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ABSTRACT

lon beam bombardment of biological organisms has been applied to plant
mutation breeding. In order to explore relevant mechanisms, the study employed low-
energy ion beams bombardment of naked plasmid DNA to examine whether and how
ions with very low energy and low fluence can induce mutation. Argon (Ar) and nitrogen
(N) ions at 5 keV and 2.5 keV, respectively, were used to bombard naked plasmid DNA,
pGFP, at ion fluence of 3, 6, 9 x 10" ions cm™. The results provided evidences that the
very low-energy and low-fluence ion bombardment indeed altered the DNA structure
from supercoil to circular and linear forms through single and double strand breaks.

Mutation induction was confirmed by transformation of the bombarded DNA into
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Escherichia coli cells and subsequent expression of the marker gene. The indirect effects
of low-energy ion beam on antioxidant enzyme activity and lipid peroxidation levels
were also studied. Local rice seeds were bombarded with Ar- or N-ion beams at 29 — 60
keV and ion fluences of 1x10% ions cm™. Then activities of 6 antioxidant enzymes and
lipid peroxidation level were determined in the bombarded rice seeds after germination.
The results showed most of the enzyme activities and lipid peroxidation levels in both the
Ar- and N-bombarded samples were higher than those in the natural control. N-ion
bombardment could induce higher levels of antioxidant enzyme activities in the rice
samples than the Ar-ion bombardment. Additional effects due to the vacuum condition
were also found that could affect activities of some antioxidant enzymes and lipid
peroxidation level.

Four rice varieties obtained from low-energy ion beam induced mutation in Thai
jasmine rice (KDML 105) were characterized in gene expression involved in their
phenotypic variations. The differentially expressed transcripts of mutants were analyzed
in comparison with the KDML 105 using cDNA-RAPD technique. Two genes were
identified; OsSPY and 14-3-3, which their functions possibly associated with stem height
variations of rice mutants. Expression analysis of OsSPY, 14-3-3, RSG, KO, and SLR1
was confirmed in rice internode tissues during the reproductive stage by semi-
quantitative RT-PCR technique. The results indicated that the changes of OsSPY and 14-
3-3 expression could affect internode elongation and cause the phenotypic changes of
semi-dwarf and spindly rice mutants, respectively. The study of a gene controlling the

anthocyanin biosynthesis in purple rice mutant (BKOS6) was also carried out. The
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Bkmyc gene encoding a bHLH transcription factor for anthocyanin biosynthesis in plant
was identified. It was found that a full-length cDNA of Bkmyc is similar to O. sativa PI"-
OSB2 which was previously identified in T65-Plw pigmented rice. The expression
analysis revealed that Bkmyc expressed in all purple tissues of BKOS6. A new evidence
of OSB2 expression in root tissue of indica rice was found and firstly reported.

Moreover, the study of improved antioxidant properties of BKOS6 rice was
carried out. The total phenolic content and antioxidant activities of cooked and uncooked
rice extracts were compared among KDML105, BKOS6 and other 2 rice mutants created
by a low-energy ion beam. The BKOS6 extracts showed the highest total phenolic
content among all tested rice extracts. The determinations of antioxidant activities, using
three standard methods, showed BKOS6 extract had 2—-2.5-fold increased levels over
standard KDML105 extract for each method. Interestingly, there was no significantly
difference between the antioxidant activities of the cooked and uncooked BKOS6 rice
extracts. Due to many remarkable improved characteristics of BKOS6 variety, a specific
SCAR marker was generated for its varietal identification. In this study, the BKOS6
specific SCAR marker was successfully developed and used to identify BKOS6 variety.
It can be used to distinguish BKOS6 from other rice varieties/cultivars except Hom-nin

rice and also to detect F1 hybrids of BKOS6.
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