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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 rice, trifoliate orange, and yellow koji fungus.

As for rice, we irradiated '>C°* on seeds of hybrids expected to show hybrid weakness by the complementary effect of
Hwal-1 and Hwa2-1 genes. Some plants deriving from the irradiated seeds showed chimeric normal growth, which was
probably due to loss of function mutation of Hwal-1 or Hwa2-1, or deletion of chromosomal region containing these

genes.

As for trifoliate orange (Poncirus trifoliata), we planned to produce a thornless one by ion beam irradiation to seeds.
Although a thornless plant was not appeared, the thorn of 9 out of 20 growing plants were significantly short compared
with that of the non-irradiated plant. The individual with the shortest thorn was obtained in 10 Gy irradiation.

As for the koji fungi, we performed the breeding of Aspergillus oryzae to obtain the high high citric acid producing
strain. Three different industrial strains of 4. oryzae was subjected to the ion beam mutagenesis. We measured the survival
rate of conidia of 4. oryzae strains to evaluate the suitable ion beam irradiation condition. In addition, we obtained a high

citric acid producing strain.
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Figure 1. Hybrid weakness caused by two complementary
genes Hwal-1 and Hwa2-1. From left to right, T65Hwa2-
1, hybrid between T65Hwa2-1 and T65Hwal-1,
T65Hwal-1, and T65. Scale bar =10 cm.
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Figure 2. Mutant chimeric revertant from weakness caused
by two complementary genes Hwal-1 and Hwa2-1. From
left to right, T65, mutant chimeric revertant hybrid
between T65Hwa2-1 and T65Hwal-1, control weak
hybrid between T65Hwa2-1 and T65Hwal-1. Scale bar
=10cm

1
C1|C2=C3=C4=C5:C6 IC7|C8:C9:C10|H 12
RWlRWlRW RW RW RW RW RWlRWIRWI
1 I I

Figure 3. Banding pattern of PCR-based DNA marker
linked tightly with HWA2. The upper arrow points the
marker derived from T65Hwa2-1. The lower band points
the marker derived from T65Hwal-1. C1-C10 refer to the
mutant chimeric revertant hybrid between T65Hwa2-1 and
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T65Hwal-1. H, 1 and 2 respectively denote control weak
hybrid between T65Hwa2-1 and T65Hwal-1, T65Hwal-
1, and T65Hwa2-1 .R and W respectively denote revertant
normal growth portion and weak growth one.
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(Tables 1 and2). WM OMRKH THGEE L FD%AE
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FHRET D Z LIXREER O LIV, 2022 FED
FRAHEARIZ DWW TIT RS2 O IR N <, IR D
BENR+S7270, NFOFESEE R EORE
WIZOWTIEIRFETH D, 2023 EKIZZENH EZFHHE
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Table 1. Number of growing plants 20 days after
irradiation of ion beam in trifoliate orange (May, 2022).

No. of seeds No. of growing
Dose (Gray)
irradiated plants
3 30 10
5 30 19
10 30 13
20 30 11

Table 2. Number of growing plants 20 days after
irradiation of ion beam in trifoliate orange (Dec., 2022).

No. of seeds No. of growing
Dose (Gray)
irradiated plants
3 36 16
5 36 11
10 36 10
20 36 15
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2 fEIRDF 9 fEIRD N7 23R EHME AR L 0 A2
Mol FEIZ 10Gy XD 10-21 & 30Gray X 30-11
X R FORERENFI 3.5mm KON 4.5mm TH Y,
1%/KHETOHBEZENPRD L.
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Table 3. Length of thorn of irradiated plants 40 months
after irradiation of ion beam in trifoliate orange.

Plant Length of thorn
(Dose-No.) (mm)
3-11 5.6+0.5*
3-12 6.8+0.5*
3-21 5.0+0.4*
5-11 10.4+0.8
5-12 9.4+0.4
5-21 9.7+0.9
5-22 10.7+0.6
5-31 8.7+0.6
5-41 9.4+0.9
5-42 8.8+1.0
5-51 8.5+0.8
5-52 6.3+0.3*
5-53 6.2+0.7*
5-54 7.2+0.6
10-11 8.1+0.6
10-12 3.540.4**
10-13 5.7+0.4*
10-21 7.5+0.6
30-11 4.5+0.5**
30-21 5.3+0.7*
0 (control) 11.0+1.2

* and ** indicate that there is a significant difference
between the control and each plant at the 5% and 1% levels,

respectively.
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Table 4. Effect of ion beam on germination rate (%) of
Aspergillus oryzae strains.

Strains 0 Gy 100Gy 200Gy 300Gy 400Gy
A 100 21 1.2 0.13 0.27
B 100 not tested 3.9 0.45 0.45
(o} 100 37 34 0.36 0.91
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Figure 3. Screening of high citric acid producing strains of
Aspergillus oryzae on PDA with methyl red. Red arrow
indicates a strain producing citric acid at higher level than
the other strains.
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