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Abstract To set efficient transformation system in chrysan-
themum, thirty-four chrysanthemum (Dendranthema grandi-
Sflorum Kitamura) varieties were collected and cultured for
shoot regeneration. Five varieties, ‘Shuho-no-chikara’, ‘Zin-
ba’, ‘Baekma’, ‘Pink pride’ and ‘Keumsu’ of them were sele-
cted, because they had a high shoot regeneration efficiency.
MS medium containing 1.0 mg/L NAA and BA respectively
was very adequate for shoot regeneration in those varieties.
MS medium with 3.0 mg/L NAA and 1.0 mg/L kinetin in
“Shuho-no-chikara’ and the medium with 0.5 mg/L. NAA and
3.0 mg/L BA in ‘Keumsu’ were also suitable for shoot rege-
neration. The most efficient callus induction and shoot rege-
neration were obtained on MS medium. Shoot regeneration
was enhanced more than 8% on MS medium with 0.3% phy-
tagel and 10-15 mg/L putrescine. The best cultural material
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for shoot regeneration was stem. When stem was used as a cul-
ture material, shoot regeneration rate was increased more than
26% and the days to shoot regeneration was shortened about
14 days.
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Table 1 The varieties of chrysanthemum (Dendranthema grand-
iflorum Kitamura) which bred from inside and outside of the
country

NO Type Variety Abbreviation
1 Shinma SM
2 Baeksun BS
3 Standard Backkwang BK
4 Subangryek SBR
5 Backma BM
6 Charming eye CE
7 Peak PK
8 Pleasure damore PDM
9 Orangem emory OM
10 Spray Whitny pangpang WPP
11 Pinkp angpang PPP
12 Suny pangpang SPP
13 Pink pride pp
14 Yes morning YM
15 Agison AS
16 Whiparam WP
17 Borami BR
18 Keumsu KS
19 Moon light ML
20 Dongjihyang DH
21 Say rosa SR
22 Spray Kibaek KB
23 Galchae GC
24 Dalma DM
25 Angae soguk AS
26 Mujung MJ
27 Golden harim GH
28 Rose queen RQ
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Fig. 1 The micro-proliferation steps of chrysanthemum ‘Backma’ (Dendranthema grandiflorum Kitamura)
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Table 2 The callus formation rate(%) of chrysanthemum (Dendranthema grandiflorum Kitamura) varieties according to the growth
regulator complex combinations after 8 weeks in culture

Growth regulator (mg/L) Varicties
SBR BS BK BM SM YM KS OM IW CE SPP FW PP PDM PPP
BAO.1 764 648 495 624 842 405 48.6 742 258 504 64.8 - 764 642 764
BAO0.5 912 726 626 682 904 428 682 786 316 476 586 125 892 764 782
NAA 0.1 BAL.0 100 682 712 726 932 626 724 862 298 512 704 164 908 80.6 81.2
BA3.0 100 804 84.6 843 928 50.8 60.6 79.5 406 28.6 586 - 92.6 828 70.9
BA5.0 864 728 80.6 586 765 492 458 843 356 40.8 408 - 78.6 748 54.6
BAO.1 926 90.6 728 865 926 754 92,6 904 42.1 42,6 79.6 - 97.6 81.6 78.6
BAO0.5 100 100 78.6 100 100 857 100 928 486 506 812 286 976 892 792
NAA 0.5 BAL.0 100 100 92,6 100 100 848 964 904 542 604 824 462 100 90.6 84.6
BA3.0 100 89.6 832 100 100 764 958 965 628 786 805 345 100 914 826
BA5.0 848 782 80.6 928 945 772 904 91.8 465 76.5 64.8 - 924 786 6384
BAO.1 100 942 682 90.6 100 80.6 100 762 645 608 78.0 - 100 85.8 72.6
BAO0.5 100 100 894 100 100 872 100 100 706 728 816 428 100 924 604
NAA 1.0 BA1.0 100 100 90.6 100 100 884 100 100 746 742 846 568 100 91.8 582
BA3.0 100 100 84.8 100 100 80.5 948 100 720 620 688 505 982 864 49.6
BA5.0 78.6 625 769 100 948 60.5 90.6 86.0 59.8 682 71.6 404 887 728 516
BAO.1 100 804 80.8 100 100 82.0 100 912 640 40.8 625 - 100 784 60.4
BAO0.5 100 100 92,6 100 100 90 100 92.8 682 782 60.8 265 100 88.6 765
NAA 3.0 BAL.0 100 100 946 926 100 726 962 100 725 8l1.6 764 40.8 100 829 682
BA3.0 100 100 92.8 943 100 72.0 90.8 946 70.6 842 809 429 100 765 555
BA5.0 862 628 90.6 80.6 90.0 36.5 78.6 824 495 80.0 70.6 286 90.6 428 428
BAO.1 804 792 846 908 826 743 724 762 250 626 508 - 87.2 60.0 20.8
BAO.5 72.6 648 90.1 826 842 662 829 648 326 486 61.6 - 67.8 48.6 19.6
NAA 5.0 BA1.0 748 529 786 684 70.6 70.6 80.6 662 408 526 70.8 - 72.1 624 -
BA3.0 80.4 584 648 706 528 540 729 468 258 482 724 - 804 48.0 -
BAS5.0 614 296 562 525 642 286 506 260 129 264 602 - 66.8 29.6 -
Kinl.0 100 100 78.6 924 100 854 89.6 786 654 728 704 - 100 82.8 56.5
NAA 1.0 2iP1.0 76.0 456 704 682 829 265 726 604 205 456 260 486 868 604 156
TDZ1.0 892 482 826 868 976 326 784 728 326 548 358 - 100 809 728
Kinl.0 100 100 842 90.6 100 726 826 904 682 864 752 265 100 862 60.8
NAA 3.0 2iP1.0 82.8 49.6 682 528 842 300 508 706 164 746 702 504 826 486 21.7
TDZ1.0 91.6 526 763 847 90.6 245 765 640 268 429 546 - 92.1 81.6 78.6

* SBR:subangryek, BS:Baeksun,

H

BK:Baekkwang, BM:Backma, SM:Shinma, YM :Ywsmorning, KS:Kemsu, OM:Orangememory,
IW:Ilwal, CE:Charmingeye, SPP:Sunnypangpang, FW:Forward, PP:Pinkpride, PDM:Pleasuredamore, PPP:Pinkpangpang
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Fig. 2 The shoot regeneration rate(%) and formed number of plantlets of chrysanthemum (Dendranthema
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varieties according to the growth regulator complex combinations after 8§ weeks in culture

Varieties

Fig. 3 The aspect of tissue culture of chrysanthemum (Dendranthema grandiflorum Kitamura) varieties with 1.0 mg/L NAA and

1.0 mg/L BA

Table 3 The cultural response according to cultural material of chrysanthemum ‘Shuho-no-chikara’, ‘Zinba’, ‘Baekma’, ‘Pink pride’
and ‘Keumsu’ (Dendranthema grandiflorum Kitamura) after 8 weeks in culture

CFR Fresh wt. S.F.R No of formed shoot Days needed
(%) (mg/ea) (%) (ea/Disc) for shoot formation
Leaf 100 286 72.0 2.6 46
Petiole 52 480 86.4 1.8 32
Stem 58 586 98.0 43 32

¢ C.F.R. means callus formation rate and S.F.R. means shoot formation rate
% MS medium was containing 3% sucrose, 1.0 mg/L NAA, 1.0 mg/L BA and Agar 1.0%
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Fig. 4 The cultural response according to cultural material of chry-
santhemum ‘Shuho-no-chikara’, ‘Zinba’, ‘Backma’, ‘Pink pride’
and ‘Keumsu’ (Dendranthema grandiflorum Kitamura) after 8
weeks in culture
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Table 4 The cultural response of chrysanthemum spp. (Dendranthema grandiflorum Kitamura) according to cultural media after 8

weeks in culture

SBR BM

Cultural Media

CFR (%) SFR (%) CFR (%) SFR (%) CFR (%) SFR (%) CFR (%) SFR (%) CFR (%) SER (%)

MS 100 96.4 98.6 80.6
BS 40.6 114 322 -
White 60.6 28.6 482 12.8
L&S 96.2 90.6 72.8 56.3
S&H 90.8 88.8 78.6 64.2

SM KS PP
100 90.2 100 92.8 100 94.6
42.6 12.6 41.2 10.5 82.0 32.6
62.4 26.4 60.2 25.0 86.9 40.6
86.8 62.8 92.8 60.4 100 91.2
90.8 70.4 93.6 62.9 100 92.8

%% C.F.R. means callus formation rate and S.F.R. means shoot formation rate
% MS medium was containing 3% sucrose, 1.0 mg/L NAA, 1.0 mg/L BA and Agar 1.0%

Table S5 The callus formation rate(%) and shoot formation rate(%) of chrysanthemum spp. (Dendranthema grandiflorum Kitamura)

according to coagulating agents after 8§ weeks in culture

SBR BM

SM KS PP

Concentration (%)

CFR (%) SFR (%) CFR (%) SFR (%) CFR (%) SFR (%) C.FR (%) SFR (%) C.FR (%) SFR (%)

0.8 90.8 82.9 86.0 62.0 90.6 72.6 90.8 76.4 82.0 64.2

Agar 1.0 100 96.4 98.6 80.6 100 90.2 100 92.8 100 94.6
1.2 92.8 90.2 98.2 82.8 100 80.4 86.4 932 74.8 78.6

0.2 100 95.8 96.0 80.4 100 88.6 100 90.6 100 95.4

Phytagel 0.3 100 98.2 100 92.6 100 94.8 100 96.2 100 98.2
0.4 92.0 93.0 100 932 100 92.6 92.8 92.8 100 90.0

% C.F.R. means callus formation rate and S.F.R. means shoot formation rate
% MS medium was containing 3% sucrose, 1.0 mg/L NAA, 1.0 mg/L BA and Agar 1.0%
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Table 6 The cultural response of chrysanthemum spp. (Dendranthema grandiflorum Kitamura) according to cultural media after 8
weeks in culture

SBR BM SM KS PP
Carbon source
CFR (%) SFR (%) CFR (%) SFR (%) CFR (%) SFR (%) CFR (%) SFR (%) CFR (%) SFR (%)
Sucrose 100 96.4 98.6 80.6 100 90.2 100 92.8 100 94.6
Fructose 98.2 62.8 70.6 24.8 62.8 29.4 78.6 41.5 88.6 70.6
Lactose 62.4 16.4 27.6 11.8 28.6 20.2 42.8 32.6 48.2 18.4

% The used chrysanthemum (Dendranthema grandiflorum Kitamura) varieties were SBR: ‘Shuho-no-chikara’, BM: ‘Baekma’,
SM: ‘Zinba’, KS: ‘Keumsu’ and PP: ‘Pink pride’
% MS medium was containing 3% sucrose, 1.0 mg/L NAA, 1.0 mg/L BA and Agar 1.0%

Table 7 Effect of sucrose concentrations on organogenesis from stem culture of chrysanthemum ‘Shuho-no-chikara’ (Dendranthema
grandiflorum Kitamura) with 1.0 mg/L NAA and 1.0mg/L BA

After 6 weeks After 12 weeks

Shoot Root Shoot Root
Suc. Callus - - : .
con. (%) growth FOMAU N6 peioh PO N popieq  FOMAt N paione FOMAt N6 L enigth
onRate Disc (cm) onRate Disc (cm) onRate Disc (cm) onRate Disc (cm)
(%) (%) (%) (%)
0 - - - - - - - - - - - - -
1.5 ++ 384 2.1 2.8 26.4 6.8 4.8 48.6 3.6 42 42.8 7.0 52
3.0 -+ 86.2 34 32 60.8 6.2 42 97.2 44 5.0 90.4 7.0 52
4.5 ++ 64.6 32 34 42.6 6.2 3.6 80.8 42 4.8 78.6 5.2 3.6
6.0 ++ 46.8 2.6 3.0 28.8 5.4 3.4 56.4 2.8 4.8 56.8 5.4 3.4
- : no response + : normal ++ : good +++ : very good

0007} 7Y 94U BIAE 12 W e FFEE B B} Hok WA AFHE A T Fuel L% )
% phytagel 0.3%°]4 714 E3tH o] ek LR AL ¢ 4 UNon 45%9 60%9) TFE A
S5 B5E 2ANG A F2BFA G2 Aes oA ARAAE shet Bakeo 1 WAL WA
871 % AEA BAYES 2AG vk E 63 2R A & A0S veh il 60% He A A% Bakgo] 30%
B2 hof A GRAUY HATFUOR Kol e s Aelo] uls| 304% sstdn BotHt AR 2
S 669G 193 dPRY ogRE oty AW 087 BasT olHe A wel v o
opels AEA ] the b W o] 8 4 ok WO F A £ o WA SR FWAY A4 HE
F7h 2etd 4 ok T3S WFT Ao GAY0R  WelBEesk SN 30%9) 7070 Hste] Lo 2
[e]

sucroseS AFES AL 1A oS =Y 7|E ©a
& 29 fructose?} lactose <O =2 A
Ao WYY =7} ofstal Azi3

a5kl A E #ejo] Zolk 34 em= 1.8 cm LT
(Table 7). o] 2|3t A= WgHo] Q1A A uj o A= &
o] & 4= 9l9l:=1| (Takayama and Misawa. 1980) &A%
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3}021 713t g 71 kel T WS =5
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i 2o A= e Ao A 9 Z3}7h A E o] o
orol v A ZA o EtAYo] HlE=o| H7lE ojof &
5= USIeh WA W g W7 s 7R A
s Wy 127 23 Bael 30% 3 A2olA A
A& 972%}F HEE 904% =g FAS 7 &
A5 YEtW =Tl ol WY 850l A&l
2 YeElH & (Data was not shown) X <&% 02 G2 %
W2 A B F7I7HE 8 ATt Attt @ AP s
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A A Qlt} (Paeck and Cho. 1994; Chung et al. 1995; Lee
et al. 1996).
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Eo] wajo] BAsto] et gk AFpolck. Aes syl A7l

FAE FEAIR & o]2RE AAx wjlE ST =
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w2 ol H7ksko] viFehs W AAEY wiE A Polyamineo] A]&of QlojA AlZ&EE FX 2 ILHA,
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(Ferrer et al. 1984; Kim et al. 1993; Song et al. 1993). w24
=3} "joFo] UoJA] putrescine, spermidine, spermine 5
polyamine®] HJA| L o] WY = 9 A=A o) #3519}
Hhgol v 2= JeFS FHota AL WS =

A = Qe AR FEE grelaa 3tk Ad AT
= ¥ 83} Zrh. TriamineQl spermidineX} tetramine?l sper-
mine, putrescine @] A A3 2HAY 2R FIH= AWE 47
£50) A9 el HesEdq st E5
W oRke] Aol Qlglont At 8% ool A% 44
2719} leaf disc & 1.27]9] Al 24 27} avt= Vel
o HEdE g2 AWEE T2y okrho] Aro]dt
Herg e AR dgout A E8A A
L= 325 polyamine 5o A 10~15 mg/L ©]l o A

Table 8 Effect of polyamines on organogenesis of chrysanthemum spp. (Dendranthema grandiflorum Kitamura) after 8 weeks in culture

Varieties
) SM BM PP KS
Polyamine <h <h <h <h
oot oot oot oot
mgL)  CcFRr CFR. CFR. CFR.
(%) F.R. No. (%) B No. (%) F.R. No. (%) FR. No.
(%)  (EA/Disc) (%)  (EA/Disc) (%)  (EA/Disc) (%)  (EA/Disc)
100 92.8 4.0 100 90.6 3.6 100 914 34 100 86.2 2.8
5 100 94.2 42 100 89.6 4.6 100 94.2 3.0 100 92.8 32
10 100 98.6 4.6 100 96.8 4.6 100 92.8 3.8 100 90.6 3.6
Putrescine 15 100 97.8 5.2 100 92.8 4.2 100 96.0 42 100 94.2 3.6
20 100 96.4 5.0 100 94.2 4.6 100 92.0 42 100 92.8 3.6
25 100 94.6 5.0 100 93.6 3.8 100 92.8 3.8 100 93.0 2.8
50 100 94.0 4.6 100 84.0 4.0 100 90.8 3.8 100 93.0 3.0
5 100 94.6 42 100 92.8 4.0 100 92.6 3.6 100 92.0 3.0
10 100 93.2 42 100 94.0 4.2 100 94.0 4.0 100 88.6 3.0
. 15 100 93.2 3.8 100 94.0 4.6 100 94.8 4.0 100 90.8 34
Spermidine
20 100 92.6 42 100 92.4 42 100 90.6 3.6 100 89.0 3.0
25 100 93.0 42 100 90.8 4.6 100 89.2 34 100 89.0 3.0
50 100 92.8 42 100 91.6 4.0 100 91.2 34 100 86.0 3.0
5 100 86.4 4.0 100 92.8 3.8 100 84.8 3.8 100 84.8 3.0
10 100 90.6 42 100 95.2 42 100 94.6 42 100 86.8 3.0
. 15 100 88.2 42 100 94.6 4.4 100 90.8 42 100 86.8 3.0
Spermine
20 100 92.0 42 100 91.2 44 100 91.2 3.8 100 90.8 3.0
25 100 93.2 42 100 91.2 4.6 100 89.6 34 100 82.6 3.0
50 100 90.6 42 100 92.0 3.8 100 92.0 34 100 84.9 3.0

% The used chrysanthemum (Dendranthema grandiflorum Kitamura) varieties were SM: ‘Zinba’,

and KS: ‘Keumsu’

BM: ‘Baekma’, PP: ‘Pink pride’

% MS medium was containing 3% sucrose, 1.0 mg/L NAA, 1.0 mg/L BA and Agar 1.0%
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Varieties

Culture SM

BM PP

material Putrescine

10 mg/L

Non-treatment

Non-treatment

Putrescine Putrescine

10 mg/L

Non-treatment

Leaf

Petiole

Stem

Fig. 5 Effect of polyamines on organogenesis of chrysanthemum spp. (Dendranthema grandiflorum Kitamure) after 8 weeks in culture
% The used chrysanthemum (Dendranthema grandiflorum Kitamura) varieties were SM: ‘Zinba’, BM: ‘Backma’ and PP: ‘Pink pride’
% MS medium was containing 3% sucrose, 1.0 mg/L NAA, 1.0 mg/L BA and Agar 1.0%

Table 9 Effect of AgNO; on organogenesis of chrysanthemum spp. (Dendranthema grandiflorum Kitamure) after 8 weeks in culture

Varieties
SM BM PP KS
AeNDs Shoot Shoot Shoot Shoot
00 00 00 00
(mgL)  CFR. CFR. CFR. CFR.
(%) F.R. NO.. (%) F.R. NO.. (%) F.R. NO‘. (%) F.R. NO‘.
(%)  (ea/Disc) (%)  (ea/Disc) (%)  (ea/Disc) (%)  (ea/Disc)
0 100 92.8 3.0 100 91.0 34 100 90.8 34 100 84.8 2.8

68.4 30.6 1.8 61.2 40.4
10 68.0 32.1 2.0 45.0 24.8
AgNOs 15 49.6 19.6 1.4 422 31.2
20 516 16.4 1.4 26.8 15.8
25  40.6 20.8 1.2 16.5 16.4
50  32.6 11.6 1.2 18.2 -

% The used chrysanthemum (Dendranthema grandiflorum Kitamura) varieties were SM: ‘Zinba’,

and KS: ‘Keumsu’

1.6 80.4 40.5 22 42.6 16.5 1.2
1.6 58.6 42.8 2.0 46.8 10.5 1.2

1.4 60.2 15.6 1.8 26.4 8.0 1.0
1.4 40.6 12.6 1.2 32.6 - -

1.2 28.8 - - 28.6 - -
- 12.6 - - - - -

BM: ‘Baekma’, PP: ‘Pink pride’

% MS medium was containing 3% sucrose, 1.0 mg/L NAA, 1.0 mg/L BA and Agar 1.0%

Ajzuf o] wrAa Alx 23h 9 A e 9fgh 7Hg A
A3t polyamine-2 putrescine ©] 1Tt T A & 0.2 Z3lof A
9] polyamine A2t & & Hrll Fe w27}
agoldim 0~159 Yo Ao 4&F Ht
Az WhAgo] 942%2 25~50 mg/lL o] A= A 2o H]3}
ol 24% =A FRHE AL gl T 4= AT (Table 8,
Fig. 5).

AgNO; AEfof| ME 7|2y

AgNO; A 2jof whe} 713 /g0 F7hetrh= HAal (Hakan.,
2004; Brar et al. 1999; Hyde et al. 1996 ; Mohiuddin et al.
1997)= of 8] AFL Fotel ZHE v Lot FokE A
B2 3 7 23 Ao e o' APsEolAk 7]
o 2ot S7F Ay EAYsHA] gten @5l A F
T=7F S7HE S 7| H R3kEo] st dAo] WA
ek o= Hiol Lol AgNOs o et =23 AY

e ot

Ao 9T SAHT G Ao urstel 23t )
sl wope] glofA 2
a0 dehfy] mos @
A AR Y A S

i Qe ALR Hol=t AgNOs7} ethylene A4
OE_]
[¢]

4 AT AAS 2557 95t

felo] 2t 347 o) 25

FABIL 0] F S5 AR FAL A ) E
A

o e, wop, An}, Pazgols, g4 55 Ad
steltt. ol #5ol Aet A2 AASE Adst 2at
S FE0l 3R AL 5 e A2 EAA A=
1.0 mg/L NAAS} 1.0 mg/L BAQ] &8 g] o]glom 41
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Fol &= 3.0 mg/L NAAS} 1.0 mg/L kinetin 2] 2] 7}, F4=0]
= 0.5 mg/L NAAQ} 3.0 mg/L BA A 2|7} 9A] af&oz
Aemoh AYA Sxol YEF SHE £FgHoz
AE3t At 7]EHHZ] MS, vl 2]-&-31 A &= phytagel 0.3%
283 Z2 ol el putrescineS 10-15 mg/LE # 2| 7
T AEekeo] 8% A FFEHUH WdHRR E7
£ AHEE A 7RIl 26% AE FLE O
7S 2845 149 TEAL 5 QASlH

qm

AL AL

S vlo] @ T=21AFY (A E ¢ 2008
%011 4811 o] o1 AYYrh.
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