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Summary

The optimum conditions for isolation and fusion of proto-
plast, flower bud induction, and test—tube fertilization in Po-

pulus alba x P. glandulosa are as follow.

1. Tsolation and fusion of protoplast.

1. Reaction of stainer on survival and cell wall formation of

protoplast,

a. Exclusion staining with 0.1% methyl blue suggested that
protoplast viability could be show when irradiating with the
tungsten bulb without using barrier filter.
b. Exclusion staining with 2.0% Evans blue suggest that pro-
toplast viability could be shown more effectively when irra-
diating with the tungsten bulb without using barrier filter.
c. 0.01-0.001% ( pH3.7 ) neutral red staining with tungsten
bulb irradiation shows that protoplast viability could be
shown only using barrier filter.
d. Staining with FDA, Fluorescent brightener, FITC and RITC
suggested that protoplast viability could be shown when ir-
radiating with mercury burner without using barrier filter.
With this system, it was possible to distinguish the

formation of cell wall of fusion protoplast and chloroplast.
2.Isolation method of 2n and 4n protoplast.

a. Using the three isolation methods of protoplast was more
efficient for 2n than 4n protoplast of mesophyll.
Isolation method III showed most efficient for both 2n

and 4n protoplast isolation.



b. The isolation method IT showed the highest protoplast yield
efficiency for both 2n and 4n.

c. Among the isolation methods examined, the largest 4n proto-
plast obtained from explant and '' in vitro'' culture was me-
thod TI. 12% increase in leaf size than those from '' in vitro''
culture.

d. The isolation method I shoved the highest protoplast yield

from petiole, :

Protoplast yield from petiole of explant were lower ?bqn
those from mesophyll and protoplast yield of explant and ''in
vitro'' culture of 2n were higher than those from 4n,

e. Protoplast yield by isolation method I were highest for
both 2n and 4n petiocles.

3. Factors influencing the differentiation and culture media in
2n and 4n protoplast,

a. 2n protoplast showed higher differentiation yields than 4n
and concentration of the optimum plant growth regulators on
culture medium were 0.5mg/1 BAP, 2.0mg/l 2,4-D and 2.0mg/1
NAA for Zn and 4n mesophyll.

b. W.P.M,medium was better for the callus formation of proto-
plast than M. S, medium.

4, Test of effectiveness for nurse culture,

The nurse culture in protoplast of 2n mesophyll of Popu-

lus alba x P. glandulosa and 4n callus of Hibiscus syriacus

was best for the callus formation. However, nurse culture in

protoplast of Zn mesophyll of P. alba x P. glandulosa and 2n
callus of several plants was poorer than 4n callus.
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5. Protoplast fusion for 2n mesophyll and 4n callus,

a. PEG( M.W. 1,540, 4,000 and 6,000 ) were tried to fusion of

2n mesophyll and 4n callus. 15% PEG1,540 at 35°C showed the

best fusion rate and the larger the M.W. of PEG was lower

efficiency of fusion.

b. The protoplast culture which was fused with 15% PEG1,540

showed the formation of numerouse colony, cluster and callus.

The protoplast culture with 66% PEG 6,000 represented

the best efficiency for differentiation.

c. pH 10.5/ Ca2+,/ 35°C/ glycine - NaOH 100 mM buffer showed
the best fusion rate.

d. The protoplast culture which was fused with Ca2+ﬂ/ 35°C /
glycine - NaOH 100 mM buffer showed the formation of numerous
colony, cluster and callus.

e. Electric field were tried to fuse 2n mesophyll and 4n ca—-
llus. 1.25 kv/cm field strength of voltage, 500 voltage of
pluse and 50us pluse length showed the best fusion rate be-
tween two and three protoplasts. Fusion between 4n callus +
2n mesophyll was best fusion rate on 1.00 kv/cm field streng
~-th of voltage, 400 voltage of pulse and 100ps pulse length.

f. The lower concentration of dextran was better for protoplast
fusion. 8% NaCl - 0.3 % NaOH solution were most efficient for
the protoplast fusion with 500,000 dextran.

g. Callus formation was highest when protoplast fusion was

conducted by 10% dextran and 8 % NaCl - 0.3% NaOH solution.

it



II. Flower bud induction and fertility improvement.
stimulation of flower bud differentiation was tested by
using the three stimulants such as PEG. B9 and BAP.

1. All of the stimulants tested showed poor stem development
and growth, compared with no stimulant. But 3% sucrose,l16 hr
periodic light irradiation, and PEG treatments were good for
the growth.

2. Development of multiple shoot caused by flower bud inhibition
were observed in following conditions : on 16 hrs periodic
light irradiation, with 3% sucrose, 5% PEG and 1,000 ppm
B9: on 10 hr periodic light irradiation with 9 % sucrose,
and 10 ppm BAP.

3. When the medium of 10 hr periodic light irradiation with
3% sucrose and 5% PEG showed flower bud differentiation on

6 weeks after culture.

ITI. Test - tube fertilization.
1. IAA analysis in carpel with HPLC.

Depend on the ages of mesophyll (2n and 4n) and carpel, the
IAA content was varied. In generals, adult leaves mesophyll
showed higher IAA cohtent than juvenile leaves. IAA content
of carpels showed 68 % higher than that of juvenile leaves,
and 28% lower than that of adult leaves. IAA content of 4n
mesophyll tissue showed 103 % higher than that of 2n mesophyll

tissue.
2. Embryo formation and development of " in vitro " cultured

Populus alba x P. glandulosa were possible by the test - tube

pollination.

iv
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oalg REdAe wgFe) dFAA Ay = 2ol cell walle] £3A
T el gEAe AEE gA%se zAspl AF d8E table 19
oA zZAFFEoH, AHEI HAvFL ref lected light fluorescence attach-
ment trinocular microscope ( Olympus ) |3, barrier filter &= 0590(Cred)
e AbR3:, FYL  tungsten bulbg Aol WA g Y3 mercury
burner & zt7} Apgsl] @A, filme ASA 400coz #HA3AH
122



Table 1. Concentions and conditions of the stainer used

Stainer Conditions and concentrations
Methyl blue Solution of 0.1% and 2.0%
1) Alcoholic — aqueous methylene blue

Methylene blue
2} Goodpastre’s acid polychrome —methylene blue

Evans blue Solution of 0.2% and 2.0% in (0.6 M mannital

Neutral red Solution of 0.0019 and 0.01% with pH 3.7 and pH6.5

FDA ( fluorescein

diacetate ) Solution of 0.02%and 0.1% in 13M C.P.W.

Fluorescent brightener Solution of 0.1% in 0.6 M mannitol
FITC ( fluorescein . .
isothiocyanate ) .| Solution of 5% in 9M C.P.W.

RITC ( rhodamine —B —

, or
isothiocyanate ) Solution of 5% in 9M C.P.W.

2. 2n3 4n $FAH DY T2

Fusion @ fusion Auj<kel] 2183 LA g  preplasmolysis=
QYA A5 Sk, LR, B3 ogda gRsbe 239 AR isola-
tion, washing = floating solution¢ 2o HaFH ¥H L d7] 9
3] table 28 o] Ai7tA FFHe ol oA preplasmolysis test
g 319k &, method -2 populus euramericana®l'® Uigk Parke] A7
Axz de whde dy wAE e esldla, method I=  Populus
steboldii ol ¥ Saito™ QA7 dR¥E WA ZAed Az, 28
method II& Ulmus o] thst Redenbaugh, ef al. 9'V’d FZA ] AR S

AR APl st



Table 2. Effect

isolation and vield

of three

types

of enzyme

combinat ions

on protoplast
in 2n and 4n P.glpa x P. glandulosa

Compositions of enzyme Method [ Method I Method [T
Cellulase “ Onozuka R— 10 ” 2.0(%) 1.6 (%) 1.0 (%)
Driselase 2.0 2.0 0.5
Hemicel lulase ¢ Sigma ” 1.2 1.3
Rhozyme 0.5
Macerozyme “ R—10 » 0.8 0.3
Pectolyase “ y—23 ~» 0.05 0.05
Meiselase 0.45
Pectinases “ Sigma ” 0.5
Potassium dextran sulfate 1.0 (%) 0.001 (%)

Potassium citrate 166 S5mM

DTT 30 2mM

MES buffer 3

BSA 100

Calcium chloride , dihydrate 18

Potassium dihydrogen phosphate 17

Magnesium sulfate 2.5

Calcuim nitrate 3

Manni tol 10.93 0.6 M 6.38
Sorbitol 6.38
H;BO, 0.36mM

Distilled water 100 100 100
pH 5.6 5.6 5.5




3. 20 4n AYPAAe R 9ol A}

2nt dnS) dExd Q¥IAA FABAEGTE AY u e M. S,
(— NH(NOy) dAuhxlell phytohormone& #7}5t A|#o] r}oe ZA 3}l
AL olFEATE F, “in vitro” oM AW 203 4n AH22 0,440
W dgdcde] Ta8Re method Mol olalgm, g = HEgao
Park!®s) wh ol oaiich 2gim, 993 WEs 2x 100 ~102 =us
o Eg S5FZN it wide) 2af o) wieted 0.2 m W AT
0.2 mf o] A7 ZAAZL 24 R A AAE go| FWA o)
Fetch LRI, colony o callus AL =AM 3, 718 e, A,
g 21& method o ¢ atedc)

4. ¥zl g 2n3 4n YIFLA 2T
Al el wE 23 4n S @A YP @A 2elge] wApo method 1]

of el oA, wal, AYA A Abgske] WP M. 2 uwshelc)

FE el oA
BENFo] ALEH URAAL method Tol 2@ Agzxe] che A4 o

Aoz 1 :19 "z 283 2e WE 2xXI1F~1002 zdstd Ale

6. 2n3 4n AFAA FFTH

d4PAA FFe 4R wge A mRsidc &,

7t. PEGR¥2 PEG ¥xz 1,540, 4,000 2 6,000 off ciste] 159st



66%<¢l PEG Y (table 3)& B Z7] “in vitro” 9 2Zn &
F 4n callus YFIAME DdeFAL FUAADG 2 AHLE 1tos] ¥
He WX HMAT AoF 9em plastic petridishe]l  oAwge] PEG
g2 ¥, 7 9o "Wz 2X10* ~1089 FFo EFAFAA(L 9
) siEel 0.2 248 "y 35T 2zdA VED AFAstY @A
721}, o2 10871 1 mge] washing solution { table 3 )o 3 33

MAsaz F F 4mo] washing solutionE bA]  F7}8le], centrifugeing
(500 rpm ./ 3min.)dld A EAE A AT washing solutiong 7}8td o}
Al centrifugeing& 23 wrHEslc}, 183, 8~10ma] M. S.(— NH,NO,)
wix]| & Hr}sle]  centrifugeing ( 500 rpm/ 3min )3k RS 23 MESD
5em petridisn ( Corning Co.,) ujell o] w|x] 2~3 a3z HjJFch

sure A e) (28C)el A AF 1000Lux, 28T ALgsbelr]  afFst

dAal 0.5 =€) A wiAlE ol F @A 7)skcl

Table 3. PEG and washing solution for fusion

PEG solution Washing solution
1) HEPES 100 mM buffer Mannitol 1 9.1 4
HEPES ;2,38 & CaCl,.2H;0 : 735 mg
CaCl,.2H,0 ; 1.47 & H,O v 100 mﬁ
H,0 ; 100 =¢
pH ;6.8

2) PEG solution
PEG ’ 20 &

HEPES buffer ; 30 mt




\}. 7. pH/ Ca? / &% / glycine— NaOH bufferel ¥PH L method 1I
o 94 d& AFAAE centrifuge R ARAA WAE AASIL 050
o] Al wWiXel HAgstan, §RFEAA L1% (W) caCl, - 6 H,0 +
99 mannitol (W/ V)7t 74 glycine - NaOH buffer® table 202 2}
sulzl2  4amt F}Ea, 4 AFRES water batholA  20min. A §FA]
7131, centrifugeing { 500 rpm / 3min.) ot AEdL AAFaL C.P.W.
13M /4 0.749,100m¢ CaCl, - 2H,0 & #FA7bsta oA

centrifugeing 3}

o MAehedl, 23 wEstm 2 ol¥= PEGHol| wsich

v}. Dextran 500,000¢] &&f LA A2l method Tl A& )
YA Z Aed ¢ WHE table 49 dextran solution& plastic
petridisho} 0.12m¢ (4 & )FL, 2 o) 0.18% (6 &)Y EFAF
AA S Ea, A dextran Edel 0.3m¢ wW3Fx, dishE 288 I3
o} EFA713, thA]  dextran solution & 0.3 af F 7311 o] EFAA
BCAA 20min ANk 22)a, NaCl—-NaCH solution 1~ 2W&& F
g ane #Aslete =88 £Fel ERAIIL, 95C, 20 ~30min. AT
-1 %, table 4 FHAAZ 5 mé 7iste 25T/ 10 min HAH F 5C ~
10 Cel Aeo 2 ~24Az FAFL F F Aede wea, #HMAE
oA FH el centrifugeing(lOOOrpm/3m_in.)'?s}&} 1 A= F7]
gz AAST g ddsigeni ol PR 2 R R s e
Aol M, S.(—NH,NO,;) + BAP, 0.5 ppm 4+ 2.4 —D,2,0 ppm + NAA,

2.0 ppm A 7HAA }A 25T, 1000 Lux (8 %3) AR w gt



Table 4. Dextran and washing solution for fusion in 2n mesophyll
and 4n callus of Populus alba X P. glandulosa

Dextran solution Washing solution
159% 500,000 (w.m.) Dextran 39, mannitol
Nacl 6% 1% caCl,  2H,0
pH 5.5

2L Electro fusionol Ajg# A= g, M4 2 method T Wl
oa Ag YT WY 2n mesophyll 1.7 mbe}  An callus 1.7 2=
sge], A1, I 294 ¥%9 Hasg o, 29w, g3Ad F2
087 RAsm, 48454 ®FAE pipettes Aatel 13 AAst d
v 5 x104/ mz AL WA M 5.( —NH,NOy )l siaFstdrh
Electrofusion systemol] Ap&gt 7171 Shimadzu somatic hybridizer
( SSH— 1 type ) & chamber { ¢ 87 X H27mm)8 $&a84 1.6m, AT

= 4,0 md 7]/]Q1£ﬂ,table59}ggo] =1z Ar] 24X

.

( A= ( field
strength, kv Zcm ), pulse Aet(v), i pulse £ (ps)]) gelst

o gaersich

Table 5. Two conditions of electric field

Electiric field Cond. | Cond, It
FREQ MHz 1 1
VAC ( PRI) v 40 40
INITIAL TIME s 30 B8O
P W micTo S 50 100
vDC v 500 400
FIELD STRENGTH kv /cm 1.25 1.00
VAC ( SEC) v 0 0
REPEAT INTERVAL s 1 1

3~5 3 ~5




FgeEl fEFSE T RHERLE

L. stol 3} 2@
sa Aol elw sob 23 APe 189y Y&Eel sk, A
o) M G¥e FYHY) Ased, 393k THel AMAsS AwlA

o2

ol FEF AEF7IE AbEsidrh Al AolgE frEote AL EFTe &
71 Z2We] Hda RS [to o Wl 28 Aoe® “in. vitro”
o & Erle el FFA F3AF ol 3emlie]e] AFE FAHAAC
10 min,), 2%2%5( 33 ), tween 80 & HNFLL F7lsl 2% NaOCl
of AACS5min.), o £25SHFF(33IE 71 75% ethanol (3
sec.) & ZA AEF2(43) wA AN A AES M.S.HjA] A
st A of 4 Fviny Abgk A shoot = TRA]  cutting sted  AlHEl FshH &

o, iFd S 3Klux, 283 2z #57idA 71

B3 |BAXE

1, HPLCo <& A3 A TAA EA

HPLCe] 9% 1AAS 23 AEAe A9 1298 2ns  4n9
Populus alba X P. glandulosa?®, 9% A=d& 64 5¢d AH =¥
ANsba, AHe 2n catkin®] ZHor ARgET &, A8 20 §& HPLC
methanol 2 4 ColAl 24 AlZF  shaking 3}z, @)L 23] centrifugeing
(15,00rpm /10 min) 3+t 2L evaporator 2 A ZAZl 7Z& dichromome-
thane ¥} T3t3led BIAjZTE, Z=29¢ 1 AAE 0.01M phosphate buffer

(pH3) & ol%a2 23 chart speed = 5mm/min. o1, 71&-2 Gilson



NI(ODS/C18)el 7171el olatsivh, &# #4& Gilson HPLC (model
303 piston pump. U.V. detector )oll, column Zorbax (ODS/ Cl18)-& A&
3l & 37 %) (Gilson model, sensitivity, 0.001 AUFS )& 280 nm o] A

oA7|AjA  360nme] FHFow FHAHSAUL

PRI Ee i =

ANFR oz wopsr slelunde] oRE zAsl s WS =A 2 F

;

Ahoxz YE preparate 2, 53 279 AE EAEIATL

- 11 —



BIE HBR Y ER

giE FEREAREE X Ba

1. 99AA gER MEs ¥4 =4

rl

27247 callusd@AA] =i fusionAel sl Fawggor AS

52 XA 23+ table 63 ZTh

w A

. methyl bluee] o3 A&ZAF calluse YFAA] HE2  bar-
, BAAs A¥de AHA

rier filterd AgA] AMS AL HyEHoln
Mg At filter & AHg3hd god Ad@ e WFIAN, 52 2

w.e sigon, o9t 7o AL callusg] YFAMNE FYsd AETE
ZAb SEsEY Br= 2.0%E0E 0.1%7F F3, light source ©
tungsten bulb7} £t ( Fig. 1—a) ol ZAIA= ylmus Zo] th§ Rede-
nbaugh et a!i.s’-‘ll Hiel gx|FE

Methylene bluel= table 13} o] 72 WY B{AE AHE 315 =
pbarrier filter Apgoiio] wAglol F&2Aot callus YA A
A QPAAE whgo]l =AML =Hu o], 4EEL FE Z7 7 =
Aol =@alget. olvl Komamine el atl.meq BEuE 28 A 4
Evans blued A2 2.0%, tungsten bulb2] FPo 2 barrier filter &
A 2 94z F  callus ¥ FA NN AEE AP R E it
¥ PR Ae FAYE #Wdgelm, EAAY AL A = o] Red-
enbaugh et _011.9,011-]—. Park and Har:is-‘ﬁ Ao} 2o}, ¥ mercury burner

o] light sourced] &3 HAe, AAF YFAA= filter Ab &l =& #

—12 —



e Fxels Fole You}, uimoe A o), BAAS Re w
A Aol AEE =A FESY, tungsten bulbBUlE o &l
otuith, ( Fig. 1—b ) Neutral redo] Wig w&xzAl= pH 3.73 pH 6.5
=, 0.01%eF 0.001 %ol tiste] sl i=g| tungsten bulb 8] Fglo=
mesophyll 3 callus protoplast © A4S A filter = AL €3l pro-
toplasme FA Mol 3w, Bazxs Ae 9 pink Mol F2AM o v} filter
o= ARE A

L LA WL A

flo

HEGY = FRoly, BAME AL filter A&
Al BAd @ Ay dAe] gy po ew mercury burner & #Hgo g
kil filter & A8l € A= mesophyll HAAA MEHe AHE A
ol EBdxE R ol ugigael, spinkAe wae dtit, callus o] 9
BHA ALHe oo, wpinkMe] wigo ok 2 filter AR
Al A82A calluse] AAI AFAH Ayme Ao, geael
BF &AL, avln BEdAd dgEs dadr g gao star 9l
mercury burner & <¢I3F A FEH Ao E7lwst9h wetd  neutral red
= PH 3.79 0.01% == 0.001 %2 <A ™M3l3L tungsten bulb of i3k
filterof Ab8AISl filter gl @ao] Yry Awe Fzsiciw &
A=vl ( Fig. 1—c¢), KamEY;JE of9} 2o AL Nicotiana 21A B
i gl ¥FEAN FDAE 0.1 %S 0.02 %2 HAsH =d, 0.1 %7}
FHREEe]l FUoh F, mercury burner i filter AFEA] P& x4 2] AAs

HEHA AEHe FHqoe wasn, YSAe HauBaS s
22 calluse] MEH e o pinkde maje] wge gy

[
2
o

, &
FAAE F 2H9 Axygodx 5= o W e §3 filter

2ALEAl e d% d¥AAL  calluse) AzHe e o G2 Q)
HEE B3, 4EAs dwFYel, S99 wus s} asy BAAg g

MERL Fx3 TF o 2P gold, barrier filter & A} &

— 13 —



37 e W 9F¥AAY A2 me Axd gAngel A¥ol oA
olt}, ( Fig. 1—d ) Fluorescent brightener o} <J§ W82 mercury b-
urner ol g filter AbgAlE AR G HTHe MAEHd FESAE A
Mo s, callusel A xHe g4, Fpinkdog THFE FHk
sl filterglole AAY & AxEs gE5A9 AL AgH 2A HF
= FAage o wdshd, £8 F g, SM4& & pinkel o
22 3l calluse MEWE d9stde S4udg Foh oEMd 298
ME  filter & Abgslx) @oke wol AzE el Apdel AR FE
stk ( Fig. 1—e )

FITCo} oi& e fluorescent brightener 9 FAMEHIH. &, HF
Aol MEED A=A filter 2 Agshd P AL iy el @ p-
inkAl 0 & @ slm, callusel AEH7 GSAE oiwaael, pinkde]
#e #y m: filter 8 AMEEA ke wel we e HR{FAI ca
Hus 24 AMEHst GEA70 dagge, g34.g . 2y 8 o] 3t
Bye A Ae filter B AgsA @xn Aygske ziolrh (Fig.
1—f ) RITCo} digt wrge filter & Apgdhd g&xA 7% callus ¢

Mz gEAe =5 o P, pinkg ¥R

e

5l 31, filter glol
qazxel MEAm Q=A, 283 calluse AEEe Agd A AF
= ogmgael, pinkd wRg e, A 2 F¥ Fle g
of, wae] wHE Fch

FITC. fluorescent brightener, I2l3 FDA%= clA7ke] Aol U
o wad  FITC, RITC =5 © barrier filtergle A4l ZAA
gegs AEH W45 Aud sbg Fo bdeldxn ¥ & Adrh
( Fig. 1—g ) FDA, fluorescent brightener, FITC == RITC %9 3

FArE AEY, G2A, 257 FFPe] dstdl = gl Hef 4R

— 14 —



iz &Pl FME s §FF oA¥el FdAdyge Axd LTS
ZAYSHe o] Al dF7F A=A ged 9108 53 Patmaike of all'e  FITC
of o8t 402 heterokaryon & #H<I&wH A micromanipulator 2  #e

s Rustn ok

2. Zn3 4n AFHYA o2y T

geje]l wE 2n 3 4ng S FF LAY deidH L table T
Zol 3712 g uels mFrl 4n Aol A] Bk fSeo] WEIIel Qo
2n3 4n thRo] 1x, 2%, zEln 3A w@elge] Fed, 4n o 96.4
%= 2nRt Hadeigel wrh a5z WY I1S 2n3 4n ZFEY 371
A WHET Py e, 4n9] Hodwlgol 47.8%F, Zn 2IAEO FTL
Table 82 “in vitro 79l g&FA ] et 374 didyel og 9l
A ££9 AFAU, P I, I gz MAAN =5tk 2n HohE 4n
Z&A oA Ech olSel ¥WETE 2, 4n 2T ol WH S 0§l
e &e] Erh

Table 11, 12 ze]a1 138 xx AFAEA iyt deped o&
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Fig. 1. Reaction on stainer in mesophyll protopiasts,

a. Exclusion of 0.1 % methyl blue suggests viable protoplasts
(arrow), damaged protoplasts are darkly stained, light so-
urce is tungsten bulb. (X600 )

b. Viable protoplast (arrow) exhibit light red color when st-

ained with 2.0% Evans blue, light source is tungsten bu-
1b. (X 600)

c. Viable protoplasts (arrow) exhibit deep brown with pink
color when stained with 0.01 % neutral red, light source
is tungsten bulb. (X 1,300)

d, Viable protoplast exhibit green and white yellow color
when stained with 0.1% FDA, light source is mercury
burner. (X 1,300)

e. Viable protoplasts exhibit pink, green and white vyellow
color when stained with 0.1% fluor. brightener in 0.6
M mannitol, light source is mercury burner. (X 600 )

£, Viable protoplasts exhibit light green and white yellow

color when stained with 5% FITC in 9M C.P.W. light
source is mercury burner, (X 600)

g. Viable protoplasts exhibit light green with white yellow
color when stained with 5% RITC in 9M C,PW. light
source is mercury burner. (X 1,300)
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A moh oaly @ezFdMets "yl %]l Ae wd oz, 4n o]
on 2F oA B} olw whHbHolALr W

Table 10& “ in vitro ?¢] ww =z d¥as FIFe d=¥y 1.
I, 283 Mol oA ZAletded 37k waels 4nol wished 2n 2]
Ao ko] wWolr, AKzAe Fygrhs Wl Aol a2iz g ]

o Z=gFe}] 2n, 4n FI MY =Y

3. 2n 3 4n fFAA #¥3b 8]l

g3 W AAE F9srl st 2w 4ol &< AFEAC
Qake AgargdeH, 2 AIE table 159 Ao

= quHow MERge H7] HFEv 2nETt 4n ]38 AH 7 wgE 7

o} % phytohormone 9|

stol i}, callus®] ®AMEE 2nol £& AMojch 2@D 2t dn YR
gy A BAP 0.5mg ¢, 2-4-D 2.0mg £ NAA 2.0 mg /£ °l
4 colony & cluster, salar callus & A 80 7}a Eoul, IFL  ph-
ytohormone H7lelA ¥ 2n¥  4n T3] v ey @k 53 2nA
= BAP 05mg. ¢, 2.4—D 10.0mg /£33 NAA 10.0 mg /£ <A,
el 4nx®E BAP 0.5mg /4, 2.4-D 10.0 mg / £ % NAA 10,0mg/¥¢
22]52 BAP 0.5mg /¢4, 2.4-D 2.0mg /49 NAA 10.0 mg ~ £°1A]

sl AElzE Bekslel, 4nAe] 3 AEHIE dAHoe= A zg Aotk
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4. wiRll wWE 2n3} 4dnPd¥AA F3k 89

M.S.( —NH,NO; )¢ W.P.M. ( —NH,NO, )ujz|ste] mlmAde %
21 el ARSI edl, 2 AF=  table 163 o] M,S.HAE 2n9¥A
A7} 4n B} callus A Eo] e AdFo|r}, colony ¢ cluster & &4 Al
 4nolXi= W.P .M., ¥Rl 7] =th callus A= M.S.¢e] & A9

7} gler}, M.S.mediumB b Hojx = 7 ko]

5. F&uigel a7 A¥

EMlgo g FHPAH RIg Ft AYE T A= table 173 fig
29t o, F, 483 WGP H sHF EEZ wix FAE wiFE s

Aed, 2095223 4dn Hibiscus syriacus € callus & Z&uidsd 4

ol

e callus® AL 280%= b4 B1, %9 callus o9 T
= 2ngS8ol 17.8%9 calius@AHoF 4dng{Evdes o 8 Hi-
bi scus canmnabings ¢ callussbel &k datx 2ng] & AP AANA
¥ 89 callus¥EAPL #2g £ oy}, Tatemichi 5 228 H. canna-
bimus 29 BEO] wETRL MEH0(30%) F&E Madn gleu,
B AFA 4nel Hibiscus syriacus el FE Gl callus FAol 7}
A 1, e %9 callusoltd, a2l 4ne] H59 JFHAs}e] F

Zojgros 2nggEA T FEW Pl callus 3ol Z=go] HATL

6. 2n3 4nA¥AA Y 74

A8aAx 3e PEGW, dextran®, iLpH + mCa? +2%¥, 183 el-
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Nurse culture with mesoph-

yl1 protoplast of P. alba
X P. glandulosa.

a : mesophyll protoplast.
b * callus protoplast of 4n

H. syriacus.

Progress of PEG fusion

after 20 min. (a) and early
stage of the {fused cell be-
tween protoplast of mesophyll

and callus (b).

Callus formation from fused
protoplast after 8 weeks 1n

cul ture.
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ectrofusion gl 47122, 2ne 27 4n9 callus FFAAG sl
dysiged, §¥Ae wHe ASA db H4¢ A¥AAG  wHe
callus go] §iolmz o] olF Ago] Golalgm =& HFF o 2o
o & AEYT HESAe wRSBelyes wdslgith o 4Fe g
3

I

7. PEGW e ©AZN ¥Es 9ee PE

(7]

&gz, BTN
g3 HAHL tapble 187 fig. 37 Rk &, L 93 AFE 35 20|

i

xAtstg e, 16% PEGY Ewolx& 1,540 PEG7} 31 %=, /A% &%
ol Fil, 66 %elAx 1,540 PEGY7} §¥&e] Tl o= EAe

PEGol M Rao)] g&e 2i, PEGe ¥Eo guksl= HFakoln, o
L R BAEe] E&4E  zole AW §EEC] FolRAE A
Folth, ATEV F] JF UM e HEAete] F¥olM PEGY 23
F3el zele oy gov, TxdAME & aelrt el 0 %RoE 50%

4,000 PEG oM 36% %3S RT3, Tademich®™™5&  Eycalyptus o

Table 18. Effect of concentration of PEG 1,540, 4,000 and 6,000
on fusion among 2n mesophyll and 4n callus protoplasts

PEG Concentration Total Normal Fusion
(M. W.) (%) (No ) (No) (%> | (No) (%)
1,540 15 120 83 69.2 37 31
4,000 15 136 97 71.3 39 29
6,000 15 119 85 71.4 34 29
1,540 66 192 142 74.0 50 26
4,000 66 158 123 77.8 35 22
6,000 66 150 121 80.7 29 18

35 C when adherence.



¥ Aol 6,000 PEG7) 33%wA §3Eo 714 Bdw wosum 9

ouh, 1,540 PEGE %o ofabd e §92 ¥ wustu o

Table 19. Effects between different molecular weight and concent-
ration of PEGS

PEG Concentr- | Total Normal |Cell Colony and | Callus
division | cluster fo-| formation
(M.W.)  ation (%)| (No) | (%) (%) |rmation(%)| (%)
1,540 15 134 15.7 8.2 25.4 11.9
4,000 15 120 35.0 16.7 15.0 15.0
6,000 15 147 21.1 25.9 12.2 6.8
1,540 66 182 18,7 14.8 2.2 0.5
4,000 66 474 13.9 7.0 4.2 0.9
6,000 66 250 14.4 4.0 5.6 2.4

Note : All date were recorded after 21 days in fusion.

Table 193= PEGH 2A% FHe AT Zae s 2xzgs) x
stel wAZ AN AXQldl, 15%2 PEGAHz FolAl: 1,540 PEG oA
colony 2} cluster, 2]l callus 7} 37.5%% 74 o B3Ea,
6,000 PEG7} 19%=2 714 A Esetn Uk @ 66 BT A= 6,000
PEGelA 8.0%9) ®Balz 713 gl 713 3e ¥3&e 66 %
1,540 PEG AzlFolxm, PEGe ¥%7t %2 ZAuog veo ooy AX
=37 Foh

Fig. 4= F¥AAY 45F FRE] B5 4 hormone ( BA + NAA + 2.4
—D)E wiste] 8F AAE FPANA  callusyt FHEY AEHAd, =



slzwe] olo] WE callus2] =77t Aeld  callusWoizl g 2

ek

F dded &= &% AL wi=Ale] aurael EA¢l 6n FEY
7)Aol ¥ola] ojAwre]  subculture Z  shooting Sh= dl o] =¥t}

( Fig. 4,6)

v spH /Ca?r /2% glycine —NaOH tuffer ol Fd#dAE AHgF
21874 |%e 2n mesophyll #  4n callus @] HIFAAZ 3 3t g =
2 4Be taple 203 el pH 6.87RT pH 10577 B FHE

=t} PF =& sgo  pH 10.5, glycine — NaCH 100 mM buffer 5, 35

&

ToAM A2z ALl 34.2% §FFHELH, Melcher;g} 1to® 5= pHe}
of @A Aeg wan vk zElT pH 6.8FAME I TIAM &
go] mold memd A ASE AR Uth

PEG o] o9& g@guAs ol ol&Ael Eum ¥ 5 ATH =3t
T pH / Ca? /&% /glycine — NaOH baffer o] &% SFHAE AHRS F
3 8aAe BHi: $FF 799 2ARIH I A3l table 217
72+o] buffer e} pH 6.8 % 10.5914 tizte] S&A A A &57} 25 TRt
= 3579 medA g@He BF callusPAHEC FL o] pH6.8
a 35TeolA 100 mM buffer 2 Aalsk +7F 91.4%<l  callus & & A
st SlTh

s3H glycine-—NaOH buffer & 5 50 mMETE 100 mMe] Az
7 ol LMY, mE oz pHTAMM, QYA callus 4 E]
woprd. a8vb colony ¢ cluster HAEE  pH 10.5¢] 25T A& Al
9lsli, 50mM  buffer Aejt7t A Eo wold callus @AAISH 139}
Hyaroith, g@Ael ¥3E PEGY Tx& o3 gkatx]mt HEPES buffer 9

Ca?* salt 9 pH7} =ZA SFFHE Ito 5 o} Melchers ¥ ®i7} QUth



Table 20, Relationship between high pH  Ca?"  temp_  ~ glycine
— NaOH buffer on fusion

Temp, Buffer Normal Fusion
pH glycine-NaOH| Total

(C) (mM) (No) (%) | (No) (%)
6.8 25 50 187 154 82.4 33 17.6
100 232 202 87.1 30 12.9
35 50 127 95 74.8 32 25.2
100 152 114 75.0 38 25.0
10.5 25 50 174 137 78.7 37 21.3
100 191 151 79.1 40 20.9
35 50 154 122 79.2 32 20.8
100 114 75 65.8 39 34.2

t}. Electrofusion'y 712 #2719 #7714 slela] HAs &% A4
& table 229 fig. 5% U} = 2n mesophyll ¥ 4n callus & ¥
AAE 1:1%2 EFst 1.6ml S #AAA chambero} Y3 1MHz &f %

2 A3 AA| g ZAS &AA|AH, protoplast pearl chain & UHE Il THA|

b
of
tlo
(g
it
2

O
ir)
roL
o
[#)

A&l AMAES A7l pulse 2 U3 Ao

H
rr

AA 7l Solrt IR slu W0EE AlEdedH, 5 O49FAA

a2 ol4e o fFAA FHP3AE Aol #AHUTH

ZATAAME 4n callus + 4n callus ¢ S&3% HASL 40.8%= 7}
8.1%=2 714 &

t}, slH ZAMelME 4n callus + 2n mesophyll &) &% HEEL 41,

Z §%So] =3, 2n mesophyll + 2n mesophyll &
0%=2 7} ®olr, @ 12l 4n callus7lzfel §FEHOAE =& 4F
olt}, =&} 2n mesophyll + 2n mesophyll & ZH& FF&A &1 AN

ZA TNt 2ol mesophylizlele] |8e oy 3 2
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FATelv, ZATMoNA  dn  callus + 2n mesophyll oA = A3 A A 9

242

THES] 24.5%, 36.4%=2 epded, o)AL  Togawa, ef al.0] XA
xel w71 Fel 2] HA, AVNE BAY FEMIT nFfo] 7
ol =dithrl &3l 2 callus 9 19 nwale] gao] Ate YA
o FFoR 1T ol oldrt Adwe] Aa o] Fzrel Fo We
He F1oh

AAH el o8 AMESY  heterokaryon §o] B3 AFE  Nicofs-
anao) BE Watts and King®) 4@ A7elol, Brassice dvent Nic-
otiana '’ Tt BT glevt §EEE I8 wA @e By oz o
A HEY g A7t doFo]l o], B dAPdA e $3e o
A & AYst "o

2k 71 el AT oA e, A4 9 dAd wislyd 6% Nacl
o] dextran (500,000) 10 %% 15% w59 &FAeoz A FFA7 93
4x) deele NaCl - NaOHfej oz Adn AMAsgded 1 3 A
A2 table 233 vk ZF, 10%9 dextranAHelolA = 6% NaCl ¥ole=
8% NaCl8d49] A7t Fdof Kastn, T3 NaOH H¥e Hos
EEelA &3rgel ¥e Aotk 53] 8% NacCl—-0.3% NaOH &=
1.9%9 ¥%&=2, 714 =ed .0l A= Kameya”®? Lo dxya g3
b, &8 15% dextrano], 6% NaCl —0.6% NaOH 4= 59 %=
thFoer $53 AFoir) o] A= Kameya™®® &= @ e dextran g off A
NaOH &9 Fw=rl $astcke Rustn gled, 2% e o Fwels
FTHHAAY D =M= f3FEA e syt At FEAE #HHA X
stk ®Rusty gith. PEGRUM: EAo]l urlnsts dextran §8A &
go = %ﬂﬂllﬂﬁf’c}%ﬁwﬂi o} FEARY FAANY Zolet Algso]
AFEAEZ R 7 Eon 2o,
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Table 23. Relation between concentration of dextran and NaCl —NaOH

solution on fusion among 2n mesophyll and 4n callus
protoplasts

Dextran 500,000 ( M. W.) Total Normal Fusion
with NaCl=NaOH solution {No) (No) @) | No) (%)

109 dextran

with 6% NaCl — 0.1% NaOH 114 54 a7.4 60 52.6
do — 0.3% NaOH 146 63 43.2 83 96.8
do -~ 0.6% NaOH 126 55 43.7 T 56.3
with 8% NaCl — 0.3% NaOH 89 25 28.1 64 71.9

15% dextran
6% Nall — 0.6 % NaOH 156 64 41.0 92 59.0

2}. Dextranol 9% FIFHLAR el @A A e wierdH 2 table
94 3} zro|, dextrano} FxEet NaCl — NaOH solutiong) T =9 FAE
A st =, 10% dextran =igol, 8% NaCl —0.3% NaOH solution
+7b M8.8%= callus B 8ol 7R Ekth t}e o 159%  dextran
of 6% NaCl —0.6% NaOH solution = #l7} 45.59% callus @ A7
colony =2elil cluster Aol ok % &}ed A dextran e prhE NaCl—NaOH

solution 8] ¥ w7} Be gL S 73 gko| t},

o ESME ¥ RERE
1. lolEsA g

gme stolzslyl HeAe AFFB 2AMA Ak ool ¥

aas AHEd l0adel smsnz vl sehEshs agtg FFATE
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g2A7| A" amine acid®t vitamine & H7IR MAR #F F7182 el
1 Selrsigud 2, stolEsl &7 AF AR WG AAT table
959 ok & 3¢9 ErelMd wAg deiz 6FtAE FF7l 0
A7bZA}FAA = 3% sucrosed], BAP2l 37t e=wel AV Ho
Zsle]l AjSo] A 23, Byl AT sbE Al RSt &
B, # BAP #A7}7E Axzelld  shoot o A5 zo1}, PEGHAME 2
wEAssl B0, g wadd #7164 2ATAAE PEG AT
A W@ amae] s Ex, By A7 W BRI aga BEE
AAe wxze] oJ3ke PEG Ay 10AZT Fa7] ek gol =l

Sk 2
2132 BAP¥ 40ppm TE sl A= okl Astgch #§H sucrose 9

5ol AAToL, By 10AgTolAs ol Fmel Fel

% #7179 10Azr BF7IF= BAP 10 pom A 7F77F AR ARF F
3, By H7btE 3% sucrose A A Fo et ol Aol 7 Bkt
wa e wagel, 16A1 FATOlAME 10217t ZAFel et go] PEG
B, thgto] Ajatel Estgich 5718 A multiple shooto] 3% suc-
rose , 16 A7t @E71Tste] PEG 5% H7HTe B 1000 ppm ¥ 717, L
45 99 sucroses] 10A17t #F7)Takel BAP 10 ppm A7hS 2} zt7-ol
A owgatm i, ol AL ShohEstel Aafddoich, meskA EriEAG>
395 sucrose, 16A17t #F718ke] B, 200 ppm A7rel A 2
Qe tF¥ARDY, 3% sucrose, 104 wz7) 788l PEG 5% #H7el
Aol A ozt BAHe, a2 PEG A717b stob 28l dFE
F= Aoz FEHI, R EE control ¢ #] 3l PEG, By, BAP=
23 27 AAe] Easd AN HAAEE sya FEEY 3% suw-
|

roseql. 164170 BFAl PEG 1~5% A7tTE 1A Fad
3%

},
ggstm glel Z71e AR setEstde PEG7t 713 HeRo=E
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|
=], o]ze AL Aspargus® A PEGHEAM 4~8% stotis

gg dm ot ojel swAsn Arh

m3di BAZH

1. HPLCel o1& Al Al 1AA ZA}.

AW 9 A4 @ W, dae A2zt +AE ¥
3 wAelA QA we AEAgG I W zte] YA FEE Ak
A7t Ags 3 L, P ddedrs o 2n3 4nol W AHEA
Wel IAAxfele Aol 1AASl FHE HPLCol sl 69 594 &4
sac, 2 Axe fig. 7,87 ol indSxx e  standardel H]ate]
2.39% AzHAoM, 2nel wHsel 103% F7HsHa glo}, odwt  wf A

A [=]

L
A
Jint

13 Al A Re b A4F Fh

sm 2nAld e AERHN W 19 %urell A=A @m Rel.
Ade] wal 1AATE AR FUHEE AARSHL 9)m, @l Apge]l  1AA
are  standardol Hl&A  19.6% 47dsHa gli=dl, o)A =¥y A
WEe wjokelld® EHel el wEt Aolgrg mastz el °of AH
= 7|me] EFe] w@E atelz: HopdH, sante 68% FTrbeban, A4

g ruoE 28%udl HA &eth

2. W WA wg =2

Populus alba * P. glandulosa o zzaA Ae g 'vedT ffole

o cigol AAswel xAsta @FE WTS Tale He A T
Mol +z xag AAAN, 2~ AR Fadslel, FE 257
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Relative fluorescence

Fig,

TAA
. 100%

Retention time (min)

8. HPLC chromatograms of IAA in extracts from the ju-

venile leaf (a) and ovary (b) of 2n P. alba x
-ndulosa.

P. gla

HPLC chromatographic conditions : Column, Zorbax

ODS (150 x 4.6mm i.d.). Carrier solution, 85% H3PO4

in 22% MeOH (pH6.8). Flow rate, 1ml/min. Detector,

fluocrescence, excitation 250nm, emission 450 nm.
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7t wreeta gick aely Populus alba X P glandulosas 1UAZFE

= A @E wel o Wolzt & AHeldh sHHG2E 719 A&
28 Aol el w=e A Fde fie 9o} zo} 37j7F
A Aok AEFEAE ET g7t Ee ol Fx EHAw 1WA 7Hs
He A sl
Table 26. Number of embryo per a carpel
Number of embryo
Total
2 3 4
Frequence 42 28 5 75

Fig. 9. Embryo development

rom a carpe

P. glandl osa. (14 days after pollination )

— 48 —



F4E i# 3

Populus alba X P. glandlosa ol W W {47 243 o
Al AL A= oo )

BLIE FRE Hs me
. d9AARER AERg gz Al

7}. 0.1% methyl blue solutiono] w3t Populus alba X P. gland-
ulose © AFHAA el HMA2  tungsten bulbo] o8 stz 7, W o
%ol barrier filter AlgoRo] sAgle] sisaielch

t}. 2.0% Evans blue solutiond] u]3l o AAe. tungsten bulb ol
o ZALZ, barrier filter HAMEAl 7, dedRo] Aol & o] ),

th, 0.01% ~ 0.001% ( pH 3.7) neutral red solutione] tjsk ni2 o
tungsten bulbel] o1& Atz 7, "ol o] Awo] barrier filter AL8-A|
FA ol

@t. FDA, fluorescent brightener, FITC% RITCo] toat o A A wk
32 mercury burner® ZA}3liL, barrier filter = ALE-ELR] elorL ol st

o mddolm, gtAe MEHFHL ASA Ao shsa,

2. 2n¥ 4n AFAA SGIHTY

7 dElge]l w2 2nd 4ne d8zz 98 R0

AL)
o
Mo
2
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= el Mu 2nRT 4neAd EF3, £8 WHIE 2n, dnTiel B
&0l 7B F

u, kel wE dSxA o] f3d A fage WA 2n, 4n
3 bR Eth

o gEl el mE =X 9EAA =ms1s 4ne] A ERIlel A
Aol A, 2ne wpH A @AM Atk aym “in vitro” & A

gel 4nol 2ne] Weld =y, wAe AFdal wlete  12%

b, XA Ee] gulo]l did daAA FEe vEdIdAM E=un £
dozAo Mt ol wWolxl o, fteli 4nel M Zn x£2AAM
Fol Wk,

al, “in vitro” o] @Pwadel HFAA FHE AnHtiE 2nzA €

HNoowm, a8 a wElel o8 el 2a, 4n T wTh

3.2n0% 4n gl@AA Eaedd WAl we Py

7 483 g3 WA $9e $4F 207 4nel PFE2AY
d&AA wWieke AuiH o 4nHTE 2ng &FRAAAM  BEael Ex,
2n3 4n¥&=A e BAP, 0.5mg /4, 2.4-D, 2.0mg./¢ 13l NAA
2.0mg /¢ A7AE 2n3 dnd&2A FE 23hgn callus@Ael F

ETh

.
o,

rie
ofk
i
22
1o

callus 84 &2 W.P.M.nch MS. #jxl7h $2 Aol



4. Tkl aaad

Zn et QRFAN An Hibiscus svriacus©) callus 2} o F<=u) ool
callus ¥3}e] 713 o1}, 181} 2n =9 callus s 4n®oi= 2q

L.

Wazdshel Frugel ol goletg,

9. Zn¥ 4n 9FAH §I}rn

7k 1,540, 4,000, el 6,000 PEGe] o)st 2nd%3 4n callus
otel &2 35CeIM Alme A 15% 1,540 PEG7t 13 %+

PEG 0 ‘,&!-%1? 0] UI_D_:!‘_‘. EL % %L-Q_o] l—}lo]» ;{] T .'/‘6] '63: O] [’..L

th 15%5% PEG §-@%) cleh islzla wike 1,540 PEG ) colony,
cluster o] callus 44 gol b ¥, 66% PEG &84 @ <4

el Wik 6,000 PEGel o) & gatas 44 we WD gl

Yo pH . Ca?t 9oz glycine — NaOH buffer o] Jsb§107)0) 2]
B 9FdA §3o pH1059  glycine — NaOH 100 mM  bufferil, 35C

Al A EAlzl Aol b wFHeel v, vla pH 6.8 1w Ul pH 1005

¢t & pH/ Ca’* /&% glycine — NaOH buffer =& ftayie] ) ab
callus -} a4vi- pH 6.8 , 10.5 el o= oAt} 100 mMe]  buffer

A wshar, el A pHmLcH: wpH oAl callus 4] S} froio).

3] S AR

vk, Electrofusion & 7|7 % 1.25 Ky /em, pulse <} 500v , 7@ a
pulse % 50 psol A AAGGitel %51, AALT  1.00 Kvsem, pulse 4l
% 400v , 18] pulse 100 £#solA= 4n callus + 2n mesophyll 2]
wEe]l Frf,

m[m
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Bt. Dextran ( M.W. 500,000 )2 o]&3% 344 $Fa = dextran
Bde uFEHOE AFmod fHEe] ok wmas 89% NaCl—0.3%
NaOH gefxjgl+= 7p3 & 9Aojty,

Ab. Dextran &% §2Alel 28 g#Me callus UL 10% de-

xtrane] 8% NaCl —0.3% NaOH solution el 7h A =)

S8 fEFME 2 mMEL

Sob 25t %38 A% A¥e PEG, B,, BAPS 3o}is ZxAlz
=g sl e,

L3734 mfoh W] @op7e] wistd A £s19] wlap A A
Fol ok gy g & 3%sucrose 9 16 A7 #F7|Ee], PEG A}
= 7P A el Erh

2. #Eot A3 €4l multiple shoot o ¥ale] 3% sucrose st 16
Azt gF718tel, PEG 5% #7b4, By 1,000 ppm Y7}, 22l1 9% su-
crose & 10 A7t rgr%%]%}oa}, BAP 10 ppm 7oA zZbzb  sbabs)gf o

3. 3% sucroseo], 104z FF71slel, PEG 5% Hrzppolx a4
6 wrtell  slolrt B3I

HIf wAXE

1, HPLCol 2j3t =1 WA 1 AA 2A}

2ndt 4n JE2A A Age] TAA9 HHEEMAFL, @] uwal 1AA



o Aol Aozt Qidl, FARGE A4l G weam Awe &
B vt 68 % =7}z, dEgel vsidE= 289% ZAEa At} 4n
o %z e 2no] Wi 103% =Zsls,

2. % in vitro" 2 W I3 P, alba X P. glanduisasl <o), AT=Roz

el Pk dge] slsslch
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