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SUMMARY

The major goals of this project were to innovate micropropagation techniques of Korean
bred lily cultivars and also optomize bulb production methods. For the micropropagation
techniques, embryogenic cell culture methods were chosen and optimized for the newly bred
domestic lily cultivars.

Embryogenic cell lines were induced from eight domestic cultivars of longiflorum, Oriental,
FA, and OTO interspecific hybrids, and proliferated in small bioreactors, and then regenerated and
cultured to form bulblets. For four years of the research period, total 2.46 millions of bulblets
have been produced for eight cultivars. The bulblets were stored for eight weeks at cold storage
room and planted in a soil mix (peatmoss, cocopeat, pearlite) in a greenhouse. Plantlets sprouted
and grew to make plants with small bulb of 5-8 cm in circumference in four to five months. The
small bulbs were treated in cold room and grown another season. In many plants, the first flowers
bloomed with typical phenotypes of the cultivars and abronmal variants were hardly detected so far.
Therefore, this embryogenic cell culture systems were confirmed as an innovative alternative method
to the traditional practices of bulb scale micropropagation which is slow in proliferation and
requires intensive hand labors so that it is not feasible anymore by private enterprises in most
developed countries.

A tissue culture vessel specifically for the lily cell culture for bulblets production was
designed and manufactured through a company. The vessel allows to maximize the utilization of
the culture room and shelves. It also reduces the efforts of operators at work benches.

Produced bulblets of the domestic lily cultivars were sent to a lily bulb production farm in
Da Lat, a highland region of Vietnam. Also the bulblets were grown in the greenhouse of
Dankook University — Cheonan and are being sent to several farms in Chuncheon, Taean, and
others.

This project continues in second phase of research term and its final goals includes the
production of fifteen million bulblets of domestic bred cultivars. The project will be carried out by
an encoporate rather than an university, which indicates the technology is now in industrial stages
and being scaled up for mass production. When bulblets are mass produced at certain level of
lower prices, it may allow their direct cultivation for flower bulb production skipping the phase for

growing mother bulbs for bulb scale propagation.
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a4 1. rt-PCREZ o] &%t FFE HiolziA AR CMV,
LSV, LMoV Hlo|g{A A P: plasmid containing virus
sequence CA,SA VA =H}o]2{A o|HAlE

Yeww Wew

I 2. rtPCRE o]&3h wlolgia o]y AlE9 CMV,
LSV ulola]A ZA. 52, 127, 126 = vjo]ag]A o]y Al

=. P=plasmid containing virus sequence. (£}) LSV,
(%) CMV, (of2ll) Actin,
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텍스트 상자   
그림4. 배지 조성 별 배발생 세포주 증식
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12 5. Embroyogenic cell-derived bulblets (EB) of an Oriental
lily 'Casablanca' (A) Five liter bioreactor culture of the
embroyogenic cells, (B) Embroyogenic cell clumps
grown in a bioreactor culture, (C) Bulblets regenerated
from the embryogenic cells in a culture box containing
solid agar medium, (D) Bulblets harvested from the in
vitro culture and ready for cultivation in green house

following low temperature treatment.
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12 6. Five liter bioreactor culture of the embroyogenic cells
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3 10. Embroyogenic-cell via 5L Bioreactor

23 11. Embroyogenic cell-derived bulblets (EB) of an
Oriental lily 'Casablanca’
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= 15, Periods of Low temperature treatments and green house cultivation in
multiple cultivation trials using Embroyogenic cell derived bulblets of an
Oriental lily 'Casablanca'. /=] : low temperature storage for eight
weeks, — : cultivation in green house, @ : harvest and measuring

plant growth

S 3700 wE Ay Mz Fel 71 A AjEf AR
- 71 A iR A=E F8 A+ Casablanca
- AXAE: 4T AA g
-9F4:12x4x02m
- G AAFEEY
- A7]&F: (A) Smaller than 5 mm, (B) 5-15 mm,

(C) 15-30 mm, (D) larger than 30 mm in circumferences
- 2B qobg, AAF, TR, T, 24, 95, 94.9%

12 16. EBs of various sizes : (A) Smaller than 5 mm, (B) 5-15

mm,(C) 15-30 mm, (D) larger than 30 mm in circumferences
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ZIHx M2XMe| 7|17HE 7R

AH XF

(= =]
ANe| Esy B gt == MHE T4 T
(week) (em) (o) (cm) (cm) (9) (cm) (cm)
0 10.24+3.16  5.1:1.22 6.6+1.83 24104 562227 22:053 57:093
3 11.3+3.03 57+223 64:1.76 25:063 531286 1.8:202 4.8:1.M
3 12.2:3.65 494207 6.4:204 241057 342135 1.7:023 50070
4 13.1+3.74 6.1+230 7.7+242 25:077 36+168 1.6+033 42:086
5 12.5:2.58 4.6+1.80 6.4:1.79 2.2:062 3.3:228 1.5:0.36 4.3:0.99
6 10.4:2.76 3.6+1.35 6.0:1.76 20070 22+149 1.2:030 3.6:097
7 12.3:3.37 451150 6.1:1.40 241037 3.2:215 1.5:0.34 4.0:1.58
8 14.0:3.14 48+160 7.2:180 28060 3.7+202 1.6+032 47:1.18




oAy Al fef A Adsx2

2}. Diquat dibromide 2]

apg-sho] 474

Diquat dibromide |72, =%: 0. 0.7, 1.3, 2.5, 5, 10 mg/L
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a4 . Sprouting rates of Embryogenic-cell derived bulblets stored
for different periods from 0 to 8 weeks at 4C. None

treatment (@) ; Two weeks (O)
Four weeks (A) ; Five weeks (H)
Seven weeks (@) ; Eight weeks ()
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2 =l AAFT 77, A4t 8EAN AT §9J3 AlolS BAS.
A AP FAEAS O Fwe 3-6%5 E8stel AMSSIRY] wR] Mg
sto] ZAE WAl ML iRk A2 AR Izte] 6% ol AajolA Ha aPx7
FEstol, AR 7|7to] 6504 87Ato] AF7] AFOIA A Aol Holol, AA

of wishrt A A2l 7|zt gL Aelet wlmsle w 2 9ot Uehdcin

rE ot o ofm
r
4>

o M2

Tahlel. Embryogenic-cell-dertved bulblets of an Oriental lty 'Casablanca' grown for three months after different periods of low temperature storage

. Flantlet .
g;:;g height Nmnbeéz)f leaves Fres}gﬂght Diameter of bulblets(cm)
(em)
0 514274 12404t 0540, 08+0.3®
2 1741.28 1.6+0.6% 0.3+0.2 0.740.1°
3 §.8+0.9" 20047 04407 06407
4 744150 22406 05+0.1° 0.640.1°
5 §.9+1.6" 2.540.6% 03:0.2 0.640.1°
6 864217 24+.0.6* 0.6+0.5 0740.2
7 85+25® 2941 0% 07+0.6° 08+0.7
8 91431t 32£10 L3tlP Los02

Values represent Means + Standard error
vt Weans followed by the same letters are not sigficantly different by Ducan's multiple range test (p <0.05)
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Tabled. Embryogenic-cell-denved bulblets of an Orental lly 'Casablanca' grown for Six months after different periods of low temperature storage

Period T:?;? Number of leaves Leaflength Leaf width Freshweight  Diameterof  Cicumference of
(week) (cm) (ea) (cm) (cm) (@ hulblets (cm) tulblets (cm)

0 10243 514120 ffi+1.8" 244040 5622.24 22405 57+0.9

2 11.3+300 57422t f4+17 2.540.6% 53+28% Lgsa0 48411%

3 1224360 49420% f4+2.00 2440,5% 34413 1.740.2¢ 5040.7®

4 1314370 6.1+2.3" 77424 2540, 7" 36+1.6" 1.6+0.3® 4.240.8"

5 125+25% 46+18% f4+17 2.240.6% 33422 1.540.3® 4.340.9%

6 104427 16417 0+17 20407 22414 12407 36+0.9°

7 12.3433% 45415® f1+14 24403% 32421" 1.540.3® 4.041.5%

8 14.0£3.1 48+1.6° 72418 28406 37+2.0% 1.6+0.3® 4741 1%

Values represent Means + Standard error

v Weans followed by the same letters are not sigruficantly different by Ducan's multiple range test (p <0.05)
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j \_‘ L |% ﬁ . o
6 weeks |

2 19, Growth of plantlets from the
embryogenic-cell-derived bulblets in green
house cultivation for three months after low

temperature storage for 0 to 8 weeks at 4T

6 weeks

SERD8 9 PV,

7 weeks '8 wweeks

12 20. Growth of plantlets from the embryogenic
-cell-derived bulblets in green house
cultivation for six months after low

temperature storage for 0 to 8 weeks at 4T
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Table3. Embtyogenic-cell-derived bulblets of an Oriental lly 'Casablanca’ in various cultivation trals

Growth of Embroyogenic-cell-detived bulblets
Cultivation

Trials Cultivation detals Plantlet Numberof — Leflength  Lefwidth  Froshweight — Diamstorof  Cororc®

height{cm) leaves (ea) fem) () (@ bublets(cr) ~ ° o) ¥

| Planted in Der, 3464200 0704110 1794219 061+028 913479 2434064 7551 60°
harvested in MNov
Planted n Dec,
harvested in Naov

2 low temperature storage for 7o, ) oo | gpag e 1 osei08®  070:040% 6304227 2412059 7134120

8 weeks (Jul, Sep) during

the cultivation

3 Planted n Mar, 9.79:1 81° 4001000 547£151° 2044045  200£076 1322077 380+0.87
harvested in Nov
Planted in Mar,
harvested in Nov

low temperature storage for b N N b N b

- + + + + + + +

4 8 weeks (Jul Ang) during the > 127 260£0.66° 7.13+1.82°  2.03:065 1214065  1.28+0.46°  2.85:0.72
cultivation
Planted in Mar,

5 harvested in Jul 6.84+1.06°  1.30+0.45°  274£0.54° 1184037 0394016  0.6620.11°  1.2240.47

WValues represent Means £ Standard error
¢ Weans followed by t-test, there was no significant difference (p=0.05)
*¢ Means followed by the same letters are not significantly different by Ducan's multiple range test (p <0.05)

1) ojei7bx] Aol wE s ME S A7) S4e EBES 19o] gAlstel 1190 st
stole W, 750 £¥7 9 cm oo T} ahao] EBwr} o ulghs] Al Zlo] el A&

W2 A7l AR U uhE YsiAE BAY] ALARS stAl o o] RS U A
g Fush st oz WU

2) SAMEE St AR A Mz 5 Ate Al ot 247 A2 A ole

d B Aso] ZEciAe 3 3 AAS TEo] dHiNeR wel Fo
2Ql, ol ARZIRE U0l =5 ® dtAEo ot Hasts 850 AREHY,
AEU T ol HAHUA A dEUle] pE|di7t iAo o] RAX|X] X
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2] 21. Embryogenic-cell-derived bulblets grown for various cultivation trials

(A) Planted in December, harvested in November (B) Planted in
December, harvested in November, low temperature storage for 8 weeks
(Jul,Sep) during the cultivation (C) Planted in March, harvested in
November (D) Planted in March, harvested in November, low
temperature storage for 8 weeks (Jul, Sep) during the cultivation
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b6uUO0g2 IU CRIAIfIoN (Me6K2)

=2 22, Sprouting rates of Embryogenic-cell-derived
bulblets planted for various sizes from smaller
than 5 mm to lager than 30 mm in
circumference. smaller than 5 mm (@); 5-15
mm (O); 15-30 mm (V) ; larger than 30 mm
(A) in circumferences

) WA A fA AT T8 AT Woks FEe] A7t
AHRE. DI} HE LARE £ A Goldel F2 D)

A Y AE AT AgEA AT @5, 24 2% AAF Sls oAt ol
stgont, TRek FAoIA folF Aol UEhIAS

1
3

ol

{

2) WY AE FU AT AE AT DA A4 3 L AT 9P
2 gol WA, #3241 L Bx0] W YPuste] J1AATL BEHAL.
648 Fo FES AL FASAS W, /18 AT A% FBYel T 9 4-6cm
o1 FT AL H, olF Bate] TV} AL WA AT FUATE FF

M3} Z2)o] 7Ms3tttn =AY S
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v

Smaller than 5mm

12 23. Embryogenic-cell-derived bulblets grown for Six months after
planted different sizes from smaller than 5 mm to larger than 30 mm in

circumferences

Tahled. Growth of Emhbryogenic-cell-derved bulblets of different sizes after low temperature storage for various periods

Treatment Pﬁ:?gtlll? Leaflength Mumber of Leaf width Fresh weight Diameter of
eatmen] (cm) (cm) leaves(ea) (cm) (@) bulblets (cm)
Smasﬂrf];lman 86222 50¢L0° 39417 15+02 1410 10£0.2
clsgn 62T 5ELY 50£15° 19£05° 28¢16° 13:0%
1530mm 123424 6916 59+1.9" 24105 46418 1601
Lafg;ian 1264200 f4+LD 44200 24103 59118 18403

Mean + Standard error
% Dnfferent size of Somatic Embryogenic cell denved-bulblets
vd Means followed by the same letters are not significantly different by Ducan's multiple range test (p <0.05)
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. Diquat dibromide X2 &5t ujZAd ANz G A4+ AHexd

0 mg,/ml

43500 mg/ml o . (625x10mg/mi.

=2 24. Change of EB leaves after 2days spray Diquat dibromide treatment from 0O
to 1x10™%mg/ml in concentration

1) =8 Diquat dibromide AZo| wiz} AIE7}F Afste] Abo] &7 Lato] §ol
sfgou, AeA & oAl AN HAS o) Fopt k1. AAl Wobgol FE L A

BeEA AT 3AT TEANE 2 S

o A sH= Zo| WREo] YIES £7|4E s AF&sHe

o100 UId e BUE WSS WY hY £ A
7%]16]-72-] R
90| 2

2) A= vy A2 Rl A 859 Kiiﬂﬂ 7130l 8=, #3215 mm
ojgke] Alpe A 6719 Sol 15 £ 6 cm, 10718 ol 8 cm o4l Fye
8780l 7hsdE UEHISS. Aol E}E i/R1710ﬂ MR Aele o U2 4=
A2 sHx] o x|&AMoz ML= Zlo] &
HAE Qo A W0 7112}4 Ayarol] glof

Ol'

e o, a8 AMezA &

il
5 o o =
5 2 9l99 ol=zlyd
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3 25. Sprouting of Embryogenic cell derived-bulblets after Diquat dibromide

treatment.

5x10-*mg/ml 2.5x103mg)i

| I {I

‘o & ¢ ‘47 \B .
1.25x10-*mg/ml 6.25x10*mg/ml

19 26. Embryogenic-cell-derived bulblets grown for two months after planted
different Diquat dibromide treatment from 0 to lxlo’zmg/ml

in concentration
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Table5. Crowth of Embryogenic-cell-derwed bulblets treated with Diguat dibromide

: Circumference
Concentration  Leaflength Plaptlet Number of Leafwidth ~ Freshweight Diameteof of
(g (en) hedght leaves (en) @ Bulhlets Bultete
(cm) (ea) (cm)
(cm)
1z10? 3 620 e 11412 6 LEtL 1,305 070 3 1140 2 25405
12402
5xl0? 4 310 4 12941 9 2L 1.6£0 24 08403 2304
L1601t
25x107 570 fib 14541 50 2L 1.940 3 08403k 241( 40
12140 2
1. 25102 6340 30 14.6+1 3 1.04] 4 2240 30 1 410 g 2704
2510+ 5 620 60 14.7+1 g LELLB .94 3d 080 L1t0 2 270 50
Contral TH0® LNEARS 1oL 2305 1,210 5 L0 3005

Values represent Means + Standard error
% Diquat dibromide Spray Concentration
vt Means followed by the same lettars are not significantly different by Ducan multple range test (p <0.05)
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L F2ulE 9%t A4 LED 3457 23

- AEJSJOlE
Red : Blue = 3 : 7 Red : Blue = 7 : 3 Red : Blue =5 :5
0%
65
T A2AY F=7 =% A2 7 A+ E-A

BT/F) (Red:Blue) (cm) (cm) (g)
37 20.68 1.60 2.03
0 73 20.84 1.94 3.29
55 18.74 1.64 191
37 19.66 1.86 2.32
6 7:3 20.64 1.64 250
55 17.74 1.28 1.56

A A 0%, AtolA 92 R :B(3:7, 7:3, 55)
st © Me6%, BoH 92 R (@37, 7:3, 55)

ZAPZR ¢ He; Ap FeHAfE A|ARJOA AEtSto]EO] HL A2 04 Red : Blue (7:3) &
7

oA 24, AFA R FAZE O A2tol vls] |As] S7HE A
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0
6
T2 AeAY e e 2527 2757
BCT/F) (Red:Blue) (cm) (cm) (g)
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sAREe ARres K}—_LL%‘/‘J Hd A4 | 0.5mmo] st 5~1.0mm | 1.0mmo]A}

AH(%) 1) (%) (%) (%)

15 70 ~3 50 30 20

2L QAE 20 100 ~5 60 40 0
25 100 ~6 60 20 20

15 10 ~2 100 0 0

IIATE 20 95 ~4 40 50 10
25 90 ~5 50 40 10

15 60 ~2 100 0 0

U] sg 20 100 ~3 50 40 10
25 95 ~4 50 40 10

15 50 ~3 70 30 0

TJERA 20 100 ~6 40 60 0
25 100 ~5 50 30 20
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2. "AEfEfO|E0) QHO| AY 2% 9 FAA FR/E AL Lol 0lxlE BF

. 234 BAATFS | 0.5mmeo]st | 0.5~1.0mm | 1.0mme®]%
FAAFTF A=
(%) (71) (%) (%) (%)
15 60 ~3 80 10 10
TESNE 20 95 ~6 60 40 0
25 95 ~7 50 40 10
15 90 ~2 60 30 10
IFAINE 20 90 ~4 50 40 10
25 95 ~5 70 30 0
15 30 ~4 70 30 0
U8 20 100 ~5 60 30 10
25 90 ~4 60 40 0
15 80 ~3 20 40 40
JERX 20 100 ~6 40 50 10
25 90 ~4 70 30 0

0% 3. 2RlolEY) A 2 U FAA FR7E A EA) DiAlE A%
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U =l &4 B85 uiATE A A O A vgiE 2AT

228 AE XA At 2717t of2 uijx]of vle chA IA UERGTE 2l5H 39t "AESIo|ET nE
Fo PEEBAAE oM TP I UERten, (HAE FA2 F2 ARG §2 gA] (HHo]
20cm’d = A YERGTE A8 AtoA x| Ajul A] ZEAE A0l Rfol= A UERGA] 2oLt
ARE A Alolle e A]ECE ARte] IHAYE AgAlo] XjHke] F7io] G o2 & 4 AT
g 1. A7 A 7 9 HiR| S 57T AR digiof] 0]A]= 9
i R ST BNE IIME [BEIES e DEQA

A 2¢ @4 TR | 2R 92 FF | 2% 94 7R | 2B 9% 1A
A (cm) () (cm) | (cm) () (cm) | (cm) () (cm) | (cm) () (cm)

10cm 12 16 1.1 13 12 1.2 12 14 0.8 13 15 1.1

15cm 12 15 1.4 12 15 1.3 13 14 0.9 12 14 1.4

20cm 14 16 2 12 16 1.6 12 15 1.2 13 14 1.8

a3 2. 253 agA 1 2RISR AR Bltio] njRle 4
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o el FUAES U AR ARREA Aojad Y
AEfRlol L AR £ 65710 GA3 200mg/L Ajelol A9 24o] AP zlod, Ghdle sE xjold

O] LFEFLHR] Aottt AR & 8FAtol= GA3 100mg/L A2]9f ¢ 24| 7}75; aiguq, GA3 200mg/L
A2fol F 947t 7P Btk ARe 1054l 28 G4 25 GA3 200mg/Lo] HL7t Mg =
A U AR ARl & 6540 GA3 200mg/L A|2]9] F¢ 2Rl M zionq A4 Est
GA3 200mg/L A 2]9] 79 7P WUttt AR} & 8FAtol= GA3 100mg/L A2j9] ¢ x7o] 7P 7

on, GA3 200mg/L A2lo] AL A7t 7P Btk ARE 1058As = Pﬂ} 2 D= GA3

00me/Le] 971 7V £ UEhich, GASHR] 5o ARl SIxl Gl o ABE 2 4
Y2 oA RAES, 12 4% FoE 0A3 ARl 5Erh 22 vl oAl Gyl o AE A

AlZ ool
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2. “AEfso|£'0] RN Hel} Aol olRlE e

AERRI0|E =% AERRI0|E F
400 150
300 e
_ //: —=GA3 THE| - 199 1 —=GA3 ZHZ
E 200 % £
= /.// == GA3 100mg/L HE| = - —=-GA3 100mg/L HE|
> ‘_//' ' #—GA3 200mg/L ¥z ' #—GA3 200mg/L 2|
0.0 L 0.0
6% B 0% 6= 8 107
== Exe E8(em) = o F20H)
G = ES PES 10% = = = = 10%
GA3 22X 2| 15 85 215 GA3 2K 2| 15 45 7.0
AERSIO|E | GA3 100mg/L HE| 30 140 285 AEFEIO|E | GA3 100mg/L X2 15 45 5.0
GA3 200mg/L Az 35 100 310 GA3 200mg/L X2 15 55 100
T3 3. AERY BYREA 2t Aol o)Xl 9%
A
AEHH =3 2EHH Y=+
500 250
400 : 200
~ 300 ——GAZ THZ] . 150 ——GA3 DX/ E
: =
2 o0 =l=05A3 100mg/L H 2| ~ 100 —B=(GA3 100mg/L X E]
—GA3 200mg/L X2 GA3 200mg/L 2
10.0 : g/l %] &5 g/l Xz
0.0 00
6 EES 105
e A FEHcm) o g S==7h)
— = 6% 8% 10F i HE 6= P 0%
GAZ 2H2| 15 130 255 GAZ 22| 15 70 145
2B | GA3 100mg/L HE 35 165 290 A58 | GA3 100mg/L HE| 2.0 6.5 150
GA3 200mg/L % 2] 55 125 385 GA3 200mg/L H2| 3.0 0.0 200
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