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Diversity of antibiotic resistance genes in paddy soils in Sichuan Province , China

HE Yan', ZHU Dong™, WANG Dong?, LIU Yan®, PENG Chao', HUANG Li—ping', PENG Zheng-song", LU Lu*

(1.Key Laboratory of Southwest China Wildlife Resources Conservation/ College of Life Sciences, China West Normal University, Nan-
chong 637002, China; 2.College of Environmental Science and Engineering, China West Normal University, Nanchong 637009, China;
3.Research Center for Eco—Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China; 4.College of Agriculture Sci-
ence, Xichang College, Xichang 615000, China)

Abstract: To clarify the abundance and diversity of antibiotic resistance genes (ARGs) and their correlation with environmental factors in
Sichuan Province, a high—throughput quantitative PCR technique (HT-qPCR) was performed on seven geographically separated paddy
soils using 283 ARGs and 12 mobile genetic elements(MGEs) primers sets. The results showed that a total of 166 ARGs and 9 MGEs were
detected in all seven paddy soils, with a range of 56~84 ARGs in each soil. The ARGs profiles in the seven paddy soils varied in their com-
positions and dominant ARGs types, and each soil contained their unique ARG sub—types. The relative abundance and absolute abundance
of ARGs among paddy soils were different. The ARGs copy number ranged from 9.55 X 10° to 2.83 x 10" copies* g™ (dry soil), and the rela-
tive gene copy number was 0.012 + 0.006 copies - cell”'. The abundance of ARGs was significantly correlated (P<0.01) with that of MGEs,

which suggests that horizontal gene transfer could play a vital role in the propagation and enrichment ARGs in agricultural soils. The top
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three ARGs types with relatively higher abundances were multidrug resistant(49.26% ), macrolides — lincosamides — streptavidin B(MLSB)

(11.30%), and beta lactamase (10.87%). Redundant analysis showed that total nitrogen, an important indicator of soil fertility, was signifi-

cantly correlated with ARGs profiles in the seven paddy soils (P<0.01). In summary, a regional difference in ARGs patterns was observed

in the Sichuan province. The distinct distribution patterns of ARGs among different paddy soils may be influenced by farmland manage-

ments. The implication of this study is that it can be used to objectively assess agricultural environmental risks of ARGs.

Keywords: paddy soils; antibiotic resistance genes; high throughput PCR
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Figure 1 Soil sampling site locations of the 7 paddy soils
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Figure 2 The detected numbers of ARGs in the 7 paddy soils, the resistance genes detected in all samples were classified based on the

antibiotic to which they confer resistance, and the percentage of the resistance mechanism
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Figure 3 The absolute copy number and the normalized copy number of ARGs and the averaged absolute copy number proportion and the

averaged normalized copy number proportion of different ARGs types in the 7 paddy soils



1254

RN IFERIZ 2R MR-

37
37 .
:
0.1

e
blao’ﬂ‘ffblzré
(s

0.01

I 4.17E-05
2.69E-06

e
aac(6' )~Ib(aka 35554 =

tef
aac(6" )1 (aka adfAd

11111

BZ CD GA MY NC PZH XC

4 EFHBHL ARCs BT EEMRE
Figure 4 Heatmap based on the normalized copy number of ARGs
profiles of the 7 paddy soils

F A 16 F T H L mexF (Z H it 257E2)
F fox5 (B— N BERE 2 ) i XC 39 £ T ARGs, ¥
7 R A X T Y 82.21%, 7 ARG H A R
MGEs, Ul intl -1 (clinic) inpA—=04 . intl-1LC . tnpA—-02
o o i1 (clinic) 76 7 FE S AR ER A ), AT
FREEJEH R 0.003~0.011 copies-cell ',
2.4 TAFEE T EDR ARG FAMGEs B4 247

T ARGs F1 MEGs A XT FJE , 730 HT AN TR ARGs
FIMEGs 78 7 A8 H = ok 6 =F J32 A8 Ak i) AH DG (H
KRB I 0.5~1) , B ik 5 AH 5 (P<0.05) By HE A
B FMKE T (ES) . MHEL P SE o B 2%
TEAH G 2R A, SR I AH DG M Bk o &1 v 1[5 P
NGRS T RN B ARGs 22 [A)AH e
5 55 FIAH OC 19 ARGs M4k 2 o {1 Gephi—0.9.2 3k
P55 A N4 A BB R B0 0.513, 1%
KM P28 3 AT AT 0 Ry 4 R, 2% R 64 A1
MM312 500 (KI5) . A T B T e I Ak
IV 53 51 5 28.12% . 26.56% . 26.56% ., 18.75%. blaC-
MY2-02 (B- N BEREZS ) (tetl—02 (DU IR K 2K ) LoleC
(MLSB 2£) \aadA—-01 (ZEENEHIE) 43 A 1
1 1 A £ ST
25 TEAMEBAMERS ARG EER TR

I 7 A B A Hp A = B2 HEAE AT 50 1) ARGs
S P FHOTAR AT (I 6) . AT IL, 7543

@ B T Module T (28.12%)
© #i I Module 1 (26.56%)

® ##H 11 Module 11 (26.56%)
© #H IV Module IV (18.75%)

E5 fEH 1 ARGs F1 MGEs P4 53 17 &
Figure 5 Network analysis depicting co—occurrence patterns
among ARGs and MGEs of the 7 paddy soils



7 38,4 DU 4 8 B RSB FRBUMESE I SRR 5 1255

1.0 ,

0.5

Tl AT 3
CD

RDA2(28.4%)

~0.5F AOA amod 2EH$2 18 o
B% AOB amoA JE IR 1 ¥t XC

1975 -0.5 0.5 1.0

RDA1(42.6%)

Bl 6 B -FHEXFEER 50K ARGs I E EFHI TR
Figure 6 Redundancy discrimination analysis(RDA) of paddy
soil based on the normalized copy number of ARGs(top 50) and

soil environmental factors

BT 40488, i CD FI PZH 145 ARGs 1 ZREEZ
L, R AES 2 42 B, 1M BZ A1 GA 1331 ARGs B2
TES 34 BR . 520 138 ARGs 7E A [a] Hl X 43 A 4% Jy 1Y)
S5 1 HE SRS 2 HE SRR AR AE 2 Bl 42.6%
28.4%, AT DUf# T ARGs 2555 M 5 22(HW 71.0% . TUAY
M, BERBE T 32.0% ARGs ZFEMEAE AR 1
e )22 5 X% ARGs 434 A% Jai 1 52 i i 4 558 2 7K -
(P=0.006)(F 1), BLAb, HHEMAHER pH EEEA .
K ML DA R 2 R AR S 0 1 = 3 A () R e f
BT ARGs ZREMEEARTR L p i 22 5% HIF B &
A& (P>0.05) o

3 g

R FHAE S — Fof LY Fg N D 4 38, LA Wy A P Jo
323 F IR A A R R 9 SCE S, 7 X K

AR R FE H 3 ARGs ZHREPE R 43 A A& Jmy | S 34
V36 SRR A S R G ARGs ZREVERIRE I, DL
AT AL R A AR 2R AR

DU TSR XS R A+ ARGs I f %
FEVEA Fr 22 5% o Tang 578 0 [E B 5 4 A [R] K Ad
TG FH At % B, AS TR RE H A ARGs F 3 R4 AT
F22 5, H ARGs £ & M4 i 57 3 B0 1 o it AT
BRI RE N o - EPRER ) 22 5 S5 1 i U Y ol
A AR, AR Z 0098 Kk B ARGs 9 Z A1 51
A= AR VR S AR S S R DR R X K 7 A 1
PITAE P HE bR 58 K IO 2 SR A IR A W R Ve A B 2
2550 R, HED AR A 0 Vi G A 1) 22 5 P B R 3
X 7RG+ ARGs ZFREMEHII A 2 5% . 74 F
4 ARGs (A H A~ B0 3 8 S5 i 1 35 R 2 F I 24
PE2S, SR 24 H 3R R A5 2R, 2
i} 24 P A P L DR (4% 48 ok A AN sh ) B PR e v
TR R B!, — FLX 28 ARGs 78 2 20k 1/
WA 3 o R Bl R AR 2R XY
i A B ) 5 7 AR Y AR UM . 4N Chen SFCOF 57 22 B
Jit AL P - 398 Ko JHC s B b AR 6 AR - B ARG 0 321 2
ARGs, HAEAH Pt by b A 78RR P sk A 1Y
ARGs. ZWFFEEW], ARGs W gL+ 3 M AT 2=
R B S B, T E A e 5 ) N 2
I a5 ECE L Sk AR R A HN A A
B R WAL U R X A ST B 1R 24 4 1 ol P AR
Tt B 2R NP A A IR 1 fe Je — T B2 2
— N BRI B AR ST ) T R
EEAR Z 38 v 4, W] O UTRRR 4 ER k
PREYS 7 ARG O T B R B B R A R
A RS RG A REZ BT IR . HAR
X4 ARGs A REAUAFTE THAEY b, LB R B H 4t
PESCAE SN R A R R T A RBFR IR, (H XA FH - 43¢
1 ARGs ZHEME IR A S04, BEXT ARGs T FE A9 A0k
AT RS AR 24 P4 [R] s A At — 25 A o H

xR 1 EFHEXTEER 5089 ARGs MIRE E FHI TR DTS Figen  F #1 P (&

Table 1 Eigen values, F values, P values obtained from normalized copy number of ARGs(top50) and redundancy analysis

of soil environmental factors

7R Variables Eigen i Eigen value AR R ff % Variation explains solely/% F P
BA 0.32 32 2.34 0.006%*
AOB amoA 1K #5 V1%L 0.19 19 1.52 0.200
HAA 0.15 15 1.30 0.310
AOA amoA FEH ¥ DAL 0.20 20 291 0.148
27 0.07 7 1.08 0.448
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