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Summary

. Research title

Establishment of mutation breeding techniques of flowering plants

Il. Background and objective of Research

In oder to havé a good marketability of a domestic floricultural industry in
the global competition researches on breeding new varities of commercial
flowers, and exploring and creating the wild flowers of being capable to be
value-added commercially are urgently required, Although the cross breeding has
been utilized to breed flowering plants, it is very prerequisite to secure the
diverse genetic sources of flowering plants and accumulate lots of knowhow on
the breeding, However, considering that flower breeding has been less paid
attention to, the breeding of flowering plants which can compete against foreign
ones in quality by crossing are almost impossible in the short period.
Therefore, the development of new method for flower breeding is requested to be
able to breed a new varieties of flowers effectively, The radiation-induced
mutation breeding has been successfully used for breeding the economic crops.
Futhermore, in contrast with the crop mutation breeding expecting only higher
yield or quality as well as disease resistance, recessively genetic traits
beside them can be selected in flower mutation breeding, which thus makes it
possible to obtain the mutants at higher probability. In addition, the problems
of the property right of products causing by using the vectors or genes
developed by other people in the genetic manipulation can be ruled out
completely in the mutation work, As the radiation-induced mutation breeding is
therefore expected to be one of the best effective tools to tranform the genetic
traits of flowering plants to be the value-added ones, we aimed at establishing

the techniques of gamma-induced mutation breeding for the flowering plants as
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well as wild flowering plants,

lil. The contents and methods of research

a. Mutation breeding of wild flowering plants

The seeds of Aster hispidus Thunb and Farfugium Jjaponicum Kitam were
collected from Aewol, the west part of Cheju-do and were irradiated at the
different dose rates by using %Co irradiator in the Korea Atomic Energy
Research Institute, Optimal dosage of irradiation was determined by examining
the rates of germination at day 30 after seeding, Ml plants showing dwarfism,

deformed leaf or multi-shoot were screened at day 80 after transplanting,
b. Mutation breeding of 1illy

The in-vitro tissue culture of bulbs and callus of Lilium Ilongiflorum hybrid
“Georgia” and Oriental hybride "ETUDE” were optimized by testing on MS media
supplemented with the various combinations of 0, 0.01, 0.1, 1.5, 10 mg/L BA and
NAA and examining the differentiations of organ and formations of minibulb from
bulb scales at day 40 after culture, The optimal dose rates of bulbs was
determined by observing their survival rates at day 30, 60, 120 and 180 after
y ~irradiation at 0, 5, 7, 9 and 12 krad by using %o irradiator and cultured
on MS medium supplemented with 0.1 mg/L BA and 0.1 mg/L NAA. The optimal dose
rates of callus was also determined by observing their survival rates at day 30
and 45 after y -irradiation at 0, 0.5, 1, 2, 3 and 5 krad and cultured on MS
medium supplemented with 0.1 mg/L BA and 0.1 mg/L NAA.

c. Mutation breeding of orchids

After 7y -irradiation at 0, 3, 5, 7 krad rhizomes of Kanran, protocorms of
Cymbidium and Phalaenopsis were cultured on solid Hyponex medium for 150 days to
determine the optimal dose rates, LDsp. The seed of Phalaenopsis were irradiated

at 0, 9, 12, 15, 17, 19 krad and cultured on solid Hyponex medium to determine



the optimal dosage by examining their germination rates at day 150,

IV. Results of research

a. Mutation breeding of wild flowering plants

The germination rates of seeds of Aster hispidus Thunb were more than 90%
irrespective of irradiation dose rates. However, the survival rates of their
seedlings observed at day 30 showed the lower values with increasing the dose
rates and were 31 to 65 % at 20 to 30 krad which indicated the optimal dosages
to induce the mutations of seeds of Aster hispidus Thunb, Ml plants showing
dwarfism and deformed leaves was dominant at 10 - 20 krad and ones having
mul ti-shoots at 20 - 30 krad. Although generally these growth retardations and
leaf deformations of Ml plants may however come from the physical imf)acts of
radiation rather than from the results of mutation, the seeds of Ml plants
influenced by 7 -irradiation will increase the probability of mutation of M2
plants, The germination rates of seeds of Farfugium japonicum Kitam irradiated
at 10 to 40 krad also were over 70% but the survival rates of their seedlings
examined at day 30 were 0 % and they thus showed different radiosensitivity
from those of Aster hispidus Thunb and are considered to be exposed to lower
doses than 10 krad,

b. Mutation breeding of lilly

Root and leaf formations from 1lilly bulbs were promoted by combining 0 - 1
mg/L. of NAA and 0.01 - 0.1 mg/L of BA and bulb formations were stimulated by
supplementing 0.1 - 1 mg/L of NAA and 0.01 - 0.1 mg/L of BA. The formations of
shoots and roots from lilly callus were enhanced by adding 1 mg/L of BA or 1
mg/L of BA + 1 mg/L of NAA. The survival rates of bulbs of Oriental hybride
"ETUDE” and Lilium longiflorum hybrid “Georgia” irradiated at 5 krad or more
were almost 100 % until 30 days after culture but after that  gradually
decreased with time and reached 20 - 56 % and 8 - 24 % at day 180,



respectively, However there were no differences in the survival rates
depending on irradiation dosages. This means that observing the necrotic bulb
to evaluate the survival rates 1is very inappropriate and observing the cell
division on the bottom of bulb scales is recommendable. On the other hand, as
the survival rates of callus of Lilium were 30 - 40 % at 1 krad or less, the

optimal dose rate was estimated to be 1 krad or less.
c. Mutation breeding of orchids

Optimal dose rates of  Kanran rhizomes and Cymbidium protocorms  were
estimated to be 3 - 5 krad. The growth of Kanran rhizomes and Cymbidium
protocorms irradated was retarded and the length of their regenerated
shoots(MV,) was shorten. In particular, the induction of chlorophyll deficient
rhizomes for short duration is proven that the mutation breeding technique is
a efficient method to breed new varieties of orchids in the short period if it

is well established,

V. Further applications of outputs

As there has been a very few of studies in mutation breeding in flowering
plants in Korea, this results will be supplied with the basic data on mutation
breeding in flowering plants as well as applied to mutation breeding of
horticultural crops. On the other hand, through this research breeding new
varities of commercial flowers, and exploring and creating the wild flowers of
being capable to be value-added commercially mutation breeding in flowering

plants will be activated in Korea.
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Table 1. Germination and survival rate of ¢y -ray irradiated Aster

Japonicum Thunb seeds,

‘ Survival rate
Dose(kR) Germination rate
‘ at 30 days after sowing
0 98 97.0
10 97 86.0
20 97 68,7
30 96 35.4
40 92 6.2
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Table 2, Germination and survival rate of y-ray irradiated Farfugium

Japonicum Kitam seeds.

Survival rate
Dose(kR) Germination rate
at 30 days after sowing
0 94.6 100.0
10 86.7 0.0
20 83.4 0.0
30 80.3 0.0
40 70.1 0.0
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Table 3. Morphological changes of M; generation in Aster Jjaponicum

Thunb, as irradiated by y -ray

Sowing Morphological changes
Dose(kR)
date
Dwarf Round leaf Mul ti-shoot
6/9/2000
0
87472000
6/9/2000 6°(10.0) 3(5.0) 7(11.7)
10
8/4/2000 - 13(5.9) 10(3.0)
6/9/2000 4(13.3) 2(6.7) 4(13.3)
20
8/4/2000 - 6(4.0) 27(18.0)
30 87472000 - - 26(19.3)
40 8/4/2000 - - -

© Number of morphological changes
() : Occurrence rate

-+ Not confirmed
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Plate 1. Morphological changes of Aster japonicum Thunb
as irradiated by the various y-ray doses.
1: Control, 2; 10 kR, 3; 20 kR, 4; 30 kR

b
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Plate. 2. Patterns of morphological change of Aster japonicum Thunb,
as irradiated by the various y-ray doses.
1; Leaf shape, 2; Dwarf, 3; Multi-shoot
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0.01 - 0.1 mg/L8} EL314S B-Fol &4 UEILTHE 5).

1}, Callus 7|#E3F 24

MS WX E 7]Eo® 3l NAA 0.1 - 1 mg/Le} BA lmg/LE E&A e & 3}
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on organogenesis from

Table 4, Effect of the combination of BA/NAA

n

the bulb of Lilium longiflorum hybrid “Georgia”.
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Table 5, Effect of the combination of BA/NAA on organogenesis from

Georgia”,

”n

callus of Lilium longiflorum hybrid

No. of
shoot formed

2.8

0.3

1.5
1.5
1.3

0.5

0.5

0.5

6.3

1.5

3.8
0.5

0.8
3.3
3.5

4.3
2.3
0.5

0.3

0.3

1.8
0.3
0.8

No. of
root formed

1.5
0.8

0.5

1.3
0.8

0.3
0.3

0.5

0.3

3.8
0.5

2.5

1.8
1.3
1.3
0.8

0.8
0.8

0.5

0.5

0.3

NAA

(ppm)

0.01
0.1

10

0.01
0.1

10

0.01
0.1

10

0.01
0.1

10

0.01
0.1

10

0.01
0.1

10

BA

(ppm)

0.01

0.1

10
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Table 6. Survival

rate of the

bulb of Lilium longiflorum hybrid

“"Georgia” irradiated by 7y -ray.

Survival rates(%)
Dose
rates After 30 day After 60 day After 120 day | After 180 day
(KR) . |Orienta . |Orienta . |Orienta . |Orienta
Geogia . Geogia : Geogia . Geogia )

5 96 100 90 98 38 90 8 50

7 98 100 74 92 34 74 4 20

9 100 100 82 94 50 90 22 48

12 100 100 80 90 38 78 - 8 b6
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32,

o f 2 & fo

JAY 2 FUBA FLE B mel WA A4l ThE 4
H $5S THIY BFY R PPN ol& agat ot
W, AN ol mE YAkl Fegel YR Aol Mol
A T2 EFINE AN Pakdol I A4Ho] HE THE 4
PADNE 71ROE St A2 BPPEol BAT 988 Akl
2 &Y U NE4E A A717 Bl Wasitia AlRdc)

2f. W3} callus AY RA} Hdgr 23

8

PO A 1o

2

0, 0.5, 1, 2, 3, 5 kR 2% ZAIF WFl callusS NAA 0.1 mg/L}
BA 0.1 mg/L7} FE7HEA MS wjRjof] X]4Jslal o]& wjaFste] wjed 7jzhHE (30,
459) BEEE RABIETHE 7, A 7). WF callus:e Aujare 74
ol Bt KULE JHs¥H FEE callus FAo] BU3] ot ],
Hutd & A callus F4jo] VA3 AsIE o] 30U 71X = HriE
& HolA AT 45¢0] AURA FHAFQ FAAEIE #AF 4919
th g, Zubd Ael4EY callus FES(UAMZAIE 45Q% ZH
AHE|Z] & Z)E wladle] BW 053 1 kRo[ME 73%HE 431, 2 kRo|
Fol M= 50 - 60% FE=E LEpATE 2y}, callus 4] B2 Bds}o]
B, 1kR EE Joldolas 1 2A180] 30 - 40% FEE QO T o
oM callus7t A} FAIER] ofal w9 A3 ZHEHA AE
gich. wheba, E9 A71F e wjdde] 23T Qo B M¥FolM A}
$52 gt WY callus®] FEHA FFRAMBLE 1 kR E= 3 o]
StE AlEEo H2d(1978)2 VMR (Lilium longiflorum) & A
ZALE} v 312U o] 5(1998)0] KL%t W embryogenic calluse] &3
7148 7 - 9 KRETHE of$ u2 Makol gt}

7}. 313t rhizome A RAlMzF AR

-

2, 3,4 5 7TkR $+ELE ZA3 et rhizomeE Hyponex wjx]oj
g8l 150dF2] AEE W ASARE B¥E a7 13} gl wade
2 A2 AAEEI =3e Bat ohel dSo] ANtY o g slsA UE}
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Table 7. Survival rate of callus of Lilium Iongiflorum hybrid
"Georgia” irradiated by y -ray.
Dose rates Survival rate(%) Rate of Score of
(KR) After 30 day | After 45 day | ColiusProli- | callus
feration(%) |proliferation
0 100 100 - 100 +++
0.5 100 73 43 +
1 100 73 36 +
2 100 61 - -
3 100 50 - -
5 100 71 - -
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Plate. 7.

1

Radiosenstivity of Lilium longiflorum callus irradiated by the

different y-ray doses.
; Control, 2; 0.5kR, 3; 1 kR, 4; 2 kR, 5; 3 kR, 6; 5kR
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80 F
=g |caf length(cm)
14
60
13
40 F
2
20 F 1
0 4 0
control 2 kR 3 kR 5 kR 7 kR
y —ray irradiation dose

Fig 1. Effects of y-ray irradiation dose on survival

rate and leaf length of Cymbidium kanran,
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7 Cymbidium spp.
Survival rate(%) 1 100
80 | et Cymbidium spp. Leaf
length(cm) 1 80
80
4 60
40
1 40
20 1 20
0 0
control 2kR 3kR 5kR 7kR
y-ray irradiation dose

Fig 2. Effects of y -ray irradiation dose on survival rate and

leaf length of Cymbidium spp.
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Fig 3. Effects of y -ray irradiation dose on survival rate and

leaf length of Phalaenopsis spp.
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