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Fusarium head blight (FHB) is a plant diseaseoccuring in 
small grains such as wheat, barley and maize. In Japan, the 
FHB of wheat is one of the most destructive diseases 
because of its coincidence with the flowering to 
grain-filling period of wheat which provides a 
fungus-favorable condition. In addition, FHB decreases the 
yield and the quality of wheat. 

The Kyushu region is one of the main wheat production 
areas in Japan. After the FHB epidemics in 1963, an 
intensive breeding program for FHB resistance has been 
conducted in Kyushu as a national breeding program. 
Similar to the general breeding program, FHB resistance 
breeding has been performed by crossing a cultivar of 
interest with another resistant cultivar. Then, progenies 
having appropriate traits are selected. Through this process, 
feasible alleles (feasible one of a number of alternative 
forms of the same gene) would be selected, which implies 
that the alleles linked to loci related to an unfavorable 
agronomic trait may also be excluded. Because of the 
annual variation in rainfall, FHB disease pressure fluctuates, 
causing rendering the evaluation of FHB resistance lines 
laborious and uncertain. By investigating the alleles related 
to the FHB resistance through the breeding linage, 
information on alleles contributing to the FHB resistance in 
the breeding program can be obtained.  

As a first step, thirteen representative cultivars bred from 
1920s to 2010s were selected. The seeds of the cultivars 
were sown on petri dishes and refrigerated at 4°C for four 
days; subsequently, they were germinated in a 25°C 
chamber. The germinated plantlets were transplanted to pots 
and grown in a glasshouse at 25°C. Leaves were harvested 
18 days after sowing and used for DNA extraction. 
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Of the 21 wheat chromosomes, DNA markers linked to the 
alleles related to FHB resistance were reported in the short 
arm of chromosomes 2D (2DS), long arm of 2D (2DL), 
3BS, 5AS, and 6BS.1-4) By conducting PCR using these 
markers, types of alleles related to FHB resistance (resistant, 
susceptible, or other) in individual cultivars were 
determined. The fragment, after amplification with a DNA 
marker UMN10 at 3BS was analyzed by sequencing. The 
PCR products of the other markers were electrophoresed 
using MultiNA (Shimadzu, Kyoto, Japan). 
  The results are listed in Table 1. Resistant alleles on 3BS 
and 5AS were retained after ‘Shinchunaga’ was bred. The 
resistant allele on 2DL was fixed in the linage after 
‘Asakazekomugi’ was bred. In contrast, resistant alleles on 
2DS and 6BS were excluded from the lineage for cultivars 
released after the 1940s released cultivars, when 
‘Shinchunaga’ had contributed as their frequent crossing 
parent. Interestingly, the susceptible alleles from 
‘Shinchunaga’ had been selected for 2DS, and the resistance 
alleles on 6BS were selected alternatively from the counter 
parents of ‘Shinchunaga.’ It can be expected that some 
alleles responsible for unfavorable agronomic trait(s) on 
6BS from ‘Shinchunaga’ may be linked to these regions. 
‘Shinchunaga’ has favorable allele (s) such as rht8 
thatdetermins plant height and was selected even linked 
with the susceptible allele for FHB. In the same manner, 
other alleles detected in modern cultivars might contribute 
to FHB resistance rather than the ones detected in old 
cultivars as new linkage disequilibrium. Further 
investigation of the alleles related to FHB resistance in 
every generation of lineages is in progress. 
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Table1 Types of FHB resistance-related alleles in Kyushu linages
Release 2DS 2DL 3BS

year Cultivar TaMRP-D1 Xgwm539 UMN10 Xgwm293 Xgwm304 Xwmc398 Xgwm644
1923 Eshimashinriki R o o R R nd nd
1931 Norin 5 R R o R R o R
1933 Shinchunaga S o R R R R R
1936 Norin 20 R o R R R R R
1943 Norin 52 S o R R R o o
1956 Shirasagikomugi S o R o S o o
1957 Junreikomugi S o R R R o o
1978 Asakazekomugi S R R R R o o
1986 Wheat Norin PL-4 S R R R R R nd
1986 Saikai 165 S R R R R o o
1994 Chikugoizumi S R R R S o o
2006 Towaizumi S R R nd R o o
2011 Wheat Norin PL-9 S R R o S o o

R: resistant allele, S: susceptible allele, o: other allele (resistant type unknown), nd: not determined
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Microbeam irradiation of cultured single cells using 

tapered glass capillaries with outlet diameters of the order 
of 1 m has been performed employing RIKEN Pelletron 
accelerator. Apparatus with a 3-m outlet diameter is 
reported in elsewhere1). Microbeam is a unique scheme 2) 
that can actively select an irradiation volume of ~m3. 
When a microbeam of He ions of a few MeV hits a target, 
e.g., a biological cell, the ions will stop at the depth 
corresponding to their range (10~20 m). Any other parts 
downstream of the stopping volume will not be damaged. 
This is one of advantages of employing beams of a few 
MeV. The glass capillaries with thin end-windows play an 
important role in delivering the ions directly to the cells in 
solution.  

At RIKEN, we have developed a unique technology for 
mutation breeding using high-energy heavy-ion beams from 
RIKEN Ring Cyclotron. Such high linear energy transfer 
(LET) ions produce clustered DNA damage that cannot be 
repaired by the cell itself, leading to cell death, or can only 
be repaired incompletely by the cell, which induces 
mutations. In order to investigate both the lethality and the 
effectiveness of mutation induction, the position selectivity 
of the microbeam will be needed because hitting of 
different parts may cause unwanted effect. Here we 
demonstrate the DNA damages along ion tracks in a cell 
nucleus using a microbeam with relatively high LET. 

A 3-MeV He ion microbeam was used for the irradiation 
of the nucleus of human cells (HeLa cells) because it is 
known that there is a similarity in the radiation response 
between plant and animal cells. The ions were generated by 
the Pelletron and transported to the cell irradiation port1). A 
5-cm-long glass capillary optics with a 4-m-thick 
end-window whose diameter was 3 m and with an inlet 
diameter of 0.8 mm was installed at the beam port with an 
angle of 45o with respect to the horizontal plane so that 
widely-used petri dish filled with liquid solution can be 
used. The LET of a 3-MeV He ion is 150 keV/m in water. 
The range of the ions is only 12 m in water after the 
end-window. In order to adjust the dose of the irradiation to 
each cell, a beam chopper consisting of an electrostatic 
beam deflector was employed so that a few to ten ions were 
included in a short pulse of 0.8 s. The pulse was repeated 
100-1000 times according to the number of the required 
ions to the target. 

It took approximately 12 min to irradiate about 40 cells in 
one dish, and totally 168 cells in 4 dishes were irradiated.  
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After the irradiation, the Double Strand Breaks (DSBs) at 
DNAs were fluorescent-labeled as follows. The time for the 
repair process based on an enzymatic reaction was 20 min 
after the irradiation, and then the cells were washed three 
times with ice-cold phosphate-buffered saline (PBS) and 
fixed with 4% formaldehyde in PBS at 4°C for 20 min. 
Then, the cells were permeabilized with 0.5% Nonidet P-40 
in PBS at 4°C for 5 min, and phosphorylated histone H2AX 
was detected by using rabbit antibody (Millipore) and an 
Alexa488-conjugated donkey anti-rabbit IgG (Jackson 
ImmunoResearch Laboratories).  

Figures 1(a) and (b) are the cross-sectional and bottom 
views of the irradiated cells, respectively, reconstructed 
from the photos taken by changing the focus position along 
the z-axis (vertical axis). Cell nuclei are identified as 
bean-shaped blue regions with a width of ~15 m and have 
fluorescence from a stain DAPI binding to A-T rich regions 
in DNA. The outlines of the cells are not seen. The DSBs 
are detected as bright points with green color from 
Alexa488. Even without irradiation, DSBs can take place as 
an activity of a living cell. However, the concentration of 
DSB bright points along a line is an evidence of artificial 
lesion. The ion track with the angle of 45o is clearly seen as 
a fluorescent line in Fig. 1(a). We succeeded in observation 
of a visible track for MeV ions inside a cell nucleus. It is 
confirmed that MeV-ion irradiation made DSB lesions in 
the DNA, which may cause gene defects. Further 
experiments considering other conditions, e.g., LET, control 
of cell cycle, and so on are needed as well as the number of 
ions necessary to form a track. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Fluorescent lines corresponding to the ion track in a 
human cell nucleus. (a) Cross-sectional view of the 
irradiated cells at the horizontal line in the bottom view. (b) 
Bottom view of the cell. 
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