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ABSTRACT This study describes conditions for plant regeneration from protoplasts-derived from embryogenic
callus of satsuma mandarin. Plants were generated via somatic embryogenesis. Protoplasts isolated directly
from nucellar callus induced from immature ovule of satsuma mandarin cv. Okitsu (Citrus unshiu Marc.) were
cultured in 0.6 M BH; medium. Cell division and plating efficiency were affected by protoplast culture method.
The liquid over solid method was the most effective for formation of microcalli. Most of microcalli grew rapidly
and transferred onto embryoid formation medium. Optimum embryoid formation medium was MT medium
containing 1.5 g/L malt extract, 0.146 M sucrose and the medium for plantlet regeneration was MS medium
containing 0.09 M sucrose, 1.0 mg/LL GAs. No differences were noticed in growth habits and leaf characters
such as shape, thickness, and colour between protoplast-derived plants and nucellar seedlings. This plant
regeneration system from protoplasts-derived from embryogenic callus provides an alternative way for
producing new scion and rootstock cultivar from citrus species which can not be crossed.

q_ = FoE 5 o] DS FlE oA S0 B 3%
- W go| Bastch LFULS W L el Yol o
B B3 S A A YRE TSET /b 2 SHA SHS AT oA mujo] & AES &
ABAMO|Y Hie] oJ5to] ojolA] Yok, Tk AT Fol f§ of2he HBolck g 24 Hak % 24w I
Y SRAROE $ARAY 240 he ATk, g o) 9 Tl 0o S AP Qo) 45 A

7o) wHjERSA o] 2Ast] LA wujAZte] 7 AL ¥7]7F 23] oJHr} (Cameron and Frost 1968, Vardi
Hi7} oj2lg vt ohel, mufEo] FArt PAEHeke and SpiegelRoy 1978). o] Ao EA4H2o = ) wrj&
FAolA Zol Flo] FHilo] AR YFPAo] A& Fof it AFF SAL Bk A H|awste] 577
H= fdAol EAsE] gl Az 104 ool & o] 24 o] £K8FTh

‘ ol9k ho] A STk o aglo] Hol ofz 71
*Corresponding author Tel 0647304151 Fax 064-733-9564 FAAES 7IWSE 3ol e vt HaEos 3
E-mail: hjan@rda.go.kr A=l 7ka glom, £3] ol JoAs MEE diES




82 - Journal of Plant Biotechnology

5 2 AEE A FF9 S350 94944 1=l
oIt A A|EZEA]| A4 (somatic hybridization)7]&0] (&
31 AR&-E|3L QITk (Grosser et al. 2000). 222 ¥& £3
ot 2] AMZ Ao AEA] Aol AY GAY of
T woba] A 2uogo] ot miF TGS B3 AEA A
A AA7F ofF F231tt (Grinblat 1972, Burger and Hackett
1981, Barlass and Skene 1982, Edriss and Burger 1984,
Duran-Vila et al. 1989). £ QFAA] §HoNM=E 729
A&2ANA 2Tt LFEA FA AZLET} A EA
o] Aol A& ojF|AIL YA ¢7] Yo A UF
AR 2RE Y HEARHE ol AeAE ARIAE 5
U= AlLElY] S FAxZ ozl e HYE Ao
A et dFAAEY AEA ARsbsol 24 HeHo
(Guo and Grosser 2005).

uebd £ ATeIE eFugte) FaxA S Bes
2R Beld 99 aAe) Hope S Y4
oM EE AEA A7 L] AA SHE st vl
FAA 2R E vl43 (microcalli) P4 &S wol7] AT Wi

el 67) wjx) @ Az R} wjze AV

al
=

>
Hu

EH
=

SEA

0z

rio
0

2| o ufey

A

Safyere] el LRkl SR (Cinus unshiu
Marc.) @ ZAVEL AR (C. sinensis Osbeck)2] oj& ulAl<
o722 g wjekste] FAH2H0ZRE {77 AHAE
AHgste] AFAAE Bsart AHAE 5% sucroseet
500 mg/L malt extract”} 47} Murashige & Tucker HJj%]
(1969)0ll 4 2~33 THA o5 Aoujeke sto] AEA A&
BHsE FAIAIZ: B AU dA S )7L Grosser et
al. (1990)9] ¥3E oFf Hysl Wi o o]Fojfth A
A5 WG ARSI AR AA AEF A4 8Y (1%
cellulase RS + 0.5% macerozyme R10 + 0.5% driselase + 24.5
mM CaCl, + 6.15 mM MES + 0.92 mM NaH,PO4 + 0.7 M
mannito) T 0.7 M BH; HiAI& 1:39] vl &2 E33t g9l
8ieF (29°C, 50 rpm)3HTE 12~16A17F B%E YUAE )
(@5umE ARgste] WS ofybela, o gole- 24
B2 (100xg, 1085t} AL AAS AL Holsles
pelleto]] 25% sucrose”} H71E CPW w2 S 5 mL & 7}38ld
pellet¥} 2 AolA wHgsln, 7 Yot} 13% mannitol o]
A7t CPW HiAE 3ol A7|=F 2 mL H7pslth 24|

g o] g8 thA] YAEE (100xg, 10831 F=FH ol
28] 25% sucrose L1+ 13% mannitol -HALo|of] YA
Agwto] w3l Zol A7A =i} YA F& ALY
A Belste] 2 P8 FH £7]al 10 mL o] A
2 WAE A7Ie & dAEse YHOE dPAAE
A3t Slct. HemocytometerE ©]-§3to] FAH HFIAE
5 x 10° cellymL 2 9PAA 22 2A3}1, 0.6 M BH; Hl
%] (Grosser and Gmitter 1990)2 2 7|8} 3T}

d FPHoREe FE AW
oFo] ARG glot AFAA wjehdHe] AEREdE
7} plating efficiencyof] WXl FF& S 7] 18] LAY
ok MA )k, solid over solid vjoF, liquid over solid [
< vjwa] Bokvk ARy Eeldt 43 EA Y s
5x 10’ cells/mL& 2H3 3 0.6 M BH; A z]o) Fets}
o] HET]4 (60 x 15 mm)of wheFatith LA 0.6
M BH; HjA]]| 0.2% agaroseZ 713t & agarose”} A3
AA0eT FEE 2H 2 YFAAE WA Ao HE
gljsle] Baste] wjshlaL, liquid over solid HiFH->
0.1% gelriteS- 713t 0.6 M BH; A2 ¢]o] QEAA] &
et spreadslo] HjFStF T Solid over solid B2
0.1% gelrite 0.6 M BH; JLA|uf =] Qo] 0.2% agaroseo]] ¥E 4
AS 4e AL spreadalo] vjeFssiLh

e
ot
X
é
il
=
(o}
0,
ol
ok
rlr
N
o M
=

b7 HiA]

719 naA 2Ry PHYE AH AEF wE
F71X717100 Aget wjAE Awetazt © EME HjA ¢
MT macro, MT micro, MT vitamin, 0.5 g/L. malt extract, (.146
M sucrose, @ 1500 EME : MT macro, MT micro, MT
vitamin, 1.5 g/L malt extract, 0.146 M sucrose 2} D MT +
gal/sor/GA; : MT basic medium, MT vitamin, 0.1 M galactose,
0.1 M sorbitol, 1.0 mg/L GA; ¥ x| S v|as}ch zFzhe] Hj
Aol 0.3% gelrite7} H7HE AL, wiFS BHE A F Hl

o +8 2L

NE Mz3t bHA|

Ehd

AP 4GP H2RY ol fEstel 42E A



A £ Sl AR AEAEE ST AR
AGH iR 2AL D SI-1: MS basic medium, MS vitamin,
3% sucrose, @ SI-2 : MS basic medium, MS vitamin, 3%
sucrose, 1.0 mg/L GA;2 @ SI-3(B+) : MT macro, MT micro,
MT vitamin, 20 mL coconut water, 14.6 mg/L coumarin, 0.02
mg/L NAA, 2.5% sucrose Hjz|o|c}. Z+zho HHX]"ﬂ AAH
HE wlFstel Wt oA AAH R HalE 429 42
ZAR3IA

20 9 oa

L3R (Citrus sinensis)2} BA} (Poncirus trifoliata), 2814
2} grapefruit (C. paradzsz) o dx)et 72 19430] Severinia
disticha 7t g 013479 ARAA §3ol 93t A
FAEAE0] "gﬂ'iloiﬁ_l_’_ 1t} (Ohgawara et al. 1985, Guo
et al. 2000, Grosser et al. 1988). ©|5 §3t%3ae 7|Hyom
Az ARzl £ U9 AHAE Agste] HEA
e AH olBolgrh oA A vgE wze) =
/‘R:]}_;dg_gua AR 0] B vigA AHAS A2y

7151717} 4491 eFuze] A9 oy A7AS)

1*;—6-:— 2o FHZHOZRY BeAT ook o) A
HE SHETt (Ling et al. 1990, Kunitake et al. 1991). 9182
A 2ol JoIME fREe A7 AvolA Ky Eed

Zr2 embryogenic callus FEEA HIYO| ot AEH XY= - 83

FAAS e s Ao BT Hel2 2l
A2 BN HH AYAAES Belsln] Eola A
soRRolU FRAS 28T Xl AHAS T F 2

HAE Fefste] wieFstlrt (Ling et al. 1989). 1efu} &
Ao FuG FAEA 4% sz o)
FyzRozsy HEsPso] ofF Bo WYY WA
(Figure 1A)E S71A12 4 1%, 5% sucrose 2} 500
mg/L malt extract 7} H7}E MT v x|ofjA 2~3% 7tdow
At et Bej A2 5E 25 H4F4A (Figure 1B)E &
st ¥ 4 itk

r

HioF 7~10 & 3 3 AERA (Figure 10)0] THE Y0
ofe]

™, 20~30Y Folli= 30~407) Hmo] MEZEo] HolgA
/4% w3 (Figure 1D)7F A= Sick mj&7) B4& &
& S8 Wkl U AEEEes vus & A1
(Table 1, Figure 2), LR} A=A BT 7|E wjokH o
2 AR e HAMIES A Erke LA HollA
HA Y-S Bh= Zlo] Al ZREEo

ofefdt A3he dAte AFAA
3= liquid over solid joFHFH
o]

&2 Ao AilAhn et al. 20019} TS & 4 Tk

Figure 1. Plant regeneration from callus protoplasts of ‘Okitsu’ satsuma mandarin. A: Embryogenic callus, B: Protoplasts-derived
from callus, C: Cell division of cultured protoplast, D: Microcalli formation, E: Embryoids formation, F: Plantlet derived from

protoplast
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Table 1. Effect of culture method on the cell division in

protoplast culture of ‘Okitsu’ satsuma mandarin and ‘Yoshida’
navel orange

Cell division (%)

Culture method

‘Okitsu’ ‘Yoshida’
Liquid culture 18.8 234
Solid culture 19.0 19.3
Liquid over solid cul. 226 249
Solid over solid cul. 5.6 221

Figure 2. Microcalli formation from protoplast of ‘Okitsu’
satsuma mandarin by different culture method. A: Liquid
culture, B: Liquid over solid culture, C: Solid culture, D: Solid
over solid culture
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Table 2. Effect of culture medium on embryoid formation from
‘Okitsu’ satsuma mandarin and ‘Yoshida’' navel orange protoplasts

No. of cotyledonary embryo

Culture medium”

‘Okitsu’ ‘Yoshida’
EME 114 105
1500 EME 197 40
MT + gallsor/GAs 115 130

* EME : MT basic medium, 0.5 g/L malt extract, 0.146 M sucrose
1500 EME : MT basic medium, 1.5 g/L malt extract, 0.146 M
sucrose ,

MT + galfsor/GA; : MT basic medium, 0.1 M galactose, 0.1 M
sorbitol, 1.0 mg/L GA;

Table 3. Effect of medium on shoot regeneration from cotyledonary
embryo derived from protoplast of ‘Okitsu’ satsuma mandarin and
‘Yoshida’ navel orange

Shoot Induction Shoot regeneration frequency (%)

medium’ ‘Okitsu’ ‘Yoshida’
SI-1 48.9(44/90)" 0(0/23)
Sl-2 100(74/74) 92.8(271/292)
SI-3 67.8(61/90) 60.0(12/20)

* No. of regenerated shoots x 100/No. of cotyledonary embryo
¥ 811 : MS basic medium, 3% sucrose,
Sl-2 : MS basic medium, 3% sucrose, 1.0 mg/L GAs;
SI-3 : MT basic medium, 2.5% sucrose 20 mL coconut water,
14.6 mg/L coumarin, 0.02 mg/L NAA,



Figure 3. Plant regeneration from cotyledonary embryo derived
from protoplast of ‘Okitsu’ satsuma mandarin. A: SI-1 medium,
B: SI-2 medium, C: SI-3 medium
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Figure 4. Plant regenarcted from protoplast-derived from
embryogenic callus of ‘Okitsu’ satsuma mandarin. The plant
was cultivated for 3 months in the greenhouse.
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