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Surfinia Rose Veined Temari Sakura Pink Temari Bright Pink Temari momo 

New flower color 
Sterile :  

a long blooming period, a large number of flower and good growth 



側芽培養 

New cultivar 

Surfinia Rose Veined 

One point improvement 

Tissue culture (In-Vitro Condition 

Heavy-ion Beam Irradiation Shoot Development Lateral bud Culture 

Green House Condition 

Selection and Purification 

Original(Petunia) 

Surfinia Purple 

Selection and Purification 

Cutting 

Multiple 

Propagation 

New Cultivar (candidate) 

Variegated Mutant  



Overview of the RI-Beam Factory (RIBF) 

1986 

1500 t 2800 t 8300 t 

2300 t 

E5
B 

2006 

Plant breeding with heavy-ion 

beams is a technology unique to 

Japan. 

It is achieved through an 

efficient synergistic link between 

agricultural science and 

accelerator physics. 



Ion-beam Makes New Plant Business at RIKEN 

Dahlia 

World Delosperma 

Rose 

 Pink Ring 

Tsunoda  

Nursery 

Nishina Zao 

Cherry Dianthus 

Olivia Pure White 

JFC Ishii Farm 
Hokko Chemical Co. 

& Kaneko Seeds Co. 

2001〜 2008〜 2008〜 

Hiroshima City 

Imperata 

2009〜 

Hajime 

Fuji Chemical 

Industry Co. 

New Color 

Dwarf 
2010〜 

Nishina  Otome 

2010〜 

Everblooming 

Nebarikko No.2 

Iwate Pref. 

Advantages of ion-beam breeding 

•Low dose, high mutation rates, and wide variation. 

•A mutant lacking just a single gene to the target characteristic. 

•The time span for breeding can be shortened to 2 years.  

22 plant cultivars and 2 microbes on sale since 2001 (ca 2 billion Yen /year). 

New Shape 

2012〜 2012〜 

Nishina  Komachi Nishina  Haruka 



Mutants 

Ion-beam Mutagenesis 

Original(dianthus) 

Olivia White Eye 

Olivia Purele White 

(Hokko Chemical Industry Co.LTD.) 

New cultivar 

DNA repair 

In mutagenesis, genes are artificially 

damaged using mutagenes, and a variety 

with the desired characteristics is 

selected form among the resulting 

mutants. 

Mutagenesis using radiation is based on 

the same principle as naturally. 

Complex, clustered damage 

Difficult to repair. 

Cell which fail complete repair  

may still survives 



E5B Line for Biological Experiments 

from RRC 
Wobbler 

Magnets 

E5B  Line 
Scatterer 

Foil 

Range 

Shifter 

Automaric  

Sample  

Changer 

Ionization 

Chamber 1 Ionization  

Chamber 2 

Lateral dose distribution 

LET Control 

Dose Monitor 

Ne 135MeV/u 

Max size: 8 cm 



Ver.2 model of Apr. 2003 (12 samples/h) 

 with the range shifter (LET adjuster) 

Development of Automatic Sample Changer 

The original model (12 samples/h) 

Ryuto H. et.al., J. Biomed. Nanotech. 2, 88-93 (2006) 

Ver. 3 model of Apr. 2004 (40 samples/h) 

Beam 



Ryuto H. et.al., Plant Biothec. 25, 119-122 (2008) 

Dry seeds  Wet seeds     Branchs      

Tissue culture materials 

Callus, Stem, shoot, leaf 

We can irradiate anything we want! 

Various Plant Targets Are Available for Irradiation 



Ryuto H. et.al., J. Biomed. Nanotech. 2, 88-93 (2006) 

Plant organs to be irradiated 



Mutant phenotype   Plant material       Mutation rate (%) 

Sterile 

 Verbena  Stem  09-2.8 

 Cyclamen  Tuber  6.7 

 Eucalyptus Shoot primordia 9.3 

Color and shape 

 Petunia  Ovary  1.0 

 Dahliaa  shoot  20.3-50.1 

 Roseb  Dormant scion 43.1-51.7 

 Chrysanthemum Stem  4.5-14 

 Torenia  Leaf and stem 1.6-18.8 

 Orchidc   shoot  5.0-6.3 

Variegation 

 Petunia Hybrida Stem  1.8 

Dwarf 

 Tricyrtis hirta d Embryogenic callus 2.4 

 Millet  Dry seed  0.1 

 Buckwheate Dry seed  0.6 

 Pepperf  Dry seed  1.3 

Salt tolerance 
Rice  Wet seed  1.2 

Normal(c) 

Mutants Developed from the RIKEN Beams 

Normal(e) 

Normal(b) 

Normal(b) 

Normal(a) 

Normal(d) 

Normal(f) 



  

A Photo of Mutant flowers 

made the cover of BUTSURI 

Vol 67, Oct. 2012, 

Membership Journal of the 

Physical Society of Japan. 

 

Heavy-ion beam Mutagenesis : 

From plant breeding  

to gene function analysis 



Ion Beams for Biological Experiments at RIBF 

Ion       Energy   Range in      LET         No. of * 

            MeV/u    H2O (mm)    keV/mm    Particles 
12C 135  39       22.5        277 
14N 135  33       30.6        204 
20Ne 135  22       61.5        101 
40Ar   95    6     280.0          22 
56Fe   90    3     624.0          10 

                                             *in (10mm)2 at 10 Gy 
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Bragg Peak 

LET below Bragg peak is 

mainly used for mutation.  

Ions pass through the 

samples. 

A uniform dose 

distribution is a key  

to the systematic study,  

The effects of LET 

on the mutation rate,  

the type of DNA mutation, 

size of deletion,  

induced in plants. 



Optimum LET (LETmax) in Arabidopsis-Dry Seeds 

LET of  

22.5 keV/μm is not enough to induce mutation,  

30 keV/μm is the best for mutation, 

61.5 keV/μm is not enough particle no. for 

induce mutation,because those dose reduces 

survival rate. 

Kazama Y. et.al., Plant Biothec. 25, 113-118 (2008) 

Albino 

Arabidopsis: Model plant used for genetics 
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Comparison of Mutation Rate in Arabidopsis 

Mutation frequency (‰) was calculated by dividing the number of 

mutants by the total number of M2 plants. 

LET  

(keV/μm） 

No. of 

M1 plant 

No. of 

mutants (‰)   

C 3,734 11  (0.40) 

3,056 23 (0.78)  

27,765 

29,595 

Ion  

species 

22.5 

30.0 

5,726 51,686 27 (0.52)  Ar  290 

5,863 57,771 23 (0.40)   290 

EMS⇒  0.87 
ethyl methanesulfonate 

X-ray⇒ 0.32 
Koornneef et al. (1982) 

LETmax 

No. of 

M2 plant 
hy + gl 

mutants 

gl 

hy 

WT 

C-ions at LETmax (30keV/μm) has same mutation rate 

as chemical mutagens. 



Base substitution 

One gene disruption  

 Base substitution  Small deletion (<1kpb)       Large deletion Rearrangement 

Y. Kazama et.al.,  BMC Plant Biology 11:161 12011) 

T. Hirano et.al., Mut. Res. 735, 19-31(2012) 

Is Damaged Regions in DNA Selectable? 

0 20 40 60 80 100

640 keV/μm (n = 4) 

290 keV/μm (n = 24) 

113 keV/μm (n = 26) 

22.5-30 keV/μm (n = 21) 

(%) 

*Shikazono et al. 2005 

Plant breeding 
Chromosome rearrangement 

Multigene disruption 

New technology 

Mutation rate 

High 

Large 

Deletion size 



Mutagenomics 

New Cultivars 

Gene function 

Gene Expression and Regulation 

Mutation Breeding 

DNA replication and repair Evolution  

Gene analysis 

Wheat, Morning Glory,  

Arabidopsis, Rice, etc. Plants & Microbes 

Resequencing 
Mutant Bioresource 

The discovery of genes 

3番染色体	

4番染色体	

120 kb の逆位 ＋ 3 kb挿入	

3 kb	

Chromosome 4 

Chromosome 3 

120 kb inversion + 3 kb insertion 

Var 

Mutants collection 

(Mutant panel） 
of Arabidopsis 

Mutants have become more and more useful and important in modern genetic studies. 

The discovery of genes using mutants may lead to the new field in biology, “Mutagenomics”. 



Consortia on ion beam breeding 

(156 Japanese groups, 15 oversea groups) 

User No. 

Company  Agri. Exp. St.   Univ.  

Plant Biotechnology  

vol 25. No 1 (2008) 

 「Innovative technologies 

in flower breeding」 



Semi-dwarf buckwheat (2001-2004) 

Nagano Chushin Agric. Ext. st. 

Two semi-dwarf mutants were isolated 

from 324 M3 lines. 

Normal  Semi- 

                  dwarf 

Normal  Semi-dwarf 

After typhoon No.14 in 2005 

Semi-dwarf 

Normal 

Semi-dwarf mutant (M4 line) 

Semi-dwarf mutant(M6 line) 



Selection of the Salt-resistant Rice (2003-) 

Aug 24(2003)  

6-99L line 

（2003） 

Normal 

Nipponbare 

RIKEN-Tohoku Univ. 

19-74 

(2005) 
14-45 

（2004） 

Saline paddy field is maintained at ¼ of sea water concentration. 

We isolated 4 salt resistant lines in saline paddy field from 325 M2 progeny lines. 

Compared to the yields of the control plants, 6-99L and 14-45 plants were 1.16- and 

1.21-fold higher, respectively. 

 



C ion beam irradiation at April 2011. 

Aug. 2012 
Hitomebore         Manamusume 

368 lines X16=5888 plants  351 linesX16=5616 plants 

Selection of the Salt-resistant Rice in Miyagi Prefecture 

The seedlings were grown in a paddy field at the 

Miyagi Pregectural Furukawa Agricultural 

Experiment Station. We obtained 368 M2 lines 

for Hitomebore and 351 for the Manamusume. 

Aug. 2011 

We isolated 73 salt-resistant candidate lines 

from 719 lines. 

We will select again salt-resistant plants from 73 

lines in 2013. 

Oct. 2012 



Newspaper 

International Herald Tribune 

April, 2012  

The Economist 

May, 2012  



Beam Time in 2011 (conclusions) 

Ion 
LET(keV/mm) 
Energy (keV/u) 

12C 
22.5 
135 

20Ne 

61.5 
135 

40Ar 

290 
95 

56Fe 

640 
90 

Total 

April 357 171 528 

June 356 356 

Sep 582 70 70 

Feb 382 84 24 490 

Total 1677 171 84 94 2026 

 Seed/shoot/branch        
Seasonal crop 
Field Green house 
Spring 
 
 
Autumn 
Tree 

In vitro cultured 
           Plant & 
           microbial 

Plant breeding 
LETmax=30-70 keV/mm Microbial 

breeding 

New Technology 

Number of Samples  

Surfinia White Saitama Yesat G strain  

“Nishina Homare”( in honor of Nishina), named after 

Yoshio Nishina, the father of nuclear physics in Japan 

and one of RIKEN’s most eminent scientists. 

Total Beam time is about 48 hrs 
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Mutagenome 
    Bio-resouce 

    Mutant panel 

Nano cutter	

Growing A Peaceful World through Breeding 



Thanks 

若菜妙子 

東海林英夫 

シロイヌナズナ系統保存・変異解析・
遺伝子破壊技術開発 

照射業務 

林 依子 

大部澄江 

杉山正夫 
（北興化学） 

佐藤陽一    笠原 諒 
     （理研食品）     

風間裕介 

 運転技術チーム 

    龍頭啓充  
    (京都大学）  

石井公太郎 

神原 正 

放射光を用いた植物の重金属観察技術開発 

林 祐子 

育種技術開発・変異解析 

白川侑紀 

鈴木賢一 
（サントリー 
フラワーズ） 

平野智也 

雌雄異株植物変異解析 Spring-8 
化学班 

RIBF 
 (AVF&RRC) 
生物班 

森田竜平 

 福西暢尚 

佐藤雅志 

（東北大学） 

イネ系統保存 
・変異解析 

装置開発 
照射シミュレーション 物理班 

馬 立秋 
（埼玉大学） 
JRA (D3) 一瀬勝紀 

小暮祥子  増山文博 

（東京電気大） 

保倉明子 

遠藤貴司 

（宮城県） 

M1 

茶谷正孝 

（長崎県） 

知財班 
山岸・卯尾・関・今井 

 
共同研究 
品種改良 

コンソーシアム 
国内156団体 
海外15団体 

Ferjani Ali 
（東京学芸大学） 

奥本 裕 

（京都大学） 

微生物変異解析 



Thanks for your attention! 


