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Abstract: Soil i  thé primary interface of*Earth’s ¢ritical zoné Fand plays an important rﬁe in food. sécurlty and sustaining envnonmental

SU Jian- qldng

balande. 'Antibiiotic reSistance genes ( ARGs)| posé' significant threat to human health¥and ecosystems, with croplands being 1ntens‘1vely
affected via/planting patterns and the applloatlbn of fertilizers. The transmission of ARGs in croplands remains largely unknown. Using
high ‘ﬂqroqghput quantitative=Polymerase Chain Reactlon (HT-gPCR)~techniques, we investigated the occurrence and diversity of ARGs
and their assotnati‘on with heavy metals in différent croplands in€hina. A total of 187 ARGs were identified , ranging from 89 to 159 in
avrloulturq] soils. The abundance of ARGs ranged from 6. 47 x 10° to 1. 41 x 10" copies-g ™'
most abiindant. Heavy metals including As, Co, Cr, Mo, Ni, and Pb were correlated with ARGs using the R package ‘evnfit’.
Furthermore,, redundancy analysis (RDA) revealed that the heavy metals explained 59. 3% of the variability of ARGs in the different

croplands, indicating that heavy metals might exert an important influence on the composition and transmission of ARGs. Croplands

with multidrug resistance genes being the

soils act as a vital reservoir and reaction media for ARGs. Different crop cultivation coupled with selection pressure of heavy metals
from fertilizers could have potential impacts on the prevalence, diversity, and distribution of ARGs.

Key words : antibiotic resistance genes ( ARGs) ; soil; crops; heavy metals; diversity

PrAERTE 20 PN LIIFF LI, TEBE
¥7 DA U RE S B 1 FH SC B |, 18 & UK ™ IR FE
HH RSB = RDRLR F R AUt sh i R K BRI TE A
KRR FEA BTSN R L. PR
[Al (antibiotic resistance genes, ARGs) 7E b BR 37 5% Hh
BT ENAE AR (DR, 8%

(75 e 5 A R RIBOR ™ H, A S BRI M IS B
T I 7 R P A

A T - ST DR R £ 2 4 1 A 251 i HL A
AR R A T, AT A BRI O T e 4 42 L
R AT ST SR W 30 e 2 B A 1 1
A R PR PR R A R T R SR

FROH . R T K HEROR N 1 BT AE 4SS ) Jnel 1 26
B R A AR E—E#%/E\Jﬁ%
T 2P R T R BRI B ks
BORAE T RE 2251 R T BEIR 1A% el IJH:

PUERYUMERE B S —Fopr B ) B A P
SRS e 0 o 2 30a, 3 2o H RO 5 8 AR
kAR R MPUE R A R
ROHANBFEAR , 5 H [R] 470 A 2R B0 P A5 P AR BRI

KA AN it R (ol A W0 AR BRI P 2 W 30
It A S YA HLAC A 23 i oK R
FEYIPUAE RIS AR A Y S
HiE A M 22 32 B0 HLAS B2, Ik 1 P AR R

s HHEA: 2020-09-09; f&ITHEA: 2020-12-02
EETA.: EEARAEILEIH (41807460, 41701280) ; EKE
SR H (2020 YFC1806902 )
EBER A, B (1987 ~ ) AT, TR, FEAF5E 7 1N
IR 5 T2, E-mail ; fyhuang@ iue. ac. cn
* JIE/E#E , E-mail ;: hli@ iue. ac. cn



2976 ®

L 42 %

e

PUMESERITE L SERVAE Y 0 B 9 A R A =2
Ab, 15K REBR YA TH 38 B B A 38 3
HAT PR BT 1, AT 28 iy 22 e ek A A0
A TR AR AP BRI S 1L
AW FRCEFE I 3 A3 AR AN K S AIL i F 5
RN T A A MR 22 4 A G T I Y E 22 N
AR PUA R PUHEIE R AT LU T L0 et
LIRS Y-SR AR R T
ARELTRAWTFA T L IEPUAE R POVERE DR 55
ARG FNIRSAL ] A H 2
AR R HEZ 3 T HARIREE A ERNE 3l A XL
SR BIFFE RIS RV A4 SRR M i AR B
PR D ) Z2 R UK S AL i HAT B 20 . HATEE
XoF A TH = 38 PP e A= R BT 5 DR 5 e F 58 A X e
2 BT AN R 4 ol L 19 D00 1) 4 T 1 2 B AR S T
FENARXTBEZ . AR A T+ b A: R Uik 2k (A
{35 GERE R AN LR B BIOHL ) 0 AS-EE 1 . ACTIF 52
TAERA T AT AN PRI 0L, R4 T A A IX gt
AUPEY A T 5 SR v i ik PR i3, AL

FHUPESEIAE 1, ,/rnév\ff)?TﬁJ#ETﬂﬁ?%ZZ_;

TR A A R 10K 4R A AT
4 PR SR R R et 4 SRR e
??ﬂfﬁﬁlﬂﬁﬁﬁﬁ N L ?JE%HEIZZJJ’HL% , L3
PRI SR s R AR
€ 20 2 DS S f (4

1 ks

L1 WP S SRR AR

F 5 DX R A e 2 T A L, i) SR A
TR . AEAE L KRR HREAN ARG AR
(EL1), 5 A RAESIATTES I TP, J& THE X [A]
JBE A b 3R/ IN L AT LA 6 PR P T (B 25 5
I A FN T HE AT 5 4 ) R 6T A A i 12, %k
TSR AT TR R AR A R 3
H I A it SR A A S KR (T S 5 — AR
HART W TR EEBIITR i, —&aH
FECE T - 20°C VKAR R A7, T e 221 L3RR )
41 DNA 3L
1.2 R IR E G R ITR T

A AT % [ AR XU T ), FH ST
PRIEAT TS FEE | IS 200 B (PR UERE S A3 AT B,
& T%Ti nEE ) 8 T I O ok A 3 B A A 2 20

AN BEASTERAT. B RN REY 4g,
ﬁﬁﬂﬁﬂﬂ@a*ﬁ*ﬁﬁfﬁﬂ?ﬁ’ﬁiﬂiﬁ%ﬁ— R X
B2 661 AL ( XRF, Axios mAX , PANalytical , faf
)MEAH EEFE Ag, As, Cd, Co, Cr, Cu,

> =

° {E2E(HS)

o
(G

® k#ssp)

L ]
HRGZ)

0

®
500 m FH (X))

B1 FAEMEMRALERERMEBECESHTE

Fig. 1 Sampling sites in different croplands

Mo, Ni, Pb #l Zn #E(?@) Eﬁ? e
1.3 < H3EpUE Yal DNA $2 f'

P4 S50 8 DR A IR “ﬁ*ﬁmﬁiﬁc}: Ui}
BRI 2y 0 5¢ H/J:t# 7 FastDNA sp;tfi’ k1t for
soil (MP Bl()med(:dlsr ) I m,ﬁfﬁﬁﬁé%%ﬂﬁﬁ
/Emﬁﬁ{%ﬁﬂ%%ﬂﬂt%%ﬁz%éﬂﬁ DNA, DNA, 3%
JR AR iiﬁ*ja 100 mL, 32007 15 DNA Eﬁunﬁﬁ%f
—%%Wﬁﬁ&ﬂﬁ@ h ol
L4 HHLER PCR SRl ER PR

YT 165 rRNA S5 PR HLAE ik PCR 1Y 534

i ] LightCyclerRR 480 SYBRRR 1 Master iz 5l

( Roche Diagnostics , 3¢ [# ) 7 LightCyclerRR 480 I %¢
e i PCR 1% ( Roche Diagnostics Ltd., Fi 1) b
7. T Mobr e 22 B9 16S rRNA J3i KL 4R vk 15 Ky
1.5X101000pies-}LL_] WA ALTE oA 107 ~ 107
“LUWRLE B PCR RNAR R R 20 wL,
FRAL4E 10 wL 89 SYBRRR 1 Master if#, 7 wL
PCR U 2K, b, TUHELIY & 1 pL, £ H 1 3%
DNA #£4fi 1 pL.
=il B qPCR (HT-qPCR) 2 & F A 2 A&
TaKaRa ££ 412\ F] A9 SmartChip Real-Time PCR
Systems , YR HFRFEH . PCR KW 5% 14 A%k 4 %)
2% SCHk [ 18 . % HT-qPCR V- & B4l PCR JZ i
REUA 100 nlL, B Kl 85 18449 PCR, HLA K
?ﬂAi?ﬁ S 347 1 AR ARG R £ v B P #. HT-qPCR
iR, A ST e R 2 4 BT, ARAF PCR &L
K F1.85 ~2.15 BYA %K C (4.
1.5 Haegiit5ah
HT-qPCR #5219 16S rRNA [ Ct {8, 1158 H:
N7 P5 DU B (R ), 5 ML E & PCR WY
16S rRNAFEPR 245 G20 B, 15 34 H - 38 b 25 3t
A E PR A4 R HT-PCR (8068 i

copies - L

o



6 B SR AN FVEYIAR T AR Ry ) Z R 2971

Microsoft 2 &) f] Excel 2019 & R H IBM
SPSS 22. 0 47 i 3 P A 1 AH 5C 2 B, R
OriginPro 9. 1 #E47 H 7 EEI/ER, R R 4.0.1
BAF AT T HUE 534 ( pheatmap ) FIFREE K 5-7C
A5 (redundancy analysis, RDA).

2 HBREHW

2.1 AFEEYAR H 5l Rt N 2
ANTFE A T A8 A H 187 b 4t
PEFE P, 11 Fh AT A% 3l 38t 4% JC fF ( mobile genetic
elements, MGEs) ,MGEs & 45 8 /N e 3K F1 3
NG TR (E 2) . &R RIVEY) By A7
KPR 139 FpiA: RPUIEREA , MO MG (GI) 1Y
T iR O 89 Bl R A AL (X)) B9 HERZ, N
159 Fofr. A 4 PT RS Bl 35t A% JoF R B VO 1L R 4 ~ 9
it PR HRE (GZ) IR (XT) AR K I 3] 1 9
Fia] B sl e oo . A I L serh PR RPTMEEEIA 2
W R 2R, R A £ W W25 % i R
22.73%) . WU ¥ K% b ph R E

( multidrug,,

(tetracychne 16, 55%) B- V\]@ﬁfﬂﬁ?@?ﬂ iﬁl(ﬁ F

lactgim, | 15. 83%) MLSB 2 #ii 1 é% W gs
14. 96% ) %ﬁﬁ%*ﬂ M 3 A ( &}fflnoglyéo,sldﬁ
13. 81%) ﬁﬁ@??@zfﬂ iﬁlﬂ(vanco yein,

8/35% ), FCA HHUMEREH (FCA, 3. 60%)' ﬁﬁi& |
E%’é?}}.ﬁﬁ%{f,

b ﬁ%lﬂ ( sulfpnamlde 2.45% ) M ﬂ:

(others, I" 73% ) —

2.2 $ﬂ¢%ﬁﬁi&h$?ﬁiﬁl%$ﬁm¥
X A 398t Al BT I R Y 2 B KT A T AT

!.

20 MGEs W ZWRAE

Ji MR?& Bl MLSB3#

180 [ S I 51N e
ZE | eB e

166 168
160 I el 149
140 |
120 -
100 | o
80 |-
60 |-
a0
2k
0
Gz XJ

Gl HS SD

200

Hi e B Gk AL R RAT RS Bl 10 1 70 P () o 248

B2 AEEMAKBTERERHEERM
A EBETHRTEL T
Fig. 2 Number of ARGs and MGEs in different cropl_gnds‘

Z I J7 243 (ANOVA) T, R A f: 4 1 - e
PrERPIH SRR A W 2R (P <0,05) 54
PNCECER 28 ﬁ**ﬁﬁé(xné’v&ﬁﬂiﬁﬁif“%
BN 141 >< 10" c'op'les g’ ﬁ*ﬁ*ﬁ%‘ﬁ’)‘iﬁ?f@ﬁ
ﬁ.ﬁﬁiﬂf& j‘]‘iﬁ 474 10° coples g7 X iﬁmﬁfh
AR i%ﬁﬁ#“*éﬁtﬁﬁw — 5 1575%441%14‘,@".
(GZ) E’Jiﬁ%#&%lifﬁ 7.9 &
10° copies- 28 ‘*QXTK{EE ﬁ’ﬁﬁ*ﬁr“ﬁﬁhi%hﬁﬁé
R B X 5. IR, IR A6 2 (HS) FIK S
(SD)E’JZ?EHi%%?)L%%?%L P 3 R 43 51k 1. 10 x
1071 1. 28 x 10" copies-g~". AN[FEVEY 4 H 1 5
B RPUEIL N B 5 6 B L e Z Em i 25 h ik
FEPH (multidrug ) , MLSB 217l 8 28 2890 1 JL A

(K 3) , &5 R R WIRFREY A& H 3 i A R pi It (vancomycin ) 7EAE FH 38 v i) 72 B AR G H B 28 B¢
RFEFERTEEY 6.47 x10° ~1.41 x 10" copies+g ™' PRILPIMAL T HA &5 0K (& 3) . eAh, +3E ]
1.6E+10 1.6E+8

B 5 A% Il MLSB#
PaErsids MM FCA%
14E+10 |- e 3 I vy 1.4E+8
| EiSEES | ERISHEIET
- 2% [ MGEs
126410 | 12E+8
% 1.0E+10 1.0E+8 g
= =
g 8.0E+9 8.0E+7 ;
g E
Z  60E19 6.0E+7 %‘
% g
4.0E+9 4.0E+7
2.0E+9 2.0E+7
0 0

GJ HS 5D GZ XJ

B3 FEMEMKETERERREERMTENEETHENFE
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