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SUMMARY

This study aimed to establish the efficient regeneration Agrobacterium-mediated
transformation systems from leaf tissue of 'Hayward’ kiwifruit. Related to
adventitious shoot regeneration from leaf tissue of microshoots, some factors
including the concentration and kinds of plant growth regulators, the solidifying
agents of medium, the size and parts of leaf blade and leaf petiole, and the
wounding methods and the response against antibiotics were investigated. The
regeneration responses were evaluated for callus growth, regeneration rate, shoot
formation, and shoot quality. Also, the Agrobacterium-mediated transformation
was conducted with the regeneration system determined from the study.

Regeneration response of leaf blade explants evaluated for regeneration rate,
shoot formation, and shoot quality indicated that an efficient regeneration
condition resulted from 3.0 mg - L' TDZ and 0.2 mg - L' IBA. Compared with
TDZ, zeatin, and BA, TDZ and zeatin resulted in higher regeneration response
than BA, but there was little difference between each other. Solidifying agents
with gelrite and agar also affected little regeneration response. The smaller in
leaf size and more near to base of leaf blade, the higher regeneration the
explants resulted in.

In regeneration response from leaf petiole explants with TDZ, zeatin, and BA,
zeatin indicated the highest regeneration and TDZ and BA followed the next in
this order. Shorter petioles in size indicated higher regeneration than that of the
longer ones. Compared with wounding methods, cutting half of petiole
longitudinally showed higher regeneration rate at almost same level of leaf blade
explants and the regeneration rate decreased in the wounding of toothed wheel
type and control in this order.

Regeneration response of leaf blade and petiole explants against kanamycin was
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similar and adventitious shoot regeneration and callus growth were inhibited at
higher concentration of 50 mg -+ L' and 75mg - L' in leaf blade and in petiole
explants, respectively. After infection with A. tumefaciens LBA 4404 and
co—cultivation for 3 days, putative transformants were selected on regeneration
medium  supplemented with 50mg - L'  kanamycin and proliferated on
multiplication medium. PCR analysis confirmed that the foreign genes were

inserted to these plants.
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o (kiwifruit, Actinidia deliciosa)+ T UF Fo Holes o= 7149
o g=4 9975 th(Dunn, 1911; Li, 1952, 7, 2002). 190617 &= of
AE FA7 wAAER =90 #F Aol ol Fofxa 1930d Wl 4
AA QL A7t Al E o] 2 A A A= v @S> Aotk gyt 1977
Aol Aot BHEol =ds o Auls 7] Al #e vk (Warrington 2 Weston,
1990). #otei= wlER C8 FHS 9 tEyxmol=7t FHsto] g 3
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9 we §T v geo] Iasth(F, 2000). wEbA wEl&EFS HAste =

)

71el A% F

S4se AYEE A Elnel 423 Pas
AR FE e 2ATS AT BALA ol g FA%
Z
[¢)

FAE 2 EFF



Ll
o,
ofo
ol
o

= EoFo A+ random amplified polymorphic DNA (RAPD)E 9]

o] FE(Harvey &, 1997, Kim &, 2002)3 d Ao {fFAENS ¢

op
&
w
+
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1993; Susan &, 1993)% 1 Atk FHHdEd Foke= Uematsu 5 (1991)%
Janssen ¥} Gardner(1993) 7} ‘B o) =’ Z Z o] A Agrobacterium
tumefaciensS ©] &3 FA A HFTS Hud oy YA FF FA4 AS
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Gardner, 1993), ¥ "Wl <¢ 2 HF =7 (Song T, 2002), 2 & A2 genotype,
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A 7S g9t A 284 Ads AAY FYgeol 8%
Agoltt, ole} Zo] wAANE, oo}, A T AT T fF
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A e 3 Ax=2 wix+= MS 7] 28] %] (Murashige®t Skoog, 1962)Z o]

a9=d 1.0mg - L'e  benzyladenine(BA), 0.lmg -L'¢  indole-3-butyric
acid(IBA), 30g - L'9] A, 8g - L9 agar® #7}8le] pH 582 =A3stgc) vk
Aol exi 2542, FHE 60umol - m s, 13 FF7E 1641k W 2 8

WleF 2~3% Fol Azt FuelA ARSI He, o ¥ Aehtor
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AxAg oldl 9 AAstel GAUB GPow PRl Ars L FAAD AT
%

AN 2A4L TmmxTmm 279 HHAEZS utsol 30g-L'9 A2
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HAASe ofaEu g2 (Agrobacterium-mediation)S ©] &3] 4= 3
sttt AA AR AE o] &7 flstel FAAA so wE HdHA wk
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Fig. 1. Schematic representation of the T-DNA of vector pBI 121. Nos-P,
nopaline synthase (NS) promoter; Nos-T, NS terminator; 35S-P, CaMV 35S
promoter; NPTII, neomycin phophotransferase Gene; Psy(+) and Chx(+), phytone
synthase and [i-carotene hydroxylase cloned from satsuma mandarin fruits,

respectively.
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Song ¢ WH(2000)s wet FaEh WA
LB 049] #AE 10mg - L' kanamycin + 50mg + L' rifampicin®] A A=
A7bek 14 YEB 1A (5.0g - L' peptone + 1.0g - L' yeast extract + 5g - L'
sucrose + 0.5g + L' MgSOy) el E2ala 28°CelA wjeksle] 9 F#ASS FAA
Atk ols @d A T S A YEB #iA ol HFse 28T, 180 rpm =7
ANA Ago 0.70] 2 wj7bA] wjFetATh M EFe 7S 3,000xgol A 1023 A4 T
& F, A4 Awst mMAEH 52MS 7124 + 02mg- L' IBA + 30mg - L
zeatin + 20uM acetosyrigone)ol Agpn 0.7% 22189t} o] 28T, 180 rpmolA

Z 4AAZE o1 R F g Fo] ol g3Helrh
T JE2 o AHEAE o dado] Hrt 22T, 180 rpmoﬂfﬂ 1027F F33k%
th HE F ARAL @R Yoo az ole AAR F oA BA FE

Hj ok HjA|o| A 3Y9%F 25C ¢F AHolA FEMUYS FEAT. TEEG wA=
MS 7128 % (pH 5.2)°] 02mg - L' IBA, 3.0mg - L' TDZ, 30g - L' sucrose$} 20
UM acetosyrigones #7}3}al 0.25% gelrite® 113313 AL o] &3t (Fraser
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T ARA = WA E wASta @ oA wiFst st A A3 viA|

= MS 7128 (pH 5.8)9 0.2mg - L' IBA, 3.0mg - L ! zeatin, 30g - L' sucrose,

50mg + L' kanamycin 2 250mg - L' cefotaximes #7}8F3 0.8% agar® 13 3}

g Ae o] &ttt AEstE JhAE FAAVE fle A2 T4 wACdA 1~23]

Z2AA171 % 100mg - L' kanamycine] #7FE Az Z2 wjAoA Axwele]a,
A

o8 FAAHA AAol ol §A

4. FAASA AR

921 434 AL polymerase chain reation (PCR) #4& 433ttt PCR
BAS 93 AEA S DNA %2 Dellaporta 5(1983)¢] HH-& WEsle] DNAS
5. FAA FES 93t primers &+ npt I £ 2o tj) 3} o
5-GAGGCTATTCGGCTATGACT-3 & 5-AATCT- CGTGATGGCAGGTTG-3
‘S, CitPsy F3@Al gt 5 -CGGACTGC- TGTGTTTAATTC-3' &
5'-“TGCAGCATCAAGCATATCAA-3'%, 18 CitChx  fFHAfel  dfsho]
5'-GCACCCAGATCGAGAGCTTTC-3" & 5’—ACGAACATGTAGGCCATCCC—B’
S AHE3FItE PCR ¥HS- 94°C oA 287+ DNAZE denaturationAl 7] ¥, 94C 1
E7F denaturation, 60C 13%7F annealing, 72C 1%7F extension® 303 E‘l—"fa— 74
S AR GBS, 72Tl A 58 F9F extensionAl ]l 3 4TolA A== st
(Song %, 2000). =Z3 DNA ©HL 1% agarose gel AolA A7 E3le] EtBr
2 9A F illuminator ‘oAl ultravioletE ZAFsto] e}
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Oh(1998)¢] ‘slel =" Fvref A B 5 =42 o] &3 AL A+
e

Aol eF 109 A RE g FEel AdisiAEA dude s Ay 27t 94
=7l At dvhes AT A %9 fFASEA o

ik 8F Fo AYx FA AL, AiLss, Ax 3 Ae 2 Ax 24
< XZAE A3 E Table 13 Fig. 201 YU, A2 d=4do
e g2l Ay g4 AEE B TDZ7F H7EE A &2 Ffoe o%
AL HolA+=d TDZO =7l =55 A2 42 Frletes 43S
UEF It IBAS A $E 04mg - L' ol8te] sxoAE A FA A
o JFS " AA ko) 06mg-LidAE Aes A4S 28 AT
< YERAT. Az ARsE TDZ7 H7bHEA 5 A9dE IBA 5%
of Al o]FAAA EgEd, BAY FTE7 =S5 E Yo Ao
238 Ee 43S ek 2ey TDZO H%7F 1.0mg- L' ol Ao A&
IBAY FXkof A#gle]l 90~100% el =& A3t 55 HElHA.
¥ d Kim#Zk Oh(1998)& A4 Heol g% FHle F4o 2 49 FH <
A ~2HE MT H] %] (Murashige®t Tucker, 1969)& o] &3 Alx &3}
7} 2.0mg-L7'e TDZol A 20.0%° A%F3&S Yeudds Busgro

T3 Fraser 5(1995)2 LS #lA](Linsmaier®} Skoog, 1965)& o] &3
Actinidia deliciosa® 47] #F W Az A&Estel A TDZY 4%+ A
Balgol s Buk oflg Be FRgARE 2o sl dAol Ueidtt
A AT ol B AFARS F AolE UEWe eEA A EE F
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Table 1. Effect of growth regulators (TDZ and IBA) combination and

concentrations on regeneration from leaf explants in 'Hayward’ kiwifruit.

TDZ + IBA callus Regernaton Shoot Shoot
(mg - LY growth rate(%) number quality
0.0 + 0.0 1 0 - -
0.0 + 0.2 1 0 - -
00 + 04 1 0 - -
0.0 + 0.6 2 90

1.0 + 0.0 2 90 3 2
1.0 + 0.2 2 90 3 2
1.0 + 04 2 100 3 2
1.0 + 06 3 100 2 2
2.0 + 0.0 3 100 3 3
2.0 + 0.2 3 100 4 3
20 + 04 3 100 3 2
2.0 + 0.6 4 100 2 2
3.0 + 0.0 3 100 4 3
30 +02 3 100 5 3
30 + 04 3 100 3 3
3.0 + 06 4 100 3 2
4.0 + 0.0 4 100 3 2
40 + 0.2 4 100 4 3
40 + 04 4 100 3 3
4.0 + 0.6 5 100 2 2

Numerical values for callus growth, shoot formation, and shoot quality
indicated approximate measure for the amount of callus, relative shoot
number, and normal shoot growth, respectively from 1 reflecting the
least growth to 5 reflecting the most growth after 8 weeks of tissue
culture. Regeneration frequency indicated percentages of explants with

adventitious shoot formation.
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Fig. 2. Regeneration from leaf explants of 'Hayward’' kiwifruit on RM medium

with TDZ and IBA.

_10_



Table 2. Effect of different cytokinins (TDZ, Zeatin, and BA) with same
concentration of 3.0mg - L' supplemented with 0.2mg - L' IBA in regeneration
medium and solidifying agents on regeneration from leaf blade explants of

"Hayward’ kiwifruit.

Cytokinin Callus Regeneration Shoot Shoot
(gelling agent) growth rate(%) growth quality
TDZ (gelrite) 3 100 5 3
Zeatin (gelrite) 4 90 4 4
Zeatin (agar) 5 100 3 5
BAP (gelrite) 1 60 2 3

Numerical values for callus growth, shoot formation, or shoot quality
indicated approximate measure as detailed in Table 1. Regeneration
frequency indicated percentages of explants with adventitious shoot

formation.

o FelH e Aol A AAAe] AEEE AT AFzEEede HAF
s

Gleddie(1989)+ Arabidopsis®] Z S 3 vl =& 7w <gste] Y

e 82 T T8F HEe AtolETtold e Adgd 2 glom o FofA
TDZ$t zeatin, ZL2]il BA®S @& Hlwa] WSkt 7o &3t H7b=
°of FF7F AEstel oW QIS v A= AFAE Table 20 EFW AT
GelriteZ 18 3t¥ Ao A] BAv= 229 JAF& JAsE Aoz yE
o, TDZS zeatinol W& AEd7F S Nx 71 4L FFS e

ATk 22 TDZe zeatinol A+ 90~1000% Wl =2 AEs}E&ES
W=, TDZE Az HAS FH3A zeatin® Az A8S A 3+
g BHo FAOY, HAAHE A9 Ao]7t AT

294 Kim¥ Oh(1998)= cytokinin £ ol A & zeatino] 7}& A &3 kg
o] £1i TDZ, BAS o2 Az AMes&d Nz 71 7
. =% Fraser 5 (1995)2 zeatino] 21z A &3&H} Az &

kil BA, TDZ9 <oz YAt gy, 2822 zeatinol o 3+ A

rr

o

,11,



w3 wkgo] BAHT 5% e B AFARd dA ALY, zeatint
Aol YEt . ey ol 23k Aol = A E A 9
genotypes =& HI A F/F Y Hfold 7]dsk HAeo=m A7,
e

WA nE el we A 1o Fig. 33 2. 29 ZE AesE
26 e Ax BN Ax Ado] Fgm, FAMEE gy = %
of ANEFE Az Foh Az 2del EYY. ol A9 AII FL5F
old A=A Wio] @ APHI, EF 4 /|PE AGRT Bgo] %
AdEE A% gAHE 2o A2H A H(Raven, 1999).

Fig. 3. Effect of size and cutting part from leaf of 'Hayward’ kiwifruit on RM

medium.
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AW £ ¢ cytokinins T F=ol wE AL3 vE 2 Table 3
Fig. 49} #t}. TDZ, zeatin ¥ BA9 T &/ o= A&

Butod, TR % g wE Awst e A AeolE HeolA
%t Zeatin® 74§ 50~100% el AEstE&S HdEUHAD, A=
dzete g e AHE B FAdY. a8y, 3mg- L F %
&o] 7 v e AR REF7E AL dA 24T A AL

AztH Stk TDZe A-¢E 40~80% wWele] A& yetdo], zeatin

Lot
rﬂ'.’.
oo
-
)
il
X
AP}

2 b
Mroom
fuobo82

to
P

o gasgod Az B4 A5 FFIU BAY A AR
&0l 0~10% WA A3 %o S G dAHo gy =
Aol AR Wee @A A} a9 i Fe FFoldnh 1yt

Rodriguez % (1985)°] MS HA] & o] &3 ‘FojHd=’ FF2 HHolA B
3 615% BHuE 453 232 ey,

Table 3. Effect of different cytokinins (TDZ, Zeatin, and BA) combined with

0.2mg - L' IBA on regeneration from petiole explants of 'Hayward’ kiwifruit.

Callus Regeneration Shoot Shoot
Cytokinin .

growth rate(%) number quality
TDZ 4 80 5 2
Zeatin 5 50 3 4
BAP 2 10 1 1

Numerical values for callus growth, shoot formation, and quality
indicated approximate measure as detailed in Table 1. Regeneration

frequency indicated percentages of explants with adventitious shoot

formation.
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Fig. 4. Effect of different cytokinins(TDZ, Zeatin, and BA) supplemented with
0.2mg - L' IBA in regeneration medium on regeneration from petiole explants of

"Hayward’ kiwifruit.

HIZ<THEI D =0l

= [Hst ] =0CFC A8 .
Table 4. Effect of et;ioleT size on regeneration from petiole explants of
"Hayward’ kiwifruit in regeneration medium supplemented with 3.0mg - L' TDz

and 0.2mg - L' IBA. A-D ; petiole size(A; 0.5cm, B; 1.0cm, C; 1.5cm, D; 2.0cm)

Callus Regeneration Shoot Shoot
Treatment

growth rate(%) growth quality
A 4 87.6 5 4
B 3 66.7 4 3
C 2 36.4 2 2
D 2 33.3 1 1

Numerical values for callus growth, shoot formation, and quality
indicated approximate measure as detailed in Table 1. Regeneration
frequency indicated percentages of explants with adventitious shoot

formation.
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guiel 27w AR Wee Table 45 2T gHlel 277t 4L5E 2
P owge o Aol ARIEE TGO, Ax B4 HEsh A

Bgo W AAyE A BAHE Aow wolHT)

Table 5. Effect of wounding induction on regeneration from petiole explants of
'"Hayward’ kiwifruit in regeneration medium supplemented with 3.0mg - L' TDZ
and 0.2mg - L' IBA. A-C; wounding method(A; toothed wheel type, B; half of

petiole, C; control)

Callus Regeneration Shoot Shoot
Treatment

growth rate(%) growth quality
A 4 75 4 4
B 5 95 5 5
C 5 50 3 3

Numerical values for callus growth, shoot formation, and quality
indicated approximate measure as detailed in Table 1. Regeneration
frequency indicated percentages of explants with adventitious shoot

formation.

Table 5= ¥ =A< HAAAd ZAS F=3

= A e
T A& BB ol vrow AA &2 WA dA fFE Ao A
= AEsEol 95% =AM ¢ Adet= 4o 50% el Al
S watd Aol7k o, AT olffel= Az B} Az WA
L dEd 23E 2o A4 syutF = Aol Sl wel fask
240 ¢ #ol &2 F v A ddol d= Aoz AA4H[YG. oY
of Az vFof FaAjlA ALsEE]l 20% oo FF FEHE Ths
&tk Tomzik(1995)¢] A7-rH sk wluwdd uf, Fopefe] 4 =4S o &

FAAFL MEHEYYH 54 a7 A W =93 o5 AEZFE A
5} =9 AEEiY

]_
°of A& dA= vt HAS gl AP 2Hor Az T VHe]



ool A 9 o] &3t AE3 @AM kanamycin I
AA gt Hges EAAtH(Fig. 5). 9419 A9 TDZS zeatinol 3%
glol 250mg - L' kanamycin ©]9 FFEolA Az ABIIE A=)
ey Ay P R g Fo wbg2 TDZ9 zeatin {Fell %ol Apol
2 B9t TDZY A9 = 500mg- L' kanamycin &3 A F2 Aud o
A~ Aol ALY o] FoJX A ¢to} zeatin® 4+ T Y kanamycin
SZo A Ayart FAFHAY. B3 nF Ao A H = zeatine
FEY TDZAA Ak HAoldnk. g ZBfold= A3} vl o FA
g ZAege Hol Fuh 250mg- L' kanamycin FEZAAE Az A E 37}
o] Fo]H 3, 50.0mg-L' kanamycin FEME A Aol w ekl
ot d@gs o 5 ARG ol AdrFYH Hud A4 2A=E oE
g A5 FAARA ALe 500mg - L' kanamycin W elel M, 1m 9
gl Aol 75.0mg - L kanamycin Wl A 7ted Ao s gl
o] = Janssen¥ Gardner(1993)¢} Nakamura 5 (1999)¢] A}£3+ F =<} Wl
& o FUF FFoldort, Uematsu 5 (1991)¢ 250mg - L 'R =
Fraser 5(1995)9] 100.0mg - LBt} v Z=2z0]9 ),

o JA AdAA = Agrobacteriume FF I F 3Y Tk FEvw
#}4& A v, 50.0mg - L' kanamycinol H7bE A& WA A w
kA th(Fig. 6). A3 MAELS A7 H7beEA &S 2z F2HA 9
A REE fFEsa F43 o5 4 MAELS 1000mg- L’

4 5k 9 o}
kanamycinol H718 Az FAMAR §71 F Bws Ages FAA A
o]

4

K

2
g A=AE Ax dEadv(Fig. 6)

ol A AEAE DNAE FZF3to] PCR #4& T3 F2ddAdS
st tH(Fig. 7). PCR &4 ¢ A3 = B2 AEst A=A E50] escaped
S g & ddoy, 95 AEAEL nptlol thdk 800kbet &2 # A
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Fig. 5. Regeneration response from leaf blade and petiole explants of 'Hayward’
kiwifruit in regeneration medium, which consisted of agar solidified MS medium
with 3.0mg - L' TDZ or zeatin and 0.2mg - L' IBA, supplemented with different

kanamycin concentrations.

Fig. 6. Regeneration on selection medium and multiplication of putative

transgenic shoots in 'Hayward’ kiwifruit.
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Fig. 7. PCR analysis of putative transgenic plants. PCR bands were detected for
both the nptll (A) and CitPsy or CitChx genes (B).
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