,

HTF MGEss BRI EMME 8, DL 20 FE 5 AR
AN, WA B JE SRR MGEss F1E ‘?ﬁéuﬁq MGEss £ Ji# i

17 Spearman AHXVEMHT. G5 EIR, WHEREE (r=0.842,
P<0.001). FLFFHiJE (r=0.866, P<0.001)F147 12 AT 4 )&
(r=0.709, P<0.001)Ji ) MGEss F-FF S5# 5L & MGEss £
JE SR TE AR DG BN IR I J® (r=0.733, P<0.001). fAtT
HRHr=0.660, P<0.01), AT J&E(r =0.676, P<0.01)F1 55
AR TR (r=0.669, P<0.01)7R8 5% 3% 8 8 3 IEAH 56, =
B (r=0.561, P<0.05). #j%jERE 8 (r=0.487, P<0.05)
FR B4 4 R (r=0.577, P<0.01)5L i 2 1EAH X . JE— 25204
£, AAHEIE (r=0.844, P<0.001)F1ELIHT KR (r=0.686,
P<0.01)3k J5 MGEss 5 & MGEss = M e VEFE RS BR P002
FE ST R OR B E, RUZ A AR S R AR E M, |
P002 EP‘féLEﬁi“ MGEss [ 5% & F B R & e T 5 s &
75 e ] BE2 ¥ 1K1 I MGEss JE (1) 8 54 AR 4% . FaR%E R
%%Hﬂ, JaekidE . FLAFTRE . B IS R KA AT
LR R IREF G ) MGEss ZFEME AZO Y, TS
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FH1TE

B R S R 28 BK O A AR R S I T R R E W
MGEss &1

2.5 MGEss #I[ M4 5 25 2 E &8 XU 1T

2.5.1 #3t3L MGEss 3 B 3£% 5] (3 1 P004)

RG] P004 1, AR I AR
Hodp, SRR JE R IE A tra KK H (traC, traD, tral ,
traN, trau. traV, traw)Jti it 14 %%, & TPM=9.58;
mob Z AN BRI R AEAG H 23 440551, & TPM=93.35, H:
i mobB & TPM=28.80( LA % fif: S B il B ok W oM
TPM=16.13). mobA & TPM=11.83. mobC & TPM=50.20.
mobL i TPM=1.78. mobl i TPM=0.75; %[ & HEEEH
(int/inth LG 11 Z80% 51, & TPM=25.54(Hr intl &
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