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Introduction

1. Proprietary seed market accounts for almost 67% (Watch, 2009)
2. Horticultural seed companies are minor in world seed trade.

3. Only Sakata and Takii are Asian seed companies ranked in
world top 10 seed company. Both occupy only 2% of world seed
market. > Seed companies based in Asia are still weak

4. Sakata and Takii are both strong in world flower seed market.

. Zespri and Suntory, originated in Asia, are very strong world-
wide in specific fields, eg) Kiwii and flower breeding

. Crop oriented private company or governmental institutes are

focusing on breeding and development of specific crops.
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Horticultural seed market in Asia

Table 4. Horticultural Seed market in Asian countries.

Countries Market size(million US$)
China 4,000
India 1,500
Japan 1,500
Russia 500
Australia 400
Korea 400
Other 300
Total 8,600
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Horticultural seed market in Asia

Vegetables : Hot Pepper, Chinese cabbage,
Radish, Watermelon, Strawberry, Tomato, Onion
Fruit trees : Kiwii fruit, Apple, Pears, Grape,
Ornamental flowers : Lisianthus, Gentiana, Statice,
Pansy, Petunia, seed Lilium

Seed companies :

— Vegetables : Sakata, Takii, Nongyu, Nongwoo etc.

— Fruit trees : Zespri int’'l, Governmental institute etc.

— Flowers : Sakata, Takii, Myoshi, Suntory, Kirin etc.
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Recent breeding activities for horticultural
crops in Asia
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Breeding tools ?

Gene / Chromosome manipulation

© +, — : Crossing
& +: GMO
« — @ Mutation

“ X: Polyploidisation (2x — 4X — 8X)
© + : Haploidisation (2x = X)

Plant breeding is the purposeful manipulation of
plant species in order to create desired genotypes
and phenotypes for specific purposes

Tools for improving crop quality

interspecific hybridisation : all crops

3. GMO Breeding : ornamental flowers

. Marker Assisted Breeding : vegetables, fruit trees

1. Hybrid Breeding : SI, MS, haploid breeding, intra- or

2. Mutation Breeding : ornamental flowers, Fruit, cereals
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Pepper breeding in Asia Pepper breeding in Asia
Total 2,5M~2,8M ha
=M US§
u'
80 million $ market
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Interspecific hybridization

Interspecific hybridization in
Brassica revealed by U(1935)
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Sparkling breeders

Brassica campestris X Raphanus satives

“ Sulforaphene ” contents |

Chinese cabbage (¥} = Korean radish (3}
+ += ovule culture .
o118 Brassworaphanus
| = colchicine treatment
V1150 2n=4x=37
|+ anther culture

0A20-1-10-1 A genome =19 (instead of

| = microspore cullure 20)
DAM1-2

A new type of Brassica napus for
leafy vegetables

B. rapa(A, 2n=20) x B. oleracea(C, 2n=18) - several times BC to B.
rapa > 2n=2x=25, 26 -> Selfing > F3-F4 (2n=4x=38+2), infertile

Korean
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Aper-sweet Oriental melon ‘GumSsaraki’
e X
(monoecious) sl

Interspecific hybridization in lily

« Pre-fertilization barrier; inability of
pollen grains to germinate on the
stigma

* Mentor pollination
 Bud pollination

« Cut-style

* Grafted-style

« Post-fertilization barrier; abortion of
embryo and endosperm

 Ovary culture
* Ovule culture
« Embryo culture
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Simplified crossing polygon genus Lilium

o : L. auratum
Lilium oriental — |~ Geciosum
longiflorum hybrids L. rubellum

Asiatic
hybrids
L. tigrinum

L. bulbiferum
L. maculatum
L. dauricum
17/41 L. davidii




Interspecific hybridization in lily

Embryo culture
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How to overcome F, sterility?

= By mitotic polyploidization
Somatic chromosome doubling
Colchicine or Oryzalin

No homoeologous recombination

= By meiotic polyploidization

2n-gametes by FDR, SDR and IMR

Homoeologous recombinations
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Interspecific hybridization 1: Mitotic polyploidization

Color variation from 2x-gametes of F1 hybrid

\ crossing
Chromosome
\ doubling
oxdx  LAA X[ AABB | X [BBBB| 4 4
crossing I I crossing
| aa8 | [ aBBB |
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Interspecific hybridization 2: Meiotic polyploidization

2X-2X
x crossing

|

2x-2x [ AA ] x [2xAB | x [BBBB]| 2X4X
crossing crossing

\ 2n pollen \

[ Aase | | ABBB |

22/41

Color variation from 2n-gametes of F1 hybrid
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Mitotic metaphase chromosome of LA hybrid (F1)

Meiotic metaphase | stage of

LA hybrid (F,)

BC, hybrid : 2n=3x=36=12 A x (12L + 12 A)
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Mutation breeding

Variety development by radiation breeding
methods by countries in 2009
China India Japan Russia Korea Netherlands Germany USA
lajor cereals ~ 366(55.9) 58(21.4) 82(35.2) 41(19.4) 8(42.1) 1(0.6) 72(41.6) 39(31.2)
Soybean 56 (8.5) 39(14.1) 25(10.7) 28(13.3) 2(105 10(5.8) 26(20.8)
Minor cereals 70 (10.7) 9 (3.3) 4(17) 62(29.4) 12 (9.6)
Industrial crops  23(3.5) 29(105) 9(7.5) 10(4.7) 3(2.4)
Qil 41(6.3) 16(5.8) 1(0.8) 3(1.4) 6(31.6) 1(0.8)
Flowers 60(9.2) 95(34.4) 81(34.8) 40(19.0) 2(8.0) 173(98.3) 80(46.2) 23(18.4)
Fruit tree 20(31) 2(0.7) 6(2.6) 7(3.3) 2(1.6)
Vegetables 17 (26) 14(5.1) 14(6.0) 10(4.7) 2(11) 1(0.6) 3(2.4)
Others 2(03) 14(51) 11(47) 10(4.7) 10(5.8) 16(12.8)
Total 655(100%) 276(100%) 233(100%) 214(100%) 19(100%) 176(100%) 173(100%) 125(100%)
28/41 _FAOJAEAMVD 2009)

Plant Breeding using ion-beam irradiation

| yeray, Xeray (low LET)

lon beam (high LET)
lon beam
;);p“' LET (Linear Accelerated
i, E Transfer) s (charged
VP || e, s
' lo the malenal by
radiation along s _
path (keVipm). g e
o In ganeral, higher . =9
LET means larger ey
s biological effects 'P’_J?"
Random distribution of damage Clustered damage
(Single-strand break) (Double-strand break)
Severe damages unrepairable.
Easily repairable damages Plant cells often survive even
by insufficient repair.
—Mutation
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Source: Abe T.
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bl Flower Mutants developed from the RIKEN beam
Mutant prienotype Plant material  Mutabion rate (%)
Sterile
Verbena stem 1028
Cyclamen 2 Tuber 67
Color and shape
Petunia ¥ vary 10
Dahila 29 =shoot 203501
Rose 8 Dormant soon EINE -
Chrysanlhernum @ Slem 45250
Towenia 0 Leal and slem 18471
Orchid* shool 5063
Variegation
Petunia tybrida®  Stem 10
Dwart

Tricyris hirta ™ Cmbryogenic callus 100 1) Karya elal. Plan Biothes. 25, 31.08
) Sugymma M. et ni | Pan Bisthes 25, 101104 (2008)
3) Sunsa K et i, RECLN Accel. Prog. HBF 32, 486 (199}

Advanlages of on-beam breedsng 4] Hrrmws M.l sl FIKEN Acel Pregy R M, 168170 (2001
=Low dase, high mutation rates, and wide 5] Hara ¥ ctal RIKEH Aceel Prog Rep 36, 135 (2003)
varabon, ' 0 ScakiX. slal, BT Accat . s 3, 30 2005

et.l

5 process o salect lirvars withi
alm time, rew e Wi e e T e iy ray and ion beam. Ion beam irradiation showed higher frequency in
30/41 Source: Abe T. 31/41 ower color changes.

Heavy ion beam
(JAEA-Takasaki)

Gama field

Original
“Taihei™

Gamma ray used lon beam used

Fig. 7. Examples of mutation breeding in Japan. Flower color
modification in chrysanthemum often showed by irradiation of gamma

Cymbidium , Aerides etc.
-B ling by crossing

- Radiation breeding

Orchid breeding by radiation

Calanthe striata

‘Shinlock”

33/41 C. striata ‘Saebyuk’

Orchid breeding by radiation

Dendrobium kingianum 0. monifolium ‘Royal present’ Director general of IAEA
‘Royal gold’ with Oriental orchid mutant

= Application of radiation breeding in Orchids in Korea

= Chronic and acute irradiation of gamma ray on in vitro rhizome and seed of
Oriental C» idi : Frag cold i dwarfism, i to climate

= Multiplication of mutant lines and commercialization : export to Japan, and other
countries

= Inducing mutation of Orchids seeds via space radiation in 2008.
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Variegated leaves of Dendrobium
Orchids from seeds carried on the China
spaceship ‘Shenzhou #8(2009.9)

Control Foggy leaves Yellow centered leaves
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Genetic engineering

Florigene - The World's First Molecular Breeder
Florigene, part of the Suntory Group, has used genetic
modification technology to create valuable improvements
to important flower species

"Applause” a blue rose cultivar bred first time
through plant biotechnology in Japan.
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Blue rose, a breakthrough in flower
breeding by genetic engineering

Rose colour production Rose colour production
in conventional roses in Florigene's blue rose
PANSY
| desa: |
1] 1]
ROSE ROSE | ROSE RIS /
DFR gene DFR gene | | _DFR-gene DFR gene

. 4

Convenbanal calowr range of roses

=2
e e

Process of noble blue roses originated by plant biotechnology techniques by silencing red

Blue
Florigene’s blue rose

igments "DFR" genes(figure originated from CSIRO).

Future prospects for horticulture
breeding in Asia

For every ...

8,000 pints of beer
1,150 loaves of bread
600 kg of sugar

..£1 in royalty is reinvested in plant breeding.

For every...
150 stems of rose

200 stems of chrysanthemum

40 kg of strawberry

...$1 in royalty is reinvested in plant breeding.
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Rainbow roses......

Will it be possible? It is already made!

Thank you for your attention!
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