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Effects of Cu Stress on Rhizosphere Soil Microorganisms of Insect-resistant Transgenic Rice
WANG Xiaoxiao'?2, ZHONG Wenhui', LI Lei'?, HONG Xin'?, LIU Biao3, HAN Cheng!*

(1 Jiangsu Provincial Key Laboratory of Materials Cycling and Pollution Control, School of Geography Sciences, Nanjing
Normal University, Nanjing 210023, China; 2 School of Environment, Nanjing Normal University, Nanjing 210023, China;
3 State Environmental Protection Key Laboratory of Biosafety, Nanjing Institute of Environmental Sciences, Ministry of Ecology
and Environment of the Prole’s Republic of China, Nanjing 210042, China)

Abstract: Soil environment and crop growth can be connected in rhizosphere soil, which is also the main indicator of the
environmental safety assessment of the transgenic rice, but the effect of Cu stress on rhizosphere microorganisms of insect-
resistant transgenic rice is still unclear. A pot experiment was conducted in this study and the Illumina Hiseq pyrosequencing
technology was carried out to investigate the rhizosphere microbial community of insect-resistant transgenic rice Huahuil (HH)
and its non-transgenic parent line Minghui63 (MH) with or without 100 mg/kg Cu stress (abbreviated as Cul00 and Cu0,
respectively). Results showed that Cu stress significantly reduced rice height, biomass and yield, and changed total N content,
ammonium content and redox potential value in rice rhizosphere soil. Cu stress did not change the bacterial community
abundance, but altered the composition and structure of bacterial community and decreased the Alpha-diversity of bacterial
community. No effect on the rice growth and composition and structure of bacterial community was observed between HH and
MH varieties with or without Cu stress. These findings indicate that Cu stress can suppress the agronomic traits of rice and the
rhizosphere bacterial community, but planting insect-resistant transgenic rice does not change the resistance of rice and
rhizosphere bacteria to Cu stress.

Key words: Cu; Bacterial community; Transgenic rice; Rhizosphere soil; Environmental safety
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Table 1 Physicochemical properties of rice rhizosphere soils under different treatments

Cu Ab#f FKFE b Fh pH FABFEBEAMAmMY) 2% (gke) BAVIK(g/ke) A% (mg/kg) A4 Cu(mg/kg)
Cu0 HH-Cu0 6.82+0.11a 189+£2.61b 0.41£0.02b 3.93+0.04a 4.52+0.38b ND
MH-Cu0 6.40 £ 0.09 A 259+37.3 B 0.44+0.00B 3.85+0.08A 7.98+049B ND
Cul00 HH-Cul100 6.95+0.02a 123+67.0b 0.57+0.04a 3.58+0.0la 193+398a 563+4.18
MH-Cu100 6.88 +0.00 A 384213 A 0.64+£0.02A 4.16+070A 23.9+5.12A  57.4+3.65
R Ty 2 Cu fifrif 4b 9.50 1.68 58.4™ 0.00 52.3" -
i F TR A 10.8 51.8" 4.24 0.50 0.86 0.03
Cu 38 Ab 3 < i Fi 6.33 17.4™ 0.87 0.87 0.29 -

H FPEARETE £ fERG = 4); FIIRFE/NG | KEFERS513R HH KRR MH K RESAE RIS FEAS T KB 45 5%
(P <0.05); ND FRAKBME Cu(Il); *HFr=+43HHURELE P<0.05 1 P<0.01 /K F-5400 3
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HAHLG, Culo0 KbEKFEMRS . f i, AW EE  FPRCGREINE]), JE Cu Ml K AS &8 E AR
PERE(R . 7E Cu0 2bFE T, #4% 7 85 HH KAk 2] Cu. HH KFERER Cu & it WL T MH /KRS, 1M
BEST MHKAS, A HH 5 MH KRGS A b Cu ST MH KRS, AT, Cu b B3
KPR o E 225 W Culo0 403N, HH 5 MH /K FRIR /KRR . B Mo i, BRIk R A K5
Fetkems . AWE KRB EES . Culla ™, W mEsN; HH A MH KX Cu Wl s SR B AN,
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Fig. 1 Agronomic traits and Cu contents of rice at mature stage
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i RO - AR ) T W 2 S
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S5 e - 38 v 2N TR i 5 A RN ZE o ASBIFSY 4 SR B
REL 1S AT FERE R T 1% IITTKE B4l 28
(K 3). £ 4b ¥ Proteobacteria( & JE B [1) .
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5 Cu0 4bFEAH L, Cul00 4bFE HH 7K# Nitrospirae
(PR BT B 1D ) AH 6 =5 B W 3 R R, AR PR
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Fig. 2 Rarefaction curves of bacterial community richness and diveristy indexes in rice rhizosphere soils at mature stage
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Fig.3 Bacterial community composition of rice rhizosphere soils at mature stage
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Cu JE/KRE R LTMREE TR, ErERE AN
B A TR | SRR T UL AN 20 B BT R AR i 5
AR, HidRi Cu XK E
YEF o Cu I X 7K RS (4 5 i) 5 ZEAL 5 LA R PN 5 1
OCu Wra X KREA SR A FE M 3 @Cu Wrif X K FE
HRFR A T IR E MRS AR | S5 £
FEPERGEE IR . AT LA SE KRB AER 1 5 (HH) &
HORAOKREWIR 63(MH) A ATEL, AR IR + R
JER AR POLAE B A T 3 Cu i RRiE, RN
100 mg/kg Cu(IDHAT AL, K Cu Mria ek 2s T
FRBR - AR, BRI TR REA IR | MR PR 1 45
A 2R | R A5 S AN, {3 HH I MH 7K RS
FRFEAR T R 2
3.1 Cu MBI KFERZMERBIF NG

AT EER R Culha g, KRS . Fow .

-0.2 0.0 0.2 0.4 0.6
H HH-Cu0
2+ =02
0 [0 MH-Cu0 0
@ HH-Cul00
O MH-Cul00
s
G 0.0f 40.0
*
o
&
(a9}
02+ . --0.2
HIBLEE 43T (Bray-Curtis)
HH-Cu0 VS, HH-Cul00: R,,,=1, P=0.03
MH-Cu0 VS. MH-Cul00: R,4,..=1, P=0.04
HH-Cu0 VS. MH-Cu0: R, =0.12, P=0.63
. HH-Cul00 V'S MH-Cu100: R, 1,,,=0.18, P=0.87

-0.2 0.0 0.2 0.4 0.6
PC1 (22.9%)

(Radonis FCFRIAESEZ % 7 2 43 FT (nonparametric MANOVA)#g
0, HIETF Bray-Curtis B2 ; P {EFE 7~ W95 &b B[] 1) 2
HE5)
4 FUEFREKFERBR T IR E BT S5 E PCoA SR
Fig. 4 Principal coordinate analysis (PCoA) of bacterial community
structure in rice rhizosphere soils at mature stage

AR BERS, AMFAKESSEESE SR
AT RIS A < AR>S 5S> H PR R AG TN 21 ), 2 5 45 1)
W RW], 13 Cu AIEARRE ™ i W35 T X e,

FLFfA -4 Cu & 5 A4 /KR = S AR ) i T BRI
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