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Abstract

The ion-beam research group established at the Kagoshima University has studied the production of useful mutants by
applying ion beam irradiation to crops, citrus, and fermentation microorganisms. In this progress report, we present the
results obtained for trifoliate orange, rice, koji fungus and nylon-degradation and biopolymer-production bacteria.

Regarding the trifoliate orange (Poncirus trifoliata), our objective was to produce a thornless one through the application
of ion beam irradiation to seeds and scions. Seed: In the 2023 experiments, the desired outcome was not achieved. The
relationship between dose and length of thorn remains to be clarified. The length of thorn in plants irradiated in November
2024 will be evaluated in November 2025. Scion: most of the scions that were exposed to the ion beam irradiation perished
within two months of the procedure.

As for rice, we irradiated '>C3" on an Indica rice cultivar IR24, which is susceptible to most Xanthomonas oryzae pv.
oryzae (Xoo) races, and has been used for the genetics of Xoo resistance in rice, to select mutants against Xoo. A total of 7
resistant mutant lines against Japanese Xoo race II have been obtained. Among them, one mutant line named XM289 was
subjected to genome analysis to detect the causal mutation of Xoo resistance. One base insertion of the coding sequence
of a gene not reported as Xoo resistance gene was thought to be involved in the resistance.

As for koji fungi (Aspergillus luchuensis), we conducted a genome analysis of a low citric acid-producing mutant strain
obtained through ion beam irradiation. We successfully obtained nearly complete genome sequences of both the mutant
and the parental strains. Comparative genomic analysis revealed the mutation sites in the genome of the mutant strain.

As for nylon-degradation and biopolymer-production bacteria, we conducted a study to determine the appropriate ion
beam irradiation dose for generating mutant strains, with the aim of enhancing the capabilities of microorganisms involved
in nylon-degradation and the production of marine biodegradable polymers.

Keyword: trifoliate orange Xanthomonas oryzae pv. oryzae, Oryza sativa, disease resistance, Aspergillus luchuensis, citric
acid, nylon-degradation and biopolymer-production bacteria
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Table 1. Number of Growing Plants 22 Days after
Irradiation of Ion Beam in Trifoliate Orange

No. of No. of

I()}ose seeds growing
(Gry) radisted  plants

0 10 10

5 40 43

10 40 46

20 40 33

50 40 11

Irradiation: November, 2024.

Table 2. Length of Thorn of Irradiated Plants One Year
after Irradiation of Ion Beam in Trifoliate Orange

Dose No. Length of thom (mm)
(Gray) plants Range Mean
0 5 47-94 8.0
3 28 38-103 69
5 3¢ 18-86 60
10 26 41-94 68
20 10 49-83 67
40 4 64-86 69

Irradiation: November, 2023.
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Figure 1. Electrophoretic banding pattern of PCR products
from a tentative Xoo resistant gene, followed by digestion
by a restriction enzyme. Upper bands and lower bands
correspond to IR24 allele and XM289 allele, respectively.
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Figure 2. Frequency distribution of leaf lesion length in
the F» population from the cross between IR24 and
XM289 after Xoo Japanese race IIA (strain R7147)
inoculation. Three classified genotypes were assessed for
the DNA marker detecting the XM289-specific mutation
on chromosome 3 as indicated: black, homozygous for

XM289; gray, heterozygous; white, homozygous for IR24.
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Figure 3. Colony formation of Aspergillus luchuensis
RIB2601 and BM40 strains on agar medium containing
methyl red. Methyl red appears red color at pH 4.4 or
lower. The BM40 strain does not exhibit a red coloration
even at 40°C due to its low citric acid production.
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Figure 4. Effect of ion beam on viability (%) of nylon-
degradation and biopolymer-production bacteria.
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