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Abstract

The study was carried out isolation and culture of protoplast from mesophyll
tissues of lily(Lilium longiflorum Thunb), and protoplast fusion of Georgia and
Macro polo for breeding of lily.

In scale culture MS medium with 1.0mg/L NAA and 5.0mg/I. BAP was the best
for shoot number and root number, 1.0mg/L. NAA and 0.1mg/L. BAP for the lengths
of shoot, 0.1mg/I. NAA and 1.0mg/L BAP for the lengths of root, 0.1mg/L. BAP for
the number of bulb, and 0.1mg/L. NAA and 0.1mg/L. BAP for the formation of
callus. Plantlet regeneration from callus was the highest in the MS medium and
1/2 MS medium with 1.0mg/l. NAA and 1.0mg/L. BAP.

The yield of protoplasts was the highest when cells are incubated in the
enzyme solution of 0.5M mannitol, 1.0% Onozuka cellulase R-10, 1.0% Macerozyme
R-10, and 0.1% Pectolyase for treatment of 2~3 hours. The protoplasts was most
effectively cultured in the modified 1/2 MS medium without NH4NO3; with 1.0mg/L
NAA and 1.0mg/L BAP, and also protoplasts survived the best on stabilized liquid
layer. Colonies were obtained after 1 month of culture. The calli grew and
regenerated shoots by transferring them on the same composition of the solidified
medium.

The protoplast fusion was performed with the PEG methods. The yield of
protoplast fusion was the highest in the 50% PEG concentration treated for 20

minutes.
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Abbreviations

BAP : 6-Benzylaminopurine

NAA : a —Naphthaleneacetic acid

MS : Murashige and Skoog

EtOH : Ethyl alcohol

CPW ¢ Cell and protoplast washing

PEG : Polyethyleneglycol

DMSO ! Dimethyl sulfoxide

MES : (2-N-Morpholino)ethane sulfonic acid
BSA : Bovine Serum albumin

PDS : Potassium dextran sulfate
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I. A &

Lilium §& W@3e] &3 daAd B2 AqA22 1309 Fo] APtz
Ak 2 £EE opAlobed 71F, 1 2 FeAole) 22F, Hujg S 37F0] ¥
Hel Qe A2 ¢ don, HES Y BF 6009 T 2aiz Y=
< 4,000F ol 322 deld & ¢1& AR Poh3 5, 1994).

FAUESE s F2E e YAz Fo @ Foz AFHoI Huh}y g wE
ste] 109 Fo] AL Yot o] EL BEF HYUAZ Fo] wofolup EaMo] o} &)
BRI 27) WEe AYF 2 ANEE HHAEZ AMY F YR =
1994). € WA, WBA Sol Hold Ao Wl MZe EFe) KYLAZHE
- F8% 7FAE Y3 dh(Melchior, 1964).

W3E oF "ol glo) dhat Aol P A: FHUA(AWAAA, Scaly
bulb)el &3tu], WEAe] Aatn shgell FAstd ALE e A Be A3
Tk AL AR FFAA 2] AAHIE e SFEFL Rl EaPH g
of FEo] FAHLZ o]FoJx 2 Qlc}. AFHE AHHAYo] AHOZ A&
3 glen], ohge T Y4E Ao @ MY JEE BLH T 2h()
5, 1994).

Mg 23ge] sl FFo] c)FojHog HIoE HNES o) &F ZFYo)
Bo] AESZ Qlck. AMAEANAN FHED YYAANE S35 AESFe AYo = o)
9l A SEF ALFAH APAMY f2 P o) HTHOZ Syx)o] Yy
MzRe 8¢ AEN2 L35} o] FolA vt ok, 2 AZAAE gAY
AEFo At vhoe] o] FolAgth(Gamborg ¥, 1973 ; Gleba S, 1984). 19504
o ZAuwokel o Wte] A3l Yare] slsAel wuE o) (Emsweller, 1957)
Wite o FHZYE zAwodel AT SFst5Ae] BiHE 5 gL AP} o

FolR2v(Simmonds §, 1976), A Fule] W3 KFo FY AF:=

Longiforum Hybrids, Asiatic Hybrids ¥ Oriental Hybrids $ 3%} 7T A4te)
el wa B gk ol wiwiofel o EFANLYE Y B AT AEHT g



o ob w F Fejolch(H, 1994).

AEodAs XA TR WA AE} e AT 2L EAgds
Yol A& Aol €A AT AME AFHoZ AT YYAAAE = e ¥
Yol ke Aol @2 AEodA AFHAh ©] clone AES] YL MEFHM
E AN, MAE AF AES ALY & dd. g2 Y2 Wk L7 E
£ % 2 WS dd3] F28F 2<9e) Fh(A F, 1995). YH LA wigd] &
THE £AS FoAA 53] i 2 AN EZ2 R Mdo] AAFHY A}
¥4, Nagata®} Takebe(1971)%= @l (N.tabacum L.cv. Xanthi)g-$ 93 A wj
Folx MS7lEwz1e] Fr)19F 2& ¥ =AY A& L3t 222 NAA
st BAPE H7/MAA L¥ AN MELD F50 AFE v o).

H GHAANY WG FAHLE &4 HANIY =24L 2L 5 Qemg
cell line®] A¥o] 7h5aA v, FUT FAY =YL Z+= ANELE dFog ys
& & e olHel gl olF Axe dRMIE JYT & AL RelhA F,
1995). 22y £33 ol A¥AA o] JpA F8F BHe HA B3P
(sexual incompatability)?] A& VHFAMT F3tell oA MNAE FFE A9
o] THHoE o] &3t st AolAwt, o}AAR] FUAH ol &stA A& MA)
ERFFANES AL At =E3(F, 1985), 53] Wgolxe] A AN e P o)
Y Ad7= A9 e AAeld.

ojel & 7t W MAxUE HAN YYANE B, wigosy 9y
AX §33 B AFF 49 712AEZE Aza Ax R,



1. 48 A=

Al AH4E A9 G ¥ Y¥AN G ARZE AFAGA F2 Ay
52 & Longiflorum # %2 Georgia® A439%, 482AM §¢E Georgia
8} Oriental Al %2 Marco Polog 2439},

2. oE MY

Longiflorum 7§28 Georgia®l 974< Z2E Boa 7 Roe] N F ZHA A
22087 AAF g5 WS 3~47 HWAWI 70% EtOHeIA 10%, 2% sodium
hyphochloriteell A 10872 JAAA AFT F FFANA 2FSFE 3~53 445
of AH kel A-£359c}. Wl 2= MS(Murashige and Skoog, 1962)®] 2] & A}
431932, 974 3% sucrose, 0.8% agarE H7lstgeo MAZHEAZA auxin
72 NAAS¢ cytokinini¥¢l BAPE 0, 0.1, 0.5, 1, 5, 10mg/LE 3l g8 = &
423t 2479 WA= pH 582 A 121T, 1.571¢5 A4 1527 |27
¥ F A9 452 XAt Fx20L 2400~2500Lux, 16X17F =9 stell A,
L EL 22+3TCAA st Wk 602 Fll rootsh shoot] 4, Zo], VA
F 2 A2 YL L =459



3. WYL J1A B3R

AR wjl A fFEE AH2E 0.1ng/L NAASH 0.1mg/L BAP7} A7 wfx] o)
A g 4 A F, 13E} FEE He FUIQ9FEE 1/2 MSW A 9 MSHix) &
A& stk 97)9 3% sucrose, 0.8% agarE H7 et AAZHEADZA NAAS
BAPE 0, 0.1, 0.5, 1, 5, 10mg/LE st @& == ELAYsc). gz wx=
pH 5.8% ZAsted 121T, 1.571¢45toA 1587 HFT F 4B o2 34389,
Bx7L 2400~2500Lux, 16X = so]A], k&5 22+3ToA wjeksted ).
283 243 4098 F root? shootd] 4 @ HAES =AY,

4. HEEA 22 L HY

7h | AAM 22 ¥ AA

A ZldelH A" W FE Georgia®l ==& A A& F, 5o HAY ¥
EE 93] A9 EL89 FE(0.5 1.0, 1.5% Cellulase, 0.5, 1.0, 1.5%
Macerozyme, 0, 0.1, 0.2% Pectolyase)& &7} €23t g, CPWEY L
VIAAN A, AYA 2 2§32 20l (Frearson &, 1973), &4 £AqU HHE
24 MESE A&3dc. 2832 848 28T FolA 2~347 A= ¢ g %
7tz AR E pored o] 45mEl= PR NEAE AAANA LA 2 (500rpm,
6%)8 3t FANE AAAZDT. dojA WY AMA CPW 21% sucrose 49 & 7}
3o EYA F CPW 9% mannitol §4& H7bstod, Y488 (700rpm, 108)E
¥ ¥ sucrose €93 mannitol £ oo B 9t YYAMNE A3Hd Y7r2H
7|18 ol83ld 1 WEE =AY}



U, 432N e

VIAA wWdzAE Loty AF wWIMANZTE MSHAE 7B 3o
1/2 MS¥jz] 2} NHiNOs7b H7bs)a] 94 1/2 MSEA A& A&stdd. Asza

< 0.5~0.7M9] mannitol, 1.0~1.3%2] sucrose® A }stQ o], 27]u]oke] o] &5
TEE FEE 1.0mg/L NAASH 1.0ng/L BAP, 1.0ng/L zeatin® A}-£3telch. wjop}
Ho2A e JAMR(Kao §, 1971), %M 2] (Cella 5, 1980), 22| o 5] uwj =) o}
A=} (Ahuja 5, 1983)8 FAlol o] 43tE Wy 5 Wsio] Aol

1) A=) & o] &3 uhy

AHuizled] VY AME HAYEZ 3]MAA pasteur pipetted o] L3t petri
dish (55X 15mm)l 12~15%& AE doj=2) 1me) FAZ %Al HA parafilme 2
Ueste] LSS 28T 5 =AM el okeslct.

2) A ] E o] &3

VIAANE A TSR HAY AMuA) g} $LT o] X & 0.3% TH WS
45C 32 2 WlA 2 A&F petri dish(100X15m)ll 5~8m FET EZE5 o
plating® ¥ parafilm22 W43l 28Ce &5 = s oA otufokste]c).

3) YA ufz] 2} A el 2] S FA o] o] &3t why

A A& petri dish(100X 15mm)e] plating® ¥ 9o LY AXNE S5 W)
FMAE oA S8 I parafilme 2 WE sl 28T &% ZAstelA otujoratel
T},

VIAM 27189 ol F9 ML 25+27C, 2,000Lux, FF7] 16/8N %22 fx
SHRAAM MEEd 2 238 Ao AN 159¢ 3712 e, 45z
A mannitol ¥EF HA £ U g 557 F YHY AEAE Y2 )
A2 A AH2E FEsd



5. AN SE U ASHE WY

AR wgelH dL Longiflorum A% Georgia a9} OrientalA) §9)
Marco Polo 9234 £29 2ze] Y AME 1112 TFY + Wi 7}
# ALY (G00rpm, 58t B4 E AANRAG. RN} pelletE 10:] v &
2 Aol £QAF o petri dish(55X 15m)e] 1~28-2 H = oz 587 sz
¥ PEG solution(Table )& 9% o $lo] 1~24& "ojma gz A
ok 222 b4 Solution A% Solution Be] £ 9:12 e 1287 A2 g
F oRNAE st A3 PEG $9¢ AAXHHGrosser £, 1990). 334
22 PR E 12~158€ AE o Pol=2] 1me) SAZ gA HA parafilm2.

2 UEY F S EEE 28CE st uf kst

Table 1. Composition of PEG solution for the fusion of protoplasts

Composition PEG solution Solution A Solution B

PEG(MW 1,450) 50 g/100mL

CaCl» » 2H20 0.97 g/100mL  0.97g/100mL

Glucose 5.41 g/100mL 7.2g/100mL

DMSO 10mL/100mL

Glycine 2.25 g/100 mL
pH 6.0 6.0 105




1. QlHWY

Longiflorum A ¥4l Georgia®l UH& AHRZ 3t NAAS} BAPS wg mx
44 2% A3 (Table 2), cytokininF 2] BAPE QA& ol at79 24 & 37}
Fx3A debded, 53 o vldE 220009 9 $(1998)¢) Hme} Ax) s}
Ak 23 AT el ME BAPS S£M4E (1.0 ng/L BAP)IAM #Fe]
2 o] %iﬂﬂ-%Eﬂﬁl,ﬂ%iﬂawmﬂ}é%ﬂﬂ?wﬂ HSE e B9
<Hl, °l< Pierik §(1975)9) B39} t}d o] & R A}, Shoot$ roote] s
1.0 ng/I. NAASE 5.0 ng/L BAPIA root 4 7.87M, shoot 4 8.3/ 7} B,
el A= 0.1ng/L NAASH 1.0ng/L. BAPIA root 2o} 2.2cn 2, 1.0mg/L NAAS}H
0.1mg/L. BAPel 4] shoot Z°] 592 713 <z atA) Yebytcl. 187 A~ 84
< 0.1mg/L NAAS} 0.1mg/L BAPE E4A T AQToNA FEsiA Jeldd. du
Aog zAuogel 2% A2 fE 7AYo Y] €9 auxin? cytokinin
°f 27Hd, ojge] HAY M ) BHos: £3} YuF =HY & 9o}
(Skoog &, 1957). &M 71AP A lME cytokinin®} X9 auxino] ¢
# HeHs A9 gon 53 AA wde) A AFE auxindl o8 2xgd

2 ey, Z1#Estd ¥ cytokinin RohE auxine] o)s F$E = Hes wo

538 A"ete] A AFEY auxindl s AT Yol 2AH T 1E %o
A dAREE e E Foh(Aartrijk 5, 1981). W §te] gHHe] wjofA o
auxinel A3 US|z ggowd A7) YAo] dojukxa] Y cytokininS. 24 BAP
A FE7F 1.0 ng/L o] de] S wARHA AF7 Bzt 2T YA NAA
7t FAA 4FE #I)E Sel(Niimi 5, 1979), AHAH )= 228 cytokininol
#r=lel 2ol W FA) cytokinin®l $l°] auxin®] Aol SlHME 23 P&
= 355 Add(Pierik 5 1975).



Table 2. Effect of NAA and BAP on organogenesis from lily scale

cultured for 60 days

Growth regulator

Shoot Bulblet  Callus
(mg/L)
NAA  BAP Number” Length(cn)” Number” Length(cn)” Number® Formation
0 0.1 5.5 1.6 8.0 7.5 2.3 -
1 5.3 1.4 8.0 7.4 2.3 +
5 4.4 1.7 0.3 4.2 1.2 +
0.1 0 5.6 1.8 6.7 6.7 1.3 ++
0.1 5.2 1.5 7.3 5.8 2.0 4+
1 3.8 2.2 4.2 5.5 1.2 +++
5 2.8 1.4 3.8 5.8 2.0 +
1 0 3.5 1.6 7.0 5.1 1.7 +
0.1 4.5 1.6 7.5 7.0 2.3 ++
1 4.0 1.1 5.2 5.8 1.8 +++
5 7.7 1.2 8.3 5.9 1.3 ++
5 0 1.7 1.2 5.0 2.9 1.7 -
0.1 4.3 1.0 5.3 4.9 2.7 +
1 2.9 2.1 6.4 4.6 1.5 -
5 3.3 0.8 6.7 4.0 1.0 -~
:)I\umbers indicate the number of survived explants
'Numbers indicate the length of survived explants
“Numbers indicate the number of bulblet of survived exp]anls
++++ ; excellent, +++ ; good, ++ ; moderate, + ; poor, - ; none growth



2. 3 2r0jMe 712 B3R=

AL wgel A FrEL A 2E F4 AY F, J1BE3} AEF 98 1/2 MSHix)
s} MSizlo} Az HEDZA NAAY BAPE 0, 0.1, 0.5, 1, 5, 10mg/LE 9& T
= E42Y3o, 40¥ Foll shoots} roote] & ¥ 2 YL L =43

NAA% BAP9 $E¥ Aol «& 7l £31&& Bw(Table 3), MSH} =) ol 4
= root 7} 2.8/ 2 1.0mg/I. NAAS} 0.1ng/L BAPAA 713 E9t2 0, shoot 49
dolME 5.0mg/L NAASH 0.1mg/L BAPY E£4FA 5342 7R <}z A
vebtch. 172921 A% rootE 0.1mg/L BAPQ w832 Foj4 6.3,
shoots = 1.0mg/L. NAASt 1.0mg/I. BAPQ &£ FolH 25MH2 7} %A e}
stoh. 22y HubEd e 2 1.0mg/L NAASH 1.0ng/L BAPE E£A42RE 2 $r 7|2
FAES IHY RE deld M} FEFE B

Ziv §(1970)2 #FAEM Aol do] Az HAZ FEE M=
auxin(NAA), shoot ¥Ael+= cytokinin(BAP)o] BFHow =RAL3sn, 7133 Ad
T auxin-cytokinin balance’t $8% 4¥& ¥tz sk I £(1988)e] o &w

THA ol d¥el oA A2 REH FAEM AEeE cytokinin HFE
(1.0mg/L. BAP%} 0.1~1.0mg/L Kinetin)7} #3822 2 &35txut 2 o] Aol 5% o
Me 238 dAAHes ALz Pz dFo] 6749 oA HAL @i 9y
cytokining& HRE 3 gty . £ AYAME NAA &M PN »
Exte] fAQel v&T A4S BAAT, BAPA ALE d&HE, T EL47
T FAGe] 1EE R AFEolM BERE] FEsA e, o=
7 5(1983)9) Rust UAx¥rn ¥ 4 glow, AexelAe sBEI} Yy
NAAXcHE BAPY o#iA 95 ojzdx Ardc},



Table 3. Effect of NAA and BAP on organogenesis from lily callus
cultured for 40 days

Growth
MS 1/2MS
regulator
(mg/1.) Root formation Shoot formation  Root formation Shoot formation

NAA BAP Number” Rate”(%) Number Rate(%) Number Rate(%) Number Rate(%)

0 0 1.0 50 2.8 75 1.8 50 - -
0.1 1.0 25 1.5 50 0.5 50 0.5 25
1 1.5 25 1.5 S50 2.8 100 0.8 50
5 0.6 25 2.0 50 6.3 100 0.8 25
0.1 0 0.3 25 0.5 25 0.5 25 - -
0.1 2.0 S50 2.0 25 0.3 25 1.3 25
1 0.5 50 0.5 50 1.0 50 0.3 25
5 0.3 25 - - 0.8 50 0.5 25
1 0 0.3 25 2.0 50 0.3 25 0.3 25
0.1 2.8 75 3.0 75 1.5 50 - -
1 1.8 75 3.8 100 2.0 75 2.5 100
5 1.3 75 0.5 50 0.3 25 0.3 25
5 0 0.8 75 3.3 100 0.8 50 1.8 50
0.1 0.8 25 5.3 75 0.3 25 1.8 100
1 0.8 50 2.3 50 1.0 50 2.3 -
5 0.5 50 0.5 50 - - - -

“Numbers indicate the number of survived explants
Numbers indicate percentage to the number of survived explants
- 5 none growth

_10-



3.¥8aH =2 ¥ N

YYAA 2 E A 24 & A (Table Y2 H, TLFE Ay Ly
AAY €& B ELFE 1.0% cellulase, 1.0% macerozyme, 0.2% pectolyase
A 7+3 FXZ =T 0.1% petolyase AW E &2 Ha A 7to] 2~3A Y2 2§
ol ¥4 vebytel. 2y EAXFES FoMEel ool Yo FasE AL By
LB8 RALFE 0.1% cellulase, 0.1% macerozyme, 0.1% pectolyase® &Z M3
TEE AYsc Mg A dolME Y9 A TE LAyl M)A 2
ZIE & 2 9%E Fdud AR d @V 242 28z gA AL
w27t 2 Hdx, MY AZRE dE5gc. 28y e A gre] 347 o] A & A}
#29 AYAAE Yol Faso] YA FAA S0 FH3 ol s Ba
o w2ty dE a2 a2gdo A sE A Hded ImmPALE Hdsig 3
A ATl A BE A AR 347 ojlRE A e Ao Fode Ar™d.

Table 4. Isolation of protoplasts from lily by enzyme treatments

Treatment (%) Time

Yield
(hours)
Cellulase Macerozyme Pectolyase
0.5 1.5 0.1 4~5 ++
1.0 1.0 - 4~5 +
1.0 1.0 0.1 2~3 +++
1.0 1.0 0.2 2~3 +++
1.5 0.5 0.1 3~4 ++

+++ 5 good, ++ ; moderate, + ; poor

Bafde] YYAMY £&o vAE FF L By AR AL S A
7bEo) FR3A FLsA s, 8 A= A5F2AAZA 0.5M mannitol ©)
A FE2 e (Table 5), ol& Bi#fi(1993)9) B39 Udxsic}. BE A8

-11-



ol @2} mannitol, sorbitol, sucrose, glucose5& AH&3=dl ola§ e Zge
WP A& 4o 4¥ASH MXYo) Fi, Fd8 JuA By folsA ¥y
A7k YEHES 32, AL 89 XY IFE AAAA Y29 9¥AMe 2
A F8E FAs7] A Aok (Evans ¥, 1983). £4u H7E2E MES 6mME
AHgstdled, & Sde § FF £ £ F7HY AUEH 25 Aiges
A AYAA A Fde Rl AHY YYAAE 4S5 Q. E 2}
Eo] BSA, PDSY MESE H7/H& o 4] Sado) @435 Fvs)o] ExH
ojdcti B3 F u} Slth(Verma 5, 1983).

YIAH FedA &5 A 438 F88 82 Fo Uz AL, 528
e A EEE 40~50ColA e L& MEFAe) o}dFL nA S}t glo] B
AHAAE YA e 28TolA AA s}

Y AM2 AAMAA L mannitolF} sucrosed] HIEAE o] &3 HESAHL o) &
std<d, LW AFZAA 9 mannitold) HAFE7} 0.5Me] QLB oo w3l
CPW 9% mannitol# CPW 21% sucrose $52 3to] AA 33}, o] whge 4
Alste B S A3 AMART S 9YAANE 358 4 s o] AHo
H(A §,1995).

Table 5. Composition of enzyme solution for the isolation of protoplasts

Composition Concentration
Cellulase (Onozuka R-10) 1.0 %
Macerozyme (Onozuka R-10) 1.0 %
Pectolyase Y23 01 %
Mannitol 05 M
CaCly 254m
NaH:PO4 1.AmM
MES 6mM
pH 5.6

_12_



A, HYAM WS

ZA gl FYA o] &= MSHiAE 7€ so 1/2MS#A], 1/2MSH] 2] oj]
NH4NO3E H7}stA 932 1/2MS $A Mz & Ay 2A welx 2 AAsct. 4
AN Z27w kS Ay 2o 7R Es Fxel 713 dEsA Yy Ing/L NAA
st Img/L BAP 28X w3 AF AN wfFA] Ad2P o] AHH)HYD 1ng/L
zeatins =(¥ 5, 1990)& 2439t 2 A& Fig. 13 Fig. 29 Jeblic. MS
1A YA AEY AHA) GFE vjHA WG 5UA HPA 272
do]l ooy Ao RE H9ANE ATYE do] H3 FAol ey
172MSei Aol A = G 5UA sRA 27]Ede] dojy Wk 124 ASE A}z
MSH A Hitglel ZHs Rao] wAste] LF At L 1/2MSH A of
NHiNOz& #H7b3tx @42 1/2MS Aol MSehA g 1/2MSei x| B} 9433
o) AEYo) vz A FAS] M F & Folt K¢ FAY 5
< A5 AxEH7 VAHAY. o] AFZ Hol NHNO;S %H AL 932
AT f FR3A FEEES & & s, ¥H oy RIuE A LA
el X B3 (Bokelmann &, 1983)® w} 913, Zapata $(1981)2 EvwlE ¥y
AAH wheell A 2 ZFe] NHiNOs:7F |9 AM wicdel 24" o) AXy F8 AR
d TCAX =27 n@ds|o] NI A L AMEELe] JgAPddr Rusgch 28}
AEW d2Fe)l o] AP MY Ao WRF B Qo] APz A
) AEELS A2 AXHE A AT Meyer 5, 1975). SF LA wjF2 Al
o AYH MELLY] fFEol @8 EFT AW =050 275 27|17 @
< ogl&o] A71d v A (Gamborg %, 1973 ; Gleba ¥, 1984). Auk =HE
FolA 53 AP Pl 2] AN AFAA woke] 2AHHY 842
A, 82 d7AEA g8 =AMl Z A s EuR] ] g B FAo] o]
Fol R}

el ot 93 AM wioke] AAE Table 691 Jebdlich A7kx) Wy F oA
Aepzlo) VY AME FEAA wjksts wgo] WA o] AAYel FF3}

_13_



A vdebton, MELAdE 23 dojytel.

g F 27 £L(Fig. 3-C,D)o]l dojuyAl 28 $5& 1.0mg/L NAASH 1.0ng
/L BAP, 1.0mg/L. NAAS} 1.0mg/L zeatin 123 1.0mg/L BAPS} 1.0mg/L zeatin®
sted 2,000Lux, 16417t xR stel A wdstdA A2 2 L AL} AL}, 322
F5o] 48 A#(Fig. 2)& BY NAA 1.0ng/LSt BAP 1.0ng/LoNA M Ego] 73
EXL 72 22 shoot7t FAHS e 322 FExdME 2789 ¥ 1597
= AFARA AETHE o] o o]} FdsE AL IR ¥ & A

Table 6. Effect of culture method on protoplast division in lily

Cell division (%)

Elements
MS 1/2MS 1/2MS’
Liquid layer” + ‘+ +++
Embedding-in-agarose”’ - + +
Liquid-over-solid” + e .

* ; modified medium without NHsNO;

+++ ; good, ++ ; moderate, + ; poor, - ; none growth

a Liquid medium containing protoplasts was poured into petri-dishes
Liquid medium containing protoplasts was mixed with an equal volume of
melted agarose medium( 0.3% agarose) that had been kept 40T,
than 1-2ml protoplast samples were poured into petri—-dishes

“ The agar medium poured into a petri-dish and solidified, then 1.0m/ of
liquid medium containing protoplasts was poured on to the agar layer
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e 1/2; modified medium without NH4N03§
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Fig. 1. Effect of media on survial of protoplasts from lily.
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Fig. 2. Effect of hormones on survival of protoplasts from lily.
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5. HYAN 88 % AEMZ HY

PEGH & o3t W3 934Ax 3 =0& Lolir] 98l PEGESEE 30,
40, 50%% 3o M2 ZAIA(Table 7), 2 FHFNEE 2oz ¥A 4A%A= PEG
50%&A el A 713 Fdon, o= A Fo B39 4y AAE Bdd. 2 A
A A AZre] 208 FEER tix: 2olF HAZ, PEGE] Extgo] 245 U4y
o] F&Eo] oMt s, £ AFAE PEG 1,4500) A 2stdct. 2l 9
o 4527 ¥ ¥ AS I2¥ PEGH,000 FEE 50%% 2, R F
A MHIYAZL2E 15EldLew(A F, 1986), #AY @l AS$E 50%
PEG(1,450)° A 7}3 A3 ML 1568 1d (A 5, 1987).

FAF AMxdoe) YD Y] YYAME VXY S gdon, wWoF 29 F A
2& A& A7 FAG 222 159E FU12 ste] Ade)Fsid A mannitol £
AE A M FAck o) VB AA G APoA JHF FEHAT NHNOE
ArbeiA & 1/2 MSFA MRl 1ng/l. NAASH 1ng/L BAPE E &3] sto wjg}
g A, oG 7dA 271 ¥ D (Fig. 4-D,E)°) Yolroy} woF 15¢ o] F Y&
& ol V¥ AAMI dstE A AAsy) ARs. AY¥AA F Y2LSFE 18
Yol en MEFHo] dojnd YHAME F8M F 20% A=A}

T HEMES] FATH E47 AAEe] M S fsid ARHojx A
Asdgol A& MEFTA Y5 e Fsid FHHA 77 AP 3 Y=,
Carlson §(1972)2 Nicotiana glauca® N. langsdorffii®]l Y AMNE dggon,
Melcher §(1978)2 Solanum tuberosum Lycopersicun esculentum® 3% 3
€ ¥t S ANE FFHES dEd AT v A 28U F, 2545 59
22 ALY FAFAAE ok AEA de A EN 2319 o= gHAA AxA 9
ot & dFNAE 43 F5709 93838 o] F3EA o)FoAE A 5 9
v, £38d YFAAME st 27 NEEL AAE AA AEN AEAR
€ o1¥2 EHA2v} Georgia®l ¥ AM wjFA AL} HENE dL 4 A
282 o2 AN&HA AFE Tl ANEIRZFAEN YSo] st5stee Ardo.
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Table 7. Effect of PEG concentration and treatment time on

protoplast fusion

Concentration(%)
Time(minutes)
30 40 50
10 + + ++
15 + ++ +++
20 ++ +++ ++++

Data were carried out protoplast fusion between Georgia and Marco polo

++++ ; excellent, +++ ; good, ++ ; moderate, + ; poor
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Fig. 3. Developmental stages of protoplasts obtained from lily.
A; Isolated protoplasts(X300)
B; Protoplasts after 5 days of culture(X300)
C-D; Cell division after 7 days of culture(X300)
E; Cell division after 15 days of culture(X300)
F; Colony formation in liquid-over-solidified medium
G; Callus formation after 2 months of culture
H; Plantlet regeneration from the callus after 3 months of culture
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Fig. 4. Division stages of protoplasts after PEG treatmer.

A; Isolated protoplasts( X 300)
a- Protoplast from mesophyll of Macro polo
b- Protoplast from callus of Georgia

B-C; hybrid cell after PEG treatment
D-E; Cell division after 7 days of culture( X 300)

F; Cell division after 15 days of culture( X300)

- 20 -




v. 3 8

€ A7 45T 71x2A8ZE 432A Longiflorum A%¢9 Georgia ¢ -$%%)

L2HE QYANE B, MIFoZH AYIRE A3 Georgia®t Macro
polo®] V¥ AAN §3< A x4

92

. A48 v} A shoot} root?] £ 1.0 mg/LL NAAS 5.0 ng/L BAPAA =4

vebt L, shoot Zeolt 1.0mg/I. NAASH 0.1mg/I. BAP, root Zeole 0.1mg/L
NAAgH 1.0mg/L BAPeIA, 2AFFE 1.0ng/L BAP &MY FNA A 4
Batch. 2192 A2 ¥4L 0.1mg/L NAAS 0.1ng/L BAPIA bz s rhe}
gt

A zdAe 71 23 fFE= MSHI 1/2MSui =)o) w3 A=t 2709 wix)
=¥ shoot®t root ¥3}7} 1.0mg/L NAAS 1.0ng/L BAP &£ FollA Fzsl
Al vebsdet.

VYA B2 HAHFTEE Loliy) 98 Onozuka cellulase R-10, Macerozyme

R-10, 283 Pectolyase® HAFEHEE A& A7 AFZAHAE 05M
mannitol, E&FEE 1.0% Cellulase, 1.0% Macerozyme, 0.1% Pectolyase®
M A 2~3AZH R EErt 7hR 2 g

YA eiFS NHWNO:E AH7behzl 942 1/2MS&A A ¢] 1.0mg/L NAA
st 1.0mg/L BAPE EL£AHALHI 713 F2o0, A& o] £ o}
YR YEE F MEEL) 71E FzEA. 2UwG ¥ F A xS}
¥4 H9Z, 2 F TAMZ Al st ALRE s

. PEGel 2% 9¥3 §32 1 s =2 %2 PEG 50%8A0]A o

2087 MA ¢ W=7 s =4 debde.
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Z €0 BYHIIMK B8 MZ22 0120 F4 8US R4YMA HA
Y22 ME E8UL. 28 £50AT &0 U7 MKl HEs F0f
EAYUME B0 =28 UEB0 T4 DM B4Y, JEE 44N IS @
Mg Z-UT D82 Y40 2 #UotUE &4 2HBE UNZM 98
# 244 294 u4y, OI8¥ 24y, J¥Y BLY, 08K 24y, 2
NR w5dA= HEO A8 E3UT.

50 d2AFE £~V A0 2L FDE OLZYUO HFA YHH M
id, 282 dlde RS USYY olges JEY AES0A 208
g Ul O3 AFsYNYT 48E ¥¥Y MuY 7Y O/ &Y
Oz AZ RO BEUT.
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