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Summary

2 A *

The enzymatically isolated protoplasts generally give difficuities in cell differentiation and regeneration

because the enzymes used could alter the physiological properties of protoplasts. In this study, the

possibility that DNA could move out of the cell isolated from radish hypocotyl callus was investigated

after treatments with low pH, high concentration K', GAs combined with centrifugal force, all of which

are known to affect the physico-chemical properties of cells.

1.

sterilization of radish seeds and the improvement of germination rate.

radish hypocotyls.

function was 1ppm.
. High K' concentrations (0. 1% to 2.0%) and low pH(pH 4 to 5) treatments resulted in the movement
of DNA out of the radish hypocotyl callus cells,
The GA treatment was less effective than that of K*, but the DNA band appeared in the gel

electrophoresis.
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Treatment with 1.0% NaOCI for 20 min. by infiltration was found to be effective for the surface

MS medium containing BA 0.5ppm and 2,4-D 1.0ppm gave the best callus formation from the

The working concentration of SDS as an anion detergent which minimize the cell deterioration and
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AEAZe Yo FE 711771 HF A=e
AN2E FFE S4UdE &4 olgels $AUAR
o AHel 1l Yol G 7z AFE M Yo
AFAES] BAle chato] slof gich(Walden et
al, 1990, Masterson et af 1989, Weising et al,
1988).

19603 Cockingell o84l M EH & T4 elss
Z1ge] AUR vldo] Ay e 3 A Y
of g 77} sl4s e §EEL ol 24
A #8234 A2 & NaNO,(Power eral 1970),
=< pHAA9 calcium (Kelier and Melchers,
1973). PEG({Kao and Michayluk, 1974) <] =27}
Al =59l 2 Zimmermann % (1981)-& A 7] z}3 4o
o WA FUYL ANdsigdc)

a2y Eaxelo] o84 fajd HgAae &
4 Helo] og QP4 Lot FHE o5
o] gtch & intact Aefo) Uy UN9} TLA=2
+elE ¥YANE ojedold o Aol dage
A= 4 odeixAl =lgle v} (Cassels er o, 1982:
Kasier et a, 1983) o]zl g ¥y Hte] A4 A4
o &€ Al sle] H¥Y WA HE4Hol W
ghsloe s MEe Fodz AFo] Jw ogyg
F7] wi¥olti(Ahuja, 1982). a2z Uy
9] vitality £+ viability® FA $£xi7= AL
s Fadc olE &AM vital
staining¥, cytoplasmic streaming' (Kamiya,
1973). 1973),
fluorescein diacetate & o] &&vu]l 1 2o
dYAAnte 24 4L ol &3l 4 (Palta
et. al, 1978 = Ut}

HYAUA ] Y4o] Foln e §Fio| ol Fefal
Holl F2sle 48MNE vteevls P ool
A we2A "ok aepy H2HE AAska ope A
oA fAERY AddAe AZFHe A=t
235w Wu Boji 5(1988) & ¥4l Faigoz
(N. tobacum) o} R] Z ] (8. oleracea) ¢] hybrida & =tE
ot 2agosh ok zeid ALYl B A
A W&ol el A Ul 97l W Foll £ AT

r

plasmolysis (Collander,

dAZHH 2317 2l 4 Ao =2AL Y
3l7] #1% Yoz callusollA el A 2e 9
Zoll st @& pH, 2¥5 =9 K', GA, 9 94
HE M2y fHFH2 DNAZL ML slol A3
S UAEAE FEs) W) F ole $Fo Ax
o o2 Fof AEE EYAA callus vHYE @
A7) Aelol osid fAEHL] AL ol F 7154
£ FAEde daAE DA 2 Fo| gidkn s

Az 3wy

1. 72U

Callus& #7141717] $13 A2 =2 & 7] 9
A 5% (Raphanus satins L., ™ &, A& mul), ufs
(Brassica rapa L., WAl w2, ] gmul) 28]3 g
(Daucus carota L., 3}zp5&, € mull) Fx1& 793}
2 3d AEE Y 2A zdE 7] A4
NaOCl& 34 (0. 5%, 1%, 1.5%) o2 32 2§ A
2l 9 PHE 2Y4IA 2087 AA AFD H F
52 Ald AlAsa 10mfe] MS =]z @7 15
*200me] AP HFiled 2= 25C BE
2000ux] wfFAlol A dho} A FAl7lm i we}
Wolg& =Ahglch

2. Callus 7|

A2l 280 W& callus §7] E}E golu )
#1814 - 82E& hypocotyl. epicotyl ¥ cotyledoneo}
32z vhro] 10mm Holz Azt MS wf 2] Aboj 4
iegied Adz4 A= 2,4-DE Oppm,
0.25ppm, 0.5ppm, 1.0ppm, 2.0ppme] 54:%F 13
3 BA+ Oppm, 0.25ppm, 0.5ppm, 1.0ppme| 4%
TE 2 2070 Helol st callus §7] el &
w FEsgc

3. Callus2 5E| SM|Z 22|

1007 4}2E et~z ol 4] 4370 A 32)17] callus
7AW A fedlF ol fled e 2oz wiE
2 o}zl& 0.3M-sorbitol washing solution (WS)
(Table 1) 2.0m¢7} Solql+ 10mf AlPBo2 A
vortex mixer& ¥ S A 2e}x]7l ol 50pm nyion
sieveZ 77| & Aelych ol oo§ g 100xgel A 1
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Table 1. Washing solutions (WS) of cells

Salts used Concentration (mg/¢)

KH.PO, 22.7

KNO, 101.0

CaCl,. 24,0 1480.0

MgSO.. 7H,0 246.0

KI 0.16

CuS0,. 5H,0 0.025
Sorbitol WS :(0.3M sorbitol solution

containing the above salt
mixture
Sucrose WS :0.3M sucrose solution
containing the above salt
mixture

pH 5.8 in both cases

+7F sl AA MAizAEg A4AF H
pelletoll 0.3 M-sucrose WS 2mf & 7}sle] X o35
#HER]Z H 1000xgel A 30&3F HAEelsle] £
& AAsIGH=d o] 22E 44 Q¥ Fo] callusE
SA 3} A7

Callusz H¥ ALE Fei3t o] ZE AYL
52 hypocotyl2 ¥ 7% calluse 4 dofal
M ZLE o] §3lo] Fef=igich

4 FHUSHY MZ B Z9 0|5 HEB
2 28t DNA 84

AZot ML Alo]lz FHEA] Ao
ol FRolE PHLE Ye U £AE
2 v E1ld Al220e Aolg Babpch
2 ojal g Bk obiel FAlzbe] 4287 w Fof
7zl A elel|l olslo]l DNA7} Al Eutoz G&s| A
F oot w7 fsi AZEE T AR o
= z=Zel4] DNAE A&z fsi« g3 2
z22¢ Fysidch

1) DNA 22| =%}
4ga2 Fel2] DNA ¥32] gl 4o daixe
Be dF7 olFeojzeul & AHelAE Scott &
(1988) # Davis 5(1986) 2 W& 835t
Callus2 %¥ ztzte] 4| L& olo] i E3} 2]7
AlEE 19 #Hsled 4-3) 9 5-1),2).3) AHHE & H

i
o L
o e
LIV

dr
¥ X (o re

of fA-¥eldel Y ezl F 3000xgel 4 WA
selsted A g v o7lo] TE buffer 1mis}
1ppm SDS 125¢¢ 8 7sted ¥ekalg] & 3000xgel 41
o] 4] e sigd o

AN g Al Yol Hile] HF F=7} 0.3Mo| 5
Al 3M sodium acetate & 73l -2 Holl4] 307
WA gk H 3000xgel A 1087 WAl FelEgid. 4%
AE A2 AlYTPol &2l olst FUH £
phenol} chloroform-& Z}2} 7}s}ed vortex mixera
Aetsto] 4]l Felgch

Aol g ohE d4 ezt &3 olet FUW
432 chloroform$& 7}sled ¥ oAl EE o} & o
Al 8algict chloroformZ & MA stz Z-eole) o)
Yol 2.5u) B3] R AFE shEt AlnY A 4
ol ¢ ohg -20Co A 1]z whajt & WA #e s
o DNA H4E& g

GEF& AMAE F DNA 5§ &ol7] sl 75%
UE 2nfE ChA] 7hsbed 3000xgoiiAl 207 N4 E
2l3le] A]E o E£4o] U F A UFE A
718 £ 2F desiccatore] 4 tgo] A sl viE
7 AzA o

(2) ®olgs

Tris-acetate-EDTA(TAE) bufferof
7}sf 4} water bath Aol 4 7}d £a04]# 0.8%7} S
£& g F 2k 70C ojst2 ¥ H ethidium bromide
(10mg/mf) & 7}3le] HFF =7t 0.5u9/m S EF
3lo gel maker (Mupid-2, Cosmo Bio Co., Ltd.)
of %o agarose gelth-§ 7HEUth =¥ DNAoj
TE buffer 15¢¢9F 8 &% (0. 25% bromophenol
blue, 0.25% xylene xylene 15% Ficoll 400) 3u0&
E¥12) 9 agarose gel 2] wello]l F9)3}e] 50V
o4l 1412k Fb A2
(chromato-VUE, model C-70G, San Gabriel, CA
91778 U.S.A.)2 DNA band§ #HAgPn ol§
Asahi-Pentax MX2 E9|YE & o] R3}led #Halslg
1= 3

(3) M=otol Aew F= SDS MHE T X2

SDS+ &#3 4 A (negative detergent) &4
AEANEZZF2 DNAE ¥ ¥ of AZF ofsiA]2] |
Al Zol A §&¥ DNAZ} ollg MEz2tgoll o3

agarose &

UV-illuminator
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EFatslol glve AL deojdlr] fdo 2 F
100000ppm <] SDS (# F¥ ==+ 10000ppm) 7t Y+
Aeog Agsicd ¥ A Fpole AZEE 35
A7l Aol BHe] ojy7| wjFol SDSY ALE FE
& F 24dE et Uk

% SDSe| A =& 457 Hsle 45
5524 1000ppm, 100ppm, 10ppm, 28z
Ippme] S| =& 77t A ej§ Sofl FDA staining§ 2
2 A2 viability& &4zl ’4—1)‘11.9_5':‘_ DNAE
BAgtog ] Hxule) £AL =2 9n detergent
2ol Agr £8¥ £+ Ut SDSH A FEF
A3t

5. =3 ol& & Xz

1) pH % K' o] 2 A7

MS wlj 2o 4] KNOyHE 2] ¢ (KNO, 0.1%, 0.5
% 1% 2elx 2%) wix|& pH 2, pH 3, pH 4 17
3 pH 508 27 =4 3sta o] £ Smiell Fe]d Al
EE ®ERFIm A7} Hoe] o Aie
viability & Z A3},

E o4z o] pH 3 K' A& H&ul AMZY
oz FAEA] U 4 AUsAFE Lotz #s
A A7l detlof oisf 4-1) o 4wyl oz DNA #4
£ Fysig

2) W22l =24 gl

Al ZE pH 49| K'o] & He] £ 5mf =& GA A
2] &) Spoll 1417+ A% F A E 3= %
& =72 4000xg 23l 2 7500xgoil A «Alw2]3)
3 4-1)9 wydez DNAE He], &3¥Pozd ¥
Alde] &3 fF& AFEdoh

3) GA, 5=

I1X107'M, 1X10°M, 1X10°*M 283 1X10'M
GAE Z§3l= MS $4¢ pH 4 pH 5032 =3¢
& of7lell AZE 1412 Held §H GAo adE ¢
o}u7] $lah4] 4-1) o] Wi o2 DNA ¥4& +43}
%ok

A3z 94 3%

1. Wot 3! FRuiY

CallusE& $71417171 1% 2%, a3 3 22 2
2HE infiltration # ] fLwle} JgLu] HM2 42
Fx9 NaOClz H9l AFsled Yeliizl Ane
Table 22} Zci.

dol g o] Frhvt AAse A7IE JFLE @ U
ol&EE FEr15Y, wFe 257Y, ¥ 3FY

= 4=o wa NaOCl 1.0%%

olshal

Table 2. Effect of the surface sterilization treatments on germination rate of cabbage, radish

and carrot seeds

Treatments Germination rate (%)

Radish Cabbage Carrot

1st week ist week 2nd week 1st week 2nd week 3rd week
Control 60 30 60 0 20 60
NaOCl 0.5% 50 30 50 0 20 50
NaOCl 0. 5%+ 70 50 85 0 30 70
Infiltration
NaOCl 1.0% 80 40 85 0 30 80
NaOCl 1. 0%+ 85 50 90 0 50 90
Infiltration
NaOCl 1.5% 55 40 80 0 30 70
NaOCl 1.5%+ 60 40 80 0 40 80
Infiltration
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infiltrationsted A2}zl guk 52 wi3, P2 2%
oA 74 E2 wWolg§ 23k ¥ 24 gL 4
Aelet BAglo] ofF A (2 10%) VA= ooz
NaOCje #d 4Fxze] 7|58} wolg Aol
]2 GxHolgicts Azbelnd infiltrationo] 2] s)4]
2 Bt 3F FAAEE 4+ U

AP (15X 200mm) W o] A f1 AL
T wolrt weld 595} Ay witn o tfgo) )
F aen 922 dAA =Y 43E ugoh

2. Callus 7] =71 &3

Callus ¥4o| Jag wxlzAg HYs}7] A3
4] BA%} 2,4-DE s=H2 23t Adyd A
BA 0.5ppm# 2,4-D 1.0ppmg &Y Az
callus 717} A Fohed ol £, wiEx, &2
o4 25 U7 Agelgd)

=% AEM 294 (epicotyl, hypocotyl,
cotyledon) Z =& 2wl o4 BA 0.5ppm, 2, 4-D
1.0OppmE H7x]7] MS ®i=lell4 hypocotyle] &
+ S, G2l BE 71 $& callus Y-S 2
o+l Table 3o+ £99 Z$ohg Jepycl

Table 3. Effect of BA and 2,4-D concentration combination on callus formation of three dif-
ferent parts(cotyledon, epicotyl and hypocotyl) of radish

BA (ppm)
0 0.1 0.25 0.5 1.0

2. 4-D Plant partsz

(pm) Cc E H C E H C E H C E H ¢C E H
0 + 4 + + + + + ot o4 o+
0.25 + S 2 T TS T SRR ¥ SN SN NS ® SRS SRS S S S SO 1
0.5 t I S TR ¥ ST S S ® SN & ¥ S S SO S S Y
1.0 + SR T T Y SR XS SRNNE % N ST S % SN S ¥ SN S ¥ S S S A R
2.0 + I T SR 2 2 SR T S X ¥ S 'S S OSSR S SR SO I S

2C : Cotyledon E : Epicotyl H : Hypocotyl
Symbols : + : bad
+ + : medium
+++ : good
+ + + + + : excelient

3. Callus2 5E{ MjZ2o] 22|

Callus2 28 Al ZE Felstr] fisid felv
g RodA e 2722 50pm nylon
sieve® oja}gl ¥ (. IM-sucrose &4-& o] £3}e] 3
~43] 1000xgell A W4l LelstA st wjaxd 52
g8 HAZE dg + AU (Fig.1). Fig.2®
viability7} %@ o] A2 E, a8l Fig 3 4|
Zho] @ol AAsIGAY @& pH 2+ 2529 K
22| 2 Qlsled A E 2] viability7} viw)p Sufo] A
& FDA stainingy 22 4% ZA3jolch

vhE A
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Fig. 1.

Single cells isolated from the callus of
radish hypocotyl.
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Fig.2. Single cells with good viability, observed
by the FDA staining method.

Fig.3. Single cells with bad viability, observed
by the FDA staining method.

4. wH=E 0I5 & N2 &Y

Wu Boji 5(1988) 0] Als¥dd v}e} o] F
pH, RE=9 K' o] 9 44 AHejol o3 ¢4
39 o]54 4 EF A

olAle] xz=lF 3 5| DNAE Ealsled AZ|GEA
oA #AY DNAE ¥x13 arjde 4o I7ixz
TEE 5 e 50Vel 4 #§4]7F A7 FH Bl
wello| 4] A3 &Aolx] ¢+ A3} makerz A1 §d
AEwRIollA] A ¥abgke] & 19.33kbo]| 71742 2
71¢] DNA a2la 1 o|sle] #d&R 7|2 oF
oA AdEolgdch

o}z & A Eo] DNA #2 =2 Fof shearingd
AR w=¥& A7) F4] trailingol v} smearingo] 2]
@ AdAE pEHac

1) SDS2| 3
TE buffer2 A2 & #&4]7 4o SDS &4 &

7bel4  SDSe| HFF=sk 1000ppm, 100ppm,
10ppm, lppme| S=& Aelg AlE9 viability§
A A3 3527} 1000ppmE & ATl e
AEd M 27} 55%0)3 o5 SDSY Tt HES5E
A 9] viability7} Ekck(Fig. 4).

Viability{%)
100
—7
=1 —
wdl
40
20
yre=
0. T T T T
Contrel 1 ppm 10 ppm 100 ppm 1000 ppm

SDS concentration

Fig. 4. Cell viability influenced by the treatments
of different SDS levels.

Fig.5. Effect of SDS concentrations on cell
disruption, shown by DNA observation.
1. SDS 1000ppm

SDS 100ppm

SDS  10ppm

SDS 1ppm

Ground cell+SDS 1ppm

Ground cell+no SDS

Marker

N R W
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Ippm A 2] 7+ viability>} 85% 24 control +2J
90%2} 24 % o]k B viabilityel Wol2 of 3
ol gloldd Aoz Azt

oj s} Fle] SDS FE=F Helslod Mejgl g of
= Ae A2 72§ dY2]7]a olo gzt DNA
7t &SR] AL E AYY A Fig. 5ol4 B
upo} ol 1ppmE ALY 2 oj4ed FrojsE
DNA bandz} #459ict. «el4 SDS A7} A%
28 sl g M 29 Falof detergent2 o] =}
242 @ 4 9+ $=+ lppmeletn g},

2) pH 9 K’ o] 2 A7

MS vzl & pH 2, pH 3, pH4s} pH5 022 77}
zA435tn of7)ol] AZE AA sl Azke] H3}
o =}-& viability ¥ sl-& FDA uhjoz #ag A3
pH 3 olstoll A= HAAE 1412k o] el R F o A
b ¥Pg PalbA Yol MES 2F FYEE o
# 9l3ich. & pH 3 olstoll & 4be 7} U F &o} of
o fxs 7l g = gdokw 4 7hsle ol pH
4 o4kl K* 5l GA, Me} A& +#Y¥dt 18
Y ojzte Ale Wu Boji 5(1988) ] A]&x]9
callus M2 & pH 28 1412t 2 Ad¥ 4 AU
+ AAoe dAEA ga Y

Viability(%)
100

90 1
-—

o \

70 1

60

50
40 -
30 4
20

— Contral ~+ 01 wknoy K 0.8 % kN0,
104 B roxwunoy Y€ 2.0 %xnoy

0 + + + +
1hr 2 hr Inhr 4 hr
Time
Fig.6. Change of cell viability by the KNO,
treatment at pH 4.0 with time.

, Viability(%)

90
80 S
70 1
60
50
40 -
301
20

—— Conual —+ o1 % xwo; N 0.5 % KNOy
104 £ ro%xnoy - 2.0 %xnoy

o t t + +
1hr 2hr 3Ibr 4 hr
Time

Fig.7. Change of cell viability by the KNO,
treatment at pH 5.8 with time.

Fig. 63 7004 8+ ulel o] A L9 viabilityw
pH 49} pH 5.8014 KNO, 55§ e Hajsigde
wl pH 5.821 7 ol vlsk pH 4o 4 KNO, ¥=o} o
Aglel 25 Potzcl KNO, 557 &3 o] A
U742 pH 49} pH 5. 8 ol 4] 25 viability7} F£
g ot 4 Usich 3 DNA ¥4 Ao (Fig. 83 9)

1 2 3 4 5

Fig.8. DNA observation and the treatments of
high concentration K* at pH 4.0.

1. K" 0.1% at pH 4.0

2. K' 0.5% at pH 4.0

3. K' 1.0% at pH 4.0

4 K' 2.0% at pH 4.0

5. Marker
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Fig.9. DNA observation and the treatments of
high concentration K' at pH 5.0,
1. K' 0.1% at pH 50
2. K" 0.5% at pH 5.0
3. K" 1.0% at pH 5.0
4. K' 2.0% at pH 5.0
5. Marker

+ K' =7 1%, 2%Y ool agarose gel plate?]
welldlol]l DNA7} Wo] RedQle Ho2 Mol Fxja}
o] & DNA=hz 4ztsie] KNO, 57} 0.1%, 0.5%
olA o 19kb DNAZ} &2 € o & glaich

3 fA¥e =4 B9

K* o] 23 GA, Bolo] Najg MZE 948
Al %2 o FHghE slo] DNA $4& § 7HSojt
DNA7} &=l ekstov} 3000xgoll 4] 94l el
€ @)= DNA~} ghabs o}, 3000~ 7500xgol 4 <
AR 3 & A2 viabilitys =79 v]lmaA
o g zlolglo] oFE s}y o} 7500xg o)At A W
A g AS%E Holyd AR A Az gy
ol E¢E AL ¢ 4 A,

% pH, K', GA, M) ¥ 3000xg A= 948
gzt FAEA o)Fol Fasteiztn Az Wu
Boji 5 (1988) & 3000~6000xg°ll 4] chromatin DNA
£ oS4 dx 2w Qo

4) GA, &=}

+%2 GA, =& Z& pH 4] vz £olo) 4
ZE 142 A4 Ay | DNA $4¢ & Axe
Fig. 1004 2& ule} Ao} ulF 430]7) }=|nt

Fig. 10. DNA observation and the treatments of
different concentration GA, at pH 4.0

GA, 1X107 at pH 4.0

GA, 1X10° at pH 4.0

GAs 1X10° at pH 4.0

GA, 1X10™* at pH 4.0

Marker

@k W N

7o) 22 DNAZH BasIg el ol 3lo] GA, A
gl 272 %% DNAgl: 94 s7]lE ojals Ae
slojo @ ¥2ol @rle stk GA, Heizh A2
oluh Al Eotel o stol 2Egche X (Taiz o af
1976) ¢ A%AlA 2l 44 YEoz SAEN
ol Mol Tei@ b5 4ol Uchu Azhsiolalc)

= 2

BaAeel ofsf Feld €A (protoplasts)
AEFol atel A= atol& YUxIgh WA
% ¥4 £} intact cellol wlelAl Fo| vhmwix|
S gen ol WHANY Ui ALY ®
ofal A AlLuto] =Alelgdy] wf Folabn e
. @4 protoplast fusion 714 & S8 Az
R AGE A= AL g2 FAA) A7
. 2 dFol M+ 29 hypocotyl callus
H o] DAZAIF 1 of7|e) P& pH,
K' 2211 GAE #8417 ofg d48d¢
DNAZ} M Z gtog g 4 ezl 7}
ﬂii‘lt}.

ox oé

o]

o & L

Mot o ¥ P o odr

o X
%,“-‘;L’nzawwe
2l Py

ok
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MEHE F¢ 4484 dolst MAE HF 44

1. 3x& 2% AHazfsledA 1.0% NaOCl &0
2047 A2 Sl Polgo] MY Ehn Fd AP
= Axao|gig

2. & dl3F <22 hypocotyl,
cotyledono 2 callus& §7]4}#Za BA 0. 5ppm>}
2.4-D 1.0ppm& #-F3t= MS wiz|7} 7} &3H
olglon 4§ ¥9'¥ 2+ hypocotyle]l Y 432 g
callus & 3447}
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