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2,4-D : 2,4-Dichlorophenoxyacetic acid i CgHgOCl:

BAP ! Ng-benzylaminopurine : CizHiNs

CCRN : Citrus sinensis (L. )Osbeck var, Cara Cara Red Navel
CPW : Cell and Protoplast Washing

DMSO . Dimethylsulfoxide

DNA . Deoxyribonucleic acid

EDTA : Ethylenediaminetetraacetic acid

FDA * Fluorescein diacetate

GAs : Gibberellic acid: CjgHz208

MES i ( 2-N-Morpholino ) Ethane sulfonic acid
NAA ! @ -Naphthalene acetic acid: C;zH100:

PCR . Polymerase Chain Reaction

PEG : Polyethylene glycol

PVP : Polyvinylpyrrolidone

RAPD : Random Amplified Polymorphic DNA

RFLP  : Restriction Fragment Length Polymorphism

SDsS * Sodium dodecyl Sulfate
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Summary

The purpose of this paper is to establish the method of protoplast
fusion between 'Citrus sinensis (L. ) Osbeck var Cara Cara Red Navel (
CCRN )’ and ‘Citrus sulcata Takahashi ( Sambogam )': CCRN has useful
genetic characteristics but is not suitable to grow in Cheju due to
the lack of cold tolerance, On the other hand, Sambogam is one of
domestic varieties characterized by last harvest and strong uptake of
nutrient. The enzyme composition for protoplast isolation, and the

conditions of protoplast fusion and cultivation were investigated.

1. The optimum enzyme composition for protoplast isolation was 0.5
% Cellulase, 0.5% Macerozyme and 0.1 % Pectolyase for Sambogam, and
0.3% Cellulase, 0.3 % Macerozyme and 0.1 % Drieselase for CCRN, giving
the protoplast yield of ~1 X10° protoplast/ml. The best plant
materials could be obtained from young matured leave (1 ~2 months old)

of Sambogam and 4-week old callus of CCRN,

2. The optimum protoplast density for fusion and culture was 6 X
10" ~ 1.5 x 10° protoplast /ml. The same volume of protoplast sample

and PEG brought about the best fusion.

3. One of the most important factors to get good plantlets was to
cultivate the protoplast under the dark condition until embryo
formation ( 6 weeks ). If the protoplast were cultivated under the lig-

ht condition then microcalli grew loosely and finally died not to



form embryo. The formed embryos were grown under the light condition

for greening.

4. Among 21 arbitrary primers, 6 primers(OPH-04 GGAAGTCGCC,
OPM-13 AGCGTTCACTC, OPN-07 CAGCCCAGAG, OPH-15 AATGGCGCAG, OPAT-04
TTGCCTCGCC, OPAT-13 CTGGTCCAAG ) showing different PCR band pattern
between Sambogam and CCRN were selected, Using the selected primers,
it was conform by the RAPD technique that the obtained plantlet was
fused with Sambogam and CCRN,



I. A& &

ZEe AAZRez 308 #A4 34 shutoitt. 19989 FA0Y T Al
ostd, AAMAL ZFAAAA LS 1,601,679 hac] @3k, e et 7
2 AExo ZgE o ¢y, 25,860ha® A MA xjuiHAA e 3. 6% A
st glch MFZoA Fase %Y fEEL FuoA Lus3 9l
i, AT B uH, d4&, Aol A=A e, FF, Aol, # FLE
+25H2 dtd, dA AF=E v 2+YY 60 FEE A=A L QT
'98 TEBACE ). FAE AF AP EZ A £UdF d4A AS F
7tet delq 71&y #HE FAReRE FAYE Z7 oML AUth
ZAYE ZAFI ANAE +UHE AER 90%8 AANAAM Frjid]
Ags] gt W AE WA K& EUse FFE KYs:
Aol dighAsict, spAl, 2AAE JF Y3t Ausirele 4% 2
27 AMFE AER wold YA v old BRHFHA FUY
FEHS 2928 AFEoA et IR FFE UWE doE2N 3
Ag + drh

AR AT HEA Y S R s Zsta siAR T Ho
A (R F T, 1992), AT BAPAA BH3}7] o2 WA <A
& B8¥ 4 de FFolvt. wA, o F FFNY 44 Al Y
dAAkE, AFEqAN FZo] JheddA: WA FFo S4& A
BHBE e FF ¥ Aolth

FE3E& U=Re YL 4%BAA §UYel Wt RHESTE o= B
B AYEFEFIULE BN F45TY FF3E FEM F £+ U2, A
st Al BF& & 4+ d+e A= drh

ol T2 AYol sbesiA H Ay UA U¥ dy:, 18829
Klercero 4 wA& o] FolHrt o] 3] 4¥A e 7}t o Fof
A ARE R AX2HEY 7AAA YPoE NE d¥AAIL &=



Belg g Aojth. 2y AZolAN €& 4 Sle AFYANL o] Wt
3] HojM H AAE AL EyPch. ol F, 1960Y Cockingoll 2 sjA 7]
A& wo] oty Myrotheciumd ( fungus ) ol Al 2| ® celluase B AH
2l & B3 doldt Y¥AAE ol F viBeR FeyY 4 s Wi 2
2 HAE 48N vl 4FE AE ol Lu5d7A FUL AL E
tsstA Tk, AYAM S¥ol thy BT 19099 Kusterol A F
GAQ WPes olRed o FRAY Ao ¢itiz 1970de] Powers}
AAUESS SUBAR AEstd K404 U HFAAH oo,
197241  Carlson Sof <&l3] wul = Nicotiana glauca®?l Nicotiana
langsdorffi 7tollA o|Fo] A5, 1978d Gosch®} Reinerto] 2]3lA Atropa
belladonna cv. Lutea D611} Petunia hybrida cv, Satellite?] &7t Z&F 3
7t 28354 =gct. A2 P HAANENE AMEL AEVAY ALHI o]
Foj2 AL Vardi (1975, 1982)8 A|ze 2 3Flo Vardi®l Galun ( 1982,
1988 ), Kobayashi ( 1988 ) 2 2] 3 Grosser ( 1987, 1988, 1992, 1993, 1996 ),
Louzada (1993 ) ol 2l3] ®V7tA = HUSIA o] Fojxln dow, HIA
X4 AEL 100F o]itol] o] &t} (Grosser, 1990). ©]2o]lE Ohgawaras}
Kobayashi % (1985, 1991 ), Hansan Basri Jumin®} Nobumasa Nito (1995,
1996 )¢] ¢3¢} Kaniaki Sugawar (1995)2] A F7-Eo] 23 49 43AN ¢
e FY FAAY/L LIAAT. FYeE d2 AEA HAE2
Nicotiana, Datura, Hyoscyamus, Petunia, Daucus, Solanum, Brassica,
Medicago T2 10 & ()l chzhd LA gl o F AH/PLRE:
ZZH7t Fd3ich

H AZYUDNA Jlgo] ddte] o] F o] &Y HH VW] F¥sta 9
3t HHs A8 e fAAE AMESEA AJHEs EAdIU #F
2 Y52 oz Fo| gt oo Hld LF AN FUYUE T §F2
AMEA ] UAstEe F2 ¥$AF s AEZEE FF5& AAUA stEAME v
2 ZFAA A& 4 Sivie FEE JHAZ Ak B9 opuzt oA 7
ML SFolA A Slojvtx Zg I Fol it 43 I /18L&
o] &Y &F & =doleted = st dUch A, WHFEAN Y
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1. =& g uhy

1.3 AN =

1) 28z WA ( Citrus sinensis (L. )0sbeck var. Cara Cara Red Navel)

A2 ALY 292 dejas vF EZeriFo Sl AEd T4 (
Citrus Research and Education Center, CREC ) ofA] Horul e CCRN # 8 A
& Alchuiek wiA] (Table 1)of 6Futrt Alchujgdte] F4H Z(Figure la)
& AH&3ict

Table 1. The composition of Citrus sinensis(L,)0Osbeck var. Cara Cara

Red Navel callus subcul ture medium.

compound g/ liter compound g/ liter
NH4NO3 0. 825 CuS04- 5H:0 0. 000025
KNO3 0.95 CoClz-6H;0 0.000025
MgS0, - 7H,0 0.185 Myo-inositol 0.1
KHzPQ, 0.075 Thiamine-HCl 0,01
K-HPO, 0.01 Pyridoxine-HC1 0.01
MgS04- 7THz0 0,185 Nicotinic acid 0. 005
KH2PO4 0.075 Glycine 0.002
KzHPO, 0.01 CaCl;:2H,0 0.44
KCl 0.75 NazEDTA 0.0745
H3BO03 0. 0062 FeS0,4- 7H:0 0. 0557
MnS04 - Hz0 0.0168 Sucrose 50.0
ZnS04: 7H,0 0. 0086 Malt extract 0.5
KI 0. 00083 Agar 8.0
NaMo0y - 2H20 0.00025 pH 58

~4 -



2) ArR 3 ( Citrus sulcata Takahashi ) 8] § 8

Azz 2d AgFoM AuisE g 4R FAFE AN EH
AT 5, B35 4~58 MAsle] 27T, 2,5001ux, 1/4 MS ¥jz] ( Table
1) ol A total 7ol 1~ 2 7Y wieksted 42 HEY (Figure 1b)& %
AA Fele] A& 3torct,

Table 2. The composition of 1/4 MS medium for Citrus sulcata Takahashi

seed germination,

compound g/ liter compound g/ liter
NH4NO3 0. 0415 KI 0. 0002075
KNO3 0.475 NagMo0, - 2Hz0 0. 0000625
MgS0, - TH,0 0, 0925 CuS04- 5H0 0. 00000625
KH.PO, 0.0375 CoCl;-6H.0 0. 00000625
KzHPO4 0.005 Fe-EDTA Na-Fe-3H:0 0.0422
H3BO3 0.00015 Sucrose 10
MnS0, - H,0 0.0042 Agar 6
ZnS04- THO 0.00215 pH 5.8




b . Citrus sulcata Takahashi

a. Citrus sinensis (L.) Osbeck var,

Cara Cara Red Navel callus

Figure 1. The samples used for protoplast fusion.

2. HYIAN 29 Y 8

1) d¥AA Fel g T4y

HEAASE Festr] Y EL L9 CCRNY ZH$o]l& Kobayashi
(1985)2] Zz4& ozt 3% 7 (table 3)S A€, HRZY o
Grosser (1990 )2] 2 & +H K A (table 3)¥T}. Table 38 2= XT3
3l Z =< ¥, pHE 5.8% W 3, 0.2/mmembrane filter2@ of 3}

A} g 3t oA x,



Table 3. The composition of the enzyme solution for protoplast

isclation.

For CCRN callus For Sambogam leaf
compound £/ 100 ml compound E/ 100 ml
Mannitol (0.7M) 12.8 Mannitol ( 0.7M) 12.8
CaClz (24.5mM) 0.036 | CaClz(24.5mM) 0.036
NaH;PO4 ( 0.92 oM ) 0.001 | NaHzPO4 (0.92aM) 0.001
M.E.S (6.15mM ) 0.012 |MES(6.15mM) 0.012
0.3% Cellulase Onozuka R-1¢ { 0.3 1% Cellulase Onozuka R-10 { 1.0
0.3 % Macerase R-10 0.3 0.2 % Pectolyase Y-23 0.2
0.1% Driselase 0.1 1 % Macerase R-10 1.0
pH 5.8 pH 5.8

2) HaAe

ARz By, Fd F2Y 3% B2 H MY E ol &sd dNS
HASY dAAE 7NE 1mwAEY Yu|E 23, 3pl2 XA (Table
3) 3ml& wjufR](Table 7) 7} ¥H4T &4 60on X 15 ZAE
HEztHe HAAZ ¥ A7) (Red Rocker, Hoefer Scientific
instruments, U.S.A)& o|23l 20~25rpnl & REIAFIHMN 27 ColA
12~16 Al HEH S &3]A AL,

AL AL A QG ¥ 437 A4E 2 1g FE oA, &
48 HEr)HoAH ReBog Add FEH Yojg ¥& 5 table 3
Z749 R4 6nle] FAAY ¥ AY7|olx 20~25rpnoE A7 H
M 27T olM 12~16412 AlEHE B3 AT



3) ¥¥AA el A

AEz gz ALy APIAE Tl FAANI A LA
I AR EYH &9 A (45m stainless steel, Signa ) & A3 4 ¥
AN} B3 E°H #HAZE 2 ¥Uch AE FAT YL 100l HE
gl @o] Yol 1000rpm ( Hanil MF 80, Korea)ojAd 1027 fAEesidn,
xedg el g AAEo| CPW stock 13} stock 2§ 21zt 1mt¥ 33}
o 25g9 sucrosed YI 1000l & 2& &AL 5n! 713t HE A Zcl
o] Betoye] abZo| CPY stock 13} stock 28 2t 1ml®g Y 13g2
mannitol& Yol 100nlE WE £ 2plg sl 7S F3, 1000
rppoll A 687 WA R e T} (Grosser, 1990). A AT A2 WHA A
5 25 oA 22 HHE& ALYt d4dEe ¥ CPV 13% mannitol
3} CPW 25% sucrosed Alolo] Ezi3le= WY AAE 43l AMEL H4
Eeaztel] W 5mle wjorwjx] (Table 7)& Wol, 1000rpmol A 108 ¢
AdEste WHoes 33 MYyt A¥ ¥, hemacytometer ( Neubauer,
Superior,Germany ) § ©o|-€3lo] (¥ AN xAEF FAPYLE N UPAA
& 71 2 AL Ut AEHJE =AU #iste] FDAY ( Larkin,
1976 ) & o]-€3}% =), 5mg of fluorescein diacetate /1 ml of acetoned
T 5x70.01%7 HE=EF ¥ ¥lof dolM 5% F¢ UYXNY ¥, I F
27 #2Q =7 #Hno| A (Diaphot, Nickon, Japan) stolA 7 Z sldr).

4) 5343

M#¥ ¥, hemacytometer ( Neubauer, Superior, Germany ) & o]&3}9
YEEAAY =28 Hyst, L¥AANY WEE 5x10'~1.5% 10
protoplast /ml AE=2 FYHol d%A Z2AFsAct. d=g 23 47
I Peie LAY AA YA TSI 100w E 333A HE:HY 7t
ool 3 1082 7ty AMEEe ¢FHE=F Prt. ¢AH L AN o



100 4£2] PEG &% £ (Table 4) & M7istol 82T HAAY F A £
2 B & (Table 6)o] zt2 9:12 4 $Y &IA& 50£% F H 7}
o] 128 A I3 o] EULY FHo] wjguix g 5004 F 713t 5
B2 Yxsgc) (Grosser 5, 1990). S ZA ¥, YUYW Ayujx &
FF (5008 ) & ol 222 MW E chA] 500 YL 108 WA

ed, o] A& F H o 8T H{FTAHOZ 101y wfPujA LA L
A7t%ch AzE 947 H3tq HECINY FH 8YE A= gy
AgAE Y3 veldgoR gt 27T, 60% Sl ey (

Grosser &, 1990),

Table 4. The composition of PEG solution for protoplast fusion.

compound g/10 ml
PEG ( MW, 1,450) 4.0
CaClz-2H,0 0.097
Glucose 0.541
pH 6.0




Table 5. The composition of CPW salts.

stock 1
compound g/ 100m]
KHzPO, 0.2720
KNO3 1. 0000
MgS0, 2. 5000
KI 0.0016
CuS04 0, 000025
pH 58
stock 2
CaCl, 1.5
pH 5.8

Table 6. The composition of fusion-stimulating solution A and B

solution A
compound g/ 100m]
Glucose 7.2
CaClz+2H;0 0.97
DMSO 10
pH 6.0
solution B
Glycine 2.25
pH 10.5

_10_



3. HEAA WY

SUE ¥ AANI @ HEUHEE AHEALZAL (Model VS-#DM,
Vision Scientific Co.Ltd, Korea) o]l Yol 27T, 60% 5 & RAAAF
A ufordict, wigdsle EFol, AFY FEE &0 F7 st IR
A3 F L¥AA wjokufA 2} 0.146M EME 28|31 0.6M EMEZ} S8 A
Aul 2 EE L4 300 ~ 500 MAAstadch ciA 257 FHNUE o
ol 0.146M EME wixj o} € AN wiGuixrzt S MR Hd vz
£ A7stz 23uich o] wiA & A& HAMFEAM =vF 37t FAHH
wf 7t 2] ¢buf oF Fch.

4. AME JE

YA wgAHAA 3 FHUE Y AES YA HIE 2
M EME vl 2| ( Table 8 )ol &AL #Hol Ful g3, EME Wil A M7l 0%
QAste] Aol 5ond W R wiE WA I = wpA] ( Table 9)oll & A
A g A RAct o wlciujAol N Ag vl & NEAE FEAFZ] 4
3t coumarin} NAAZ} M 71'¥ germination ®}A] ( Table 10 )¢ &AFL
3, germination WiR|o] A |EHE Al 3E Ao cisAHE multi-shoot
& F%37 85t 2,4-D8} 6-BAP7I M I7t® multi-adventitious =] (
Table 11 )of & AFct. o] viA ol multi-shooto] A8 7 Ao cthzlA
v #HE FEAF7 5t NaATE HHE Hel fEwiA] (Table 12) o
%A 59t

- 11 -



Table 7. The composition of protoplast washing and culture medium,

compound g/ liter compound g/ liter
MgS0,4 0.37 Riboflavin 0.001
KH,P04 0.15 Biotin 0. 0001
KoHPO, 0.02 Retinol 0. 0001
KC1 1.5 Cholecalciferol 0. 0001
H3B05 0. 0062 Vitamin Bj, 0. 0002
MnS04-H:0 0.0168 KI 0, 0075
ZnS04 - 7TH:0 0. 0086 Fructose 0.025
KI 0.00083 | Ribose 0.025
NazMoOQq - 2H.0 0. 00025 Xylose 0.025
CuS04- 5Hz0 0.000025 | Mannose 0.025
CoClz-6Hz0 0.000025 | Rhamose 0.025
Myo-inositol 0.01 Cellobiose 0.025
Thiamine-HC1 0.001 Galactose 0.025
Pyridoxine-HC1 0,001 Mannitol 0. 025
Nicotinic acid 0.005 Sodium pyruvate 0.02
Glycine 0. 002 Citric acid 0.04
CaClz-2H.0 0. 44 Malic acid 0.04
NazEDTA 0.0745 Fumaric acid 0.04
FeS04- 7TH:0 0.0557 Coconut water 20 ml
Calcium pantothenate 0.005 Mannitol 81.99
Ascorbic acid 0.001 Glutamin 3.1
Choline chloride 0,005 Sucrose 51.35
p-aminobenzoic acid 0. 0001 Casein Enzyme Hydrolysate 0.25
Folic acid 0,002 Malt extract 1.0
pH 5.8

_12-



Table B, The composition of 0,146 M EME medium for protoplast culture

compound g/ liter compound g/ liter
NH4NO3 1.65 Myo-inositol 0.1
KNO3 1.9 Thiamine-HCI 0.01
MgS0, - 7H:0 0.37 Pyridoxine-HCl 0.01
KHzPDy 0.15 Nicotinic acid 0.005
K HPO,4 0.02 Glycine 0. 002
HaBO4 0. 0062 CaCl,-2H.0 0. 44
MnS04-H:0 0.0168 NazEDTA 0.03
ZnS04-7TH;0 0. 0086 FeS04- 7H-0 0.028
Kl 0, 00083 Sucrose 50.0
NagMo0y - 2H,0 0. 00025 Malt extract 0.5
CuS04 - 5H:0 0. 000025 Agar 8.0
CoClz-6H0 0.000025 pH 5.8
Table 9. The composition of embryo enlargement medium.
compound g/ liter compound g/ liter
NH4NO3 1.65 Myo-inositol 0.1
KNO3 1.9 Thiamine-HC1 0.01
MgS04- TH,0 0.37 Pyridoxine-HC1 0. 001
KH,PO, 0.15 Nicotinic acid 0. 005
KzHPO, 0.02 Glycine 0.002
H4BO3 0.0062 CaCl, - 2H:0 0.44
MnS04 -H:0 0.0168 NazEDTA 0.03
ZnS04-7H:0 0. 0086 FeS0, - 7H:0 0. 028
Kl 0.00083 Sucrose 50.0
NagMoD4 - 2H,0 0.00025 Malt extract 1.5
CuS04-5H0 0, 000025 Agar 8.0
CoClz- 6H;0 0. 000025 pH 5.8

-13_




Table 10, The composition of embryo germination medium.

compound g/ liter compound g/ liter
NH4NO3 1.65 Thiamine-HCI 0.01
KNO3 1.9 Pyridoxine-HCI 0.01
MgS04 - 7TH20 0.37 Nicotinic acid 0.005
KHzPO, 0.15 Glycine 0.002
K2HPO, 0.02 CaClz-2Hz0 0.43995
H3BO4 0. 0062 NazEDTA 0.03725
MnS0, - H:0 0. 068 FeS04 - 7TH:0 0.02785
ZnS04+ TH:0 0. 0086 Coconut water 20 ml
K1 0. 00083 Sucrose 25.0
NagMo0, - 2H0 0. 00025 Coumarin 0.0146
CuS04- 5Hz0 0. 000025 NAA 0.0002
CoClz-6H20 0. 000025 GA; 0.01
Myo-inositol 0.1 Agar 8.0
pH 5.8

Table 11. The composition of multi-adventitious shoot induction medium

compound g/ liter compound g/ liter
NHNO3 1.485 Thiamine-HCl 0.009
KNO3 1.71 Pyridoxine-HCI 0.009
MgS04 - 7TH0 0.33 Nicotinic acid 0. 0045
KH:PO, 0.135 Glycine 0.0018
KzHPO, 0.018 CaCl-2H,0 0.43995
H3B0, 0. 0059 Na;EDTA 0.03725
MnS04 - H:0 0.0612 FeS04- 7H0 0.02785
ZnS0,- 7H;0 0. 0077 Coconut water 20 ml
KI 0. 00077 Sucrose 25,0
NazMo0y - 2H:0 0, 00023 Malt extract 1.5g
CuS0,4- 5H:0 0. 000023 2,4-D 10,08 1
CoClz-6H:0 0.000023 6-BAP 0.003
Myo-inositol 0.09 Agar 8.0
pH 5.8

- 14 -




Table 12. The composition of the root induction medium.

compound g/ liter compound g/ liter
NH;NO3 1.65 Myo-inositon 0.1
KNO3 1.9 Thiamine-HCI 0.01
MgS0, - TH:0 0.37 Pyridoxine-HCl 0.01
KHz2PO4 0.15 Nicotinic acid 0. 005
KzHPO, 0.02 Glycine 0,002
HaBO3 0. 0062 CaCl: 2H:0 0.43995
MnS0, - Ha0 0.068 NayEDTA 0.03725
ZnS0q - 7TH0 0. 0086 FeS0,- TH:0 0.02785
KI 0.00083 Sucrose 25.0
NasMoOy - 2H,0 0. 00025 NAA 0.02011
CuS04-5H:0 0. 000025 Activated charcoal 0.5
CoCl;-6H,0 0. 000025 Agar 8.0
pH 5.8

5. Genomic DNA £ & 32} RAPDE 23l 82 o HA

1) DNA & &

AEZE JAHE 1.5ml micro-tubee] ¥ 5,42 1%(V/V) 2-me-
rcaptoethanol & 713l & wlolE % 300 4£8) extraction buffer (250
mM NaCl, 25mM EDTA, 0.5% SDS, 200mM Tris-HCl, pH 8.0) & Yol 7} 2%
P& FAE FHAM AoM T A2 5 wAstdct. o] FHof PP (
soluble PVP, Sigma MW 10,000) & 33 =7 6%7} §9I=F Hsxa,
o] %32 xwto] 3l 7.5M ammonium acetated® M rlsto] AL L of Al
30F T AT F, 4ToAM 10,000 X gE 107 QA Ea) stk
Brushless D,C Motor centrifuge VS-15000 CF, Vision Scientific Co. Ltd,
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Korea ). 4F AL A} FHo &AM, #&2 F3o] 3lP3l= isopropanolE
748t -20C o 3027 A DNAE RAAD F, dHEA(10E,
10,000 x g, 4T )3t ATA& AASL, AF Aelol M A2A2ct. A
ZH DNAZ 500,42 TE buffer (10mM Tris-HC1, 0.1mM EDTA, pH 8.0 )2
2 % 8YAAAM, 24 RNase (lng/ml )E ¥ 73l 37 CollA 152 ¢
Asta, AESMAN  RNaseE&  H A gl F2 Hy g
Chloroform-isoamyl alcohol (24:1)& 73l ARE HAINE WHE3]
o & ML 5 YRS (108, 10,000 X g, 4T ). 4FdE MEL
RHo SAA e AAE WEY 5 A5Yol 2 K34 isopropanol
< At -20TeolA 102 T HAstAcCt. ol ALHLELe (10,
10,000 X g, 4 °C )3} DNA pellet& 80% ethanol 1mlE MAy§ F AR
slol ] AzAZAch AR ¥ DNAE= Ut 30 42 TE buffero] o A DNA
EF5EE &Asts, RAPDO] ArEE & DNA % (15ng/ 25 )& L3 3lof 2
WE 59 & uwl 15ngo] EEF TE buffer® tha] ¥ Mslgdrt. 222 4
Tol A A 3stalct,

2) RAPD

Operon Atolx A 2% AYE 217/ primerE A 4227 DNASY
CCRN DNAoY cf3lA PCRE& F¥st, T A EFS Hol3d band patternd

= primerE& 67] A UstA+=vl o] FolA primer OPH-04 ( GGAAGTCACC ) £}
OPAT-04 ( TTGCCTCGCC ) B1-& A} L3l RAPDE T ¥¥ICl, F,500 4 micro tube
ol #&%3% DNA 15ng, 10 X buffer (100mM Tris-HCl, 500mM KCl1, 0.8%
Nonidet P40, pH 8.8 at 25°C ) 2.5 £, 25mM MgCly 2 48, 1.5unite]
8| ¥ 8} = Taqpolymerase, dNTP E ¥ & 244, 5 zM primer 2 45 2] 3}
o F 2547 EA stdrt. o wILAE 92ToN 1E WHFFA
H. 92T 18, 36T 1&, 72 ColA 22& ZZ 363 wtEsla, 72 Col
A 108 Hx¢ ¥ el 20CE WA A (Macado 5 1996 ). PCR
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g o2 e A2 AE 92 6 X loding buffer (0.25% bormophenol
blue, 0.25 % Ficoll (type 400 : Pharmacia in water )) 2 £ & TAE Buff-
er (0,04M Tris-acetate, 0.001 MEDTA )olM 0.5 /ml ethidium brom-
ide& ¥ 75l WE 1,4% agarose gel®] wellol loadingdti TAE
bufferg& & A7 EF £7leld AN GFste] LR stolA sAAz
Tt AdE& AW Bkt
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1. 42 HYAH =&

1) ARe] a5 & ¥

AVR 7 QM X ( Citrus sulcata Takahashi )2 A ¢ Z]Uoll A Falgo}a
A 42 FREYE AEstded UR oiYETi= 1~2749 A= o
$+As] AT A (young matured leaf ) & o2& w7} £&0] FUTH(
Fig 2).

pus
F -]
o

120 }

100
<

80
60 |
40
20

protoplast yield (X 10* protoplast/m!}

very young young matured age matured old

Figure 2. The change of protoplasts yield depending on leaf age,.
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dutd oz AvjR|o) A wigy HaA 2L NEZPFE W2, A
HAE P4t e MXEY ey Jejut Aol tigsty] diel ¢4
AA Felg 2oz AN BY FL7 Yol (A 5.1996) A4A &
g onjay ARE AEStE Zeo] i st =d ( Ohgawara 5, 1985:
Hirofumi & 1976: Z %. 1996), & A golM AL o8z AHA AR
2] v AR wjgY Paja A E AEIAE AdFANY
ol g3, vt ZId¥ 47T 3 AYEHATE, A, gA wjgy A
22l B ¢ F 237 A WE w FYAA £ $&° 7t Fria ¥
3 (Grosser, 1990 )%t ®e] Ml oA iyt Aol vt ¥ 4F
b A A& AR 8E Wyl &0 P Fourl

250

Protoplast yield (X 10 protoplasts / mi

Weeks

Figure 3. The change of protoplasts yield depending on callus subcult-

ure period,

-19_



2) ANl zdo]l dYHUA £ A 4%

dyAA Re|drs AlLslE AR A} AL $E 2Ela X
o] &AD Ao B ¥ Wy wRol (Colling, 1998a) E A9
ol AlZE 2AStodol Ut & AHAME B2Y HE = AL
& AEA 14~16A48 B A g o) $2 8 AL, 1642 o] Y
= BASA £&o] ot H4e Aoy o R shutmt g
He ¥PAA Zel7 7t shAIRE o BLAE ARY HEE TYUA
AgstE ol WM BZHol7 R o HLE ALESId $£8F gOl
25 3ot HEZG M X CCRN A A 7 w2 & Ho
£ A2 Table 132} Table 140 A HMujA o= FAF 242t 2oL,

Dela HAANE A7V Figure 40 A 2 ZFo] 12~16A] 2t

120

-
L-4
Q

s |

40|.

Protopiast yield (X 10 * protoplasts / mi}

’ 2 8 12 16 20

Time (hre )

Figure 4.The relation between protoplast yield and enzyme treatment time.
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Table 13. The effect of enzyme concentration on the protoplasts yield

of Citrus sinensis (L, )Osheck var. Cara Cara Red Navel callus

Enzyme concentration ( %
i (%) protoplast yield

( protoplasts / ml )

Cellulase Macerozyme Drieselase
0.3 Y ~ 1 xw“ i
0.5 0.5 0.1 ~ 2 x 10*
1.0 1.0 0.2 ~ 1 x 10

Table 14, The effect of enzyme concentration on the protoplast

yield of Citrus sulcata Takahashi mesophyll cell.

Enzyme concentration ( % ) )
protoplasts yield

( protoplasts / ml )

Cellulase Macerozyme Pectolyase
0. &E v Y
1.0 1.0
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Figure 5. The protoplasts of Citrus sulcata Takahashi (left) and

Citrus sinensis (L.) Osheck var. Cara Cara Red Navel (right)

2. Hed I X B8 =U

1) 2834 34 2 % &2

YA wfgA ol A AAZY BAY 484N W oM E(EM
B)AA7 ol EUHY AEZLY AP} HELEE A7 dEo
ajF doll WFAML =43A Eeldte A Favd (3 5, 1996), W
g A2 3% A{PE o KAV AL ¢4 Yelo] HFANE BH
g 4+ ddrh

2) % 373

Y Yo AZ1F YA AYF Yfel i, Y UYPde E
NaNO;, PVA, gelatin, rabbit immune sera, high pH/Ca++, polyvinyl
alcohol sodium nitrate, phytolectins, pronase E, dextran sulfate,
seawater®} lysolethicin ( James &, 1987 ) 5& o] €% uvl¥o] glc}, &

dFolxe 4 &% WY FoAAN gAML 2o HE FH Ax:
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calciung E st PECYH S Al&3ldlch. PEGE AT MAEEY x4
of F#% plasma membraneo] A W T g Hixdo, G4 BQF
StA s, 2 A ZAY AR AAEC TAA s, U HEE
& MUY F AY JYE P} (Ahkong F, 1975). o[ H PEGY
BE A ol &37] diAE YA W E 2ASE Aol WA
P, dE= 1x10° 3F¥ 2 slgoen, A8 PEC 283 ¥ =
P (A+B) £ 23 1:1:1(v:v:iv)E & o7} $¢HE= A
=7t 7t Fokoh. ool SUEL o 10%x F=d v, PECH A&
o 10% Lo RUEL AHAT(Kao 5, 1974 )= A2 oz stdr}.
PEGS] ol A&7 U o)A wle Y& Wat3a, PEGY %o] A&
ZFel 5 wfdg i AEEol HostA BAHch Menezel (1981) T 9
AHAMNE PEGE A 3%Y o 2 FUYREEL HAg, Arisid 2
38 Uma, AN 2 A2 48 32 gomz % Hol NEo
A& 8t Aol £t} 3 s ¢t Grosser.1991 ).

fr

Figure 6. The protoplast fusion between Citrus sinensis(L, )Osbeck var.

Cara Cara Red Navel and Citrus sulcata Takahashi
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Table 15. The effect of PEG on protoplast fusion ratio,

PEG : Protoplasts Degree of protoplast fusion
0.25 . 1 no fusion
0.5 1 less fusion

1 =1 optimum fusion

2 1 over fusion

3. AN HY

P AN MEHL 23 oA dors wYdy 228 v2& A4
3 utaFolof MEHEE FASIAA HA3A Hcl, dgAAN FH &9
8 FE UR & Bfols AMEY Eol glozm wAUZdAM ¥ o
SlE DNAZL $&3tAY, w9 o] Ax3A Hi ydE, el
FPola, UFE UE BFole AEo Eo] EoqZe=A gAA Hch,
HAANE FAY ¢ U= 245 5= 0.3 ~0.70smole o|H, £ AHoj
AXE 0.4 ~0.70smoleof] A Kol F E Ut 1 o]t} o4 QAE ¥
EoMEs MR Uddol Atk AR Edojul 2 Hideoes HiYY
AX Y=} olEt ( Constabel 5, 1984: Kobayashi %, 1985: Vardi %,
1987), 2 ¥4 NEnict cp2a g, 10' ~ 10° cells/nl A Eo|Tt. &
Ay FLE 6% 10° protoplasts /mlol A 1.5 X 10° protoplasts / ml7}
M Foct MEL WEI Lo RJ|o] Edo A HE AANH Holr}
Alzre]l v 2 w7 Fol=& F¥el Udrh maty &2 Wxe
wWhE M EEdo] & vl R AL oy}, dEa AXE YEF YR W
2 B §90] dojvtes ARY &I AatsN FAHQY wdlo] Ez
Wokrt. dE Aol g3E AR HAA o] F3A 7] M= 6 x 10" prot-
oplasts /ml o} A 1.5 X 10° protoplasts /ml 7} 7}& R ¢t}. g2 wd
AEE NIGUE FF, AEZEEo] doduy AEFo Hojeale AL
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£ YAX, AR 7 E& 10 Y HREHo] Rojof MEI FE3A
D‘oialxl‘- d4g 8 4 ddct UEZ UR WS ZA9E 9d HEE
HolA & A7t Wob Aol AL AL A=

g AlsiA wivt YHE w7t @2 He] ofF FaddEd, MY
3 FRE FeojUdg AERAY RELR picro-calliztza] AdAsigort 3 o
¥ Aol g, welol uwizt B wizbA] deigy AL dAe F33
Fe AR AEAN Hodcoh v ¥ 3¢ IR AUE AEYES ¥4
A, 7~109°] Ad o) NEZREES {EY & 2. 4 2~3F771 A
W& ol {ULoF FAol JtE R micro-calliF sl AAsid I3 <«
xt7b M A8 F718t 9Tl micro-callis 2ZUMMA|Z vlchsfAdA kA
o] TPuE HAEsta MM Moz WHitdR, AZF, oY WE
AXAA AEHE A AT (Figure 7). AAGEu2 UHA] dE AE
S BE 27w 84 olF ZMo| Hact olm] LMo Hie AL 2etA
W AR BEs o] FEVE sGXT, HF w49 vl § BAEA
A AEANE UL b= TA ATt o] & Kobayashi (1985) &
E A v ook, ARG 2AE& AT e A E HoYU ds
Aolste g3 Aol ZBFAZ Added, 100 ~200 =2 H7H
& ol F&o] F2 QAUotT, 300~ 800 L F HIAUL W PKo] T Y
th. 223 1000 ~ 1500 s & WY E wlE HA BKo] F2| ¢k}, o]
= A7ste ALY Qo] MR HF YRE HFEL EoleE I wEol
gta A Zt" .
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Table 16, The effect of protoplast density on cell development,

Cell density cellula development ( weekly)
(protoplasts /ol)| 14 | 2nd | 3rd | 4th | 5th 6th
Poor
0.6 X 10° start No
’ of cell
L No more growth
Cell divi-
divi' Sion
1 x 10° sion
N
2 x 10* Cell Poor cell growth °
vall growth
forma
-tion
6 x 10° , Good Embryo
with
start forma-
no tion
1% 10° ThLs with
cell .
-ion WAL greening
1.5 X 10° VIT 1 Good cell growth
sion
Only
L]
3 x10 embryo
forma-
tion
6 X 10° without
greening
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AE MAZERE Feld YHANE o2y AEA7L Ao
Aol ME, FHul, AP, Y iz YA (zygote )oll
Mo dojzle d¥AAY ohE vt govt, I o HAHNA seedd] AR
Axs gz d2 & HEANE B3It o|Fo Rt (Collins &,
1998b ).

w2 F duld J1to] uvie FAHo ofF Fay HUL nAsd, 3¢
Zbel oivi & stant ¥ Rul} ZZAolM widE ¥ REL FS AE 9
gl & RrEZIE stHev 24Ul 9 &y HyelE PFAAHUAC) 4
fol o dojutAl okotrt. my =3 viyl HAAE ofytA] gujeg § R
e ZUY MEoE H YAHa, oF FuMY M WIS
BE o =9 wjg PAHNAA t1 GAR AYEo ANE LR
th. 5492 FYENE B4 ch&ol o 5mme A7 HAL o), woiuiz
o &AFH wizt AASAAN L4, oA DAZE AX NEANEA
o B35 7tAA =Hoch Coumarin, GA3%} NAA 59 HAXAA 7 Lo
bowAjo] MEME &AFY germinationo] o] Rojx v, o] ujA o)A
germinatione] oyt Foji= F shooting MR o] AFE o] Fur}. o
Ut o 2o il AUANA AFEAE Rol:=(L T, 1998)
GAs9] ¥%E& d UE 4 9A 37 wolrt. 1elz, & A &3}
ol 42l shoot &l @, Ut 223 F F= WAL UElREd,
Gmitter & (1990 )= o] &} Hlxy VA& B v 9t}

Fll’
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wﬁﬁ%}?&%@

E
A i
¢ AR
DR ‘@ﬁ«)w

Yellow/green globular embryo Green globular embryo

Figure 7, The process of protoplast development from naked protoplast to

plant
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{ to be continued )

Heart shape embryo Torpedo shape embryo

Embryo germination Adventitious shoot formation

Embryo rooting
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5. RAPDE 0|23 g8t8ol

FHE AANES ALt WS Add ZHA7 A4AAWN, & dEAAME&
YEAANE &Y A2 oL FUE A YA 442 A& BEF A EA
5 7% ¥, RAPD W & o[ &3lo] DNAS ClHE S AMEoZHN §HAF
& Z A3t RAPDP oM E €48 primer§ A§3td {KAAE %‘-%Alﬁ
o, @714 ge] 2F% = ML Ao & PR AEE £H & 4
Ch, wetd fPAN ¥ F 2% AEE2 g2 e o S
#stslol Ayt wyolct (Kang, 1993: Rick 5, 1994 ). RFLP7} DNAS]
TEEE RolE 4 Q3, 23] zivt2 UM, AT Eo| Yol =&
southern blotting& ®jofdl= ZH = ©e| RAPDZ} X zlo] g3 FAH
Ho] olth(William 5, 1990: Kang 5,1993: Weeden %, 1992: Rick 1994 ),
531, Aulsldolut A gL A7 Fo2 M FUAEE EUsI o o
%ol e ¥d¥ H4 F Lo WE APy wyolt.

Genomic DNA2] &2 Kim F (1997)¢ WHE EU2 3tgd=d, o
HYLe® vid ¢ & DNE €& 4 Addct. £X71 2 DNAY 7
9- 0D 260/0D 2802 ko] 1.8 A=Qd 1.7 F=2 vIY 43 DNAE

& 4 oorh. Weeden T (1992) 2 A ol RAPDAN}E A7 93l
of % DNAY X7 AFAY ¥E vAcia stgden, B dHoM=
28 A¥E HJY 4 Ut €57 A 4 ALE AJGE £ A
E7L ol F Hudlgdi, £E7 -2 DNAojA W=7 MusiA vsted,
27 W2 A9 A7 9% T WEJ Jex dE Aol Addrt.

5% DNAS] oF} RAPD2ES] HAOlAM DNAL] o] Z7lUS+T wxo

Folle #AZL Gou FAos F#e] vtz B up 9lth( Sugawara,
1995). 3 DNAS] <ol UR A& H Lol ¥nsjA ¢ Holxgt,
Fel DNAE ALE¥ A 4% WEJ YR FAY tlE WEE g
sttt vk (Frank 5, 1996). ¥ A Yol WEY Mg R AL
H2 o8 st 15ng DNAS Al-&o] A A aFo]gltt,
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RAPDE %317 #13 M primerd] HdFo] Fattd §Y2 4K &
el Al A S primer§ ZAASB7] 3t Operon AHE 10-mer =tz 2170 ¢
random primer§ AR WA AP2o 24 HAEY A F AR
of zjol& UEtUA ¥t 67012 primer§ & 4 U AcH(Table 18). 17
U, Sol3 MEgydg UefUA st 6708 primerE T} AME A QP 2
~ 3718 primer AN 2T FYHPARE AEH3E o] JedtdM, 7HH
HAR Alolg RoF& OPAT-048} OPH-04& F =2 AME3idth. eyt
zto] & Hol §HME Holle A2 s FHFAMe U ALE 23l
do] 22 RAPDE £Mdlo 1AHeE FUANE = & AN AWE
€olt Zoloj A AAY 3t Wyolela A},
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Table 17. The primer test for RAPD of Citrus sulcata Takahashi and
Citrus sinensis (L, )Osbeck var, Cara Cara Red Navel, Only
the primers in gray background were used for RAPD,

Primer 5 to 3°
primers inducing specific bands
| OPH-04 o < GGAAGTCGCC
OPAT-04 TTGCCTCGCC
0PM-13 AGCGTCACTC
OPN-07 CAGCCCAGAG
OPH-15 AATGGCGCAG
OPAT-13 CTGGTGGAAG
primers inducing non-specific bhand
0PA-01 CAGGCCCTTC
OPAT-14 GTGCCGCACT
oPI-11 ACATGCCGTG
0PJ-09 TGAGCCTCAC
0PJ-10 AAGCCCGAGG
OPK-04 CCGCCCAAAC
OPM-04 GGCGGTTGTC
OPM-06 CTGGGCAACT
0PM-13 AGCGTCACTC
O0PN-07 CAGCCCAGAG
OPN-14 TCGTGCGGGT
OPN-20 GGTGCTCCGT
0PQ-10 TGTGCCCGAA
0PQ-11 TCTCCGCAAC
0PQ-14 GGACGCTTCA
OPW-17 GTCCTGGGTT
primers not amplified
OPB-09 TGGGGGACTC
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1 23 45 6 78 9101112

OPAT-04 reacted with Sambogam DNA
OPAT-04 reacted with CCRN DNA
OPAT-13 reacted with Sambogam DNA
OPAT-13 reacted with CCRN DNA
QPH-04 reacted with Sambogam DNA
OPH-04 reacted with CCRN DNA
OPH-15 reacted with Sambogam DNA
OPH-15 reacted with CCRN DNA
OPN-13 reacted with Sambogam DNA
OPN-13 reacted with CCRN DNA
OPN-07 reacted with Sambogam DNA
OPN-07 reacted with CCRN DNA

Co ~1 O U1 & W

e T ]
N o~ O WO

Figure 8 ,The primers selected for RAPD to confirm the protoplast

fusion between (Citrus sulcata Takahashi and Citru sinensis

(L.) Osbeck var. Cara Cara Red Navel,
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5 6 7 8 9 1011 1213141516 17

2176 bp ~—_
1766 bp ——
1230 bp ——
1033 bp

Marker (DNA molecular-weight maker VI, Boehringer )
Sambogam DNA with primer OPAT-04

CCRN DNA with primer QPAT-04

4, Fused plant DNA with primer OPAT-04

5-9. Non-fused plant DNA with primer OPAT-04

10, Sambogam DNA with primer OPH-04

11, CCRN DNA with primer OPH-04

12, Fused plant DNA with primer QPH-04

13-17, Non-fused plant DNA with primer OPH-04

W e =

Figure 8, The specific band patterns of fused plant and non-fused
plant, the white arrows indicating the DNA bands of the
fused plant.
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V.8 o

2 AdIE RFAHL2E o f U UAU AF= BF2ANME A
Fo] oy g LAAE HKol JlesEF FL AV/AIE 712AdFTEA,
oA PAyxet Al AEA HRAY dolAd YFAANE Eeste 22
3 % 2 MYZAE H3st RAPD WHE ol &3l SFUAE HASA
t}.

1. Z4&90 M MNEAZERY JdYANE E:2317] HlAe
At zte]l 2 0.5% Cellulase, 0.5% Macerozyme, 0.1 % Pectolyase, 9 ®l
2o AL 0.3% Cellulase, 0.3% Macerozyme, 0.1% Drieselased® A} &
P& uwl o 1 x 10° protoplast /nlg} & YV LAN4LL BiFR, ¥
glol AR AR ARG FE gol &7 A FAst ¢ 1/4do] Byt
A2 azla A2 AL Fee AUl F 45371 FAY Aol 7}
¥ EFEETELE B FAL

2. ¥¥AA gRolrl v} AHM P AAY YEJ F2¥ AR
Aestgd=, A3 WEE 5% 10~ 1.5 X 10° protoplast /ml g3, 9%
AN AEet §UFE EFYU PEC 223 $UES =4FE g9 25 7
2t 1:1:18 232 A5 S o7 2 YN E RojFr),

3. 8% ¥, 4¥AA wG FFAM Ho| Fay dxz FLINJE
o, oF 349 Ui 2 FwitS ¥ AL wmicrocallid§ A 3}
fort Felst =&dtn 2UY wE YAEsA Esto ol F Fo] B3y
oh SHAI R w7 HEE wiztA] dujdE ¥ AL AEANE £ A
e BAstdnt. 4 Mg VAU tiLols FrALE ZAH} A
& B483EA Ag BAsact.
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4. RAPD o2 FYUANE A uUsts] 4131 A 21719 primer& R AISHS
Lelxet AR o Kol WE sfE S UElE 6 718 primer§
Ui o] F ol &t MEHA oHAe HARE EF XYE FUAMNE

Fonz N YL HAY 4 ddrh

-36_



Ahkong, Q. F., D, Fisher, W, Tampion, and J. A. Lucy. 1975, Mechan-
isms of cell fusion, Nature ( Lond, ) 235:194-195.

Cocking, E. C. 1960, A method for the isolation of plant protoplast
and vacuole, Nature ( Lond ). 187:962-963

Cocking, E. C. 1972. Plant Cell Protoplasts-isolation and Development,
Ann. Rev. Plant Physiol. 23:29-50.

Collins, H. A., and S, Edwards. 1998. Plant Cell Culture, BIOS Scien-
tific Publishers. p. 46, p. 91,

Constabel, F, 1984. Fusion of Protoplasts by Polyethylene Glycol ( PEG).
Cell Culture and Somatic Cell of Plants, Vol. 1, 414-422.

Frank A., Buffone and Don R. La Bonte, 1996, Random Amplified Poly-
morphic DNA Markers in Sweetpotato Infected with Fusarium Lateritium,

HortiScience 31(7):1215-1216.

Gmitter, F, G. Jr., X. B. Ling and X. X. Deng. 1990. Induction of tri-

ploid citrus plants from endosperm calli in vitro, Theor Apple Genet.

80:785-790,

Grosser J. W,, F, G, Gmitter Jr,, and J, 1. Chandler. 1988. Intergen-

eric somatic hybrid plants from sexually incompatible woody species:

-37 -



Citrus sinernsis and Severinia desticha, Theor Apple Genet., 75:397-

401.

Grosser, J. ¥., G. A, Moore and F, G. Gmitter Jr., 1990. Interspecific
somatic hybrid plants from the fusion of 'key’ lime ( Citurs aurantifo-
lia) with ’'valencia’ sweet orange (Citrus sinensis)protoplast, Plant

Breeding Abstracts 60( 4 ):424

Grosser J. W., F, G, Gmitter Jr., N. Tusa, G. Reforgiato Recupero and P,
Cucinotta, 1996. Further evidence of a cybridization requirement for
plant regeneration from citrus leaf protoplasts following somatic

fusion. Plant Cell Reports 15:672-676.

Grosser. J. W., F., A, A Mouraozo, F, G, Gmitter Jr., E. S, Louzada., J
Jiang., K. Baergea., A. Quiros., C. Cabasson,, J, L. Schell,, J. L, Cha-
ndler, 1996, Allotetraploid hybrid between citrus and seven related
general produced by somatic hybridization, Theor Apple Genet 92:577-
582,

Hasan Basri Jumin and Nobumasa Nito. 1995. Embryogenic protoplasts
cultures of orange jessamine ( Murraya paniculata) and their regenera-
tion into plants flowering in vitro., Plant Cell Tissue and Organ

Culture 41:277- 279.

Hasan Basri jumin and Nobumasa Nito. 1996. Plant regeneration via
somatic embryogenesis from protoplasts of six plant species related

to Citrus. Plant Cell Report 15: 332-336.

_38-



Hirofumi Uchimiya and Toshio Murashige., 1976. Influence of the Nut-
rient Medium on the Recovery of Dividing Cells from Tobacco Protopla-

sts. Plant Physiol 57:424-429,

Kang Fu Yu, Allen Van Deynze, and K. Peter Pauls, 1993. Methods in
Plant Molecular Biology and Biotechnlogy. 287-301.

Kao, K. N., and M. R, Michayluk, 1974. A method for High-frequency
Spectrum Fusion of Plant Protoplasts, Planta ( Berl.) 115, 355-367,

Kim, C. 8., C.H, Lee, J. 8. Shin, Y. S. Chung, and N. I. Hyung, 1997.
A simple and rapid method for isolation of high quality genomic DNA

from fruit trees and conifers using PVP, Nucleic Acids Research, 25(5):

1085-1086.

Kobayashi Shozo, Isami Ikeda and Hirofumi Uchimiya., 1985, Conditions
for high frequency embryogenesis from orange ( Citrus sinensis Osb, )

protoplasts. Plant Cell Tissue Organ Culture 4:249-259,

Kobyashi S., T. Ohgawara, E. Ohgawara, and 1. Oiyama S, Ishii, 1988. A
somatic hybrid plant obtained by protoplast fusion between navel
orange ( Citrus sinensis ) and satsuma mandarin ( C. unshiu). Plant Cell

Tissue and Organ Culture 14:63-69.

Kuniaki Sugawara and Atsushi Oowada, 1995, Identification of Citrus

Chimeras by RAPD Markers, Hort Science 30(6):1276-1278.

- 39 -



Larkin P. J, 1976. Purification and Viability Determinations of Plant

Protoplasts, Planta ( Berl, ) 128:213-216,

Louzada, E, S.,, J. W, Grosser, and F, G, Gmitter Jr. 1993. Intergeneric
somatic hybridization of sexually incompatible parents: Citrus sine-

nsis and Atalantia ceylanica. Plant Cell Reports 12:687-690,

Machado, M. A., H, D, Coletta Filho, M. L. P. N, Targon and J. Pompeu Jr,
1996, Genetic relationship of mediterranean mandarins ( Citrus delic-

iosa Tenore ) using RAPD markers. 92: 321-326.

Menezel C., Kiss Z, Maliga P, 1981. Streptomycin resistant and sensit-
ive hybrids of Nicotiana tabacum and Nicotiana knightiana correlation

of resistance with N, tabacum plastids. Theor appl genet 59:191-195.

Ohgawara, T., §S. Kobayashi, E, Ohgawara, H. Uchimiya and S, Ishii.
1985, Somatic hybrid plants obtained by protoplast fusion between Ci-

trus sinensis and Poncirus trifoliate, Theor Appl Genet 71:1-4,

Ohgawara, T., S. Kobayashi, S, Ishii, K. Yoshinaga and I. Oiyama. 1991.
Fertile fruit trees obtained by somatic hybridization: navel orange
( Citrus sinensis)and Troyer citrange( C. sinensis X Poncirustrifoliata).

Theor Apple Genet 81:141-143,

Power, J, B., S, E, Cumins, and E. C Cocking. 1970. Fusion of isolated
protoplasts, Nature ( Lond ) 225:1016-1018,

Rick V, Kesseli, Ilan Paran and Richard VW, Michelmore, 1994. Analysis

of a Detailed Genetic Linkage Map of Lactuca sativa( Lettuce ) Constr-

-40_



ucted From RFLP and RAPD Markers. Genetic Society of America 136:1435
-1446.

Sugawara, K., A. Oowada, T. Moriguchi and M, Omura., 1995, Identifica-
tion of Citrus chimeras by RAPD markers. Hort. Scie. 30(6):1276-1278.

Vardi A., Spiegel-Roy P,, Galun E., 1975, Citrus cell culture :@ isol-
tion of protoplasts, plating efficiencies, effect of mutagens and

regeneration of embryos. Plant Scie Lett 4:231-236.

Vardi and P. Spiegel-Roy. 1982. Plant Regeneration from Citrus Proto-
plasts : Variabilit in Mthodological Requirements Among Cultivars and

Species. Theor Appl Genet. 62:171-176,

Vardi, A., A. Breiman and E. Galun., 1987. Citrus cybrids: production by
donor-recipient protoplast-fusion and verification by mitochondrial-DNA

restriction profiles, Theor Appl Genet 75 : 51-58.

Vardi, A, P. Arzee-Gonen, A, Frydman-shani, S. Bleichman, and E, Galun,
1989, Protoplast-fusion-mediated transfer of organelles from micro-

citrus into Citrus and regeneration of novel alloplasmic trees. Theor
Appl Genet, 78:741-747,

Weeden, N, F., G. M, Timmerman, M, Hemmat, B. E. Kneen, and M, A. Lodhi
1992, Identification and reliability of RAPD markers, In : Applicat-
ions of RAPD technology to plant breeding, pp. 12-17. Joint plant

breeding symposia series. Minnesota.

-41 -



Williams J. G. K., Anne R. kubelik, Kenneth J, Livak, J. Antoni Rafalski and
Scott V. Tingey. 1990, DNA polymorphisms amplified by arbitrary primers are
useful as 0 markers. Nucleic Acids Research 10(22):6531-6535,

WmER - ERH, 1997, HENBF®, L£EXR., p.108

SEL 2 4. 1996, HHLEIMHMAER - Hid, Wik, pp.88-107, 264-290.

_42_



HAre) @

£ =R YA AW 2d 5 oluYE A ABE sol 4 43
T4YA ZAE S, AAE iR $71F 249, AUy st olua
244, 23 e AL, 24 Yeld, RN 24U 2AE =guc

rlr

393 4Ye ANg s FA $4E HAIAR L BAE SYULH olst 4
s ), i 5183 ZAAAUEAE ankeg APy



	표제면
	<표목차>
	<그림차례>
	<Summary>
	I. 서론
	II. 재료 및 방법
	1. 공시재료
	2. 원형질체 분리 및 융합
	3. 원형질체 배양
	4. 식물 재분화
	5. Genomic DNA 추출과 RAPD를 통한 융합 여부 분석

	III. 결과 및 고찰
	1. 식물 원형질체 수율
	2. 원형질체 정제 및 융합 조건
	3. 원형질체 배양
	4. 식물 재분화
	5. RAPD를 이용한 융합확인

	V. 요약
	<참고문헌>

