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SUMMARY

Title of the article : Induction of polyploids of Populus alba

X P. glamdulosa.

I. Flower bud 1induction and fertility improvement.

Following results were obtained on the effect of plant hormones
and photoperiods that have influence on growth of embryo of Populus
alba X P glandulosa 1in “ in vitro ” culture.

1. Under 12hrs photoperiod, the growth of embryo was good in
high concentrated NAA( 3.0 ppm), BAP(0.06ppm) and Kkinetin( 3.0ppm) ,
and was better M.S. mediun than G.D. medium.

2. Under 16hrs photoperiod, the growth of embryo was good 1in

high concentrated medium containing auxin, but 1t was good in low
concentrated medium with cytokinin. And it was better M.S. medium
than G.D. medium.

3. Under 20hrs photoperiod, the growth of embryo was good in
low concentrated of NAA(C(O0.5ppm), BAP(0.0lppm ) and in high

concentrated medium added either IBACO0.6 ppm ) or at kinetin ( 3.0 ppm )

And in hormones treatment, it was grown well on M.S. medium

than G.D. medium.

4. Under 24hrs photoperiod and 25 C temperature, the growth of

ovaries was good in concentrated of IAA(C1.0 ppm) + BAP(1.0 ppm )

than other mixed hormones.



II. Protoplast 1isolation and fusion.

The experiments were conducted to identify several factors

influencing  protoplast isolation and to determine optimal culture
media and concentrations of phytohormones to cell division, cell
colony formation of mesophyll protoplasts frbm Populus alba X P.
glandulosa. Results obtained were summarized as follows.

1. Optimum enzyme concentrations and incubation times for meso-
phyll protoplast isolation were cellulase 2.0% , macerozyme 1.0 9%,
hemicellulase 1.2% and 4hrs each.

2. The most effactive mannitol concentration in enzyme solution
was 0.6M.

3. The most adequate condition of preplasmolysis was cold
treatment at 4 C for 24 hrs incubation in the darkness.

4. The best yields of healthy protoplasts were obtained from
0.6M mannitol, 0.2@a9 7y 2.4-D, 0.1wg37y BAP, one strength
Murashige and Skoog 1norganic salts in enzyme solution,

5. Budding, cell division and microcolony formation after 7
days protoplast culture with 1.0 X 10° protoplasts /m density were
highly stimulated in modified M.S. medium containing 500mg ¢
glutamine, 100 mg/¢ casamino acid, lm=mg/ g ascorbic acid, 1lag/
calcium D-pantothenate, 2.0mg ¢ NAA, 0.5m»g7 BAP, 0.5M mannitol

and 0.l1M sucrose.



6. The useful combination of plant hormone with modified M.S.
medium for cell division and microcolony formation after 7 days
protoplast culture was 2.0mg "y NAA, 1.0mgy IAA, 0.2m9 7y 2.4-D
and 0.5mg ¢4 BAP.

7. The best optimum medium for highest cell division frequency
and viability after 7 days protoplast culture was modified M.S.
supplemented with 100 mg 7% casamino acid, 1lmg 7 ascorbic acid,
lag %2 calcium D-pantothenate, 2.0mgy NAA, 0.5m9gy BAP, 0.2
mg/ ¢ 2.4-D, 0.45M mannitol, 0.1M sucrose and 18g ¢ glacose.
Compared control ( non-heat shock treatment ) with heat shock
treatment effect, more effective treatment to cell division frequ-

ency and viability was control.
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g X] 2} A7) F5] A= 121 Colx 15H-FoF 15 atm©O 3 autoclave

ol £ ZpH XA 4AEFE bud scaleS HIZIE bude] E=otol gl
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o
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model TJ-6 DolA 100 X g, 57 HUAZHAA dsda HotdF
CPW20S ( table 2 ) 6m & o 100X g, 10737 HAAZYHAA
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# 2%  phytohormone =4, dll iAo Fyrs A VEAl G TS A TH

Ay FPpEMeE FYd dFd A AEARE QAR A
sl FITC 5 mg “aceton 1af H] &= stock solutiong& ¥HEo] -T70°C
Z] & chamber ( So — low Environmental Equip. Co. D)ol YWEHIA|ZIZ
daeAl FITCe stock solution 0.1m= 5mf CPWIMe| 2 4%
g FFFAA LS ARSI T

a3 slideol 0.2mf protoplast suspension-g EHojtd] &

Bl (0.2mE H7ls] cover glassES Yo 587 WX Z U, Vsl A

AFAA e FPAMALE ALY T

AR &9 .2  Trinocular microscopy ( Olympus, Japan ) 2 3o} 31, barrier

filter = B460,530,570¢]8 excitation filteri= 2 Alg3lon L

ASA 400 ( Kodak ) o2 A}&3lc)
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Table 1. Composition of enzyme solution used to isolation of populus
alba X P. glandulosa mesophyll protoplasts

Enzymes
Cellulase ‘Qnozuka 'R - 102 2.0 %
Macerozyme R - 10P 1.0 9%
Hemicellulase® 1.2 %

Additives
MES buf fer® 3.0 mM
BSAc¢® 100.0 ng
Potassium citrate ( K4C¢H;0,-H,O ) 166 .0 ag
KH, PO, 27 .2 m9 /g
KNO, 101.0 =g
CaCl, - 2H,O0 1480.0 =g ¢
MgSO, - TH,0 246.0 ng /
KI 0.16 =g
CuSO, - 5H,0 - 0.025 ug,y
Mannitol 0.6 M
Distilled water 100 mf
pH 5.6

a, b, Yakult Pharmaceutical Co., Ltd., Japan

c. Sigma Chemical Co., Ltd., USA
d. 2—( N — Mopholino ) ethane sulfonic acid ( Sigma )
€. Bovine serum albumine

— 16 —



Table 2. Composition of Populus alba X P. glandulosa mesophyll

protoplasts washing and floating solution

Reagents Washing solution Floating solution
C PW salts

KH,PO, 21.2 wg/, 27.2 w9/ ¢
KNO, 101.0 =gy 101,0 =g/,
CaCl, -2H,0 1480.0 wmg ¢ 1480.0 m9, ¢
MgSO, - TH,0 246.0 mg /g 246.0 mg g
K1 0.16 =g,y 0.16 =g ¢
CuSO, - 5H,0 0.025 =gy 0.025 =gy
Sucrose?® — 21 %
Mannitol® 13 %. 9% —
Distilled water 100 me 100 m¢

pH 5.6 5.6

a. CPW2]lS medium : CPW salts with 21 9% sucrose
b, C.PWI3M medium : CPW. salts with 139% mannitol

b CPW 9M medium : CPW, salts with 9% mannitol

— 17 —
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Hj A]¢] Z=%{o| utE plant hormone o] w]&Lmje] W{o] npjA = IS
ZARE dy= table 33 o S 7] 12A7te] @HE2 M.S,, G.

D.H]X] 23] hormone 8 ¥57} o842 Kol =o Adpoly] M.S. HJ

2o  auxin H7FF= NAAS] 3.0ppmT7F controleo] H]3kd 138 %= 7}
Y <3 (fig. 1—a), cytokinin 3 7}4+= BAP 0.06 ppm 7} controle] t})3}
o 169%=z 717} xga-*eq =t} ( fig, 1—c). 39 G.D.w}=]o] A9 auxin A
77+ M.S.uj R Ao} o] NAA 3.0ppmyxE=( fig.1—-e)9} IBA 0.1
ppm S5 77F 727} 135%, 138 %= 7} A So] £31, cytokinin  HI7FE
= M. S. g XjolA e} o] BAP 0.06 ppmEET-oA4 153 %= 7} A 80]
FAT (g, 1—g). Wt 12A1ZG FF7] A= M. S ujx|9] BAP 7}
77}, G.D.HjAFE= EE o> hormone H7}F BT} & dQrh Ak
o FHx= NAAFHZIF©IAM Ad FHE stoyt (fig. 1—c,g), ALY A
2 IBA H7/I7A B 5848 e

F7] 16A 2tellA wlulje] ¥r&3  plant hormone 3] A E  XALEH

3= table4$t 3ol hormone Fxo| wat WF A7 AO|I7F A AE
A, 53| IBAS] M.S.uXx|o] auxin A7l 12A173 FZAMY 2
< Fely, G.D. AT 12 A3 FAbebe dE], IBAEXE(0.6
ppm) oA A Aol 77.6% <<zt 2zl kinetin H 7142l M. S. Hj
Aol Mol 5 (fig. 1-d) & JF7] 12738 AR e B Py, G.D.
W Rjell A wge FF7] 12AIGeA e €8 A§ % hormone  H7}7}

o}& 3t} (fig. 1-h). M. S. 8jx]¢] IBA 0.6 ppm 3 71942} BAP 0.06 ppm



Table 3. Correlation between the different concentration of growth
regulators and photoperiod 12hrs on ovary culture in female

flower bud of Populys aiba X P. glandniosa

ol
il — iy e o S P I i

Basic NAA iBA BAP Kinetin

media Control ppm O0.G.L.# SE(nm) GR(%) ppm G.G.L.%SE(mm)} GR(%) ppm O.G.L.£SE(mm} GR(%) ppm O.GL.%SE(mm) GR(%)
295 05 356+018 120 01 333+0.12 112 001 356%013 120 05 295+012 100

MS. + 15 394+028 134 03 345+012 116 003 4.17+0.14 141 15 295020 100
016 30 410%024 138 06 371026 125 006 500£041 169 30 325017 100
245 05 288+012 117 01 339+022 138 001 211007 86 05 263*011 107

GD. + 15 336t014 137 03 264014 107 003 344+013 140 15 311020 126
012 30 333t022 135 06 267019 108 006 375+0.14 153 30 344+013 140

Notes » Culture conditions

ey

roomn temperature : 25C light intensity

growing periods . 3weeks at 600~ 750 lux for 12hrs day
bedding date . 1st, 88.1.21, 2nd, 88.4.16

investigations . 1st, 88.2.11, 2nd, 88.5.5

O.G.L. : length of ovary grown(mm)

G.R. . growth rate(%)

test tubes . 20 test tubes in each concentration of hormones

Table 4. Correlation between the different concentration of growth
regulators and photoperiod l6hrs on ovary culture in female

flower bud of Populus alba XP. glandulosa

e -y " . el _— -,

Basic NAA IBA BAP N Kinetin
media Control  ppm OG.L.* SE(mm) GR(%) ppm O.G.L.% SE(mm) GR(%) ppm OGL* SE(mm) GR(%) ppm O.GL SE(mm) GR(%)
360 05 380+0.17 105 01 370£011 102 001 389+0.11 108 05 400*050 111
MS. + 15 355%0.17 986 03 375t025 104 003 350029 972 15 408+008 113
016 30 395017 109 06 488038 135 006 450£0.19 125 30 386X0.10 107
263 05 333+014 126 01 285t011 108 001 405+012 153 05 359009 136
GD. + 15 360%012 136 03 325+0.11 123 003 400+013 152 15 354+011 134
024 30 335%013 127 06 344+013 130 006 207+0.13 78 30 333+021 126

Notes + Culture conditions were Ithe same as those 1n table 1
bedding date : 1st, 87.12.18, 2nd, 88.3.17
investigations . 1st, 88.1.9, 2nd, 88.4.3

H7F+7F controleo] Widld 135%, 1256 = 7FA  Ego)

F71 20 A7 FAMFOlA plant hormoneo] A &of vlxls 3L table S



Table 5. Correlation between the different concentration of growth regul-
ators and photoperiod 20hrs on ovary culture in female flower
bud of Populus alba X P. glandulosa

I PR T

[T T . P —

Basic NAA IBA BAP Kinetin
meda Control ~ppm 0.G.L* SE{mm) GRi%) i)prn ().(-}_.LlL SE_imm) GR{%) }me OE.Li SE{mm) GR(%) ppm O.GL.z SE{mm) GR(%)
394 05 '522+029 132 01 365%017 92 001 433+017 109 05 4.22+033 107
MS. 15 396+007 100 03 406011 103 003 4.90+033 124 15 4.72%030 119
012 30 433015 109 06 440+019 111 006 514026 130 30 509%020 129
288 05 382%+017 132 01 305012 105 001 379%007 131 05 275%011 95
GD. * 15 335+015 116 03 315%013 109 003 300£012 104 15 233%005 80
013 30 331%023 114 06 336£012 116 006 300011 104 30 3212015 111

Notes 5 Culture conditions were the same as those 1n table 1
bedding date . 1st, 88.1.28, 2nd, 88.3.31
investigations . 1st, 88.2.18, 2nd, 88.4.21

of et e wbek gtk & #F7) 20479 wge] M. S.ujx9} G.

D.uij x]2] IBARH7}++ 33 16 Alzt 9} o] hormone?] S %7/} =%
75 A Sl F2 A IFolu (fig. 1-b, fHM.S. vlx]e] NAA H/l7t= 12
Az 16412 Aot el A 55 0.5ppm) oA AdKo] £31 M. S, uj
Ale]  BAPAH I+ 12 A1 16 A1 Mej7+9F gZo] 1% %747 control
of #H)ale 130 %= w8o] Fo, G.D.HjRe] BAP H 7}t E= 16 A17F A
2] Tl Ao} o] A kolr wgo] ¢F YT

M.S.®ix] ¢} G.D.Hvjz] &3] cytokinin 7} Pl 12217 A et
ol ( fig. 1—c), g% M Ho] FUch FF7] 20 A7 FZALA = M.
S. ] Z]o] NAA 0.5ppm H7}77} controld] ¥B]sld 132% =2 o= 3 =zA}
AMHETt 7Hd ol FYoh, ez Aol e Mo M. S.e] BAP
0.01ppm 3 7}+tollM Fdxpdol 7b7ke ¥z yAsta sl

ol el A wlj @z T3t plant hormones ¥ FF7]9e] ArH e, NAA =
Br7] 20A M= AFEA duidA Y3t H i, IBAE o] media
& #Estn 2 FFrldMe szl dylsk 28 sl BAPE= M.

S. iAol e ZEE F7b7b RSl £ QL 7AuU, G.D. wA

— 90 —



Table 6 . The effects of different concentrations of phytohormones on growth under 16hrs ~ day (top)
and 24hrs /day( bottom) light treatments of ovaries in P. alba X P. glandulosa
( Temp. 25C )

——

Hormones Cont . Concentrations ( ppm ) Mean
IAA — 1.0 1.0 | 1.0 1.0 1.0 1.0 10.0 10.0 10.0 10.0 10.0 10.0
BAP - 0.1 0.1 0.1 0.1 1.0 1.0 1.0 1.0 5.0 1.0 0.1 0.1 0.1 1.0
GA, — 0.5 0.5 5.0 0.5 0.5 5.0 5.0 0.5 5.0 5.0 0.5 5.0
Mean
weight 12.0 30.0 48.2 36.9 29.0 48.8 34.0 32.3 29.3 27.5 15.0 30.9 28.5 28.9 19.5 16.0 28.0 30.2
(mg) (100%)
TAA — 1.0 1.0 1.0 1.0 1.0 1.0 10.0 10.0 10.0 10.0 10.0
BAP - 0.1 0.1 0.1 0.1 1.0 1.0 1.0 1.0 5.0 1.0 0.1 0.1 1.0 1.0
GA, — 0.5 0.5 5.0 0.5 0.5 5.0 5.0 5.0 5.0 5.0
Mean
weight 13.0 41,7 44.4 69.0 54.0 55.8 31.0 55.4 77.5 45.5 30.0 16.6 27.2 28.9 28.5 32.1 42.5 42.5

(ng) | (140.7 % )

- s = v kel L

Culture conditions : Medium, M. S. Light 1intensity, 3Klux



M 7 FF7dME A= hormone o] ojwalAl %8st 9ok

Cytokinin | wpd-go] o3l AL olx= iAoMY s%m7t 2

LA

P

1M 53] duigk A, 71l BB no] wmzal A zlel

U=  plant hormone9] FFQ Aoz HE3F 2 9o
22{x  hormone o] FRel FEsF W3 FHsle] njx= Adao H i <}
didk = Chamaecyparis obtusaol wld GAel ZxolA, #KH 2 = Larix
°of W& cytokinin®] <o gFojA], Zenkteler ef al.’® S Brgssica o] H=9]
embryodl ol 4]  M.S. mineral mediumo] W3 JFE @we Byl g} zlréo
Table 6 & H7F4 hormoned] w3t F=¥ &3zl Agdd], 37|
24 A7t A 23] 1 AA 1.0 ppm, BAP 1.0 ppm H7FFl A ovary e ud
o T1.5mgo 2 713 ovary9 A &o] Fqou, BF7] 16 A7 2o

A= IAA 1.0 ppm, BAP 1.0 ppm, 18] GA, 0.5ppm 3 7}FolA] ovary

ol FdTo] 48.8mgo 2 M 8ol 1A FUTh adm e 247 B
Aelef M = 25 Tolgte] ikt 18TolA B Afo] W3] EUrH( table 7)

Table 7. The effects of different concentrations of phytohormones of on

growth 24 hrs /day light treatments of ovaries in P. glba X
P. glandulosa ( Temp. 18T )

l——, - S A ——— I, _

]
il S —
S e T

Hormones Cont. Concentrations (ppm) Mean
[AA — 1.0 1.0 1.0 1.0 10.0
BAP ~ 0.1 0.1 1.0 1.0 5.0 0.1
GA3 - 0.5 5.0 0.5 0.5
Mean
weight (=g) 7.6 28.0 30.0 21.1 12.0 24.0 14.2 (721{465%}5)

e ]
M il . L iy

Culture conditions : Medium, M. S. Light intensity, 3 Klux
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Effect of auxin and cytokinin on “in vitro  culture at 25'C for 3 weeks period of female flower bud
of Populus alba X P glandulosa. a) . M.S.+3.0ppm NAA, 12hrs/day. b) s M.5.+0.6ppm IBA, 20hrs/day. ¢)
M.S+0.06ppm BAP, 12hrs/day. d) + M.S.+3.0ppm kinetin, 16hrs/day. e) + G.D.+3.0ppm NAA, 12hrs/dav.
f) s G.D.+0.6ppm IBA, 20hrs/day. g); G.D.+0.06ppm BAP, 12hrs/day. h) : G.D.#+0.5ppm kinetin, 16

hrs/day.



Fog REREPEREE X K=E

akre FFe Fx, alal dEA A o8 A2 dFEAAH Eel et
MELL A AF}E table 83 o] cellulase 2.0% , macerozyme

1.09%, hemicellulase 1.2%= 4A7F AHg3sk N4 5.3 X 10° proto-

plasts/7g. F W2 714 & Ed8&&S Uegon (fig, 2-a),71% =
2 AELEL BARBE, ZL FEAAA A EEsESuola, e

kS F= JFAE macerozyme HiU}= cellulase ¢l A3k

FO
r
s
A
‘o
B
e
A

= yjsle] MEHe] FZ7F HidtAY, 5484 S AA7 = OIAKEE
of Eulzb we stez AAAG aym HA adAAzre] Aot

mep AEE0] Hshe AU, o] A2 Alan and Martin® o] %] # 3%

gl S48l QUM JYFe Fol ATl 4 7AW ARz

d’

=gk welAd Julie of al?e Populus $AH =AM 584 43

A HgEs 93 leaf grinding ¥ leaf debris washing WJtH 2  A|Ed}1L
gk, ZRAgel QYA el AEHE sl FRY R FE

el sk 9707, Populus 7 Bl = Ahuija® 7t Populus tremula

A, Youn et al®?& Populus alba X P. glandulosa 1A, 8 539 & p.

euramericana X X318k, 712131 Populus alba XP. glandulosa®’ o A cellulase

2.09% macerozyme0.8%, hemicellulase 1.2%,driselase 2.0%, pectolylase

Y-23 0.05%7} 7F¢ a&el Aoz RBudtiz 9tl Table 9= AF5<He]

EDE BF37] 95k mamitol Fxo] wE d¥as R gEgo

TALGE AdRld, AEE&L 0.4M, 0.5MoXE 2zt 87.6%, 871.7%=

SA YEbgod, 299 FxdAMe WAz e #Hed, 0.6 MolA 3.4

X 10° protoplasts /g. F. W., 96.5 %24 7}d4Ze A3zAA 2o AE=S

O

& UEfel, Hyun'', Park®® 5o Aol Uxst=d wale]  0.3M),

0.4 Ml M= 2o 48AA7 FA=HYm, 0.TMolNE oz 92u= A
S HYTh

— 94 —



Table 8. The effects of four different enzyme concentrations on the
isolation of Populus alba X P. glandulosa mesophyll protopla?
sts at different incubation times in 0.6M mannitol

Enzyme Incubation Protoplastyield Healthy protoplasts  Viability

concentrations times (hrg) (X10%gFW)  (x10°%/g.F.W) %)

I. Cellulase R-10° 3 1.6 + 0.0l 1.6 0.01 %8.13+0.29

1.0 %
Macerozyme R-10° 4 2.3 +0.07 2.2£0.06  9B.3+0.8
1.0% 5 3.8 +0.05 3.7+0.05 97.8 + 0.15
Hemicellulasec©
6 3.7 20.08 3.6 +0.08 94.9 420.18
0.6 %
I[. Cellulase R-10
2.0 % 3 3.240.06 3.10.06  98.1=%0.15
Macerozyme R- 10 4 3.2+ 0.04 3.1 +0.05 %.8 +0.56
0.5 %
_ 5 3.6 0.4 3.5 +0.05 97.8 =0.35
Hemicellulase
0.6 % 6 2.1 +0.05 2.1 40.05 %.5 + 0.34
i Cellujase R-10 3 0.9 +0.05 0.94+0.04  93.2-40.23
1.0 % - ——— - - i, A L - — .
Macerozyme R-10 4 2.9 +0.05 2.8 +0.05 93.1 +0.19
0.5 % 5 3.3+ 0.01 3.2940.00  92.0+0.26
Hemicellulsae
1.29% 6 1.9 +0.05 1.8+ 0.03 0]1.0+0.28
V. Cellulase R-10 N N "
2.0 % 3 3.4 +0.04 3.3+ 0.04 08.4 +=0.17
Macerozyme R-10 4 5.3+0.04 5.1+0.04 96.9 + 0.47
9
1.0 % 5 2.7 +0.07 2.640.07  94.4+0.11
Hemicellulase
1.2 9 6 2.340.05 2.240.09  95.4%+0.27
« Isolation conditions : 28 =1 ¢ darkness, 4hrs
a b _ Yakult Pharmaceutical Co., Ltd., Japan
¢ . Sigma Chemical Co., Ltd., USA
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gy Populus alba X P. glandidentata™ 2% Populus tremula® o\ =
0.7Mo] gi}Holdtar Hudtm grod 38, 0.3M, 0.4 Mol A o] 34 A
el 22 0.7 X 10° protoplasts/ g.F.W. 1.4 X 10° protoplasts
g. FW. 24 GE Fxol H& 848 w2 gHolu, 0.3Moxe AWEgLo
%.5 %% FostA JUEsten w539 P ewramericana A A 9}
dAst= AEges BATH

Table 9. The effect of mannitol concentrations in enzyme solution on
yteld and viability of Populus alba X P. glandulosa mesophyll

protoplasts
*Mannitol 1 Protoplast yield Healthy protoplast Viability (%)
( X10°%/g. F.W.) (xX10°/ g.F.W.)
0.3 M 0.7 =0.05 0.7 £0.04 96.5 &+ 0.17
0.4 M 1.4 +£0.04 1.2 £0.03 87.6 +1.21
0.5 M 3.0 £0.05 2.6 0,04 87T.7T = 0.72
0.6 M 3.4 +0.08 3.3 £0.08 96.5 = 0.17
0.TM 3.2 x0.11 3.1 £0.15 96 .0 &£ 0.47

- — p— T T T T - —— el il virel
— -

« JIsolation conditions : 28+ 1C, darkness , 4hrs

a8l 4T A eoA  preplasmolysis & A|7|H ¥ Aure] oA S

ZUA7n, AW AELS BRAA AEL0] He 9FAAES Arg@

HHH o o] &% ¥  Jversen?? &= gibberellin A 7}2 starolith starch

Il E FEXAZIdm Bostm glon, cystein Hr7}= phenol, 32 phenol

ASREAE AAAA, G40 @Yo IS 7Avin Bug=o*®) Pinus Pin-
aster 7% cystein H7I2 7]Ee EIYERY 3w E @ol EEsth

T SPAT P, table 10c]MEE T2 AHETFRo Fao] 2o Relgy



98.8 %z 7t Egkom 7}

Table 10, The effect of preplasmolysis on yield and viability of

Populus alba X P.glandul osa mesophyll protoplasts in C.P.W. 13M

Preplasmolysis protoplast yield Healthy protoplast Viability
_conditions (X IOG/g_:__P:.W.) ( X 10 g.F.W) | (f/?_) B
Dark, 1lhr 3.0+ 0.16 2.9 +£0.16 98.8 = 0.3
Light, 1hr® 1.5 + 0.21 1.5+ 0.19 98.1 + 0.4
Gibberellin, Ihr 3.5 +0.08 3.3 =+ 0.07 93.5 + 1.0
( 10wg% )

%’g%trﬁgd“)r thr 2.0 + 0.06 1.5 +0.06 74.2 +1.3
Dark, 4 C , lhr 3.3+ 0.09 3.1 +£0.09 95.2 + 0.6
Dark, 4 ¢. , 24hrs 4.7 + 0.3l 4.3 +0.28 92.0 = 0.1
Dark, 47 , 48hrs 2.8 +£0.16 2.6 +0.15 93.2 += 0.6

[ ncubation condition : 28 = 1T
a. 750 — 800 Iux
Table 11 & <3z&Ax ¥zA] a4L8H83 M. S. salt, auxin, cytokinin

oJ3k-8 ZAISE HoeZ 1 M.S.

saltoll 2.4-D, BAP7} 4zt 0.2m97,

— 927 —



0.1mgp 7} HI7F oA 3.5 X 10° protoplasts/ g. F. W.2 7}% @

AR AFHAZ FeEHqor AHEES 1 M.S. salto 1.0m9/¢ 2.4-D,

0.1mg ¢ BAPZ} H7IE Hg FA 92.3%= 7}F3 =9l Auxine A%
He]  plasticity & S7MAA EHo=R  cellulase A4S F7lA]7) 9 10,

4o Y] inorganic salt & Hert= dIFAA R E FHAZIYOE B

w7F J=E? ojekes gyl 1 M. S, saltolAd HdlEdse BY, 1/2M
S. salt, 1/10M.S. salt ¢}e] Afxel= ¥ Zpolrl gldth Daniel® &

Vitis vinifera®l <LJI2oZ5H @A E2Al, 1/ 10 M. S, salt ¢} 5.0
mg/¢ 2.4-D, 0.1mg/¢ BAPA HFEHES vsehlie] 2 Agel A
A &= OE F4E YR

Table 122 223 M.S.’2, W. P.M.» A.C.M.” ujom=lo] st <

2 ¢] budding, cell division X, microcolony & A-FHFE ZAsIAC ]
W.P.M. Hl X|= M. S. H|R]E HIAZIA o ZAN EHEZAuAFS L3 A

2 o]l8ry A.C.M H|RlE= W. P.M. HRE W3 AA aspen] A A} B3}

Z FA3= vAE dEHA Y g TdFe] budding HE== 7
Bl 2 B $glov}, cell division(fig, 2—b) AEE:E £ M. S. B8R
7} & 853 Aoz e, microcolony A ( fig. 2~¢c, d ) T3 &
A4 M. S.uj A A gt FAEHS, & FHA] Hug= aFHo|g =], oA
Populus 3 2 4] oJol] = macronutrient 7} ZF X3 M. S. vjx7} o< F

QA o2 AZtAr), Koyana, et al.?”’= Quercus serrata©] u}dte] su-

crose 7} Q= M. S.ujx]7} cell divisione] =tz R udn o, Chun?
2 Populus alba X P. glandidentataol*l M. S,v)x]7} cell division 3}
colony @ Ael], 18]11 Lee?®’ = BS5 H|X]7} budding, cell divisione] Z}

2t Fon Hista gt



salts and hormone concentrations

protoplasts

Table 11, The effect of different M.S.
of Populus alba X P. glandulosa mesophyll
Mannitol Salts 2.4-D(mg¢) BAP(mg/ ¢)
0.6 M 1 M.S. 0.0 0.00
0.6 M 1 M.S. 0.2 0.01
0.6 M 1 M.S. 0.2 0.10
0.6 M 1 M.S. 1.0 0.01
0.6 M 1 M.S. 1.0 0.10
0.6 M 1 M.S. 5.0 0.01
0.6 M 1 M. S. 5.0 0.10
0.6 M 172 M.S. 5.0 0.10
0.6 M 110M.8S. 5.0 0.10

PR T . e

in

1solation enzyme

Protoplast yield Healthy protoplast Viability
(x10% /g.F.W) (X10°/g.F.W.) (%)
4,3+ 0.16 3.4+ 0.13 79.6 &+ 2.0
2.8+ 0.43 2.1 £ 0,32 74.4 &+ 3.3
4.0 & 0.06 3.5 % 0.05 87.5 & 1.0
1.3 = 0.08 1.1 &= 0.06 82.8 + 3.2
3.1 = 0.20 2.9 % 0.19 92.3 = 1.4
3.6 = 0.47 2.1 £ 0.28 60.0 &+ 3.1
3.3 + 0.24 3.3 £ 0.19 81.4 + 2.5
3.3 = 0.19 3.3 & 0.16 87.7T + 1.0
3.0 &+ 0.32 3.0 £ 0.2 92.1 £ 0.7

®

Isolation conditions : 28+ 17T ,
1 M.S. :

Full

darkness, 4hrs
strength Murashige and Skoog salt medium



Table 12. The effect of media on budding, cell division and

microcolony formation of Populus alba X P. glandulosa
mesophyll protoplasts after 7 days in culture

— P —
il

N Budding Cell division Microcolony formation
Medium 7 days
M. S'i - Mﬂ + —I——I— _’_
W.P.M. — MP -+ + —
A.C.M. — M-¢ + + —
« Symbol : — absence, -+ poor, -++ fair

« Culture density : 1.0 X 10° protoplasts /¢

e Culture conditions : 28+ 1 ., darkness

a. M.S.(Murashige and Skoog, 1962 ) salts, vitamines and organic
acids, 500 =gy glutamine, 100mgy casamine acid, 1ag; ascorbic
acid, lmg# calcium D-pantothenate, 2.0mgy7 NAA, 0.5mg 7
BAP, 0.5M mannitol, 0.1 M sucrose

b. W.P _M.(Lloyd and McCown, 1981 ) salts, vitamines and organic
acids, 500 ag/y glutamine, 100#=9y casamino acid, l=gy, ascor-
bic acid, lmg/¢ calcium D-pantothenate, 2.0 mgy NAA, 0.5 =g/
BAP, 0.2»,y 2.4 -D, 0.5M mannitol, 0.1 M sucrose

c. A.C.M.( Lloyd and McCown, 1981 ) salts, vitamines and organic

acids, 500m=g/ , glutamine, 100w=g 7y casamino acid, lmg ascorbic
acid, 1lwg? calcium D-pantothenate, 0.5m9 7 NAA, 0.5=9;, BAP,
0.2m9/, 2.4-D, 0.5M manmnitol, 0.IM sucrose

M Hol FHAEH spherical o] AIAA7F oval o7 vy =d, AME

Hel Addol =SS budding (fig. 2—e) o] AA EFEH 3 oF



A4 7} A= 2 olfEMe M2 AXEHIE  pectino] A H A

et Mze]l FAdE cell wall®l o =97} ofsfzl A o]}, 1
Populus 982 M IA vEhd= 7ol FHle| AgddA T A e,

o] 1S mega protoplaste} Eg]ly= Aoz (fig. 2—f) AAA =9 9

o
FAA H& AF2 2-58, AA BIE= 1 8eAl 1:125, TAuix
+ 1—29%, normal protoplast 2t} ]2 HEA7F AA-ASNA XA Ao
2 02 WATVIYE FAAdR= gou A AARY, Ml EAR oA A FHAA A

o] §FFeld 22 Bol =3 Aoi RHT= ofyddr Fz  ouwk

AstAY, w9 oJdJedM= AU, 1AL rapid post-winter phot-
osynthetic activity o] 2 g FZE1 mega protoplast 3= noromal prot-
oplast 2} o] budding, cell divisiong 3= Aoz Rol Aj=E#Ho] 9
o A AES ARG 234 Table 132 4 M.S. #jx]s: 7B o g
dla1 NAA, TAA, 2.4-D% BAP %5 7Z}7] o+ 4 7FA hormonee] A
JRAl, Alyd-edduieo AlES, 193 microcolony @A {FF & X
AbGE AatEX ) 47F] Al A AY B3t AlERAUEE veElglon
agolxA NAA, TAA, 2.4-D, BAP7} z+z+ 2.0, 1.0, 0.2, 0.5 /¢
Al el 0.09%= 7Y wtew, 2.0, 0.5, 0.1, 0.5=7 NAA, IAA,
2.4—D, BAP oA T7T%el HuAE&EES Yellley, 0.209/¢ 2.4-D
A7+l T, V M2 9 vk 7430 microcolony (fig. 2—c,d )
7b dAd =], 2.4—-D7F AEREE Fd FE2EES AAFSER Ao a3y
Maria et al.??’2] AR} vjwstdA dids] e FE& BHAFc) o)A

Populus 43 4A wi<del Z93 Z4 medium, hormone F1k, uij<fY

o

Holl wel a2 ol g2k 4 deoerm g ol g3t B& Adsvart 3H

23tk 2}, Table 14+ 7Zhzke] 434 M. S, B5, G.D. ®{x]e] vk

dPda #gF T7T¥F A budding, A AxEEC] dofut=dl sLFHs

— 31 —



MY, 28]ar Zb wx]ebd) wfekslr]Z heat shock & 7FEMA ¥, 1] e

control o] Al EZZAR =9t 0 o2 AHEgs Jelygi=d . heat

shock= Hlgst71d 45ColAd HEZE & FA] 0TCAA 1027 =z sk

T oAl og o] A2 & mitotic divisionS ZAs1 g2 B

compact colony AL Fodictu Husln o1} 3 B Adoa= con-

trol © M.S. —2M uizjelld 0.69%2 AEEL] AF EA UEhgo

Table 13. The effect of different hormone treatments cell division

and viability of Populus alba X P. glamdulosa mesophyll
protoplasts after 7 days in culture

Hormone Division Viability Microcolony
( mg/% ) frequency (%) (%) Lformation
NAA IAA 2.4—-D BAP 7T days
I. 2.0 0.5 0.1 0.5 0.11 +0.02 77.1 =£6.0 —
H. 1.0 0.5 0.2 0.5 0.10+0.02 37.5 + 3.0 -+
1.0 1.0 0.1 0.5 0.11 +£0.03 53.6 = 8.5 —
V. 2.0 1.0 0.2 0.2 0.09 +0.01 65.9 6.7 +

il il

« Symbol : — absence, - presence

» Culture density : 1.0 X 10° protoplasts /mf

« Culture conditions : 28 =1 C , darkness

« (Cells per colony :_Mére than 6 cells

e« Culture medium : M.S. salts, organic acides and vitamines,
100mg/y casamino acid, lmg/, ascorbic acid,
1mg/, calcium D-—pantothenate, 0.5M mannitol,

0.1 M sucrose



Table 14.

The effect of media and heat shock treatments on first budding, first cell division and
viability of Populus alba X P. glamdulosa mesophyll protoplasts after 7 days in culture

First budding First cell division Division frequency (%) Viability (%)
Medium - 7 T - - )
- days - ] 7 days

Control Heat shockY Control Heat shock  Control Heat shock Control Heat shock
M.S. — 2M?® 3 3 3 3 0.69 +0.03 0.35+0.03 47 &= 2.7 40+1.0
B5 — M?! 3 3 3 O 0.54 +0.100.28 +0.24 43 +£5.0 32 x+5.2
G.D.— Mse 3 3 3 5 0.12 +0.090.18+0.02 39+0.4 33+*+1.9

+ Culture density : 1.0 X 10° protoplats /mf

Culture conditions : 28 +1C , darkness

acid, lwg 7
0.2w97y 2

ascorbic

. M.S. (Murashing and Skoog, 1962 ) salts

acid, lwmg/y calcium D-pantothenate,
4-D, 0.45M mannitol,

B5 ( Gamborg gt gl.. 1968 ) salts, M.S.

acid, lmg7

ascorbic

0.45M mannitol, 0.1M

G.D. (Gresshoff and Doy, 1972 ) salts,
lmg/ 'y ascorbic acid,

IAA, 0.2« ¢ 2.4-D ,

Protoplast
10 sec.

suspensions

acid, l=gy calci

0.45M mamnitol,
placed for 5 min

. vitamines and organic acids, 100mg ¢ casamino

2.0mg/7 NAA, 0.5wg/ ¢ BAP,
0.1M sucrose, 18g,7z glucose

vitamines and organic acids, 100wmg7y casamino
um D-pantothenate, 2.0 wg#7 2.4-D, 0.5 w97 BAP,
sucrose, 18g/¢ glucose

~vitamines and organic acids, 100 =3/, casamino acid,
lmg ¢ calcium D-pantothenate, 1.0wgZ NAA, 0.5=g%#4 BAP, 1.0m7?
0.1M sucrose, 1887¢ glucose

in a water bath at 457 ,

then placed in ice for



¥, heat shockZ 7}sti23A] 0.35 %= control Rt & k2 yeRY
heat shock 82 ¥H= gAYtk A buddingg F3] 2z wix]olA 8jF 3
AdSof] VEIGom K AAMEEHES M. S. -2M2] control, heat shock *¢&l
FolA 3AUe JER} M. S, —2M uiA7} MEELY A &7 2] )
Az Holw, I TLo= 0.54%, 0.12%E YeEhd Bs5—M, G.D. - M
R o2 UERgtom™  heat shock A A= M. S.-2M ) B5-M) G.D.
- M ol

AP AA] A2gAAME 4T%U M. S. —2Mo] & EHYgu tgo =

B5—-M) G.D.—-M £0]2l31, heat shock A8] Aldl= M. S. —2M > G, D.
-M>B5-M £o82 MS, —-2M uix|7} 71 F=& A =&E YyEl T

B oAfdg e AfEERdAdYEs 1% olstzA ®i§ 2H2gS Jvehfady,

o] & ujekulz]e] nutrient, phytohormone 5 ©°}3 % Populus A 3ZEA

j .

o ofoll digt FHAg A7 SHEHo UA %7 wHEoITh
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Fig., 2. Cell divisim and microcolmy formatin of mesophyll protoplasts of
Populas alba x P. glandulosa. a) ; Freshly isolated protoplasts ( x100).
b) ; Cell wall regeneration and first cell division after 7 days of cul-
ture. c) ; Cell division and microcolmy formation ( x 100 ). d) ; Incam-
plete cel! wall regeneration resulting in budding ( arrow ) (X 200 ).
e) ; Mega (arrow ) and rnormmal protoplasts ( X 100,. f) : Viable protopla-
sts (arrow) exciuding 0.25% Evan’s blue ( x200). g) ; Viable protoplasts
(arrow) exhibit strong fluorescence when stained with flrorescein iso-
thiocyanate (X200 ).




PBL4E 15 3

£ 1LE EFplk R REHELE

Populus alba X P. glandulosa® “in vitro” o F£AHE& IS 95k
ojorufje]  wk&oll miX]&= plant hormones 3 photoperiods o] <&k £A}s
A= U Z.

1. 12A17F photoperiod 3} A<l:= NAA (3.0ppm), BAP (0.06ppm) 12
il kinetin(3.0ppm) & IFE F7FTAAM TFo] FUnx, G.D. B
M.S.uixel A ASo]l Euh

o 16 A]7F photoperiod s}oll A 2] auxiny FH7F= FE FHI7blA kb

So] Z£o}, cytokinind HrlE Talo]l AEmLola wrgoe] F& Aol
AL, WA= 12 A1 A el e ol M. S.HjR| oA A Fo] Fr.

3. 20A] 7t photoperiod3d}oA+= NAA(O0.5ppm)2} BAP(0.01 ppm) =
AseoA, a28lax IBA(C0.6ppm) ¢ kinetin(3.0ppm) A7l AM = 11w
ofjAqf Fo] <F£rf., avjir o= hormone HrloA Y M. S. vx] 7} G.D.Hl
AN Y Eso] FUTL

4. 24 A17F 257C AHEldlolAl= I1AA (1.0ppm)+ BAP(1.0ppm) ZE3H

7 & &3 hormone FollA] H. T} ovarye A So| A Egkth

HoE REIVERE HEE 2 BE

Populus alba X P. glandulosa FSZFA o2 HEQ d3dAA B nx

= 8}le 7EEta, wdE dFAA M GA MEEE, microcolony Aol

olol  AF wjguix st N WFEUEA 5L AFIA o AAL +I

— 36 —



StRE v thEd 22 dne 2 F UUth

1. gazaxy XA HA ahssl cellulase 2.0%, macerozyme 1.0
%. hemicellulase 1.2 %o} E&AI7HE 4 A|7Fe] Ao,

9. @2aly s7}% 238t manmnitol %+ 0.6 M o]t

3. Preplasmolysis= 47T, el 24A17F F< A& A o
1g A s,

4. a8 Y 0.6M mannitol, 0.2m9,/¢ 2.4—D, 0.1a9gy BAP, 1 M.S,

inorganic salts & FH7Igt Aol AAYIAAA FaFo] A worth

5. 1.0 X 10° protoplasts/ mf dx=z JAFPAA dlF 7UF2] budding,
M AEB-D 3} microcolony 442 443 M. S.vlA]o 500m9/y glutamine ,
100mg/y casamino acid, 1m9/¢ ascorbic acid, 1mg. 7 calcium D- pant-
othenate', 2.0mgy NAA, 0.5mg¢ BAP, 0.5 M mannitol, 0.1M sucrosei=
A7bs Aol sbg FAEALh

6. FddA wiF TAdFe] AMoEJA Y microcolony FA Ol lo]l Fadt

1. ¥.-

N2 A gzAzde] zue 28d M.S, Wjxldl 2.0m/, NAA, 1.0mg/

¢ 1AA,0.2a9,7 2.4—D, 0.5a9 7 BAP o[t}

7. 9FAA MG 1T g me MERANEYG AELS UE

X A3 M. S, sfx]e] 100 mg/g casamino acid, 1mg g ascorbic
acid, 1n9g .y calcium D—pantothenate, 2.0mg.y NAA, 0.5mg.¢ BAP ,
0.2mn9/y 2.4—D, 0.456M mannitol, 0.1M sucrose, 18g.% glucose =
A7k Ao .

Control {(non-heat shock) ¥} heat shock xjelgsE v sl o] A ExHEg

3 AEgel oS w389 Ae:  control o gtk
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