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Abstract

In the final report of the 2015 - 2017 term, we present the recent progress in our breeding research with ion-beam
irradiation, especially regarding to Eustoma flower (Eustoma grandiflorum) and black koji mold (4spergillus luchuensis).
Eustoma mutants with visible phenotypes in floral organs were obtained in the M; generation by irradiating the seeds of
with an ion-beam, in which the probability of mutation rate was 1.7%. The typical mutants’ trait was observed to be a
chimeric fashion of the petal with decrease of pigmentation. This appearance of variegation in M; generation could be
possibly thought to be an activation of some gene related to a transposable element as in the case observed in the
commercial cultivar ‘Spica Roman’. As for black koji mold, a Ul mutant strain with a higher saccharification activity was
obtained by ion-beam irradiation in 2016. To elucidate the mechanisms underlying this industrially-valuable trait, the
mutant has been analyzed molecularly and biochemically. Then, the mutant phenotype was disclosed to be caused by
increase in the activities of several starch-degrading enzymes such as o-amylase, glucoamylase and o -glucosidase.
Furthermore, the secretion of the former two enzymes was likely enhanced in this mutant, but it was not due to
transcriptional activation of these genes. Additionally, in this term, we organized a lecture meeting regarding the applied
uses of ion-beam to general citizens in Kagoshima as an enlightenment activity. Furthermore, we also took our graduate
student to Takasaki Advanced Radiation Research Institute for educational purpose.
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Figure 1_2. M, Individual of HN38 (Mutated Flower)
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Figure 1_4. M, Individual of HN114 (Mutated Flower)
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Figure 1_8. M, Individual of KM35 (Mutated Flower)
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Figure 1_9. M, Individual of HN12 (Mutated Flower)

Figure 1_10. M, Individual of KM11 (Mutated Flower)
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Figure 1_12. Commercial Cultivar ‘Spica Roman
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Figure 2 1. Colony Formation And Starch Degradation Test of
A. luchuensis RIB2601 And Strain U1
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Figure 2 2. Amylolytic Enzyme Activities of A. luchuensis
RIB2601 Wild Type Strain and Strain Ul The mean values and
the standard deviations were determined from the results on four
agar plates. Asterisks indicate statistical significance: ** p <0.01,
**% p <0.001 (Welch's t-test).
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Figure 2_3. Secreted Proteins of 4. luchuensis Wt And Strain U1
Amylolytic activity staining was performed after native PAGE of
secreted enzymes. CBB staining was performed after de-staining
of'the starch iodine reaction. The bands detected by CBB staining
were isolated and identified by MALDI-TOF MS.
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Figure 2_4. Comparison of Growth of 4. luchuensis Wt and
Strain Ul in Rice Koji Based on The GIcNAc Content The
GlcNAc content of the cell wall fraction from wt and strain U1
(A). The putative mycelial content of wt and strain Ul in the
dekoji of rice koji (B). The putative mycelial content was
estimated by the GlcNAc contents of cell wall and rice koji.
Asterisks indicate statistical significance: *** p <0.001 (Welch's
t-test).
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Figure 2 5. The Activity of Amylolytic Enzymes of 4.
luchuensis Wt And Strain Ul in Rice Koji
activity on the basis of koji weight (A) and mycelial weight (B).

The enzymatic

Rice koji was prepared in triplicate and the amylolytic enzyme
activities were measured in triplicate using independently
prepared samples. The mean values and the standard deviations
were determined. Abbreviations: S, shimaishigoto; D, dekoji.
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Asterisks indicate statistical significance: * p <0.05, ** p <0.01,
**% p <0.001 (Welch's t-test).
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Figure 2 6. Effect of temperature and inhibitors of cell wall
biogenesis on the growth of 4. luchuensis wt and strain U1 The
colony formation of wt and strain Ul was compared.
Abbreviations: CR, Congo red; CFW, calcofluor white.
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Figure 2_7. Transcription of genes of A. luchuensis wt and strain
Ul inrice koji Real-time RT-PCR was performed for the amyA4,
aamA, and glaA genes. The copy numbers were normalized to
the actin gene and the data are presented as relative numbers.
Asterisks indicate statistical significance: ** p <0.01 (Welch's t-
test).
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Figure 2_8. Biological process Gene Ontology (GO) terms. The
GO terms were identified by GO enrichment analysis of genes
showing significant changes in gene expression in strain Ul A
set of 604 differentially expressed genes in rice koji was used for
the analysis. The GO terms are shown in order of p-value (from
lowest to highest; all p-values are <0.01).
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