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Summary

The inducibilities of callus from epicotyl, node and hypocotyl of soybean

( Glycine max var. Jang —Yeob Kong ) were tested on MS, B5 and R2 medium,

respectively, and the effects of benzyladenine(BA) were tested on the growth

of the callus derived from the hypocotyl.

Protoplasts were isolated from the suspension—cultured cells derived from

the hypocotyl callus,and the effects of BA on viability and cell wall regener

ation were studied.

1. Various degrees of callus induction and growth were observed depending on
the sources of explant and culture media.

Hypocotyl was the best source of explant for callus induction, and R2 me—
dium was the best for growth of the callus.

2. The protoplast isolation from the suspension culture of soybean hypocotyl
callus faild when Macerozyme R— 10 was used as a source of pectina—
se, while protoplasts were easily isolated when Pectolyase Y-23 was used.

The 4 hour incubation of cells with enzyme solution containing Onozuka R
=10 ( 2%) and Pectolyase Y —23 (0.25%) gave maximum protoplast yield,
6.5 X 107 protoplasts,/ g.callus.

3. BA depressed growth of the callus derived from hypocotyl, and the degree
of depression increased with the amountof BAinculture medium, in the range
of from 0.001 to 10 mg./ 1, to show lower growth by 22% at 10 mg,/] of
BA concentration on R2 medium compared with the growth in the cytok—
inin free medium.

4. Viable protoplasts isolated from soybean hypocotyl callus decreased rapi—
dly within 4 hours during culture, and viable protoplasts were only 30 and 20
% at 4 and 12 hours after isolation,respectively,

The effects of BA on protoplast viability were different depending on cu—

lture time, viable protoplasts were less by 22-25% at 2 hours culture in
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the media containing BA than those in cytokinin free medium, while more by
1-10% at 4 hours, however it was almost the same after 6 hours,

. Cell wall regeneration of soybean protoplast was observed within 2 hours in—
cubation in the protoplast culture medium, and more than 80 % of protoplasts
regenerated cell walls within 12 hours,

BA promoted cell wall regeneration of soybean protoplasts, especially betw-
een 4 and 8 hours incubation. The cell wall regeneration increased with BA
concentration in culture medium over the range of 0— 0,1 mg~ 1. The prom —
otion of cell wall regeneration by BA was also observed in carrot protoplas—

ts isolated from phloem tissue of root.
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ZA= Tween — 20% 4~5%2 H7I3F NaClO & (f3tehs, fFEdEA
4% 30%v./v)ol 2087 A FHL 4Fsln EFFE 33 Ao A}

sttt 2848 MA8 vermiculite & 250 mg BlolH 1 4%A )

ok

27 autoclave oA A7 thg hFEAE 431 aluminium foil 8 A A 27
ts
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2) Callus & #7] 2 ovjd

A ZEFol W ZAEAE callus §7] TES ZAEZ] &, Eol
F oF 129 = U FE epicotyl,node (epicotyl ¥ hypocotyl 2831 cotyle—
dono] &0} g £ ) % hypocotyl 5 Al HHY 2L 3~5mEA Hd
st 256 meo WiAZE Bolde 100me 47 ZEehazdl 4~5 R Y1 al-
uminium foil 8 & tbg 27T, dZ2HAM callus & /7] AlZA=d o] o At
£5 vlx]x= Table 19] MS (Murashige 8¢ Skoog,1962), B5 ( Gamborg 5, 1968)
2 R2 (Ohira ¥, 1973)9 A7}z @t e wjdg 9§ callus & hypocotyl
S R2¥jR|M {7 A7l & 35 vith Aldufergt Roldot



Table 1. Formulations of MS, B 5

and R2 medium

(m&/¢)

Ingredients MS B5 R2
(NH.). SO. - 134 335
(NH.) NO; 1,650 ~ -
KNO; 1,900 2,500 4,000
CaCl;-2H,O 440 150 150
Mg SO¢-7H,0O 370 250 250
KH, PO, 170 - -
NaH.PO, ‘H,O - 150 312
Fe SO, -7H.O 27.8 27.8 27.8
Na,EDTA 37.3 37.3 37.3
MnSOq - 4H.O 22.3 - 1.6
MnSO, -H,O - 10 -
ZnS0O, - 7TH.O 8. Z 2.2
H;BO, 6. 3 2.9
KI 0.83 0.75 -
Na ;MoO,- 2H,0O 0.25 0.25 0.2
CuSO, - 5H.0 0.025 0.025 0.12
CoCl,-6H.0 0.025 0.025 -
myo—inositol 100 100 100
nicotinic acid 0.5 1.0 0.1
pyridoxine-HC1 0.5 1.0 0.1
thiamine -HCI 0.1 10.0 .0
glycine 2.0 2 -
sucrose ‘ 30, 000 20,000 30, 000
casein hydrolysate - - 3,000
kinetin — 0.1 -
2,4 - D 10 1.0 1.0
BA 2 - -
agar 1.0% (WV) 0.8% (WV) 0.8% (W/V)
pH 5.8 5.5 5.8
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Table 2, Formulation of Miller medium (m#/¢)
component concentration component concentration
Ca(NO;), 347 KI 0.8
KNO,; 1,000 Glycine 2
NH (NO; 1,000 Nicotinic acid 0.5
KH. PO 300 Thiamine-HCI 0.1
MgSO, 35 Pyridoxine -HC] 0.1
KC]1 65 I AA 5
Na-Fe-EDTA 32 Sucrose 30,000
Mn SO, 4.4 Agar 10, 000
ZnSO, 1.5 pH 5.8
H:BO; 1.6
4) HEHRF

R28j Aol A  hypocotyl ZHE] §7] - A7) callus ¢ 0.5 7L 25me
o] HiA7E Eoi%le 100me ARtEEtA =] Y1 A3 ujErlelA] 100 rpm &
Aegstds 27T dxdelM 8w sldr IFY v Atuidsiy 34
Al Zth o] uf ALE & viA]:= Tableld] B5uiz9} 2ol 2,4 -D 2,4 ¢S
AEBIAL agar & WA % Hol EHTL protoplast o] R ol A Hehu)
FAEE AduiF F 4~6YUo] F Ho|Urh



2. Protoplast 8| ¥2| - &K

1) W% protoplast o] 2 - FA 7y

Edwards 5 (1978) o Wyl Fslo] thgn o] 2284t hypocotyl
callus of HEHMPHIES 300 X gollA 527 AP vkl s A A st
s ALgY 20me7t BOUE 100me AztEetazge) ok 3 g9 AXE ¥
T ASjEirIeliA 30T, 60rpm 22 EES) FWA  incubation s tte 27
o ZteHAle AHM AAZNE AZ3 45un nylonmesh 2 d%g e 80x g
M 58 ddEEsd FagAS AAsEY AN protoplast 282 3 3
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= W% FAs7] #sle] 0.6 M sucrose £ o) FHAZ1 22 Yol 06M sor—
bitol H& ZAHAHA Qo] B density gradient & f %3l Alej =z 80 X g ollA]

7 Ayt 5 Aate] F7he) Wl protoplast & FalstArk

2) 4o TR ghgA Al
¥ protoplast & %alo| HPa § Ao T} aA8NY AHA7e A
4st7] sl cellulase = Onozuka R — 10 ( Yakult Honsha Co. Japan ) & Ap& 3}
ML pectinase 3 Pectolyase Y— 23 (Seishin Pharmaceutical Co.Japan )3 M-
acerozyme R - 10 ( Yakult Honsha Co, Japan) o] § 7}x& HES It
ARl AHgE aogde CaCl, 5 mM S #A3HE 0.55M9 sorbitol &

Holl, Onozuka R — 10 ( 2% ) Pectolyase Y- 23 (0.25% ) & =% A3 Ono
zuka R — 10 ( 2% ) Macerozyme R — 10 ( 05%)% =3 A F 7IA¥E o)
FO7HA gaEdS HAAYE An <A R LHE" oM =98 nvie} Zo) pec —

tinase 2] Macerozyme & AP S uj= protoplast & E&]& 4 Y1 Pec—
tolyase Y - 23 & AR S W= 4 A7 MelellAl AWl protoplast 88 A
= 7 ol viability X MEHAYY APE A protoplast 9 Hajol= pe—
ctinase2 4| Pectolyase Y~ 23 & AMESIAT &2 HAge 447002 39
=3
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3 . Protoplast | Viability 9} MR A = A}

BAIE protoplast & Cytokinin 924 BAE, 7tz 0 . 0.001 ,0.01,0.1,1,
10 m¢ 7 &7V S|Al 748 protoplast Blekuj o) ok | x jo° protoplasts / m¢
ZbEA ol 27T, e wdawA UM AEE viabilitys AlE
HAYE ZARSlgith o] W ARS8 protoplast lFUjAlE Table 19 Bssh =
dstA=d Kinetin % agar & WA GA 0.1 m#.¢9 glucose 50 7/ ¢85
< 2 293 pHE 588 233 Ho] tac
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1) Viability 23 ( Larkin, 1976: Strange &, 1982)

otMlEell  fluorescein . diacetate & 0.0l mé /@) HEE xolm o

ob

o

NS protoplast 7} E0jQle £ ok 0.1 mz o) & 7lste] ALolA 5 E7L
A o UV lamp7t 228 =& 0]2 ( Diaphot ~ TMD , Nikon ) oA vi—
able protoplast & 32 W& protoplast 9] 22 ZAF 8T viability

© XA protoplast o o3t 38 W= protonlast 9 e gg el

2) AME AP =3 ( Constabel, 1952)
Calcofluor white M,R( 0.1% ,w,/v)& protoplast ol A& e dted 4
2olM 58 BAF tde UV lamp7t = SHEMF AN 366nm  excit—
ation filter & R 3A1A #3< U= Protoplast o] & ZAlstd Ay pro—

toplast o tigt W&z Yehlol MIYAUEE 71F7s1H0
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el 2wt T AtgEdd o AFH callus f7] 2 wigg 9
gt wijzZ7ie] vlwA 2 gy o] e Holrk ( Murashige 9 Skoog , 1962
Gamborg 5, 1968,; Ohira &, 1973; Miller, 1963 ; Schenk ¢} Hilderbrandt,
1972). 22y o|n] &eixl olf wiAE 5F FFY SHZZ s FP¥

Aolng FFolvd xZe] & Aot HFAY ARE ZESAo g 2 A

ol AbE3 FEFLE & AZ Sl s callus §71 3 sjzo] HESM
7b gl7) wRol AEFol el callus §7) 3 viokel kst mHMojel wix)
g ZAEsA

Fig.1 & ¥ f 29 epicotyl , node ¥ hypocotyl +94E MSHIZ], B5 iz,
a2l R2ufAellM Ztzt callus & §7] A7l 27T, ¢z 1797 )
UGS we] AFA oot

Epicotyl Node

Fig.1.Callus induction for 17 days
from epicotyl node and
hypocotyl of germinated
soybean on MS | B5 and R2,

respectively.

MS B5 R2
H ypocotyl



EATAERE MR epicotyl o ZF 9ol BsujAolA A callus b AAEH=
ol Belou 1 AmEs Agtos, MS wixel R2uiRoNAME  allus 7 Ao
FAHA FUAH node HARAL MS, B5, R29 A7kx] w3z RS ca—
Hus 7b A== o] Zold R2uiAI callus 8o 748 Eoboy  1aju}
node - HZHO2HE F/1E callus® HEHOZ ZARYL UE 798 %)

Bt hypocotyl & MSuIolA callus AAo] 223t whd B5 el R2

b
)

R M 2B EbE  fis] R2wlR e callus =
22 hypocotyl 23S R2uZ]34M callus & 97 M-S Y dsEd
Hypocotyl *-$12] x2S Biujz|e} R2 ujjz]of 4]

.
U Wyra A

Fig.2. Growth of callus from Jang — Yeob soybean
hypocotyl for 25 day—culture on BS and R2

media.

2. Protoplast 22|06 W3t pectinase O EFU Ao XIAIZLe) osk

g0l o8l M protoplast & Relgu] AlgsE: 4R 2o FAL cell-
ulase &t pectinase QIti, o] F oA pectinase &+ 7ol wal EJxel A%

sl s & Aolg Rolr] ufFo) SAME protoplast Eelo= M Hal

oh

Pectinase o] Melo] Fg3ltt o callus 25 E protoplast & g &3



AHE 5 pectinase t= Pectolyase Y~ 2391d], B A¥o)idx HZ hypo—
cotyl M) §718 callus o AR HMEZ e protoplast & Bag mox
Pectolyase Y ~ 237} 29 at7bs ZE Zabstn, 71zo] ®l@a 4 Macerozyme

R—-10¢ o]& 7Fs48 ZESIHTE( Table 3).

Table 3. Effects of pectinase and incubation time on isolation yields of
protoplast from suspensions of callus derived from soybean

hypocotyl. (Yields:protoplasts ¥ 107 g callus)

Incubation .
time (hr) 2 4 6 8 16

Enzymes

Onozuka R— 10(2%)
+ 1.45 6.4%8 6,15 3.

8%
[

B

Onozuka R — 1002%)

|

Macerozvme R — 10
{(0.5% )

Pectolyase Y — 235  pectinase 2 4] AH8& 8 Swl protoplast 3= W] WA 21 A
wElE S, EaMEAtEE vy 2 A E H A 2& protoplast 7} &
HE O 4 At g0 b ol 6.5 % 10 protoplasts .~ ¢ . callusg
o 2™ 82 64 A4 HSo 447 Ao ulLa as Hgou}
BAIZE olfm AA pBaste HAS5E @] B ) e 50% ujrto] st

Pectinase 24 Macerozyme R — 10& A}&3 2o o= FaAeg 16 AZF 7}
Ak protoplast 7} Aol R2IHA] 9fol o]He FUT hypocotyl callus o pr—

otoplast & ¥2]& ujo|: ol&% 4+ gigitt

3. Callus MZH0)l H8F B AQ I8t

Cytokinin & FHiE B2 & oei7tx] dgxxoa R Sdd callusel 4
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=21tk Aol & 4 A U3 ( Skoog 9 Tsui,1948; Linsmar® Skoog,
1965, Letham, 1967) 52 7 $ol% Cytokinin& cotyledon oA F#E ca—
Hus of HFE Fdte Zeoz doid ol 71223 Y2HY: &g o ok
( Miller, 1963).

a3y callus & Cytokinin o) th8 w22 Cytokinin o] £8& Muololzt o
Fo FTolY fdE AR we} zpojrt 47l W2l ( Armstrong 5,1981),
& A3 ZHUT hypocotyl callus 7} BAol tisl ofwl Axure S Jeld)s

Fig.3& #Y9%F hypocotyl 2A 2 HE] R2ujz]o4 callus & 714712 o)
callus & Miller o ¥ (Miller,1963) o wlg} ujotste] BA$ZEZ  callus A

BE ZARS Aot

Contros ool e 6 | PRI | Prm

Fig.3. Effects of BA on callus growth

The calli derived from Jang — Yeob hypocotyl on R2 medium
were grown at 27 Cunder light condition for 21 days on

Miller media containing various levels of BA,

ZAHE BASESE 0.001~ 10 m# ¢ ¥4 BA zl7E BAZ H7lebx]
& iz FA ASdEE B9 BA

2 3% hypocotyl callus & A&

Zashx) wokn 98 tha dAd ol mAL

BAol ta callus ® 4awes Argulale] mel weta 4% o=d oles
Be HESNI SAstel wjAS uprol B5el R2uiAoNA Baol e callus A
e zAG ok 27 Fig 4 % Fig 5% u3dtt
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Fig. 4. Effects of BA on callus growth

The calli derived from Jang — Yeob hypocsty! on
B5 medium were grown at 27 T, in darkness, for

24 days on B5 media containing various levels of

BA,
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)N
14

Fresh weight of callus (%)
x

Fig.5. Effects of BA on callus growth

The calli derived from Jang — Yeob hypocotyl on R2

medium were grown at 27 T in darkness for 27 days



on R2 medium containing various levels of BA.
(A) :Effects of BA on fresh weight of callus.

(B) : A photograph of the callus growth.

Fig. 4°lM B& viet o] B5HiAE A& BASZd wal callus A
dol b4 Exou Feld Aole ATk E Fig. 5 B) 9 R2ujz| A% BA

o Aol 2T callus o] AAEE Fo] BPed 4A callus o A A

£ 43 A Figs5 A) oM BE vl 2o) BASE 0.00l~ 10 mf/ ¢
Aol s=7F 5& F5F Aol AAE 10m# 22 H$e BAE Halshx
B AET 22% AZE QRS BPr

HAE delstds BAo tid callus Aaute

flo

j=] [e]
27 T
BA©l g callus o A JAE Yz Bao] glm B AP ALSE cam

Hus AH S4o2 gztsiodet aeiu o) callus ©) S4o] FaZe) Fu4

2 299 hypocotyl 2XE {WME callus 7} BAo| 9sto] WSo| sy A
<, Miller(1960) 7} 20 %29 % cotyledon 9|4 KaE callus= T5 Ki-—
netinol oj3le] 4§o] &z Hourdt Bushe Abolgd oles o]t callus
b frelE 2ARA7E g2 gEQ Rez AR 2 AYdME 139 8

Qlahx] Ech
4. Protoplast 2] ViabilityOff tist BASl &t

Fig.6 2 BA7} protoplast 9 viability o] 3= <8< B7] 989 prot—
oplast WiFui 2o BAS oelsFoz Aelste] ztzio] tia] 12 A17H7HA] viab-
le protoplast o] ¥]§& ZAlgtd Aj7te]| wE Wtz Uehd ook BAZ} ¢l

= BAClA viability £ #l¥F 2417 7 E H@A A gol ZgGort 44
%t ¥+ viableprotoplast?t 3A ZAsA 30% old7t HYT 12417 F=
20 %0 e vl @ AlZF olulo viability 7t ZA AdHE Re ¢
T Utk
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Fig.6. Effects of BA on the viability of protoplasts isolated
from callus suspension derived from soybean hypocotyl,

BAE A3 2% Hestx & 4SS ums] 2 viabilityo] Eaia
Aole gou wMEF 2 Aol BAZH S BjxolA wjokst 9o viable
= o 50 %) AU @

b BAE Mz7lel viability & 22A71E oz YU F2H3ic o
22 4412 olFE BAZ 9t A9 EY oa AU At BAL W%

4 A2 olF & viabilityole 98-S Fx odE Aoz BYL

protoplast 7} 75 %%1ul ws] BAS AHele AeL w

Lol

we RE2 JehlY Fig.73 2ol #i% 2A70%F BAREsF 0duo] uls BA

protoplast o] ui¥-& AJZ§E AjzbE  viable protoplast o] ¥ &< BAFX 9

FTE 0.001~10mf ¢ Bl =5 viable protoplast o] H]go] &3] Dm
BAAE Fxo el ¥2 zolr} gtk AL U 4 Uop E wRFE 4
Al olFAME BATE 0.0l mf e A$E AsH BASRTIF Omf 2o
A 10m#/¢ 74N H9 Ulold BAA 2 7+el| viable protoplast o B]g& o 3}

o7t glee ¢ 4 Utk (Fig.7)
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Fig.7. Effects of BA on viabilities of soybean protoplasts

isolated from suspension cultures of hypocotyl callus,

5. Protoplast 2| AM|ZHXHA0| s BAS Aak

Cae Mol XEEE S7HNIIe Ao dlA SlolM protoplast uioku)
AAME callus it Anct £ F50 CdTE A& ( Constabel, 1982) 8475
shizdl, ¥ A¥olME protoplast & MEMAHo] et BAS FaS  FApalY]
of ¢4 1mMel CE'E ETesle protoplast Mt o] CaCl, 2H,08 %7}

_+_+_
stad 6mMeo| Ca 7} HAl &tef, Cd'e) H7b7b protoplast o A EwEge =

E 4L AT ( Fig.8 ¥ Fig.9 ).
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Fig.8.2 U protoplast o AMEZHAM g Ca JPe =
HES AEA(0~1247) ARA CdT 1mMRT 6mMe #$7t A
protoplast o4l A Ewo] aHA=E protoplast 7} 2R &= vl &o] HA Catt e
W5 protoplast of AEHYH S F = Aoz Uehgtt Catel AHEwaa
F22183 #Ast7] At F2¥ele] phloemZH o 2% el ¥2]3 protoplast
of i) A A3t Fig.9olM He vieigre] FA] Cat =7 280 Ny
Mgl " Aoz vebptt oleld AE EUE protoplast A E A Aol oy
g BAS9l 9¥EE =AME7] A% protoplast WRHHAE CaTyEE 6mME &
AT
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Fig.10. Effects of BA on cell wall regeneration of soybean
protoplast, Timecourse change in cell wall regenerated

protoplasts,



BAZE gl uiAolA ulok3t protoplast & ®iSF AHA] 2A17tE RE] A EH
= MAste AE7 BEEo] AXHe Holm wigFE 2417 ojuol AAYs|y) A)
A3de Ae & F UAAT MEo] HAE protoplast o B EES vl A7
ol Aol mel AF FrhstAded wigxde FUtEEsE @ 847 7R
15% Z=got 2204 wWiFF 10AIZtols MEHAA pratoplast o] B] &
ol #243] T718tq 656 %7t HAL 12AZtolE 80 % olite] Htt elms
f 9F hypocotyl callus protoplast 9] 7o MEB AL viet 8 A7+ 74A=
=71 ( Lag phase ) o] 8 AlzkellA] 10 AlZE Afele ™4:7] ( Logarithmic phase)
olpf, kA7] ( Stationary phase) & 10~ 1227} o]FQ Aoz BHTE

BAE H7bet wiAlolA wiefd ¥ protoplast o UoiM M EH WA proto—
plast | ¥]&& BA7ZI gle HiAM wijdd ABY 2% ol MIwag4e
BACl o3 € Rez Yehygr
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Fig.11, Relative cell wall regenerations of protoplasts
cultured on BA added media compared with those
on BA free medium,
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st AMZezigo] 26 A= welx) A 2 4 AUtk BAS HG sy
#lFgt protoplast o] M EZHA4HE BA7} ¢l viA|oA i3 protoplast 2 A
E ol st Jia2 debd Fig.ll oM 8@ M E¥xisio] BAd 9o &f
o £xd Fol Auety Asd 53 viY 4ARdME BASES 58 42
AEHAHE  protoplast o Bl go] ZIn 4 AZFRE] 8AIZE Alolo] M E WA pr-
otoplast 7t BA7} gle ®izlel vls BA H7MiA59 7Z$7F Hold BAE A

EHAY z7)0l 2 4FS FE FoE Yy F=2dn

AxHAEE&S BAFTo wel Yeld Fig.129 22d, BASS 0%¢g 0l
mfENMAE BAFEZE 245 AutHoz MIHANLE =2 AL 4+ 9
o} ( Fig.12)
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YT protoplast & W¥9 Z9oE w2 wiRAlE 6 A7 = A 3 7 A o)
BHEHA FUT BAE HYstA 94 AL 8ANYE BHHol BRI g%
of Wlah °F 61 Fx LAtk 8AIZ olF REE MEHAA protoplaste]
H&ol 343 ZF7lstd 15412 Tl 90% o4 St BAE {8 ujx)
AME BA¥Eol met AEHA4 protoplast o B]go] UM AL Mol =
@ooy BA 10mf ¢ ALE Aodstd viUFE 8~ 1247 Word BA
bogie wiAe) H9Eot ME#AA protoplast o Blgo] ¥A U}, BAS o
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Felix & ( Felix 2 Meins, 1985; Eicholz 5, 1983) o] @ callus olA 8 —
13- glucanase’t Kinetinol oj3la] 1 &4jo] o =Uciy wwst Ha B-1,3
— glucanase 7} M X ¥R 34 glucan & Hajsitts Mo 1223, Kine—
tin %} ©h7bA]2 Cytokinin ®] 3fubel BA Ol o]3}d protoplast 9] & X &z Al
o] £xld 22 BA7L B-1,3 - glucanase 8] 4L olxsid glucan ¥3j7} =}
Aol vehd Z#2 24 g9t 9PY glucan & AZWEA 270 G4
"t AR ( Eschrich, 1975; Fincher 9} Stone, 1981) @ BA 2] protoplast A3
HAAg iy 222 go] JEAAY z7)o) FasigE B dde Ans o]z
T AAS ST HE 22 2 4¥e 2 wog: YoM MAs stas
A 258 FE T Ydo29 AT ild HU ZBAQ ZAs A
Eojof & Holry

BAZ} protoplast o] MEHEH L Zx& A e o] ooy =98 uf
9 o] 5 hypocotyl callus & H&& JAs Aoz Uehdiy purjzo
°of F7HA Ayt Mz duiEe R AY 2o FRHED % cotyledon 27 o
##% callus 7} Kinetin o] oa] 4$o0] 2A5: e Kinetin o 4 %2
3 A 8ol g Ho =z <22l (Miller,1960) &1 3] 1, hypocotyl & A} &
= d¥e ZaolA protoplast o M EWPAe] BAol odte] Zz 5900
= 2T callus &2 93] AT e BAY protoplast AEHHH =
UAE BAS callus & Zx2tgo] HzoE ¥ 3¥S AXMA ool
71wl dehd AR obyw BAdl ojste] MEMgAol AU A e
o MELd] L2g MES extensibility & AHaAA Uehd Amoixs 3
32 @ed 7)o dsME dozo ATFI} ygEn

L

e x
o)

is
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Vv . e

W5 (FH9T) F4E WolAA epicotyl | node 228]T hypocotyl 22 2z}
MS, B5 ¥ R2 #f 2o callus & §7]A)7] 1 hypocotylolA § ¥ callus 9
%ol s benzyladenine (BA) 2 BEFS A &Y T hypocotyl callus
o] HYWYMZEZ 2 protoplast & {éf’flfs]-_ﬂ, BA7}  protoplast A X 1 Al of

vlAle 4%s 2ARIAL:

1. Callus A 227 wixo) wra} g9t=d epicotyl , node , hypo-—
cotyl o] hypocotyl Z212] callus 4 A o) 71 E g1 wirwgs R 2

LR P B S i 4 V=

2. UYL EZRE protoplast & Relg o pectinase 24 Macerozyme R
= 105 A8 & W= protoplast 7} A Balw z 2%, Pectolyase Y —23
= AHEEE dWe vad 2 2y HUth &4 ( Onozuka R — 10; 2% , Pecto~
lyase | 0.25% ) o] AHelAzbe 4 A7te] Agaigde o u protoplast &] =&

& 6.5X 107 protoplasts /¢ - callus o]t}

3. BAE hypocotyl ol A fef® callus o A8 AA g AdA s Ar=
BASE (0.001~10m¢/¢)7} =842 74 R2ujx= AHR-S A% 10 m#
dlMlE BAE Hesta] ¢S Z$o wlsh Aol 2% A A = Aot

4. Hypocotyl o] callus 258 ¥2]3 protoplast o] A4 viable protopl —
ast == protoplast MiF7|AIF 4 A7 ool 30% olatz 2FA 3| Zasya,
1212 Folls 20 %) 233y

Viability o tigt BAS &L Alztdl wet thad Yehdsdl 247 $9
viable protoplast & BAE& Azlslz g Aol vla] BAX M 22~25 %
Hed whel 4A1ZF 39 AeE BAMOM 03d 1~10% BYT 6 A7
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