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Distribution Characteristics of Antibiotic Resistance Genes in Vegetable Soils in
Beijing

ZHANG Lan-he', WANG Jia-jia'?, HA Xue-jiao’, QIU Meng-chao*, GAO Min®, QIU Tian-lei*, WANG Xu-ming” "
(1. College of Chemical Engineering, Northeast Dianli University, Jilin 132012, China; 2. Beijing Agro-Biotechnology Research
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Abstract: In order to study the distribution characteristics and pollution status of antibiotic resistance genes (ARGs) in the vegetable
soils, greenhouse and field soil samples in 11 organic vegetable bases with long-term manure amended in Beijing were collected. All
samples were subjected to the determination of 13-type antibiotics and related ARGs. The experimental results showed that tetracycline
residues were the highest among all antibiotics tested, followed by sulfanilamides. Antibiotic residues were higher in greenhouse soils
than in field soils. For all soil samples, sulfanilamide resistance genes sull and sul2, as well as the tetracycline resistance gene tetL
were observed with 100% detection frequencies. Detection frequency for class I integron (int/l) in greenhouse soils was 1.5 times
higher than that in field soils. The relative abundance for sul2 and tetL in soil samples ranged 10 ~*-10 = as found by quantitative PCR
(qPCR) detection. The relative abundance of sul2 was significantly positively correlated with the contents of sulfadimidine and
doxycycline (P <0.05), and the relative abundance of tetL, did not exhibit evident correlation with the contents of antibiotics tested.
These results would contribute to understanding of the pollution status of ARGs in vegetable soils in Beijing, and to evaluation of
currently agricultural practices based on ARGs.

Key words : vegetable soils; manure; antibiotics; antibiotic resistance genes; class I integron (intll) ; quantitative PCR (qPCR)
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1.2 ARGs ) PCR £l
1.2.1 DNA &85

3RS R DNA SR MO BIO Laboratories , Inc
P2 1) The PowerSoil® DNA Isolation Kit ( 12888-

50) FEATEREL. DNA $EHCE R S R IR &R
J5 53 BT A ( Nanodrop ) A6 I 55 8 DL K 2 BE (A g/ A,
TE 1.8 ~2.0 Z[a], R W H A7) & #2 B DNA 4l i
LD

1.2.2 ARGs 9 PCR & A

KW 5T X 3 Fp B-W Mk % 25 ARGs ( bla pp 4
blagpy ; « blay,. ) ,1 FIMEHEEIZE ARGs (gnrS) ,3 Ff
Mz 25 ARGs (sull . sul2 . dfrAl),9 Tl Y 3 % 2%
ARGs (tetA ., tetA/P . tetC . tetk . tetlL . tetW. tetG .
tetX | tetY) ,1 FLT 85 225 ARGs (ermB) Fll [ 5% 4
F Cindd 1) FEATREIN. DA ARGs DL indd] (9514 K
IR W 1.

PCR FUW A 25 pL: 2 x TransStartTM FastPfu
PCR SuperMix 12.5 pL; Primer F F1 Primer R ( 10
pwmol-L™") 1 pL; ddH,0 8.5 wL; Variable template
volume 1 pL.

PCR i/ 94°C FilZE % 3 min; 94°C 2130 s, T
(C)HIB K 30 s,72°C ZEAH 30 s, I 30 ;5 72°C 14
F£5 min; 4°C R, Hd 7 REATE IR KGR
(F1).

PCR 7= Kz . FH 1% B A B s Fi ik Rz
fHE 110 V,5 pL 9 PCR J5#,1 pL 19 6 x Loading
Buffer, Marker Trans2K plus. GelRed™ Nucleic Acid
Gel Stain e YLt | Alphalmager HP % I 1A% 70 B
RGEIATHH A
1.3 ARGs HYE i PCR(qPCR) Kl

%l BIORAD CFX 96 Touch 5B % ) & &
PCR XX} ARGs #E47 5 B AR
1.3.1 qPCR VAR KRy

S ZR R 20 wl, HorP 28 1 L 4R DNA
10 pL SYBR Premix Ex Taq( TaKaRa Biotechnology) ,
51914 0.4 pL( 538 PCR At B9 HH 1R ) |, 5 g
£ 200 L [BT PCR & rhiff7. AT R 95°C T
E 30 s, SR JFHEA 40 NGB G B B, 95°C A2
PE5 5,182k 30 s, 72°C #EAi 30 s. WM IT A
55 ~95°C , 5 0. 5°C i34, HE {5 8 30 s. A HEM
A3 W, R EE oo, (AR, Bk
Bio-Rad 1Q5 FAS Release #fFEfTAbFE.

1.3.2  #rifEthZeny e

JFk i 77 £ MiniBEST Plasmid Purification Kit
Ver (TaKaRa) ff< #8A= 7 7y vd B 9 7 s B B, S U
JR YA e A% R 2 11 52 43 A ( Nanodrop ) 67100 25 5
DA BE  MERS TR AR 2 a8 FH . AR DRI VA B8 19 5% 2
FIBEAEAR e, [EPAARZ HIARHERNZE e (5 B
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S DB R AA S R0 R 7E 0. 991 ~0. 999 22

], 2R PEAR O R AF , al F T4 2 R A 9% DR

&1 ARGs R intll ##) PCR 514
Table 1  PCR primers for detection of ARGs and intl1

H A3k H EM5Y B BKIRBE(T) /C ik
blacapp.s ACCGTATTGAGCCTGATTTA ATTGAAGCCTGTGTTTGAGC 55 [12]
blagpy. CTAAATCGAGAGCCCTGCTTG CCTTTTCCGCGACCTTGATC 53 [13]
blagyy . TCCGCTCATGAGACAATAACC TTGGTCTGACAGTTACCAATGC 55 [14]
qnrS ACGACATTCGTCAACTGCAA TAAATTGGCACCCTGTAGGC 53 [15]
sull TTCGGCATTCTGAATCTCAC ATGATCTAACCCTCGGTCTC 53 [16]
sul2 CGGCATCGTCAACATAACCT TGTGCGGATGAAGTCAGCTC 66 [17]
dfiAl AGCATTACCCAACCGAAAGT TGTCAGCAAGATAGCCAGAT 60 [18]
tetA GGCGGTCTTCTTCATCATGC CGGCAGGCAGAGCAAGTAGA 64 [17]
tetA/P CTTGGATTGCGGAAGAAGAG ATATGCCCATTTAACCACGC 55 [19]
tetC GCTGTAGGCATAGGCTTGGT GCCGGAAGCGAGAAGAATCA 64 [17]
tetE GTTATTACGGGAGTTTGTTGG AATACAACACCCACACTACGC 55 [19]
tetl, TCGTTAGCGTGCTGTCATTC GTATCCCACCAATGTAGCCG 55 [19]
tetW GAGAGCCTGCTATATGCCAGC GGGCGTATCCACAATGTTAAC 60 [20]
tetG GCTCGGTGGTATCTCTGCTC AGCAACAGAATCGGGAACAC 55 [20]
tetX CAATAATTGGTGGTGGACCC TTCTTACCTTGGACATCCCG 58 [20]
tetY ATTTGTACCGGCAGAGCAAAC GGCGCTGCCGCCATTATGC 55 [20]
ermB GATACCGTTTACGAAATTGG GAATCGAGACTTGAGTGTGC 58 [21]
intll CTGGATTTCGATCACGGCACG ACATGCGTGTAAATCATCGTCG 60 [19]

LB DHO A S ISk 22 ], # DLV AT
B PR = (Bidit/ 3 Fit) x6.02 x 107, 4% 10
35 TR AP R s B b o Y 2, AR A s o i 2+ AR
TESZAT G E B PCR HRESH ) ARGs ).

1.4 Fi/E R HPLC-MS/MS 23 #r
1.4.1 350 Ko br v v e )

0.1 mol - L™ FPAEFRIA AN 0. 2 mol - L™ B iR
TR (AR N 8:5) IRA, FH NaOH ¥ Wi 14
pH 2 4 B[4 Mcllvaine buffer.

TAC ) % frg 1 B (SD) i B ) HY AU mE BE (SM)
Tt g — P S IE (SDM) | A il — P Mg (SMI2) | it
Jiie F e e (SMX) . &R E AR (AMP) . R R
(0OTC) , %R (CTC) , WHE(TC), MAER
(DOX) | IEIPE (NOR) . BRNTPE (CIP) F1E
UL (ENR) 3631 13 Pt E RIR A b, Wk E
391k 10, 50, 100, 250 #1500 pg-L™", —20°C
TRAT.

1.4.2 FESL AL

PRI TRERT 0. 75 ¢ 2 50 mL B.04, A 5
mL $EHUR ( L5 Mellvaine 5K =1:1) , IREdR 1
min, AR 15 min(7KH) ; 8 000 remin ' E.0 10
min(10°C) , BiEFEHEH 50 mL &.0% , FEE #
MK, A9 B, 16 50C K B AR E T 8
mL, %€ 30 5,10 000 r+min "' B5.0> 15 min. WH |
THWRZE 500 mL S8BH, I 8 26 7K 7 B 22 24 200
mL, LA 0.4 ¢ EDTA 4, % © 24 THE 1.

XF AR BRI VW3R AT [ A 2K B % HLB /)
#: ( Waters Oasis, JE[E ) 1 SAX /M (Agilent, FE[EH )
5 mL HEEEAN S mL K36k 5 FH 1 AH 25 RS # 4
SAX Fl HLB /M HR K JE7E SAX N AT B G
B, J5 42 %€ 50 mlL {3 5 48 45 14, in ALK R 4 B
W, 5 TR s 5 B A R R KT - 50 kPa,
FH B AHAE B @A 98 15 W LA S mLe min ™' 9 34U
(L5, uETEE R, H 10 mL 8 4K Pk
BT AT 10 ming, A VR BV (B DY =
80:20) 10 mL, ] 15 mL 2.0 % Uit S vk i W ; 15
50°C AW A TRV Z Pt ImA 1 mL R
VIR (0.1 R KA W: W =1: 1), IR IEIR 5 1
min, #7515 min % ,0. 22 um £F 3k U I8 )5 %
.
1.4.3 U8 TAESAM

WE Ik FESHCHR[23 ], R anr . R
FC & Thermo Hypersil GOLD (3 pL; 2.1 mm x 100
mm ) 3% FE ) UltiMate 3000 £5354% ( $€ 2R G /R B
HABRA A SRR T 0T, HEIR . 35°C ; dERRIA
L. 15 pl; Wi#E: 0.35 mLemin™'. WZHAH A K
0. 1% Hig ( iR/ MK AR ) F1'5 mmol-L™' &
Rl oA B MWL, WA D R 0. 1% WR
CIEWW. KRB LEREM T 0 ~4min, D A
5% LVEE N 16% ; 4 ~8 min, D /1 16% 34 i 3|
40% ; 8 ~15 min,D M 40% 4 hn%] 65% ; 7F 15 ~20
min, D M 65% NN %] 95% J5 4%+ 5 min, 4R )5 [ £
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Ay,
=

WILRIRZS, D R 5% P45 5 min P74

Fii% 2 G0 Thermo LTQ XL A7 A1 2 1 2H
A BRI S ESI( + ). Uik A AR
WF . AR 350°C, 85k 35 arb (aribitrary
unit, {8 CEAL) Bl B A 10 arb, 155 HLE
3.5 kV, B T EEIE . 350°C, Tube Lens Hi & .
65 V. il J=. SRM.
1.4.4 Jriksefm e

525 1 25 FUINER (50, 250 #1500 wg- L' 4T
HERIRAAMERR) LK. 25 F PRI BArfed
Y. RH 3 AEEME RS B BR (LOD) , 10 A% {5 M
FeitasE & TR (LOQ). 13 Fhrdi Az 2 i [l %k
43.3% ~99.8% K tHBEM 0.1 ~30.09 pg-kg ™', &
TR K 0.71 ~56.06 png-kg ™', LR PEHH % B2 5 R
}0.999 1 ~0.999 7, i & 43 Hr ER.
1.5 Bt

K FH SPSS 23 BRAFHEATEE 9 25 5 b PR LU AR
F1 Spearman A I HT.

SRS

2.1 SRH M BUE RIS YRRE

F2 1 AR HE R T AR % 14 13
P AE Rk a5 5. 7E BT R b A b, Bk
7 SM, SDM Fl AMP Ak 2], HApdid: REH

2

AR . RS LS AP A Rk R
A g e R 4 X T R S R AR
R TN

K H 3R PR S B (SAs) M
PUERERBUER (D TCs) HIKH RN 100% ,
WA 2S04 3= (QNs) B Hi 35350 24 69. 23% Fi
73.68% . FH LEANEZE 8 SAs Kb & &
B 0.48 ~21.20 pg-kg ™' (CFHIMH 8. 02 wg-kg™')
413 ~34.70 pg-ke ™ CFHME 13.41 pg-kg™),
TCs i th & B4 310 43.59 ~ 101,75 pg-kg ™' (71
{8 73.65 pg-kg™') Fl13.80 ~260.28 pg-kg ' (°F
I8 103. 58 pg-kg '), QNs AU & 5435918 ND
R TR R) ~7.17 peke™ (F¥MH 1.78
pg-kg™') Fl ND ~ 37.03 pg-kg™' (F¥MH 7.35
peekg ™). DL g R R b M X S H A e
TCs B3 iy A6t & 5 AP 34 & = 48 5 T SAs A
QNs. FHEHIZEDY LK Ji % BRF e 45 Rt i
D TCs JELLIARER 3+ HERN 15 3258 3% B3 Ak H TS
Yl B PR R I ELAS R Pk
SR 274 pg-kg ' F1 6120 pg-kg™'). XATHEY
TCs 16 & PFRE M Pl ) vz AR B el >k BB 2 49
A AR kAR KA G, T B S HAb bt AE R AR L,

S TCs FEFR B iR E ),

£2 FHIERBWHRAEZNEBE
Table 2 Concentrations of 13 classes of antibiotics in vegetable soils
K+ T L
=3 o= A~ Bl
(e P NP e P ek i
SD ND ND 0 ND ND 0
SM2 ND ~20. 66 6.24 62 ND ~ 18. 87 6.38 79
SM ND ND 0 ND ND 0
SMX ND ~3.76 1.78 92 ND ~22.80 7.02 90
SDM ND ND 0 ND ND 0
ZSAS 0.48 ~21.20 8.02 100 4.13 ~34.70 13.41 100
OTC ND ~27.05 8.71 39 ND ~41. 31 11.76 42
TC ND ~16. 18 12. 68 92 11.46 ~17. 66 14. 11 100
CTC ND ~37.73 14.02 77 ND ~182.82 31.37 74
DOX 32.68 ~44.20 38.24 100 ND ~ 145. 06 46. 34 90
Z TCs 43.59 ~101.75 73.65 100 13. 80 ~260. 28 103. 58 100
NOR ND ~3.94 0.33 15 ND ~9.11 1. 15 21
CIP ND ~4.48 1.46 69 ND ~37.03 5.92 74
ENR ND ND 0 ND ~4.42 0.28 11
Z QNs ND ~7.17 1.78 69 ND ~37.03 7.35 74
AMP ND ND 0 ND ND 0

L)ND FR KA 5 SD SRR mang: ; SM2 SRl — FHWEnE ; SM AR et FH UM nE 5 SMIX SRy fif iz FH s ;. SDM A B iz — FR MBI ; OTC Ay %5
%, TC AMUIRE; CTC HEEHER,; DOX AL K50 1 X, NOR AR E; CIP HHRH TP E,; ENR N REEV A, AMP g2 6k,
T SAs g 5 FEEMEEHUE R ML D TCs 29 4 FIPUBRZ KPR RN EE, D QNs Jy 3 P iAERSHT A4 2 1 S it
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