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Chrysanthemum is a major agricultural product in Hyogo 

Prefecture. We tried to use ion beams to induce flower color 
variation in chrysanthemum. We irradiated 53 cultivars of 
chrysanthemum with carbon beams. We have previously 
reported their mutant frequency and flower color mutants.1) 
We tried to increase variation in flower color by using a 
single origin. We irradiated flower color mutants from 
‘Benitsubaki’ with C-ion beams and obtained more mutants. 

‘Benitsubaki’ is a purplish red small mum that blooms at 
the end of November (Fig. 1). In 2009, we irradiated 
cuttings with C-ion beams (energy, 135MeV/nucleon; LET, 
23 keV/ m) at doses of 4 and 6 Gy. After irradiation, 
herbaceous cutting was performed, and four weeks later, fix 
planting was carried out in a glass house. Cultivation 
conditions were no pinching and no picking the bud. Other 
conditions for cultivation were standard. At the time of full 
bloom, we observed the mutation rate with respect to flower 
shapes. Stability of the mutation was confirmed in 2010. 
We irradiated the cuttings of VT4Pi and VT6RB mutants 
with C-ion beams at doses of 4 and 6 Gy in 2011. Other 
conditions were the same in 2009. Relative DNA contents 
of somatic nuclei in ‘Benitsubaki’ and mutants derived after 
re-irradiation were compared using flow cytometry.  

The mutation frequencies of ‘Benitsubaki’ were 6.3% at 
4 Gy and 4.3% at 6 Gy. We obtained two flower color 
mutants, deep pink (VT4Pi) and red (VT6RB), that 
bloomed at the end of November. These mutations were 
stable in 2010. Since the flower color of VT4Pi was not 
different from that of the original ‘Benitsubaki’, we tried 
re-irradiation to obtain more varied mutants. 

The mutation frequencies of VT4Pi were 7.8% at 4 Gy 
and 3.9% at 6 Gy. We obtained 4 flower color mutants from 
VT4Pi (Fig. 1). One of them was double-colored, purplish 
red outside and white inside (VT4Pi6WT-Wh), that 
bloomed at the middle of December. Two mutants were also 
double-colored flowers that bloomed at the end of 
December and were deep pink outside and white inside 
(VT4Pi6Pi-Wh) and light pink outside and white inside 
(VT4PiLtPi-Wh). The fourth mutant was also 
double-colored, orange outside and yellow inside 
(VT4Pi6Or-Yr) and bloomed at the middle of December. 
The difference among three mutants, VT4Pi6WT-Wh, 
VT4Pi6Pi-Wh and VT4PiLtPi-Wh, was the strength of the 
color. The mutation frequencies of VT6RB were 7.3% at 4 
Gy and 14.3% at 6 Gy. The yellow mutant (VT6RB6Yr･

RB) bloomed in the middle of December (Fig. 1). 
  Although this mutant had a reddish bud, the flowers were 
bright yellow with green core.  
 Flower color changes under the influence of cultivation 
temperature. We are currently carrying out cultivation 
experiments to reveal the effect of temperature on the 
blooming period and flower color of these mutants. In terms 
blooming period, all the obtained mutants bloomed late. 
The mutation frequency by re-irradiation was higher than 
that after a single irradiation. The relative DNA contents in 
the mutants obtained after re-irradiation did not decrease to 
that in ‘Benitsubaki’. These results indicate that ion-beam 
re-irradiation of mutants is effective in increasing the 
variety of mutants.  

Fig. 1 ‘Benitsubaki’ and its flower color mutants 
 

References 
1) K. Tamaki et al.: RIKEN Accel. Prog. Rep. 44 p.276-277 

(2010). 

                                                 
＊1  The part of Agricultural Horticulture, Hyogo Prefectural Institute 

for Agriculture, Forestry and Fisheries 
＊2  RIKEN Nishina Center  
＊3  RIKEN Innovation Center  

Effects of heavy-ion-beam irradiation on flower-color mutation 
in chrysanthemum 
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Kagoshima Prefecture is a leading spray-mum production 
region in Japan. Until date, we have developed more than 
50 spray-mum cultivars by cross breeding; in addition, we 
also performed mutation breeding by using heavy-ion-beam 
irradiation. In this study, we investigated the effects of 
heavy-ion-beam irradiation on flower-color mutation of 
spray-mum. 

We irradiated cuttings of the spray-mum cultivar 
‘Southern Chelsea’, which was developed in Kagoshima 
Prefecture, with C-ion (LET 23 keV/μm) at doses of 2–5 Gy, 
Ne-ion (LET 62 keV/μm) at doses of 2 and 5 Gy, Ar-ion 
(LET 280 keV/μm) at doses of 2 and 5 Gy, and X-ray at 
doses of 5–20 Gy. After the irradiation, we planted the 
cultivars in a greenhouse and investigated the variations in 
flower-color mutation. 

Among 4,741 irradiated branches, we obtained 468 
branches with flower-color mutations (Table 1). The 
mutants from ‘Southern Chelsea’ with pink flower showed 
flower colors of white, light pink, deep pink, yellow, light 
reddish yellow, and deep reddish yellow (Fig. 1). 

On the basis of the analysis of flower pigments in the 
mutants, the relationship between the variations in the 
amount of the pigments and colors was considered, as 
shown in Figure 2. The mutants with deep pink flowers had 
higher anthocyanin content in their flowers than that in 
‘Southern Chelsea’, and the mutants with white, yellow, and 
light pink flowers had low anthocyanin content. The light 
reddish yellow, deep reddish yellow, and yellow flowers 
were because of increased carotenoid content. The 
flower-color mutation was high in the order of deep reddish 
yellow, white, and light reddish yellow. 
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In the irradiations at 5 Gy, the flower-color mutation rate 
was high in the order of Ne-ion, C-ion, Ar-ion, and X-ray 
(Table 1), indicating that the heavy-ion-beam irradiations 
were more effective for the induction of flower-color 
mutation than that by X-ray irradiation. Since the majority 
of the shoot tips died after Ar-ion irradiation at 5 Gy, mutant 
screening should be performed at low-dose irradiations such 
as 2Gy. 

The mutation rate for yellow flowers was 0–0.2% after 
C-ion, Ne-ion, and X-ray irradiations. On the other hand, 
the mutation rate after Ar-ion irradiation was 0.9% and was 
higher than that after the other irradiations (Table 1). In 
addition, some mutants showed flower-shape and color 
variations at the tips of the petals, such as to yellow or 
white (Fig. 1-B). These variations were only observed in the 
Ar-ion irradiation, suggesting that the Ar-ion beam at a LET 
of 280 keV/μm might have more different effects on 
mutation induction than that by the lower LET Ar-ion-beam 
irradiation. 

The results in this study indicated that heavy-ion-beam 
can induce a broad spectrum of mutant phenotypes in 
chrysanthemum. Currently, we are screening the mutants 
derived from Ar-ion irradiation. 

 Fig. 1 Spectrum of mutant phenotypes. (A) 
Flower-color mutations. (B) Color variations 
at the tips of the petals and variations in the 
flower shape. 

Fig. 2 Relationship between the amount of 
pigments and color variations in the mutants. 
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Table 1. Flower-color mutation induced by heavy-ion-beam and X-ray irradiations.

2 84 2 2 4 4.8
3 540 25 11 9 1 46 8.5
5 354 25 20 7 52 14.7
2 348 16 11 7 1 35 10.1
5 84 9 7 5 21 25.0
2 434 30 27 12 4 3 1 2 1 80 18.4
5 21 2 2 9.5
5 552 23 9 9 1 42 7.6
10 1955 73 40 31 3 1 148 7.6
15 180 6 6 5 17 9.4
20 189 8 9 4 1 22 11.6

Total 4741 219 (37) 140 (59) 91 (16) 8 (0) 5 (2) 3 (3) 2 (0) 1 (0) 469 9.9
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( ) Mutated sector in the flower was defined as the area of the petals with changed color that
accounted for more than 50% of the whole petal area in a flower. The total number of irradiated
and mutated plants with the number of plants having mutated sectors shown with in parenthesis.
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