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Application of Low Energy lon Beam for quality improvement in

Oryza sativa indica KDML 105) and Lactuna sativa
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: To characterize, identify and analyze gene express in a jasmine
rice mutant induced mutation by low energy ion beam

To apply the low energy ion beam to induce rﬁutation in various
plant crops including lettuce, cucumber and chili as well as in
bacteria spp.

Seeds of jasmine rice (Oryza sativa indica KDML 105) were
bombarded with nitrogen ions at fluences of 2-10 x10"° ions/cm2
and energy 60 keV . Three mutants named TKOS, PKOS and
BKOS, which had different characteristic, were obtained. The BKOS
was chosen for further characterization and analysis such as cloning
genes involving in anthocyanin biosynthesis pathway and their
expression, antioxidant property. Then HAT RAPD was used to
determine genetic modification in the mutants, subsequently, SCAR
and microsatellite marker were applied to identify the BKOS. _

Consequently, nitrogen ions were applied to bombard seeds of
other plant crops including lettuce, cucumber and chili in order to
induce mutation. The bombarding conditions were respectively. After
bombardment the seed were germinated and subsequently cultivated
into soil. Percentage of germination and survival were recorded as
well as for phenotypic changes. ‘

Finally, low-energy ion-beam technique was also applied
successfully to induce mutation in bacterial, Bacillus licheniformis, for

cloning gene of interest.
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Low energy ion beam was applied to induced mutation to jasmine
rice (Oryza sativa indica KDML 105). Finally, three mutants named
TKOS, PKOS and BKOS were obtained. Both TKOS and PKOS
exhibited photoperiod insensitive. However, TKOS was taller than
KDML 105 while PKOS was shorter or semi-dwarf. BKOS was also
photoperiod insensitive and short in stature and anthocyanin was
found to accumulate in various tissue such as root, leaves, stem, seed
coat and pericarp. In previous report, BKOS’s extract showed high
antioxidant activity to reduce DDPH, than the others. Consequently,
genes involving in anthocyanin biosynthesis, F3H F3 5 H, DRF and
ASN were investigated. The intensity of théir transcript in BKOS was
higher than the KDML 105.Therefore, a set of genes involving in
anthocyanin biosynthesis was cloned and sequenced from BKOS.
They were MYB, MYC, WD 40, F3H F'3H, DFR ANS UFGT and 5
GT. The MYC, MYB and WD 40 were regulatory gene and showed
high homology to japonica rice at 86, 89 uaz 1 00% respectively. While
the F3H F'3H, DFR ANS UFGT and 5 GT Wé}e structural genes and
showed high homology to several plant species at 92, 81,75, 89, 92,
86% respectively. Their functional mechanisms were under further
investigation.

HAT RAPD marker was chosen to distinguish among rice varieties,
of 19 primers one of arbitrary primer named OP! 11 provided an
additional band at 1.4 kp only in BKOS and japonica varieties.
Subsequently, a of primer named BF1 and BR1 was designed based
on a internal sequence of the 1.4 kp and used to specific identify for
BKOS. An expecting band at 300 bp was amplify only in BKOS and
japonica varieties, however, an intensity of this band was 5 fold higher
than to japonica's. Using microsatellite marker named OSR28F and
OSR28R revealed genetic different between BKOS and japonica rice.
With both techniques could be used for BKOS identification purpose in
order to protect the rights of BKOS.

Rab 5 and rab 7 genes were cloned from KDML 105 and
documented in previous report. Both genes showed highest

expression in root. Moreover, in this experiment revealed that these
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genes also expressed high in senescent rice-leaves. Therefore ,
several inductions involving senescent factors including ABA, salt
stress and pathogenic factors are under investigation for their
responsibility to leaf senescence in jasmine rice.

In the 2Nd section, ion beam was applied for crop improvement
in different vegetable crops including 5 varieties of lettuce (Lactuna
sativa), Cucumis sativus and Capsicum annuum. For Lactuna sativa,
the condition for bombardment was at 50 keV and with 6x10° uae
*!x1017 ionslcmz. Both Cucumis sativus and Capsicum annuum were
bombarded at 60 keV but the fluences of 2, 6, 8x1 0" ionsicm’ for the
before and 6x1 016 11234 1x1017 ions/cm2 for the later.

This was the 4" attempt of the bombardment to the lettuce since
required characters were not found in previous bombardments. In this
experiment a percentage of germination at higher fluences was slightly
greater to lower fluences and control. However, number of modified
phenotypes were 2.77% and 0.77% for the higher and lower fluences
respectively. Those ‘phenotypes were abnormal in growth, plant profile
and albino leaves.

In Cucumis sativus, both percentage of germination and plant
height were not different significantly in all experifnental groups. The
significantly modified phenotypes induced by nitrogen ions were
detected. These were sex reversal (from female to male reproductive
organ) and fruit size was round and smaller than control's. However,
its taste was not different.

Effect of nitrogen ion to Capsicum annuum, percentage of
germination, plant's height and profile were not different significantly in
all experimental groups. All modified phenotypes were found in only
the 6x10' ions/cm’ groups for instance short in stature. Moreover, in
this group (in M1 generation) a percentage of symptom caused by
Colletotrichum fungus was lower than in the others. In order to test
this property (the pathogen resistance) M2 and M3 generations are
further investigation.

Finally, low-energy ion beam was also successfully applied to

clone a particular gene from Bacillus licheniformis for growth
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suppression of Collectotrichum spp causing anthracnose in curcuma..
Strategy and methodology of the application was demonstrated and
discussed.

Conclusion : Nitrogen ions with and appropriate conditions (certain range of
energy and fluences) were able to induce mutation in plant varieties
such as rice, lettuce, cucumber, and chili, as well in bacterial species.
And phenotypes of those mutants exhibited significantly different from
wild types. Moreover, these characters was able to heritage into next
generation.

Recommendation : Since low energy ion beam can be used for induction mutation in
both plant and bacterial species, and also used for gene cloning. In
near future, this technique could be applied for crop improvement.
However, a fundamental questions for mechanism of interaction

between ions and biological material are needed to be elucidated.





