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ABSTRACT

In crops, the detoxification capability
especially in eliminating the accumulation of
reactive oxygen species, is highly linked to the
herbicide tolerance of paraquat. Previous data
showed that by OsMAPK3

expression in rice resulted in decrease of

inhibition of

antioxidant enzymatic activities and reduced
abiotic stress tolerance. Hence, in this study we
tested whether by ABA-induced OsMAPK3
expression in rice can lead to increase of
antioxidant enzymatic activities and further
enhance paraquat resistance. RT-PCR analysis
indicated that the endogenous OsMAPK3
expression was induced by H>O, and ABA but
not paraquat. Meanwhile, after ABA treatment
the OsMAPKS3 expression was effectively induced
in transgenic rice. Antioxidant enzymatic
activities analysis showed that catalase (CAT) and
ascrobate peroxidase (APX) activities were both
increased and the H>O, content was reduced in
Also, OsMAPK3 transformant dis-
played higher PSII electron transfer efficiency

transformant.

(Fv/Fm) and chlorophyll content after paraquat
treatment and grew better than control. These
results suggest that up-regulation of OsMAPK3
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not only increased the oxidative-induced

antioxidant defense but also improved rice
paraquat tolerance. Taken together, by
manipulation the expression of MAPK gene and
changing the antioxidant capacity may provide an
alternative for producing transgenic herbicide
tolerance crops in future.
Key words: Mitogen-activated Protein kinase
(MAPK), Paraquat, Oxidative stress,
Antioxidant.
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Fig.1. Schematic diagram of the ABA-induced expression plasmid p1302 ARMK. RB, right border; LB,
left border; ABRC, ABA responsive complex of ABA inducible promoter; MA, amplified
full-length ¢cDNA fragment of OsMAPK3 gene; NOS, nopaline synthase terminator; 35S,

cauliflower mosaic virus (CaMV)

35S promoter;

Hygromycin R, hygromycin B

phosphotransferase. Bold underlined bar represents probe used for Southern blot analysis.
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Fig.2. RT-PCR detection of OsMAPK3 gene expression in rice (Oryza sativa L.) seedling under H,O,
ABA or paraquat treatments. TNG 67 rice seedlings were treated with 100 pM paraquat, 10 mM
H,0; or 100 pM ABA for 0.5, 1, 2, and 4 hours, respectively. Then RT-PCR was conducted to
measure OsMAPK3 gene expression profiling. Control indicates rice seedlings grow under
normal condition (30°C/25°C) without any treatment. Glyceraldehyde-3-phosphate-dehydrogenase
(GAPDH) gene was used as an internal control (A). Time course analysis of relative RNA
transcription levels of OsMAPK3 gene under H>O, ABA or paraquat treatments. DNA band
intensity was processed with Gel-Pro® Analyzer software, then the gene expression of
OsMAPK3 was normalized to GAPDH. The value obtained at 0 hr from control experiment was
arbitrary set up as 1 for comparison. The data represent means * SE (standard error) of five
individual rice seedlings from three independent experiments.
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Fig. 3. Determination of inserted gene numbers and expression of OsMAPK3 in wild-type and T»
generation transgenic rice seedlings, AR5E-7-1, AR7A-7-1 and AR14B-3-1. Southern blot
analysis (A). Genomic DNA extracted from 3-leaf staged rice seedlings was digested with
Hind 1II restriction enzyme, then gel separated and hybridized with 1.5 Kb OsMAPK3
DNA probe. a: foreign introduced OsMAPKS3 gene, b: endogenous rice OsMAPK3 gene.
Time course analysis of OsMAPK3 and OsRAB16a expression under 100 pM ABA (B) or 100
pM paraquat treatment (C).GAPDH gene was used as an internal control and ABA-induced
OsRAB16a was used for a positive control. Each data was obtained as mean * SE from five
individuals and three times of independent experiments. Time course analysis of H,O;
content change in wild-type rice (TNG 67) under 100 pM paraquat treatment (D). Data were
calculated from three times of independent experiments.
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Fig. 4. Changes of H,O content in ABA-induced OsMAPK3 transgenic rice plants under 100 pM
paraquat treatment then recovery for one day. H,O; content (A) distribution of H,O;inrice
leaves after DAB staining (B). The data represent means * SE from three individual plants
and replicated for three times. Letters indicate significant differences (P< 0.05) as assessed

by Duncan’s test with SAS software.
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Fig. 6. Phenotypes and herbicide resistance of ABA-induced transgenic rice seedlings under 100
pM paraquat stress. Phenotypes of wild-type and transgenic rice plants before or after one
day of 100 pM paraquat treatment then recovered for one day (A). Fv/Fm values were
measured from the 4th leaf and the chlorophyll content was determined from the 3rd leaf of
wild-type and transgenic rice plants without or with one day of 100 pM paraquat treatment
then recovered for one day (B). Data were obtained as means * SE of four individual
seedlings and experiments were repeated three times. Significant differences (P< 0.05) of
plants response to paraquat were indicated with letters as assessed by Duncan’s test with

SAS software.
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