lon beam mutagenesis and

RIKEN lehlnaj_Center
Radlatlon Blology Team

Sterile :
New flower color




P. One point improvement Original(Petunia)

Surfinia Purple

— Tissue culture (In-Vitro Condition

——

Lateral bud Culture Heavy-ion Beam Irradiatio Cutting Shoot Development

—

Green House Condition

New cultivar New Cultivar (candidate)
Surfinia Rose Veined Variegated Mutant

Selection and Purification

Selection and Purification
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Multi-RI Production

Plant breeding with heavy-ion
beams is a technology unique to
Japan.

It is achieved through an

i
N
efficient synergistic link between \,j

agricultural science and

Arrnlaratnr nhy/ici~rce




LK lon-beam Makes New Plant Business at RIKEN

Hokko Chemical Co. New Color

Dwarf
‘ leoshlma C|ty & Kaneko Seeds Co JFC Isu Farm Tsunoda

Nursery

lwate Pref.

World Olivia Pure White Nishina Zao

Fuji Chemical

Pink Ring Industry Co.
————— New Shape =1 [ Everblooming T e ToTal. 4 G

Hajime  Nebarikko No.2

Nishina Komachi lehlna Haruka Nishina Otome

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).
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on-beam Mutagenesis

@F TSSO

e; Original(dianthus)

<4 Olivia White Eye

DNA repair Difficult to repair.

Cell which fail complete repair

Complex, clustered damage may still survives

Q9
D

)

Plant cell

In mutagenesis, genes are artificially
damaged using mutagenes, and a variety
with the desired characteristics is
selected form among the resulting
mutants.

New culti@

Olivia Purele White
(Hokko Chemical Industry Co.LTD.)

Mutagenesis using radiation is based on
the same principle as naturally.




LET Control

Dose Monitor Range
o Shifter
lonization

Chamber 1 / lonization
\.I Chamber 2
Wobbler Scatterer

from RRC Magnets Eoil Automaric

Sample

/éi//////// Changer

Lateral dose distribution
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RIMEN

Development of Automatic Sample Changer

The original model (12 samples/h)

Ver.2 model of Apr. 2003 (12 samples/h)
with the range shifter (LET adjuster)

|
—
N = !

.,.‘ *i 1 ' “Hlilm mhm
A ,;r u ;—-

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

Ryuto H. et.al., J. Biomed. Nanotech. 2, 88-93 (2006)
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ww  various Plant Targets Are Available for Irradiation

Tissue culture materials
Callus, Stem, shoot, leaf

We‘can-irragiate:anything:we wantk
e e ‘."o.'.' ‘;;.-..;”-"\'.B

T,

Dry seeds Wet seeds Branchs
Ryuto H. et.al., Plant Biothec. 25, 119-122 (2008)



ﬂ Plant organs to be irradiated

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




R.,@'NMutants Developed from the RIKEN Beams

Mutant phenotype Plant material

Sterile

Verbena
Cyclamen
Eucalyptus
Color and shape
Petunia

Dahlia?

RoseP
Chrysanthemum
Torenia

Orchide
Variegation
Petunia Hybrida
Dwarf

Tricyrtis hirtad
Millet
Buckwheat®

Pepperf
Salt tolerance
Rice

Stem
Tuber
Shoot primordia

Ovary

shoot
Dormant scion
Stem

Leaf and stem
shoot

Stem

Embryogenic callus
Dry seed
Dry seed
Dry seed

Wet seed

09-2.8
6.7
9.3

1.0
20.3-50.1
43.1-51.7 [N AT
4.5-14
1.6-18.8
5.0-6.3

Nofmal(d)
Normal(f)

1.8

0.1 Normal(e)
0.6 T gl
1.3

1.2




R A 2 4k

RIMEN

BEAA Y E— 4k MHENBREDOREIEN S gﬁgzggﬁs{wzwm
TH A= T-BEREMREEH ~ FEFI30% 6 A138 3 3 MEEMIZE
Sl e FH24%10A 5 BRT HASART
= fkl'{‘n B \,,{"\ﬂh\')%r’ HH U 20’2 VOL. 67 NO.
Heavy-ion beam Mutagenesis : 1 0
From plant breeding
ne function analysi
to ge e function ana yS = 5" CATTGAACAGGAAATCCCTTAGC 3’

3" GTAACTTGTCCTTTAGGGAATCG 5’

A Photo of Mutant flowers
made the cover of BUTSURI
Vol 67, Oct. 2012,
Membership Journal of the
Physical Society of Japan.

5’ CATTGAACA TCCCTTAGC
3’ GTAACTTGT AGGGAATCG

2
b)
=3
)

http://www.jps.or.jp/



P‘ lon Beams for Biological Experiments at RIBF

LET (keV/um)
800

4650 eV/um) - The effects of LET
on the mutation rate,
the type of DNA mutation,
size of deletion,
iInduced in plants.

Bragg Peak

600

400 -

200 7

0 8 16 24 32 40
Range in Water (mm)

lon Energy| Range in LET below Bragg peak is
MeV/u | H,O (mm)| keV/um| Particles| | alalf Cisebis i qgliiziilonst

12C 135 39 22.5 277 lons pass through the

14N 135 33 30.6 204 samples.

2ONe 135 22 61.5 101 A uniform dose

AOATr 95 6 280.0 22 distribution is a key

S6Fe 90 3 624.0 10 to the systematic study,

*in (10um)? at 10 Gy



wp'u Optimum LET (LET,,,,) in Arabidopsis-Dry Seeds

Arabidopsis: Model plant used for genetics

oo 5100-—* o« Q4
Albino 9 > T 3
‘ 275" £3- T +
S T
2 |@c2250 ~ ] oo o
E = e aa B
£50 @ €300 g2- T | -
S |®cers S ?« P
25- N300 1 : v
WIN 6150 | T
A Ne61.50 ' 1 2251
0 ' - 0
100 200 300 400 500 600 100 200 300 400 500 600
Dose (Gy) Dose (Gy)

LET of
22.5 keV/um is not enough to induce mutation,
30 keV/um is the best for mutation,
61.5 keV/um is not enough particle no. for
induce mutation,because those dose reduces
survival rate.

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



p’ Comparison of Mutation Rate in Arabidopsis

lon LET No. of No. of No. of &yl
species  (keV/pm) M,plant  M,plant mutants (%) ¥ mutants
C 225 3,734 27,765 11 (0.40)
30.0 3,056 29,595 23 (0.78) 48 LET .,
290 5,863 57,771 23 (0.40)
Ar 290 5,726 51,686 27 (0.52)
Mutation frequency (%0) was calculated by dividing the number of
mutants by the total number of M, plants. EMS= 0.87
ethyl methanesulfonate
X-ray= 0.32
Koornneef et al. (1982)

C-ions at LET,,,, (30keV/pum) has same mutation rate
as chemical mutagens.



R ons A
o Is Damaged Regions in DNA Selectable? T\

RIKEN

New technology ——

Chromosome rearrangement

Multigene disruption

Plant breeding
N~ One gene disruption‘_)

Mutation rate

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

*
113 keV/pm (n = 26)
*Shikazono et al. 2005

640 keV/um (n = 4)

Large 0 20 40 60 80 100 (%)

Deletion size Y. Kazama et.al., BMC Plant Biology 11:161 12011)
T. Hirano et.al., Mut. Res. 735, 19-31(2012)



po Mutagenomics

RIMEN

Wheat, Morning Glory,
Arabidopsis, Rice, etc.

Resequencing V¥
—-> l\/Iutant—> Mutation Breeding

Bioresource

Plants & Microbes

| --------------------- g
Gene function DNA replication and repair Evolution
;ene Expression and Regulation Chromosome 4
VA T
The discovery of genes Mutants collection v ﬁ ﬁ b
(Mutant panel) | + )
of Arabidopsis ‘ ¢
A i ' ; 120 kb inversion + 3 kb msertlon
; ; ’ S iy : + %
i SR T e Chromosome 3

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”.



RIK=N Consortiaon ion beam breeding NS
(156 Japanese groups, 15 oversea groups)
Company Agri. Exp. St. Univ.
2010
2009 EIN 201041 521-28
2008 3 Plant Biotechnology — mmxnm—»

2007 1 vol 25. No 1 (2008)
2006 lnnovative technologies

B
- 1IN
_ in flower breeding |
2005 1 T
2004 1 T
2003 1 00
2002 1 0
20001 LN
2000 1 1N
a

1999 1 f )
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=N Semi-dwarf buckwheat (2001-2004)

Two semi-dwarf mutants were isolated After typhoon No.14 in 2005

~ Normal  Semi-

ih
';'
A
x
)
3

Nagano Chushin Agric. Ext.



'zmp.u Selection of the Salt-resistant Rice (2003-)

|2

.

T TGS

Nipponbare” ) (2003) L | (@005

“Normals = 699k line |

Saline paddy field is maintained at %2 of sea water concentration.

We isolated 4 salt resistant lines in saline paddy field from 325 M, 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.

Line Mutation rate(%) Plant height (cm) Grain yield in saline
Normal Saline paddy field(g/m?)

Nipponbare 114.9 85.0 402.9

6-99L (40Gy,23keV/um)  1/91 (1.0) 124.4  102.5 466.5

19-74 (20Gy, 23keV/um)  1/82 (1.2) 1242 976 454.2

18-36 (15Gy, 60keV/um) 1/75 (1.3) 124.0 95.1 451.2

14-45 (20Gy, 40keV/um) 1/77 (1.3) 130.3 102.2 487.8

RIKEN-Tohoku Univ.



RlKEN Selection of the Salt-resistant Rice in Miyagi Prefecture

C ion beam irradiation at April 2011.

The seedlings were grown in a paddy field at the
Miyagi Pregectural Furukawa Agricultural
Experiment Station. We obtained 368 M, lines
for Hitomebore and 351 for the Manamusume.

" Hitomebore -1/ /% . Mdnamusume ;
368 lines X16=5888 plants 351 linesX16=5616 plants

We isolated 73 salt-resistant candidate lines
from 719 lines.

We will select again salt-resistant plants from 73
lines in 2013.



RIMEN

Newspaper

International Herald Tribune

April, 2012
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TOKYO ~ Toshiharu Ota, a rice farmer in Miyagi Prefecture, in FACEROOK
Japan, survived th hquake, tsunami and nuclear TwITTER

disaster last year. But his fields were devastated by the salt deposits

left behind when the tsunami's floodwaters receded. Now, to help S

farmers like Mr, Ota, a research team is working to develop a new .

salt-tolerant variety of rice. SRy
rrane

The tsunami’s waves, up 10 40 meters,
Rolated 07 130 feet, high engulied the coastline
m{&nﬁz{‘:“:’)" @ around Ishinomaki City, where Mr.
y Ota lives, devastating hundreds of
Shale Gas Search Divides Romanls  tlgcands of lives and washing away
) whole sections of towns,
neighborhoods and farmland.

Miyagi Prefecture has estimated the cost of damage to agricultural land and facilities at
¥381 billion, or $4.6 billion, making it one of the prefectures hardest hit in economic
terms by the disaster.

Rice has traditionally been a leading crop in h Japan. Miyagi 's 2010
harvest fetched $818 million. But last year the harvested rice acreage fell short of target by
4,600 hectares, or 11,400 acres, according to the agriculture ministry. In total, 11 percent

| of the prefecture’s farmland was damaged.

More than a year after the disaster, many farmers like Mr. Ota are still struggling to cope

with the economie consequences. Even leaving aside the widespread fallout of radiocactive
elements released from the Fulushima Daiichi Nuclear Power Plant, the tsunami left the

soil of coastal farmlands damaged by sodium chloride from the sea water.

Mr. Ota, who farmed 11 hectares of rice paddies, said nearly half were flooded. Local
workers have labored hard to remove salt from the soil in the past year, Still, nothing has
been the same since.

“Even with desalination, the yield has dropped,” Mr. Ota, 56, a sun-tanned, fifth
generation farmer with graying hair, said during a recent interview,

Log 1o see whatyour Hends  Log im With Facebook

Privacy Pollcy | What's This?

What's Popular Now i
Faocbook Urges

Members to Add

Organ Donor

Status

Mamtramck High ™ .
Helds Al-Giel

Prom

TicketWatch: Theater Offers by E-Mail

5

=

MOST EMALED RECOUMENDED FOR YOU

THE FEMALE FACTOR
Latin America Opess Up to Equality

2. ARTSBEAT
Oscars Get New Name (and 30-Year Deal) for Its
Current Home

3. CAMPAKE STORS
Boastisg About Bin Laden
iz
L5 i 1o diacover mare adicles
Based on what you've resd

The Economist
May, 2012

Prepare for opportunity™ Econcenist Intelligence Uit

“w EIU Store

The

Economist

Log in | Register | Subscrive

Oigital & mobie | Events | Yopics A-Z | Newsietters | Jobs |

Triday June 220 2012 SOV | 0]

World poditics  Business & fmance  Economics  Scence S technokigy  Cuture  Blogs  Dedate  The World in 2012

Ve use ceokies 1o sepport features ke kogin and. to analyse

Mulimesa  Print edition

enabied to enjoy the full site

ushge.
expariance. By browsing our site with Cookkes enabled, you a1 agreeing 1o thir use, Review our cockies knformation for more detads.

Salt-tolerant rice
Nuclear-powered crops
Physics meets biology in a project to breed better strains of rice

May 5th 2012 | TOKYO | from the print edition Uke 232 Twee 77

Iradiated food

THOSE who turn their noses up at "genetically modified” food seldom seem to consider
that all crops are genetically modified. The difference between a wild plant and one that
serves some human end is a lot of selective breeding—the picking and combining over the
years of mutations that result In bigger seeds, tastier fruit or whatever else is required.

Nor, these days, are those mutations there by accident. They are, rather, defiberately
induced, usually by exposing $00ds to radiation. And that is exactly what Tomoko Abe and
her colleagues at the Riken Nishina Centre for Accelerator-Based Science in Saitama,
outside Tokyo, are doing with rice. The ddfference s that Dr Abe is not using
namby-pamby X-rays 30d GIMMa rays to mutate her crop, as is the way in most other
countries, Instead she is sticking them in a particle accelerator and bombarding them with
heavy wns—large atoms that have been stripped down to their nuciei by the removal of
their electrons. This produces between ten and 100 times as many mutations as the
tradtional method, and thus increases the chances of blundering across some useful
ones.
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1. Consequences of the one-child polkcy: Perils of

Dr Abe's plan is to use these to create

rice. She has tried to do that several times in the past, butthe  In this section
result 6id not taste very nice, Her fatest effort was stimulated
by the flooding with seawater of almost 24,000 hectares of
farmland by the tsunami which followed an earthquake in
March last year, Salt-tolerant rice would, though, be of much
wider use than just restoring the pacddies of Miyagi prefecture POt ¢

and its neighbours, the worst-affected part of the country, to ™ Nuclear-powered crops
full productivity. About a third of the world's rice paddies have .o

salt problems, and yields in such briny fields may be half what

they would be if the water in them were fresh.
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p. Beam Time in 2011 (conclusions)

Number of Samples

12C 20Ne | 40Ar | 5°Fe | Total Seed/shoot/branch In vitro cultured
LET(keV/pm) 22,5 |61.5 |[290 |640 Seasonal crop Plant &
Energy (keV/u) | 135 |135 |95 90 Field Green house microbial

357 171 528 Spring

356 356

582 70 70 Autumn

382 84 24 490 Tree

1677 171 84 94 2026
New Technology

Total Beam time is about 48 hrs

Plant breeding

LETmax=30-70 keV/um Microbial
breeding

Pl
“Nishina Homare”( in honor of Nishina), named after
Yoshio Nishina, the father of nuclear physics in Japan

Surfinia White Saitama Yesat G strain  and one of RIKEN’s most eminent scientists.




sz Growing A Peaceful World through Breeding
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Thanks for your attention!




