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1. ABSTRACT

Protoplasts were isolated from callus derived from the bulbils of garlic
cultivars 'Namdo' and 'Jejujaerae’, and were fused by polyethylene glycol
(PEG) solution.

When treated with the enzyme solution of 1% Macerozyme R-10 and 2%
Cellulase R-10, callus induced from 'jejujaerae’ yielded the highest number of
protoplasts (1.8><104pr0t0plasts/mL). The number of protoplasts from 'Namdo'
was highest (1.1><104pr0t0plasts/mL) when the callus was treated with an
enzyme solution of 1~2% Macerozyme R-10, 1~2% Hemicellulase and 1~2%
Cellulase-RS adjusted to pH 5.3. The optimal duration required for enzyme
treatment to produce took 4 hours.

The frequency of protoplast fusion was highest when treated with PEG
solution having a molecular weight of 6,000 daltons at room temperature for
5 minutes and then cultivated for two hours in the dark.

The fused protoplasts were cultured at 25°C with 16 hours photoperiod in
MS medium containing 0.1~1.0 mg/L = 6-Benzylaminopurine(BA), 0.1~1.0
mg/L a-Naphthalene Acetic Acid (NAA) or their combinations. Colony was
induced from fused protoplasts in 2 weeks and then cultivated in 1/2 MS
containing 1.0 mg/L BA and 1.0 mg/L NAA. Colony formation is an

important step leading regeneration of the plants.



2. INTRODUCTION
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3. MATERIALS & METHOD

3. 1. Materials
3. 1. 1. Materials

AN Mz=2 AEE Os2 9N MFE X[FG0lM 7HE ROl R{HfE[n
A= S 0rs (Allium sativum L. cv. Namdo)dt NFEM2NS0ts (Allium
sativum L. cv. Jejujaerae)Q| FOIE WA EHd=2 M&ESEL, 5% NaOC

S0 1027k AX|BICE 1 B0| 70% YRS 227 A= o 5

r

Bo2 3~42] MHIUC O] 2= FOLE 1/2 MS HIX|O| X|&5t0 2
5C, 16AIZH &, 8AIZH &f =AM BiLUCE 2570 Hi Yot 7, $TEHS
Flotal LS HiX[Of X|&5t0] 24A|2t & =A== 7| HiYSHRILh =H

7] HIYZ SN 2 calluset 1/2 MS B X|Of|A HiSH FOIE

o
o¢t
|1l

X LtE MEZ O|Z5HRILCt
3. 1. 2. Chemicals

KUIHEK| LtE0| AtEZ=l Macerozyme R-10, Cellulase RS, Cellulase-R10
BAE= MaximBio HEZE AF238IY 1, Hemicellulase'= Sigma HEZ2 At
SIQICE g0 =0{7I PEGe Fluka HNHEES AtESIRI1, mannitol,
sorbitol, MgCl,, DMSO, DTT, MES, casein hydrolysate, glucose= Sigma

Mss 20l O|E5tRAL,.



3. 2. Methods
3. 2. 1. Protoplast isolation

AN L= AFRE ZA9 X2 1% Macerozyme R-100f
Cellulase RS 0.1, 0.2, 0.4, 0.8, 1.0%°| =gt 0.1, 0.2, 04, 0.8, 1.0, 2.0%
Cellulase-R102 =got 10552 A =gt 2% Macerozyme R-100j|
Cellulase Rs 0.1, 0.2, 0.4, 0.8, 1.0%2| =gt 0.1, 0.2, 04, 0.8, 1.0, 2.0%

Cellulase-R10E& =¢Tst 10559 &

4
ot
£l

A=otH 1% HemicellulaseOf 0.1,
0.2, 04, 0.8, 1.0, 2.0% Cellulase-RS Z=zt1} 0.1, 0.2, 04, 0.8, 1.0, 2.0%
2

Cellulase-R10E =3t 10559 &
2.

OOII
PN
0
@
c
o
(%]
@
pe.
n
10
IIOJ
_'_J

0.1, 0.2, 04, 0.8, 1.0, 2.0%

Cellulase-R102 =%l 1055 gA=ctdHoz HMH 40 XTHo| 4=

oo

S
MBS HFHE L= O|8MCh A= mannitold} sorbitol?] k&
Ztz+ 03 M2 1M3sIg 1, 1% DMSOQF 2 mM DITE M7pgin, 3 20
mM MES2} 0.6 M mannitole] =& 17dot LR 5 mM MgCLet 1%
DMSOE HM7IgHCE MAMO|A L3t ZHPASE 1~2mm EOZ X210

oo Jtset A oM =28 10mLo| 1go| HIE2 FIIAULL =

AE8MS HEgt = 1, 2, 3, 4,5, 6, 8 10, 12, 24A|7t T2 AAHEEK 9
LIZ &8 hemacytometerE O|28jA EAIJ}MCE FMHEHS W5
solution} 0.55 M mannitolE& ArE3MNLCl AFEK £=He= tubel| TAK
2|7t 2 AYEN 48Us 32 150xg0M 10=27F AY=Z25te &5
HS FHOIALL Aot AGEHE THEU2Z 150xg0|M 527 2

oH
222 2~33 ME HHESHA THRO0| MEHCE

3. 2. 2. Protoplast fusion



Hr0b=0| Z2{Aet MFAeiB0rsel FotoA Lisst AHENE O
goto] 8S AIZSIAUCL 4 T FYINC 525 ZZ 5 x 107
protoplasts/mLE ™3I X|E 60mme| HEZ|C|¢0 1~
PEG 60002 AfEo| TtE g{Ed (PEG 7mL + 2= 10mL +
DMSO 10mL)2 4¥E ZO{ERICE O A0 &2 /Y
BO{E2|1 HIEO| ZOF B5|7] 25 5EZt YASHALt 5 =0 JAIE
=8 0| A& A1 &

= WSS 6mL H7otd 25COA RISENOIAL 24|12t
UL 2A12F =, 50xgof|lA 227F AY=ZE[otl d5s mzie
B MAYUE. &SAH0| MAH 7 +=H=l AHEME EAl W5

oof 207+ B2 k.
3. 2. 3. Protoplast culture
g8E AWM K=} Al7|7| YA W5, CPWI3M, MS, LSz

S|MAIZACE (Table. 1). 54 A2l EEEME 222 HiX|

=
of A=2dS3=EHM (NAA BA 24-D)7} H7iet = ZtZfo| HIX[O|A =
o
=}



Table 1. Composition of culture medium.

Linsmaier & Skoog (LS) CPW13M W5
NH4NO; 1,650 mg/4 KHyPO, 27.2 mg/d 154mM NaCl
KNOs 1,900 mg/¢ KNOs 101.0 mg/¢ 125mM CaCl,
CaCl».2H20 440 mg/t CaCl; - 2H20 1480.0 mg/¢ 5mM KCl
MgSQO4-7H.0 370 mg/¢ MgSO, - THs0 246.0 mg/¢ 5mM Glucose
KHoPO4 170 mg/f KI 0.16 mg/t pH 5.6
Na,EDTA 37.3 mg/¢ CuSO, - 5H20 0.025 mg/¢
FeSO4 7HO 27.8 mg/t Mannitol 13% 130 g/¢

MnSO4-4H20 22.3 mg/t
ZnS04:7H20 8.6 mg/k
HsBO3; 6.2 mg/4¢
Kl 0.83 mg/¢
NasMoQO4:2H0 0.25 mg/l
CuS04:5H,0 0.025 mg/¢
CoClz:6H.0 0.025 mg/4
Thiamin-HCl 0.4 mg/2
Myo-inositol 100 mg/2
Sucrose 10,000 mg/¢
pH 5.8

3. 2. 4. Colony formation

wWsoz s|MEt & 222 RE517| &) 1/2 MS X0 1 mg/L
BA, 1 mg/L NAA, 0.1% casein hydrolysate, 1% glucose, 0.55 M

L-mannitol, 0.6% agaroseE M7}t 5 x 10° protoplasts/mLe| s &2

SYE AAENE HIY}CE S EL 0N AHAE FESH| Qs CHA] 7|
2 MS HiX|0f 2 mg/L BA, 0.02 mg/L NAA, 3% sucroseE HM7tst B X| G

= MEIE AL EIE TASH| 2IBA ZeissAte| Axio Scope

£ M8t ME=HE =AML



4. RESULTS

4. 1. Determination of enzymes combination and incubation time

according to protoplasts isolation

2

ogt
A
o

=AM Li=o| Mot =S 7| o ER0is2 FOIZREH =
o

7| BHF=l ZH2{ A0 Cellulase RS, Cellulase-R10E X 2|t At =& 2t

_

o
wmash XO|S LIEFCE TP AMutst $&0 XS 1% Macerozyme
R-1010} 2.0% Cellulase-R109| &A=3tH0| 7t& ZupAO|QACH (Fig. 1).
=5 AWK 0| 0|87 Melst HES LIERACH (Fig. 3). %
.

AL 111 x 10* protoplasts/mLZ

Mo
r
of
H
o
mr
10
-
o
2
>
wo IE
0=
rmn
[

LIEFRICE F=OFOf A 2l El A2 RYEN UEo= ofFE 2HFOo|
ARULCE Ot LI=EE Kim £ (19861)1} Tashiro S (1984LH), SuhQ}
Park (199514)0| et ZEC} X2 LX|OH HEfQF AEHE H|=8A L}
EFRICE (Fig. 3). HM=FA2fS0t=2 FOt22H =27 HigE A0k
Cellulase RS2t Cellulase-R102 X 2|8t Zu} Cellulase RSOHM = LIEO|
X UtX|Ot Sreopsar 2t0]  Cellulase-R100J A 185 x - 10
protoplasts/mLe| LIE&S LtEtH SN 2.0% Cellulase-R10S 4A|Z!

Stls M Of= FOF ZZA0A FYEA =0l 20fNel A2z

—o = = -

s
n

i
o

S| ALt (Fig. 2).

Steorsol  FOF ZP{A0  Cellulase-R1I0E  2.0%Z2 1O 7HA|Z|12
Macerozyme R-10, Hemicellulase®| =ZE& HZ| oM HZ|H2 M
HemicellulaseO M= L}=0| E|X| Q1 Macerozyme R-100] sz £ &
2l ShA A2l HE U X2 6A|ZE T 1%2| Macerozyme R-100{Af 19.5
x 10* protoplasts/mLEZ 7}& =H LIEFACH FOIREE Q& A0

M Macerozyme R-102| S& X}O|= L}E £=80| LIEILIX|] QLT 1%0]



SCOMP LS 80| LIEIYTH (Fig. 1). HE0tsDt MEMHS OHs2l
AHTH LtZ 82 5~6A1ZH H2|0JA EX0 XSl gete 0|20
RIX| QEQUCH O[S H2| AIZHO| ZO{X|BA M ZBtO| QF&hX| D MZ7}

APESHHA LtEfLLE Sdfol2f dZ&lCt.



Fig. 1. Effects of concentration of cellulose-R10 and incubation time on

protoplasts from ‘Namdo'.

25,0
20,0
]
=
E
gyl B 1%M-R10/0.1%C-R10
g B %M-R10/0.2%C-R10
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=) B 15%M-R10/1.0%C-R10
o 3 o o;)a_.l.m E
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Fig. 2. Effects concentration of cellulase-R10 and incubation time on
protoplasts from 'Jejujaerae’.

5.0

20.0
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T
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*Data represent the means + SDJfEanﬁend
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Fig. 3. Isolated protoplasts from two garlic cultivars. A) Jejujaerae B)
Namdo. Olympus IX70 x20. Scale bar = 100pm
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4. 2. Cell fusion between protoplasts derived from two garlic cultiavrs

g0l HFMHE otz FotoM LizE AYEM 88 ANHzUS
o1 o A2t B2 SHES EIUCE A T 2479 HHY S
302 A=z IHEet 2n Mg sEgs Axs O 60%2 =2 8¢

2 RACH (Fig. 4). StX|T A[ZFO] X|LtHA &0 HA 425t &2

=
Ct. 2[EH2=2 TH ol 8LE2 20% =S LIEILHRY

HI
_\,J
0
Q

Ct (Table 2). 0|24gt Zit= Otz QIHI HHZREH FZot ALEHME

AMESH A2 EIE X0gstE 204% (Kim &, 1986), SOt Q1L

ALt OFXHA| &8 MEHM el MEZ=tof et Ay dit=s HALX @0
UL}

_13_



Table 2. Cell fusion between protoplasts derived from ‘Jejujaerae’ and

‘Namdo' for the indicated times.
Fusion No. Protoplasts 1st fusion after 30min after 1h after 1h final fusion
treated 30min
between 10*proplasts/mL % % % % %
JeJujaerae 18
Namdo 1.1 67 + 053° 54 + 027 48 £ 016 39 + 018 20 + 013
+ SD of ten independent experiments.

*Data represent the means

_14_



Fig. 4. Cell fusion between protoplasts derived from two garlic cultivars,
‘Jejujaerae’ and ‘Namdo'. ZIESS Axio Scope x 20. Scale bar = 100um
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4. 3. Division of protoplast

=00t MFX2fE0t=2 FOHA Lisel RYEN=ZRH H=E
SYME ME=AIZ|7] flof @M 25C L=A0 {

5A, 5B), ==t HiX|Z SiCt Lzt AEE s
7|3 ME=tE ot Aot BAt NAAS| 275 HIISH HIX[OM= &
XN2| HiX[Qb XtO| 2 ERALC} (Table 3). 7|2 W5, MS, CPW 13M H{X| 0|
[Xl= EEsIRA2Lt (Fig. 5D), 4€m7} =AM 25 AZStE

=
Ae oEg & URACt (Table 3). o2t ZHH = sZst7| {8 22 L

£ 3¢ M=t GEHES ZYSHAUL. Suzuki S (2002)0f ofof {29
Ceel ERYHYYE U0 2 A7 EAKRe Lz, 0| F HEY

ZZHE gdAZ &= UMUCE (Fig. 6). X =5ek E=L|E 0|&dt0] A

Has 7 0| el = AYEEY M=HE MESotnxt oot
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Table 3. Survival rate of fused protoplasts in 3 kinds of media and

combination of BA and NAA.

Hormone
Media treatment 1 day 2 day 3 day 4 day
BA/NAA
(%) (%) (%) (%)
0 32 + 03 12 £ 03 4 + 04 0
CPW13M 0/1.0 15 = 0.2 6 £ 03 0 0
1.0/1.0 7 £ 03 0 0 0
1.0/2.0 0 0 0 0
2.0/2.0 0 0 0 0
1.0/0 2 £ 01 0 0 0
0 24 £ 0.2 8 £ 03 3 + 02 0
MS 0/1.0 9 + 03 3 +01 0 0
1.0/1.0 0 0 0 0
1.0/2.0 0 0 0 0
2.0/2.0 0 0 0 0
1.0/0 0 0 0 0
0 48 + 0.1 33 + 01 15 + 0.2 0
W5 0/1.0 13 £ 0.2 8 £ 0.2 0 0
1.0/1.0 0 0 0 0
1.0/2.0 0 0 0 0
2.0/2.0 0 0 0 0
1.0/0 0 0 0 0

*Data represent the means + SD of ten independent experiments.

_17_



Fig. 5. Division of fused protoplasts of two garlic cultivars, 'Jejujaerae’
and 'Namdo'.

A) Fused cell. B) Budding of protoplast. C) Division of cell from
protoplast. Zeiss Axio Scope x40.

D) Division of fused protoplasts in W5 medium.
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Fig. 6. Budding of colony from fused protoplasts in medium.
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5. DISCCUSION

S 0t=1t XNFX2fE0s FOtoAM JAAENE LiEst 20t sgot =
A9l 1% Macerozyme R-101t 2.0% Cellulase-R102 MZ|St=2 O 2t

= Z
11.1 x 10" protoplasts/mLe}t 18.5 x 10" protoplasts/mLE Q0 = =
k=3 o

N
Rl
Fﬁ

2= LIEFRICE M| AZt2 HR0t=2 5A12E MRS ot=
2 o¥s M LiE 8290 EUCH UHEO 7k =4 U2 M2l Alzt2
232t 6A|ZHE SA[ZIOIX|2H AHEN 7} =HgotA LIEHGCE 22K 2|7t
MZHE HASHE g0 X2l AlZto] ZojFof et MZ8oe
= 0Kl A2z YA=lth AYEHMel MERE floiME SAIZH 44|
e Mool AEEMTE et Az WCHECH XE=tos BATL &

=
A zastctn 2e{A QUL Riueb Park (1992)2] E10f M2

2
1=
Mo
>x

MSt=0| 20| QULCE Callosel| =% 2 BAS| ¥oks woo=z BAS| H
te MZ2Y MHdos e F0 MeE=ts FAU = A= ALt 0]
e =22k BIX[0 1.0 mg/L BAZ ®7I S W E2LUE &2 +
URALL (Table 4). 2l Sot E2L = =&7| HES S 22 F=0 A
8ot el &2 MeEeE S sLA=HE ES + US A2 A
= &L
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Table 4. Determination of hormone combinations based on formation

of colony.
Media Hormone 3 days 5 days 1 weeks 2 weeks
treatment
BA/NAA
MS 0 0 0 0 0
0/1.0 0 0 0 0
1.0/1.0 10.7 £ 0.8 10.7 £ 04 7.7 £ 0.5 0
1.0/2.0 9.6 £ 0.2 4.3 £ 0.9 2.1 £ 0.1 0
2.0/2.0 11.3 £ 0.5 6.7 £ 0.2 3.2 £ 0.5 0
1.0/0 325 £ 06 21309 187 £0.3 9.6 £ 0.5

*Data represent the means + SD of ten independent experiments.
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