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Abstract

Protoplast isolation and culture, and plant regeneration were performed
using Actinidia deliciosa cv. 'Daeheung’ and A. chinensis cv. 'CS9413" for
developing new cultivars of kiwifruit. The calluses derived from petioles
with one month initiation were found to be a good source of protoplasts.
Protoplast isolation was optimized in terms of enzyme types and
treatment time, and mannitol concentration with slices of callus tissue
incubated in CPWI13M in dark for 1 h. The optimum enzyme
combination was 1.5% Cellulase R10 and 0.5% Macerozyme in CPW
Salts containing mannitol and 3 mM MES (pH 5.6) for about 8 h. 0.5 M
mannitol was the best in adjusting osmoticum for protoplast isolation
from callus. Culture media and types, and plant growth regulators were
important factors in cell division, colony formation and plant
regeneration. MS(-NHisNO;) medium containing 0.2 M glucose, 04 M
mannitol, 10 g/L sucrose, 1 mg/L 2,4-D, 0.05 mg/L zeatin as a liquid
medium over the solid culture was effective for protoplast culture.

First cell division occurred after 5 ~ 7 days in culture and microcalli
were observed after 2 months. Addition of fresh medium with low
osmoticum was necessary for protoplasts to form visible microcolonies.
Greenish small calluses(2 ~ 4 mm) were transferred to semi-solid
medium for organogenesis. MS medium with 0.1 mg/L BA and TDZ
was the best in A. deliciosa species, while MS medium with 0.5 or 1.0
mg/L zeatin in A. chinensis species. Variation of regenerated plants

from protoplasts was determined based on morphologic characteristics



and flow cytometer. From morphologic characteristics, several clones of
A. chinensis cv. "CS9413'(CS-4, 7, 8, 14, 30, 39) were different in leave
shapes, colors and density of hairness. Clonal variation of clones from
callus-protoplasts was also investigated using flow cytometer, but no
variation was observed.
These results showed that new methods of protoplast isolation and

culture, and plant regeneration in A. deliciosa and A. chinensis were
developed, and this plant regeneration system from protoplasts could be

an useful method in protoplast fusion for production of somatic hybrids.
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AA7LA FAohele] 9¥gAA BH AF= A, chinensis(Xiao 9} Han, 1997)<}
A. deliciosa(Mii 9} Ohashi. 1988; Oliveira 9} Pais. 1991; Tsai. 1988)2] Az~ F
B dFAAZEEH AEA AL, dolA BEE ¥ AAY AEA AL
(Zhang &, 1998; Raquel ¥} Oliveira, 1996), A. chinensis I} A. kolomikta ©]% 7t
AAE FFH 2729 dgd(Xiao T, 2004)e] &S A77F o] FAFH 2 ofF
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Fig. 1. Fruit set and flesh of A. chinensis cv. 'CS9413'(left) and A. deliciosa cv.
‘Daeheung’(right).

Table 1. Comparison of fruit and growth properties among three cultivars(A.

deliciosa cv. "Hayward’, 'Daeheung’ and A. chnensis cv. 'C59413")

Flowering Su

. . gar

Cultivar time Weight - onients Shape Flegh Vigour Flarvest
color season

Ploidy
(month/day) ®) (*Brix)

Hayward 05/22~05/28 92.7 13.8 ellipsoid Green medium11.03~11.08 2n=6x

Dacheung 05/15~05/20 120 153 oblong ériggﬁ strong 10.28~11.03 2n=6x

CS9413  04/22~04/27 80~107 154 ovoid” Golden strong  09.20 2n=2x

DUPOV Test guideline for kiwifruit 66. Fruit(general shape of stylar end) 6. strongly blunt protruding
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AE AEe 29SS sIdIFAEH H Hod EFESF2AA AFHAT A
chinensis cv. 'CS9413'9} A. deliciosa cv. 't &9 HFoa] dolE JJWE E=Y3S
o ARRSEATH ZIHEY-S oF 357 FRFAA dotg FEstL Aozl dolrt
EIE dE AAT mtHE At 70%(v/v)d gl 1823 g2 & Tween

1 H7FE 1% sodium hypochlorite solution (v/v)ollAl <F 787t
A=Y BEFRTE 4H BE AFHE dE the & F S g £
32Ro| HUlEA ¢S MSHlA o] 3% sucrosest 08%9 agars: EF 3 wjA =
E 3t test tubeo]l wj ks FTH121 Tl A 1527 B Ao] 1 NaOH
o pH 58 HA) AFE Azxe iz FAS s AEAFI=2EQ] BA
mg/L, IBA 0.1 mg/L, 22832 3% sucroses} 0.8% agarZ} H7}E MSH]| A7}
21 500 mLe] wiekwel Ahuj ettt e wES 1641 FF7], == 1000
Lux, 2812 25+1TC¢ &% slo A vf&stsch

AHAANEE ALE® A 2E 3% sucrose, 0.8% agarst A&

4

01 mg/L o #7}% MS wjxo] ot Weksld §EF T 3 ~

Quj A o] Avh vjoks BAe) T2 A2 B AgSAT 24 242 2
B §4E, 27, A7 5 4L AREY 98 AU WG FA AEA
o, 9 2T RS AASN F 05~ 1cm 272 A2 F wFEA
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Table 2. Composition of washing and floating solution”

iy Washing solution Floating solution
Composition
(mg/L) (mg/L)
KH2PO4 2% 2 27.2
KNO; 101.0 101.0
CaCl2H,O 1480.0 1480.0
CPW
MgSO,7H,0 246.0 246.0
KI 0.16 0.16
CuSO47H,O 0.025 0.025
mannitol 13% -
sucrose - 25%
pH 58 58

DFrearson et al., 1973



A¥AA BYE 43 FALELS Cellulase onozuka R-10, Macerozyme
R-10(Yakult pharmaceutical Co. Lte., Japan), Driselase(Sigma aldrich Inc. USA),
Pectolyase Y-23(Kyowa hakko kogyo Co. Ltd., Tokyo, Japan)2 AF-&3t3 1 &

= §42¥S5S 07 M mannitol? 3 mM MES7} 35 CPWLdd 235k
ALE3tE T T2 g4 9 28 Driselase= €3] & 100 xg2 3 27F 442¢

&
= T

o
dorl AANEG o|§slth TEAaNHe] H-2 045 m MCE syringe filterE ©]

Table 3. Enzyme combinations used for protoplast isolation”

Enzyme” Cellulase R-10  Pectolyase Y-23 ~ Macerozyme R-10  Driselase

El 1.5 0.05 - 0.5
E2 1.0 0.05 - 0.5
E3 1.0 0.05 - 0.5
E4 1.5 - 0.5 -
E5 1.5 - 01 -
E6 1.0 - 0.5 -

YAll enzyme combinations were dissolved in CPW Salts contained 0.6 M mannitol, and

3 mM MES and the pH of the enzyme solution was adjusted to 5.6 before it was filtered using
0.45 m MCE syringe filter.

Cellulase onozuka R-10, Macerozyme R-10(Yakult pharmaceutical Co. Lte., Japan)
Driselase(Sigma aldrich Inc. USA)

Pectolyase Y-23(Kyowa hakko kogyo Co. Ltd., Tokyo, Japan)
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$el B4 28 FYa7] s 4FAAY Y2 Pelrgel BASE &

g d3AAFE s AdEH=t xEE
hemocytometer®] Zt AFZE-L 10* ai (1 or = 1 mL)E VERH mL & & Al
X9 FE thg# Zol Atstairt.

2 E 3 AEE = ARG HE £ x 5& A5 x 107

£ 2EE 9824 2 252 o 1 x 10° ~ 10° cells/mLZ Z=4 35}
I z7] 553 A¥EA v AE ol&ske] 251 Tl A FujtE AAls)
B FUIHoE ATEES BESAT. ¥ EA wF 20s dotry] 98 d
FAAE 7|EuxQ] MS, MS(1/2 Macro), MS(-NHiNOj3), NN69(modified),
TCCW, B5¢] N EZHEAZ mannitol, 283 glucoseE ZZF 04 M7 02 M
=& AM&Stn d3¥dEAY AEXEETH AEEES =07l 98 casein
hydrolysate(100 ~ 200 mg/L), coconut water(2%)S H7}lstct AFZ2HA =
auxin® ¢l 24-D9} NAAZE 0.5, 1.0 mg/L, cytokininf’ < BAS} zeating 0, 0.1,
05 mg/LZ 3t @& T2 & A st wj st

oz e QAR TAMA A QA R], LA ANA HH st A
A8t th(Park, 1998). QAR & o8& WHL2 AAuA ] HPLE= 34
YFEAE 252 S ol&sto fE 52 FH2EE7](60x15 mm)ol 12
~ 15 W& BE dolzme g HA metdEo R "WEste] ik, aAuA

ol



& dAMAE g =

£ 4

03% a-Rul=|

1000 Lux, F57] 16A]7F &, 84

2 A7 slHA HA)

v A 0.2 mL

Q]
=

A9l mannitole] AAH &
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Table 4. Composition of culture media”

Media
Constituent MS (_Ni\éSN oy (1/ ZIII/Ilicro) NN69 TCCW  B5
NH4NO; 1650 ! 2 36715 360 -
KNO; 1900 1900 950  1309.09 1900 2500
CaCl,y2H20 3322 3322 166.1 166 450 113.24
Macrg  M8SOs7H20 1807 1807 90.35 185 370  122.09
trior KH,PO,4 170 170 85 68 200 -
NaH,POsH,0 . . - - - 1305
(NH,),SO, . . - - 67 134
FeSO7H,O  27.8 27.8 13.9 278 1112 278
NayEDTA 3726  37.26 18.63 373 1492 3726
H5BO; 6.2 6.2 6.2 10 10 3
MnSO#4H,O 169 16.9 16.9 25 2567 169
ZnSO47H,O 8.6 8.6 8.6 10 10 2
Micro
wtient | CUSO7HO 0025 0.025 0.025 0025 0.025 0.025
CoCly6H,O 0025  0.025 0.025 - 0025 0.025
Na;MoO2H,O 025 0.25 0.25 025 025 025
KI 0.83 0.83 0.83 s - 0.75
Myo-inositol ~ 100.00  100.00 100.00 h 100 -
Nicotinic acid 0.5 05 05 . 1 -
Pyridoxine-HCl 0.5 05 05 - 05 -
Vitamins  Thijamine-HCI 0.1 0.1 0.1 - 1 1000
Glycine 2.00 2.00 2.00 - 2 -
Biotin - - - - 0.01 -
Folic acid - - - - 05 -

UThe pH of all the media is adjusted at 5.8, Autoclave at 121°C, for 15 min, 0.7% agar(For solid media)
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2) Wo] HAS A% w8 #F
HldE SHE 7] ds) AEA 48 05 of =9 oz AE F HET

3 nuclei extraction buffer(A solution, partec HR-A solution)E 3+ F
dojzmel g "HEZE ZA A22 05 mL& A Frlste FEFA
g Al82 Azs4rt. o] #d¥ AlEE 30 mm partec CellTrics'™g 3

A7 DAPIZ} X3 2 mL9] staining buffer(B solution)& 7|35t &

A
2
off

ol

dn e

ofl
ot
4y m2  Hu
2
ol
3B
o

A #A (Flow cytometry)S 9314 HBO-100 W mercury lamp$} dichroic
mirror(TK420)-2 zt& Ploidy Analyser(PAIl, Partec, Germany)ZS ©]&3}%
2 A= DPAC software(Partec)2 |4 stH . ®A A #ZES 53 24)

LN

A" NI (A. polygama)e]l L& AFEE 5te] channel number 509

¢

peakét gain F& A OF FAHY AIRE FYste] I XolE HLTFCEA
Wl=AS B uEAsHE. B4 A 3 e AE= FHAS 1,500 particles o] AF
EAStH L HeolBHE 2CoA 64Ce] =2 WS 5208 HAFT] 93
semi-logarithmic scaleZ ZA5tATE BlFAS Aol& FRIsty] s 7w

Table 5. Flow cytometric condition for determination of variation on regenerated

plants from protoplasts”

Parameter Condition
Gain 465
L-L 50
U-L 999
Speed 25
Particles A minimum of 1500
Rate(1/s) 2~5
Analyzer DPAC software, Partec

YPloidy analyser(Partec PA-II, Germany)
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Table 6. Callus formation, size and color from petioles, leaves and roots”

Cultivar Callus formation(%) Callus size(cm) Color
petioles 91.1+0.06” 0.77£0.12 White
A. dnunensis. co.
eaves 73.3£0.16 0.80+0.10 Light-white
'C59413
roots 20.0+0.14 0.47+0.06 White
petioles 94.4+0.07 0.97+0.21 White
A. deliciosa cv.
leaves 82.2+0.10 0.93+0.06 Light-white
"Daeheung’
roots 33.3+0.21 0.63+0.12 White

Y All meterials were cultured on M5 besal media + 3% sucrose + 08% agar + 01 mg/L 24-D(pH 5.8) in dark at 55C

2 -
)Callus size is given as means+S.E.

Fig. 2. Callus induced from petioles.

@O A. chinensis cv. 'CS9413, @ A. deliciosa cv. 'Daeheung’.

_16_

Collection @ jeju




‘CS9413'3F 't & T FF EF Cellulase R10 1.5% 9} Macerozyme 0.5%Z %
(E4)oll /] B 4go] Z+zt 256.7x10% 7 296.1x10* cells/mLZ =A vt} oH,
‘)82l A--oll= Pectolyase$} Driselaseste] ZFollA= A3 £27F HA F
t}(Table 8). o]= Cellulase R102} Macerozymeo] ZTS ©|&3F Tsai(1988),
Oliveira®} Pais(1991) 2 Xiao 5(1992)2] AT} fALSE A3 A9k Zhang 5
(1998)c] PectolyaseE H7Fst Z=F X+ Xiao S(2004)c] Cellulase RI10,
Driselase®} Pectolyase Y-232 o|&3l= AF= 2 Z3=E BYy. 53] Zhang
5(1998)  Pectolyase Y-239] A7} 4 AA o B o] ErHolgtn Yo}

i

B AFoA 'CS9413'¢9] ALE Rzl B2 YA g BEFLEo) w3dE FEH
LFAAC g% BRI = st EHEEAT

Table 7. Enzyme combination for the isolation of protoplasts”

Enzyme combination(%) Yield(x 10" adls/niy?
Cellitlli)ase Macerozyme Pec:;)zlgase Driselase ‘C59413"  'Daeheung’
E1l 1.5 - 0.05 0.5 - -
E2 1 - 0.05 0.5 176.1 -
E3 1 0.5 0.05 - 190.0 -
E4 1.5 0.5 - - 256.7 296.1
E5 1.5 0.1 - - - -
E6 1 0.5 - - 132.2 195.6

UShaking at 50 rpm, 25+1C, in darkness
?Yield(x 10* cells/mL) = No. of protoplasts per g fresh weight
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FaAYAIEY A mE Bdsse dds) 2 23 oF 6 ~ 8A7HA T A

4 ~ 5ZFol HAstta ¥, Oliveira®t Pais(1991), 23  Raqualz}
Oliveira(1996)2] A F-ol A= 16A]7o] HA3 itk 3 vf Qo E3F o33 a4
Ao Slol A= & RolF Ho| 443 HA wjgr] ZHHoE 9F

A 40 rpme 2 " wjGA] Z1AE #Hyr EeFso] HAaH
A 7 5(1999)9 dxZATe 22 50 rpmo 2 el §9e o M TEF

(X 10%ells/mL)
450,00
400.00 ® B callus
350.00 - leaves
500.00
250,00
200.00
150.00
100,00
50.00

0.00
2 £ B ] 10 12
Time(h)

Fig. 3. Effect of enzyme treatment time on protoplast yield in leaves and
petiole-callus of A. chinensis cv. 'CS9413'(2, 4, 6, 8 10 and 12 hours
treatment in E4, shaking at 50 rpm, 25, in darkness).
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0.00 - ; :
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Nannitol conc.

(X 10%ells/mL)

Fig. 4. Effect of mannitol concentration on protoplast yield (osmotic pressure) in
leaves and petiole-callus of A. chinensis cv. 'C59413’(0.5, 0.7, and 0.9M
mannitol in E4, shaking at 50 rpm, 25, in darkness).
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(D A. deliciosa. cv. 'Dacheung’(x200), @ A. deliciosa. cv. 'Dacheung’(x40),

A. chinensis cv. 'CS9413'(x100) (Olympus JP/IX70 W/ACC).
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Table 8. Effect of basal media” and culture types on cell division

Cell division?

Culture type MS MS
M5 (-NH4NO3) (1/2macro) a0z TCCW B>

Liquid 0.017+£0.01  0.10+£0.05  0.10+0.05 0.08+0.03 0.01+0.01 0.01+0.01
Liquid/solid - 0.14+0.03 0.09+0.03 0.07+0.03 0.01+0.01 0.01+0.01

Semi-solid - - - - - -

YMS basal medium(Murashige, T. and Skoog, F., 1962)
MS medium(Modified, 1/2 conc. of Macro elements)

MS medium(Modified, NHiNO; Free)

NN69 medium(Nitsch, J.P. and Nitsch, C., 1969)
TCCW protoplast culture medium(Tsai, C.K., 1988)
B5 medium(Gamborg. et al., 1968)

Cell division is given as means+S.E.

Fig. 6. Effect of culture types on the planting efficiency(Initiated after
2month protoplast culture).
(D Semi-solid, @ Liquid, 3 Liquid on solid culture type.
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o auxin® Z A NAA<} 24-D, cytokinin® 2 4 BA<S} zeating AF&-3F Z3} F
EFF EF A auxing 24-D, cytokinin& zeatino] ¥3 3¢ I F 24-D 1,0
mg/L¥} zeatin 05 mg/L &g A ‘CS9413' 7 ' & RFoA AETEID &
U] 74 F5319ch Zhang S(1998), Tsai (1988), Miist Ohashi(1988),
Oliveira®} Pais(1991), 28] Xiao 5(1997)2 A EAY ZT=2E F auxinF <
24-D7F AP AA wge g Holgls RAE st et B AFAAE o]}

4% 2345 UEdH.

Table 9. Effect of plant growth regulators on cell division”

Plant growth

regulators(mg/L)
24-D NAA BA Zeatin CS9413 Daeheung CS9413  Daeheung
0.5 0 005 0 - - - -

Cell division” Colony formation”

1.0 0 0.05 0 0.16+0.08 - ++ -
0.5 0 0 0.05 0.12+0.03 0.11+0.08 + ++
1.0 0 0 0.05 0.22+0.05 0.16x0.1 +++ ++
0 05 0.05 0 0.13+£0.03 - - -
0 1.0 0.05 0 0.11+0.05 - - -
0 0.5 0 0.05 0.13+£0.04 0.01+0.02 - -
0 1.0 0 0.05 0.14+0.05 0.02+0.03 + -

UCulture medium : Modified MS(-NH4NQs), Culture type : Liquid culture
2)Colony formation : - ; none, + ; poor, ++ ; moderate, +++ ; good.

YAll the data are given as means+S.E.
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AAEA B LEAA 7HHZE £ ol FEH Y EES HH 2R Es AF

sttt 2ol JAEHA gt Bgoz Wt Hx Tdste] vk 3 ~ 4

F Fole 22U g o|Fo EAste FHE WESIAT olwRE FAAHS

2 AFFEEE 2459 JAWAE 7l F 7 ~ 8F Fol= 2 ~ 4 mm =
‘Gé

719 gtoz BN £ Y AL At 34

Fig. 7. Cell division and colony formation from callus-protoplasts.
D First cell division(After 5days), @ Colony cluster(After 3 ~ 4weeks), @ Micro
calli(After 7 ~ 8weeks, A. diinensis cv. 'C59413'), @ Buding(After 48 hours), (& First
cell division(After 7 days), ® Colony formation from protoplasts(After 3 ~ 4weeks,
A. deliciosa cv. 'Daeheung’) (Olympus JP/IX70 W/ACQ).
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4. 71 4L 3 2 HEA AEL3

YFHAAZRYH JAE AR s FFEFEE HE H X (mannitol 0.4 M-&

glucoseE 3% 2 H7HE 25 tFASE Hr7ls| FHA HAAFezr ME

at
$EE UEE de2E AZAAD JBEHE FESAT. DyEe] 4¥AAE
AwEst e 2N FA s ANAGe] stk =, A solA A el
4EAZ A4S ALHAFe Y- e 934 24 A% W

—

24-DE AAst= Ao z® mix] RS widAdT FAR FHE UERY
NA A o o] 2= 8] ZA F(embryogenesis)¥}t 2,4-DE A| A3} cytokininsE 3
7hste] Fel2o oW REoA A3 BlmA AFE [AAY NAAE FH7tsho
2 HEqA BIYPAHL FEst= 7]FF A (organogenesis)e] A EZ 7} ZA) 5}
=H(Ojima K, 1993) AAdn73d S T T3 Zi x5S Qg wgdz7)
ol FRst T FE A
F A FE7E B3t EXS
s Ha 507 HMeH o A z
T2 7Pt & =¥ HlH 1 dF FEodAes BEE FHES FAsA
ThHFig. 8). ol gk A% &3+ embryogenesis(vf HA @)oll Al YENE A
AE AAA o]FoA
= A& HAFA 7 embryogenesisE &8k A2 E3te dutdg oz 24-DE A
Aste Yehvs A3 2] ol AP A= zeatin, TDZ, BA T cytokinins2 3
7H8E W= o3t fde] AFEHIH A=A 7BHF S cytokininsT A F
=9 auxinsell & F-¢EHE A9t Fow(H, 1998) 2 APolAE o]ek FAL
3 A3=2 ekl Ae® Hol organogenesis(Z|BE A )R Q13 AEA HAY
< AT F AU

o

AIsHEA] 1
170] AW &koz AT & UL

ol

FXL
m

(heart embryo)-©] 2 g (torpedo embryo)-A}F (cotyledon)
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Fig. 8. Observation of organogenesis and shoot formation in A. chinensis. cv. 'CS9413'.

(O, @ Embryoids(Globular shape and cluster), ) Transformation with
long height, @ Differentiated bud(Change in colour from white to green),
(® Development of bipolar buds(Torpedo shape), ® Roots formed on calli.

Mii¢} Ohashi(1988), Oliveira®} Pais(1991), Tsai(1988), @1
Han(1997)& ot upF<9] ot Ao 9FAA ez Ry 49 nAZ=
UERH AEstd ASAE 47 A& A Hd 7#Esf=uwA (1A}, 231, 2
i 3z FIuA)E AFESEAT. B AFoAE olgys BEFS E3iwhA 4l
MS Z1EujAld H7tE BHAHQA AEAAFZS2E2 0SS S5t HxE T
aglete 2#E & F AU

Z1BEIE 2 EZvg i xpolE KB 'CS9413'9] ¢ zeatin 0.5, 1.0
mg/L X H vj A& 4z}t 258%, 11.9% 2 7FF =4 UEs 2 TDZAAME =

< EB3E Hol ot AytoA A" Az AGAA F

ofl

2!
A M2 o] F45 AxTt He dACdA EEHE nFh =T @

Qgeel FHHA QT vl WFFAL Fust BAH B Agels A3
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kA ottt o]t A3t= zeatine] O E A EAF T2 E 53], cytokinin &
cytokininf-A =2 Bt} Fohe] ZAu|eke] oS a4 olgl= Kim¥ oh(1998)9]
Hugl dx5¢ch ¥he 3 zeatin(0.5 mg/L) 281 TDZ(0.1, 0.5 mg/L)o]
A Z4z} 45, 391, 53% 2 'CSUIF Hib= 27 e 23143 53] BA 0.1 mg/L oA
T 231%¢] E3+&-S e ATH(Table 10).

Table 10. Effect of plant growth regulars on organogenesis”

PGRs(mg/L) No. of Calli No. of shoot Regeneration
s(m
5 transferred regeneration frequency(%)

Zeatin TDZ 2iP BA TAA IBA CS9413 Dacheung CS9413 Daeheung (CS9413 Daeheung

0.1 0O 0 0 0 0 36 20 4 0 11.1 0
0.5 0O 0 0 0 O 31 Zh 8 1 258 4.5
1.0 0O 0 0 0 0 59 19 7 0 11.9 0
0 01 0 0 0 O 35 23 3 9 8.6 39.1
0 05 0 0 0 O 43 19 3 1 7.0 5.3
0 10 0 0 0 O 37 16 6 0 8.1 0
0 0 01 0 0 O 30 18 0 0 0 0
0 0 05 0 0 O 30 15 0 0 0 0
0 0 10 0 0 O 32 14 0 0 0 0
0 0 0 01 0 O 37 13 0 3 0 231
0 0 0 05 0 O 42 10 0 0 0 0
0 0 0 10 0 O 36 11 0 0 0 0
1.0 0 0 0 01 O 37 15 5 0 135 0
1.0 0o 0o 0 0 01 33 15 0 0 0 0
0 0O 0 0 0 0 35 15 0 0 0 0

YOrganogenesis medium : MS basal medium + 3% sucrose + 0.8% agar + PGRs.
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Fig. 9. Plantlet regeneration from protoplasts in A. chinensis. cv. 'C59413’.
@ Microcalli formation(After 7weeks), @ Callus formation through
microcalli growth, @ Green callus(After 9~10weeks), @ Shoot formation(After
T ~12weeks), © Plant regeneration(After 3months).

Fig. 10. Plantlet regeneration from protoplasts in A. deliciosa. cv. 'Daeheung’.
D Microcalli(After 7 ~ 8weeks), @ Green calli(After 9 ~ 10weeks), 3

Shoot formation from protoplasts(After 13weeks), @ Plant regeneration.
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Table 11. Morphologic characteristics of clones from protoplasts in

A. chinensis cv. 'CS9413’

Morphologic leaf petiole Total
characteristics size leaf shape” color” hairs? liellfg’fll’:(oc(riﬁ) hairness” color? size
control 3.0 fine 3 5 0.3 5 3 34
callus-clone 2.9 fine+coarse 5 5 0.3 5 3 3.2
CS-4 3.5 deep coarse 5 3 0.7 5 3 3.0
Cs-7 3.8 deep coarse 5 3 1.2 5 3 5.5
CS-8 2.6 deep coarse 7 5 0.5 5 1 22
CS-14 3.2 deep coarse 5 1 0.6 5 3 2.6
CS-22 4.0 finet+coarse 5 5 1.2 5 3 47
Cs-30 3.0 deep coarse 7 5 0.8 5 3 47
CS-39 3.2 coarse 7 5 0.9 5 1 2.7

YLeaf shape(Serrations on the leaf margin) : fine, coarse, fine with coarse
*UPOV Test guideline for kiwifruit

*29. Leaf blade(hairs on upperside) : absent(1), sparse(3), medium(5), very dense(9)
32, Leaf blade(green colour of upperside) : light(3), medium(5), dark(?)

938, Petiole(density of hairness) : absent(1), sparse(3), medium(5), very dense(9)

®39. Petiole(anthocyanin colouration on upperside) : absent(1), weak(3), medium(5), very dense(9)
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Fig. 11. Morphological characteristics of regenerated plants from protoplasts.
(D Control, @ Clones CS4, @3 Clones CS-14, @ Clones CS-39.
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Fig. 12. Flow cytometric histograms of clones from protoplasts in A.
chnensis cv. 'CS9413 (diploid, 2n=2x).
D 4, @ 514, B 57, @ €530, © €58, ® €539, @D Control.
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V. 8 ¢fF

o AEFEF S4S dd THAdA §FE 1D EY A, deliciosa cv. 'O Z 7
. chinensis cv. 'CS9413 =2 &) Ae]ro AR 27, 9434 wg 2
A EAZ ] AR tig AFE AU

AEAA £8E 9% dezs W =9 st Ad s U AEAY o
Heaiy f7]d Aelxrt 7 3ot A 225H dFAAE £
o] 9lo] §4A%F, §4AHYAZ, 282 mannitolF T WE AEFTE S
3 9SS A AT, F OEZ ESE E4(15% Cellulase R10+0.5%
Macerozyme)dl A 50 rpme] £ 2 a4 AU v 7 axzolglerd
AYA S oF 6 ~ 8AIZF A IS o 7Y EEgEol U A F
Fgo] & FolE Holx kA 05 M mannitolS ETS FALEMoA =&
TEE Btk F FF9 AdFAAE STl doAE T2 FES FFH
of Wt xF XolE Holzl AT 02 M glucose, 0.4 M mannitol, 10 g/L
sucrose, 1 mg/L  2,4-D, 0.05 mg/L zeatine 3 7}3 MS(-N
A AAuAFZ G Al 7P HAST. ¥ AAE o 5Y T 27 AEE
dol, °oF 3 ~ 43 F 2, 3z AEZEGe] BAEF FEY thto] IAHUEA =
o RY Ao mAdel=E FASATH SAoz AAF AL 1 ~ 2 mm7t
A s Aelas F O F4% T ARIE 8 Z1FESE AR o] 25T
71BESE A% WA= AFTHE AolE Ho| A chinensisA &2 MS7]E ) A
zeatino] 059} 1.0 mg/L7} H7IE wiAelA E37F 71 & o]Fo] Ha A
deliciosaZ| 52 MS7|Euw] Aol BAS TDZo| Z+zt 0.1 mg/LA H7EE wj A oA
B3l7t #FZE Q. AR E A chinensis cv. 'CS9413'e] Z 29 FEFgHo=z
AFolE Hole CS4, 7, 8, 14, 30, 39 FEAE oz usAS FAs 27

EE ZEAVE BEF(2n=2, 20|47 LT MiF4S Eo dFAAZTH A

HiNOz) o A & 4]
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