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1
AC: alternating current
BA: 6-benzyladenine
BCIP: 5-bromo-4-chloro-3-indolylphosphate
DC: direct current
DIG: digoxigenin
EDTA: ethylenediamine tetraacetic acid disodium salt solution
GAj;: gibberellic acid A3
HEPES: N-2 hydroxyethylpiperazine-N’-2-ethanesulfonic acid
IOA: iodoacetoamido
MS : Murashige and Skoog basal medium
NAA: naphtilacetic acid
NBT: (nitro blue tetrazolium salt)
PPF: photosynthetic photon flux
PVP: polyvinylpyrrolidone
RFLP: rrestriction fragment length polymorphism
rpm: radian per minutes

SDS: sodium dodecyl sulfate

2
G418: Geneticin
hpt: hygromycin phosphotransferase gene
IAA: indole acetic acid
intron-gus: intron B-D-glucuronidase gene
Kin: kinetin
nptll: neomycin phosphotransferase gene

X-Gluc: 5-bromo-4-chloro-3-indoyl-B-D-glucuronide

3
CaMV35S Califlower mosaic virus 35S promoter
CUTG: codon usage tabulated from GenBank
DTT: dithiothreitol
IPTG: isopropyl B-D-thiogalactopyranoside
Nos: nopaline synthase
PCR: polymerase chain reaction
PMSF: phenylmethylsulfonyl fluoride
PVDF: polyvinylidene difluoride
SDS-PAGE: sodium dodecyl sulphate-poliacrylamido gel electropholesis
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Fig. 1. Materials of Compositae family for cell fusion.

A: Chrysanthemum 'Shuho-no-chikara by Y amate-shuhoen, Dendranthema x grandiflorum
(Ramat.) Kitamura.

B: Annual aster 'Deep blue' by Takii Co., Callistephus chinensis (L.) Nees.

C: Florist's cineraria 'Heavenly blue' by Daiichi engei Co., Senecio x hybridus (Willd.) Regal.

D: Wormwood, Artemisia sieversiana J. F. Ehrh. ex. Willd.



Table 1. The composition of Murashige & Skoog basal medium (1962).

Elements Concentration (mg/l)
KNO, 1900
NH;NO; 1650
MgSO,-7H,0 370
CaCl,-2H,0 440
KH,PO, 170
MnSO,-4H,0 22.3
ZnS0O,-7TH20 8.6
CuSO,-5H,0 0.025
CoCl,-6H,0 0.025
Kl 0.83
H;BO, 6.2
Na,MO,-2H,0 0.25
Na,EDTA 37.3
FeSO,-7H,0 27.8
Inositol 100
Glycine 2
Nicotinic acid 0.5
Pyridoxine-HCI 0.5
Thiamine-HCl 0.1
Sucrose 30000

pH 5.8




Table 2. The composition of CPW salts (Fearson et al . 1973).

Elements Concentration (mg/l)
KNO; 101.1
MgSO,-7H,0 246
CaCl,-2H,0 1480
KH,PO, 27.2
CuSO,-5H,0 0.025
Kl 0.16

pH 5.8




Table 3. Media composition for protoplast culture and plant regeneration (Furuta et al. 1996).

Concentration of Solid medium for  Liquid medium for Mannitol free Callusinduction Regeneration Rooting
elements (mg/l) colony induction colony induction medium medium medium medium
KNO, 950 950 950 950 1900 1900
NH,NO; - 100 100 825 1650 1650
MgSO,-7H,0 185 185 185 185 370 370
CaCl,-2H,0 220 220 220 220 440 440
KH,PO, 85 85 85 85 170 170
MnSO,-4H,0 11.15 11.15 11.15 11.15 22.3 22.3
ZnSO,-7H20 4.3 4.3 4.3 4.3 8.6 8.6
CuSO,-5H,0 0.0125 0.0125 0.0125 0.0125 0.025 0.025
CoCl,-6H,0 0.0125 0.0125 0.0125 0.0125 0.025 0.025
Kl 0.415 0.415 0.415 0.415 0.83 0.83
H;BO; 31 31 31 31 6.2 6.2
Na,MO,-2H,0 0.125 0.125 0.125 0.125 0.25 0.25
Na,EDTA 18.65 18.65 18.65 18.65 37.3 37.3
FeSO,-7H,0 139 139 139 139 27.8 27.8
Inositol 50 50 50 50 100 100
Glycine 1 1 1 1 2 2
Nicotinic acid 0.25 0.25 0.25 0.25 05 0.5
Pyridoxine-HCI 0.25 0.25 0.25 0.25 0.5 0.5
Thiamine-HCI 0.05 0.05 0.05 0.05 0.1 0.1
Sucrose 10000 10000 30000 30000 40000 30000
Mannitol 72870 72870 - - - -
NAA - 1 05 0.5 - -
BA - 1 05 0.5 0.5 -
GA; - - - - 0.2 0.2
IBA - - - - - -
Gellan Gum 400 - - 2000 3000 2000

pH 58 58 58 58 58




Cell isolation Enzyme composition
CPW salt

cellulase R-1C
macerozyme R-1C
0.4M mannitol

pH 5.6

Céll fusion

===

Colony formation

Callusformation

Medium

Colony formation solid medium (1/2X MS salts; 0 mg/l NH,NO; 0.4 M mannitol 1% sucrose 0.4% Gellan Gum)

+

Colony formation liquid medium (1/2X M S salts; 100 mg/l NH,NO; 1 mg/l NAA 1mg/l BA 0.4 M mannitol 1% sucrose)

Supply colony formation liquid medium lacking mannitol (1/2X MSsalt: 0.5 mg/l NAA 0.5 mg/l BA 3% sucrose 0.2% Gellan Gum)

Transfer to callusinduction medium (1/2X MSsalts 0.5 mg/l NAA 0.5 mg/l BA 3% sucrose 0.2% Gellan Gum)

Plant regeneration Transfer to regeneration medium (MS salts 0.5 mg/l BA 0.2 mg/l GA; 4% sucrose 0.3% Gellan Gum)

Fig. 2. Protocol for protoplast fusion of Compositae family (Referenced by Shinoyamaet al ., 2000).

Aag; Protoplast of chrysanthemum cultivar Shuho-no-chikara
A ; Protoplast of wormwood.
B; Fused cell 2 hr. after electrofusion
C; Cell division 8 days after electrofusion
D; Callus formation from fused cell 30 days after electrofusion
E; Regeneration from callus about 80 days after electrofusion

Scale bar indicates 10 pr on A to C, and 5mmon D to E.

The al medium were adjusted to pH5.8

—
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100 mg Takagi et al. (1993)
HEPES Buffer [0.1M HEPES (pH8.0) 0.1% polyvinylpyrolidone (PVP) 4%
2-mercaptoethanol] 3 Alkali-SDS (Honda and Hirai 1990)
DNA DNA
BamHI DNA
EcoRV DNA 5 pg 0.7

Hybond N* nylon membrane (Amersham Pharmacia Biotech UK Ltd.
England) DIG Labbering Delection Kit (Roche
Behringer Mannheim Germany) (Southern 1975)
BCIP (5-bromo-4-chloro-3-indolylphosphate)  NBT (nitro blue tetrazolium salt)

RFLP DNA

EcoRI RNA (rDNA) 7.7 kbp (Takaiwa et al.
1984)
2)

[4% Cellulase Onozuka RS ( Japan) 0.1%
Pectolyase Y-23 ( Japan) 75 mM KCl 7.5 mM Na,-EDTA (pH 4.0)]

37 2 3
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8% Giemsa 30
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Fig. 3. Test of rooting ability in the test tubes and in soil.
A: Shootsin 3 cm- length of somatic hybrids were planted to test tubes with M S basal medium.
B: Shootsin 5 cm- length of somatic hybrids were planted to soil.



The disease spot was
cut to 5x5 mm and put
on to leaf of test plant.

=

| Disease spot

Disease plant Test plant

A
«-.

Disease spot | ‘,
1 4

About 10 cm
e ﬁ-
| :
«

30 cm

Fig. 4. Rust (Puccinia horiana) resistance test in the greenhouse (A)
and in the field (B).
A: 5x5 mm cutting leaf segment with one disease spot was put on to somatic
hybrid and their parents.
B: Infected plants of somatic hybrids or their parents were planted on pot
(p 30 cm) and grown in the field.




Table 4 Fig. 5
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14 1
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1 51.0 63.0 250 V/cm
32.0 34.0 21.5 25.0 31.0
46.0 100 us
200 V/cm
100 V/cm 1 17.0 9.0
13.0 150 V/cm 6.0
6.0 7.0
50 ps 100
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28 1
50 ps 100 150 V/cm
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Table4. Efficient electrical parameters on the cell fusion in Compositae family.

Chrysanthemum and annual aster

DCsquarepulse  AC field'svoltage Percentage of Number of Number of
(us (V/em) fused cells (%)  divided cells colonies
50 100 0.0 0.0 0.0
50 150 0.0 0.0 0.0
50 200 35.0 47.0 3.0
50 250 58.0 32.0 2.0
50 300 58.3 34.0 0.0

100 100 53.0 17.0 0.0
100 150 58.7 6.0 0.0
100 200 66.3 0.0 0.0
100 250 70.7 0.0 0.0

Chrysanthemum and florist's sineraria

DCsquarepulse  AC field'svoltage Percentage of Number of Number of
(us (V/em) fused cells (%)  divided cells colonies
50 100 0.0 0.0 0.0
50 150 0.0 0.0 0.0
50 200 70.3 57.0 57.0
50 250 69.0 25.0 11.0
50 300 89.5 215 17.2

100 100 57.0 9.0 0.7
100 150 69.7 6.0 0.7
100 200 66.2 0.0 0.0
100 250 74.1 0.0 0.0

Chrysanthemum and wormwaood

DCsquarepulse  AC field'svoltage Percentage of Number of Number of
(us (V/em) fused cells (%)  divided céells colonies
50 100 0.0 0.0 0.0
50 150 0.0 0.0 0.0
50 200 35.6 63.0 63.0
50 250 78.2 46.0 14.0
50 300 57.3 31.0 6.0

100 100 36.0 13.0 8.0
100 150 68.0 7.0 0.3
100 200 79.0 0.0 0.0
100 250 82.2 0.0 0.0

The data of cell division was measured on 14 days and the colony formation was measured on 28 days
after initial culturing.
The data shows the average of 3 repetitions per Petri dish.



Current of electron

Fusion of connected protoplast by
DC square pulse.

Chain by ACfield
voltage of protoplasts.

Fig. 5. Electrofusion of protoplasts.
Several protoplasts were connected by AC field voltage.
After then, these protoprasts were fused by DC square pulse.
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44 - 4.4 - <+ 5.1kbp
<« 2.7kbp 23-
23- 20 -
20 - <«2.0kbp

Fig. 6. DNA analysis by RFLP in regenerants of chrysanthemum and cineraria, and chrysanthemum
and wormwood.

A; Genomic DNA from parents and regenerated plants from fusion cells between chrysanthemum and
cineraria digested with BamHI and hybridized with the rice rDNA probe.

Lanel: Chrysanthemum

Lane2: Florist's cineraria

Lane3-7: Regenerated plantlets

B; Genomic DNA from parents and regenerated plants from fusion cells between chrysanthemum and
wormwood digested with Eco RV and hybridized with the rice rDNA probe.

Lanel: Chrysanthemum

Lane2: Wormwood

Lane3-7: Regenerated plantlets



Table 5. Regeneration of somatic hibrids plants on Compositae family.

Parents Number of Number of Regeneration Number of Chromosome Plant
calus regenerants frequency(%)  somatic hybridsl) number® shape
chrysanthemum + annual aster 0 0 0.0 0 - -
chrysanthemum + cineraria 2,287 14 0.6 0 2n=54 chrysanthemum
chrysanthemum + wormwood 3,864 1,342 34.7 1,342 2n=62-72 various

Y Somatic hybrids were confirmed by RFLP analysis.
2 Chromosome number was counted on root ti p.



Fig. 7. Morphological characteristics of regenerated plants from fusion cells between
chrysanthemum and cineraria.

A: Chrysanthemum 'Shuho-no-chikara

B: Florist's cineraria 'Heavenly blue

C-F: Regenerated plants (C: No.1, D: No.2, E: No.3, F: No.4).

Scale bar indicates 50 mm.
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Table 6. Morphological characteristics of intergenetic hybrid plants between chrysanthemum and wormwood in the greenhouse.

Stem? Leaves’ Flower characteristics

No. Day of flowering Length Diameter Number Length Width Shape Color Diameter ~ Number of Number of Chromosom Pollen

(day/month/year) (cm) (cm) of leaves (cm) (cm) (mm) petals flowers number fertility
1 25/09/98 86 04 58 7.3 32 double spoon paeyellow 26 44 48 68 -
2 25/10/98 57 0.4 35 52 31 double spoon paleyellow 24 46 6 68 -
3 05/10/98 45 05 33 5.7 33 double spoon pale pink 13 52 98 70 -
4 17/10/98 65 04 42 53 28 complex spoon pale pink 32 55 31 68 -
5 14/10/98 77 0.5 65 75 41 single spoon white 32 33 26 66 -
6 17/10/98 57 04 52 51 33 single straw pale pink 40 37 34 68 -
7 15/10/98 25 04 39 24 32 single straw pale pink 11 25 57 64 -
8 27/10/98 42 0.5 32 45 33 single straw white 15 39 34 68 -
9 25/10/98 44 04 26 23 23 single straw yellow 15 26 56 70 -
10 17/10/98 46 04 31 35 25 single spoon yellow 22 16 21 70 -
11 27/10/98 31 04 23 34 23 single spoon yellow 18 33 23 72 -
12 08/11/98 51 0.5 38 42 22 single spoon white 16 15 34 68 -
13 06/11/98 67 0.5 47 4.7 24 single spoon yellow 11 34 52 68 -
14 13/10/98 57 0.3 37 42 21 single straw pale pink 35 16 12 66 -
15 26/10/98 55 04 39 45 24 single straw white 32 25 15 68 -
16 21/10/98 29 04 16 3.0 32 single straw white 31 34 26 64 -
17 25/09/98 42 0.3 28 4.8 33 single straw yellow 14 33 33 66 -
18 02/10/98 53 04 36 5.0 35 single straw paleyellow 21 14 15 68 -
19 09/10/98 41 0.5 32 4.0 4.0 single straw paeyellow 22 15 25 62 -
20 22/10/98 44 0.3 28 53 32 single straw pale pink 35 17 32 70 -
21 26/10/98 58 04 34 4.0 35 single spoon white 12 24 12 68 -
22 19/10/98 68 05 46 52 33 single straw paleyellow 37 22 4 66 -
23 22/10/98 74 0.5 52 3.0 34 single straw white 21 46 68 -
Chrysanthemum 24/10/98 90 0.5 76 52 33 double straw white 109 231 17 54 +

Wormwood 30/08/98 186 13 107 20.3 9.0 - - yellow 12 - 120 18

Y The data of length, diameter or width means that measured at the middle height of that plant.
2 Tha data means number of root, + ; 1-3, +; 4-6 and ++; up to 7.

9 Chromosome number was counted on root tip which treated enzymes.



Fig. 8. Morphological feature of intergenetic somatic hybrid plants between chrysanthemum and wormwood.
Scale bar indicates 50 mm.

A: Chrysanthemum 'Shuho-no-chikara

B: Wormwood (seedling stage)

C-H: Somatic hybrid plants (C: No.1, D: No.2, E: No.3, F: No.4, G: No.6, H: No.7).



Table 7. Rooting ability of intergeneric somatic hybridsin test tube and soil.

Test tube Soil
No. Therate of The day of The rate of The day of
rooting (%) rooting (days) rooting (%) rooting (days)

Chrysanthemum 100.0 2.5 100.0 6.8
Wormwood 85.3 53 46.3 10.6
1 100.0 75 235 11.8
2 99.8 16.2 55 12.0
3 100.0 11.0 6.3 13.0
4 98.8 10.3 4.4 134
5 100.0 6.8 26.8 15.6
6 97.6 11.3 35 16.0
7 99.8 10.8 55 6.0
8 100.0 10.3 51 16.0
9 98.6 14.3 53 15.0
10 96.5 9.6 4.8 133
11 97.3 7.6 4.4 12.2
12 98.8 8.3 4.6 14.0
13 100.0 7.2 5.2 15.0
14 100.0 11.2 55 135
15 98.6 10.8 5.8 12.0
16 97.3 9.3 6.0 150
17 100.0 9.2 3.8 17.0
18 98.6 7.7 6.5 13.2
19 100.0 8.6 13.2 14.0
20 97.3 8.8 21.0 12.0
21 100.0 7.8 5.7 14.0
22 100.0 9.8 50 152
23 100.0 11.0 7.0 12.0

The data shows the average of 3 repetitions.
The 3-cm stem-length plant was planted in each test tube and the 5-cm stem-length plant was planted in soil,
and the rate of rooting and the day of rooting were measured.



Table 8. Rust (Pucconia horiana Henning) resistance of intergenetic hybrid plants between chrysanthemum and wormwood in the greenhouse and field.

In the greenhouse Inthefield
No. Number of Number of Total No. of lesion Number of leaves Number of Number of lesion
tested leaves infected leaves 1-2mm  upto3mm of aplant infected leaves 1-2mm  upto3mm

Chrysanthemum 10 8 35 29 11 7 25 14
Wormwood 10 1 1 0 10 0 0 0
1 10 2 5 0 14 1 2 0
2 10 1 4 0 10 1 3 0
3 10 2 6 1 11 1 4 0
4 10 3 8 3 13 2 6 1
5 10 2 6 1 12 2 3 0
6 10 2 4 1 11 2 2 0
7 10 1 5 0 14 1 3 0
8 10 1 3 0 11 1 2 0
9 10 1 2 0 11 1 2 0
10 10 2 5 0 12 1 3 0
11 10 1 3 1 12 1 2 0
12 10 3 9 3 12 2 7 1
13 10 3 7 5 14 2 6 2
14 10 2 4 2 12 2 4 0
15 10 1 2 0 11 1 1 0
16 10 1 2 0 10 1 2 0
17 10 1 4 1 12 1 3 0
18 10 2 8 2 12 1 5 0
19 10 3 10 6 11 1 8 3
20 10 1 3 0 13 1 1 0
21 10 2 0 11 1 4 0
22 10 3 3 12 3 7 3
23 10 3 10 3 15 2 8 1

The data was measured 20 days after infection or co-planting.



Fig. 9. Disease resistant test on the leaves of somatic hybrid plants and their parents,
chrysanthemum and wormwood.

A: Chrysanthemum cultivar 'Shuho-no-chikara.

B: Wormwood.

C-F: Somatic hybrid plants (C: No.1, D: No.2, E: No.6, F: No.7).

Scale bar indicates 20 mm.

Arrows indicates disease spots.




[Callistephus chinensis
(L.) Nees] [Senecio x hybridus (Willd.) Regal]
(Rust; Puccinia horiana Henning)
(Artemisia sieversiana J. F. Ehrh. ex Willd.) (Tang et al.
2000)
( 1996)

50 us 200 V/cm

RFLP

2n=54
2n=64 72

(Gelba et al. 1980 Sundberg et al. 1986 Terada et al. 1987 Fahleson
et al. 1988 Chatterjee et al. 1988)

2n=54 114

I0OA

37



I0A

(Genetic complement) DNA
(Kaeppler and Phillips 1993) (Peschke et al. 1987 Ozeki et al.
1997) (Somaclonal variation) (Larkin and Scowcroft 1995
Kaeppler et al. 2000)

(Kumashiro and

Kubo 1986)

(Nakano et al. 1993)
(Yamanaka et al.1992)
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1)

2)

3)

4)

5)

6)

7)

8)

50 ps 250 V/em
50 ps 200 V/cm
8
2,287 14
3,864 1,342
14
1,342 RFLP
2n 64 72
23
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(Renou et al.
1993 De Jong et al. 1994 Urban et al. 1994)
(Pavingerova et al. 1994 Benetka and Pavingerova 1995)

(Benetka and Pavingerova 1995)
(Pavingerova et al. 1994

Benetka and Pavingerova 1995 Takatsu et al. 2000)
Agrobacterium

tumefaciens (Pavingerova et

al. 1994 Benetka and Pavingerova 1995)
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Agrobacterium

(1)
‘ ’ 25 20
( 5 cm) 70% 30
1% 15 3
0.5 mm
MS 121 15
25 16 [PPF (400 700
nm) =60 umol m> s'l]
(2)
1) Agrobacterium
Agrobacterium pIG121-Hm (Ohta et al. 1990 Hiei et al. 1994)
Agrobacterium tumefaciens EHA101 ( Fig. 10)
npt (neomycin
phosphotransferase ) hpt (hygromycin phosphotransferase)
gus (B -D-glucuronidase)
npt (kanamycin) G418 (geneticin) hpt
(hygromycin) gus
5-bromo-4-chloro-3-indoyl- B -D-glucuronide (X-Gluc) indigotin
Agrobacterium YEP (10 g/1
Bacto pepton 10 g/l Bacto yeast extract 5 g/l NaCl) (28 200
rpm) (MS ; 3% sucrose pHS5.8)

(OD =0.2) 10 mg/l

(3)
1)
6 mm
[MS ; 1 mg/ NAA (naphtilacetic acid) 0.5 mg/ BA
(6-benzyladenin) 3% sucrose 0.3% Gellan gum (Pure chemical Inc. Japan) pHS5.8]
0 21 G418 (MS ; 1 mg/
NAA 0.5 mg/ BA 3% sucrose 0.3% Gellan gum 0 50 mg/l G418 pHS5.8)
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1 2 4
1 (p=9 cm) 9 1 6
2)
5 mm 6 mm
1 60 24 Agrobacterium
(MS 1
mg/l NAA 0.5 mg/l BA 3% sucrose 0.3% Gellan gum pHS5.8) 25
3 3 GUS
1 (¢=9 cm) 9 1 6

3) Agrobacterium

Agrobacterium 0 1 5 24 1 60

25 3
3 GUS
1 (¢=9 cm) 9 1 6

4)

6 mm I 60 5

Agrobacterium
(0.1 7.5 g/ 25 3
3 GUS
1 (=9 cm) 9 1 6

5)

6 mm 0.5 10.0

15 Agrobacterium 5
25
3 3 GUS
1 (p=6 cm) 9 1 6
(4) GUS
3 37 1 2 ) 70
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Jefferson et al. (1987)

1.0 mM  X-Glucuronide

0.5 mM

0.5 mM

0.3% Triton X-100
5.0%

50.0 mM NaH,PO, (pH7.0)
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Xbal

RB probe_(250 bp)
pBI101

v
nos-P | npt | nos-T F— 35S-P - Intron| gus |nos-T|—{35S-P| hpt |nos-T |4—\’
LB

Fig. 10. Map of the binary vector pIG121-Hm.

pIG121-Hm was constructed from pBI101 vector (Jefferson et al. 1987),
pIG221(35S-P:Intron gus; Ohta et al. 1990) and pPLAN101MHYG

(hpt ; Dr. K. Shimamoto).

RB, Right border; LB, Left border; nos-P, nopalin synthase promoter; nos-T,

nopalin synthase terminater; 35S-P, cauliflower mosaic virus 35S promoter;

npt , neomycin phosphotransferase gene; Intron, the intron of castor bean catalase gene
within the N-terminal part of the gus gene coding sequence; gus, B-D-glucuronidase
gene; hpt, hygromycin phosphotransferase gene; A prove used for Southern blot
analysis of Xba I-digested DNAs (250-bp PCR product) was indicated bellow

the gus gene.



(2)
MS
[NAA-BA NAA-Kin (kinetin)
sucrose 3
121 15
1 9

700 nm) =60 pmol m™ s™']
10

0.5 mm

IAA (indole acetic acid) -BA TAA-Kin ]

pHS5.8
(0=9 cm)

6 mm

25 16
30

45

0.3 % Gellan Gum
20 ml

[PPF (400



(2)

NAA 1 mg/l-BA 0.5 mg/l NAA 1 mg/l-Kin 1 mg/l

IAA 1 mg/I-BA 0.5 mg/l IAA 1 mg/l-Kin 1 mg/l

5 mm (MS ; 0.5 mg/l BA
0.2 mg/l GAs 3% sucrose 0.3% Gellan gum pHS.8 1996)
9 25 16 [PPF (400 700 nm) =60 pmol
m™ s'l] 20 3 5 mm

10 80
1 10 3
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(2)
1) Agrobacterium
Agrobacterium plG121-Hm Agrobacterium tumefaciens EHA101
(Fig. 10) Agrobacterium YEP 5
(28 200 rpm) oD =0.2 10
mg/l Tween 20  5.0%

2)
(CDH
(ST) 2 6 mm
20 5 Agrobacterium
1 g/l CI
(MS ; 1 mg/l NAA 0.5 mg/l BA 3% sucrose 0.3% Gellan gum pHS5.8)
SI (MS ; 2 mg/ NAA 1 mg/ BA 3% sucrose 0.3%
Gellan gum pHS5.8) 25 3
CI (MS ; 1 mg/l NAA 0.5 mg/l BA 3% sucrose 0.3%
Gellan gum 250 mg/l cefotaxim sodium salt pH5.8) SI (MS
; 2 mg/l NAA 1 mg/l BA 3% sucrose 0.3% Gellan gum 250 mg/l cefotaxim
sodium salt pHS5.8) 25 [PPF (400 700 nm) =30 pmol
m? s'] 16 10 CI (MS
; 1 mg/l NAA 0.5 mg/l BA 3% sucrose 0.3% Gellan gum 250 mg/l cefotaxim
sodium salt G418 20 mg/l pHS5.8) SI (MS ;2 mg/l NAA
1 mg/l BA 3% sucrose 0.3% Gellan gum 250 mg/l cefotaxim sodium salt G418 20
mg/l pH5.8 25 [PPF (400 700 nm) =30 pmo m” s™']
16 2 3 CI (MS
; 1 mg/l NAA 0.5 mg/l BA 3% sucrose 0.3% Gellan gum 100 mg/l
cefotaxim sodium salt G418 20 mg/l pHS5.8) SI (MS ;1
mg/l NAA 0.5 mg/l BA 3% sucrose 0.3% Gellan gum 100 mg/l cefotaxim sodium
salt G418 20 mg/l pHS5.8) 2 2 CI
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(MS ; 0.5 mg/l
BA 0.2 mg/l GA; 3% sucrose 0.3% Gellan gum 100 mg/l cefotaxim sodium salt

pHS5.8) 25 [PPF (400 700 nm) =60 pmol m™ s'l] 16
3 SI
(MS ; 3% sucrose 0.3%
Gellan gum 250 mg/l cefotaxim sodium salt pH5.8) 25
[PPF (400 700 nm) =60 pmo m™ s'] 16 (Table
9)
(3)
1) GUS

Jefferson et al. (1987)

2)
DNA
100mg Takagi et al. (1993)
HEPES Buffer [0.1M HEPES (pH8.0) 0.1% polyvinylpyrrolidone (PVP) 4%
2-mercaptoethanol] 3 Alkali-SDS (Honda and Hirai 1990)
DNA
DNA1S ug Xba 0.8

positive charged Nylon membranes (Roche & Boehringer Mannheim Germany)

DIG (digoxigenin) labeling & detection kit (Roche &

Boehringer Mannheim Germany) GUS
250bp Polymerase chain reaction
(PCR) (Saiki et al. 1988) CDP star (Roche &

Boehringer Mannheim Germany)

Forward 5’-GTAGAAACCCCAACCCGTGA-3’
Reverse 5’-GTGACCGCATCGAAACGCAGCAC-3’
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Table 9-1. Time table for transformation of chrysanthemum.
1) Transformation using the callus induction (Cl) system.

Day Procedure
0 Culture Agrobacterium inliquid LB medium for 5h
Immerse leaf segmentsinto M S liquid medium containing Agrobacterium for 30 min
Cocultivate leaf segments with Agrobacterium on cocultivation Cl medium
3 (End of cocultivation for 3 days)
Transfer to bacteria elimination Cl medium
10 Transfer to selection Cl medium  (selection of putative transformed cells)
24 Transfer to fresh selection Cl medium
38 Transfer to fresh selection Cl medium
(Calusinduction on the edge of |eaf segments)
52 Transfer to selection Cl medium
66 Transfer to fresh selection Cl medium
80 Transfer G418-resistant calli to plantlet regeneration medium
101 Transfer to fresh plantlet regeneration medium
122 Transfer to fresh plantlet regeneration medium (shoot regeneration)
Collect elongating shoots (first collection) and transfer to rooting medium
143 Transfer remaining shoots and calli to fresh plantlet regeneration medium
Collect elongating shoots (second collection) and transfer to rooting medium
143-180  Transfer rooted plantlets to green house

200 onwards Plants available for testing

Medium construction

Cl medium: MS+NAA 1.0 mg 1™, BA 0.5mg 1™, Suc. 3%, Gel. 0.3%

Cocultivation Cl medium: MS+NAA 1.0 mg ™, BA 0.5 mg ™, Casamino acids 1.0 g I, Suc. 3%, Gel. 0.3%
Bacteria elimination Cl medium: MS+NAA 1.0 mg 1™, BA 0.5 mg ™, Suc. 3%, Gel. 0.3%, Cef. 250 mg |
Selection Cl medium  : MS+NAA 1.0 mg ™, BA 0.5 mg ™, Suc. 3%, Gel. 0.3%, Cef. 250 mg |, G418 20 mg 1™
Selection Cl medium : MS+NAA 1.0 mg 1™, BA 0.5 mg 1™, Suc. 3%, Gel 0.3%, Cef. 100 mg 1™, G418 20 mg I
Plantlet regeneration medium: MS+BA 0.5 mg|™, GA;0.2mg 1™, Suc. 3%, Gel. 0.4%, Cef. 100 mg | ™

Rooting medium: MS+ Suc. 3%, Gel. 0.4%, Cef. 100 mg It
*Cef. : Cefotaxime sodium salt

Suc. : Sucrose

Gel. : Gellan Gum



Table 9-2. Time table for transformation of chrysanthemum.
2) Transformation using adventitious shoot induction (Sl) system.

Day Activity
0 Culture Agrobacterium inliquid LB medium for 5h
Immerse leaf segmentsinto M S liquid mrdium containing Agrobacterium for 30 min
Cocultivate leaf segments with Agrobacterium on cocultivation SI medium
3 (End of cocultivation for 3 days)
Transfer to bacteria elimination SI medium
10 Transfer to fresh selection SI medium
24 Transfer to fresh selection SI medium
38 Transfer to fresh selection SI medium
52 Transfer to selection SI medium
Collect elongating shoots (first collection) and transfer to rooting medium
66 Transfer remaining shoots to fresh selection SI medium
Collect elongating shoots (second collection) and transfer to rooting medium
80-120 Transfer rooted plantlets to green house

140 onwards Plants available for testing

Medium construction

Sl medium : MS+NAA 2.0 mg I, BA 1.0 mg ™, Suc. 3%, Gel. 0.3%

Cocultivation S| medium : MS+NAA 2.0 mg 1™, BA 1.0 mg 1™, Casamino acids 1.0 g I, Suc. 3%, Gel. 0.3%
Bacteria elimination SI medium: MS+NAA 2.0 mg 1™, BA 1.0 mg ™, Suc. 3%, Gel. 0.3%, Cef. 250 mg ™
Selection S medium  : MS+NAA 2.0 mg 1™, BA 1.0 mg ™, Suc. 3%, Gel 0.3%, Cef. 250 mg ™, G418 20 mg I
Selection Sl medium  : MS+NAA 2.0 mg 1™, BA 1.0 mg 1™, Suc. 3%, Gel. 0.3%, Cef. 100 mg 1™, G418 20 mg I

Rooting medium: MS+ Suc.3 %, Gel. 0.4%, Cef. 100 mg It
*Cef. : Cefotaxime sodium salt

Suc. : Sucrose

Gel. : Gellan Gum



‘ 7 21 (Table 18)

( 5 c¢m) 70% 30
1% 15 3
0.5 mm
MS 121 15
25 16 PPF (400 700 nm) = 60

pumol m™ s’
(2)
1) Agrobacterium

Agrobacterium pIG121-Hm (Fig. 10) Agrobacterium
tumefaciens EHA101 Agrobacterium
2)

Agrobacterium (CI)
G418
Agrobacterium 3 GUS Assay
Agrobacterium
CI G418
(CI system Table 16 Fig. 12)
G418 10-50 mg/l (¢ 9 cm) 9
1 20

(3)
1) GUS

Jefferson et al. (1987)
2)

DNA
DNA
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DNAI1S5 png (Southern 1975)
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Agrobacterium

1)
Table 10
G418 10 mg/l

G418 20 mg/l
10 mg/l 1 2.0
7
1 10
30 mg/l 3
G418
4
G418 10 mg/l
4 10 mg/l
G418 20 30 mg/l
2)
Agrobacterium
11)
20
Agrobacterium 20
3) Agrobacterium
Agrobacterium
( )
5

53

0
3
4
G418
20 mg/l 4
10 14
10 mg/l 1
21
1
10 mg/l
10
GUS
(Table 1 Fig.
30
1 86.1+ 2.5
(Fig. 12)

Agrobacterium



30
(Table 12)
20
4)
pH
Agrobacterium
Agrobacterium
20
1.0 g/l
5)
Triton X-100 1.0%
5.0%
7.5 (Table 14)

131.2+ 0.6

Agrobacterium

20

5

117.1£ 2.3

1.0 g/1

Agrobacterium

(Table 13)

Agrobacterium

Tween 20 5%

54

20
154.3+ 0.7

Tween 20



Table 10. Effect of the concentration and selection stage with G418 for elimination of non-transgenic cells.

Concentration

Start day of selection after culture initiation (days)

of G418 3 7 10 14 21
(mg/l) Selection number”
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
0 95 9.0 9.0 90 - - - - -

10 0.0 00 0.0 0.0 20 10 05 00 80 70 40 0.0 80 65 4.0 00 90 80 30 00 90 70 50 20
20 0.0 00 0.0 0.0 0.0 00 0.0 00 85 20 15 00 85 30 15 00 85 60 35 00 83 50 45 00
30 0.0 0.0 0.0 0.0 0.0 00 0.0 00 9.0 35 0.0 0.0 90 3.0 13 00 90 60 33 00 93 60 40 00
40 0.0 00 0.0 0.0 0.0 00 0.0 00 9.0 23 0.0 0.0 90 35 20 00 90 70 20 00 90 55 40 00
50 0.0 00 0.0 0.0 0.0 00 0.0 00 9.0 0.0 0.0 0.0 90 20 1.0 00 90 50 10 00 90 60 33 00

Y The selection number indicates the number of subculture each 2 weeks to selection medium.
The data shows the number of survived leaf segments on the selection medium.



Table 11. Influence of the cutting methods by scalpel and cork-borer and the
immersing time in Agrobacterium solution.

Time of The number of blue spots”
immersing (min.) scalpel cork-borer
1 00 £ 16 332 + 21
5 166 + 22 368 + 3.1
10 19.7 + 0.6 569 + 0.6
20 168 + 1.3 86.1 + 25
30 436 + 09 823 + 05
40 406 + 2.6 853 + 21
50 457 + 16 823 + 16
60 483 + 24 796 = 33

Y The data shows the number of blue spots per one leaf segment, average+SE.



A: Cork-borer B: Scalpel

Fig. 11. Influence of the cutting methods on GUS assay.
The each segments were co-cultured with Agrobacterium for 3 days and immersed in
GUS buffer on overnight at 37



0.7

—
| /

0.4 / ~on

0.3 /

0.2
0.1

012 51015202530

Culture time (hr.)

Fig. 12. Agraobacterium growth curvein YEP liquid medium.



Table 12. Influence of culturing time of Agrobacterium on GUS expression 3 days after co-culture.

Time of Time of pre-culture with Agrobacterium (hr.)”
immersing (min.) 0 1 5 8 24

1 73+ 12 33+ 13 174+ 0.7 132+ 1.2 176+ 14

5 6.2+ 4.2 304+ 20 53+ 14 402+ 1.6 438+ 2.0
10 136+ 23 278+ 09 884+ 16 754+ 1.0 860+ 26
20 254+ 16 502+ 24 1171z% 23 921+ 09 831x 10
30 246+ 15 539+ 22 1075+ 3.1 713+ 22 842+ 17
60 182+ 0.6 406+ 1.6 521+ 20 502+ 3.1 438+ 05

Y The data shows the number of blue spots per one leaf segment, average+SE.



Table 13. Effect of casamino acids on the infection of Agrobacterium.

Time of Concentration of casamino acids”

immersing (min.) 0.0 0.1 0.5 1.0 25 5.0 75
1 632 + 1.2 651 + 1.2 869 + 17 910 + 15 rot rot rot
5 589 + 04 55.6 + 2.0 912 + 21 1053 % 22 rot rot rot
10 90.2 + 16 876 + 30 1025 + 16 1263 + 16 rot rot rot
20 1183 + 20 1208 + 04 1233 + 08 1543 + 0.7 rot rot rot
30 1053 + 17 9.3 + 0.8 993 + 14 1203 £ 08 rot rot rot
60 954 + 20 752 + 0.7 742 + 0.7 86.4 + 0.1 rot rot rot

Y The data shows the number of blue spots per one leaf segment, average+SE.



Table 14. Effect of detergents on the infection of Agrobacterium.

Detergents Concentration (%) No. of blue spots”
Tween 20 0.5 436+ 14
1.0 872+ 21
25 996+ 20
5.0 131.2+ 06
75 776+ 0.7
10.0 338+ 21
Triton X-100 05 211+ 22
10 rot
25 rot
5.0 rot
7.5 rot
10.0 rot
Control 216+ 0.8

Y The data shows the number of blue spots per one leaf segment, average+SE.



(1) NAA IAA BA Kin

NAA
(B0O5 B1 B2)

(2) NAA-BA
NAA BA

mg/l BA)

(3) NAA-Kin
NAA Kin

Kin)

(4) IAA-BA
IAA BA

BA)

(5) IAA-Kin
IAA Kin

(NO5 N1 N2) TAA (Io5 11 12) BA
Kin (K05 K1 K2) 10
50
(Table 15)

10
N1B05 (I mg/l NAA-0.5
30
N2B1 (2 mg/l NAA-1 mg/l BA)
60.1+1.9 (Table 15 Fig. 13A)

10
NI1KI1 (1 mg/l NAA-1 mg/l

30
N2K2 (2 mg/l NAA-2 mg/l Kin)
36.7+£0.4 (Table 15 Fig. 13B
10
I1B05 (1 mg/l IAA-0.5 mg/
40
I2B1 (2 mg/l ITAA-1 mg/l BA)
44 .8+1.3 (Table 15 Fig 13C)

10
I1K1 (1 mg/l TAA-1 mg/l Kin)
40
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12K2 (2 mg/l IAA-2 mg/l Kin)
13.0+1.8 (Table 15 Fig. 13D)
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Table 15. Influence of phytohormone combination on callus and adventitious shoot formation.

Media Additional substances Callus formation® No. of adventitious shoot
NAA (mg/l) IAA (mg/l) BA (mg/l) Kin (mg/l) per leaf segment?
MS  Control 0.0 0.0 0.0 0.0 00+ 00
BO5 0.0 05 00+ 00
B1 0.0 10 00+ 00
B2 0.0 2.0 00+ 00
NO5 05 0.0 + 00+ 00
NO5B05 05 0.5 191+ 05
NO5B1 05 10 201+ 16
N05B2 05 2.0 182+ 20
N1 10 0.0 + 00+ 00
N1B05 10 0.5 181+ 0.6
N1B1 10 10 301+ 15
N1B2 10 2.0 406 + 1.9
N2 20 0.0 + 00+ 00
N2B05 2.0 05 243 + 22
N2B1 20 10 60.1 + 1.9
N2B2 2.0 2.0 37.8+ 26
K05 0.0 05 00+ 00
K1 0.0 10 00+ 00
K2 0.0 20 00+ 00
NO5K 05 05 0.5 76 +13
NO5K 1 05 10 101 + 23
NO5K 2 05 2.0 96 + 13
N1K05 10 05 92+ 16
N1K1 10 10 181+ 3.2
N1K2 10 20 161+ 29
N2K05 2.0 0.5 124+ 13
N2K1 20 10 20.1+ 06
N2K2 2.0 2.0 36.7+ 04
105 05 0.0 + 00+ 00
105B05 0.5 05 81 + 20
105B1 05 10 201 + 1.3
105B2 0.5 2.0 321 +19
11 10 0.0 + 00+ 00
11B05 10 0.5 52+ 03
11B1 10 10 101+ 41
11B2 10 2.0 121+ 0.6
12 20 0.0 + 00+ 00
12B05 2.0 0.5 101+ 21
12B1 20 10 448 + 1.3
12B2 2.0 2.0 308+ 1.2
105K 05 05 05 81 + 0.6
105K 1 0.5 10 92 + 24
105K 2 05 20 6.9 = 09
11K 05 10 0.5 71+ 21
1K1 10 10 6.1+ 13
11K2 10 2.0 79+ 32
12K 05 20 05 56+ 0.6
12K1 2.0 10 92+ 15
12K2 2.0 2.0 130+ 138
Y Evaluated by the frequency of callusformation, -; non, ; alittle, ; middle and ; much.

2 The data shows the number of adventitious shoots per one leaf segment, average+SE.



A: NAA 2 mg/l and BA 1 mg/l B: NAA 1mg/l and Kin 1 mg/l

C: 1AA 2mg/l and BA 1 mg/l D: IAA 2 mg/l and Kin 2 mg/l

Fig. 13. Adventitious shoots formation on M'S medium with several phytohormone combination.



Table 16

(1) NAA-BA
NAA 1 mg/l-BA 0.5 mg/l
30 50
15.6%

(2) NAA-Kin
NAA 1 mg/l-Kin 1 mg/I
40 60
5.6%

(3) IAA-BA
IAA 1 mg/l-BA 0.5 mg/l
50 60
7.7%

(4) IAA-Kin
IAA 1 mg/1-Kin 1 mg/l
50 60
2.2%
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Table 16. Regeneration frequency from callus.

Callus induction medium No. of The duration for regeneration (days)” The regeneration
Auxin (mg/l) Cytokinin(mg/l) callus 10 20 30 40 50 60 70 80 Frequency (%)
NAA 1 BA 0.5 100 - - SR o o T 15.6
NAA 1 Kin 10 100 + + ++ ++ 4+ 5.6

IAA 1 BA 0.5 100 + +++ +H+ + 1.7
IAA 1 Kin 1.0 100 + + £ % 2.2

Y Evaluated by the frequency of regenerated plantlets, -; no, ; alittle, ; much and ; many



(SI Fig. 14D-E) 2
CI 122 SI 52
GUS
123
gus
GUS
(Table 17 Fig. 16A D G)
0.0% SI 3,413
gus
45 (Table. 17) GUS Assay
9 36
(Fig. 16B E H)
1.0%

GUS

68

(CI Fig. 14A-C)

SI
CI 3,513
(Fig. 15) GUS Assay
4.4%
979
45
GUS
1.3%
0.3%

SI



1) Transformation using callusinduction (CI) system.

e

Fig. 14. Production of transgenic plantsin two culture systems.

A: Calusinduced on selection ClI medium

B: Shoots formed from G418 resistant callus on plantlet regeneration medium.

C: A rooted plantlet on rooting medium.

D: Adventitious shoots induced directly on each segment cultured in selection SI medium
E: A rooted plantlet on rooting medium.

Scale bar indicates 5 mm.
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Fig.15. Southern blot analysis of regenerated plantlets.
DNA was digested with Xba | and hybridized with a probe of gus gene.
Lane 1: Plasmid DNA of plG121-Hm, used as positive control.
Lane 2: DNA from a non-transformed plantlet, used as negative control.
Lane 3-6: DNA from plantlets expressing gus genein chimeric manner.
The plantlets were obtained by adventitious shoot induction (SI) system.
Lane 7-10: DNA from plantlets expressing gus gene in whole plant.
The plantlets were obtained by Sl system.
Lane 11-14: DNA from plantlets expressing gus gene in whole plant.
The plantlets were obtained by callus induction (Cl) system.



Table 17. Transformation frequency of chrysanthemum cultivar 'Shuho-no-chikara' in two culture systems.

Number of leaf Number of Number of transformed Transformation
Culture segments cultured  regenerated plantlets plantlets? frequency
(A) (B) © (C/A = %)
Callus induction (Cl) 3,513 123 123(0) ¥ 4.4(0.0) ?
Adventitious shoot induction (SI) 3,413 979 45(36) ¥ 1.3(1.03) ?

Y () means No. of plantlets expressing gus gene in chimeric manner.
2 () means transformation frequency of plantlets expressing gus gene in chimeric manner.

¥ Transformation was confirmed by Southern blot analysis.



— —

Fig. 16. Expression of gus genein plants obtained in two culture systems.

A C: Shoots of plants obtained by callus induction (CI) system (A) and by adventitious shoot
induction (Sl) system (B), and of non-transformed plant (C) were stained with X-gluc.
Scale bar indicates 5 mm.

D F:Root of lant obtained by Cl system (D) and by Sl system (E), and of
non-transformed plants (F) were stained with X-gluc.
Scale bar indicates10 mm.

G I: Above ground parts with leaves of plants obtained by Cl system (G) and by Sl system (H),
and of non-transformed plants (I) were stained with X-Gluc.
Scale bar indicates10 mm.

An arrow in panel B indicates the magnified photograph of a part of the leaf.



Table 18 Agrobacterium

3 > 3 > 3 2 3 > 3 2 5 3

Agrobacterium ¢ ’ ‘ ’ Agrobacterium
14 ¢ ’
3 b 6 3 b < b <
[3 9 [3 9 4 11 (3
G418 9 2 [3 E 19
’ 4 30 mg/l 17 20 mg/l
20 mg/l
17 30 mg/l

(CI system Fig. 17)

GUS
gus GUS
1.1 23.9% 8 ‘
: ’ 6

Agrobacterium

73

15



Table 18. Transformation frequency of some chrysanthemum cultivars using callus induction (Cl) transformation system.

Cultivars Number of |eaf Sensitivityto  Regeneration G418 Number of Number of Transformation
segments cultured  Agrobacterium ability? concentration®  regenerated plantlets transformed plants frequency
(A) infection” (mgl™) (B) © (CIA:%)

Seiun 180 - + 20 0 0 0.0
Summer yellow 180 ++ ++ 20 13 13 7.2
Y amate-shiro 180 ++ +++ 30 39 39 21.7
Hiroshima:beni 180 ++ +++ 30 43 43 239
Kosuzu 180 ++ + 30 5 5 2.8
K of uku-no-tori 180 ++ +++ 20 34 34 18.9
Rosanna 180 + +++ 20 2.8
Snow queen 180 ++ - 20 0.0
Ohgon-jo 180 +++ ++ 20 25 25 139
Monroe 180 +++ ++ 20 25 25 13.7
Miss Betty 180 +++ ++ 20 2 2 11
Utage 180 +++ +++ 20 32 32 17.8
Kin-fusha 180 +++ +++ 30 36 36 20.0
Pinky 180 + + 20 7 7 39
Peach 180 - - 20 0 0 0.0
Symbol 180 + - 20 0 0 0.0
Bingo 180 ++ - 20 0 0 0.0
Rocky 180 ++ + 20 7 7 3.9
Orange pinky 180 ++ + 20 5 5 2.8
Swan 180 ++ - 20 0 0 0.0
Susie 180 + + 20 4 4 22
Shuho-no-chikara 180 ++ ++ 20 10 10 5.6

Y Evaluated by No. of GUS blue spots observed per leaf segment after Agrobacterium infection. -: no spot, +: 1to 10, ++: 11 to 50, +++: 51 to 100.
2 Evaluated by No. of plantlets formed per leaf segment. -: no plantlets, +: 1to 5, ++: 6 to 10, +++: more than 11.
9 At the concentration, leaf segments of non-transformed plants could not form any callus.
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invitro cultured plants. Leaf disc preparation by cork-borer.
T axs wrs owsw
Agrobacterium cultured for 5 h. Infection with Agrobacterium. ic;rc;ublggzr\lna:: AEg::r:ti)giie?inu?:l.
for 3 days.
- e — & — J
Selection of transgenic cells. Pmd,tlrc;tril:;];fi é:iléll:z.from Regeneration. of igsﬁeg;misgnts_

Fig. 17. Schematic representation of Agrobacterium-mediated transformation of
chrysanthemum using callus-induction transformation (Cl) system.



Agrobacterium tumefaciens 1985
(Nicotiana tabacum) (Horsch et al. 1985)
Agrobacterium
(Godwin et al. 1992)

Agrobacterium (Miller 1975 De Cleene and De Ley
1976 Hooykaas et al. 1994) (Wordrangen et al. 1991)
in vitro

(Hill et al. 1968 Tizuka et al. 1973 Earle and Langhans 1974
Khalid et al. 1989)

1 12
(Pavingerova et al. 1994 Benetka and Pavingerova 1995)

Agrobacterium

7 10
Agrobacterium 2 3
(Jefferson et al. 1987) G418 npt
3 14
10 G418 20 30 mg/l
3 4

Agrobacterium

(Pavingerova et al. 1994 Benetka and Pavingerova

1995)
’ NAA

IAA 10 2 mg/l
NAA-1 mg/l BA N2B1 1
60.1+1.9
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Hill (1968) 5
NAA 1 mg/l-BA

0.5 mg/l
50
15.6% 1.5% ( 1985) 3.4% (
1988/1989)
2 CI SI
GUS CI
(
4.4%) SI
( 0.3%)
SI GUS
CI
CI
G418 Agrobacterium
1.1 23.9%
(CI system)
358 gus 1/10 (Daub et al. 1994)
(Kalanchoe blossfeldiana) 1/100 (Aida and Shibata 1996)
358 gus GUS
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1) G418 20 mg/l

7 10 G418 20 30 mg/l 3 4
2) Agrobacterium
20
3) Agrobacterium 5

4) Agrobacterium
Agrobacterium
5) Agrobacterium

1 Tween 20  5.0% Agrobacterium

6) 2 mg/l NAA-1 mg/l BA
NAA 1 mg/l-BA 0.5 mg/l

7) (ST system)

8) Agrobacterium

(CI system)
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Bacillus thuringiensis var. kurstaki HD-1 crylAb

Bt-toxin
CrylAc CrylAb 12
(Padidam et al. 1992) Spodoptera exigua (
) S litura ( ) Mamestera brassicae ( )
CrylAc CrylAb (Perlak et al.
1990 Hofte et al. 1988 Asano et al. 2000)
CrylAb
crylAb
crylAb mRNA
polyadenylation signal sequence (ATTTA) sequences
(Murray et al. 1991 Van Aarssen
et al. 1995) Bt
mRNA
(Parlak et al. 1991 Sutton et al. 1992) (Parlak et al. 1991)
(Adang et al. 1993) (Perlak et al. 1990) (Fujimoto et al. 1993)
(Koziel et al. 1993)
3
crylAb 1
(Helicoverpa armigera)
crylAb
crylAb A/T-rich ATTTA sequence m

(Shaw and Kamen 1987 Dean et al. 1986 Goodall and Filipowicz 1989)

CrylAb
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Bacillus thuringiensis crylAb

(1)
‘ ’ 25 20
( 5 cm) 70% 30
1% 15 3
0.5 mm MS
121 15
25 16 [PPF (400 700 nm) =60 pmol m™ s™']
(2)
1)Agrobacterium
A. tumefaciens pIABT1 ( Fig.
18) LBA4404 (Ooms et al. 1982)
npt (neomycin phosphotransferase ) Bacillus
thuringiensis var.kurstaki HD-1 crylAb crylAb
29 618 CaMV 358
nopaline synthase (Nos) npt
Nos Nos (Fig. 18) pIAbT1
Agrobacterium YEP (10 g/l Bacto pepton 10 g/l Bacto
yeast extract 5 g/l NaCl) (28 200 rpm)
(MS ;3 sucrose pHS5.8) (OD =0.2)
10 mg/l  Tween 20 5
2)
Table 9-1 (CI system) 6 mm
20
CI [MS ; 1 mg/l NAA 0.5 mg/l BA 3% sucrose 1.0
g/l 0.3% Gellan Gum (Pure Chemical Inc. Japan) pHS5.8]
3 CI Agrobacterium 10 CI
2 3
cefotaxim sodium salt 2/5 CI
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3 3
( Japan)
1 144 13
(3) cry1Ab
1) DNA
100 mg HEPES
Buffer [0.1 M HEPES (pH 8.0) 0.1% polyvinylpyrrolidone (PVP) 4%
2-mercaptoethanol] 3 (Takagi et al. 1993)
SDS (Honda and Hirai 1990) DNA
2)
DNA EcoRV 0.8

Hybond N™ nylon membrane (Amersham Pharmacia Biotech UK Ltd. England)
Polymerase Chain Reaction (PCR)
(Saiki et al. 1988) crylAb 250 bp
(Southern 1975) DIG (digoxigenin)
Labeling Detection Kit (Roche & Boehringer Mannheim Germany)
CDP-star (Roche & Boehringer Mannheim Germany)

Forward 5’-ACGGATGCTCATAGAGGAGA
Reverse 5’-TGTCCCGTCAAGAACAGATA

(4) CrylAb
1)
1l g SDS Buffer [200 mM HEPES
Buffer (pH 8.0) 20 mM EDTA 100 mM DTT 200 mM PMSF 0.2 mg/ml Leupeptin
50 mg/ml Polyclar VT ( Japan)]
Bradford (Bradford 1976)

2)

50 ug  10% (Laemmli 1970)
PVDF membrane (MICRON SEPARATIONS Inc. USA) semidry transfer cell
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(BioRad USA) CrylA

(Koziel et al. 1993) CrylA
Mochizuki (1994) plAbT1
JIM109 0.1 mM IPTG Terrific Broth liquid medium 37
4 8,000 rpm 8 A buffer [20 mM Tris-HCI1 (pH
7.5) 5 mM EDTA 2 mM PMSF] 0.1 mg/ml
lysozyme A buffer 30
0.1 mg/ml lysozyme ( Japan) A buffer
3 pH 7.5 B buffer
[50 mM Glysin-NaOH (pH 10.0) 10 mM DTT 2 mM PMSF 5 mM EDTA]
30 3 4
10,000 rpm 15 10.0 %
(Laemmli 1970) 62 kDa CrylAb
(electroelution) CrylAb

alkaline phosphatase
(BIO-SOURCE International USA) CrylAb
(5 25 50 pg) Densitograph AE-6920V-05 (ATTO Japan

Helicoverpa armigera (Lepidoptera; Noctuidae)

(Insecta LF) (

Japan) 25 16 [PPF (400 700 nm)
=60 umol m™? s7']

1)

( 1.5 cm)

(p= 9 cm 6 cm)

5 5 25 16
[PPF (400 700nm) =60 pmol m™? s7']
( Japan)
10 3
Arcsin t

2)
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3 ( 5 cm) 3

3 1 (
Japan) ( 3 c¢cm) (p=9 cm 6 cm)
25 16 [PPF (400 700
nm) =60 umol m™> s'l]
10 3 t
% ( ) Arcsin t
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BamHlI BamHI

EcoRV LECO RV L
BR A/ BL
Nospro| npt  [Noster—35Spro.| crylAb [Noster.
proEZSObp.)
pBI121

Fig. 18. Map of the binary vector plAbT1.

An expression vector pB1121 into which the truncated crylAb gene of
B. thuringiensis var. kurstaki HD-1 was introduced. The coding region

of the gene contains the DNA sequence corresponding to amino acid
positions 29 to 618.



Bacillus thuringiensis crylAb

(1)
(2)
1) cry1Ab
B. thuringiensis var. kurstaki HD-1 crylAb
1-615 Perlak (1991)

mRNA ATTTA sequence (Shaw and
Kamen 1986)
GenBank (CUTG) (World Wide Web. address:

www.dna.affrc.go.jp/~nakamura/CUTG.html) [Lactuca sativa; 7
(2,899 )] [Helianthus annuus; 61 (21,200 )]
[Bidens pilosa; 1 (150 )] [Callistephus
chinensis; 4 (1,477 )]
BamHI 3

411bp  ECcoRI

crylAb (mcbt) (Fig. 19)
crylAb (mcbt) (EcoRI; 411 bp
Ncol; 1019 bp KpnlI; 1565 bp) 5
(first ATG) BamHI 3’ Sacl
2 4 80bp DNA
20bp PCR (Saiki et al. 1988)
DNA (Fig. 20) DNA
(Fujimoto et al. 1993) pKF3
TH2 DSQ1000 ( Japan)
5’ 3’ 4
Xbal Sacl KF3
mchbt mcbt Xbal Sacl
pIG121-Hm (Ohta et al. 1990 Hiei et al. 1994) intron-B-D-glucuronidase (gus)
(Xbal-Sacl ) “pIG121mcht”
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(Fig. 21) mcbt CaMV 35S nopaline synthase
(Nos)

2) Agrobacterium

Triparental mating pIG121mcbt Agrobacterium tumefaciens
EHA101 Agrobacterium YEP
(28 200 rpm) (MS ; 3% sucrose pHS.8
(OD =0.2) 10 mg/l Tween 20 5
3)
(Table 9-1)
(3) mebt
DNA
100 mg
DNA
DNA EcoRV
(Southern 1975)
(4)RNA
crylAb crylAb
100 mg Qiagen RNeasy Plant Total RNA Kit (Qiagen
USA) Total RNA 20 p Total RNA  formaldehyde (0.8%
agarose) ethidium bromide MOPS buffer (20 mM MOPS 5 mM
sodium acetate 1 mM EDTA pH7.0) positive

charged Nylon membrane (Roche & Boehringer Mannheim Germany)

Prehybridization hybridization Southern (1975)
Total RNA guanidinium thiocyanate protocol (Newman et al. 1993)
DIG mcbt DNA 500bp

(5) CrylAb
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mcbt

50 pg
al. 1993)
(6)

crylAb

cm)

25
(7)

(6)

Tukey-Cramer's HSD

crylAb lg
Bradford (Bradford 1976)

(Koziel et
mcbt
( 5 cm)
1 ( Japan) ( 3
(p=9 cm 6 cm)
16 [PPF (400 700 nm) =60 pumol m™? s™' ]
10 3

Fisher's protected LSD

% Arcsine
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atggacaacaacccaaacatcaacgaatgcatcccatacaactgcttgtccaacccagaagttgaagtgcttggtggagaacgtatcgag 90
t t g t ttttt aagt t a at a aa a a
MDNNPNINETCIPYNTCLSNPEVEVLSGSGETRIE

accggttacaccccaatcgacatctecttgtecttgacccagttecttetceteecgagttegtgccaggtgctgggttegtgcteggacte 180
t t tt gca g a t tgagt a t t c at ta a
TG6GYTPIDISLVDIIWGIFGPSQWDAFLVAOQI
gttgacatcatctggggtatcttcggtccatctcaatgggatgecttectegtgcaaatcgagcagttgatcaaccagaggatcgaagag 270
t a a att c catta t a a t a a a a
VDIIWGIFGPSOQWDAFLVOQIEQLTINOQRTITEETE
ttcgccaggaaccaggecatctecaggttggagggactetecaacttgtaccagatctatgcagagtecttcagagagtgggaagecgat 360
t a ttaaa aag tct t a tgc att a
FARNOQAI SRLEGLSNLYOQI YAESTFREWEATD
cctaccaacccagctctcagggaggagatgcgtatccagttcaacgacatgaattecgecttgaccacagctatceecactettegcagty 450
tt t a a t a t cagt c t c tttt t
PTNPALREEMRIQFNDMNSALTTAIPLTFAYV
cagaactaccaagttcctctcttgtccgtgtacgttcaagcagccaaccttcacctetecgtgcttagggacgtgteegtgtteggteag 540
att t aaat t a tta tta a ttg a t t a t a a

QNYQVPLLSVYVQAANLHLSYLRDVYVSYVFGHQ

aggtgggggttcgatgetgcaaccatcaacteccgttacaacgaccttaccaggctcatcggaaactacaccgaccacgetgttaggtgg 630
a t c gt tagt t t tta t t tec tatt ac c
RWGFDAATINSRYNDTLTRLIGNYTDHAVRW

tacaacaccggacttgagagggtgtggggtcctgactccagagactggatcagatacaaccagttcaggagagaactcaccttgacagty 720
t g ta ct a agtt t a ttata ta aca t a
YNTGLERVWGPDS SRDWIRYNQFRRETLTLTV
ttggacatcgtgtctctctteccgaactatgactccagaacctaccctatcecgtaccgtgteccaacttaccagagagatctacaccaac 810
a t t a t tagt gtataat ta a atta

LDIVSLFPNYDSRTYPIRTVSQLTREILYTHN

ccagtgcttgagaacttcgacggttccttcaggggttctgcccaaggtatcgagggttecatcaggtcaccacacctcatggacatetty 900
ata a t t t agt tca c g t g ¢ a a aatg t agt tt g t act
PVLENFDGSFRGSAQGI EGSIRSPHLMDIL

aactccatcaccatctacaccgatgctcacagaggagagtactactggtctggacaccagatcatggectctecagtggggttctecggt 990
agt a t g t att agtaa t t a t gg
NSI1TTI1YTDAHRGEYYWSGHQI MASPVGFSG
ccagagttcaccttccctctctacggaaccatggggaacgecgctecacagcagaggategtggetcageteggteagggtgtgtacaga 1080
a ttgat t at a a act t t a a c t

PEFTFPLYGTMGNAAPQQRIVAQLGQGVYR

accttgtcctccaccttgtacaggaggccgttcaacatcggtatcaacaaccagcagetcetceegtgetegacggaaccgagttegectac 1170
a ag tataatttagattaaattt gaattt
TLSSTLYRRPFNIGINNQQQLSVLDG GTETFAY

ggaacctcctccaacttgecatccgetgtgtacaggaagtccggaaccgtggactecctegatgagateccacctcagaacaacaatgty 1260
a t a a aag gatgyg a ag a t c
G TSSNLPSAVYRKSGTVDSLDETILIPPIQNNNYV

ccacctaggcaggggttctcecacaggttgteccacgtgtecatgttecgttecgggttctecaactectecgtgtecatcatcaggget 1350
a a tagt tca aag t t a t a c tagt tagtagt aagt a a a
PPRQGFSHRLSHVYSMFRSGFSNSSVSIIRA

cctatgttctcctggattcaccgttecgctgagttcaacaacatcatcccatcectetcagatcaccecagateccactcaccaagtecace 1440
t a t agt atttattaaataaatta aatt
PMFSWIHRSAEFNNIIPSSQI TQIPLTIKS ST

aaccttgggtccggaaccteegtggtgaagggtecagggttcaccggaggtgacatecttaggaggacctetectgggcagatctecace 1530
t ct ttctaa ata att caata c t a
NLGSGTSVVKGPGFTGGDILRRTSPGQI ST

ctcagagtgaacatcaccgctccactctctcagaggtaccgtgtgaggatcaggtacgectctaccaccaacttgeagttccacacctee 1620
ta attta taaaatgaatcc t a t a a t a a
LRYNITAPLSQRYRVRIRYASTTNLA QFHTS

atcgacggaaggcctatcaaccaggggaacttctcegcecaccatgtectecggttecaacttgcagteegggtecttcagaaccgtgggt 1710
t a tt t t a a t agtagt gagt t a aag t g t a
I DGRPI NQGNFSATMSSGSNLAQSGSFRTUVG

ttcaccactcctttcaacttctecaacgggtectetgtgttcacectetecgcteacgtgttcaactetgggaacgaggtgtacatcgac 1800
tt gt t at aag a t gtaagt t c tactattat
FTTPFNFSNGSSVFTLSAHVYFNSGNEVY LD

aggatcgagttcgtgccagccgaggtgaccttcgaggectgagtactaa 1845
catattgaaa t a at
RIEFVPAEVTEFEAESY?*
Fig. 19. DNA sequence of a highly modified truncated variant of thecrylAb gene (mcbt).
The nucleotide sequence of themcbt gene is shown on the numbered line with the corresponding
non-modified crylAb sequence directly bellow. The coding region of the gene contains the DN/
sequence corresponding to amino acid positions 1 to 615.



1bp 411b 1019 1565 1845

BamHI site | Kpniste | | saclste |

BamH]I site EcoRI site

| Overlapped origonucleotide about 20bp |

synthetic origonuclectide é |
about 80 bp o :.:I'f synthetic origonucleotide| DNA synthesis by PCI
about 80 bp

-

llst PCR

synthetic origonucleotide ¢
about 80 bp

|:>Illlllllllllllllllllllllllllll

synthetic origonucleotide
lan PCR about 80 bp

synthetic origonuclectide l
about 80 bp
:>............................................

llllllllllllllllllllllllllllllllllllllllllll<|—|
synthetic origonucleotide

i3rd PCR about 80 bp

BamHI site EcoRI site

Fig. 20. The DNA synthesis of modified crylAb gene (mcbt) by polymerase chain reaction method (Fujimoto et



Xbal Sacl

BR L L BL

[4’1Nospro.| npt  [Noster—35Spro.] mcht |[Noster.,—35Spro.[ hpt |Noster.}<7

probe (470 bp)
plG121

B

Fig. 21. Map of binary vector plG121mcht.

An expression vector plG121-Hm into which the mcbt gene was introduced.

BR, Right border; BL, Left border; Nos pro., nopalin synthase promoter; Nos ter., nopalin synthase tern
35S pro, cauliflower mosaic virus 35S promoter; npt , neomycin phosphotransferase gene;

hpt , hygromycin phosphotransferase gene.

The probe (470-bp PCR product) used for Southern blot analysis of Xbal-digested DNAsisindicated b
the mcbt gene.



Bacillus thuringiensis

1)
G418 1,760 162
( 9.2%) 92 (
5.2%) (Table 19)
2)
92 crylAb
1
1 crylAb
(Fig. 22)
3) CrylAb
crylAb 92 20
CrylAb 20 56
kDa CrylAb
0.009 0.08% CrylAb
CrylAb (62 kDa)
(Fig. 23)
4)
(1)
20 crylAb
5
5 62.9% crylAb 4.7
62.1% Bt(b)-11 4.7%
50 ug CrylAb 40 ng t
50 pg 15.5 ng 5%
Bt(b)-16 62.1%
50 png CrylAb 4.5 ng (Table 20 Fig. 24)

91



3 ( ; Larval duration) CrylAb
50 pg 32.5 ng 3 [Bt(b)-11 Bt(b)-12

Bt(b)-2] 5%

( ; Pupal duration) CrylAb
50 pg 32.5 ng [Bt(b)-2] 36.5 ng [Bt(b)-12] 5

50 pg 40.0 ng Bt(b)-11
(Pupation rate)
(Emergence rate) Bt(b)-11
(Table 20)

92



Table 19. Transformation frequency of Bacillus thuringiensis crylAb gene of chrysanthemum cultivar 'Shuho-no-chikara’.

Number of |eaf Number of Number of Transformation
Transformation system segments cultured  regenerated plantlets plantletsl) frequency
(A) (B) © (CIA = %)
Callusinduction (ClI) 1,760 92 92 5.2

Y Transformation was confirmed by Southern blot analysis.



1 2 345678 9 10

(kbp)
23.1 -

94 -

6.6 -
4.4 -

2.3 -
2.0 -
Fig. 22. Southern blot analysis of putative transformed plants.
Genomic DNA digested with Eco RV and hybridized
with the crylAb specific probe.
Lanel: plAbT1
Lane2: Non-transformed plant 'Shuho-no-chikara
Lane3-10: Bt-transformed lines (3: Bt(b)-1, 4: Bt(b)-2, ---10: Bt(b)




123 45 6 738 9101112

62 kDa—»
56 kDa—»

Fig. 23. Western immunoblot analysis of leaf from

chrysanthemum plants expressing the crylAb gene.

Lanesl, 2 and 3: 50, 25 and 5 ng of Cry1Ab protein

Laned4: Non-transformed plant 'Shuho-no-chikara

Lanes5-12: Bt-transformed lines (5: Bt(b)-1, 6: Bt(b)-2, 7: Bt(b)-3,
8: Bt(b)-5, 9: Bt(b)-7, 10: Bt(b)-10, 11: Bt(b)-11, 12: Bt(b)-12)

50 pg of total soluble protein was loaded on 4 to 12 lanes.



Table 20. Insect bioassay of transformed lines using Heliocover pa armigera

Cry1Ab expression Experiment 1 Experiment 2
Lines  (ng/50u gtotal protein)? Feeding leaf area®  Larval duration® Pupation rate® Pupal duration ® Emergence rate
(%) (days) (%) (days) (%)

Bt(b)-11 40.0 4.7 ** 21.6 £0.04* 85.6 16.1 +0.10 70.0 *
Bt(b)-12 36.5 5.7 ** 21.7 +0.05* 87.8 17.5 +0.04* 87.5
Bt(b)-2 325 59 ** 20.1 £0.12* 86.7 17.0 £0.05* 81.7
Bt(b)-1 20.0 14.2 * 18.8 £0.10 92.2 15.2 £0.13 78.6
Bt(b)-9 155 14.4 * 18.0 £0.14 94.4 15.5 +0.10 84.8
Bt(b)-6 13.5 20.0 17.9 £0.04 92.2 16.0 +£0.06 86.6
Bt(b)-3 12.5 46.2 14.6 £0.02 93.3 14.7 £0.04 85.7
Bt(b)-4 11.5 44.8 17.7 £0.13 95.6 15.9 +£0.02 86.1
Bt(b)-19 10.5 429 17.4 +0.10 93.3 15.2 +0.13 89.2
Bt(b)-8 9.5 435 13.6 +0.06 96.7 13.9 £0.12 84.8
Bt(b)-18 9.5 46.2 15.8 +0.08 88.9 15.3 £0.10 92.5
Bt(b)-7 85 47.4 13.8 £0.10 96.7 15.2 +£0.03 82.8
Bt(b)-20 85 53.2 14.7 £0.12 87.8 13.6 £0.02 91.3
Bt(b)-5 7.5 63.9 13.1 £0.12 87.8 15.1 £0.10 90.1
Bt(b)-10 6.5 58.0 12.1 +0.10 96.7 13.1 £+0.12 83.8
Bt(b)-13 6.5 58.9 13.3 +£0.03 94.4 13.2 £0.12 82.3
Bt(b)-14 55 54.2 14.5 +0.02 93.3 13.7 £0.10 78.6
Bt(b)-17 55 59.8 14.4 +0.05 94.4 13.8 +0.03 88.3
Bt(b)-15 4.5 61.0 15.7 £0.10 92.2 15.1 £0.02 85.6
Bt(b)-16 4.5 62.1 13.0 £0.10 96.7 12.8 £0.10 85.9
Control - 62.9 12.0 £0.13 94.4 13.3 £0.12 85.9

b Cry1Ab accumulation was determined using a Densitograph (ATTO Co.) compared to pure Cry1Ab protein.

2 Feedi ng areawas measured with Leaf Area Measure (Hayashi Denko Co.) on the 5th day using first instar larvae.

9 Larval duration, pupation rate, pupal duration and emergence rate were determined by using the data of days or rate of third instar
larvae to pupa and pupato adult.

The letters means Average + ¢
*and ** ; significant at the 5 % and 1 % levels, respectively



Fig. 24. Bioassay of insect feeding on the chrysanthemum leaf.

Thefivefirst instar larvae of H. armigera were alowed to feed on leaves

of transformed and non-transformed plants.

C: Non-transformed plant 'Shuho-no-chikara

1-12: Bt-transformed lines (1: Bt(b)-1, 2: Bt(b)-2, 3: Bt(b)-3, 4: Bt(b)-4, 5: Bt(b)-5,
6: Bt(b)-6, 7: Bt(b)-7, 8: Bt(b)-8, 9: Bt(b)-9, 10: Bt(b)-10, 11: Bt(b)-11, 12: Bt(b)-12)



Bacillus thuringiensis

crylAb

1 crylAb

4 DNA 10

1 3 crylAb
ATTTA sequence G+C
crylAb (mchbt) (Fig. 19)
615 442 G C 36.9%

54.9% (Table 21)
2)

3,618 G418 20 mg/l 411

317

11.4 % 8.8 % (Table 22)
3) mcbt

T-DNA 1 Xbal
DNA

mcbt

3 (Fig. 25)
4) RNA

mcbt crylAb

mcbt
1.8 kbp crylAb
[Bt(b)-11] mRNA (degradation)
(Fig. 26)
5) CrylAb
20

mcbt 58 kDa crylAb

[Bt(b)-11 Bt(b)-12] 56 kDa
Escherichia coli IM109: pIG121mchbt CrylAb 62 kDa

50 pg 10.5-80 ng (0.021-0.16%
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) (Fig. 27)

6)
mchbt CrylAb

(y=165.48¢"°7* R?=0.9371) 50

ng 9 ng 5% Fisher's protected LSD
(Table 23 Fig. 28) 10.6 ng
(5% Tukey-Cramer's HDS) 47.6 ng
crylAb
mcbt
(Fig. 29)
mcbt (mcbt) 1 2
3 (Table 23)
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Table 21. Modification of codonsin crylAb gene of Bacillus thuringiensis for high expression in chrysanthemum.

Amino acid Total number Modified number
Ala A 31 18
Arg R 43 25
Asn N 44 33
Asp D 23 17
Cys C 2 1
GIn Q 31 20
Glu E 30 18
Gly G 46 26
His H 10 10

lle I 46 45
Leu L 49 40
Lys K 3 3
Met M 9 0
Phe F 36 29
Pro P 34 17
Ser S 64 53
Thr T 42 33
Trp W 9 1
Tyr Y 25 21
Val V 38 32

Tota number 615 442




Table 22. Transformation frequency of Bacillusthuringiensis modified crylAb genein chrysanthemum cultivar 'Shuho-no-chikara.

Number of |eaf Number of Number of Transformation
Transformation system segments cultured  regenerated plantlets  ransformed plantlets1 frequency
(A) (B) © (CIA - %)
Callusinduction (CI) 3,618 317 317 8.8

Y Transformation was confirmed by Southern blot analysis.
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(kbp)

23.1 -
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Fig. 25. Southern blot anlysis of putative transgenic chrysanthemum

with modified crylAb (mcbt) gene.

Genomic DNA digested with Eco RV and hybridized with the mcbt

specific probe.

Lanel: plG121mchbt

Lane2: Non-transformed plant 'Shuho-no-chikara

Lane3-9: Bt-transformed lines (3: mcBt(b)-1, 4: mcBt(b)-2, ---9: mcBt(b)-7)
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1.8 kbp—p -

Fig. 26. Northern blot analysis of transgenic chryanthemum with modified crylAb gene.
Total RNA was isolated from leaves of control, non-modified crylAb gene

and modified crylAb (mcbt) gene, and approximately 20 pg total RNA was

applied in each lane. The probeis the 470 bp specific fragment of mcbt gene.

Lanel: plG121mcbt

Lane2: Non-transformed plant 'Shuho-no-chikara
Lane3, 4: non-modified crylAb -transformed lines (3: Bt(b)-11, 4: Bt(b)-12)
Lane5-7: modified crylAb-transformed lines (5: meBt(b)-1, 6: meBt(b)-4, 7: mcbt(b)-2)
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62 kDa—p

56 kDa—p <—58 kDa

Fig. 27. Western immunoblot analysis of leaf from
chrysanthemum plants expressing the mcbt gene.
Lanesl, 2 and 3: 50, 25 and 5 ng of Cry1Ab protein
Lane4: Non-transformed plant 'Shuho-no-chikara
Lanes5-12; Bt-transformed lines (5: Bt(b)-11, 6: Bt(b)-12, 7: meBt(b)-1,
8: meBt(b)-15, 9: mcBt(b)-4, 10: mcBt(b)-7, 11: meBt(b)-2, 12: mcBt(b)-14)
25 ug of total soluble protein was loaded on 4 to 12 lanes.



Table 23. Insect bioassay of transformed lines usingHeliocoverpa armigera

Cry1Ab expression No. of bands Experiment 1 Experiment 2
Lines (ng/50ug total protein)” by Southern blot Feeding leaf area No. of lavae survived destroied  No. of pupae No. of Results of statistical
analysis (%) L1 L2 L3 L4 midguts adult emerged analysis?
mcBt(b)-1 80.0 2 0.8 & 50 0 ++ ax*
mcBt(b)-15 75.0 1 08 a 50 0 ++ a
mcBt(b)-10 65.0 1 10a 50 0 ++ a
mcBt(b)-12 55.0 2 19b 50 0 ++ a
mcBt(b)-17 50.2 2 52b 50 0 ++ a
mcBt(b)-5 47.6 1 6.2 ce 50 0 ++ a
mcBt(b)-13 47.0 1 6.6 ce 50 14 4 2 ++ 2 0 ab
mcBt(b)-3 46.6 2 6.9 ce 50 8 2 0 ++ ab
mcBt(b)-4 45.6 2 7.2 ce 50 15 6 3 ++ 3 0 ab
mcBt(b)-18 456 1 7.4 ce 50 16 9 6 ++ 3 0 ab
mcBt(b)-7 43.2 1 7.8 ce 50 16 9 7 ++ 2 0 ab
mcBt(b)-19 432 2 79 ce 50 19 13 7 ++ 6 1 abc
mcBt(b)-9 41.2 2 8.8 cde 50 27 21 11 ++ 10 2 abc
mcBt(b)-20 40.6 1 10.2 de 50 34 19 11 + 8 2 c
mcBt(b)-6 30.6 3 513 f 50 44 38 23 * 15 4 d
mcBt(b)-8 29.6 3 50.2 f 50 42 39 21 + 18 11 d
mcBt(b)-11 12.3 3 49.1 f 50 41 37 19 * 18 13 d
mcBt(b)-2 10.6 3 870¢g 50 50 48 46 46 41 e
mcBt(b)-16 10.0 3 70949 50 47 47 47 47 42 e
mcBt(b)-14 9.0 3 92.1 h 50 50 48 48 47 41 e
Bt(b)-11 40.0 1 10.3 de 50 43 42 42 + 42 26 e
Bt(b)-12 36.6 1 1211 50 47 46 43 + 43 32 e
Control - - 91.1 h 50 43 46 43 43 35 e

1)

) Cry1Ab accumulation was determined using a Densitograph (ATTO co.) compared to pure Cry1Ab ICP.

2 Feedi ng area was measured with Leaf Area Measure (Hayashi Denko co.) on the 5th day using first instar larvae.

9 The results of statistical analysis of the larval survival pattern from the first instar larvae to the adults by Fisher's protected LSD.
* The datafollowed by the same letter are not significantly different at the 5 % by Fisher's protected LSD.

** The same |etter in the column are not significantly different at the 5 % by Tukey-Cramer's HDS.

L1, L2,L3, and L4 meaned first lavae stage, second lavae stage, third lavae stage and forth (final) lavae stage, respectively.



Fig. 28. Bioassay of insect feeding on the chrysanthemum leaf.

Thefivefirst instar larvae of H. armigera were allowed to feed on leaves

of transformed and non-transformed plants.

C: Non-transformed plant 'Shuho-no-chikara

1-8: Bt-transformed lines (1: Bt(b)-11, 2: Bt(b)-12, 3: mcBt(b)-1, 4: mcBt(b)-15
5: meBt(b)-4, 6: mcBt(b)-7, 7: mcBt(b)-2, 8: mcBt(b)-14)



Fig. 29. Light micrographs of midguts of the third inster H. armigera lavae.

A: Control midgut 50 hr after treatment with non-transformed chrysanthemum leaves.
B: The midgut 50 hr after treatment with transformed chrysanthemum Bt(b)-11 leaves.
C: The midgut 50 hr after treatment with transformed chrysanthemum mcbt(b)-1 leaves.
The black arrows indicate midgut and red arrows indicate colon .



Bacillus thuringiensis var.

kurstaki HD-1 crylAb
crylAb
CrylAb (56 kDa) 62 kDa
(Perlak et al. 1990) (Fujimoto et al. 1993)
CrylAb 28 29 601 602

(Hofte et al. 1986 Nagamatsu et al. 1984)

crylAb
crylAb
Bt-toxin
De Rocher et al. (1998) mRNA Ohme-Takagi et al.
(1993) Chen and Shyu (1995) ATTTA-sequence (polyadenylylation signal
sequence) mRNA mRNA
Perlak et al. (1990; 1991)
Bt-toxin 100
GC 36.9% 54.9% mRNA
crylAb (mchbt)
crylAb RNA
mcbt 1.8 kbp
mRNA
62 kDa crylAb 56 kDa mcbt 58 kDa
mchbt
62 kDa CrylAb 28-29 601-602
58 kDa
crylAb
1.6 kbp mRNA (Murray et al. 1991)
RNA 56 kDa CrylAb
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1 Agrobacterium tumefaciens LBA4404
5.2% 1
Agrobacterium
[Transgene inactivation (silencing)]
Vaucheret et al. (1998) (TGS: Transpriptional
gene silencing) (PTGS:

Post-transcriptional gene silencing)

DNA (
) DNA
PTGS
RNA RNA
(Dean et al. 1986 Shaw and
Kamen 1986 Goodall and Filipowicz 1989 2002) (2004)
RNA PTGS RNA (dsRNA)
crylAb RNA
crylAb RNA RNA-direct RNA polymerase (RdRP)
dsRNA mRNA
crylAb 3
crylAb RNA
crylAb RNA (specific degradation of mRNA)
(2003) 35S gus
35S
3 (35S)
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1) Bacillus thuringiensis var. kurstaki HD-1 crylAb

crylAb G418
1,760 162 (
9.2%) 92 ( 5.2%)
2) 92 DNA
crylAb 1
1 crylAb
3) 20 CrylAb
20 56 kDa
CrylAb 0.009 0.08%
4) CrylAb
50 ug 15.5 ng
5% Bt(b)-11 62.9%
4.7%
5) 3 ( )
CrylAb 50 pg 32.5 ng
5% ( )
CrylAb 50 pg 32.5 ng 36.5 ng
[Bt(b)-2 Bt(b)-12] 5%
50 ug 40.0 ng [Bt(b)-11]
Bt(b)-11
6) crylAb
mRNA
crylAb (mchbt) 615 442
G C 36.9% 54.9%
7) mcbt Agrobacterium 3,618
G418 20 mg/l 411
317 11.4%
8.8%
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8) mcbt 1-3

1-3 mcbt
9) mcbt crylAb
mchbt
1.8 kbp crylAb
[Bt(b)-11] mRNA
10) 20
mcbt 58 kDa crylAb
[Bt(b)-11 Bt(b)-12] 56 kDa
Escherichia coli JM109: pIG121mcbt CrylAb 62
kDa 50 ug 10.5-80 ng (0.021-0.16%
)
11) mcbt CrylAb
(y=165.48¢"°°7* R?=0.9371)
50 png 9 ng 5% Fisher's protected LSD
10.6 ng
47.6 ng
mcbt 1 2 3
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( 15 97 ) 2004

2 19
( ) (2 ) (1 )
1 2 3. 4
(2000 4 2002 3 )
DNA
Bacillus thuringiensis crylAb
2
3 ( )
(1)
(2) (3)
(4)
(5)
4 ( )
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( ) 2001 6 12
25 20 )

Agrobacterium tumefaciens

A. tumefaciens
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4 ‘ ? Bacillus thuringiensis
crylAb Bt(b)-11 Bt(b)-12 2
(To) 1999 4 (
Japan) [ (
Japan) ( Japan) 11 1]
(=15 cm) 25 20 1
2000 2 2001 2 2
10 5 6
25 20 1
(2000 4 ) T, 2 (2001 4 )
T, 1 (2000 4 ) C, 2 (2001
4 ) C»
(65%x45%12 cm 10 cm) 1 5 7
2 2
( 0 2 ) 10
1 1 11
( 1979)
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25 16 [PPF (400 700 nm) =60 pmol m™ s™']

(To) 2000
T, C, crylAb
(2) CrylAb
crylAb 25
[PPF (400 700 nm) =60 pmol m™> s™']
(To) T
Co C C, CrylAb
(3)
1) (Helicoverpa armigera)
Tl T2 Cl
2)
3 T,

C, C,
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16

T,

C,



(25 ) 1999 4

( 5 cm 2 T,) ( 5 cm
2 Cy) 6 50 ml
25 16 [photosynthetic photon flux (PPF) (400 700 nm)
=60 pmol m? s'] (P1 ) 6
( 366) 1% 15
3 cm 50 5 mm
2
(Fig. 30) 1 5 3
(2)
(1) 25 ) 1999 4
( 5cm 2 T,) ( 5
cm 2 C) 6 50 ml
2
I ml 3cm 1 15
( 366) 50
2 (Fig. 30) 1
5 3
(3)
(1) 25 ) 1999 4
( 5 cm 2 T,) ( 5
cm 2 Cy) 4¢ 5 ml
1 ml 3 cm 1
15 ( 366) 50 (D)
2
(Fig. 30) 1 5 3
(4)
() 25 ) 1999 4
( 5cm 2 T,) ( 5
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cm

1%

(D

cm

Smm

GC

2 C») 6 12
50 ml
(
2
5 3
25 ) 1999 4
( 5 cm 2 T»)
2 Cy) ( 5 cm 3 cm)
15 1.5 ml
30 45
(Solid phase micro extraction; SPME)
(GC)
TC-5 (30 mx 0.25 mm 0.25 pum)
50 (3 ) 280 7
22.0 psig
(FID) 280
280 splitless
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Production of volatile compounds Released compounds in soil from root. ~Compounds production in leaves and stems.

Fig. 30. Evaluation of allelopathific effects of transformed plants on germination and growth of lettus seeds.
About 50 lettus seeds were in each Petri dish (9=3 ¢cm), and they cultured at 25°C and 16-h photoperiod in the article culture room



( 1992)

2001 ( T,

C2) [ 11 1]

( 2 ) 9 ) (11 )
5

30g 500 ml 270 ml 15 mM (pH 7.0)
15 mM 10° 10° 0.1
ml 9 cm 30 g 105 24

(Fig. 31)

PTYG (0.25 g/1 Bacto Pepton 0.25 g/l

Bacto Trypton 0.5 g/l Bacto Yeast extract 30 mg/l MgSO, 7H,O 3.5 mg/l CaCl,
2H,O0 15 g/l ) 25 7
(5 g/l Bacto Pepton 10 g/l 0.5
g/l MgSO, 7H,0 1 g/l K,HPO, 15 g/l ) 25 4
lg 5
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PTYG medium
for bacteriaand ray

frinmi

Plating
Coallecting of sail Suspending

Rose-Bengal medi um Colony counting
for fungi

Fig. 31. Culture method for soil microflora
Collected soil was suspended by 15 mM phosphate buffer (pH7.0) and plated on several medium.

The bacteriaand ray fungi were cultured at 25°C for 7 days and fungi for 4 daysin the dark.



1)
2001
(T, C,) ‘
> (Dendranthema x grandiflorum) ‘ > (D. x grandiflorum
(D. occidentalijaponense Fukui No.1)
(D. occidentalijaponense var. ashizuriense Fukui No.1) (D.
pacificum) (Aster ageratoides var. ovatus) (Fig. 32)
2001
1
1 1 10
2)
Ikeda and Numata (1998) ‘
" ( ) ( ) 20 g 100 ml
4 24
(100 mg/1 H;BO; 300 mg/l CaCl, 0.01 mg/l CoCl, 6H,O 30% sucrose)
10 ml 30
10 ml ‘
7 31 (v/v)
(T2) (C2) 1)
1-2 25
16 [PPF (400 700 nm) =60 pumol m™? s7']
2 2
1 1 10
(2)
(T2) (C2) 1)
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1 1
10
(3)
(T2) (C2)
50 cm ( 3.5 7.5 m/s; TOSHIBA F-140B)
0 5 10m
1 10
(4)
(T2) (C2) 1)
(¢ 9 cm)
1
(=9 cm) 25
3 1 1 1 10
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* -
Dendranthema x grandiflorum D. x grandiflorum D. occidentalijaponense,
cultivar, 'Rosanna cultivar, 'Kinkoumatsu' Fukui No.1

D. occidentalijaponense D. pacifi_(_:um Aster ageratoides
var. ashizuriense, Fukui No.1 var. ovatus

Fig. 32. The cultivars and wild species of Compositae family in the experiment of cross ¢
to chrysanthemum.
Scale bar indicates 5 cm.



Agrobacterium

2001
(T2 C2) () ( 25 20
) 10 g ( )

5 ml 100 pul 50 mg/l
kanamycin 40 mg/l rifampicin AB (1 g/ NH4C1 300 mg/l MgSO4 7H,0
150 mg/l KCI 13.4 mg/l CaCl, 2H,0 2.5 mg/l FeSO4 7H,0 3 g/l K,HPO, 1.3 g/l
NaH,PO 7H,0) Agrobacterium

crylAb Agrobacterium tumefaciens LBA4404: pIAbT]1
28 1 5 3
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Table 24 Fig.33 2000 2001
Bt(b)-11 T, T, Bt(b)-12 (T; T,) (C; C»)
25 26
2000 2001
2000 2001
2000 2001
2001 2000
2001 2000 2001
2000 2001
2000 2001
(Fig. 33)
2001 2000 2000
2001
2000 2001
2000 2001
(Fig. 33)
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Table 24. Morphologica characteristics of transformed plants and non-transformed control.

Day of Tota Stem Stem Number of Flowers
Line Year flowering weight length diameter leaves Flower diameter Max. petal Number of floret
(date/month) (9) (cm) (mm) long(mm)  short(mm) length(mm) ray shaped tubular shaped
Bt(b)-11(T;)  2000.A 26/Nov. #0.2  59.8 +0.3  48.1 +05 6.2+01  37.7+31 9.2 +0.1 8.8 +0.1 4.7 0.1 2423 1.1 242 +1.1
Bt(b)-12(T;)  2000.A 26/Nov. £0.3  54.6 0.7  49.4 +0.2 6.3+0.2 399 +22 9.3 +0.2 8.9 +0.2 4.6 +0.2 261.3 £1.2 18.2 £2.2
Control (Cy) 2000.A 26/Nov. #0.0 55502 488 +0.2 59+0.2 393#22 9.1 +0.2 8.6 +0.2 4.7 0.2 264.6 £1.3 132 £2.2
Bt(b)-11(T;)  2000.B 25/Nov. £0.1  56.8 +0.5 512 +0.3 6.6 +0.1 419 +12 8.7 £0.2 8.3 +0.2 4.3 +0.2 239.3 £1.2 235 +3.2
Bt(b)-12(T;)  2000.B 26/Nov. £0.2  56.7 +04  50.1 +0.2 6.3+0.2 416 +22 9.3 +0.2 9.0 +0.2 45 0.2 2544 £1.2 18.6 £0.9
Control (Cy) 2000.B 26/Nov. £0.1  60.1 +0.6  53.1 +0.7 59+02 422 +12 9.0 +0.1 8.8 +0.1 49 +0.1 266.3 £1.1 14.9 £0.7
Bt(b)-11(T,)  2001.A 25/Nov. #0.1 53411 78805 55+02 538+21 10602 10.2+0.2 5.2 0.2 206.4 +0.7 32.6 0.9
Bt(b)-12(T,)  2001.A 25/Nov. #0.0 612 +0.2  80.9 0.6 58+0.2 551+12 10601 10.2+0.3 51+0.1 2105 1.2 30.1 0.8
Control (Cy) 2001.A 26/Nov. £t0.1  50.1 +0.7  80.4 +0.5 56+0.2 518109 104102 10.30.2 5.2 +0.2 2258 +1.4 28.4 +0.5
Bt(b)-11(T,)  2001.B 26/Nov. #0.1 498 +0.2 745104 4901 52408 9.6 +0.1 9.4 +0.1 49 +0.1 210.1 £1.2 31.2+11
Bt(b)-12(T,)  2001.B 26/Nov. £0.2 48,6 0.5 74502 49+02 54212 9.9 +0.2 9.7 £+0.2 4.8 +0.2 2194 1.2 242 +1.2
Control (C,) 2001.B 26/Nov. #0.1  50.7 +0.3  76.4 +0.3 53+01 515%12 102 0.2 9.7 +0.2 5.1 +0.2 221.3 +0.9 20.1 0.9

The data means the averaget+SE.

T, and T, indicates the transformed plant generations by one or two-time-cutting in greenhouse.
C, and C, indicates the non-transformed plant generations by one or two-time-cutting in greenhouse.



Fig. 33. Morphological feature of transformed plants and non-transformed plant.

A: Left; non-transformed plant 'Shuho-no-chikara (C,), Right; transformed plant Bt(b)-11 (T,).
B: Left; non-transformed plant 'Shuho-no-chikara (C,), Right; transformed plant Bt(b)-12 (T5).
T, indicates the transformed plant generation by two-time-cutting and C, indicates the
non-transformed plant generation by two-time-cutting.

Scale bar indicates 50 mm.



(To) 2000
Bt(b)-11 (T;) Bt(b)-12 (T)) crylAb
(19 kbp 14 kbp) (Fig. 34)
(Co Cy)
(2)
Bt(b)-11 (Ty) Bt(b)-12 (Ts)  CrylAb
50 pg 38.2% 0.1 ng 34.7% 0.2 ng
(Co) CrylAb
Bt(b)-11 Bt(b)-12  CrylAb
50 g 2000 ( 1 T,)  40.0% 0.1 ng
36.5+ 0.1ng 2001 ( 2 T,)
41.2+ 0.2 ng 34.2+ 0.1 ng
CrylAb 10% 1
(T 2 (T2)
CrylAb
(62 kDa; 29 618 ) 56
kDa (Table 25 Fig. 35)
(3)
62.9% (2000 C) 64.6%
(2001 C») Bt(b)-11  4.7% (2000  T,) 4.2% (2001  T»)
Bt(b)-12  5.7% (2000  T,) 5.8% (2001  T») 2
5
2000 2001
2 (Ty To) (C1 Cy)
2 (Ty T2)
Bt(b)-12 (T, Ta) Bt(b)-11 (T, T») 5
(C, C») 2000
2001 (Table 25 Fig. 36)
2
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12 34

(kbp) (Kbp)

23.1 - 23.1 -
94 - 9.4 -
6.6 - 6.6 -
4.4 - 4.4 -
2.3 - 2.3-
2.0 - 20 -

Fig. 34. Southern blot analysis of transformed plants.
Genomic DNA digested with EcoRV and hybridized with the cry1Ab specific probe.

A: Theplantsin test tube. B: The plantsin greenhouse.

Lanel: plAbT1 Lanel: plAbT1

Lane2: Non-transformed plant 'Shuho-no-chikara (C,) Lane2: Non-transformed plant ‘Shuho-no-chikare
Lane3: Bt(b)-11 (T,) Lane3: Bt(b)-11 (T,)

Lane4: Bt(b)-12 (T,) Lane4: Bt(b)-12 (T,)

T, indicates the transformed plant generation by no cutting in test tube, and T ; indicates the transformed |
generation by one-time-cutting in greenhouse.

C, indicates the non-transformed plant generation by no cutting in test tube, and C, indicates the non-trar
plant generation by one-time-cutting in greenhouse.



Table 25. Insect bioassay of transformed lines using Helicoverpa armigera

Cry1Ab expression Experiment 1 Experiment 2
Y ear Lines (ng/50 pg total protein) Feeding leaf area Larval duration?  Pupation rate Pupal duration D Emergence rate
Test tube (Toor Cy)  Greenhouse (%) (days) (%) (days) (%)

2000 Bt(b)-11(T,) 382 + 0.1 40.0 £ 0.1 4.7 ** 21.6 £0.04* 85.6 16.1 +0.10 70.0 *
Bt(b)-12 (T,) 347 + 0.2 36.5 + 0.1 b7 ** 21.7 +0.05* 87.8 17.5 +0.04* 87.5
Contral (C,) 00 = 0.0 0.0 £ 00 62.9 12.0 +0.13 94.4 13.3 +0.12 85.9

2001 Bt(b)-11(Ty) 382 + 0.1 412 £ 0.2 4.2 ** 22.0 £0.12* 86.2 17.1 +0.16 720 *
Bt(b)-12 (T,) 347 + 0.2 342 £+ 0.1 5.8 ** 21.3 +0.09* 88.1 18.3 +0.08* 85.1
Contral (Cy) 0.0 + 0.0 0.0 £ 00 64.6 11.6 +0.18 95.3 15.6 +0.17 86.9

Cry1Ab accumulation was determined using a Densitograph (ATTO Co.) compared to pure Cry1Ab protein.
Feeding area was measured with Leaf Area Measure (Hayashi Denko Co.) on the 5th day using first instar larvae.

Larval duration, pupation rate, pupal duration and emergence rate were determined by using the data of days or rate of third instar larvae to pupa and pupa to adult.

b Average + SE, *and ** significant at the 5 % and 1 % levels, respectively

T, indicates the transformed plant generation by no cutting in test tube, and T, and T, indicates the transformed plant generations by one or two-time-cutting in
greenhouse.

C, indicates the non-transformed plant generation by no cutting in test tube, and C,; and C, indicates the non-transformed plant generations by one or two-time-cutting
in greenhouse.
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Fig. 35. Western immunoblot analysis of leaf from
chrysanthemum plants expressing the crylAb gene.
Lanesl,2 and 3 : 50, 25 and 5 ng of Cry1ADb protein

Laned :
Lane5:
Lanes :
: Bt(b)-12 Ty), in test tube.
Lanes :

Lane7

Non-transformed plant 'Shuho-no-chikara (C,)
Bt(b)-11 (Ty), in test tube.
Bt(b)-11 T,), in greenhouse.

Bt(b)-12 T,), in greenhouse.

T, indicates the transformed plant generation by no cutting
in test tube, and T, indicates the transformed plant
generation by one or two-time-cutting in greenhouse.

C, indicates the non-transformed plant generation by one-
time-cutting in greenhouse.
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Fig. 36. Bioassay of insect feeding the chrysanthemum leaf of transformed pl
Thefivefirst instar larvae of H. armigera were allowed to feed on leaves

of transformed and non-transformed plants ‘ Shuho-no-chikara'.

A: Non-transformed plant (C,), B: Bt(b)-11 (T,), C: Bt(b)-12 (T,) (in greenhc
D: Non-transformed plant (C,), E: Bt(b)-11 (T,), F: Bt(b)-12 (T,) (in greenhc
T, and T, indicates the transformed plant generations by one or two-time-cutt
C, and C, indicates the non-transformed plant generation by one or two-time




Table 26
Bt(b)-11 (T,)
(Cy) 95.8 96.2%

12.5 13.2 mg

19.6 20.0 mm

Bt(b)-11 (T,)
98.4 98.9%

Bt(b)-12 (T>»)

15.3 15.6 mm

20.0 20.1 mm

Bt(b)-11 (T»)
96.9 98.0%

Bt(b)-12 (T»)

mg 14.5 15.4 mm

19.9 20.2 mm

Bt(b)-11 (T,) Bt(b)-12 (T,) (Cy)
13.2 13.8 mg
15.9 16.3 mm
23.0 mm
(T2)
(Fig. 37)
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Bt(b)-12 (T»)

15.1 16.4 mm

(C2)

12.3 12.9 mg

(C2)

12.1 12.7

96.2 98.2%

22.1

(C2) GC



Table 26. Evaluation of allelopathific effects of transformed plants on germination and growth of lettuce seeds.

Production of volatile compounds.

Lines Growth ability
Germination Fresh Stem Root
frequency (%)  weight (mg) length (mm) length (mm)
Bt(b)-11 (T>,) 96.2+22 132+ 1.6 155+24 200zx21
Bt(b)-12 (T>,) 958 +1.2 125+ 1.6 164 +24 198 +13
Controal (Cy) 960+ 1.1 125+ 14 151+23 196 +£1.6
2. Released compounds in soil from root.
Lines Growth ability
Germination Fresh Stem Root
frequency (%)  weight (mg) length (mm) length (mm)
Bt(b)-11 (T,) 985+ 21 123+ 21 156 +£29 200+18
Bt(b)-12 (T>,) 984 +16 124 + 2.6 155+£1.2 20014
Controal (Cy) 989+11 129+ 2.3 153 +£0.9 201 +12
3. Compounds producted in leaves and stems.
Lines Growth ability
Germination Fresh Stem Root
frequency (%)  weight (mg) length (mm) length (mm)
Bt(b)-11 (T»,) 980+ 16 121+21 145+15 20.2+£09
Bt(b)-12 (T>,) 97.2+18 127+ 19 154 +£1.2 20.0+23
Control (Cy) 969+ 24 123+ 22 149 +£22 199+22
4. Influence on succeeding crop.
Lines Growth ability
Germination Fresh Stem Root
frequency (%)  weight (mg) length (mm) length (mm)
Bt(b)-11 (T,) 982 +22 136+ 1.6 16.2+24 221+21
Bt(b)-12 (T>,) 96.2+1.2 132+ 1.6 16.3+24 23.0+13
Controal (Cy) 97.3+11 138+ 14 159+23 229+16

The data means average+SE.

T, indicates the transformed plant generation by two-time-cutting and C, indicates the non-transformed plant

generation by two-time-cutting.
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Fig. 37. Results of gas chromatograph analysis of volatile compounds producted in leaves
of transgenic chrysanthemum with non-modified crylAb gene

T, indicates the transformed plant generation by two-time-cutting.

C, indicates the non-transformed plant generation by two-time-cutting.



Table 27 Bt(b)-12

(T>) (5.1x 10* CFU/g) (C>)
(3.8x 10* CFU/g) (5.1 5.3x 10* CFU/g)
(4.1 5.0x 10* CFU/g) (2.4 3.0x 10* CFU/g) (2.0
3.0x 10* CFU/g) (T,) (C2)
(2.2 3.4x 10* CFU/g) (2.8 3.6x 10*
CFU/g) (4.1 4.4x 10* CFU/g) (4.2 4.6x 10* CFU/g)
(4.3 4.9x 10* CFU/g) (T2)
(C2)
(1.2 1.5% 10* CFU/g) (2.1 2.5%
10 CFU/g) (2.0 2.6x 10* CFU/g) (2.9 3.5x 10* CFU/g)
(4.7 5.1x 10* CFU/g) (T»)
(C2)
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Table 27. Influence of transformed plants on soil microflora.
No. of bacteria CFU/g dried soil

Lines Before Early stage Middle stage Late stage Post
culture of culture of culture of culture hervest
Bt(b)-11 (T,) 5.1 x10* 4.4 x10* 3.8 x10* 2.4 x10* 2.0 x10*
Bt(b)-12 (T,) 5.3 x10* 5.0 x10* 5.1 x10* 3.0 x10* 3.0 x10*
Contral (Cy) 5.2 x10* 4.1 x10* 3.5 x10* 2.7 x10* 2.4 x10*
No. of ray fungi CFU/g dried soil
Lines Before Early stage Middle stage Late stage Post
culture of culture of culture of culture hervest
Bt(b)-11 (T,) 2.2 x10° 3.0 x10? 4.2 x10° 4.6 x10° 4.9 x10°
Bt(b)-12 (T,) 3.4 x10? 2.8 x10° 4.1 x10° 4,2 x10° 4.3 x10°
Contral (Cy) 3.3 x10? 3.6 x10° 4.4 x10° 4.6 x10° 4.7 x10°
No. of fungi CFU/g dried soil
Lines Before Early stage Middle stage Late stage Post
culture of culture of culture of culture hervest
Bt(b)-11 (T,) 1.2 x10° 2.1 x10° 2.0 x10° 3.1 x10° 5.1 x10°
Bt(b)-12 (T,) 1.3 x10° 2.4 x10° 2.6 x10° 2.9 x10° 4.7 x10°
Control (C,) 1.5 x10? 2.5 x10? 2.6 x10° 3.5 x10? 4.8 x10°

CFU; Colony formation unit.
The data shows the average of 5 petri dishes.
T, indicates the transformed plant generation by two-time-cutting and C, indicates the non-transformed plant generation by two-time-cutting.



Table 28 Fig. 38 (T») (Cy)
¢©=30 40um
100.0% Bt(b)-11 (Ty) Bt(b)-12 (T,)
98.3% 0.1% 93.3% 0.1% (Cy)
93.0%£ 0.1%
10 Bt(b)-11 (T,)
Bt(b)-12 (T,) 10.3£ 0.0% 10.2%+ 0.2%
(Cy) 10.4% 0.1%
18.9% Bt(b)-12 (Ty)

2)

Table 29 Bt(b)-11 (T»)

Bt(b)-12 (T,) (Cy) 24
80% 34 50% 48 20% 72
24
10% 34 5 48 0.1% 56
crylAb
3)
Bt(b)-11 (T,) Bt(b)-12 (T,) (Cy)
05 10 m/sec.
(Table 30)

4)

Table 31 (T») (Cy)
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Table 28. Pollen characteristics of transformed plants and its allied species.

Fertility of pollen

Allied species Scientific name Pollen form Staining of acetocarmine Pollen germination
Bt(b)-11 (T,) Dendranthema x grandiflorum oval-shaped, spine 983 + 0.1 103 + 0.0
Bt(b)-12 (T,) D. x grandiflorum oval-shaped, spine 933 + 0.2 102 + 0.2
Shuho-no-chikara (C,) D. x grandiflorum oval-shaped, spine 930 + 0.1 104 + 0.1
Rosanna D. x grandiflorum oval-shaped, spine 100.0 £ 0.0 140 + 0.1
Kinkoumatsu D. x grandiflorum oval-shaped, spine 1000 =+ 01 103 + 0.0
Nojigiku Fukui No.1 D. occidentalijaponense, oval-shaped, spine 96.0 + 0.1 146 + 0.1
Fukui No.1
Ashizuri-nojigiku Fukui No.1 D. occidentalijaponense oval-shaped, spine 941 + 03 115 + 0.2
var. ashizuriense, Fukui No.1
Iso-giku D. pacificum oval-shaped, spine 96.8 + 0.1 11.3 + 0.1
Kon-giku Aster ageratoides var. ovatus oval-shaped, spine 934 + 0.1 189 + 0.1
The data means average+SE.

YThe percentage of stained pollen among total pollen (%).

The percentage of pollen geminated on the pollen germination medium after 2 hours (%).
T, indicates the transformed plant generation by two-time-cutting and C, indicates the non-transformed plant generation by two-time-cutting.



[o] |
Fig. 38. The pollen shape and staining with acetocarmine.
A: Control (C,), B: Bt(b)-11 (T,), C: Bt(b)-12 (T,), Pollen shape.
D: Control (Cy,), E: Bt(b)-11 (T,), F:Bt(b)-12 (T,), Staining of acetocarmine.
T, indicates the transformed plant generation by two-time-cutting.
C, indicates the non-transformed plant generation by two-time-cutting.
Scale bar indicates 100 pum.




Table 29. Pollen life span of transformants and non-transformant.
1. Staining with acetocarmine.

Time after harvesting on the preparation (h)

Lines 0 1 5 10 24 34 48 56 72
Bt(b)-11(T,) 1000 = 0.1 989 + 0.1 925 + 0.0 84.1 + 0.0 825 + 0.1 540 + 0.1 304 £ 01 04 £ 02 00 £ 01
Bt(b)-12 (T,) 98.1 + 0.2 91.1 + 0.2 96.6 + 0.2 80.3 + 0.2 792 + 01 543 + 0.0 282 £ 01 12 £ 02 00 £ 01
Control (Cy,) 98.8 + 0.0 969 + 0.0 934 + 0.0 86.7 + 0.0 81.7 + 0.0 520 + 0.0 31.2 £ 0.0 10 + 00 00 + 0.0
The data shows the Arcsin transferred percentage date of stained pollentSE.
T, indicates the transformed plant generation by two-time-cutting and C, indicates the non-transformed plant generation by two-time-cutting.
2. Germination on pollen germination medium.

Time after harvesting on the preparation (h)
Lines 0 1 5 10 24 34 48 56 72
Bt(b)-11 (T,) 102 + 01 100 £ 01 99 + 0.0 10.0 £ 0.0 96 + 0.1 52 + 0.1 01 + 01 00 + 00 00 + 0.0
Bt(b)-12 (T,) 112 + 01 10.7 + 01 10.0 + 01 99 £ 0.2 94 + 0.2 53 + 0.0 02 £ 01 00 + 00 00 + 0.0
Control (Cy,) 9.8 + 0.0 9.7 £ 00 9.8 + 0.0 96 + 0.2 9.2 + 0.0 56 + 0.0 01 + 0.0 00 + 00 00 + 0.0

The data shows the Arcsin transferred percentage data of germinated pollen +SE.

T, indicates the transformed plant generation by two-time-cutting and C, indicates the non-transformed plant generation by two-time-cutting.



Table 30. Pollen dispersal by artificial wind.

Velocity of the wind Number of pollen trapped at preparation.
Lines (m/sec 0(m) 1(m) 5(m) 10 (m)
Bt(b)-11 (T,) 0 00+ 00 00+ 00 00+ 00 00z 0O
5 00+ 00 00+ 00 00+ 00 00zx 0O
10 00+ 00 00+ 00 00x 00 00zx OO
Bt(b)-12 (T,) 0 00+ 00 00+ 00 00+ 00 00z 0O
5 00+ 00 00+ 00 00+ 00 00z% 0O
10 00+ 00 00+ 00 00x 00 00zx OO
Contral (Cy) 0 00+ 00 00+ 00 00+ 00 00z 0O
5 00+ 00 00+ 00 00+ 00 00zx 0O
10 00+ 00 00+ 00 00x 00 00zx OO
The flowers were winded by the fan F-140B (TOSHIBA, Japan).
The data shows average+SE.

T, indicates the transformed plant generation by two-time-cutting and C, indicates the non-transformed
plant generation by two-time-cutting.



Table 31. Cross compatibility to allied species and wild relatives

Pollen parents D. x grandiflorum D. occidentalijaponense D. pacificum A. ageratoides
Rosanna Kinkoumatsu Nojigiku Fukui No.1  Ashizuri-nojigiku Fukui No.1 Iso-giku Kon-giku Self
Seed parents ss? Germination? SS Germination SS  Germination SS Germination SS  Germination SS  Germination SS Germination
Bt(b)-11 (T»,) + 52 + 24 + 46 £ 2.2 + 166 + 1.2 + 152 + 21 + 46 + 22 0.0 + 0.0 00+ 00
Bt(b)-12 (T») + 41 + 14 + 52 + 32 + 159 + 0.8 + 147 + 05 + 52 + 1.2 0.0 + 0.0 00+ 0.0
Control (C,) + 53 + 3.0 + 6.8 + 24 + 170 + 1.1 + 157 + 1.3 + 54 + 24 0.0 + 0.0 00+ 00

Y SS means Stigma shrinking.
2 Germination means the percentage of the seed germinated and the data shows the Arcsine transferred percentage+SE.
T, indicates the transformed plant generation by two-time-cutting and G indicates the non-transformed plant generation by two-time-cutting.

Pollen parents D. x grandiflorum
Bt(b)-11 (T,) Bt(b)-12 (T,) Control (Cy)
Seed parents SSY Germinaion  SS Germination SS  Germination
Rosanna + 132 %12 + 142 +08 + 136 + 1.0
Kinkoumatsu + 52 + 09 + 56 + 3.2 + 49 £ 20
Nojigiku Fukui No.1 + 252 +24 + 26030 + 251 + 22
Ashizuri-nojigiku Fukui No.1 + 152 + 32 + 146 +21 + 162 + 13
Iso-giku + 41 + 14 + 63+ 21 + 52 + 32
Kon-giku 0.0 + 0.0 0.0 + 0.0 0.0 + 0.0

Y SS means Stigma shrinking.
2 Germination means the percentage of the seed germinated and the data shows the Arcsine transferred percentage+SE.
T, indicates the transformed plant generation by two-time-cutting and G indicates the non-transformed plant generation by two-time-cutting.
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Agrobacterium tumefaciens LBA4404:plAbT1 Bt(b)-11 (T»,)

Bt(b)-12 (T,) Control (C,)

Fig. 39. Detection of residual Agrobacterium tumefaciens used for transformation.

Each plant extraction was plated to AB medium with 50 mg/l kanamycin and cultured at 28°C for 7
T, indicates the transformed plant generation by two-time-cutting.

C, indicates the non-transformed plant generation by two-time-cutting.
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[Dendranthema x grandiflorum (Ramat.) Kitamura]

[Callistephus chinensis (L.)
Nees] [Senecio x hybridus (Willd.) Regal]

(Artemisia sieversiana J. F. Ehrh. ex Willd.)

DNA
2n=54
DNA
2n=64 72
23
23
(Furuta et al.
2004)
Melchers et al. (1978) Gelba et al.
(1980) Guri et al. (1991) (1994)
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I0A

(Renou et al. 1993
De Jong et al. 1994 Urban et al. 1994) (Pavingerova et al. 1994 Benetka
and Pavingerova 1995)
(Pavingerova et al. 1994 Benetka and
Pavingerova 1995 Takatsu et al. 2000)

-10 G418 20 30 mg/l 3
4
Agrobacterium Agrobacterium
5 1.0 g/l
Tween 20  5.0% Agrobacterium
(CI) (S1) 2
SI
SI
CI
CI
(Shinoyama et al. 2002)
Bacillus thuringiensis crylAb
crylAb
(Shinoyama et al.
2002)

crylAb
(Shaw and Kamen 1986 Goodall and
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Filipowicz 1989) mcbt

crylAb CrylAb
mcbt mRNA  degradation
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(Shinoyama et al. 2003)
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[Dendranthema x grandiflorum (Ramat.) Kitamura]

Agrobacterium

Bacillus thuringiensis crylAb
91.1% crylAb 10.0%
2
crylAb 1.6kb mRNA
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Summary

Chrysanthemum [Dendranthema x grandiflorum (Ramat.) Kitamura] is one of the
important ornamental plants and many useful agronomical traits have been introduced
into chrysanthemum by conventional cross breeding and selection, and more recently
through mutation breeding (Broertjes et al., 1976; Preil et al., 1983; De Jong and
Custers, 1986; Dalsou and Short, 1987; Huitema et al., 1987). However, in cross
breeding, utilizable gene resources are limited to related species which are able to be
cross pollinated, so genetic diversity is narrow in chrysanthemum.

The biotechnology such as cell fusion method or gene transformation system has
potentials to expand the range of genetic variation in chrysanthemum. So, we
established some biotechnology such as cell fusion or gene transformation to
introduce agronomical interesting traits to chrysanthemum and expanded genetic
diversity of chrysanthemum.

1. T produced intergeneric somatic hybrids between chrysanthemum [Dendranthema

x grandiflorum (Ramat.) Kitamura] and wormwood (Artemisia sieversiana J. F. Ehrh.
ex. Willd.) by electrofusion of mesophyll protoplasts. Chrysanthemum protoplasts

were inactivated with iodoacetamide and electrofused with wormwood protoplasts.

The 3,864 calli that appeared produced 1,342 plantlets, all of which had RFLP bands

specific for both chrysanthemum and wormwood. After acclimation, 23 intergeneric

somatic hybrids were flowered. These 23 somatic hybrid plants were more resistant

to rust than parent chrysanthemum, and the disease spots that appeared had

diameters of only 1-2 mm, and they have not expanded any more. The characteristics

of the flowers such as flower shapes and colors of their flowers differed from those

of the parent plants.

2. For elimination of the appearance of the chimeric regenerants consisting of
transgenic and non-transgenic tissues, I succeeded in establishing a stable and
efficient transformation system of chrysanthemum. The transformation frequency in
callus induction (CI) system (4.4%) was higher than that in adventitious shoot
induction (SI) system (0.3%). All regenerated plantlets obtained by CI system express
gus gene stably even after vegetative propagation. While a few regenerants obtained
by SI system have gus gene and express gus gene in chimeric manner. Moreover, it is
very efficient to increase the infection frequency of gene transformation by

Agrobacterium that caused by using of 20 mg/l G418 after 10 days from infection for
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selection, using of cork-borer, 5-h cultured Agrobacterium, attending Tween 20 in
infection and casamino acid in cocultivation.

3. The chrysanthemum cultivar ‘Shuho-no-chikara’ was transformed using a disarmed
strain of Agrobacterium tumefaciens, LBA4404, carrying a binary vector, pIAbT1 that
harboured a truncated delta-endotoxin gene, crylAb of Bacillus thuringiensis var.
kurstaki HD-1 which has a specific biological activity against lepidopteran insects.
Leaf discs were co-cultured with Agrobacterium and there after cultured on the callus
induction medium containing G418. A total of 92 shoots were regenerated from 1,760
leaf discs on the regeneration medium and the crylAb gene was detected in all the
regenerated plantlets by Southern blot analysis. The accumulation of CrylAb protein
in 20 transformed lines, selected at random, was confirmed by Western blot analysis.
Insect bioassay was conducted using tobacco budworm (Helicoverpa armigera) larvae.
On the lines showing a high expression of CrylAb (more than 32.5 ng per 50 ng of
total soluble protein), a significantly higher feeding inhibition and/or growth
inhibition of the insects was observed, compared to those on the non-transformed
control plants.

4. The chrysanthemum cultivar ‘Shuho-no-chikara’ was transformed using a disarmed
strain of Agrobacterium tumefaciens, EHA101, carrying a binary vector, pIG121mchbt
that harboured a modified delta-endotoxin gene, modified crylAb (mcbt) gene
encoding an insecticidal crystal protein fragment of Bacillus thuringiensis var.
kurstaki HD-1. Leaf discs were co-cultured with Agrobacterium and there after
cultured on the callus induction medium containing G418. A total of 317 shoots were
regenerated from 3,618 leaf discs on the regeneration medium and the mcbt gene was
detected in all the regenerated plantlets by Southern blot analysis. The level of
accumulation of CrylAb ICP by Western blot analysis ranged from 10.5 ng to 80 ng
per 50 pg total soluble protein. Insect bioassay was conducted using tobacco
budworm (Helicoverpa armigera) larvae and all larvae of H. armigera tested was
dead during first instar on the mcbt transformed lines whose expression level were
more than 47.6 ng per 50 ug compare to wild type crylAb transformed lines which
performed a significantly higher feeding inhibition and/or growth inhibition of the
insects was observed, compared to those on the non-transformed control plants.

5. Then we should examine safety assessment of these insect resistant transgenic
chrysanthemums. The morphological assay, transgenic chrysanthemum was similar to
non-transgenic chrysanthemum. And transgene was expressed stably. Allelopathy was

not inducing in transgenic chrysanthemum. The influence to soil bacteria was similar
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to non-transgenic chrysanthemum. The gene propagation was similar to
non-transgenic chrysanthemum. The Agrobacterium was not existed on the transgenic
chrysanthemum. So these data indicate that the influence to other organism of

transgenic chrysanthemum was similar to non-transgenic chrysanthemum.
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