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F R dhistfL )5 (MGEs ) 4 = e A0 A i AR i miie SeNP RESE i TR IR) 1A 2 400 (A 2F i ]

S PCIR B T TRTRRAT B 1] ) AR EEE RS T, RIS SRR AIC T it 338 h ARGs W 7ETE R4 (SRSTET]) M. duknr i,
SeNP BEMSAFE AR 148 ARGs ¥ B TE LAkt , HI[R Bt 5GHE SeNP X+ A: Hurk R gl 2
SRR AR TR BB 28 57, SR SRS BR A 77 I it 5 A AR SRR PR GRS A . DA SeNP TEAR A7 i (13 2L
AN RS %

KR AEYYURAG; BRI 3, pH i PE 8 BUAERPIEILE (ARGs); ANRHETE

RESEE: S144; S154.3 XERIRERRD: A

Effects of Biosynthetic Nano-selenium on Antibiotic Resistance Genes in the
Rhizosphere Soil of Brassica rapa L.

ZHU Yanyun" %>, JIN Hongmei" **', HUANG Jiajun’, ZHU Ning"**, LONG Yujiao', SUN Enhui'**, XU Cong'

(1. Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Key Laboratory for Crop and Animal

* ERHRPAREGITE (42107026 ), VLA RLAH A EAUHBE (CX (24) 3105), ILI54E HABHEITHRIGE (BE2022788 ) ¥il)
Supported by the National Natural Science Foundation of China ( No. 42107026 ), the Agricultural Science and Technology Innovation Fund of
Jiangsu Province, China( No. CX( 24 )3105 ), and the Key Research and Development Program of Jiangsu Province, China( No. BE2022788 )

+ #IHAMEH Corresponding author, E-mail: hmjin@jaas.ac.cn

YEE N K (1987—), %, BRPGBGIA, Wid, BIOFFEOL, OFF007 i Al i R e e S AL . ZhRRRAE ) B U2 4 5 i

. AULEEREAS LB EH A K. Email: yyz leo@126.com
Wk B 0T 2024-12-12; BB R B 0T 2025-03-27; F4E & B (www.cnkinet): 2025-06-06

http://pedologica.issas.ac.cn



6 3] ARG e I T A ) A KA X /N 7 SRR B - vh T A BT P R A 52 1723

Integrated Farming of Ministry of Agriculture and Rural Affairs, Nanjing 210014, China; 2. College of Resources and Environmental
Sciences, Nanjing Agricultural University, Jiangsu Collaborative Innovation Center for Organic Solid Waste Recycling, Nanjing 210095,
China; 3. School of Environment and Safety Engineering, Jiangsu University, Zhenjiang, Jiangsu 212013, China)

Abstract: [ Objective ] Biosynthetic nano-selenium (SeNP), as a new type of functional fertilizer, has been widely applied into
selenium-enriched agricultural production. To date, the effects of SeNP on antibiotic resistance genes (ARGs) and their host
microbes in different types of soil are not well understood. This study was designed to investigate the effects of SeNP on the
abundance of ARGs and bacterial community structure in the rhizosphere soil of Brassica rapa L. growing in different types of
soil. [ Method ] Pot experiments were conducted to analyze the effects of foliar application of different concentrations of SeNP on
plant growth, soil properties, bacterial community structure, and the abundance of ARGs and mobile genetic elements (MGEs) in
two types of soils (neutral and alkaline). [ Result ] The results showed that foliar application of 1-5 mg-L™' SeNP could effectively
improve the growth indicators of plants and the content of alkaline hydrolyzable nitrogen in the rhizosphere soil. Compared with
the control, the bacterial community abundance in neutral soil increased by 27.09%, significantly. In contrast, the bacterial
community abundance in alkaline soil decreased by 14.56%, significantly. And the absolute abundance of ARGs and MGE:s also
decreased significantly compared to the control group. Foliar application of SeNP not only promoted the increase in the relative
abundance of beneficial bacteria (i.e., Gemmatimonadetes, Nitrospirae, and Acidobacteria) in different soils, but also reduced the
abundance of potential host bacteria (Chloroflexi) for ARGs in alkaline soil. [ Conclusion ] Biosynthetic SeNP can be served as a
potential candidate material to control the spread of soil ARGs effectively. However, the impacts of SeNP on soil antibiotic
resistance may vary with different soil types. Thus, further evaluation should be carried out in combination with the
characteristics of field soil, providing a reference for the efficient and safe application of SeNP in agricultural production.

Key words: Biosynthetic nano-selenium; Alkaline soil; pH-neutral soil; Antibiotic resistance genes (ARGs); Bacterial community
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REIE LI/ MGEs (W3R R 5, ARSI ARGs K
PERRSY O, (B HRTEN X SeNP 78 H -5 2K &
GErh A GRS B =
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1.1 fkart

A BIREETT I BT (32°1'55"N, 118°52'35"E )
FIERBE T (34°5'54"N, 119°53'28"E ) 5 b L A4 {5 Jifi
AP (o B Wt ) MR AR
WY, ARAEPIR R IRIRE , B H N pH P
P+ 32 ( Neutral soil, NS ) A8 11 ( Alkaline soil,
AS) PHFPEAL. F 2023 4F 11 A FAJFE Lk miR
£ 0~20 cm 4, EEEHARKT . RBRZem . ¥
WP, o 2 mm G254, PR RHER 4G 2
e L 1. /NG S (BRINEE, Brassica rapa
L.) YERAN SR AEE SR, %P e F W —
40~50 d FL AR FEMESR , & 8R4 A B 2%
LA BRA T .
1.2 REARIET

KT 2024 4E 1 15 H & 2024 4E2 f 28 H
HEAT, b S TR R B4 B B RE TR 2 N . ik
BUBURL AR 1) /N e R T AR A IS A1 410

T, KRBT B T 25 CHE & &0 F i85,
3dERFFHIZE, B THE AL TH#ITER.
M KME AN (47 d), EHEKH—
M9 /NTT SR, Al KT VR AR T S R AR 2 e A it
AR AR BRI R 21.3 em(
) x155cem (B ) x13 em (1R ), F45%E 2.5 kg
+ . Bk 4 AT IR BT 2 AP (NS,
AS), TR REERABGLMET, B AN Wit il AT 20
(CK), MHEmiE 1 mg- L™ (LA Seit, FRE) Y
gokAiZl (Sel). FRHIMEIE 5 mgL " A Y40 K
4 (Se5) 3 Fhabsf, HAabFEE 3 ~EL, It
TE 18 Z. WK 14 d T Wit A ) 9N KA, A FR
A ) I il £ R B A 40 mL, Hod KX B 41 1 it
i KBk B R AT fr SRR AR (A
BEELER ) A, B i B K I e 5 Y K = R
TR REIE I LRI B FH SeNP i A A1 BABF 58 A 5% 38 3
AW A T A RS BRI A 20 TR S L AT BA
BT, AR A Y g KA R BR A Ok, B AR
L 135~165nm, & A ( Se ). ik (C). & (O),
A (N), i (S) L&, RMMA-OH, C=0, N-H
il C-H FHAeH .

F1 XL IRFERIE R

Table 1 Properties of soil before the start of experiments

S AR WA 12008 A AT Total
+HEs 2% Total 4T Total 44 Total
pH EC/ Organic Alkeline-N/ Available P/ Available K/ Se/
Soil type N/(gkeg!) P/ (gkg K/(gke
(puS-em™)  matter/% (mgkg") (mgkg™") (mgkg') (mgkg')
BRI
B 7.18+0.03 114.8+1.59 2.5£0.11 0.16£0.78  173+7.1 0.7+0.08  66.47+2.5 1540.02 13848.9  0.57+0.02
i%\l)
AT
o 8.06+0.02 151.9+1.41 2.2+0.04  0.2+0.01 137+9.6 1.4+£0.05  66.77+3.2 18+0.05 148+7.5  0.4240.04

T P EE N AE + bREIR2ZE(n=3), FlAl, Note: Values are mean + SE( n = 3 ), the same below. (DYellow-brown soil-Neutral

soil, @Fluvisol-Alkaline soil

1.3 #EYHERRESHN

WK, B Al 48R AL ( SPAD-502Plus,
FIJE R 3ERRIL, HA ) M Ak i 28 5 i (LA
SPAD fHH8/R ). ZJa, REFTAMME (45
Sy FIHL T FHB A ), 4300 e A B bk, (R SR A B
MU AR PR 3 T80 CHEMEAFR . 58
TFARUE VTR R AR, K 40 T fiK 4, Il

SRR b L SR S A T A VR R A R
AR ZE A Ab B, 367 PR A7 280 CHREAKIR VK
Fa, oy FHOFERBE AT 06 2 H B D, il bRicd
B T-20 CHEfAs M. Hadark 55 CHtT 2EE,
HEAE R

14 TEHARESSH

141 BALIE bR B W 4 4% Ak BT SEAR PR 4
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g, BURTRARER 180 CHRTE, F TR LRE A
WiahR . HAE i AR L i ab B, T
TR bR . ARG RIS (pH), BT
R (EC)., &% . WA . 2. A5, 28,
WA DL AL & . R pH TR SR
I = HERR A A EC, ZUBE B 43 3R % 3h 40
{0 ( SAN++, Skalar, fif 2% ). %4k 4r 0% B it
(UV-5600, Eigtri, E ). 6T (M410,
Sherwood, FEfE ) M, 3 MR H EHE# R 4P
%, BARBELBESE Rkt ) 1
1.4.2  EWHERR 0T BUH FiR-80 CHRAERY
MRPr I, KK HEFRIL 0.3 g (B iR ) MR
+, SRH FastDNA™IERLNZ] DNA $EHGKT] &
( MP Biomedicals, [ ) ZHURPR -1 DNA, Hik
B RS2 R A UL 15 BT A5 DNA (199 B2 Fi i
By 206G EE T ( NanoDrop ND-8000, FEZk
KRB, SEE )M 1.5%I IR B L Tk ok B
FEEUH & DNA T-20CHAAA# o 328 FH 40 v A 5|
¥ 515F (5-GTGCCAGCMGCCGCGG-3') Fl 806R
( 5-GGACTACHVGGGTWTCTAAT-3" ) H T 4
16S rRNA HE[H V4 XA BRI, /N S bR
- AR WA v T P LA R )M i B A
B AT BRA ) 58 1 -

MR+ il Z Pt (ARGs ) F i &
i RS MEEE RN (HT-qPCR) &, @&
AESCE AL RN A BR/A F1 ) SmartChip SZHF 98 E
& PCR &4t ( WaferGen, FE[EH ) ¥ #RFx+3%E ARGs
AT BARRN AR WIRIRE 95 CHiAR
P£ 10 min; 95°CZ5HE 30's, 60 °CiB K FEMH 30 s Il
EHRNAES, 40 MER.

1.5 HBESZITSEDH

RIS EIHE 1 SR AT B B ] Excel 2016, %4
GuitorMrfdi H SPSS 26, #HLAIEZ E M Origin
2021 A AR oy A 5 4 T 0 Bk B < oF
( https://www.omicshare.com/ ) SCEL, JETF Al #/E
250 ( Operational taxonomic units, OTUs ) (¥
PATERE | o ZHEME L B 2R LA SRR TE & JOK
V- b REVE S MG e T, IR IEAT A AR A BT
( Principal coordinates analysis, PCoA ) Hl# &
( Heatmap ) il . ItAh, M EAESHT ( Network
analysis ) 2K R 4.4.1 fil Gephi #E4743 81 FAITER .

2 4 R

2.1 M ERERE A P g0 K Al AR XS /B S KRR

I T 0% it AN [ e B A 0 90 A ok /N T SEARL B A
K m s L& 1 s, mE la 771, B miE
1 mg-L ' A9kl (Sel) REW.E (P<0.05) T}
PR IR /INE SEM SR S i MRS H AN Al
FXFREZE (CK), HiPkH3 (NS) FggrE 3% (AS)
i Sel AbFEZLY SPAD 43ill#EFHT 4.9%F1 8.0%
( P<0.05); MTEMTE S mg L™ (Se5) A:¥ 4 A it
W2R 2 Er i AT s, (H 500 EAH 25 SN 2
H L 1o FE Te mT, AR P9 KA RE 6% A7 280 in i
b b /N SEAR R S ) R S AR P
PRI, 5 CK AL, WSt g oK mm Ak 32 A A A
Hi b ) T R RAR RS B A BN T 12.8% ~
43.1%7%1 8.0%~10.8%; Btk i, 5 CK AL,
W% it 240 A i A L 260 %) A e b1 8 S 0y o RIAR T L
ARABEINT 9.1%~9.9%F1 4.6%~37.0%. It4h, Kl
1d 45 5 3% B i v i A ) 4R oK AL RE RS Ak = s R
PE+ 1 Sel F Ses AbHRAL Y #E B8 CK 4194351
HEINT 21.1%K01 8.9% ( P<0.05); Btk HEd, Sel
Fl Se5 AbFEXT AR fm AT S, (B 5 X REAH L 22 S A8
BE.
2.2 T e A P g K Al AR X 1 e TR 4L M B A 220

P TR M e A (] Ve B2 2R oKl X /NG SR PR
T IERAME BRI S5 R A& 2 R o AHAS CK, I
T I it A= 0 A0 KA A B -3 pH. BC. A HLIE .
AR R SRR ¥ JC B R ( P>0.05 ) (& 2a~[&]
2¢, [ 2e~E 2f), &l 2d 55 AT, v i A
PaRaN 5, P R A A A CK B4R T
4.98%~10.19%, B 14 1 3 v (R B g 22 1% B3¢ CK 42
T+T 12.39%~16.22%.
2.3 MEBEEDHKBEEITIRERLIE ARGs 0

MGEs ¥ E )% M

i 24 Fh 4% W ARGs FEATHI , 440 B
AR B ARGs $E anE 3a firs . PR 3821
TFARPR P AT R I R Y ARGs B 7T~11 A4,
W TR WIHERE ., B Zmihik,
B- Nk B2 Fad BamE 28, it 6 Kk

Bl 3SR, CK X HR 4L AT 4G £ ) ARGs
B d o, ARSI TE W i A 4Ok B
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W NS A PELE, AS Am 4 5,
PRAL, M L ARIRING AR R A R - AN ) A B 2 ) 22 5

CK N AN 49 KT i 5 BB, Sel MWEHE 1 mg- L' (UALFRLE, Se5 MWt 5 mg-L ' b
B3 (P<0.05), TIA., Note: NS, neutral soil; AS, alkaline soil; CK

is the control without SeNP application, Sel and Se5 is the treatment with 1 mg-L™" or 5 mg-L™' SeNP, respectively; Different lowercase

letters columns indicate significant differences of samples in different treatments ( P<0.05) of the same soil. The same below

P i A P A R /N

Fig. 1

HMERER (a), M EFEYFE (b)), RE (c) Mtk (d) RN

Effects of foliar application of bio-selenium nanoparticles on the SPAD value ( a ), biomass of shoot ( b ), root-shoot ratio ( ¢ ), and plant

height (d) of Brassica rapa L.

( P<0.05) FEAIC T AR PR £ ARGs %, ik 4 5%
T, TR BE AR P ARG b 20 % /N T S AR PR £
1 ARGs B THIAEA (& 3a). Frf ke
A, BT UM ZEZ ARGs ik LIAh, Tl
FH OB BRER R LSMASNE TS ARGs %L
iﬁjiﬁcmo BRI R ) ARGs ¢ IR HAE FHHL 25 8
AR5y (E 3b), Al o MPitE R iGALS . 40
PHLHI ALAALE] 3 FpIEAY, Hoegn i
PR P e ARGs 19 FEEAEAVLE ( 5
e Al ik 54.2% ).
H I 3¢ 255 m 0, AT AR PR - P i e 2% ARG
b ESEE, KRy p-HEREMT hERE

ARGs. Btk HHEZAET, W E WA ) 4 KAl A A
TREARARBR + P Y ARGs s 4a %) FJE; Sel Fl Se5 4b
FRZH (i e ARGs 4855 3= 2L CK A 3 AR T
54.78%%1 71.86%; Sel Fl Se5 AbBHZH K p-4kds £ 2
ARGs 4ixf F R CK AR5 AL T 34.38%F
53.55%; Sel il Se5 AbHHL () )7 B ZE 2 ARGs 4%
FREH CK AR T 61.25%H1 52.34%, Hik:

JEAETT I S it A A N KGO (AR B A Y
ARGs SZ4EXF R Hrfr, Sel Fil SeS AbFHLH )
T e 2 ARGs 46 %6} =F BE 858 CK AL A4 I8 0 T 80.81%
Al 42.21%; Sel fil Se5 AbFHAL )T HEEZE IS ARGs
B CK M4 BN T 70.22%F1 114.58%,
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=
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Di60p © 80 D
(5] Ea —
g l40p a o 70t a @ £ 200¢
g _ a - 2 = i 2 a a a a
=7 1200y ab b 2 601 o a a
c 2 = a @ E 150
S %, 100} = sof <
= g K] e
= 80r = 40r L
53 s = 100}
= & 60r ‘s 30t b
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nm‘ Z 40t w 201 <  50F
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# 0 e 8
CK Sel SeS CK Sel SeS CK Sel Ses CK Sel Se5 B CK Sel Ses CK Sel Se5
NS AS NS AS NS AS
AL Treatment AL Treatment AbFf Treatment

& 2

FRI 5 )

I TR A P AR R AR X /N SRR PR 8 pH (a), LR (b)), AHLBT (), B (d). AR (e) FIEMH (f)

Fig. 2 Effects of foliar application of bio-selenium nanoparticles on the soil pH (a ), electrical conductivity (b ), organic matter (¢ ),

alkali-hydrolyzable nitrogen (d ), available phosphorus (€ ), and available potassium ( f) in the rhizosphere of Brassica rapa L.

a , ;
) 14 [ =] /7 % 32 Vancomycin b) s PR IEHLE
% ;mnvligsc 'll'fc(raC);lmc a"c,L ?ntibiotic deactivate
=] L i /fiZ2< Sulfonamide w
i B 12 Lz s = = ,CHJ?:@{IMF'HL%U )
3 U0 BN BRI Beta_Lactamase o E ellular protection
=3 10 P[] #3817 Aminoglycoside = g =y HAbLH]
= P a ;E S Other/unknown
@ [EURETIN
O & wez
& < mEQ
<% £3 3:‘ R E 3
E . %25 RS E &
T [CRE=! RNXS I8 KL
=E 25 B B R
€3 < g 201X
= S 553 BR382
2 S5 S5 B
0 =1 il
CK Sel Se5 CK Sel Se5 CK Sel Ses
NS NS AS
T:D o) d) .
n N 2.5x10% .
2 1100 [ i o b a IR 4 15613
§ o B Eé%’é Sulfonamide g . ﬂiﬁ N\ 4&%]}}_‘2%% tnpA-04
w3 1.2x10 -ﬁ_%g B 2.0x10°F B 1R 5T Intl-1
j: g 1.0x10° L FIEHRTFS Aminoglycoside RREX - @
5 § , HE g 1.5x10°F
= 8.0x10° =
g< ]
= . g
% g 6010° 28 10100t
% 2 i o &
S £ 4.0x10° = £ )
< 5 s £ 5.0¢10° I
2 2.0¢10° 2
L =
2 00 2 0.0
2 2 CK  Sel CK  Sel
< NS AS

AbFH Treatment

& 3

AbFR Treatment

I TR W i £ ) A KA 0T /NS SRR L b A RPTPE LN (ARGs ) ot (a), HLHIZERYS (b) ML FHE ()

AR shisi L 7ok (MGEs ) 4aXf 5 (d) s

Fig. 3 Effects of foliar application of bio-selenium nanoparticles on the numbers( a ), mechanism types( b ), and absolute abundance of antibiotic

resistance genes ( ARGs ) (¢ ) and absolute abundance of mobile genetic elements ( MGEs ) (d) in the rhizosphere soil of Brassica rapa L.
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HE— 2 i AR BR + EFE A MGESs 4 %) =F B i
508, S5 K 3d Fos . B AR ER 3 1 A1
GF Intl-1 5 F R, LU ERGEE K inpA-04
FHG T 15613 gt 4554, o if s it A 4 40
KA AT )T FARAR B+ MGEs fy4axt £ s HAK
Hi, Sel AFRL Intl-1 . tnpA-04 T IS613 4%t 4=
B CK A IR T 1.90% . 63.28%FH1 55.34%;
Se5 AbFRLH Intl-1. tnpA-04 FI IS613 [4aRT 4= 5 45
CK 195> IR T 41.88% ., 35.95%FH1 52.69%.
PEEBESAET, o i it = 42 490 K i D) ek A s £ 38
1 MGEs y4axt £, EARHL, Sel Ab#HA
tnpA-04 1 IS613 W2 %5 =F A CK 4/ 5353 m 1
6.68 15 F1 1.05 135 ; Se5 AL IntI-1 F tnpA-04 4
XFERER CK A4 SN T 11%F1 88%.

2.4 T T e A 490 4 K B Xof /N B SREAR BiR B AL

EYEENEIN

DR s 498 200 B 3 % 21 A 1) A8 1k BE % 52 i) £

5 ARGs WaBEBEA, /NG SEMRPR LA AT
VB o ZREEFRBUM TS RNE 2 PR, i ReA
H A RS T S5 R T 0.95, U 4 R 45 SR g
AR RABEAR LS IE O, W R S S T e 2. FAR TR
BEE R R, Bl 4 45 A HE A AR PR RN P Ak
FEECRAR S T v T A ALY, BB - A
PRI BRI T PR P B g 1 rp v 09, o T it A 4 oK
il A e 7 o 2 780 - 98 1) ol 2 0 TR E 2 A e e A
2 (P>0.05 ). AdiE 1545 AL R Chaol FEEUCEIA
T T R S D IR A R T R R A T
HidE 3, Chaol F88RM, THEHHEAMT, Sel.
SeS AbFREE X IR 5L ( P<0.05) $2F+ TARPR T340 T
PRAE B AR CK T332 27.09%.23.01%;
BlCPE AR BNt 4 KA AE Y X AT, Sel
ARFREE (P <0.05) REAE T HRBR + 4N B B BFE 2 1
AN 14.56%, SeS Ab FEXT AR PR - 338 20 B P R =F 1
B A B (P>0.05).

F2 MEMBEEPP KRB/ NERIRETIRAE RS o ZHEEHOZMW

Table 2 Effects of foliar bio-selenium on the alpha diversity indies of bacterial communities inhabiting rhizosphere soil

E=yig

T+ B Soil type  AbHH Treatment R E/ESF2EHLI0 OTUs  FHA¢F5%X Shannonindex  Chaol $§%{ Chaol index B
Coverage

1 1- 4 Neutral N 3 159+516b 9.97+0.03a 3 372+594b 0.96a

soil NSel 4 096+236a 10.03+0.04a 4286+261a 0.98a

NSe5 3 957+180a 9.97+0.04a 4 148+194a 0.98a

Bl + ¢ Alkaline A 4 406+292a 10.36+0.09a 4 636+339a 0.98a

soil ASel 3 720+284b 10.03+0.74a 3 961+346b 0.97a

ASe5 4314+314a 10.37+0.06a 4 552+350a 0.98a

e NL A 5 R R S AR RN KA 1 XS BB ZH, NSel. ASel ¥IoMMEjiti 1 mg-L ' Y4 FHLL, NSe5. ASes
Y R Wit 5 meg L' AUALERAL , ARRE/NG PR E— AR AR Rl Ab B 22 5] 25 573 5. 3% ( P<0.05), FIAl., Note: N and A represent the

control groups without nano-selenium application under neutral and alkaline soil conditions, respectively. NSel and ASel represent the

treatment groups with an application of 1 mg-L ! SeNP, while NSe5 and ASe5 represent the treatment groups with an application of 5 mg-L!

SeNP. Different lowercase letters indicate significant differences among different treatments under the same soil condition ( P<0.05) . The

same below.

K H PCoA #E— 2%t /IN AR b e 41 B VR
B ZHEMEIEAT AT, A5RANE da iR . ANF - HES
T, Sel. Se5 4b3 55X} CK [H] 32 3 H B W ¥
TEAER R X PEIIAE OTU JKSF |, I s it £k 1)
P AHIG {7 v P R - 9 v ) 0 T R VR A R
KA T REFEAE (P<0.05 ). Ayit—4 B AR A B
T IR ARG, B T AR PR A A T A AR A
XFEEERT 20 BT T2 A E, S5 18 4b s o

AR, PIRhHIEZRIAH LG, AR LT B AR
HAWE2ZR . PIELEEMT, Sel. Ses AbHty
fff R W5 T ] ( Crenarchaeota ) . Jii i #T 7 I)
( Desulfobacterota ), ZFHLIR ] ( Gemmatimonadota ).,
ZX75TE ] ( Chloroflexi ) FIEE 4] ( Patescibacteria )
FOARX SR BERE . B AR E T, Sel . Ses abH
) fdi 25 2 @ 1] ( Proteobacteria ) . 1% JK B [
( Bdellovibrionota ). BRFFE ] ( Acidobacteriota )
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ZEERTA ] ( Myxococcota ) AHXT = BEAS 2340, [RIAT
B A T % 7t B '] ( Crenarchaeota ) . %% 7 B[]
( Chloroflexi ), ¥ #: ] ( Cyanobacteria ). #&& 40
#1] ( Patescibacteria ), JEEER[] ( Firmicutes ), il

a) °
0.001 '
[ ]
[ ]
= 0.0005{, "N
g}] NSel
3 m NSe5
< ot e A
> 0
<§ ® ASel
8 . ASe5
~0.0005
oy
n

-0.005 -0.0025 0
PCoA1l (61.30%)

0.0025

0] (Actinobacteria ) FYFHXS Lo Xf T M A+
HE, Se5 AbHE G E M T AEALIR T ( Nitrospirota ),
Methylomirabilota, ZE¥KH ] ( Myxococcota ), FRFT
1] ( Acidobacteriota ) HYAHXT .

b)

AJE 1% 1] Proteobacteria l
%3] Bdellovibrionota |
#5111 Dependentiae

TP 1] Planctomycetota
KT 1] Bacteroidota
JZR# 1] Actinobacteriota
JERER ] Firmicutes

e #1] Patescibacteria

WM ] Cyanobacteria
JRHT A1 Acidobactcriota
FhANIE ] Myxococcota

P AL BT ] Methylomirabilota
— TS fLIRE T Nitrospirota

LIS T# ] Chloroflexi

\ ZEBIE ] Gemmatimonadota
EZEL ] MBNT1S
R A2 ] Desulfobacterota
HE ] Armatimonadota
HEIHE ] Verrucomicrobiota
SRTIE ] Crenarchaeota

S5 5v.>.0
£E F¥

Bl 4 /N SERRPR LSRN R VR 45 A ) AR AT () SFAIET (b)

Fig. 4 Principal coordinates analysis (a) and heatmap (b) of bacterial community structure in the rhizosphere soil of Brassica rapa L.

2.5 IEFRIRBRTIFHMENS ARGs F1 MGEs Hy

PSS e

b — 23 2k P28 S AT R AR PR SRR T
ARGs LIk MGEs BFLBIESC R, WK 5 s, &
ML @R B EAHOC, SO B3 A,
A 20 FP A I 8 5 ARGs £ 7F 1 EAHCHE , 5 ARGs
L W IR OGO A A [ B A I TS 2. AT
FEACH, ARGs HOVETESE £4L4E 14 Fh ( Candidatus
Udaeobacter . Bryobacter . Flavisolibacter . Pedobacter .
RB41 . Massilia, Nitrospira, Flavobacterium, Anaerolinea .,
Gaiella, Candidatus_Solibacter , Allorhizobium-eorhizobium-
Pararhizobium-Rhizobium , Gemmatimonas , Subgroup 10 ),

Hrh, MR ( Pedobacter ). H 3§ #
( Massilia ). ¥ OFFHJE ( Flavobacterium ), K548
# JB( Anaerolinea Y.L R , #7173 Fl ARGs
(tetM-01 . InuC . aadE ) Fl 3 Ft MGEs ( intl-1.,1S613 .
tnpA-04 ), RIPFPTEJE T2 IE H# ] ( Proteobacteria ),

JG WiRh )& T 4016 1] ( Bacteroidetes ) M4 25T ]
( Chloroflexota ),

30 MEBEEDHRFEEITNEFERKKTIE

LR R0

AW AORTAE R Rt AR, AL REEETHED)
B E, EREA S ey = iU AR i
TR BTG 1~5 mg-L™'SeNP, & 42 Ft 7 5P 3 A
kNS SRR (B 1b), x5 Qi &Y
MR EE 2. —J7 1, SeNP i i H HE A&
WG, B0E T S AR AE ISR, W
KA G P A LA S 2 R A A R, A {2 2
THIMR AR X FEARBGTE 1a if7R SPAD 45
WAREN T EHIE; 55—, mEiE SeNP if 1] fg
W IR R W, A R EY, R
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Y
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S ERB4I Can([i(lmftls_Ud?eobac.

RB41

FHME ;
y X

Allorhizobittm-Neorhizobium...

HELIHEE

Flayisolibacter” '
ERvanB-01
v ’
/e
' Flavobacter_l\lm

WA
Pontibacter

K tetM-01

te

aillu—?‘ \
#H

Pedobacter

FRI0H
Subgroup_10 -

REAHE

Anaerolinea

@ ermF
ermF

iptl-1 N B
intl- | Pirellula
(B E

/
,'/

\ “\

Sphingomonas

. / // Gein?amﬁ;g?n%?as

B/ —{#iSolibacter
_[>€andidatus_Solibacter
HHsull

Notdella
_Nordella

Steroidobacter &
~——_Steroidobacter

Ll RE@%
Nitrosp!;ra

T Mg U T E RS (Spearman ) AHICHE R HIRA (r>0.8, P<0.05) 7E Gephi 0.10.1 ¥ ik . [0 B Ao /MG 15 5 48
2% i R IS, BB BR TR R & o A aEL N B IEM K, SEaEL N B EMAE, Note: Only strong and significant

Spearman correlations (7> 0.8, P <0.05) were visualized in Gephi 0.10.1. Red lines indicate significant positive correlations, green lines

indicate significant negative correlations, and circle size indicates out-degree ( high or low ) of the node in the network. Circle color has no

special meaning. Red lines indicate significant positive correlation, while green lines indicate significant negative correlation.

K5 MR IEPAERETS . PiA KPR (ARGs ) AR his Lot (MGEs ) AR EAE ] R 45 14

Fig. 5 Network analysis of bacterial communities, antibiotic resistance genes ( ARGs ), and mobile genetic elements ( MGEs ) in rhizosphere

HYRAERKKRE, BACEYIN RIS B,
HEMIE IR A= N A, AR ST K
] /NFT SE M T B 1~5 mg L' SeNP, i fEXS HAR
B b HEHAL AR 7 AR A 2 0, SeNP A 3T (1 1 ol
AU+ b BB A S B, 5P AL,
TS SeNP X B P - 8 P i L i B T
RHEAE (B 2d), BHEPHEHIMER, &
IKF-AMIR SeNP f i ik P8 F A M A LI o i ] 42
SR IR A SO (- IR TR A 55 1
AP FPEERS N AT ), X R R AR 4 B A Y
RTAITT S 75 0 S 2RI 1, AMIBURTG Xof - 198 Bk
ik 2L 5 W) 2 A7 K - R 2 e, AR 45 2R
WRH, FF AT, 1 mg L' SeNP b HIAHE
5 mg'L™' SeNP Ab¥ sEA7 A F 42 7t + 38 o i 0 % ik

(l 2d), AIEESRAGHI = SeNP B 5 9 AH ¥ i - Pk
WO iz B A AER RE NIRRT, R
RABURES IR 2 s WREE S, i
- R G RN W, T BUDR T R 4 RN - S
ff R St W, TR 2 HoAfh ek ds
PRl g 255, RIRIA T SeNP X /NG AR FR +
5 EC A LTS 2 MR SO0 A S T 0
Wl 25 TR, ek R A, T i
G AR SeNP $2TH/NE SRR MR AE W i (1) F 2 aRAR
&, FEEREYI A AE R A R BRI AR P 3 A
3.2 THTET SR G A 490 400 oA i BE X 4R BR 4350 26 49 B 22 i
- TR A T AR ) A A R B s B AR, F
T 5 e AR R - SJ A0 A= 0 R i 45 ) 7 2 3 AR 72
WL R, MW 1~5 mg L' SeNP 50 T
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INESRARPR AR B ZREE (I 4a). SXFIRAH
b, Sel FI Se5 AbBREZFEIGI /NG SRARPR -3
AR CANZERET] . AT ik
WRTETVFRRAT AT ) BYARXS E R (& 4b), CAHF
R, ZFHMET] ( Gemmatimonadota ) 4 B Y
AT B TR SR AR R T R ARPRE ), e AR
R E); MiRER 3 AIEEET] ( Proteobacteria )
{1 A U AT R AR AU E RO TR, PR
R B 3 v A AL R TR 1) AR AT T8 1) HAT s ) P45
WP, XIS R S U)K,
HFE RN R T e L3R s Ry P T
e, ZEEARMRIE 1. B 2 FE 4b 2558, HENSMNE
SeNP it F AL REAT ORI /N B SRAE R AR R AR K
RE, TR O 1 5 5 00 iy WOBOR AT
[7i) ) 30 T 368 5 5 M AR o —  T SC A 0 1) 2 B ke T
R AETRIr, MR BIEAERCR . JAh, ARF
IR R I T EE SeNP J&, rhE g rp i Y 40
1) 26 5 0 A 8 v 3 A A0 T ) A B S 5
(&l 4b), —7J7 1 Al g2 i T A R 2 8 + 38 JrUA it H.
A AR AR Wy e v kit ( RS RIBCRE AN TR ), P
Xf SeNP &b 3 iy wi )i 45 R 25 AN [F], AT 52 SeNP
A BT AN [i) 6 Y - SEAR B Gl A R v 1) e 28 2 il
Ao P 55, AME SeNP BijifE, 43
SR AR ROR S FACSS AR, eI AR R
WP R FP RS, ORISR+ R YR 2R O
Py BRI S AR, —FR 2R ) n] BE T AR AT
B EFRMI A EAE, WA — 2ER AR P d ] G A
EIRA R, TS BOR B i YR 7% 45 F 1Y
S, Sun FEPORIFEFE Y, SeNP ] i i A AR R
I3 IR 5 W AR PR L S MR E v A A AL, TR
VAR 73 W15 5 W) JOR FH SEAE ) AR B A BT 45 TR
#E, AWMfe sty AR KA T . 28 LTk, i H
1~5 mgL 'SeNP AL I8 T /NG EMRbr b
tR AR YIRS R R R, 3O T RIS
BAR AR B KRB HA BT 2,
33 MEBEEYHNRBESREBEDS
ARGs E{EX BB T
TP AR PR D55 R R o — IR %,
ARGs AEIE i H BRI A W) 507 sh e 7 = AR
FEZ YA RGP AN AR i s A A AR
PR P ) A R 7 3 A A, T AT 245 ARG
TR G, ITIFEIR ARGs X Al FE i T 7E

AR o ABIFTE A B, Bl - AR /N 3 v T
Jiti 1~5 mg-L' SeNP, A&MZ 1 3 FARAEARAR PR £ o
ARGs UERE (K 3¢). Wang B3] 17245
B, WINRRIEASMGHIFG, MGEs W& FiH, A
AW T ARGs KRR . ARBFFE A, i mE it
SeNP J& A R AL T 8l 3 h MGEs (intl-1 .
IS613. tpA-04) WX FRE (& 3d), XXT
HRBR+3% ARGs KFHB A F . [FEF, S58TH
I"] ( Chloroflexota ) /£ AP + 3+ ARGs WITELETS
TN, 76 SeNP kb5 H A= B AL (& 4b ),
AU UL, SeNP BE ] 38 o 5w v] % 38t £4 oo {4
MGEs iz K0 ARGs MACEHH, WAl a4
T AR PR 3 ARGs 15 £ Y RETE 450k
i ARGs IR HED, MR, fEddE LT,
i 1~5 mg- L' SeNP J&, /INE MR PR 32 40 14
HEFEEARRON AT A s n (R 2), HARPBR -4
ARGs fl MGEs W FE B ETm (K& 3c, Kl 3d),
TETE M FE S ] ( Chloroflexota ) 3t g 3
B (B 4), rTREBEP I, i mEiE SeNP ZbHS
#5y SeNP A A MW IS G i AR IR E £
erpr, ik EE N IS S TR, BB AR PR
gk e BB BRI AR ) B P
B 18 FHCE YRR OL S CEDIK S T i A Py 3k
PR, 18 FWEFEE R, MMife# T ARGs
LR A LD, (RAERl M e, Y Sk
Pz BRI, LA 4 vey w5 M 1) R SR A T BE 1 1
T4 ARGs fi FREMARACE, S ARGs
BIFEHE . 25 L RTAR, SeNP Wit b B X 3R b 1 4
ARGs (1 HIBR AR = 20 3R i it
1~5 mg'L™" SeNP REMGH i A SR 1T 1o A4 W e vk 45
A R T AT S5 R 5 B8 R R AR P - 4% ARGs 19 3=
B, Har, “KEEE (One health ) 2 B N IFFE 55
P RPN EEEN, £EPA ARGs Ml £
PR R B NMSAEIAR N, N5 & — R 51+
A S AR A AR B (), 6T, JR o s iF
— 2 SRR TR - HE TR i W it £ 49 409 A G %o
/N SRR R K R TET A P ARGs HISZI

4 4 ik

AWK (SeNP ) M A HLEE SR AL, fE
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g [ NHE HE pH rh AR 1 58 /N SEAE AR Y 2R
KESF, IFDERA PR A A S . i
Wit i i SeNP 2 1 b PR AN g 3 A AR
P (ZFERAMEEETT . AR A ARIR G T R ER T
W) B%EE, RIETREAR T B -8 ARGs W 7E
T EMEERE (ST MFE. I AT
J& ( Pedobacter ). B3EHE B ( Massilia ). HEOMH
J& ( Flavobacterium ). IR*A 48 J& ( Anaerolinea )

J/NE AR BR 3 ARGs Fl MGEs (¥ 1ER% 015 £
B o M SeNP X i3 AR PR 13 ARGs FHIl sk
FOR FEIR YT HERMWE, A 1~5 mgL!
SeNP HE % 38 ixf A7 20 15 1w A ) FF I 45+ A il K
IR RS R PRI PR 118 ARGs BB, 25 b
R, SeNP REfSAFE I A &54% il 1% ARGs ¥ HUA 2 7+
T BEFR A AR e BRE B OO AR Rk
K DAL ) 52 e PR] A S 1 8 A [ 7 0 B M AR 2
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