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This report summarizes Bilateral Cooperative Research between Japan Atomic Energy Agency
and Malaysian Nuclear Agency (a representative of the Government of Malaysia) implemented
from 2002 to 2012 under “THE IMPLEMENTING ARRANGEMENT BETWEEN THE
GOVERNMENT OF MALAYSIA AND THE JAPAN ATOMIC ENERGY AGENCY ON THE
RESEARCH COOPERATION IN THE FIELD OF RADIATION PROCESSING”. The research
activities in two Cooperative Research Programs, “Mutation Induction of Orchid Plants by lon
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Appendixes.
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1. Mutation Induction of Orchid Plants by Ion Beams

Affrida ABU HASSAN', Sakinah ARIFFIN', Zaiton AHMAD'", Mohd Nazir BASIRAN',
Yutaka OONO?’, Yoshihiro HASE?, Naoya SHIKAZONO?, Issay NARUMI*® and Atsushi
TANAKA?

' Agrotechnology and Biosciences Division, Malaysian Nuclear Agency (Nuclear Malaysia), Bangi,
43000 Kajang, Malaysia. “Biotechnology and Medical Application Division, Quantum Beam
Science Center, Japan Atomic Energy Agency (JAEA), Takasaki, 370-1292 Japan. ® Present
Address: Faculty of Life Sciences, Toyo University, 1-1-1 Izumino, Itakura, Gunma, 374-0193

Japan.

Summary

Mutation induction using ionizing radiation provides an effective alternative for the improvement
of orchids. lon beams were used because they have much higher linear energy transfer (LET) than
X-rays and gamma rays subsequently cause high mutation frequency and broad mutation spectrum.
The protocorm-like bodies (PLBs) of two orchid species (Dendrobium crumenatum and
Dendrobium mirbellianum) were irradiated with 320 MeV '“C®" ions accelerated by AVF
cyclotron in Takasaki Ion Accelerators for Advanced Radiation Application (TIARA). Dose-
dependent inhibition of regeneration frequency was observed in shoots from irradiated PLBs.
Some morphological changes particularly on flower colour and morphology were observed in
regenerated plants of D. crumenatum. Randomly selected regenerated D. mirbellianum plantlets
from several doses were subjected to in vitro infestation with mites to analyze their resistance
towards several pests. Potential insect resistant orchid mutants were then selected and
subsequently planted in a glasshouse for secondary screenings at flowering stage. A total of 50
potential mite tolerant plantlets were identified at in vitro stage, and, of these, at least one plant

was found tolerant to thrips when secondary screening was carried out at flowering stage (in vivo).

Keywords: Dendrobium, Orchid, Ion Beams, Mutation, Flower Morphology, Insect Resistance,

Flower Colour

*Corresponding authors
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1.1 Introduction

The technology for induction of mutations is a powerful tool for developing better varieties of
food and industrial crops. Gamma irradiation and chemical mutagenesis are general methods for
mutation induction and has been applied for plant breeding in many countries in the world.
Whereas, establishing a new method has been expected to enhance more genetic diversity in
available plant resources. Studies in JAEA have suggested that ion beams are characteristic of
high relative biological effectiveness for survival and other endpoints, cause high mutation

D23 Mutation induction in

frequency, and are useful to isolate novel mutants in Arabidopsis
chrysanthemums and carnations using ionizing radiation has also shown its reliability for the
production of a wide range of variations with attractive combinations of spray length, bud
number, flower color and form”. The successful results in chrysanthemums and carnations
prompt us to apply ion beams to other plant species to generate novel varieties that have never
been obtained by previously available methods. In this study, possibility of the application of ion
beams to produce novel orchid varieties is investigated under the cooperative research program
between Nuclear Malaysia and JAEA.

Orchid industry is part of the global floriculture commerce valued at USD 9 billion. In spite of its
small share of fresh flower market, the orchid industry in Malaysia is developing into a very
viable and lucrative commercial enterprise. Orchid growing in Malaysia is a multi-million ringgit
industry, most notably in the cut-flower trade®. The value of Malaysia annual export and local
markets is about RM (Malaysian Ringgit) 40 million and RM 20 million, both on flowers as well
as plants”. Approximately 24.3 million stalks of orchid cut-flowers were produced in year 2000
with Dendrobium topping the list at 13.1 million stalks. Its growth is expected to escalate since
the Malaysian government has given top priority to agriculture and export-oriented high-value
products like orchids.

A major issue faced by the orchid industry in Malaysia is associated with the lack of varieties. In
order to keep up with the ever-changing tastes of consumers, there is an urgent need to create
new and better varieties of orchids to sustain the floriculture industry. The use of conventional
breeding methods to create variation in orchids is restricted by sexual incompatibility, sterility
problems and long breeding time. Gamma irradiation has been successful in creating many
Dendrobium ‘Sonia’ mutant varieties. In Dendrobium Ekapol and Dendrobium Sonia for
examples, irradiation resulted in changes of flower pigmentation and size®”. More variations
with attractive combinations of spray length, bud number, flower color and form are required to
create commercially valuable varieties. Considering successful results in Arabidopsis,
chrysanthemums, and carnations, ion beams are expected as tools to produce orchids with
improved characteristic such as attractive flower colour and morphology, longer shelf life, and

good flowering habit.
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Insect infestation is another major problem for orchid industry and has caused a lot of losses to
growers, as well as exporters due to strict quarantine regulations. There were cases when the
whole orchid consignment had to be shipped back to the exporting countries due to the presence
of insect pests. The common insects attacking orchids in Malaysia are thrips and mites, and as
for mites, the most common is Tenuipalpus pacificus (false spider mite). This pest is found in the
lower surface of leaves and sucks the sap of the leaf. The infested leaves become pale yellow
with numerous small spots, which subsequently caused the infected leaves to fall and reduced the
overall quality of the plantlo). Orchid insect pests can be controlled by spraying with insecticides
and miticides such as dicofol (Kelthane), hexakis (Orthonex III), and abamectin (Avid)
(http://www.orchidplantcare.info/archives/orchid-plant-insects-overview). This practice,
however, may lead to heavy use of chemicals. Studies have been conducted for post-harvest
disinfestations of cut flower using irradiation. However, the post-harvest irradiation treatment
has shown detrimental effect on the quality of the cut flowers. The strategy that can be adopted
to overcome the problem is to breed for insect resistance in orchids. Insect resistant orchid
hybrid may minimize the use of chemicals and overcome the strict quarantine requirements of
importing countries. Mutagenesis is considered as an alternative approach to induce resistance as
hybridization is limited by the unavailability of a resistant genotype and problem of sexual
compatibility. Insect resistance has been successfully induced by using mutagenesis approach in

D12 Mutation induction by irradiation has

varieties of plants such as mung bean and rice
effectively changed certain characteristics of these plants to be ‘unattractive’ to insects.
Therefore, this sub-project, which was partially supported by FNCA (Forum for Nuclear
Cooperation in Asia), was carried out with an aim to generate mite resistant mutant plants from a
local orchid variety, Dendrobium mirbellianum. Preliminary evaluations for mite resistance were

carried out on orchid tissue culture plantlets using an in vitro screening method to pre-select

potential mutants and subsequent (secondary) screening was done at the flowering stage.
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1.2 Materials and methodology

1.2.1 Study on irradiation condition for mutation induction
Plant materials

Two orchid species used in this project were D. mirbellianum (Figure 1) and Dendrobium
crumenatum (Figure 2). D. mirbellianum is a robust and easy-to-grown spicies which produces
long spray (up to 45 cm) with up to 30 flowers. It has good flowering habit and the flowers can
last for about 4 weeks. D. crumenatum is known as Pigeon orchid and easily cultivated. It grows
rapidly with white fragrant flowers that only last for a day. The flowering of D. crumenatum is
triggered by sudden drop in temperature. The traits of interest in this project were flower colour,
morphology and insect tolerance for D. mirbellianum and flower colour, morphology and
longevity for D. crumenatum.

In vitro cultures of these species were established in Plant Biotechnology Laboratory at
Malaysia Nuclear Agency. Mature seeds of these species were collected from self-pollinated
flowers. The seed capsules were surface-sterilized by dipping them in ethanol followed by short
flaming. They were cut and opened under a sterile condition and the seeds were germinated on
half-strength Murashige and Skoog (% MS) media'” at 25+2 °C with 12-h photoperiod until
protocorm-like bodies (PLBs) were formed. PLBs that were uniform in size with approximately
2 mm in diameter were chosen for ion beam irradiation experiment. Figure 3 shows the state of

PLBs used in the irradiation.

Figure 1. Flowers of D. mirbellianum
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Figure 2. Flowers of D. crumenatum

Figure 3. The state of PLBs used for irradiation. a: D. crumenatum, b: D. mirbellianum.
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Ion beam irradiation

Irradiation was carried out at TIARA, JAEA. PLBs were placed on 6-cm sterile petri dishes
containing %> MS medium and covered with a sterile 8 pm-thick polyimide film (Kapton, Toray,
Japan) (Figure 4). These PLBs were irradiated with 320 MeV '>C° jons accelerated by an
Azimuthally Varying Field (AVF) cyclotron (Figure 5). The irradiated PLBs were brought back
to Nuclear Malaysia for in vivo propagation and screening.

In the preliminary stage of this project, because information on the effective dose for mutation
induction in Dendrobium sp. had not yet been established, doses ranging up to 50 Gy were
applied to the PLBs. It was found from this preliminary experiment that doses higher than 15 Gy

severely inhibited growth. Hence, doses less than 15 Gy were used in the subsequent

experiments.

Figure 4. Kapton film covered petri dishes containing
PLBs, which are ready for irradiation.

Figure 5. Irradiation with 320 MeV '2C®" ions accelerated by the AVF cyclotron at TIARA.
Left: petri dishes containing PLBs are aligned on aluminium plates. Center: aluminium plates
with petri dishes are inserted in the irradiation apparatus. Right: a petri dish is moved to
underneath of ion-beam path automatically and irradiated one by one with a dose programmed in
advance.
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1.2.2 Mutant selection

Propagation of PLB

Propagation and screening of irradiated PLBs were carried out at Malaysian Nuclear Agency.
The irradiated PLBs were transferred onto fresh ¥ MS medium and incubated at 25+2 °C under
12-h photo period for proliferation. Subsequently, the cultures were transferred onto fresh media
every four weeks for multiplication and regeneration. The number of PLB that regenerates
shoots was recorded after 2 months. Plantlets were allowed to proliferate and multiply for several

months before being hardened in a glasshouse.

In vitro mite infestation and selection

To pre-select candidate plantlets tolerant to mites for subsequent insect analysis at flowering
stage, irradiated D. mirbellianum plantlets of about 4 cm in height and with 4 open leaves from
doses of 0.4, 0.8, 1 and 2 Gy, were put in individual vials. Five adult mites (3 females and 2
males) were then put in each individual vials containing the plantlets. Observations on the pattern
of infestation and the multiplication of mites were made every week according to Zhang (2001)"*
on all plantlets. For symptom analysis, each leaf was divided into five regions (Figure 6).
Infestation was detected using a dissecting microscope. Scoring was done for the first 3
consecutive weeks and after 9 weeks, by estimating the area of infestation as shown in Figure 6.
The infestation levels were scored as follow; 1: no infestation, 2: less than 5% infestation, 3: 5—
10% infestation, 4: 10-25% infestation and 5: more than 25% infestation. In cases where the
infestation occurred on different leaves, the areas of infestation were combined to get the total
infestation area. After 3 months of infestation, surviving plants were transferred into small pots
for hardening and left to grow in the greenhouse until flowering. Fertilizers were applied to the
plants for growth, but not pesticides. Secondary screening at the flowering stage by infestation

with the target insects were carried out on these potential mutants.

; ) ]_ 5% infestation
25% infestation %

Figure 6. Illustrated scoring index for mite infestation on orchid leaf
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1.3 Results

1.3.1 Irradiation condition

The size of D. crumenatum PLBs used for irradiation was found to be one of the important
factors that influenced the survival of these PLBs after irradiation. In the initial experiment,
PLBs less than 2 mm in size could not proliferate even in the controls and at lower doses.
Therefore the optimum PLB size selected for subsequent (repeated) irradiations was 2—3 mm.
Another significant factor for obtaining higher survival rates of PLBs after irradiation was pre-
culturing these PLBs on /2 MS media before irradiation for a week to allow them to stabilize
under the culture conditions.

For D. mirbellianum, the size of the PLBs was not a critical factor for survival as its individual

PLB is naturally between 2-3 mm in size when it is established. Figure 7 shows examples of

proliferating D. mirbellianum PLBs two months after irradiation.

Figure 7. Proliferating D. mirbellianum PLBs after two months of irradiation at 2 Gy.

Figures 8 and 9 show the relationship between irradiation doses and percentage of regenerated
shoots in D. mirbellianum and D. crumenatum, respectively, which are recorded at 8" week. In D.
mirbellianum culture, we were able to obtain regenerated shoots from 72% of PLBs of control
non-irradiated population. Effect of ion-beam irradiation was clearly observed as regeneration
frequencies in the population irradiated at doses higher than 2 Gy were gradually reduced.
Irradiation effect was reached to maximum at 6 Gy, where only 8% of PLBs were regenerated.

In D. crumenatum culture, regeneration frequency was 54% in the control population. Similar to
D. mirbellianum, adverse effect of ion-beam irradiation was observed on PLBs irradiated at
doses from 2 Gy onwards. In general, the regeneration frequency was inversely proportional with
irradiation doses. However, unlike D. mirbellianum, regenerated shoots were observed in 34%
and 22% of D. crumenatum PLBs irradiated at doses of 6 and 8 Gy, respectively, suggesting D.

crumenatum was slightly more resistant to radiation than D. mirbellianum.
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Figure 8. The dose response curve of shoot regeneration in D. mirbellianum PLBs irradiated with
ion beams.
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Figure 9. The dose response curve of shoot regeneration in D. crumenatum PLBs irradiated with
ion beams.
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1.3.2 In vitro observation

D. mirbellianum

Mutation effects of carbon ions could be observed at the tissue culture stage on some irradiated
cultures. In D. mirbellianum, plants with chlorophyll mutation (variegated light yellow-green
leaves) were generated from one PLB that was irradiated at 0.4 Gy (Figure 10). These plant
cultures were mass-propagated and left to grow into complete rooted plantlets in order to
increase the chance of survival during hardening process. However, they could not survive the

glasshouse condition and died after two weeks of transfer.

Figure 10. Chlorophyll mutation observed in D. mirbellianum cultures generated from a PLB
irradiated at 0.4 Gy.

D. crumenatum

Leaf morphological variations were also observed in a number of D. crumenatum cultures.
Characteristics of leaf mutants are shown in Figures 11a to 11d, while the control is shown in
Figure 11e. Figures 11a, 11b and 11c show shoot clumps regenerated from PLBs irradiated at 2
Gy, while Figure 11d shows shoot clumps irradiated at 0.2 Gy. In Figure 11a, variations could be
observed in the shape of the leaves, whilst in Figure 11b, in the elongation of shoot stem.
Majority of the cultures irradiated at 2 Gy demonstrated the same leaf pattern as in Figure 11c.
Another radiation effect (slow growth) was observed in a small number of cultures irradiated at
0.2 Gy. The variations were not found in the control populations. Therefore, these could be
considered as potential mutants caused by radiation and not somatic variations caused by tissue

culture effect.

_10_
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Figure 11. Regenerated shoots that show some abnormalities compare to the control (e). Shoots
were regenerated from cultures of D. crumenatum irradiated with 2 Gy (a, b, and c) or 0.2 Gy (d)
of ion beams.

1.3.3 Observation in glasshouse

D. mirbeliannum

In glasshouse, plantlets of D. mirbellianum were found to grow slower than plantlets of D.
crumenatum. During nursery screening, the morphological characters observed were flower
colours and morphology. However, none of the irradiated plants has shown different colour and
morphological characters and were basically maintained the same traits as the controls. Figure 12

shows some pictures of irradiated plants during nursery screening.

Figure 12. Nursery screening of irradiated D. mirbellianum. a: plantlets 1 week after
transplanting, b: 1 year old plants, c: flowering plants, d: close-up of flowering plants.

_11_
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D. crumenatum

The characters observed for D. crumenatum during nursery screening were flower longevity,
colours and morphology. In this study, no extension of blooming period was observed in
irradiated plantlets as compared to the controls, which bloom for only one day. Details on
morphological changes observed in flowering mutant plants are given in Table 1, whilst
variations on the flower shapes and sizes are shown in Figure 13. One of the 6.0-Gy irradiated
plantlets shows an increase in flower width. The flower measures 55 mm across compare to that
of the contol, which was approximately 49 mm.

A plant in 0.2-Gy population exhibited a longer flower stalk which measures 31.2 cm compare

to that of the control which is about 15 cm length. The flower stalk is shown in Figure 14.

Figure 13. Flowers of D. crumenatum regenerated from PLBs irradiated at O (a, control), 0.2 (b),
4 (c), 6 (d), and 8 (e) Gy. The bar indicates 10 mm. Flower width (mm) was 49.0 (a), 44.5 (b),
37.2 (¢), 55.0 (d), and 48.0 (e).

Table 1. Morphological mutation of flowering D. crumenatum plants irradiated with ion beams.

Number of mutants

Number of
Dose flowering Flower morphology lf);zr‘:: %
(Gy) plants* Large Small Long Different Different Dwarf total Mutant
flower flower stalk shape orientation war
0 32 0 0
0.2 7 1 1 2 28.6
0.4 6 0 0
4 19 1 1 53
6 2 1 1 50.0
8 23 1 1 4.4
10 10 2 2 20.0
20 7 7 7 100.0

* including regenerated plants from PLBs irradiated in the preliminary experiments.

712,
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Figure 14. A longer flower stalk observed in a regenerated plant irradiated at 0.2 Gy.

1.3.4 In vitro screening for mite tolerance

Observations on in vitro insect screening experiments showed that after one week of challenge-
infestation with mites, more than 80% of tested D. mirbellianum plants from all doses of
irradiation, including the controls, have already showed very low level of infestation symptoms.
However, plants irradiated at doses above 1 Gy in particular, only showed less than 5%
infestation (Table 2). The severity of the infested leaves was gradually more visible in week 2
and 3, especially on those irradiated at doses below 0.8 Gy in which larger areas of the plant

leaves were affected (Tables 3 and 4).

Table 2. Infestation scale on irradiated plantlets after 1 week of infestation with mites.

Number of plantlets at different infestation scale*

Number
Dose of (Percentage, %)
(Gy)

plants 1 2 3 4 5
0 52 43 (82.7) 4(7.7) 5(9.6) 0 0
0.4 50 44 (88.0) 5(10.0) 1(2.0) 0 0
0.8 57 51(89.5) 4(7.0) 2(3.5) 0 0
1 26 26 (100) 0 0 0 0
2 10 9 (90.0) 1(10.0) 0 0 0

*The infestation scales were scored as follow;
1 : no infestation, 2 : < 5% infested leaves, 3 : 5-10% infested leaves,
4 : 10-25% infested leaves, 5 : > 25% infested leaves
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Table 3. Infestation scale on irradiated plantlets after 2 weeks of infestation with mites.

Number of plantlets at different infestation scale*

Dose  Number (Percentage, %)
(Gy) of plants 1 ) 3 4 5
0 52 33 (63.5) 6 (11.5) 7 (13.5) 5(9.6) 1(1.9)
0.4 50 38 (76.0) 1(2.0) 7 (14.0) 4 (8.0) 0
0.8 57 47 (82.5) 3(5.3) 2(3.5) 5(8.3) 0
1 26 21 (80.8) 4 (15.4) 1(3.9) 0 0
2 10 7 (70.0) 2 (20.0) 1 (10.0) 0 0

*The infestation scales were scored as in Table 2.

Table 4. Infestation scale on irradiated plantlets after 3 weeks of infestation with mites

Number of plantlets at different infestation scale*

Dose Number (Percentage, %)
(Gy) of plants 1 ) 3 4 5
0 52 33 (63.5) 4 (1.7 5(9.6) 8(15.9) 239
0.4 50 37 (74.0) 2 (4.0) 3(6.0) 3(6.0) 5(10.0)
0.8 57 45 (79.0) 3(5.3) 3(5.3) 4(7.0) 2(3.5)
1 26 21 (80.8) 0 4 (15.4) 1(3.9) 0
2 10 7 (70.0) 1 (10.0) 2 (20.0) 0 0

* The infestation scales were scored as in Table 2.

The severity of infestation on the infected D. mirbellianum plantlets was monitored for 9 weeks,

or until a complete life cycle of mites (Table 5). At this stage, all (100%) non-irradiated plants

tested have showed infestation symptom on their leaves. Some of these control plantlets were also

severely damaged and died. Irradiated plantlets did also exhibit infestation symptoms at various

scales, ranging from very mild to heavily infested, but there were also plantlets that showed no

sign of infestation and completely healthy. The percentages of non-infected plantlets were

gradually increased with the increase in treated irradiation doses. The percentages of healthy

plantlets after 9 weeks were 0%, 34%, 24.6%, 50%, and 60% for those irradiated at 0, 0.4, 0.8, 1,

and 2 Gy, respectively. Figure 15 shows tested seedlings in individual vials as well as examples of

healthy and infested ones.
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Table 5. Infestation scale on irradiated plantlets after 9 weeks of infestation with mites.

Number Number of plantlets at different infestation scale*
Dose of (Percentage, %)
(Gy)
plants 1 2 3 4 5
0 52 0 (0) 0 (0) 0(0) 9(17.3) 43 (82.7)
0.4 50 17 (34.0) 5(10.0) 2(4.0) 1(2.0) 25 (50.0)
0.8 57 14 (24.6) 2(3.5) 1(1.8) 6 (10.5) 34 (59.7)
1 26 13 (50.0) 2(7.7) 2(7.7) 2(7.7) 7(26.9)
2 10 6 (60.0) 1(10.0) 1(10.0) 1(10.0) 1(10.0)

* The infestation scales were scored as in Table 2.

Figure 15. In vitro insect screening experiment. a: Plantlets in individual vials; b: A healthy
plantlet; c: A mite-infested plantlet

After 3 months of infestation, healthy, non-infected and surviving plants were transferred into

small pots for hardening. Subsequently they were allowed to grow under shade in the

greenhouse. The plants were regularly sprayed with fertilizers for growth but were not sprayed

with any pesticides. Ultimately, 50 potential D. mirbellianum mutants from ion-beam irradiated

population have been successfully grown and survived in the glasshouse. Of these, 11 plants are

from 0.4 Gy, 31 from 0.8 Gy, and 8 from 1.0 Gy. These plants were subsequently screened for

insect tolerance at flowering stage.
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1.3.5 Glasshouse screening for insect tolerance
In nature, expressions of disease or infestation symptoms in plants are influenced by a
combination of factors such as susceptibility of the host, infective pathogen and favourable

. .. 15
environmental conditions'”.

Therefore, these potential mutant plants will subsequently be
screened at flowering stage by challenge-infestation with the target mite, to confirm the stability
of the trait in natural growing conditions.

Mites and thrips are the main orchid pests in Malaysia. Mites are commonly found in the lower
surface of leaves and suck the sap of the leaf. The leaves become pale yellow with numerous
small spots, which reduce the quality of the leaves. Thrips normally infest young flower buds and
newly expanded leaves. Blooms of infested plants may become prematurely brown, whilst the
infested petals may either become spotted, streaked, silvery or discolored. Symptoms on leaves

include chlorotic spots, wilting, and eventually dropping. Plant growth can also be stunted, and

in a severe infestation case, the whole plant will die'®. Common symptoms of mite and thrips

infestation on orchids are as Figure 16.

Figure 16. A target insect and its infestation symptoms on orchid plants; mites (top), thrips
(bottom).
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Figure 17. D. mirbellianum mutant tolerant to both mites and thrips. Left: a control flower
susceptible to thrips (a) and a mutant flower tolerant to insect infestation (b). Right: propagated
mutant plants for field screening.

Based on the in vivo thrips screening at plant flowering stage, one potential mite tolerant plant
was also found tolerant to thrips (Figure 17). All potential mite tolerant mutants selected at in
vitro stage as well as the mite/thrips tolerant mutant selected at glasshouse stage were
subsequently being propagated in the nursery, to achieve large number of clones. Several
representatives of these mutants are now being tested at a commercial orchid nursery to observe

their growth performance as well as tolerance to insects in actual conditions.
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1.4 Conclusions and future plan

Inhibitory effect of ion-beam irradiation on shoot regeneration was observed on both D.
crumenatum and D. mirbellianum PLBs irradiated at doses of 2 Gy and above. Several potential
D. crumenatum mutants with different flower morphology/size and D. mirbellianum mutant
tolerant to both mites and thrips were successfully generated. However, genetic inheritability of
these mutations needs to be confirmed in the next few generations. At present, a large number of
the irradiated plant population has not yet been completely examined. More data are also needed
to confirm the relationship among irradiation dose, regeneration frequency, and mutation effects.
Multiplication and propagation work for mutants is still continued at a glasshouse in Nuclear
Malaysia with the aim to commercialize the mutants. At present, Nuclear Malaysia has signed a
Non-Disclosure Agreement and Collaborative Agreement with a private collaborator (Hexagon
Green Sdn Bhd) for a project on “Pre-commercialization of Mutant Orchids for Cut Flower
Industry” which was financed by Ministry of Agriculture and Agro-Based Industry, Malaysia.
The project will cover selected orchid mutants developed by Nuclear Malaysia, including our
potential insect tolerant mutants. Finally, this 5-year bilateral project between JAEA and Nuclear
Malaysia not only played a successful role on development of potential mutants of orchids but
also contributed to accumulation of knowledge of ion beam mutagenesis techniques for orchid
plants and other supportive work for international collaboration. The collaboration between
JAEA and Nuclear Malaysia was renewed on December 2007 and continued as a new
Cooperative Research Program on “Generating New Ornamental Plant Varieties using lon
Beams”. In this new project, in addition to orchids, the possibility on the application of ion
beams to improve chrysanthemum, one of the major cut flowers in Malaysia and internationally,
is being explored. Through this new program, it is hoped that the technology for the production
of new mutant varieties of chrysanthemum will be established. Besides generating new varieties
of orchid and chrysanthemum, the efficiency of ion-beam and gamma-ray irradiations to induce
mutation on chrysanthemums is being compared. The series of the programs is expected to
facilitate the development and advancement of ion-beam technology for ornamental plant

breeding specifically in orchids and chrysanthemums.
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2.  Generating New Ornamental Plant Varieties Using Ion Beams

Zaiton AHMAD'*, Affrida ABU HASSAN', Shakinah SALLEH', Nurul Hidayah MAHMUD',
Yutaka OONO?*, Yoshihiro HASE®, Shigeki NOZAWA?®, Ryouhei YOSHIHARA®>’, Issay
NARUMI** and Atsushi TANAKA?

' Agrotechnology and Biosciences Division, Malaysian Nuclear Agency (Nuclear Malaysia), Bangi,
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Science Center, Japan Atomic Energy Agency (JAEA), 1233 Watanuki, Takasaki, 370-1292 Japan.
*Present Address: Graduate School of Science and Engineering, Saitama University, Saitama, 338-

8570 Japan. *Present Address: Faculty of Life Sciences, Toyo University, Itakura, 374-0193 Japan.

Summary

Chrysanthemum is one of the most important ornamentals for both local and international
market. One of the main problems for chrysanthemum in Malaysia is the lack of new varieties to
meet the ever-changing customer demands. For this purpose, mutagenesis of chrysanthemum was
carried out using a combination of ion-beam irradiation and in vitro organ cultures to produce new
cultivars with novel traits and wider mutation spectrum. Ray floret and nodal cultures of
chrysanthemum were irradiated at various doses with 320 MeV '>C®" jon beams. Eight mutants
were selected based on their uniqueness and/or suitability for cut flower production. Among them,
TIARA Red, Golden Eye, and Yellow Sun generated from Regan Red variety, and Majestic Pink
from Pink variety have been filed for Plant Variety Protection (PVP) with Department of
Agriculture (DOA) Malaysia.

KEYWORDS: Chrysanthemum morifolium, Reagan Red, Pink, Ion Beams, Mutation,
Mutant, Flower Morphology, Flower Colour

*Corresponding authors
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2.1 Introduction

2.1.1 Chrysanthemum - Nomenclature, taxonomy and characteristics

Chrysanthemum (Figure 1) is a dicotyledonous plant in the genus of Chrysanthemum L. It
belongs to Asteraceae or Compositae family based on its flower characteristics. All plants in this
genus are annuals or perennial herbs. Botanically this plant is currently known as Dendranthema
grandiflora Tzvelev but was previously known as Chrysanthemum morifolium Ramat".
Dendranthema grandiflora is the most popular commercially grown species for ornamentals either
as cut flower, potted plant or garden plant. This species is an allohexaploid (2n = 6x = 54) and has

a single daisy flower type with colour of white, pink, lavender and yellow.

Figure 1. Some of chrysanthemum varieties with different flower colours and morphology.

2.1.2 Overview of chrysanthemum production in Malaysia

Chrysanthemum has been grown in Malaysia since 1970’s, initially as a hobby. In mid-Eighties,
the growers started to grow the plant commercially and since then, it has become major cut
flowers besides orchids, roses and carnations. Japan is the main importer of Malaysian
chrysanthemum. The main area for growing temperate cut flowers in Malaysia is Cameron
Highlands, Pahang. Other areas include Gua Musang, Kelantan, and Kundasang, Sabah”.
Floriculture industry in Malaysia has grown convincingly from only 773 ha of planting areas in
1984” to approximately 2213 ha in 2011%. This scenario occurs due to good market, lucrative

returns, government support and campaigns”. According to data released by Statistics Unit,
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Department of Agriculture‘”, Malaysian floriculture export was valued at RM 354 million in 2011,
and is expected to increase to approximately RM 857 million in 2020.

Most of the chrysanthemum cultivars cultivated in Malaysia are produced under rain shelters
with controlled photoperiod. Since Malaysia has abundant rainfall (=3,000 mm) annually, rain
shelters are beneficial to prevent the plant and flower from being injured by heavy rainfall.
Controlled photoperiods by using artificial lights are common practices for chrysanthemum
production in tropical region including Malaysia as this region has almost equal day and night
length (12 hours) throughout the year. Being a short day plant, the plant may flower pre-maturely
in tropical region, if they are grown without any artificial light interruption. Night interruptions are
started soon after planting and at least 4 hours is needed every day for 3 to 5 weeks or until the
plant height is about 30 cm®.

Since chrysanthemums are grown mainly for cut flower in Malaysia, the growers prefer to use
non-bushy type either the spray or disbudded type. Some of the commercial varieties of
chrysanthemum in Malaysia are ‘Anastasia’ (green, lilac, pink and white), ‘Biarritz’ (pink, purple
and yellow), ‘Chopin white’, ‘Deliflame orange’, ‘Delilah’ (pink, yellow and white), ‘Dinar pink’,
‘Reagan’ (purple and sunny), ‘Ping pong’ (white and yellow), ‘Monalisa’ (dark pink, pink, rossy,
white and yellow), ‘Recyber’ (pink, white and yellow), ‘Vesuvio’ (white and yellow), ‘Sei Trinity’

(orange and peach), and ‘Remix red’”.

2.1.3 Issues and problem of chrysanthemum industry in Malaysia

The main problems faced by chrysanthemum growers in Malaysia at the moment are two folds:
high royalty cost for foreign mother plants and the lack of new local-owned varieties. Since the
earlier planting days the growers at Cameron Highlands get the supply of planting materials
(rooted or unrooted cuttings) from two foreign companies. These companies import mother plants
from overseas, produce the cuttings locally and sell to local growers. As such, the growers have to
pay high royalty cost for using the foreign mother plants which was calculated based on the
number of cutting produced. Overall, these growers then have to pay between RM 0.09 to RM
0.13 per cutting as royalties. In 2005, approximately RM 8.3 to RM 12 million of royalties was
paid to the foreign companies (Utusan Malaysia, 15 January 2007).

Besides, it is estimated that a total of 300 million chrysanthemum cuttings are required annually
by growers in the Cameron Highlands and the both companies can only produce between 10-13%
of the local needs”. Insufficient seedling cuttings may affect the development of floriculture
industry in Malaysia. In order to overcome the insufficient supply, some of the growers have taken
the initiative to do the conventional cutting. Somehow, this practice may lead to the tendency to
generate or multiply virus infected seedling. At the moment, the application of biotechnology or
specifically in vitro propagation technique is a good alternative for a large-scale production and

also a proven technique for propagation of virus free clones® *.
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The development of local owned varieties could greatly help growers in which they do not have
to heavily rely on imported cultivars as the mother plants in the production of cut flowers and
potted plant for export and local market. If locally developed cultivars are made available, this
would also reduce the amount of royalties, thus increasing grower incomes and reducing their
overall planting expenditure costs and export royalties. Subsequently, this may also help the

national revenue from floriculture industry in general.

2.1.4 Mutation induction of chrysanthemum

In chrysanthemum production, there is a continuous demand for new cultivars with variations in
flower colour and shape coupled with other good traits such as flower uniformity, storability,
response time, firmness of the stalk, growth vigour, leaf quality, and suitability for year-round
production. To fulfill the demand in relatively short period of time, inducing mutation by using
physical mutagen such as X-rays, gamma rays, or ion beams in combination with in vitro
propagation is a very promising technique'”.

Previous studies showed that chrysanthemum is one of the most successful examples in mutation
breeding work among the vegetatively propagated ornamentals. At present, among more than
2570 officially released mutant varieties worldwide, 625 are ornamental plants and of these, 267
varieties are the chrysanthemum species (http://www-mvd.iaea.org). One hundred forty-seven
chrysanthemum species mutant varieties were derived from gamma irradiation, 106 from X-ray,
six from chronic gamma-ray, and two from ion-beam irradiation. Among the physical mutagens,
gamma rays have been commonly used effectively for mutation induction, followed by X-rays and

ion beams.

2.1.5 Ton-beam irradiation of chrysanthemum

Ion beams have much higher linear energy transfer (LET) and relative biological effectiveness
(RBE) than gamma rays or X-rays'" '>* '¥. Jon beams also have a potential to focus the high
energy on a target site; as a consequence, ion beams can induce a high level of mutagenic effect'?.
In contrast to radiation with low LET, ion beams produce more DNA damage and double-strand
breaks' or large DNA alterations such as inversions, translocations, and large deletions rather
than point mutations'®. According to Tanaka'”, half of the Arabidopsis mutants showed small
mutations such as base changes and small deletions involving a few bases; the other half showed
large DNA alterations such inversions, translocations and deletions. These results indicated that
ion beam irradiations have broad spectrum and high frequency of mutations.

Study by Yamaguchi et al.'"® showed that the numbers of chrysanthemum plant with reduced
nuclear DNA content after irradiation were increased with increasing irradiation doses of 320
MeV carbon ions, 100 MeV helium ions, and gamma rays. In contrast, the nuclear DNA did not
decrease with 220 MeV carbon ions, even when the doses were increased. They also found

irradiation treatment with 220 and 320 MeV carbon ions and gamma rays showed a similar effect
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on mutation induction, while the effect of 100 MeV helium ions was not as great. Thus, the effects
of irradiation treatment on mutation induction and nuclear DNA content differed according to the
type of ion beams. 220 MeV carbon ion beams seem to be the most appropriate among the three
types of ion beams because 220 MeV carbon ion beams give a high mutation frequency with low

damage of chromosomes.

) 3)

Various ornamental mutant plants such as dahlia19), carnationzo, rose’ 22), Osteospermum2 ,
cyclamen”, Delphinium®, orchid®®, Dianthus™”, and chrysanthemum® have been successfully
induced by ion beam irradiation. According to Nagatomi ez al.*”, specific flower colour mutants
of chrysanthemum that could not be obtained by gamma-ray irradiation could be generated by ion
beam irradiation such as new mutant varieties with different flower colour’” and mutants with less
laterals buds’".

In terms of flower colour mutation rates, Nagatomi ef al.’” found that the rates in plants
regenerated from chrysanthemum floral petals were higher than those regenerated from leaves in
both ion beams and gamma rays. Most of the mutants irradiated by gamma rays showed a single
flower colour, whereas those by the ion beams exhibited complex and stripe types of flower colour.
Further study by Nagatomi et al* on different sources of ion-beam (‘He*", ’C>" and **Ne®")
irradiation showed a higher mutation rate and broader flower colour spectrum were induced from

12~5+
C

chrysanthemum floral petals than leaves using *He®" and , but no difference in the explants

o1 2007 8+
was observed with “"Ne"".

2.1.6 Plant new variety protection in Malaysia

Malaysian government has also started to enforce the Protection of New Plant Varieties
Regulation in 2008 under Protection of New Plant Varieties (PNPV) Act 2004 and the
responsibility in implementing the PNPV Act 2004 has been entrusted to DOA, Malaysia. The
objective of the Act is to provide for the protection of the rights of breeders of new plant varieties,
and the recognition and protection of contribution made by farmers, local communities, and
indigenous people towards the creation of new plant varieties; to encourage investment and
development of the breeding of new plant varieties in both public and private sectors; and to
provide for related matters. With the PVP legislation, Malaysian growers are in a better position to
have access to new and improved varieties for commercial growing especially for temperate
flower such as chrysanthemum. At present, 39 new varieties from various species have been
registered under this act, and of these, 8 varieties are chrysanthemums

(http://pvpbkkt.doa.gov.my).

2.1.7 Objectives of the project
The ultimate aim of this project was to produce new varieties of chrysanthemum through ion
beam technologies in combination with in vitro culture techniques. Apart from producing new

varieties, several other aspects of ion beam irradiation on chrysanthemum have also been studied
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such radio-sensitivity and the effectiveness of ion beam irradiation in generating mutations in
selected chrysanthemum varieties. The data obtained from this research would be very beneficial
for further mutation breeding work on other chrysanthemum varieties or any similar plants.

Specifically the objectives of the project were;

1) To optimise protocols for ion beam irradiation in chrysanthemum varieties

2) To study the effects of ion beam on morphological, flowering and growth characteristics
of chrysanthemum mutants

3) To produce new varieties of chrysanthemum with improved characteristics such as new
flower colour, forms, flowering habit, and/or suitability for cut flowers or other specific

uses.
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2.2 Materials and methodology

2.2.1 Plant materials

Chrysanthemum morifolium cv. ‘Lameet’ (Figure 2a) was the first selected variety for this
project and its leaf and petal cultures were irradiated in 2007. However, we failed to generate any
mutant mainly due to the difficulty in shoot regeneration after irradiation. Therefore,
Chrysanthemum morifolium cv. ‘Reagan Red’ (Figure 2b) was subsequently selected and this
variety was by far the most extensively studied throughout this five-year project. Our counterpart,
the Malaysian Agricultural Research and Development Institute (MARDI) also suggested this
variety as it is an old variety and free from royalty. The plants had red flowers with a yellow-green
centre disk. The flowers are daisy-like with one or two layer ray florets and only ray florets are
used as explants in this study. This spray type cultivar is suitable for cut flower production but it
also can be grown as potted plants. Other varieties studied at the later stage of the project were the
‘Pink’ and ‘Purple’ varieties (Figure 2c¢ and 2d). The purple variety did not perform well in our
study and hence was not pursued. The pink variety has shown some impressive results and is
discussed separately (from Reagan Red) towards the end of this report. All potted chrysanthemum

plants were obtained from a local nursery in Sungai Buloh, Selangor and were maintained in the

hardening room at 27 to 30 °C before use.

Figure 2. Chrysanthemum morifolium cv. ‘Lameet’ (a), ‘Reagan Red’ (b), ‘Pink’ (c) and ‘Purple’
(d) used in this project.
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2.2.2 Surface sterilization

In this study, fresh and fully opened flowers were collected and used as explants. The explants
were washed under running tap water to remove all dust and dirt. Then the explants were
immersed in 1 ml/L dish detergent (Teepol) for 1 hour. After that the explants were rinsed three
times with reverse osmosis (RO) water. Then the explants were immersed in 1% benomyl solution
for 1 hour and followed by rinsing three times with RO water.

Subsequent procedures were carried out in a laminar air flow cabinet, using sterilized glassware
and apparatus. The pre-sterilized explants were immersed in 70% ethanol for 1 minute with
occasionally shaking, followed by rinsing three times with RO water. The explants were then
again immersed in 0.26% sodium hypochlorite supplemented with a few drops of Tween-20 for 30
minutes and occasionally shaking. Finally, the flowers were rinsed three times with RO water

before being placed on sterile filter papers to blot dry excess water.

2.2.3 Medium preparation

Murashige and Skoog medium® (MS Medium) was used as a basal medium. The media used in
this study have been previously optimized containing a-naphthaleneacetic acid (NAA) and 6-
benzylaminopurine (BAP)*”. The pH of media was adjusted to 5.7 by acid (HCI) or alkali
(NaOH) prior to addition of 30 g/L sucrose and 2.7 g/L agar (Gelrite). The mixtures were then
autoclaved at 121 °C at 103 kPa for 15 minutes. The media (30 mL) were then poured into 9-cm’

petri dish. The prepared media were stored in the culture room and used within 3-4 weeks.

2.2.4 Initiation of cultures
Ray florets
Ray florets were the primary choice of starting materials for irradiation as according to Nagatomi

et al.”

, the induced frequencies of flower color and the multicolor mutation is generally increased
several fold by culturing petals or ray florets as compared to other explants types. In these
experiments, the ray florets were detached from the flowers (Figure 3a) and cut into two sections
(Figure 3b). Only the lower parts of the floret (Figure 3c) were used in the study. The florets were
placed horizontally on medium with the abaxial surface facing the optimized callus induction
medium, MS supplemented with 0.5 mg/L NAA and 0.5 mg/L BAP. Cultures were incubated at
25 +2 °C in 16-hour day length provided by cool white fluorescent light. After 10 days of culture,

the ray florets were irradiated with ion beams.
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Figure 3. Preparation of florets for callus and shoot induction (a) florets were detached from the
flowers, (b) ray florets were cut into two sections, (c) lowers parts of ray floret were placed on the
media with the abaxial surface touching the media.

Nodals

For the nodal explants preparation; the shoots derived from ray florets cultures were cut into
single node (between 0.5- and 1-cm long). Terminal shoot and all leaves were removed. The nodes
were then cultured onto petri dishes containing half strength of MS medium without any growth

regulators (Figure 4). After 4 days of culture, the nodes were irradiated with ion beams.

Figure 4. Preparation of nodal explants for irradiation. in vitro shoot as the source of nodal
explants (a), single node was cut into ~0.5- to 1-cm long (b), close-up view of single node explant

(©).

2.2.5 Ion-beam irradiation

Ion-beam irradiation was performed at JAEA, Takasaki, Japan. Details of doses used in each
irradiation experiment are shown in Appendix 2 and Table 2. Ray floret and nodal explants were
placed on 6-cm sterile petri dishes containing their respective medium and covered with a sterile 8
pum-thick polyimide film (Kapton, Toray, Japan). The carbon-12 (*C") ion beams with the total
energy of 320 MeV were generated by an azimuthally varying field (AVF) cyclotron in the
Takasaki Ton Accelerators for Advanced Radiation Application (TIARA). Twelve doses of ion
beams at 0, 0.5, 0.8, 1, 2, 3, 5, 8, 10, 15, 20, and 30 Gy were used in the study. Figure 5 shows

some of the processes during irradiation.
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Figure 5. Some of the processes during ion-beam irradiation. Petri dish containing samples
covered with Kapton film (a), samples were arranged according to dose treatments (b), samples
were loaded into the irradiation apparatus (c), Full view of the irradiation apparatus connected
with a beam line from AVF cyclotron (d).

2.2.6 Subculturing and data collection

Following ion-beam irradiations, the ray floret explants were transferred onto fresh media with
the same formulation. Sub-culturing was carried out at two weeks interval for shoot regeneration.
Data on the percentage of lethal dose and percentage of regeneration dose were observed after 8
weeks of irradiation.

The nodal explants were cultured individually into culture bottle containing 15 ml of half
strength MS medium. The plants generated were sub-cultured monthly from M1V1 (mutation one,
vegetative stage one) generation to M1V4 (mutation one, vegetative stage four) generation. Data
on percentage of lethal dose and percentage of regeneration dose were recorded at 5 weeks after

irradiation.
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2.2.7 Experimental design and analysis

The radiosensitivity test for ray floret explants was conducted in a Randomized Complete Block
Design (RCBD) with 5 replications for both irradiations. Each petri dish contained 10 explants
and was considered as a replication. Fifty explants were used for each dose. Radiosensitivity test
of nodal explants to ion beam, each dose of irradiation was replicated 20 times. Each node was
considered as one replication.

Data on lethal dose and regeneration dose was determined by measuring in vitro survival and
shoots regeneration for both chrysanthemums explants. The percentage of survival explants was
calculated based on number of survival explants from the total number of explants as the

following:

% of survival explants =

(Number of survival explants) / (Total number of irradiated explants) x 100

The percentage of regeneration explants was measured based on number of explants regenerated

into shoot from the total number of explants, as below:

% of shoot regenerated =

(Number of regenerated explants) / (Total number of irradiated explants) x 100

2.2.8 Rooting, hardening, and transplanting

Regenerated plantlets derived from irradiated ray florets and nodal explants were used as
planting materials. Healthy unrooted plantlets were selected and transplanted in square plastics
containers containing soaked LECA (Lightweight expanded clay aggregate) and perlite in ratio 1:2.
Lid of the container was closed in order to maintain the moisture for rooting and hardening the
plantlets. The containers were placed in hardening room and the room temperature was controlled
between 27 to 30 °C for 3 weeks under 16-hour photoperiod (12 hours of cool white and 4 hours
of warm light)*>. This light regime was practiced to promote vegetative growth and to prevent the
plants from producing flower buds immaturely.

After rooting, the plantlets were transferred to MARDI Cameron Highland and sown individually
in 15-cm pots containing top soil, compost, and perlite with the ratio of 1:1:2. The pots were
placed in greenhouses at average temperature between 15 (night) to 25 °C (day) for subsequent
screening process. Cultural practices such as watering, fertilizing, and controlling pest and
diseases followed the standard procedures for chrysanthemum pot plants production, established
by MARDI®. The screening study was conducted in a Randomized Complete Block Design
(RCBD) with 12 replications for both irradiation types. Statistical Analysis System (SAS, version
9.2) software (SAS Institute, USA) was used to carry out the analysis of variance (ANOVA) and

,37,



JAEA-Review 2015-037

Duncan’s New Multiple Range Test (DNMRT) was used for comparison among treatment means

atp <0.05°7.

2.2.9 Screening of irradiated population

The main objective of screening the irradiated population was to identify potential mutants of
chrysanthemum with unique morphological features for further stability tests. In addition to that,
screenings were also carried out to evaluate the effects of individual doses of ion-beam
irradiations on morphological and flowering characteristics of the irradiated plants. During this
process, overall performance of regenerated plants derived from in vitro nodals and ray florets

irradiated with ion beams were recorded. Morphological traits observed during screenings were;

1) Plant morphology (plant height, number of leaves, internodes length, and number of
vegetative branches)

2) Flowering characteristic (days to bud break, numbers of flower buds, flower diameter,
flower colour, and flower shape)

3) Leaf characteristic (blade length, shape, and leaf colour)

Leaf and flower colour are determined by the colour or the nearest possible colour according to

The Royal Horticultural Society London (RHS) colour chart.

,38,



JAEA-Review 2015-037

2.3 Experiments on Chrysanthemum cv. Reagan Red

2.3.1 Radiosensitivity of ray floret explants

The survival rate of ray floret cultures was recorded at 8 weeks after irradiation. As expected, it
was found in these studies that survival rates decreased as the doses increased. Green calli and
shoot formation only occurred on ray florets irradiated with considerably lower doses of ion
beams (0, 0.5, 1, 2, 3, 5, and 8 Gy). Explants that failed to survive turned completely brown
without any shoots. At higher doses above 8 Gy, callus formation was observed but these calli
failed to develop further into complete shoots.

The graph as shown on Figure 6 was plotted to determine lethal and optimum regeneration doses
for ion beam irradiations. From this graph, it was observed that the 50% lethal dose (LDsp) of ray
florets explants irradiated with ion beams occurred at 15.5 Gy and 20% lethal dose (LD,,) was at
11.5 Gy. However, not all the survived explants were able to generate shoots even for non-
irradiated explants. Generally, throughout this project, the percentage of non-irradiated explants
of Reagan Red variety to successfully generate shoots was in the range of 60 to 80%. However, in
this specific experiment, approximately 60% of control ray floret explants were able to regenerate
further into shoots. For the irradiated cultures, the percentage was decreased with the increase in
irradiation doses. The result obtained from this irradiation experiment was similar to those
reported by Okamura et al.*”, who found that shoot regeneration frequency of carnation variety
‘Vital” from leaf segments decreased with the increased in irradiation doses. From the plotted
graph, 50% of shoots regeneration dose (SRDsy) was approximately fall at 2.8 Gy whilst 80% of
shoots regeneration dose (SRDgy) was around 1.2 Gy. The terms SRDsy and SRDg in this context
refer to the dose that reduced shoot regeneration rate from irradiated explants to 50% and 80%,
respectively.

The dose for mutation induction of Chrysanthemum morifolium cv. ‘Reagan Red’ was chosen
based on the SRDsy, on which 5/6 relative regeneration rate of unirradiated control was observed,
since the main objective of this mutagenesis work was to obtain irradiated shoots for further

mutation screening. Therefore, the recommended dose for mutation induction of this cultivar

using ion beams was in the range of 1-3 Gy.
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Figure 6. Survival (blue) or shoot regeneration (red) rate (%) of ray florets explants treated with

different doses of ion beams at 8 weeks of culture.

Figure 7 shows pictures of irradiated ray florets at different doses at week 8 post-irradiation.
Generally, increasing the dosage of ionizing radiation negatively affect callus growth and plant
regeneration. This is because of ionizing radiations interact with atom or molecules and produce
free radicals such as reactive oxygen species (ROS) in cells. ROS are constantly produced in cells,

but when their concentrations are increased by ionizing radiation, they can lead to cell damages

and lethality®®. Besides, free radicals can also damage or modify important components of plant

cells and have been reported to affect the morphology, anatomy, biochemistry and physiology of
plants especially at higher doses®”.
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Figure 7. The response of ray floret explants to different doses of ion-beam irradiation after 8
weeks of cultures. Green tissues showed calli developing into adventitious shoots.
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2.3.2 Radiosensitivity of nodal explants

Besides ray florets, sensitivity of nodal cultures to ion-beam irradiation was also evaluated. In
this study, nodal explants were able to survive at doses from 0 to 10 Gy after 5 weeks of ion-beam
irradiation, but shoot regeneration was only occurred at doses below 5 Gy. Nodes at doses 8 and
10 Gy mainly became purplish with dormant axillary buds. Nodal explants at higher doses (15 Gy
and above) turned brown, without any axillary bud formation in majority of them. Even those with

small bud formation did not manage to survive past 6 weeks (Figure 8).

0 0.5 1 2 3 5 8 10 15 20 30

Figure 8. Effect of ion-beam irradiation on survival and shoot generation of nodal explants after 5
weeks of irradiation at various doses.

The percentage of survival and shoot regeneration of nodal explants after irradiation by ion
beams are shown in Figure 9. The LDs, value was estimated at 6.5 Gy whilst LD,, was
approximately at 4 Gy. The SRDgy and SRDs, values were at 3.5 Gy and 4 Gy, respectively. These
results showed that the estimated optimal dose for in vitro mutation induction of Chrysanthemum

morifolium cv. ‘Reagan Red’ nodal explants using ion beam was in the range of 3.5 to 4 Gy.
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Figure 9. Survival (navy) or shoot regeneration (green) rate (%) of nodal explants treated with
different doses of ion beam at five weeks of culture.

2.3.3 Overall characteristics of irradiated plants

Representatives of the irradiated plants derived from independent ray-floret and nodal explants
were transplanted in the glasshouse at MARDI Cameron Highlands for morphological screenings.
The initial numbers of transferred plants according to their doses are as in Table 1.

During the first transplanting of irradiated Reagan Red plants (around mid-March to April 2010),
daytime temperature at Cameron Highlands was unusually much higher (28-29 °C) than usual
(25 °C). As a result, some of the transferred seedlings were wilted and died within one week of
transplanting. Therefore, morphological characters were measured from the survived populations
only. The number of survived plants is detailed out as in Table 2.

The main bottleneck of any plant mutation breeding is the formation of chimeras*”. This is
especially the case when rooted cuttings are used as the starting explants for irradiation*". In this
study, the mutations observed in the screening populations appeared to be solid. This might be due
to the use of in vitro cultured ray florets and nodals as the starting explants in which the mutant
shoots were directly regenerated from these explants. There is a general agreement that by using in
vitro mutation induction technique, the problem associated with the generation of chimeric plants
could be reduced. Broertjes er al.* found that in vitro irradiated cultures of chrysanthemum
almost exclusively produced solid non-chimera mutants, as compared to their in vivo counterparts

which generated a relatively high number of chimeras.
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Table 1. Number on transplanted plants derived from independent (a) ray floret and (b) nodal
explants.

a) Ray florets
Number of Total number of
s . independent ray Number of
Irradiation Dose (Gy) . transplanted
floret-generated replicate per plant
plants
plants
Control 0 12 1 12
Irradiated 0.5 12 3 36
1 12 3 36
2 12 3 36
b) Nodals
Number of Total number of
s L. independent ray Number of
Irradiation Dose (Gy) . transplanted
floret-generated replicate per plant
plants
plants
Control 0 12 1 12
Irradiated 0.5 12 5 60
1 12 5 60
2 12 5 60
3 12 5 60
5 12 5 60
8 12 3 36
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Table 2. Number of initially transferred plants and those that survived after 1 week.

Initial no. of

Explants Dose (Gy) transferred No. of plants survived
plants
Ray floret 0 12 8
0.5 36 22
1 36 22
2 36 25
Nodal 0 12 11
0.5 60 51
1 60 47
2 60 50
3 60 44
5 60 36
8 60 26
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Plants derived from ray florets

Plant morphological characters examined in this study were plant height, number of leaves,
internode length and number of vegetative branch. Detailed characters observed on irradiated
plants derived from ray florets are shown in Table 3. Significant effects of ion beam irradiation
were seen on plants derived from ray florets irradiated with ion beams. It was found that the height
of ion beam irradiated ray floret-generated plantlets from all doses (0.5, 1, and 2 Gy) were taller as
compared to their controls. The same effect of ion beams in altering plant height has also been

observed in rice® and wheat™”.

Table 3. Morphological characteristic of plants derived from in vitro irradiated ray florets explants.

No. of
Plant Height Internode
Treatment Dose (Gy) No. of leaves vegetative
(cm) length (cm)
branches
Control 0 17.9° 15.2¢ 1.2¢ 3.0°
Ton beam 0.5 39.3° 21.8° 1.8° 0.0°
1 37.6° 22.1° 1.7% 0.0°
2 40.1° 26.6° 1.5° 0.0°

Means followed by the same letter in superscript are not significantly different, according to
Duncan’s New Multiple Range Test (p < 0.05).
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In terms of leaf number, there was a progressive increase in the number of leaves with the
increase in irradiated doses. As for internode length, the figure increased by 0.6 cm at dose 0.5 Gy,
but no significant difference was observed between doses. Interestingly, all the irradiated plants
also did not produce any branch and continued to develop as a single stem. It is suggested that this
result might also due to the interruptions of gibberellins’ metabolism pathway. Gibberellins are the
large class of endogenous plant hormones that influences several aspect of plant development such

shoots growth, leaf expansion, stems elongation, and apical dominance™. Figure 10 shows

examples of control and ion-beam mutants.

Figure 10. Morphology of vegetative and flowering plants derived from in vitro irradiated ray

floret explants at different doses of ion-beam irradiation.
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Plants derived from nodals

As in the ray floret-generated plants, the same characteristic were also evaluated for the nodal-
derived plants. However, in this study, it was found that the plant height, number of leaves,
internode length, and numbers of vegetative branches were not significantly affected by the
applied doses (Table 4). It is assumed that the plant morphology of chrysanthemum cv. ‘Reagan
Red’ could not be changed through the use of in vitro nodal explants in combination with ion-
beam irradiation. The morphology of plants that derived from in vitro irradiated nodal explants

using ion beams was shown in Figure 11.

Table 4. Morphological characteristic of plants derived from in vitro irradiated nodal explants.

No. of
Plant Height Internode
Treatment Dose (Gy) No. of leaves vegetative
(cm) length (cm)
branches
Control 0 18.1° 14.5%® 1.3%® 3.2
Ton beam 0.5 18.8° 13.8% 1.3%® 4.5%®
1 18.3° 14.1% 1.3%® 4.4
2 19.3 14.3% 1.4° 3.8%
3 19.5° 14.2% 1.4° 4.9
5 18.3° 13.8% 1.3%® 3.0°
8 18.3° 14.5% 1.3%® 3.5%

Means followed by the same letter in superscript are not significantly different, according to
Duncan’s New Multiple Range Test (p < 0.05).
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Figure 11. Morphology of vegetative and flowering plants derived from in vitro irradiated nodal

explants at different doses of ion beams.
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2.3.4 Flowering characteristics of irradiated plants
The success of flower mutations in chrysanthemum depends on various factors such as the right

choice of physical mutagen, irradiation method, plant species, and explant types%).

Ray floret-generated plants

Effects of ion beams in altering flowering characteristics of irradiated plants were evaluated.
Based on the results shown in Table 5, ion beams seemed to delay bud breaking especially those
irradiated at 0.5 and 1 Gy. As a comparison (in a concurrent study), the time to bud break
appeared to gradually reduce with the increase in doses for plants irradiated with acute gamma
rays and that the difference between ion beams and gamma rays on inducing bud breaking was
significant (data not shown). The times taken to bud break indicate plant response time for most of
the Reagan cultivars was approximately 7.5 weeks. Although both ion beams and gamma rays
appeared to interrupt the response time, the change was considered as minor and still within the
average response time of Reagan cultivars.
Ray floret explants were also appeared to be sensitive to ion-beam irradiation. The number of
flower buds in mutant plants was reduced up to 71.8% at dose 0.5 Gy with ion beams. lon-beam
irradiation also affected the flower diameter in these screened population, in which the flower size
was reduced up to 24% at dose 0.5 Gy. Increasing the dose of ion beams from 0.5 Gy to 2 Gy did

not affect flower diameter.

Table 5. Flowering characteristics of plants derived from in vitro irradiated ray floret explants.

Time to bud No. of flower Flower diameter
Irradiation Dose (Gy)
break (days) buds (cm)
Control 0 54.3%¢ 39.3° 5.4°
Ton beam 0.5 55.7° 11.1° 4.1°
1 55.6 15.9 4.4°
2 55.4% 12.6° 4.2°

Means followed by the same letter in superscript are not significantly different, according to
Duncan’s New Multiple Range Test (p < 0.05).
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Other flowering characters observed in this screening were flower colour and flower shape. The
frequency of flower colour mutants is shown in Figure 12. The mutant frequency was indeed
100% at dose 2 Gy and this indicates that ion beams had a significant effect on the frequency of
flower colour mutants.

Flower colour mutation spectrum for irradiated ray floret-generated plants is shown in Figure 13.
Based on RHS colour chart, 8 different colour types were observed on mutant plants (43A, 46A,
47A, 50A, 51A, 53A, 53B, and 53C). The colour code for the control flower was 45A. Five
different colours were seen on flowers irradiated at 0.5 and 1 Gy, with the three most dominant
colours in descending order were the original colour of the control (45A), 53A, and 46A.
Interestingly, plants irradiated at 2 Gy exhibited maximum colour variations (6 types) which were
totally different colour shades from the control (43A, 46A, 47A, 51A, 53A, and 53B). Based on

this result, it is predicted that more than 6 types of colour could be produced if plants were

irradiated at higher doses.

100
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Figure 12. The frequency of flower colour mutants (%) in plants derived from in vitro irradiated
ray florets by using ion-beams.
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Figure 13. Flower colour spectrum of plant derived from in vitro irradiated ray florets based on
RHS colour chart (a). Actual colours according to RHS colour chart (b).

In terms of flower morphology, the characters observed in this screening were the changes in
their ray florets and flower head. Based on The Guidelines for the Conduct of Tests for
Distinctness, Uniformity and Stability*”, the types for flower heads are divided into several
groups; ‘without ray florets’, ‘single’, ‘semi-double’, ‘daisy-eyed double’, and ‘double’ (Table 6),
whilst the shape of ray florets are divided into 5 types: ‘ligulate’, ‘incurved’, ‘spatulate’, ‘quilled’,

and ‘funnel’ (Figure 14).
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Table 6. Types of chrysanthemum flower head.

Types

Description

Illustration

1. Without ray florets

Flower heads consist of disc florets

only.

2. Single

Flower heads with one row of ray
florets, and a clearly defined central

disc which is always visible.

3. Semi-double

Flower heads with more than one
row of ray florets, and a clearly
defined central disc which is always

visible.

4. Daisy-eyed double

Double flower heads where a disc is
not visible in the early stages of

flowering, but can be seen as the

flower head opens fully. The disc is not

always clearly defined.

5. Double

Double flower heads where a disc is

not visible at any stage of flowering.

(Source: reference 47)
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Ligulate Incurve Spatulate

Quilled Funnel

Figure 14. Various shapes of chrysanthemum ray florets (Source: reference 47)

Table 7 shows mutation frequencies of the ray floret-derived plants. In this study, it was found
that all the screened plants at all doses (0.5, 1, and 2 Gy) have exhibited 100% morphological
mutation on their ray florets and flower head characters. The ray floret was mutated from
‘ligulate’ to ‘spatulate’, whilst the flower head was changed from ‘semi-double’ to ‘daisy-eyed
double’.

Table 7. Flower shape mutants derived from in vitro irradiated ray floret explants.

. Dose Frequency of ray floret mutants Frequency of flower head
Irradiation (Gy) (%) mutant (%)
Ligulate Incurved Spatulate  Semi-double Daisy-eyed
double
Control 0 100 0 0 100 0
Ion beams 0.5 0 0 100 0 100
1 0 0 100 0 100
2 0 0 100 0 100
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Nodal-generated plants

Generally, all doses used did not significantly affect bud breaking period for plants derived from
in vitro nodals except for those irradiated at 8 Gy which required a shorter period (53.5 days) to
break bud, as compared to the control plants (55.3 days) (Table 8). However, ion-beam
irradiations significantly increased the number of flower buds produced, with the highest figure
(32.7 buds) was recorded at 3 Gy. There was also no significant difference observed in flower

diameter between plants at different treatments.

Table 8. Flowering characteristic of plants derived from in vitro irradiated nodal explants.

Irradiation Dose (Gy) Time to bud No. of flower Flower diameter
break (days) buds (cm)
Control 0 55.3° 21.5° 6.4°
Ton beam 0.5 54.8% 30.8 6.5
1 54.8% 31.0° 6.3
2 55.1% 30.1° 6.4°
3 55.0" 32.7° 6.3
5 55.4° 29.3 5.9%
8 53.5° 30.9° 6.0°

Means followed by the same letter in superscript are not significantly different, according to
Duncan’s New Multiple Range Test (p < 0.05).
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In terms of flower colour, ion beams were also able to change the flower colour of the nodal-
generated mutants, but at a slightly lower frequency that their ray floret counterparts. The

frequencies of flower colour mutant were fluctuated in a range of 42.3 to 58.8% (Figure 15).
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Figure 15. Flower colour mutant frequency for ion-beam irradiated nodal explants of
chrysanthemum cv. ‘Reagan Red’.
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As for flower colour spectrum (Figure 16), 8 different types of colour were observed (42A, 44A,
45B, 46A, 46B, 53A, 54A, and 185A) in the irradiated population. Based on RHS colour chart, 7
out of 8 types of colour (42A, 44A, 45B, 46A, 46B, 53A, and 54A) were in red group and 1 of
them (185A) was in greyed-purple group. All doses of ion-beam irradiation were able to induce
different shades of flower colour and the variations varied between 4 to 5 types except for 5 Gy

which only produced 3 types of colour.

100 -
% - B T B I =
80
70 A
60
50 A
40 A
30 A
20_ I I
10 A
O_
0 0.5 1 2 3 5 8

Dose (Gy)

Frequency of flower colour mutants (%)

RHS Colour code:  m42A 44A mWA5A 458 46A 46B m53A m54A mW185A

b

Figure 16. Flower colour mutant spectrum for ion beam irradiated nodal explants of
chrysanthemum cv. ‘Reagan Red’. Colour codes are given based on RHS colour chart (a), and
actual colours according to RHS colour chart (b).

In summary, flower colour mutations occurred at all doses but the distinct flower colour such as
white, yellow, or violet did not occur. Majority of the plants produced flowers with intense or
lighter colour in the red group, and a few with orange and greyed-purple colour. Yamaguchi et
al.*® also reported similar results when they irradiated a single node of in vitro cultured roses with

ion beam. According to Nagatomi et al.*”"*?

, the frequencies of flower colour and the multicolor
mutants in chrysanthemum could be increased by several folds if cultured petals were used as

starting materials than other explants such as leaves.
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Meanwhile ray floret mutants were only observed at doses 1, 5, and 8 Gy with the percentage of
21.3%, 16.7% and 42.3% respectively. At doses 1 Gy and 5 Gy, all the ray florets were mutated
from ‘ligulate’ to ‘spatulate’ and from ‘ligulate’ to ‘incurved’ at dose 8 Gy. As for flower head
characters, mutants were occurred only at higher doses (5 and 8 Gy) with the percentage of 16.7%
and 15.4%, respectively, in which the flower head mutated from ‘semi-double’ to ‘daisy-eyed
double’. Table 9 shows details on flower shape mutants observed on irradiated nodal-derived

plants.

Table 9. Flower shape mutants derived from in vitro irradiated nodal explants of chrysanthemum
cv. ‘Reagan Red’.

Irradiation ?((;);; gze)quency of ray floret mutants El:&llllilslc(z% o)f flower head
Ligulate Incurved Spatulate Semi-double ;):lilsb);-eeyed
Control 0 100 0 0 100 0
Ion beam 0.5 100 0 0 100 0
1 78.7 0 21.3 100 0
2 100 0 0 100 0
3 100 0 0 100 0
5 83.3 0 16.7 83.3 16.7
8 57.7 423 0 84.6 15.4

2.3.5 Leaf characteristics of irradiated plants

Plants derived from ray florets

Leaf characteristic such as shape, size, and colour are also the important features in ornamental
plants. The effect of mutation induction on leaf characteristics has been reported earlier and in
some cases has generated some improved genotypes of vegetatively propagated ornamental plants
such as Bougainvillea™"*”, Lantana®® and Kalanchoe’" with attractive leaf characteristics. In this
study, the leaf characteristics of chrysanthemum plants that were generated from ray floret

explants treated with ion beams were evaluated and discussed.
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For ray floret-generated mutants, 63.6% leaf colour variations occurred at 0.5 Gy and increased
to 100% at doses 1 and 2 Gy. All the mutated plants had leaves with colour variation in group
137A which is lighter than control (Table 10). The lighter green colours of leaves could be
associated to chlorophyll mutations. Several researchers also agreed that ion beams can cause

chlorophyll mutation as observed in other crops such as Arabidopsis thaliana®® and soybean™.

Table 10. Leaf colour mutant frequencies and mutation spectrum for ion beam irradiated ray floret
explants. Percent of frequencies is indicated in parentheses.

Leaf colour*
No. of tested 137A 135A 141A T?tal No. of plants
DOE with leaf colour
plants ;
0 8 0 8 0 0
(0) (100) (0) (0)
14 8 0 14
e (63.6) (36.4) (0) (63.6)
1 22 22 0 0 22
(100) (0) (0) (100)
2 2 (100) (0) (0) (100)

*Colour codes based on RHS colour chart.
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Beside leaf colour, the occurrence of mutation was also monitored on leaf blade length. Table 11
shows that the variations of leaf blade and total leaf length in ray floret-derived population. Even
though ion beams could induce changes in leaf blade length in irradiated populations, there was no
obvious correlation between doses and leaf blade length mutation. About 68.2% plants irradiated
at 0.5 Gy have different leaf blade length that the controls, increased to 100% at 1 Gy, then
reduced to 68.0% at 2 Gy. However, all mutations were in the form of leaves with the short (<5
cm) leaf blade. Leaf blade length is also directly correlated with the size of the leaves in which
short leaf blade indicates the small leaves and vice versa. The variations in the leaf blade length
and hence leaf size from the parent plants could be associated with the changes in genetics of the
plants. Yamaguchi ef al."® found that decreasing in nuclear DNA in chrysanthemum leaves had a
significant positive correlation with size of the leaves. According to Tsukaya®”, final mature leave

size depend on the final number and size of the cell within a leaf.

Table 11. Leaf blade length for irradiated chrysanthemum plant derived from ray florets explants.
Percent of frequencies is indicated in parentheses.

Leaf blade length (cm) Total No. of plants
Dose No. of tested plants with leaf length
<5 5-8 >8  mutation
0 3 0 8 0 0
0 (100) (0 (0)
15 7 0 15
05 22 (68.2) (31.8) (0) (68.2)
1 2 22 0 0 22
(100) 0) 0) (100)
) 25 17 8 0 17

(68.0) (32.0) (0 (68.0)

Meanwhile, Table 12 shows detailed characteristic of leaves. Leaf shapes are described based on
three common features which are the length of the terminal lobe relative to leaf length, the depth
of lowest lateral sinus, and predominant shape of leaf base. Any changes in either one criterion
will consider as a shape mutation. In this study, the highest leaf mutant frequency for ray floret-
generated plants was 100% at dose 2 Gy (Figure 17). Therefore, it is suggested that ion-beam
irradiation was very efficient in inducing leaf shape variation in chrysanthemum by using ray
florets as the irradiated explants. Some of the leaf mutations that were observed on plants

generated from in vitro irradiated ray florets using ion-beam irradiation are shown on Figure 18.
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Table 12. Chrysanthemum leaf characteristics.

Types Description
1) Length of terminal
lobe relative to leaf
length
(a) Short (b) Medium (©)
Long
i1) Depth of lowest )
lateral sinus
S /
|
| /
i!
(a) Shallow (b) Medium (c) Deep
iii) Predominant shape
of base \ | /
| | =
lIII|jI \f{ Q\j,_"’
(a) Acute (b) Obtuse (o)
Rounded

-+

(d) Truncate

\j\;

(e) Cordate

y

(f) Asymmetric

(Source: reference 47)

,61,



JAEA-Review 2015-037

100
90
80
70
60
50
40
30
20

Leaf shape mutant frequency (%)

10

Dose {Gy)

2.5

Figure 17. Leaf shape mutant frequency (%) for irradiated ray floret-derived plants.

* ¥ % ¥

Control 0.5 Gy 1 Gy 2 Gy

Figure 18. Leaves observed in the mutant plants generated from in vitro irradiated ray florets.

,62,




JAEA-Review 2015-037

Plants derived from nodal explants

Frequencies of leaf colour variations for plants generated from ion-beam irradiated nodals were
lower when compared to plants that derived from in vitro irradiated ray floret explants (Table 13).
In this study, leaf colour variations for nodal-generated mutants were varied between 16.7 to
42.3% and not dependent on irradiated doses. The highest leaf colour mutation was recorded on
plants irradiated at 8 Gy. lon beam irradiated plants also produced leaves with chlorophyll
mutations which were the lighter shades of green (137A and 141A) as compared to control plants.
Therefore, it was found from this research that ion beam could be used for induction of leaf colour
variations but the chances to get more colour variations were higher if irradiated ray florets

explants were used as compared to nodal explants for chrysanthemum cv. ‘Reagan Red’.

Table 13. Leaf colour mutant frequencies and mutation spectrum for plants generated from nodal
explants. Percent of frequencies is indicated in parentheses.

Leaf colors*
No. of tested 137A 136A 141A T?tal No. of plants
Dose lants with leaf colour
P mutation
0 1 0 11 0 0
(0) (100) (0) (0)
0 31 20 20
0.5 > 0) (60.8) (39.2) (39.2)
| 47 0 28 19 19
0) (59.6) (40.4) (40.4)
0 50 0 0
2 50
0) (100) (0) (0)
0 44 0 0
3 44
0) (100) (0) (0)
6 30 0 6
> 36 (16.7) (83.3) (0) (16.7)
11 15 0 11
8 26 (42.3) (57.7) 0) (42.3)

*Colour codes based on RHS colour chart.
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Meanwhile, variations in leaf blade length were seen in all irradiated plants. Most of these
variations involved shorter leaf blade (< 5 cm) or smaller leaves except for those irradiated at
doses 0.5 and 2 Gy, which could also generated leaves with the blade length more than eight
centimeter (> 8 cm). Frequencies of mutant of leaf blade length were varied between 33.3 to 100%.
All plants irradiated at 0.5 Gy in particular showed abnormal leaf length, in which 60.8%
produced short leaf blade and 39.2% with longer leaf blade. The detailed result is presented in
Table 14.

Table 14. Leaf blade length for irradiated chrysanthemum plants derived from nodal explants.
Percent of frequencies is indicated in parentheses.

Leaf blade length (cm) Total No. of plants
Dose No. of tested plants with abnormal
<5 5-8 >8 leaves in length
0 1 0 11 0 0
0) (100) (0) (0)
31 0 20 51
0.5 > (60.8) 0) (39.2) (100)
1 47 28 19 0 28
(59.6) (40.4) 0) (59.6)
2 50 31 11 8 39
(62.0) (22.0) (16.0) (78.0)
21 23 0 21
3 44 @77 (523)  (0) 47.7)
5 36 12 24 0 12
(33.3) (66.7) (0) (33.3)
11 15 0 11
8 26 (42.3) (57.7) (0) (42.3)

The occurrence of leaf shape mutation in irradiated nodal-generated plants was also relatively
high. Between 56.0 to 80.6% irradiated plants showed this mutation with the highest occurrence
was observed in plants irradiated at 5 Gy (Figure 19). Mutant frequency did not directly correlate
with irradiation doses as fluctuation in frequencies were seen throughout the doses. The
differences in radiation response indicate that several physical and biological factors were
involved in mutational process. Thus, it became extremely difficult to predict the occurrences of
mutation in different varieties of crop plants>. Nevertheless, it can be concluded that ion beams
can be used for inducing leaf variation in chrysanthemum cv. ‘Reagan Red’. Some of the leaves
variations that were obtained from in vitro irradiated nodal explants using ion-beam irradiation are

shown in Figure 20.
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Figure 19. Leaf shape mutant frequency for ion beams irradiated nodal explants.
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Figure 20. Leaves variations of plants derived from in vitro irradiated nodal explants.
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2.3.6 Identification of Reagan Red mutants

A total of 13 Reagan Red stable mutants (Table 15) were successfully generated from this
research. All these mutants were derived from ray floret explants. Finally, 4 mutants were selected
based on their uniqueness and/or suitability for cut flower production, that were TIARA Red
(irradiated at 2 Gy), Golden Eye (0.5 Gy), Yellow Sun (0.5 Gy), and an unnamed variety (IB0.5
28). Detailed characters of each mutant are listed in Table 16 and Table 17. Of these, TIARA Red,
Golden Eye, and Yellow Sun have been filed for PVP with Department of Agriculture, Malaysia.
The filing numbers are “PVBT 009/14”, “PVBT 011/14”, and “PVBT 013/14” for TIARA Red,
Golden Eye, and Yellow Sun, respectively. Figure 21 shows various stages of activities involved

torwards generating new mutant varieties.

Table 15. List of Reagan Red mutants and their characteristics.

No Mutant name/code Dose (Gy)  Description

1 TIARA Red 2 Purplish red, spatulate ray floret , tall plant

2 Golden Eye (IB0.5 14) 0.5 Small yellow/orangish red ray floret

3 Yellowsin(1B0522) 05 Small and sparse orangish. red ray flore,
4 1B0.5 28 0.5 Dark red, compact flower

5 1B0.5 40 0.5 Red, compact, short ray florect

6 IB1.0 123 1 Purplish red, incurved ray florets

7 1B0.5 38 0.5 Red, wider ray floret

8 1B0.5 7.2 0.5 Red, bigger flower

9 1B0.5 26 0.5 Small flower, red with orange stripe ray floret
10 1B0.5 803 0.5 Big disc floret, small red/orange ray florets

11 1B0.5 6.3 0.5 Red, bigger flower

12 1B0.5 508 0.5 Red, bigger flower

13 1B0.5 8.4 0.5 Red, small and incurved flower
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Figure 21. Various stages of activities involved torwards generating new mutant varieties. (a):
Chrysanthemum tissue culture plantletswere hardened in a transparent plastic container. (b):
Shadehouse at MARDI Cameron Highland for mutant screening. (c): Pots containing planting
medium. (d): Chrysanthemum plants after 1 week of transplanting. (e¢): Chrysanthemum plants
during vagetative growth (1 months after transplanting). (f) Full bloom chrysanthemum mutants (3
months).
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2.3.7 Detailed description of Reagan Red mutants
TIARA Red

TIARA Red was the first mutant generated from this project through irradiation of ray floret
culture at 2 Gy. The plant is tall (approximately double the height of the control) but with a
smaller flower (approximately half the size of the control). The unique features of TIARA Red are
the shape of its flower head (semi double, “cone-like” shape) and ray floret (spatulate) as
compared to semi double type and ligulate, respectively, for the control. The flower does not fully
open even at full bloom stage. Besides, the flower colour is purplish red as compared to red in the

control. Figure 22 shows some characters of the mutant.

Golden Eye (IB0.5 14)

Golden Eye (Figure 23), also coded as IB0.5 14, is generated through irradiation of ray floret
culture at 0.5 Gy. The flower has smaller ray florets which are of incurved type. It also has red and
yellow stripes on its petal (47A (main), 48B, 13B, according to RHS colour chart), as compared to

solid red in control.

Yellow Sun (IB0.5 2.2)

Yellow Sun (coded as IB0.5 2.2) is also generated through irradiation of ray floret culture at 0.5
Gy. The flower head of this mutant is very small, approximately half the size of its control. In the
early stage of flowering, only its bright yellow disc florets were clearly visible whilst its ray florets
were almost non-existence. These ray florets were only visible during full bloom. This mutant is
very suitable for stage decoration in combination with single or semi double flower to create

visual impact (Figure 24).
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TIARA Redl.

[y

side views of TIARA Red flower heads (c): Comparison of TIARA Red flower head and its
control (d): Spatulate type ray floret for TTARA Red as compared to ligulate type for control.
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éone?f Iéye

" Control

Figure 23. Golden Eye mutant. (a): Golden Eye mutant plant (right) and its control (left). (b): Top
view of the mutant plant and its control during early flowering. (c): Ray florets, disc florets and a
base of flower head of Golden Eye. (d): Close-up aerial view of the mutant. (¢): Full bloom
flower heads of control and the mutant. A unit of the ruler at the bottom of the panel e is in cm.
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Figure 24. Yellow Sun mutant. (a): Yellow Sun mutant plant and its control. (b): Top view of
Yellow Sun and the control. (¢): Yellow Sun and the control during earlier flowering stage. (d):
Full bloom Yellow Sun flower head against its control. A unit of the ruler at the bottom of the
panel ¢ is in cm.
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1B0.5 28 Mutant

The 1B0.5 28 mutant (Figure 25) was generated from irradiation of ray florets at 0.5 Gy. The
mutant mainly maintained all characters of the control, except it has an additional layer of ray
florets (3 rows) as compared to 2 rows in the control. As such, it also has more ray floret number

per flower as compared to its control.

CONTROL

6 8 ) 10 11 1 13 14 15 16 17 18 LA = - \\

Figure 25. The flower heads of IB0.5 28 mutant as compared to the control. A unit of the ruler at

the bottom is in cm.
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2.3.8 Conclusion on Reagan Red studies

In this study, the 50% lethal dose (LDsy) of ray florets explants irradiated with ion beams
occurred at 15.5 Gy and 20% of lethal dose (LD,g) was at 11.5 Gy. However, LDsy or LD,y were
not used for determining optimum irradiation dose since not all of the survived explants were able
to generate shoots. Thus, the most effective dose for ray florets explants was chosen based on
optimal dose obtained at 50% of shoot regeneration (RDs,). RDs, for ray floret explants irradiated
with ion beams was at 2 Gy. Therefore the recommended dose for mutation induction of
Chrysanthemum morifolium cv. ‘Reagan Red’ using ray florets was less than 2 Gy.

For nodals, the LDs, and LD, values were 6.5 Gy and 4 Gy, respectively. The optimal dose for
shoot regeneration was estimated based on 80% and 50% of shoot regeneration (RDgyand RDs),
and the values recorded were 3.5 Gy and 4 Gy, respectively. Therefore, the optimal dose for in
vitro mutation induction using nodals was less than 4 Gy.

From a series of morphological screenings, 13 Reagan Red mutants with various morphological
characters have been identified. These mutants are being maintained at Nuclear Malaysia. Four of
these mutants namely TIARA Red, Golden Eye, Yellow Sun and IB0.5 28 are being closely
monitored as they have unique traits that may be of interest to end users. All of these mutants

except IB0.5 28 have been filed for PVP with Department of Agriculture Malaysia.
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2.4 Experiments on Chrysanthemum cv. ‘Pink’

2.4.1 Irradiation of ray floret cultures
Selection of explants

The Pink variety was first irradiated on November 2010, and was repeated in May 2012. Ray
floret cultures were used as the starting explants in both events of irradiations. The methods for
tissue culture and ion-beam irradiation of Pink variety were similar to Reagan Red. Another
chrysanthemum variety, Purple variety was irradiated along with the Pink variety. However, the
Purple variety did not perform well, mainly due to very high contamination rates and its inability
to generate high number of adventitious shoots after irradiation. However, a number of irradiated
shoots from the Purple variety have been obtained and screened under our controlled environment
glasshouse. At present, none of the screened plants have shown mutation in terms of flower colour

and shapes for the Purple variety.

Statistical analysis and data collection
Data were analyzed using the SAS software program (version 9.2). Observation were made on
the percentage of culture survival and shoot formation (first irradiation), callus formation and

shoot regeneration (second irradiation).

Radiosensitivity of Pink ray floret cultures

In the first irradiation experiment, data on the number of surviving Pink cultures, were recorded
at 4 and 8 weeks after the irradiation. It was observed that the percentage of survived cultures
decreased at dose higher than 5 Gy, and dropped to 50% at 10 Gy as early as 4 weeks. At dose 20
Gy and higher, less than 10% of the petals could produce callus, and the growth was very slow
and not vigorous. At week 8, cultures at doses above 8 Gy remained unchanged with almost no

callus and shoot formed. The dose response curve is shown in Figure 26.
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Dose (Gy)

Figure 26. Survival rate (%) of cultures at week 4 and week 8 after irradiation.

Higher doses also affected shoot regeneration. The percentage of shoot formation was between
33 to 47.5% for doses below 2 Gy. The percentage dropped to lower than 5% at dose 5 Gy, whilst

at doses higher than 8 Gy, no shoot formation was recorded (Figure 27).
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Figure 27. Shoot regeneration rate (%) from first batch of irradiation.
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Irradiation experiment was repeated in 2012 to get more accurate dose response curve. In the

second irradiation experiment on ray floret cultures, the efficiency of the cultures to form callus

and shoot after irradiation treatment was monitored. The percentage of callus formation was

recorded at week 6 post-irradiation, whilst shoot regeneration was taken at week 8 and 14. Table

18 shows the detailed data of callus formation after 6 weeks, whilst Figure 28 shows the plotted

graph. Similar to the callus survival trend observed in the first irradiation experiment, there was

also a sudden drop in the percentage callus formation after irradiation at doses higher than 5 Gy in

the second irradiation.

Table 18. The percentage of callus formation 6 weeks after irradiation.

Dose (Gy) Mean (%) Dose (Gy) Mean (%)
0 91.25% 8 52.5%
0.5 100°* 10 17.5°"
0.8 100°* 15 8.75°"
1 68.75" 20 3.75"
3 93.75% 30 23.75%"
5 38.75%

Means followed by the same letter in superscript are not significantly different, according to
Duncan’s New Multiple Range Test (p < 0.05).
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Figure 28. Callus formation rate (%) from irradiated Pink ray florets after 6 weeks.
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Meanwhile, Table 19 and Table 20 show detailed figures on the percentage of adventitious shoot

formation from irradiated ray floret explants after 8 and 14 weeks, respectively, whilst Figure 29

and Figure 30 show their respective curves. Interestingly, cultures irradiated at 0.5 Gy were able

to generate higher percentage of shoots as compared to the controls.

Table 19. Percentage of shoot regeneration after week 8.

Dose (Gy) Mean (%) Dose (Gy) Mean (%)
0 50° 8 2.5
0.5 73.75° 10 0°
0.8 7.5¢ 15 0°
1 6.25° 20 0°
3 2.50° 30 0°
5 1.25¢

Means followed by the same letter in superscript are not significantly different, according to
Duncan’s New Multiple Range Test (p < 0.05).

Table 20. Percentage of shoot regeneration from Pink ray florets after 14 weeks.

Dose (Gy) Mean (%) Dose (Gy) Mean (%)
0 61.25° 8 5
0.5 100° 10 0°
0.8 43.75™ 15 6.25°
1 20" 20 0°
3 5¢ 30 0°
5 0°

Means followed by the same letter in superscript are not significantly different, according to
Duncan’s New Multiple Range Test (p < 0.05).
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Figure 29. Adventitious shoot formation rate (%) from Pink ray florets irradiated at different
doses after 8 weeks.
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Figure 30. Adventitious shoot formation rate (%) from Pink ray florets irradiated at different
doses after 14 weeks.
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After 8 weeks, approximately 74% of those irradiated at 0.5 Gy have generated new shoots and
by 14 weeks, all of them (100%) have been converted into shoots. In contrast, about 50% of the
controls did generate shoots after 8 weeks and an increase of another 11% after 14 weeks. Based
on regeneration data at week 14, irradiating the cultures above 3 Gy severely affect subsequent

shoot regeneration. Pictures of callus formation on irradiated ray florets of pink variety are shown

in Figure 31.

Figure 31. Callus formation on ray florets of the Pink variety after 14 weeks of irradiation at
different doses.
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2.4.2 Irradiation of nodal cultures
Explants preparation

In vitro stem of chrysanthemum pink was cut into single nodes (0.5 cm in length) and placed on
petri dishes containing half strength of MS hormone-free medium. The cultures were incubated at
25 £ 2 °C under 16-hour photoperiod for approximately 5 days before irradiation. The processes

involved were also similar to the ones used for Reagan Red variety.

Irradiation treatment
Ion-beam irradiation was carried out at doses of 0, 0.5, 0.8, 1, 2, 3, 5, 8, 10, 15, 20, and 30 Gy.
Following irradiation treatment, the nodal segments were transferred onto fresh half strength of

MS medium without any growth regulator and left to grow under the same conditions.

Statistical analysis and data collection
Data were analyzed using the SAS software program (version 9.2). Observation were made on
the percentage of survived cultures, average height of regenerated shoots, number of leaves and

roots at week 8 after irradiation.

Dose (Gy)

Figure 32. Chrysanthemum nodal cultures after 8 weeks of irradiation clearly shows growth
reduction at doses 5 Gy and higher.

Radiosensitivity of nodal cultures to ion-beam irradiation

Observations on week 8 after irradiation have found no significant difference in terms of survival
percentage of nodes irradiated at lower doses (2 Gy and below). These nodes showed a relatively
high percentage of survival between 86—-100%. However at 3 Gy, the survival percentage dropped
drastically to 60% and further reduced to less than 50% at doses 5 Gy and higher. These indicate
that the sensitivity of nodes to ion-beam irradiation is similar to that of their ray floret
counterparts®®. Figure 32 shows the condition of nodal cultures, whilst Table 21 and Figure 33
show detailed data on the percentage of survival and its growth curve, respectively, after 8 weeks

of irradiation.
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Table 21. Percentage of nodal survival 8 weeks after irradiation.

Dose (Gy) Survival (%) Dose (Gy) Survival (%)
0 86. 7 5 46.7%
0.5 100°* 8 33.3%
0.8 86.7° 10 40°%
1 93.3" 15 33.3%%
2 100° 20 13.3°
3 60" 30 26.7%

Means followed by the same letter in superscript are not significantly different, according to
Duncan’s New Multiple Range Test (p <0.05).
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Figure 33. Growth response curve for irradiated nodes at different doses after 8 weeks.

In terms of mean shoot height, number of leaves and roots generated in survived nodal shoots
(Table 22), it was also observed that 5 Gy was a cut-off dose value since the figures recorded at 5
Gy and higher showed a drastic decrease of more than 50% for all categories. Figure 34 to 36
show individual graph for average shoot height, leaf and root formation on irradiated samples after
8 weeks of culture. As expected, higher irradiation doses has an adverse effect on shoot height as
well as the number of leaves and roots. However, we found that some of nodal shoots irradiated at
higher doses (above 15 Gy) were still able to produce new leaves and roots, but were short and

stunted, and eventually died.
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Table 22. Average shoots height, number of leaf and root formation from irradiated nodal cultures
at week 8.

Dose (Gy) Shoot Height (cm) Leaf Number Root Number
0 2.11° 9.93%¢ 2.33%
0.5 2.22° 12.06" 2.53%
0.8 1.72% 12.07* 2.82°

1 1.47% 10.97° 2.02%
2 1.40%¢ 10.20%* 1.47%
3 0.77" 9.640™ 0.61%*
5 0.46° 7.00° 0°

8 0.34% 4.17% 0.44"
10 0.13° 1.22¢ 0°

15 0.31% 1.56° 0°

20 0.27° 4,334 0°

30 0.89"% 478> 1.78*

Means followed by the same letter in superscript are not significantly different, according to
Duncan’s New Multiple Range Test (p <0.05).
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Figure 34. Average shoot height in irradiated nodes at week 8.
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Figure 35. Average leaf number generated from irradiated nodes at week 8.
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Figure 36. Average number of roots generated from irradiated nodes at week 8.

Overall, from these two irradiation experiments, it was recommended that the optimum dose for
shoot regeneration from ray florets is in the range of 0.5 to 0.8 Gy. For nodals, the optimum dose

is between 1 to 2 Gy.
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2.4.3 Selection and identification of Pink mutants

For field screening, each independent mutant clone was represented by 30 replicate plants (10
replicate plants per block, 3 blocks). All these mutant clones were regenerated from ray floret
culture. The screening work were carried out at both Nuclear Malaysia’s glasshouse (Bio Design
Facility) and MARDI Cameron Highlands. From a series of screenings, several mutants with
unique features have been observed and selected. At present, four pink mutants were identified.
These mutants were multiplied and maintained in tissue culture as well as in the glasshouse. One
of the mutants, Majestic Pink (irradiated at 0.5 Gy and originally coded as P7E5 V0.5) has been
filed for PVP and another three (P12E1 0.8Gy, P1E5 2.0Gy, and P11E3 3.0Gy) are yet to be
named and registered. Some of the works involved in generating new mutant varieties of Pink are
shown in Figure 37. Detailed characters of each mutant are described below and summarized in

Table 23 and 24.

Majestic Pink

This mutant is generated from ray floret culture irradiated at 0.5 Gy. It has light pink flower and
white/green leaf variegation. The plant is shorter than its control and fits well as a potted plant as
compared to cut flower characteristic of the control. The flowers are also arranged in a compact
manner (close to one another) and therefore are very suitable to be used in stage and table
decoration as well as bouquet. Leaf variegation is clearly visible even at tissue culture stage.

Figure 38 shows several characters of this mutant plant.
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» : 4 A ! \
. : SEs BLOCK 1
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Figure 37. Some of the processes in developing new Pink mutants. Regenerated shoots from ray
floret (a), hardening of irradiated shoots (b), transplanting in nursery (c), data collection on mutant
plants (d), mutants in vegetative phase (e), and flowering mutants (f).
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Close-up view,of
Majestic Pink

'“Majestic;"‘Pinlﬁ:y'\;y;"’ 4 .
‘ |
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- Majes
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Figure 38. Majestic Pink mutant. The mutant plant as compared to its control (a), close-up view of
Majestic Pink (b), the mutant in culture showing leaf variegation (c), Majestic Pink flower and its
control (d), green/white variegation in Majestic Pink leaf as compared to solid green in control (e),
and light green stem in Majestic Pink as compared to green in control (f).
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Purple flower mutant (P12E1 0.8Gy)

This mutant (coded as P12E1 0.8Gy) was generated from irradiated petal culture at 0.8 Gy. The
distinct features of this mutant is the purple colour of the flower as compared to pink in its control.
The flower head is fall into semi double type as compared to daisy-eyed double for the control.
Another distinct feature is the stem colour in which the mutant has green stem with traces of
purple, whilst the control has solid green stem. Some of the features of this mutant are shown in

Figure 39.

Figure 39. P12E1 0.8Gy mutant. The mutant plant as compared to the control (a) upper view of
the mutant (b), the mutant flower and its control (c) and ray floret and disc floret of the mutant (d).
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Light Pink mutant (P1E5 2.0GYy)

The light pink mutant, coded as P1ES5 2.0Gy, was generated from ray floret culture irradiated at 2
Gy. The colour of the flower is pink but slightly lighter (69C, according to The Royal
Horticultural Society (RHS) colour chart), as compared to 69B for the control. Although this
mutant has lower average number of flower head per plant than its control, it has more ray florets
per flower head (approximately 74) that are arranged in 6 layers as compared to an average of 51

ray florets in 4 layers for the control. Figure 40 shows the picture of this mutant.

"
4
d A /B
= \3 » Q&
J

. 4

{ -

Yo

P1E5 2.0Gy

Figure 40. The P1E5 2.0Gy mutant plant and its control (a), the mutant flowers (b), and its ray
florets and disc florets (c).
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PI1E3 3.0Gy Mutant
This mutant, coded as P11E3 3.0Gy, also has light pink flowers (69C, RHS colour chart), as

compared to 69B for the control, and was generated from ray floret culture irradiated at 3 Gy. This
mutant has relatively similar average number of flower head per plant as its control, but has

approximately 40 more ray florets per flower head than the control. Figure 41 shows the picture of

this mutant.

g
A,

110

COMTRO!.

o /

£
£

B
£

Wridebest

Figure 41. P11E3 3.0Gy flower as compared with control flower. A unit of the ruler at the bottom

is in cm.

,92,



JAEA-Review 2015-037

14 4 4 4 14 Snuts Jesy Jo IsqunN | 8]
U213 e U213 IeQ U213 e pue q@@uMoﬁwﬁwmm uo2I3 e Jo00 addn Jeo7 | L]
osmqQ asmqQO asmqQO 0)epI0) osmqQ odeys oseq jeo1 | 9]
[o11eIRd [o11eIRd [o[[eIRd [o1[eIRd [o1reIRd snuis [e1o)e] Jo UISIBN | G
deaq WNIPON doaq WNIPOA doaq SNUIS [BI9Je] JSOMOT |  #]

. . . . . (wo)
86'1 §9°1 0e'C sl a8l snuis [eroje] jo yidop oFeroay ¢l

. . . . . (wo)
€5°¢ wy vie LEY 8y 0qo] [eure} Jo Sud| oferoAy 4!
Suog 3uog 3uog WP Suog yIpim /33U onjer Jes| 11
6€°S 98 L09°L 'S vT'9 (wo) {pIM Jed] A3eIAY | 0]
€811 L1 8t€l €6'8 pE'Tl | (Wo)djonad + yy3uo] Jed] AJeIAY | 6
61'c L8] LY 8L'1 (4 (wo) sajoned jo yi3uo| oFeroAy 8
[eIUOZLIOH [euozuoy | premdn A[91eIdpOIN [eIU0ZLIOY [eIUOZLIOH opme 9[ondd L
€€°0 970 150 ST0 S€0 (wo) ozis ondng | 9
Uu9aIn) u221n) ddnd 0213 Y3y Uu9aIn) INO[0d WS S

Pim  podun  uddIn)

WNIPIA WNIPIN WNIpaN asredg WNIPIA Suryoueiq Jo Asuaq ¥
ysudn y3udn 1ySudn rueg y3udn y3udn J1qey [IMmoiIs jue(d €
Aysnq uou Aysnq uoN Aysnq uoN Aysnq uoN Aysnq uoN ad&y Juerg z
€L'T6 616 €€°08 €6'Cy €676 (wo) 1yS1oy o5eIoAY I
%o%mw m%ﬁ Id %w%wmwi %wm.w w%wr_ v_nmwm%gz 190899 PPEIED | N

"SjueINU puE [01UOJ Ul JO sonsujoereyd juefd pajreroq "¢z 9[qel

,93,



JAEA-Review 2015-037

600 600 LO0 100 01°0 (i) ssoudIY) 1010]) ABI 9FRIOAY | 61
lalielgl lalielgl papunoy Slalelgl ilalielgl sdipjorojj ey | Q]
oje[n3ry ore[n3ry 91e[n3I 9ren3ry oe[n3r adfyyoroy Ay | L1
80°1 660 LOT SLO ¢80 (o) 1210} 12)N0 JO PIM 3FLIAY | 9]
60°¢ 86'C $8'C 06C 10°¢ (o) 1910[) 19100 JO PBUS] 9FRIAY | G
XOAUOD A[[BOM XOAUOD A[[BO M XOAUO0D KB XOAUO0D A[[BOA XOAUOD A8 J2I0[J ABI JO UOT)O3S SSOI)) | ]
. . . . . (wo) peay 1omoyy
0€0 0€0 6v°0 LTO 620 QM) £[]0100 JO YI3u] 9FeI0AY el
ysudn ysudn w3udn y3udn y3udn pnq IoMo[J [eI9)e] JO opIMY | I
Surxojoy Furxojoy Surxopyoy Surxapyoy SuIXo[JOY | Ppeoy I9MO[J I9INO SIXE [eUIpnIuoT | ]
Surxapyoy Surxayoy Surxopyoy Surxapgoy Surxajoy 1omoyy Ayuiofews sixe EE@E%MMM 01
€ € € € € 10BIq [BION[OAUI :SMOI JO JOqQUINN 6
9 9 ¢ SMOIQ 0} G b 12101} A®BI :SMOI JO JoquUNN 8
Asre(q Asre(q J[qnop 1nuag Asre(q Asre(q ULI0J woog L
o[qnop paka-Asreq o[qnop paka-Asreq J[qnop Iuag | J[qnop paka-Asreq o[qnop paka-Asreq peay 1omopJ :9dA1 9
L89 L $9 ey vy (o) peay] 10mO[) IYSIoY ATeIAY S
109 XS 8¢S LTS T1'9 | (wo) peay] JoMO[J :IJoWEIp dTLIAY v
£9¢ oy §9¢ ¢l (2% P IoMO[]J JO JoquinN €
wnipspN wnipspN wnipapy [Tews WIPIN | () SOV PR 0O I [4
ewlid U9oM)oq S[3ULR 9OUISAIO[FUT
WI0JIqUIAIO)) WLIOJIqUIAIO)) WIOJIqUIAIO)) [eopur[A) WLIOJIqUIAIO)) W0 90UIISAIO[JU] 1
»QM.MU mwﬁ Id %wmwwmwi hwm.w W%NVE v_nmmw_w%gz 10H09 OPEIEED RO | ON

"SJURINUI PUE [01JUOD UL JO SONISLIOJORIBYD IOMO[] PI[IeIdd '+ d[qeL

,94,



JAEA-Review 2015-037

Surpuaose Surpuaose Furpuodse Surpuaose

K[o1eI0pOIN K[o1RI0pOIN [FYUOZHOH K[91RI0pOIN A[o1RI0pOIN (010 Avx) yred [eseq jo opmmy | L€
powop A[3uong powop A[Suong SyooMm /, syooMm /, SyooMm /, dnoi3 osuodsay | 9¢
pastel pawo( pastelr pawo( pasrer pawo( pawop pastel pawo( odeys oporydooay | ¢¢
6v°0 LYo IS0 IS0 $so (wo) 1ojouerp o[oeldooar oFeIOAY | ¢
ouoN QuoN QuON JUISqY QuoN 2OUSOSILOP 1OHUE umom >4 €€

a1uao Je j0ds yIep Jo souasaid osiq
powop A[3uong pawop A[3uong pawop A[3uong pawop A[3uong pawop A[3uong uonoas ssoxd ur o[yoid 081 | 7€
P3O P3O profeled Te[nqn) pagie[uyg P3O adfyjarop osia@ | 1€

. . . . . (wo)
0%°0 05°0 650 150 ¥50 ISUQ[ [[BIQAO JIO[J OSIP 95BIOAY 0¢
pawo( pawo( pawo( pawoq pawo(q odKy uonnqysip osIq | 6¢
A2 qec] qI¢c1 Vi Vil 9OUSISIYSP I9)JB INOJOS OSI(T | 8T
VI N 494! VSl SUON q¢l SOUIDSIYIp 910J9q IMOJOI ISI(T | LT

Iojowrelp
[Tewg [rewg [fews [Tews [rewg PeaY 0} SAIIR]AI JOJOLIBIP ISI] 9¢
18°0 ¢80 LS'T €90 960 (wo)1oweIp osIp 93eIAY | 6T
PEIEED EIEED REIEE PEIEED REIEE 00BJINS 0IMX9) 110 ABY | T
09°06 eevL €S°LT L8°69 LY'IS Toquinu jo10]) AeI 93eIOAY | €T
pHos pHos p1oS pios pHoS uroned mojoo 1Ioy Aey | 7T
a9 a9 VSL oSL 9L In0[00 JomO JoIo[f Aey | [T
069 D69 VL D69 469 Inojos 1oddn joro)y A&y | 0T

£ £ £ g £9 ¢

5%% mwﬁ 1d %Uw.wmwi %Uw.w W%NVE xammw_m%az 10199 OREIFHD fOROM | TN

‘(ponunuood) sjueInW Pue [01U0D JUIJ JO SONSLISORIRYD JOMO[J Pa[Ield( ¢ d[qeL

,95,



JAEA-Review 2015-037

2.5 Public preference and acceptance study on mutants

2.5.1 The aim and outline of the survey

A preliminary survey on public preference and acceptance of the mutants obtained in this work
was conducted on 7 January 2014 at Agrotechnology and Bioscience Division, Malaysian Nuclear
Agency. The main objective of this survey was to gather information from the public on overall
appearance of these new varieties and their potential for commercialization. The same set of
questions were used for both Reagan Red and Pink mutants. In order to gain fair feedback from
the respondents, the plants in this survey were kept anonymous and only labeled with a letter from
A to E for Pink variety and F to J for Reagan Red. The questionnaires (as below) were prepared in
dual language (Malay and English). The respondents were asked to score the mutants according to

scales from 1 (very attractive) to 5 (poor).

AM GENERAL (Bulatkan jawapan, circle your answer)

1. Umur anda (Your age)

<20 tahun 21-35 tahun 35-50 tahun > 50 tahun
2. Jantina (Gender)
Lelaki (Male) Perempuan (Female)
3. Pekerjaan (Occupation)
Pelajar (Student) Kerajaan Swasta (Private) Sendiri
(Government) (Own business)
4. Adakah anda seorang.............. (Areyoua ................ )
Penanam Saintis (Scientisf) Pengumpul Pengemar Lain-lain
(Grower) (Collector) (Hobbyist) (Others)

SPESIFIK : SPECIFIC (Tuliskan skala, write your scale)

1 = Sangat cantik 2 = Cantik (attractive) 3 = Sederhana (satisfactory)
(very attractive)
4 = Kurang menarik 5 = Buruk (poor)

(less attractive)

Berdasarkan skala di atas, nyatakan pendapat anda untuk soalan-soalan berikut? (Using the scale
above, how would you rank the following?)

1.  Bentuk bunga (Flower shape)

POKOK (PLANT)
A B C D E
F G H I J
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2. Warna bunga (Flower colour)

POKOK (PLANT)
A B C D E
F G H I J

3. Keseluruhan rupa pokok (Overall plant appearance)

POKOK (PLANT)
A B C D E
F G H I J

4. Jika ditawarkan, adakah anda berminat untuk membeli pokok ini
(If offered, would you be interested to purchase this plant)
Tandakan (V) jika YA dan (X) jika TIDAK. Mark (\) if YES and (X) if NO

POKOK (PLANT)
A B C D E
F G H | J

5. Jika jawapan pada soalan 4 ialah YA, berikan cadangan harga (RM) untuk setiap SATU (1)
pasu pokok ini

(If your answer for question 4 is YES, please give a recommended price for ONE (1) pot of this

plant)

*Nota: harga semasa 1 pasu pokok kekwa RM 5.00 - 10.00
(Note: current price for I potted chrysanthemum plant is RM 5.00 - 10.00)

CADANGAN HARGA (RM) POKOK (RECCOMMENDED PRICE (RM) PER PLANT)

A B C D E

F G H I J

End of survey
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2.5.2 Background of the respondents

Approximately 60 participants were involved in this survey, which include staff of Nuclear
Malaysia, university students, plant growers/collectors and hobbyists. Of these, 38% were male
and 62% were female (Figure 42). Majority of these respondents (49%) were in the age of 35 to 50
years old; 28% were between 21 and 35 years old and 23% above 50 years old (Figure 43).
Scientists made up the highest proportion of the respondents (46%), followed by hobbyists (31%),
others (15%), growers (6%) and collectors (2%) (Figure 44). Others include students and general
public.

Percentage of respondent based on
gender

M
mF
Figure 42. Percentage of respondents according to gender.
Percentage of respondentbased on age
0%

m<20
m21-35
W 35-50
m>50

Figure 43. Percentage of respondents according to age.
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Percentage of respondentbased on profession/
interest

W Grower

| Scientist
m Collector
W Hobbyist

m Others

2%

Figure 44. Percentage of respondents based on profession or interest.
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2.5.3 Public acceptance on Reagan Red mutant

Reagan Red control plant and its four mutant varieties were used in this survey. Three of the
mutants were generated from ion-beam irradiation (TIARA Red, Yellow Sun and Golden Eye)
and one mutant (Cream Marble) from gamma irradiation (Figure 45a). Cream Marble has orangish
red flower and yellowish cream/green variegated leaves (Figure 45b). It was generated through
gamma irradiation of in vitro nodal culture of Reagan Red at 30 Gy. This mutant received a

bronze medal at Nuclear Malaysia Innovation Award 2012.
- . d
SRt -1 :

18,

TIARA Red

Figure 45. Photos of Chrysanthemum Reagan Red control and its mutants used in the survey (a)
and close-up views of Cream Marble leaves and flower (b).
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Based on the survey, the respondents gave gamma-irradiated Cream Marble as the most
attractive among the mutants for all categories (flower shape, flower colour and overall plant
appearance). As for ion beam irradiated mutants, TTARA Red received the most positive response
from the respondents as compared to the other two mutants (Yellow Sun and Golden Eye), but
generally was at par with the control for all characters. Table 25 shows detailed data on the

average scales given to all mutants and the control by the respondents.

Table 25. Average scales given by respondents to several characters of Reagan Red mutants.

Average Scale*

lanyClacter Cream Yellow Sun TIARA Golden Eye

Marble  (IB0.52.) Red (1B0.514) (ol
Flower shape 1.72 3.1 2.07 2.32 2.07
Flower colour 1.58 2.78 1.78 2.22 1.8
Overall plant 1.73 2.7 1.93 2.08 1.9
appearance

* Scale: 1 (very attractive); 2 (attractive); 3 (satisfactory); 4 (less attractive); 5 (poor)

In terms of public acceptance on the mutants (Table 26), majority of the respondents (78.3%)
have shown interest to purchase Cream Marble, followed by control (66.7%), TIARA Red
(56.7%), Golden Eye (53.3%) and Yellow Sun (33.3%). TIARA Red however edged out Cream
Marble in term of price, being given a recommended price of RM 6.61 as compared to Cream

Marble (RM 6.60).

Table 26. Public responses on willingness to purchase the mutants and the recommended price for
each Reagan Red mutant

Cream  Yellow Sun TIARA Golden Eye

Marble (IB0.52.2)  Red aBos14) <ol
Willingness to buy (%) 78.3 333 56.7 533 66.7
Suggested price per 6.60 436 661 - s
plant (RM) : . . . .
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2.5.4 Public acceptance on Pink mutants
As for Pink varieties, the four mutants (Figure 46) used in this survey were all from ion-beam

irradiation (P1ES 2.0Gy, P11E3 3.0Gy, p12E1 0.8Gy, and Majestic Pink).

P1ES 2.0Gy

Figure 46. Photos of Chrysanthemum Pink mutants used in the survey.

Majestic Pink
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In terms of preference, it appeared that P12E1 0.8Gy (purple flower, semi double mutant) and
Majestic Pink (light pink flower, variegated leaves) were the favorites among respondents as they
received average scales of below 2.0 for all categories. It means that these two mutants were
ranked somewhere between attractive and very attractive by the respondents. P12E1 0.8Gy mutant
received better review than Majestic Pink in terms of flower colour and overall plant appearance
but came second behind Majestic Pink in terms of flower shape. The other mutants and the control
fall into the attractive to satisfactory region for all these characters. Details on the scales given by

respondents on all pink varieties are shown in Table 27.

Table 27. Average scales given by respondents on several characters of the Pink mutant plants.

Average Scale*

Plant characters

P11E52.0Gy P11E33.0Gy PI12E1 0.8Gy M;!;I‘;iﬁc Control
Flower shape 2.11 2.09 1.81 1.65 2.11
Flower colour 2.25 2.18 1.61 1.86 2.05
(;;‘I’)r:ifﬁgt 2.02 2.02 1.7 1.72 2.04

* Scale: 1 (very attractive); 2 (attractive); 3 (satisfactory); 4 (less attractive); 5 (poor)

In terms of acceptance (Table 28), about 87.7% of the respondents were willing to buy Majestic
Pink, followed by p12E1 0.8Gy (84.2%), control (73.7%), P11E3 3.0Gy (68.4%) and P1ES 2.0Gy
(64.9%). The highest recommended price per plant was given to p12E1 0.8Gy mutant (RM 8.49),
followed by Majestic Pink (RM 8.32), control (RM 6.89), P11E3 3.0Gy (RM 6.74 and P1E5
2.0Gy (RM 6.33).

Table 28. Public responses on willingness to purchase the mutants and the recommended price for
each mutant.

P11ES P11E3 P12E1 Majestic Control
2.0Gy 3.0Gy 0.8Gy Pink
Willingness to buy (%) 64.9 68.4 84.2 87.7 73.7
Suggested price per 6.33 6.74 8.49 8.32 6.89
plant (RM) ) ) ) ) '
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Figure 47. Some of the participants during the survey on public preference and acceptance of
chrysanthemum mutants.

- 104 -



JAEA-Review 2015-037

2.6 Overall conclusions and future plan

This project has successfully delivered its objectives to optimize ion-beam irradiation protocols
for chrysanthemum (two varieties; Reagan Red and Pink), to study ion-beam irradiation effects on
the morphological aspects of the mutants and to generate new mutants with improved
characteristics which might be of interest to end users.

The filing for PVP for 4 mutants (3 Reagan Red and 1 Pink) has been completed. Future plans
include pre-commercialization studies (field performance, post harvest, flower quality, market
survey etc.), molecular analysis (markers for traits of interest) and collaboration with interested
industrial partners. These mutants, along with other irradiated populations, will also be screened
for low land adaptability to select varieties that can adapt to low land temperature and conditions

but still maintain the high flower quality as in highlands.
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Appendix 1

List of steering committee meetings

1. The 21* Steering Committee Meeting
(26 and27 February 2008 at JAEA, Takasaki)

JAEA:
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Deputy Director General, Quantum Beam Science Directorate

Dr. Atsushi Tanaka
Unit Manager,
(Research Unit) Radiation-Applied Biology Division,
Quantum Beam Science Directorate

Dr. Yutaka Oono
Assistant Principal Researcher, Gene Resource Research Group,
Radiation-Applied Biology Division,
Quantum Beam Science Directorate

Nuclear Malaysia:

Dr. NorimahYusof
Director, Agrotechnology and Biosciences Division

Ms. Affrida Abu Hassan
Manager, Ornamental Group,
Agrotechnology and Biosciences Division

Resource persons and observers:

Dr. Masao Tamada

Dr. Ayako Sakamoto

Dr. Yoshihiro Hase

Dr. Tamikazu Kume

Dr. Ryouhei Yoshihara

Dr. Shigeki Nozawa

Dr. Tamikazu Kume
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Schedule of irradiation experiments

Table 1. Irradiation experiment performed in JAEA.

TIARA Researcher visited ],l),?l::z Cooperative
INo.| Year| Project Date from allocation of researchers in| Report
No. Nuclear Malaysia| . . . JAEA
irradiation
1 ;“pr' 20-23, 1 kinah Ariffin Aplr .1122/
008 Yutaka Oono  JAEA-
FY | 81007 g .
------ 'Y oshihiro Hase |Review
2008 A1
5 Nov. 24-27, |Affrida Abu Nov. 25/ £009-041: 70
2008 Hassan 1h
3 May 26-29, May 27/
FY 2009 L5 hr 'Yutaka Oono  JAEA-
------ 2009 91007 IAffrida Abu Hassan| Ryohei Review
4 Nov. 10_13’ Nov. 11/ Yoshihara 2010-065: 62
2009 1.5 hr
May 16-19, . May 17/
5 2010 IAffrida Abu Hassan| Shr TAEA-
FY Review
""" 2010| 101010 / D011-043:
Nov. 10-13, Nov. 11 102
6 2010 IAzhar Mohamad 2 hr
- (Canceled)* Mayhl o/
2 hr JAEA-
FY Yutaka Oono .
______ 111009 . Review
2011 Yoshihiro Hase )
; Oct. 12-15, [Salahbiah Abdul Oct. 13/ (Shigeki p012-046: 97
2011 Mayjid 2 hr Nozawa
May 16-18 May 16/ TARA-
ay 16-1¢, . ay Review
8 2012 IAffrida Abu Hassan| > hr 5013.059:
—————— 104
FY 1121008
2012
9 Nov.28- |\ o Nov. 29/ JAEA-
Dec. 1, 2012 2hr Review
2014 -050:
108

*The irradiation experiment was canceled due to the effect of the electric power problem caused by
Fukushima accident.
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Table 2. Samples and irradiation dose examined.
Date Samples
No| Yr (Researcher) (Chrysanthemum morifoliumcv) s ()
Nov 2007 0,0.2,0.5,1,2,5
S s s 5 Ly L5 Iy
0 (Ms. Affrida) Lameet Petal & Leaf [ o™ 16750, 30, 40
Mac 2008 0,0.2,0.5,1,2,5,
"1 2 | s Sakinany [ ReagenRed Petal 8, 10,20, 30, 40
=<
s
, | & |Nov2o08 Reagan Red Petal & Shoot | 0,0.5, 1, 2,5, 8,
(Ms. Affrida) & Node 10, 15, 20, 30
May 2009 0,0.5,1,2,3,5,8,
SR | s, Affrida) Reagan Red Petal 10, 15, 20, 30
=<
[\
S | Nov 2009 0,0.5,1,2,3,5,8
\O OV 2 . b 2 2 b b b
4 (Ms. Affrida) Reagan Red Petal 10, 15, 20, 30
5 o May 2010 -Unknown Petal 0,0.5,1,2,3,5,8,
— S. rida -Reagan Re oot Node , 15, 20,
= | s Aftrid R Red Shoot Nod 10, 15, 20, 30
=<
[\
(a]
6 S | Nov2010 (purple and pink Petal 0,05,1,2,3,5,8,
(Dr. Azhar) varieties) © 10, 15, 20, 30
S
e
2 | Sept 2011 0,0.5,1,2,3,5,8,
7| S | (Ms. Salahbiahy | ReaganRed Petal 10, 15, 20, 30
] o May 16-18, 2012 | Pink and purple Petal 0,0.5,1,2,3,5,8,
=~ | (Ms. Affrida) varieties 10, 15, 20, 30
=<
S
o | & |Nov2s29,2012 | . Nodes and 0,0.5,0.8, 1,2, 3,
(Dr. Zaiton) Y leaves 5,8, 10, 15, 20, 30

*Preliminary irradiation experiment was done in the previous bilateral collaboration project.
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Appendix 3

List of publications, presentations, and new varieties

Publications

Affrida A.H., Shakinah S., Zaiton A., Yoshihara, R., Narumi, 1., Hase,Y. and Oono, Y. (2009).
Generating new ornamental plant varieties using ion beams. JAEA Takasaki Annual Report 2008.

JAEA-Review 2009-041: p.70.

Affrida A.H., Zaiton A., Salahbiah A.M., Shakinah S.,Yoshihara, R., Narumi, I., Hase, Y. and Oono,
Y. (2010). Generating new ornamental plant varieties using ion beams. JAEA Takasaki Annual

Report 2009. JAEA-Review 2010-065: p.62.

Shakinah S., Zaiton A., Affrida A.H., Nozawa, S., Narumi, 1., Hase, Y. and Oono, Y. (2011).
Characterization of ion beam irradiated chrysanthemum plants. JAEA Takasaki Annual Report 2010.
JAEA-Review 2011-043: p.102.

Shakinah S., Zaiton A., Affrida A.H., Shuhaimi S., Yahya A., Ab. Kahar S. and Thohirah L.A.
(2012). Studies on the effectiveness of acute gamma and ion beam irradiation in generating flower

colour mutation for Chrysanthemum morifolium. Jurnal Sains Nuklear Malaysia 24: pp.59—70.

Zaiton A., Affrida A.H., Shakinah S., Nozawa, S., Narumi, I., Hase, Y. and Oono, Y. (2012).
Generating new ornamental plant varieties using ion beams. JAEA Takasaki Annual Report 2011.

JAEA-Review 2012-046: p.97.

Zaiton A., Affrida A.H., Shakinah S., Nurul Hidayah M., Nozawa, S., Narumi, 1., Hase, Y. and Oono,
Y. (2013). Generating new ornamental plant varieties using ion beams. JAEA Takasaki Annual

Report 2012. JAEA-Review 2013-059: p.104.
Zaiton A., Affrida A.H., Shakinah S., Nurul Hidayah M., Hase, Y. and Oono, Y. (2014).

Development of new Chrysanthemum morifolium Pink mutants through ion beam irradiation. JAEA

Takasaki Annual Report 2013. JAEA-Review 2014-050: p.108.
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Presentations

Shakinah S., Zaiton A., Affrida A.H., Shuhaimi S., Yahya A., Ab. Kahar S. and Thohirah L.A.
Studies on the Effectiveness of Acute Gamma and Ion Beam Irradiation in Generating Flower Colour
Mutation for Chrysanthemum morifolium. Nuclear Malaysia Technical Conference, 13—15

September 2011, Bangi Selangor, Malaysia.

Shakinah S., Yahya A., Thohirah L.A., Zaiton A. and Ab. Kahar S. Mutation induction of
chrysanthemum using gamma and ion beam irradiations. International Agriculture Congress. 4—6

September 2012, Putrajaya, Malaysia.

Shakinah S., Zaiton A., Affrida A.H., Yahya A., Ab. Kahar S. and Thohirah L.A. Effect of ion beam
irradiation on morphological and flowering characteristics of chrysanthemum. Nuclear Malaysia

R&D Seminar. 26-28 September 2012, Bangi Selangor, Malaysia..

Shakinah S., Zaiton A., Affrida A.H., Yahya A., Nozawa, S., Narumi, 1., Hase, Y. and Oono, Y.

Development of Chrysanthemum morifolium cv Reagan Red Mutants Using lon Beam Irradiation.

The 7™ Takasaki Advanced Radiation Research Symposium. 10—11 October 2012, Takasaki, Japan.

Zaiton A., Affrida A.H., Shakinah S., Nurul Hidayah M., Nozawa, S., Narumi, I., Hase, Y. and
Oono, Y. Achievement of Nuclear Malaysia - JAEA Bilateral Project on Generating New

Ornamental Plant Varieties using Ion Beams. The 8™ Takasaki Advanced Radiation Research

Symposium. 10—11 October 2013, Takasaki, Japan

Zaiton A., Affrida A.H., Shakinah S., Nurul Hidayah M., Nozawa, S., Narumi, 1., Hase, Y. and
Oono, Y. New Chrysanthemum Mutant Varieties Developed Through Ion Beam Irradiation
Technology. The 9™ Takasaki Advanced Radiation Research Symposium. 9—10 October 2014,
Takasaki, Japan

Zaiton A., Affrida A.H., Shakinah S., Nurul Hidayah M., Shuhaimi S., Mohamed Najli M.Y. and

Oono, Y. Development of new chrysanthemum mutants for Malaysian floriculture industry. Nuclear

Malaysia R&D Seminar. 14—16 October 2014, Bangi Selangor, Malaysia.
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Shakinah S., Zaiton A., Affrida A.H., Shuhaimi S., Nurul Hidayah M., Salim O. and Mohamed Najli

M.Y. Customer acceptance survey on chrysanthemum mutants developed by Nuclear Malaysia.

Nuclear Malaysia R&D Seminar. 14—16 October 2014, Bangi Selangor, Malaysia.

Affrida A H., Zaiton A., Shakinah S., Oono, Y., Azhar M. and Wickneswari R. Characterization of
Chrysanthemum CV. Reagan Red mutants. Nuclear Malaysia R&D Seminar. 14—16 October 2014,
Bangi Selangor, Malaysia.

Shakinah S., Zaiton A., Affrida A. H., Shuhaimi S. and Oono, Y. Improvement of chrysanthemum
varieties using radiation technology. Second International Conference on Crop Improvement (ICCI
2015). 2-3 December 2015. Universiti Putra Malaysia, Serdang, Selangor, Malaysia.

(Best Poster Award)

Zaiton A., Shakinah S., Affrida A. H., Nur Akmal M. R., Siti Mardhiah M. and Oono, Y. Mutagenic
effects of ion beam irradiation on chrysanthemum flower colour trait. Second International
Conference on Crop Improvement (ICCI 2015). 2-3 December 2015. Universiti Putra Malaysia,
Serdang, Selangor, Malaysia.

New varieties

1. Tiara Red (Filing no. PVBT 009/14. Filing date: 19 May 2014)
2. Golden Eye  (Filing no. PVBT 011/14. Filing date: 19 May 2014)
3. Yellow Sun (Filing no. PVBT 013/14. Filing date: 19 May 2014)
4. Majestic Pink (Filing no. PVBT 010/14. Filing date: 19 May 2014)

PVBT: Perlindungan Varieti Baru Tumbuhan (New Plant Variety Protection), Department of
Agriculture, Malaysia.
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