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Occurrence of antibiotic resistance genes in livestock farms of different scales in North China

Z0U Wei'?, JIN Cai-xia', WEI Shan', Ramasamy Rajesh Kumar®, ZHOU Qi-xing”

(1. School of Environment, Key Laboratory for Yellow River and Huai River Water Environment and Pollution Control, Ministry of
Education, Henan Key Laboratory for Environmental Pollution Control, International Joint Laboratory on Key Techniques in Water
Treatment, Henan Normal University, Xinxiang 453007, China; 2. Key Laboratory of Pollution Processes and Environmental Criteria
(Ministry of Education)/Tianjin Key Laboratory of Environmental Remediation and Pollution Control, College of Environmental Science
and Engineering, Nankai University, Tianjin 300350, China)

Abstract: To investigate the contamination profile and influence factors of antibiotic resistance genes (ARGs) in livestock and poultry
industries in Northern China, the animal feces were collected from swine and chicken farms of different sizes in Hebei Province and
Tianjin. In the experiment, the ARG abundances and their relationship with organic matter in manures was determined. The results of real—
time fluorescent quantitative polymerase chain reaction indicated that the relative abundances of sul and erm in chicken feces were

significantly higher than those in swine feces. In contrast, the levels of tet encoding ribosome protection protein (RPP) resistance in swine
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and chicken feces were similar(4.24 x 107°~5.85 X 10™"), but higher than those of sul(1.07 x 10%~2.26 x 10™"), erm (6.36 X 107~2.62 x

10™"), and tet encoding efflux pump proteins and enzyme—inhibitor complex resistance (1.24 X 10“~5.41 X 107). The relative abundances

of ARG in swine feedlots of different sizes were ranked as: middle > large > small, whereas no significant difference in ARG level was

found between middle— and small-sized chicken farms(P=0.551). Further, the orthogonal partial least squares discriminant and canonical

correspondence analyses revealed that tet encoding RPP resistances (tetM, tetO, and tetW ) were significantly correlated with organic carbon

(0C) and organic nitrogen (ON) contents (variable important in projection > 1), while the OC/ON ratio was relevant to the prevalence of

the sul I and sul Il genes. The above findings indicate that bioavailable organic matter in animal manures may be a key factor in

determining ARG pollution in the livestock and poultry industries.

Keywords : antibiotic resistance genes; livestock and poultry industries; organic matter; carbon to nitrogen ratio
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Figure 1 The locations of targeted livestock farms
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Vector,2XTaq PCR Green Mix 25751 #4711 F It 50 4 [
BB AR W) R AT BR S 5 S2 IS RE B PCR O &
M TAKARA $ it . 256 FHZK 2 0 XK
1.3 EE4HDNA BIRE S PCR R iz
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F10.4 mmol - L' ANTPs) . 5 ¥ 51 4 0.5 uL(lO mmol *
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TR RN LB IR IR I8 MG 5. R RIS
HVRTE S A 2T H B E  X—gal fM1IPTG % LB [ & Ht
PR RE SR W BT Pk (T A TR B, Pk
TE B A TR BEAE LB IR AR IR0 B K35 5 B
T2 KL, F ] Nanodrop2000 % <& i #2 ki DNA £
W BE S 4l B 480 58 SR A by b o o %) 5 DXL 4 DL
SR Ji W o o TR A R, LMk AE 107~107, £
RT-qPCR ¥ 34 J5 1E H Ct{E 55 DNA B LRV A C 1
LRVEIZR . LR v 2R A 22 15 E) B AR R B
w28 s X, B AR S BB 3 2K E FE 84.8%~
133.9% , 1 5& R U R FEAHARAFAE 0.99 LA | 26k ¢
RRIT

#1 PCREI#MFF5I
Table 1 The sequence of PCR primers

I ER3I9(5-3") F519(57-3") 3 L Feil
Genes Forward primer(5’~3") Reverse primer(5'~3") Annealing temperature/C Amplified fragments/bp ~ Sources
tetA TGATCGTAATTCTGAGCACTGT — GAAGGCAAGCAGGATGTAGC 56 869 [39]
tetC CACTGGTTAACTCAGCACGAAT  AGGCATCACTTCTTGGATAGGG 57 296 [39]
101G GTGCCTTGCTGTCGCTCTA ACGGTCCTCGCCATAGATGA 55.5 584 [39]
tetH CGCTTGTTGCCAATAGGACAC — ACCGCCAAAGACATACCGATAG 57.3 198 [39]
tetl., TCGTTAGCGTGCTGTCATTC GTATCCCACCAATGTAGCCG 55 267 [39]
tetM ACAGAAAGCTTATTATATAAC TGGCGTGTCTATGATGTTCAC 46.6 171 [40]
tetO ACGGARAGTTTATTGTATACC TGGCGTATCTATAATGTTGAC 46.8 171 [40]
tetW GAGAGCCTGCTATATGCCAGC 3GGCGTATCCACAATGTTAAC 56 168 [40]
tetT AAGGTTTATTATATAAAAGTG AGGTGTATCTATGATATTTAC 46 169 [40]
terX CAATAATTGGTGGTGGACCC TTCTTACCTTGGACATCCCG 55 468 [41]
tet(B/P)  AAAACTTATTATATTATAGTG TGGAGTATCAATAATATTCAC 46 169 [42]
sull  CGCACCGGAAACATCGCTGCAC — TGAAGTTCCGCCGCAAGGCTCG 55 163 [43]
sull TCCGGTGGAGGCCGGTATCTGG — CGGGAATGCCATCTGCCTTGAG 60 191 [43]
sulll TCCGTTCAGCGAATTGGTGCAG — TTCGTTCACGCCTTACACCAGC 60 128 [43]
ermB CCGATACCGTTTACGAAATTGG TACTTTGGCGTGTTTCATTGC 57 190 [44]
ermC GAAATCGGCTCAGGAAAAGG TAGCAAACCCGTATTCCACG 57 293 [44]
ogxB TCCTGATCTCCATTAACGCCCA ACCGGAACCCATCTCGATGC 64 131 [45]
qepA CCAGCTCGGCAACTTGATAC ATGCTCGCCTTCCAGAAAA 60 570 [46]
gD ACGACAGGAATAGCTTGGAAGG — TCAGCCAAAGACCAATCAAACG 50 465 [47]
qnrS GCAAGTTCATTGAACAGGGT TCTAAACCGTCGAGTTCGGCG 54 428 [48]
16SrRNA CGGTGAATACGTTCYCGG GGWTACCTTGTTACGACTT 55 123 [49]
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RT-qPCR S WK 2 4+ 12.5 pL TransStart® Top
Green qPCR SuperMix , 1E [/ Fl 5 [7] 597 (10 mmol - L")
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T FE S v B AREE DR 1948 DUEL, DL 16S rRNA SRR A
THEAT S H AR A B & 25 A b A 2
1.5 BHmMEYRNE

S SR FH B IR A AR Ak — 43 O B VL (HT 615—
201 1) 5 FEMFE & b A MUK (OC) 7 1, LA 4 4
bR vl R bR e R £ . HERRFRI 0.5~1 g T4
Je W ZEAERE LI RS AR B A T B R 3 A
AT ARTE I 0.5 g B R 7R F1 10 mL B85 PR VA L
FESR SR IIMA 7.5 mLYRBRR , 18 2 L 135 Chn#k
30 min. SN 45 WS A2 50 mL K& H 2 = il {5
A A FnK 2 100 mL, #2457, 38 2 h 5 B30 mL
YW, 2 000 r-min™ 8.0 10 min, BB B, L BN
W, 7€ 585 nm &b LIZK 2 HE DN e Vi Ve 8 . T Mg
FEMEAE S A OC & 2 (it /0 40, 9% ) #e IR~ A4 5K
i
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HGRE s a bRt AR s b bRt 2w

A LA (ON) 7 it i I QAU B A AU it 22 ki
HEAH. SIRASTERH 2 A IR E AL
(KJELTEC™ 8400, FOSS, F}22 )l 2 , 44 4% % & 2
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PRIEAERE S S ¢ B FHEE S, A 0.05 mol - L' i
ER W2 30 mL, 4 7 1R 27 30 min J5 BUH 8] A B0 4
3000 r-min B0 10 min, FHE B G ECEEE S mL
BT R E 2 E 100 mL, 1 5 BOR BRI 2 mL &
F 50 mL % F 8 K 2 50 mL, 885 43 B A
1.5 mL (940 FCAab A0 A 1 mL (498 A 18 B0 4M Vs IR 5T
FEPE A 420 nm Ak LK K2 HOISE WG
1.6 HESH

SCH TSN R 3AS AT AL R BE R 2
FEORBRUEN 22 o BOHE 1 B8 1T A2 i A IBM SPSS
Stastistic 20.0 Fl Origin 9.0 #K {4, I & ML b 7 AR AR
LRI TR T AT, P<0.05 Fon A B 22 5% . A
SIMCA-P 11.5 FAF 4748 G VE 43 B, fiff FH IF 22 0 A

JN 3R ) 51 (OPLS-DA) J5' 5, VIP(Variable important
in projection) & OPLS—DA #5745 & () A5 A E i, %
SN HUTOT AN R FP2E ARG 10 52 10 5 38 R i R
VIP=1 £ HA B &M, FIH Canoco 5.0 #k - 4EA 7 L
TUAHR M (CCA) ¢

2 #ER5iTie

2.1 ML FFIEIHIEME R ARGs HY#E HH SR

I R 7 B ZEAEAE G Th ARGs B AG: H A%
WMFE2FR . LIGEER BN, gl S HESE 5 11 (Efflux
pump proteins, EPP) 1% tetH Fil tet L 4 i A% BEA R 5 5
F (Ribosomal protection proteins, RPP) [ tetM . tetO Fl
tetW | L % % 65 it 90 i1l 7] ( Enzyme—inhibitor complex,
ED) [ tetX 1A H 223935 51 100% 5 X sul FE 07, sul
I 0 sul U AE BT A A a8 ARG sad T4 H 4015
DA X B AR (85% ) 5 Wi Fft erm J R 72 BT 3325 3 P 45
R 21 5 T AT gns FE TR BIAG: Y 44 7E 80%~95% 2 (8], AH
F6F tet \sul F erm LR, K6 H 2R BH 2 A AEG
2.2 MRUFRIEFZEEER P ARGs 5 RHFE
2.2.1 NI & FAEIRIH G FEMERE AL ARGs IO
F

TA] A 0 IR T L DA [] RLBE 19 32 08 3 F 3R 35 3
ARGs HXF = B4 B an e 2 A 3 iR, 45 S AR TR
FhEFRFHIZFEME H ARGs 975 Y RpIEAFTE B35 22 5% .
TESGE AT, tetM, terO 1 1er W b PR AH XoF 32 8 2 d i)
7 (4.24x107°~5.85x10™") , erm H& KK Z (6.36x 107"~
6.45x107) , sul K&K BIAF X F B2 AR (1.07%1074~5.56%
107) , 3 A S AE T L b XU B S o T 7R XS 2 A
an Y, ARGs B AR F2 BE B , ARl P AE R 1Y ARGs AH XS
FHEEA BN, erm B (2.51%107~2.62x107") | sul B
(1.86x107°~2.26x10™") 15 £t ith RPP 19 rer ZEA (1.13%

F2 FHEGHESEMEP ARCs IR H TR (n=20)
Table 2 The detection frequencies of the targeted ARGs

in livestock manures(n=20)

S I Il I
Genes etection Genes Detection Genes Detection
frequency/% frequency/% frequency/%
tetA 85 tetW 100 sullll 85
tetC 80 tet(Q 85 ermB 100
tetG 65 tetT 80 ermC 100
tetH 100 tetX 100 0gxB 95
tetL. 100 tet(B/P) 85 qepA 95
tetM 100 sul 1 100 qnrD 80
tetO 100 sul I 100 qnrS 80
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107~2.59% 107™") (1 A0 X = B 45 Ry Hz 30, 35 8 F 4 i
EPP(1.31x10~1.84%102) F1 EI(8.97x107~4.25x107)
) et SEPRART B

FENG I FAT P sul F1 erm F R AR XS = B w5 F
TG IAE P AT F 5. Bilan, b4 X 2
sul UL DR (AR R 32 B8 4 2.16%1072~2.26x 107, 1 HiAE
B FE YA XTI R 1.2x107~5.56X 1072, i 57 4%
£j Cheng 5518 i 8 [ 42 75 b IX &5 85 28 (8 (19 458 —
. X TE B ARGs 15 QK V1 5, b Z4f
FH R, 2SR B B AE 5 S, ARGs 195
YLtk T . Zhao SFPHF ST HRGE TS TR E B B IR
Al X 2 i A KR B R (1 420.76 mg- o) W1 7 T4
. MmN PUA: R AR B A A R
T, FEGEET sul FNerm £ 1975 YL K g 2 vp
B . BN, gAY RPP A EPP $1 1 Y ter 3 [H]
TERGAEFNAGZE b AR BE 4200, 3X AT B 5 X
J5 ARGs | IZ 7 E W BRI s KL P sE
jélSZJ
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Figure 2 The relative abundances of ARGs in manures collected from livestock farms in Hebei Province
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Figure 3 The relative abundances of ARGs in manures collected from livestock farms in Tianjin
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Figure 4 The relative abundance of ARGs in animal manures

collected from different scaled livestock farms

Wk B o SRR (%) 5 08 S i A R A S Az L /1
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T b b X o R SR 3 2 i ARGs (19 °F- 3 A 4 5=
BE R 1.36X107", KT H AU AN 35 38 37, 2 /8 ARGs
AT AE X = 43 510k 5.37x1072 11 3.53% 1072, A% F
A ) b X 7] 45 BRI 55 0 S 1 5, 3R 3G 3 284l
ARGs AHXT = 2B S 0 5 oAb et 22 A a5 R R
KT /N AN R SR8 3 2 (] ARGs V5 Y 7K F- 6
HMEZE T (P=0.551), LiRWFsR g BRI, A —Hu X
XA R A b X e A= R B A HL TR 0T
R SR TR FE RN S ARGs 1975 ¢
K-8 3 1
2.3 BEHEFERENRS ARG ITLKFHIEFEESHT

FRAE I & B 240 OC F ON ARG 35 4 3% 4
FiR , B HCA 1 I A7 288 FF 5 o OC/ON A ¥ 1
8. OPLS—-DA 4347 (B 5) 25 R F WY g 2
ARGs FIXT F 5 OC 75 & (0 A Sk F A9 28 205,
AL IER RN £ (sull ermC et .tetM .tetW Fll
tetX) , i ARGs = &£ 5 ON 1 OC/ON A AH K 7 78 3¢
G ] i . BEAN , NSRRI 2E A ARGs 5B
MU & AR AT 225 0 ter FEIK 5 OC FTON FAH
Fe kBB T 58 T sul il erm FE R, Forp 4 6% RPP A tet
F R 555 ML A S F 5k, 191 L A S P et
OC F10C/ON ¥ 82 3 1EAHC , 2etO 5 ON F1 OC/ON 4 i
EHRE  tetW NI 5 OC F ON 4 5 2 1A 56 s 7E 0 JE R
b P, et M AT e W 5 PRI 347 55 ON 55 32 F1 OC/ON . 3%
FHXK

EA TR, A= 9] TR L (C/N) 52 &
TR W R 8 ) B Y& ) A A RV 4
ARGs 1) 3 BRI Z PR PR B8 AR O, iF9E R B0, W92

R3 AR ZHEX AR AEFEHEER ARC: FEEREREKFE(P)

Table 3 The statistical significance (P value) of ARGs abundances in different scaled livestock farms in Hebei Province and Tianjin

FEHH AR Farm scale HB-SS HB-MS HB-LS

TJ-SS

TJ-MS TJ-LS HB-MC TJ-SC TJ-MC

HB-SS 1 0.018%* 0.407
HB-MS 1 0.98
HB-LS 1

TJ-SS

TJ-MS

TJ-LS
HB-MC

TJ-SC

TJ-MC

0.315

1

0.023*

0.429
0.039* 0.168
1 0.441

0.043*
1 0.551

TR B BT S

Note: * represents the significant difference between groups.
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R4 REMALMRFEGESEEFAIBRINEIEASE
Table 4 The contents of organic carbon and organic nitrogen in

collected manures in Tianjin and Hebei Province

ALK AHLA AHURRA L

Organic carbon/  Organic nitrogen/  Orgnic carbon

Sample sites

(mg C-g™) (mgN-g™") nitrogen ratio
HC1 284.0 18.43 15.41
HC2 317.5 14.32 22.18
HC3 452.9 21.58 20.99
HC4 286.9 49.36 5.81
HS1 391.3 25.87 15.13
HS2 404.6 22.31 18.14
HS3 323.7 23.58 13.72
HS4 394.9 28.45 13.88
HS5 382.7 24.51 15.61
HS6 397.1 21.66 18.33
TC1 380.8 47.51 8.08
TC2 268.5 19.87 13.49
TC3 349.2 28.12 12.42
TC4 372.3 19.95 18.66
TS1 344.7 26.70 12.91
TS2 409.9 22.90 17.90
TS3 387.5 27.28 14.20
TS4 128.7 8.63 14.91
TS5 402.6 24.43 16.48
TS6 387.6 18.23 21.26

FE A sul 1 Flsul T FEH 45 OC/ON 2 I8 3 7 5,
T 74 2% vh U] 52 TF A G 5 X5 T vet JE IR, rer H 255 DX 1 25
15 RPP 1 ter JEPRAHXS = B L P35 OC/ON &2 i %Pk
MK FROFFR A R R 7 & 2 4H 4 OC/ON Al fig 2
PeE ARGs 15 J /K P EE AR Z —, PR RIE
7R ARGs BRI XT 3 5 5 OC/ON 2 8] i AH 56 1 A
55 ON Z B W AH M LT 58 A A0 S, U 18 25 M A
F LA Gsul 1T ermC . tetH . tetM . tetO F1 tetW ) , 3% BH
BB R AAE P ON F i 5 ARGs 15 4 /K V-4 3k
) SRR

=B IE R ARGs 15 YL K- 5 2 [H 1 (1 5%
M, AWFRRBZEME AR OULZEON) F RS2
Flt ARGs V5 G 7K - 52 0 I 25k A G, 2R WA BILJE 1 43
I AL BE 2 45 2 ARGs WK AE R AL FK P i &
BHE . W RV, A AR OC Fil ON 4575 37
Y I R A A 0 L 7 I T T 2 40 i 35 1 2
AT RE™, 3 6 fif 4/ Ml Af 40 Ji 3 mT 308 o R o 7K i
AR IR AP 2 F (A0 48 DNA) 36 B 30F A 41 i 3
FIRCRFRE J1 o Tets E L BAE LW P, B sh 1) &

P 7K A it T S 2 T 0 R A B B R X T
FE45 L WUR A5 A LT AT R 2L 52 0 20 T R A1 4 W)
Y R A FNIE P, DT 52 00 ARGs 16 14 1B 1A= W) 2 18] 1)
R MY W, AN, Hu %@k LA b OC/ON [l
f T 8 W, S A Ak A0 T 23 BN LML 7E—
FE B PY, ON 7 32 8 3 FA 2800 C/N K, RO A 350%
SIHAE, SRS A TR S ) o R L S S A A DY
FEORIE Y K B FR Y g M 3R b 2R g R —
(62.58%~89.43% F1 29.62%~49.72% ) 1 £ & i 1 %
KM (95.29% H188.55% ) T EJEAUAF A ] (Bacteroide-
tes) 5 4 i = SR Miseq ey 38 1 0 PP R 2 B0, 7E
15 KA PR AR R vh A W R R IR A LS T
["](Proteobacteria) FIfUFT & [ ] ( Bacteroidetes ) i 3,
Zig BRI A A A LB (OC F ON) AT fid i 42
B2 P A LB TR S A5 A 1) 1 53
FNE P, 5200 7 85 IR AL 2 v ARGs 1975 44K -

CCAMTE R (181 6) W]« sul FEIN 5 OC/ON 3%
AH I, tetM L tetO Fl tetW ¥ HAT £ & 19 1 £ B HEY, B
oy s BIA P & =2, 5 OC F1 ON ¥R 31
B 5 5® AR S PE | 3X 5 OPLS-DA #H &4 43 ) 45 SR
E—W . MHEZTF,erm 3L H Al terX 3K 54 LR
T A OCYEAR 55 . AR Z A58 K W erm B[R RN G )
E1 ] tet 5 PR 7E 5 58 I 205 1 J&] 30 A e PR ET rp 8- A7
TE H AR T, L% G IR0 ARGs 15 4 K-
IR S R 4T i — P IR R oY

3 #it
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Figure 6 Canonical correspondence analysis of ARGs abundance

and the contents of organic matter in livestock manures
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Figure 5 The statistical VIP value of OPLS-DA analysis between ARGs abundance and organic matter in livestock manures
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