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ABSTRACT

The research involved molecular marker identification of Pathumthani 1 rice
mutants induced by low-energy ion beams and investigation of an application of the
rice mutant’s biomass in ethanol production by developing a plasma-ion-
bombardment assisted gene transformation method to favor the biomass fermentation.

Seeds of Thai fragrant rice (Oryza sativa L.var. indica cv. Pathumthani 1)
were bombarded by nitrogen ions at a 60 keV energy level with ion fluences of 6 and
8x10'® jons/cm? for mutation induction. After the 5™ generation, a number of mutants
was obtained including EPOS1, EPOS2, EPOS3, TPOS1, TPOS2, EBPOS1 and

EBPOS3. These mutants showed several improved characteristics including a tall
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variety and an early flowering variety. Moreover, the red-brown pigment which could
be found in the mutant pericarp was similar to that in husked rice. Consequently,
HAT-RAPD (High Annealing Temperature-RAPD) was chosen to investigate their
genetic variation. Among the total of 110 arbitrary primers, one of the primers named
OPAA14 produced a unique fragment presenting only in the EBPOS3 mutant at a
molecular size of 700 bp. This fragment was subcloned and sequenced for
identification by Sequence Characterized Amplified Region (SCAR) marker.

PCR amplification using the SCAR primers provided a 300 bp fragment only
in the EBPOS3 mutant. The cDNA-HAT-RAPD technique was selected to analyze
genes involved in the rice mutants. Approximately 40 distinct polymorphic band
profiles were generated using ten arbitrary primers. After sequencing, none of the
sequences were related to their phenotypic changes, and most showed high similarity
to hypothetical proteins of rice in Genbank database. Since the EBPOS3 mutant had
biomass of the rice straw over 40% percent higher than that of the control because of
its height. The rice straw (lignocellulose) of EBPOS3 mutant was chosen for ethanol
production. Lignocellulosic biomass composed of complex carbohydrates which
could be hydrolyzed by microorganisms into single molecule of sugars before
fermentation. In this study, Bacillus amyoliquefaciens CX1 which produced
extracellular cellulase and xylanase was isolated from horse feces. The cellulase and
xylanase were tested and found that they were stable over a wide broad pH from 5-9
and had thermal tolerance between 30-70C.

In my study, plasma immersion ion implantation (PI1l) was demonstrated for
gene transfer in to bacterial cell. Both pTZ57R and pB1121 were used to transfer into

E. coli strain DH5a. Argon and nitrogen species were compared for ion implantation
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with a bias voltage of 2.5 kV and fluences ranging from 1x10* to 1x10"" ions/cm?.
My result showed that nitrogen ions were more efficient for the gene transfer than
argon ions. Therefore, to analyze gene functions, both the cellulase (BglC) and
xylanase (XynA) were cloned into expression vector (pETDuet-1) and transformed
into E. coli BL21 (DE3) by PIII. The constructed vectors harboring cellulase (BglC)
and xylanase (XynA) were named pETbgl, pETbgl-2, pETxy, pETxy-2, and pEThgl-
xy. There, after the constructed vectors were transformed into E. coli BL21 (DE3)
using nitrogen ions with a bias voltage of 2.5 kV and a fluence of 1x10" ions/cm?.
The transformants obtained from the PI1II technique were measured for the
hydrolysis activity in comparison with cellulase and xylanse from the wild type. The
transformant named pETbgl-xy, which contained both BglC and XynA, showed the
highest hydrolysis activity about 25-fold of cellulase and 50-fold of xylanase greater
than enzyme activities of the wild type. Then pETbgl-xy was chosen for ethanol
production. In the ethanol production, pretreated rice straw and pretreated corn stover
were used as substrates by simultaneous saccharification and fermentation (SSF) and
the pETbgl-xy, Saccharomyces cerevisiae V1116 and Zymomonas sp. TISTR1102
were used in fermentation. Ethanol produced from pretreated rice straw and

pretreated corn stover has yields of 2.79% v/v and 3.29% vl/v, respectively.
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