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Abstract: [Objective] The application of antibiotics has significantly advanced animal husbandry and agriculture. However,
the resulting contamination by antibiotic-resistant bacteria (ARB) and antibiotic resistance genes (ARGs) poses a severe threat

to the ecological environment and human health. This study aims to systematically investigate the effects of different land use
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types within the same region on the distribution of ARB and ARGs in soil. [Method] This study collected 210 soil samples
from six typical land use types (vegetable fields, wheat fields, flower gardens, orchards, nurseries and livestock farms) in the
Jinji River basin of Beijing. The abundance of total cultivable bacteria, chlortetracycline-resistant bacteria, sulfamethoxazole-
resistant bacteria, and representative ARGs in the soil was measured. Additionally, the structural characteristics of
representative soil microbial communities were analyzed using high-throughput sequencing technology. [Result] The results
indicate that the resistance contamination in Zhang Town and Longwantun Town of the Jinji River basin was the most severe.
The abundance of ARB, ARGs, and intll in vegetable field soil was significantly higher than that in other land use types
(P<0.05). Bacteroidetes, Firmicutes, Saccharibacteria, and Deinococcus-Thermus were the dominant bacterial phyla in the soil.
Also, Lysobacter and Devosia were identified as the main host bacteria for ARGs, and they showed significant positive
correlations with sull, sul2, tetG, tetX, and intl1 (P<0.05). [ Conclusion] Based on our results, the resistance level of vegetable
field soil in the Jinji River sub-basin was significantly higher than that of other land use types. Thus, it is essential to focus on
the optimized application of organic fertilizers to reduce the potential risks of soil microbial resistance and ecological health.
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Table 1 Primer sequences and annealing temperatures for ARGs and Class I integrons

B~ H R BTkl B KR
Type Target gene Primer sequence Annealing temperature /°C
%R ARGs sul2 CGGCATCGTCAACATAACCT
Sulfonamide ARGs 66
TGTGCGGATGAAGTCAGCTC
sull TTCGGCATTCTGAATCTCAC
53
ATGATCTAACCCTCGGTCTC
dfirdl AGCATTACCCAACCGAAAGT
60
TGTCAGCAAGATAGCCAGAT
VYRR ARGs tetW GAGAGCCTGCTATATGCCAGC

Tetracycline ARGs 60

GGGCGTATCCACAATGTTAAC

tetG GCTCGGTGGTATCTCTGCTC
AGCAACAGAATCGGGAACAC ”
tetX CAATAATTGGTGGTGGACCC
TTCTTACCTTGGACATCCCG !
EREST intll CTGGATTTCGATCACGGCACG

Class I integrons 60

ACATGCGTGTAAATCATCGTCG

1.5 16S rRNA # & 5 F 54

N LR RR LI AR ES AR & Z M, RH@M Y 338F
(ACTCCTACGGGAGGCAGCAG)F1 806R (GGACTACHVGGGTWTCTAAT)A 4 16S rRNA JE [
V3-V4 X v Bt AT PCR Y1 5 3 74 4lifh e & 5, b B4k L R RHE A IR A )R A Hlumina
MiSeq PE300 P& 4T mi@ &M F. FIAFF4 QUME i g, HiE. EBRE1EE, LLO7T%AHLLE
FRNENE DB IT(0TUs), FiEl Greengenes Bl FE A TYIAER: . T OTU &, 11H o 2
PEFEEL (Chaol $E%UF Shannon 840 , FHAEITFUEAKF F G0t & KRBT FEE .
1.6 HiEALIE

f§iF Excel 2021 HEFIMEAbRUEZE, K SPSS 27 BTS00, RHBRREEG Z00

(ANOVA) /M2 59k (LSD) , MK E N P<0.05 #HT R E ALK . Origin 2024

A1 GraphPad Prism 10 FH T8I AIRIE L FIE B A E B ZR

2 R 51HE

2.1 AELHFIFA2EE ARB 927

FEAN TR b R 258 eh, TCB 5 th s BRAK YOS . 22t IR FEm. . 77258,
CRB FEKUCNF Y. Rld. e, 22, W, f6Ml; SRB FEERUCA M, el i, F
bel. Wil FR5E3%. ERFTREN 6 MEEY, RIS AR TCB £ 534w T HAb X, K
F A4 CRB 2 25K THARMIX, SRB FEESWMEMLEEER (P<0.05) (K 2a-K
20) o EIWBEANAIE T HUR] SRR 3% TCB 1 ARB [0 BA R 2m (& 2d-i 20 . b/

http://pedologica.issas.ac.cn



+ %
Acta Pedologica Sinica

EA L (2.75%107 CFU-g) FlIZ4 (1.69x 107 CFU-g 1) -1 TCB = J¥ & 2 i T H Al 27 (P<0.05) «
[FFE, CRB fEZH 3 e i (5.21x106 CFU-g ), HKCONSEHE (2.67x10° CFU-g ) A [ (2.43x10°
CFU-g'") . KRINGEHEEH TCB i (6.50x105CFU-g) , felll (4.28x10°CFU-g') FIH[E
K (3.13x10° CFU-g'") . Rfd CRB FFEH R EACT HARIA, SEHbAZH SRB F 12 03 = T H
fili = 2R, S R1IAE] 1.67x100 1 1.83x106 CFU-g! (P<0.05) . it TCB M2k ARB
FRER R EE T HAR R (P<0.05) , H TCB FE 4 2.98x107 CFU g, CRB fll SRB 435l
2.92x107 # 9.09x10° CFU- g™, 55 HAMIFEEAN [F] /2 , AMEL TCB A1 CRB 3= 5 f ey I 2R 885 9 S [l
I3 AEE] 2.36x107 fl 4.84x10° CFU-g!, HUCNSEH. HBAEM+ CRB & (3.07x10*CFU-g') #
Bl o SRB FJE (2.21x10* CFU-g') K. TREEEH . eI Rt TCB 3= B3 & T HAR S A

(P<0.05) , F#5i3% CRB EJFm (6.77x10° CFU-g) , 3 SRB = Al R A i 20— AN
B4 (9.62x10CFU-g!) .

St I 2 MR TCB M ARB FJE8 G, HIRONZ M. 1X— 73 A Rk 5 7t R A PR HL

RE R fE G A b SE AT 0%, SR AN A ATLAE it A AR A Iz v 1 AR I Hb R B0, 38 T - 458 ARB 1
HRISI, AEE T, 5K%81 TCB F1 CRB FEEHEE, WRERARAKREFGSZ, MR IZ i AR
ZACFRI) B B B AAERE . X IR I A [ e A B ARG I, DU R R P A R R R

(9.92~133.95 pg-kgH) U, X5k CRB MFEE i m—8, FEdEFR REM AR
IERAEC ARB 7EJH 0 T KRB R . 1A, AW RIS 148 SRB F 5 R R K,
5 AR R 2 AN RO AE ST 0%, R BEUK BEIRF . HOBR A7 B O0ER, PRIk MR FH 5 B A
EA UL A &S SRB s, AR TSR FE 5,

100
. 3L Vegetable field

a)

=T d o w0
0 2 2 a 2
2 100 a =) 2k i i HE
= ab be be T = 0BT . wo Pt N S48 Wheat field
S wt : S TR |G TR (A [ ———
SRS S " H bd T
QE 105 ; i mm ¥[8 Nursery
# s 105F F#Wi Livestock farm
= 100 =
= 4
@ 108 = 104
BXY DSGZ LWT ML YZ  7Z ) BXY DSGZ LWT ML YZ  Z7Z
~ R Location . Hi Location
b) W T e) T, 10Y
2108 2
= =4 .
o ISR (X i a ab?
= 107F a a a w a = ala 2, 2 la by
Fl & I, a? P
£ 10k b [SERTL aa 18 aa i HY
= T N
= sk
2 " # I
= E b
B oo 2 »
= I
£ g g 0
# BXY DSGZ LWT ML YZ  Z7Z BXY DSGZ LWT ML  YZ 77
7 Location HiA Location
DI H =
100 s 108
£ £
o 108 N o
- a -
E 107~ a N a a E
@ 2
= 109 =
£ 0 #
F g
il
g 1 =
B 1 B 4
,E BXY DSGZ LWT ML YZ 7z ,§ BXY DSGZ LWT ML  YZ V72
AT Location HiEL Location

i: BXY. DSGZ. LWT. ML. YZ. ZZ RIOAL/NEBL KRIVS B BB EE. AMEL B KEG RE
BONbRER . oM F/NS F RS A 2 7 23 (P < 0.05) o FIA. Note: BXY, DSGZ, LWT, ML, YZ, and ZZ
correspond to Beixiaoying, Dasungezhuang, Longwantun, Mulin, Yang, and Zhang Towns, respectively. The error bars
represent the standard deviation. Different lowercase letters indicate significant differences at 0.05 level. The same below.
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Fig. 2 Abundances of TCB, CRB, and SRB in soils across different towns and land use types
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2 T HAR A (P<0.05) , HURRE IS A (1.04x108 copies-g!) , A B RAR I 254 (6.91x10
copies-g!) o« FTAEIN) B HIFE R H sul2. tetG F tetX W R R, HVEE 4N 4.78%105~9.91x10°,
1.05x10°~1.18x10° F1 1.22x105~2.07x10° copies-g ' &R dfirdl fE /KA IR =FEYRAL, HE
FEVE I E 3.07x105~2.26x10° copies g

S EEAS TR 3 F 2K A 3 i i) ARGs, TR BLAL/INE AR KA A 072 e A s dth - 43 11
ARGs S FFF (2.08x108~3.00x108 copies-g!) Fl intl] ) FFEH R E T HABIA (P<0.05) . Xik
Hi XA BRI ARSI AT, S50 ARGs B m T HABH MR, ML R, &0
R B ARGs I FEFERAK (2.78%100~1.29%107 copies-g!) , T SHEEFEMIEE K. A
HKimsh e xt L3R ARGs =Bt s, X RESEOIHIE 5 T N Rl X 22 F 4= 30R) T J5 30 F 3% ARGs
S ARFIESEAT A, R R ARGs R RIS 2 o R S I e g L X AN [ 2 28 - 35
i ARGs 2 AL R E1 B, Bl 148 ARGs AT (0.1329) FIZFEME (57 FD & T3
(0.1104, 29 ) . Zhang SIS AMATIBA R AL HHuBF FE R B, REAEFR T ARGs FJE 2%
Gk A 2 £5~5 %, FLFSREFE R & (AR G 2 AriiE B 26 ARt 2 S BRI ARGs =F BESE N 5%
B R REANFEHX L R A 225, (HEMKINE, ARGs FIEE SRR HETIAL, [
I 52 PR AR W Rh SRR BR S R 2R e 0o, e4b, IR st otk intll 76 ARGs (7K VI K
Aol 2 B EAE RO, AR ind] FEER R (2.05%10°~7.84x10° copies-g™!) , —Iik
FAERE RS LI ARGs 5B ang & ot 5t Frd LRI R inel 12V, St ind] 1
R R B A SRR I R FE RE AT N ARGs 78 S HU R AE v v B A 9 A0 A

WA EE, 2R3 T SR R, DIRE & A A ) R =2, 1%
X % K A0 Mt J 2 UGB B 7 DA g Fr T IBAE ), X ATREE FBOUXHLIX i [H H ARGs F &
(8.78x10° copies-g™) T HAth L HUFI SR AP IR PR . TREEFR S T K] ARGs B FFE (1.42x10'°
copies-g!) BOZMLIX HAB MR SRR & 3~4 MES, R—AWF ARGs FE i m MFEAR S . A/l
HAIIT 97 2 B SCHO X PR 0 72 B 3 B A (1 I i A7 /E. ARGsPY, TREFRXS I I Pt R &
K, IRE SRR D EHOAE R A RAR B K B AL SRR, X ARGs 3K TSR IERE 7.
EAFER A, RTINS BRI R A AT, ARGs HIFEE D AAE IR —E, sul2 F tetG
(=F BER R, X et X it FH AT 2 S b 1) A% 40 7 U nT g2 ARG ARGs BRI = I AL
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Beixiaoying, Dasungezhuang, Longwantun, Mulin, Yang, and Zhang Towns, respectively. CD, MD, HP, GY, MP, and YZ
correspond to the vegetable field, wheat field, flower garden, orchard, nursery, and livestock farm, respectively. The same
below.
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Fig. 3 Absolute abundance of ARGs and int/] in different land use types
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IR EERT 1% MR LR S 7 RGO 5a P . ANF SRR 3 e 3 A A AR 55 i 1)
M BMRAK IR AZETE T 1] (Proteobacteria)  JZEH [ ] (Actinobacteria) « BT 1] (Acidobacteria)
fUFFEETT (Bacteroidetes) FEEZE ] (Chloroflexi) o fEAAINEE, eHh-+3FEr Proteobacteria FAH
X RE (42.96%) 5T IR — DR A 3138 Y (36.64%~39.35%) , JUIHJE RAME HESiHE 4 b
Proteobacteria FAH XT3 5 (46.40% ) A& HA R ) 1.22 £5~1.48 £i5 . [FI, FRAEIZ AN Acidobacteria
(I FE (5.82%~8.05%) (KT HAMKAL (10.12%~12.41%) , X5 Kim 528 78 A 2K
T ARV LSS, Proteobacteria - EHE N, Acidobacteria - FFRATLE R —2k, 2B+
B2 pH. KR LA HEEEW . KEFHEY A1 1134 Bacteroidetes NFFE (16.91%) & T H AWM &
i (6.46%~8.00%) . Acidobacteria =% (1.85%) (KT HAth fifir (8.43%~10.69%) , XA g2
XTI ARGs =30 25 i T Ho At X () R A
IR PR E 1 021 DMEE, B Sb XS EEHEAET 35 MRIE . 7EASFE LR AR
R, WSS EE B (Sphingomonas) ~ T AF & (Pseudarthrobacter) ~ i 2% F- U i ( Pseudomonas
aeruginosa H16) T[N (Gaiella)  WHIEATE (Microvirga) « HH#IAFH (Bacillus) « HRIEHE
(Rhizobium RB41) VL NAHILERTER (Nitrospira) BIMAXTFEER R (KT 1%) o Sphingomonas 72
— RN EEBIE R E RS IR, X5 &SR 2 3555 18 B A B R g /11200,
AT FEAE W IR BRI A T B2 S R SphingomonasB®. FEARRT T H, SIRAEA M (3.46%)
MISEHE (3.21%) ™ Sphingomonas W35 & & T HAth 458 (2.52%~2.82%) , WEWI 2 B m Mzl vl
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Fig. 5 Composition of soil microbial communities at the phylum (a) and genus (b) levels in different land use types
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