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Overexpression of protoporphyrinogen IX oxidase gene PPO2 in rice con-

fers tolerance to the herbicide flumioxazin
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Abstract: In recent years, the occurrence of resistant weeds in paddy fields has been increasing. Breeding new vari-

eties of herbicide-resistant rice is one of the effective measures to solve the problem of resistant weeds. Protoporphyrinogen
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IX oxidase ( PPO) is one of the key enzymes in the
synthesis of chlorophyll and heme in plant growth. It was
reported that there were two isomers of PPO in plants,
namely plastid targeted PPOI and mitochondrial targeted
PPO2. In this study, the PPO2 gene was taken as the re-
search object. An expression vector pCAMBIA1309-0sP-
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PO2 was constructed, and the PPO2 gene from Zhendao 18 was introduced into Xiushui 134 (WT) by Agrobacterium-medi-
ated transformation. Through screening and identification, transgenic lines overexpressing OsPP0O2 ( OsPPO2-OE) were
successfully obtained. The resistance of WT and OsPPO2-OE lines to flumioxazin was evaluated through herbicide applica-
tion via soil pre-emergence (closed spray) and foliar post-emergence treatments. The results of pre-emergence treatment
showed that the rice lines overexpressing OsPPO2 had better tolerance to flumioxazin than WT, the tolerance was about
twice that of WT. The results of post-emergence treatment showed that under low herbicide concentration conditions, the
growth of WT was significantly inhibited, with dwarfing of plants, while the transgenic lines overexpressing OsPPO2 exhibi-
ted better tolerance. The results of double logistic nonlinear regression model analysis showed that under flumioxazin treat-
ment, the 50% fresh weight reduction ( GRy,) values for WT and the transgenic line overexpressing OsPPO2-OE were
43.17 ¢/hm’, a.i. and 88.25 g/hm’, a.i., respectively, with a resistance index (RI) of 2.04. In addition, the chlorophyll
content determination results showed no significant difference between the transgenic lines and WT. This study has demon-
strated the feasibility of improving rice tolerance to PPO herbicides by overexpressing the endogenous OsPPO2 gene in rice

and has provided important theoretical basis and practical reference for the future development of herbicide-tolerant rice va-

rieties.
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TCAACACCCAAGAG-3',
1.3 0sPPO2-OE W HREBEERRIIIELEE
1.3.1 #AHFHLRE S% Lee F 7 WML, IF
1/2 MS K5 5 5 ip 88 A ] v B B4 VA e 3G Jie 1
TREPUIE R LI MR R . BEETE K 134 (WT) Flid %
KRR (0sPPO2-OE) ¥ 5K A, L )m , R
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Fig.1 Identification results of partially positive plants
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Fig.2 Relative expression in OsPPO2 gene overexpressing rice
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FE A1 X 79 b 36 B I RO T A2 ML 25 R (| 3) &
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OsPPO2-OE Fi—F ¥ He 1E % W1 & , 9] & R R ZF K TG
W1 22 5 (18 3a &1 3b ¥l 3g 181 3h) 5 B BE
Jiz e FE B8 & 20 nmol/LA (& 3¢ & 3i) , WT i
KRBT EZE 60% , 1M 0sPPO2-0E 113 E 4 %
ROBARZ BT I0E], 2B AR R Y N B
R FE HE B 40 nmol/LA (& 3d [ 3j), WT
Fh 7 4B T2, M OsPPO2-OE Ff 7175 fig 1F # B
K R R A7 M 2 P R R e R R 4R
2 160 nmol/LEf ( # 3¢, Kl 31) , 0sPPO2-OF Ff
FAHRILTS, BLAT WT F1 OsPPO2-OE F 1 I 2F &b
M, RPN 25 R AE A TR A T R
FEMHE T, OsPPO2-OE o WT 26 3 HY 0 4 (1)
it 52V T2 PE 2 WT 1 2 4%,
232 OsPPO2-OE *f Ak m 3 ReduEK-Fag e Kl
4 57R YT 2 0~ 30. 6 ¢/hm’ a.i. i, 25
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TR T AN FRREE (30 FH RN E 61.2 ¢/hm’ ali.
B, RIS, WT AERAZ S B S A, A s i 32
ik 35.00% (&1 4C) , it T 0sPPO2-OE FEARZE AL
AT HRs 3 20, 14% (1 4C) 5 SN BRI
FMHEA T 122.4 o/hm? ai. i, WT FRAME R & 58
WiZs , ToRIEH AR T FRA R R ARG 0B B 47
HPAEAY ) YN BRFURIG FH HER 244.8 o/hm’ ai ], BF
HE AR AR ZESE T, LAY OsPPO2-OF EARZ 5|1
A R 2B SR 2k 489.6 ¢/hm’ a.i.
I5F, 0sPPO2-OE FERk & HBRZAET

PR AL BRI R WT 5 0sPPO2-OF 8 ¥k
- ER A S5 (K] 5) o TEAR MR B2 Y b 38R e ik
T, WT A AR R B 2832 2], FLRE & bR R0 i
JEE R 3G TN T A2 3] 0 1 o) B BH &, L S AR RRAE T M
OsPPO2-OFE AHPRTEAR IR BE A W s F e b BT AR AR
fief FEIF RS2 B AN, A IRGE AR L [T AR
RITHA R N B SR e A0 38R WT Fl OsPPO2-OE 1y
fif AP (GRy, ) AR (R 1) IR, WT [ GR,,
5N 43.17 g/hm?,a.i., OsPPO2-OE ¥ GR,, 1 N
88.25 ¢/hm’ ,a.i. , JUHEFEEL(RI) 2} 2. 04,
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Fig.3 Determination of resistance of overexpressing OsPP0O2 plant to flumioxazin
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134) ,0sPPO2-OF Jid kR R, + IR WT Fl OsPPO2-OE 25 .3 (P<0.05) . AH/ING FEEFR/RAC PR 25 57 1.3 (P<0. 05) ,

El 4 OsPPO2-OE X AR B ERR K F R 547

Fig.4 Resistance level analysis of OsPPO2-OE to flumioxazin

120~ %1 OsPPO2-OE 3 EERAMHEK T
. 100 . Table 1 Resistance level of OsPPO2-OE to flumioxazin
g S0 FEIME PR MRS .
o it gy SPIIEITEL HRREC
:HE 60 (g/hm” ,a.i.) (r)
H)E 40+ WT TR T 43.17£2.78 0.997 3
Uil
= 20 OsPPO2-OE  HitERhiE 88.25+5.45 0.999 0 2.04
0 : 1 ] WT A AR (57K 134) , 0sPPO2-OE Jid Fktk &
PRI SRR AL 2.4 OsPPO2 FRIEMBMHERSESN
*WT; ©OsPPO2-OE TEARIS T, R AT AL R SE 0L | DU i g i
B4 FREA BRI AR B I 8
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Fig.5 The dose-response curve of plants to flumioxazin
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1,74 mg/g, P 4K a S0 1,32 mg/g, M
ZER b T 0.42 mg/g (18 6), 225 B E VR
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Fig.6 Chlorophyll content of wild type and mutant strains
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