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SUMMARY

The study was conducted to develop the promising transgenic kiwifruit with
higher contents of carotenoids (provitamin A) and ascorbic acid (vitamin C). To
accomplish the goals of the study, the strategy was devised with three
approaches including an establishment of high efficient Agrobacterium-mediated
transformation, the gene cloning related to carotenoild and ascobic acid
biosynthetic pathway, and an evaluation of factors affecting vitamin biosynthesis
metabolism.

1. Establishment of high efficient Agrobacterium-mediated transformation and
selection of transgenic kiwifruit with high gene expression. To establish the high
efficient  Agrobacterium-mediated transformation, some factors affecting
regeneration and genetic transformation were evaluated in 'Hayward’ kiwifruit.
The higher regeneration frequency resulted from the solid MS basal medium
supplemented with 3.0mg - L' TDZ, 0.2mg - L' IBA, 30g - L' sucrose, 8g -
L' agar. To apply antibiotics to transformation system, regeneration
response was investigated for different kanamycin (Km) concentrations.
The result suggested that 50mg -L" for leaf blades and 75mg ‘L' Km
for petioles were proper for selecting transformants, respectively. For
genetic transforamtion, LBA4404 strain of Agrobacterium tumefaciens
including pBI121 binary vector harboring T-DNA region containing nptll
and target gene, which was sy or chx cloned from satsum mandarin was
used in the experiment. The highest regeneration and transformation
efficiency resulted from the bacterial inoculation with 0.771.0 ODsgyp of
incubation density and 1.0 ODgyw of suspension density, the 3 days of
coculture, and supplement of 20750uM of AS in virulence induction and
coculture medium. The putative transgenic shoots were proliferated on
multiplication medium with antibiotics and rooted on rooting medium. The plants
were planted into pots and acclimatized in greenhouse. To confirm the gene
transfer, the PCR and Southern blot analysis were conducted.

2. Gene cloning related to carotenoid and ascobic acid biosynthetic pathway.
To characterize several genes involving in vitamin A and C biosynthesis in

molecular level, carotenoid biosynthetic genes of phytoene synthase and lycopene
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cyclase and ascorbic acid biosynthetic genes of GDP-mannose pyrophosphorylase
(GMPP) and Galactose dehydrogenase (GDH) were tried to be isolated. The
cDNA libraries were constructed from RNA of leaves and fruits. By RT-PCR
using degenerate oligomer, designed by multi-sequence alignment, gene
fragments of respective genes were obtained. The sequences were determined
and analyzed using bioinformatics. Using the cDNA fragments, we isolated
cDNA encoding GMPP and GDH by cDNA library screening and RACE PCR
and obtained the full length sequences of GMPP and GDH. The deduced amino
acid sequence showed higher level of similarity to those of potato, tobacco,
apple, and citrus.

3. Evaluation of factors affecting vitamin biosynthesis metabolism. For analysis
of the fruit characteristics including soluble solid, acidity, fruit weight, bioactive
components, etc., 10 varieties of kiwifruit were investigated. The ’'Daeheung’
showed the largest fruit size at 127.2 g, the highest soluble solid at 16.0 °Brix
in A. delicosa species. In case of A. chinensis species, the 'Apple Sensation’ had
the highest fruit size with 127.6g. 'Apple Sensation’ and 'Haenam’ were higher
in soluble solid than the others. Most of time, varieties from A. chinensis were
higher in soluble solid than that of varieties from A. deliciosa. The flesh color
of A. deliciosa was green but yellow color in A. chinensis. In evaluation of
seasonal changes for fruit characteristics during fruit development, the soluble
solid contents in all varieties increase during all developmental stages and
became over 7.5 °Brix at harvest time, early November. On the other hand, the
acidity become lower as the fruit ripened. However, the soluble solid was
sharply down and the acidity was sharply up after over-ripening.

The content of ascorbic acid among kiwifruit varieties was the highest in A.
eriantha at 426.7 mg/100g and the lowest in A. deliciosa cv. 'ELM Wood' at
426 mg/100g. The content of ascorbic acid in varieties from A. chinensis were
higher than that in varieties from A. deliciosa. The content of ascorbic acid in
A. deliciosa was the highest in young fruit but getting less and less during fruit
development. But the content of ascorbic acid in A. chinensis was recovered like
that of young fruit at ripening time. The contents of Iutein and [i-carotene
were the highest in A. deliciosa cv. 'Hayward’. These contents showed a rapid
increase when the fruit became ripened. Antioxidative activities were ranged
from 26.8% at A. deliciosa cv. 'Hayward’ to 62.1% at A. chinensis cv. 'Golden
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Yellow'.

The fruit growth of kiwifruit in protecting culture system of polyvinyl was
better than that in open field, however ascorbic acid was higher in kiwifruit fruit
of open field culture.

Transgenic plants transformed Psy gene and Chx gene showed higher content

in lutein and [-carotene than normal plant.
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A ¢ AP KA L EF NRo] B ATRUE Hew g5 Fes
Ze Aol o WA seka gl Aol

WAl WA mE AzA A 2
& 99 HsAe Fu ASH wgto] Hojgth @A FUATAME 20051 HE
Eooleld AA AR FAAe] ANEAE ALgete] A AT

A ge ow dYA vk wed FAA AREAES gAss 7&e] A4
3 Aol @| FuUelAE GMO 87 % A4 a4 FAFHol

1, ool We el GMOE B8 =l GMO 429 457 Ane Fael 7}
S8 oty aene §39 A9e o] AU Held Faus FHA

3}

2]
el M 7EEE 308k Zlee9] SRV Y T8 AoR ddE

7h HEEE v ERA 2 C 3 S 28] o) R A Hop A

) ool HEvA 2 C A E 58 fHd st
- Zttel cDNA libraryE AlZtstar Blepwl 4 #d Fd2 @45 9%
probeE & H 3}
- ZFREH ol EMHEYA AADSY A4 HERIC dAHE FHAE 22
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M 2Z =Ue 7ls7id &

A1 A Ry e ST

FEvhetel A auSFe] ofgh Hrhy ANEF S 19959 ddATA =
ool ‘Hayward ¢F ok E wujsle] U Aoz RE Mgt 'HS £
o] lo} o= AAA ZHA7F AL 27 A FFolvh. HE ATAdE
AFEAA AT 2 g A EZe] FFo2 2001 9% "ol Ha JErl Eo
w &Aool FAAFe Hg g o] FF U FERFE CSHES Adsida,
g giFoli oA FFoRE A A ARl sE947 ATk 2-d ol s
FEEC oM E RV, G, HEN §E 25 59 WHelA sRdsior & 7
ol Bk 53] Fodle vENICe e =2 Holu HERIAY S vy
S "ol a9 W FHFA = HIERIC =& AlEol dFelxE =Ttskal
o5 AL o]&3t7] flg HlER giAL Ao AHER 3 AEE A F
o A= mFE AA (AT 5 A H LA, 2001)

2002

Tol = FHoe AEFEFo] 441 wart o|FojHTh A chinensis$t A.
deliciosa & 1u|3le] A& ‘AA|2d'e Fyo "ol Ao glon} Ao =79
P 2 Aol HolHErmy f-ehA] X3 Aew defAal vk A chinensis
718l aujR Aozl AAEE'= &Aool
o AA b F Aot glow, 53
2zl Zeo Hlste] F HEY e T
g Aetd = w971E %"ﬂ’ﬂ =3k A 3

@ el ot sl 3717} b A
[e3]

FA) 24 Asoer dEAa
of F=]isef Alste] o] Fola gl Al
ofe] 7hA well A dojx= etk &
EZ2O0 A eriantha AECZ 49 v E
2180l 74«1 37}%6 & o, 'ilov

[e)
B T T o]f—r
g# 2 A8 olFojAn YA %

SR E AT WA, 2002).
A=

A= T SolMs A R FAe] S ar e oy, I gls, o
W 5 v FAALY] s B Hrieh A $FFES =48] A wwfs
< Aol wig- g HA O]E}(Ferguson & McNeilage, 1999). wA A=} T2
TEATE GFR vAE A= A = R 54 @rhE sdsta e,
A gl ko] sk e e Sy, 2o RlEe] A A9 SO i B
&s7] 9% WSS Fska %1 WAl A7) Fde wied SFToR HE
a3l lth(HortResearch AR 314, 2003). A A¥polud "ol glar unlepyl o}
HE AAY AEE S5k d B2 =8e 7leola = AAoltk(o]do] HE
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Wl B8 EAE o] FH F). Y o] BT ofFo Vb Ao ®

A A A 7FA] 7} | = FA] 2L

L= S ’“U«] F7] S FEF T el ol &3tr] gk 5%

2 AFANE AAFEE A =8t
ok S yEtE x5 AAAAH 22 molecular markersE ©] &3 )& F 9

E_% A AF7 &EshA o] FojA i Jdtk(Jung &, 2003, Kim 5, 2003; Shirkot
2003). tirt olejg] 9} FHA M=o A= molecular markersE o] &3k wH| &2

o]

%
A4 Aol 2e" O Ho 2l
2

E%%— 2 A7 B @93k Holth RFLPE &8 RAPD, AFLP ¥ SSR ¥A &
Ol%fz °k7ﬂﬁéél-°4 A 52 AH, edX] o BlaEd vluste] A3 HA A &

E

= ¥ Aol AR AN FRA S FUEE
57101] L e et %%‘?’\é 58S A8 A dad FAAEA AT A7
L #A;Fot =35 o] ghth(Fraser et al., 1997).

o= v B 3&
Aok WA o]t (Fraser 5, 1995, Kobayashi %, 2000; Nakamura %, 1999). 93

AZFH 2% DNAE T3+ W% AT=o] $tth(Raquel & Oliveira, 1996;
Oliveira %, 1991; Oliveira®} Raquel, 1991). 121} particle bombardment§ & %] &
< Ad7E v ok FEAE o]& FFoET OiFEE SolfEley, Ui A
chinensis cv. 'Earligold’(Whittaker %, 1997) o] &3 Hu% t} T3 EAR
2 J3 949 oo &ul=F(Uematsu 5, 1991), =7](Fraser 5, 1995; Nakamura
5, 1999), TAHFung &, 1998)& o83 A% ATt Agrobacterium® FF=
= A tumefaciens ©]]°l A. rhizogenes (Rugini &, 1991; Yamakawa$®} Chen,
1996)5 o]&3l7| = 3o, A tumefaciens® 74-% EHA10l(Uematsu %, 1991),
A281 ®+= CH8(Fraser &, 1995; Janssen &, 1993), LBA4404(Janssen &, 1993;
Kobayashi %, 2000; Kusabo %, 1999; Nakamura %, 1999)7} o] &% i}t &2 3k
A AERAZE oA E FAA A FH A (pdDE AREsta e AA ot
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Aaw7hA Bad FEPASASY H2 FHAAEE ACC synthase & ACC
oxidase A=, B MExdAHE OSHI F4A, = WEA B# stilbene

AA Fo] AtH(Kobayashi et al., 2000; Kusaba et al., 1995, Nakamura et al.,

1999). obA &= Fvhe Aol F&AFe] =2 ARt dHAxH 2 RE o] A

AR glo] FAAH AP AGHoR FaNL A Fahh 53 AL R4

A= BEol 59 Hda AlmZaAdEedA 3 Fdud FHdx I 49

screenings &% & JiEel] frdAdo]l &2 FodE ol &t Ak AA
A

[
Ao FEAgA ] 2Dl M= BaE wrh gl Aol

A3 A ket
, TSy #ASFF] sucrose
phosphate synthase, xyloglucan endotransglycosylase, glycosyltransferase2}
galactose dehydrogenase A o] Hu¥Ari(Atkinson & Gardner, 1993;
Ikoma et al, 1995; Langenkamper et al., 1998; Schroder et al., 1998). 3£ &t~ of A
= A. styracfolia®| 4 ribulose 1,5-biphosphate carboxilase®} A. chinensis A
NADH dehydrogenases X i1st¢lom, dZolx= Avld 43 #Hsto] pectin
methyl esterase inhibitor & X33}l o} AF7HAE =53] HEA ] 9l
(Beunign 5, 2003; Chat &, 2003; Laing®} MacRae, 2003; Irifune®} Nishida, 2003).
ey H2 gAAE=Y A AP AsdT APS v A8ste] fHE

A 8 FAA S FZska glvk o] BAC libraryE &8.eka 9lan, &4
A

polygalacturonase -Fd27F 7idd wp glom

FAE ol &g FHAA Amgd @ FHFAQTLs) w4 8 Tl ok Foh
#Bl EST®E417 37 DNA chipl® F8§& FdAE AEeta, o5 of7|ddiet ol
A&l PAASSY] FHA VA F& FAA AES FHea Uk A
ez 58 9 AYRSE 98 AFAde wxAg 9 vaARe] HE SAHE
Zelsta Qo] FF e Re] FHdd oy ol ddE Tt
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L AEolA e HENIC B =l gk A7 Ebsto] HAF dre A Al e A
golth. Wheeler 5(1998)0] o7& ol&ste] AA3 AR Glucose —>
GDP-mannose -> GDP-galactose -> galactose —> galactonolactone —> ascorbic
acid ©9 FAAE=7F URkAQl MR wWrolEo a1l glom HE ol¢f #yE o
ek FAAEY ARYHR SHAATTE FREHL du AN d FHAEA
GDP-mannose pyrophosphorylaseE ¢35 3}3t11 9+ vtel (vitamin C deficient 1)
+42Fe}  Galactonolactone dehydrogenase +dA7F Aoty 1 e}, wak ol
9 Ao FAo oS v A= Ca-oxalate? Aol vit CEF-E o] FojxH
idioblast W 2] Ca-oxalate crystal @43 #FHHAGT ¢34 JH(Conklin et al.,
1999; Kosman et al, 2001, Tabata &, 2001).

HERTIASL s ATAR] 7hRH =0l =0 A 2 Azt tiE A+
7F Be FEAA FadEo gku, AN FZHGAZA phytoene synthase 2 lycopene
cyclase, phytoene desaturase 5©°| At o] gkl H: ol FHAAI =dEH o
AEAZE RbEAAL QA EE&A R JIRHEOE Aol TUtE Ak HoF
3 Y TtHBramely, 2002; Fraser et al, 2002; Hirschberg, 1999). Geranylgeranyl
pyrophosphate(GGPP) synthase: 7}2E|xol= Aol AG-Ael GGPPe 34
= B3t A= E4ARA AA tRE o= AR S FUHATIV] Sl =

o] fHAte] BHo] FadttE= A% AAHIT 9rh.(Ravanello et al, 2003)
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LA 2
7h AEAls
1) /JE’]HE

AezAaz 7w T2 EolHE FF

o
>
>
op
_0|L
32
IS

2) 7]
7},) }\1 zﬂ 7]1HC01 D1 Z)\l

AgA AL Astetel FWel ehata wol el S 39z Aol
o] g&attt. AMHAT 7HA= 30cm Hol2 ddd 5 7HA] F w9 JES AA

stk 0% GmeE FAY 25 F 2ol ol Aoy wopA A <
—

Ho] Hojx a1 Ao %?301 1.0cm & FolA HHse, 1A S
A AsI 1% NaOCl ool 102 7F A A8k WA e et & Ha = 33 A3
st A5E od % o5 & 2-3% AAsZ FAuIA ] 23t
7T =Y ‘%‘ %—*ﬁ‘uﬂ Fo 25+2C, 16A17/84171¢] 60mol - m - s ' Fx71 3}ol A
S5tk U =43 Az A4S A5t 4F HAoR FAuANA A
A=

uh) wl A 24

AEH NNEY 2 Z2o ALLs wA 2 8% agar 1 MS 7] 2]
(A% 3%, pH 5.8)°] 1.0mg/L BA % 0.lmg/L IBAS H7}sto] AF&&FT).

. ARt
1) /\T‘:’xHE_
Ast J=Azs 7 T Az o
Aol AT AW o o] ARs AP

2) AW
7h Az ALskel A= AR R A 9

Apde] 44 2Ae THIA MS /| RHA 6] Ao E715F TDZ9h @
SR AR EEALGD PAF 45 FoI BAs fu ‘;1 4z Aus
ul + 0,1, 2

$S AT A EAA Y ¥EE TDZO 74
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<, IBAS 4% 0, 02, 04, 0.6mg/Le] 4+ At 207 =F(GFEx4
F)ol ek wke-S 2AEITE B3 TDZ, BA, Zeatin 5 Aol E7FIFo &
of W& A3 vFES ZANFEA ST WA LY E JFE A A agar

gelrite®] s%=& 27 0.8%, 0.025% = AAsto] A&3} vh-g-5 H w5kt

7R E 2o 0.7<0.7cm W 9le] A& s o] &3}
ok =3 Qe =71™(1.5~2.0cm, 2.0~25cm, 25~3.5cm, 3.5~4.5cm) A

w3} *ﬂi%oﬂ gl A= FA4eA Aol A= Z7IH05, 1.0, 1.5
2.0cm), A2 (A H =), ﬁéﬂﬂoﬂ mE XdUHe dFdS F45

FAAZ Ao A AdulAR AFE-FA}SF= kanamycing] 44 5%
3t7] 918ke] 0, 25, 50, 75, 100, 150mg/Le] 65F+S A4, 4=
He A, AR, ZRAE 58 AT

2}) A AgA A"

A ARl kanamycing WAt AEA 28 JEkS 913le] sorbitolell o gk
A3 S-S FAMSF T sorbitol 2 osucrose vEE ZHzF 30-0, 25-5, 20-10,
10-20, 0-30g/Le] 5x3& A ste] Fdrh

o}, 3 A3
D ofz=vdes 7 2 9
Psy % Chx (MEwl $4#d f474)/pBl21E 2733 9= LBA4404
straing ©] &3 THZHE 1).

Z

2) o i F A B

ol Zvle| 8] &S A H7F10mg/L kanamycin + 50mg/L rifampicin) 9
23 YEB wl#](5.0g/L peptone + 1.0g/L yeast extract + 5g/L A3 + 0.5g/L
MgSO, + agar 1%)°l] =25kl 28T oA 29 vl gste] @d #AE FAAA AT
ol T A Fo e HA YEB uiAo] HEste] 28T, 180 rpm Fz1e
A Aso 0.70] 2 wi7bx] wigetATh wigE S 3,000xgel A 1033 DA
s 5 A AEs wA(pH 52)(MS 71EwiA] + 0.2mg/L IBA + 3.0mg/L
zeatin + 30g/L A9 + 20uM acetosyrigone)oll Agw 0.7% 3] 3} 31t}
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Hindlll Hindlll
Hindill Xbal BamH!l Xbal Sacl Sacl
/ EcoRi

— Nos—P | NPTIl | Nos-T | 355-P Psy(+) Nos—T F—

Hindhl Xbal Sacl
EcoRl

—~ Nos—p [ NPTIl | Nos-T | 355-P Chx(+) Nos-T

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 [-carotene hydroxylase cloned from satsuma mandarin fruits,

respectively.
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ol S 28T, 180 rpmell A 2 4AIE o] wiFdt §- HFoll o] &3kt

3) A%

AEA # JES o AAAE o dede] @t 22T, 180 rpmoll A 10+
2SS 4F F AnAE 4P Poolzaz g ARG
1) FEG

i
T AE T TS 25T, HAA FAsAT. FEEE A= MS
Eaj =] (pH 5.2)° 0.2mg/L IBA, 3.0mg/L TDZ, 30g/L A3} aceto- syrigone
< #H7bskal 0.25% gelrite2 31333 Z-& o] 83 (Fraser &, 1995).
5 Azt B A

ERal 3; AAAs A AR AR 713 oF dEoA 45 S A
FetArk. 47 T AAA = WA E wA st F o)A wjFetdnr A AR
3} #i A= MS 7] E8 A (pH 5.8)° 0.2mg/L IBA, 3.0mg/L zeatin, 30g/L A%
50mg/L kanamycin % 250mg/L cefotaximeS #7}sli 0.8% agar® 113 3}3)
k= O]Rﬁ}"iﬂr Adste ANA= A e Az T4 wjA A 1~23] F
AA1Z1 & 100mg/L kanamycin®] A7 A% S22 wjx| o)A A s

6) A&
7h 8RR =149
@O ofzEutH w9 AA wig gL 3
ODg ©l thate] 3x39] 9FFo = ZH“LHtfﬂr L
@ Acetosyringon (AS)9] #AEWF 2 Fsuld viRo] H e F%(0, 10
20, 30, 40, 50uM T 67l wWE Azt 2 FAHAS 9ES EASHA
@ FEugY AA 73S AASA 0, 1, 2, 39 T 47w st AlEs)

& S [elie) A=
9 gAY Nee B89

OH
o,
et
o
fr

W) A AoiA 7EsE

A AEA TheAdS EAsHY] flste] gus ti4lel SDHE  thA g
p500 HWE (npt-1I EZ3F)e] of 1=ulH| gl LBA4404 straing ©]§3ke] AEs}
2 FEAAE ES AT Al AS+= 275g/L sorbitol + 2.5g/L
sucrose, GH 2l 4% 30.0g/L sorbitol + Omg/L sucrose oA FAH3S

Fashsiet.
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g g2A8 el
1) PCR &4

g
@
=
r{m
1
rUlo
mle]
r%
m{n

A DNA F%< Shure et al.(1983)¢] #H& W33}
d d7F S Aol A AXEE wg T AxE

ol
o
3R
i)
2
o
)

X

o] oJd A& #HFH3le] 15mL microtubed] Wil HAAALE 713l
tube & &5 o]&ste]l miHgth 7)o 65CE dddFdF FEFE&Y [(50mM
Tris-Cl, pH 8.0), 0.3M NaCl, 7M Urea, 1% N-Lauroyl Sarcosin, 2% PVP,
29% [-Mercaptoethanol] & H7}stt}. Vortexingdte] % # o] 9J71# & F3
gz 2 Mo|x = st} 108 FA S =2 inversiondtH A 65Co|A 30&
gt § 4-5% AE AS 7|t

& %9 phenol:ichloroform (1:1)& 7Fate] A %3] inversion shil 7 A 20

4

B2 AXg & AL 12000rpm, 10#3F YA &3t} vfolma 2y S o] &3}
o =@ £84 F4ANS 1.5mL microtubeZ &1tk &2 chloroformS
HA7bstal 533 Ags 50 A=tk olAHES 12,000rpm, 1023 94 g
T A dS 1.5mL microtube® %71t}

of71e]  120ul 44M ammonium acetate (pH 52)2F 0.8-1 volume
isopropanol (not cold)< % 7}ste] A 93| 4=ttt DNAZF A FA] A2,
12,000rpm, 10%7F YA E2 3] FAAS v g1l pelletsS #H3aolh 1mLel 14+
washing buffer(75% EtOH, 0.2M NaOAc)S H7Fstz H 3] o] A2 A
204-7F wieFEt. A2 12,000rpm, 103 YA RS T AAAAS WEla
pellets= 3 3tt}. DNAE 22} washing buffer(75% EtOH, 10mM NaOAc)E *
bt 587 Aol A, 12,000rpm, 1027 94 &3 Sagae wE
pellets # 3tk DNAZS 65CoA dryAl Zlth

200uL TE buffers H7}st3 tapping® 7 65C oA DNAE <t}

IOmg/L RNasefm #7}3te] A3l inversionl® 491 10% < A&

5 Els
& 37CAAA 3A7F o] =tk TE bufferg® #71ste] HF F3 & 500uLzE %
A3 & Fd F39 phenolichloroformE A7}t 1087 A Qs 50 4=
o} 2, 12,000rpm, 1023t A2 st § 4 A4S 1.5mL microtube® &3]
o Y $39 chloroforms 71tz 7FHEA 4L & A=, 12,000rpm, 10%
F A EY S A A4S 1.5mL microtube® %31t

1/10 ¥3¢] 3M sodium acetate (pH 5.2)9} 225uL <=5 ol €S (cold)S #
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7Fshal inversionS 2 41> = DNA HAS 9sl 20TolA 1A1zF o] FX] g
th 4T, 12,000rpm, 1037F A48 d & A A4S Ak 70% EtOH=E A4
St ©A] 4T, 12,000rpm, 1057 L&t & A

DNAZE 7 zA]Z1t}. DNA pelletsS 50uL DDWo =

ghs

) PCR 4]

A FZS 3 primersEE nptd F-&A 2] thste] 5-GAGGCTATTC-
GGCTATGACT-3 & 5-AATCTCGTGATGGCAGGTTG-3%, CitPsy -+ A}
o st 5'-CGGACTGCTGTGTTTAATTC-3' & 5 -TGCAGCATCAAGC-
ATATCAA-3'&, CitChx frd=te] thste] 5'-GCACCCAGATCGAGAGCTT-
TC-3" & 5'-ACGAACATGTAGGCCATCCC-3'S, MdSDH Aol o 5}
5'-CAGAAGCCATCTGTGTGTCA-3" & 5 -AGAGATAGATCGAGTCTAG-
G-3'%, 2731 MAMADSZ2 7 Aol thate] 5'-CAGAAGCCATCTGTGTGT -
CA-3" & 5'-AGAGATAGATCGAGTCTAGG-3'& At&3stth. PCR WkHS<
94T oA 2%37F DNAE denaturationAl 1 ¥ 94°C 1%3F denaturation, 60C 1
&3t annealing, 72°C 13} extension® 303] W& 343 A thg, 72TNA
5% &<t extensionAlZl § 4TCoA FASHES 39 HSong &, 2000). T3
3t DNA ©9HL 1% agarose gel AolA HA719%3se] EtBr 2 a4 %

illuminator Aol Al ultraviolet® ZFA}sto] 23+ )

2) AMojd &4
7 A &3 DNA +&
21534 DNA F32 Shure et al. (1983)¢] WHS WHEH o] o] &3}

%3 DNAZS Asta s EcoRICE Aglsla 0.8% agarose gelE o] -&3}o]
A7l %389 2H, o] Zhybond-Nylon membranec] Holslsith. o= probest
EA3H62T, 20/ A7 Z X-ray filmEg ©]&3lo] 7Z3AZ ).

oh ARG HEA woRE, £3 % S5
D AeAl 2 fl

PCR 24 o8] 4 FAARAR dld Ax= MS 7]2wfA
05mg/L IBAZ} 7he o Alel A s et
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Table 1. Effect of TDZ and IBA concentration on regeneration from leaf blade

explants of 'Hayward’ kiwifruit.

TDZ + IBA Callus Regeneration rate Shoot Shoot
(mg - LY growth (%) formation quality
0.0 + 00 1 0 - -
0.0 + 0.2 1 0 - -
00 + 04 1 0

00 + 06 2 0 -
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
20 + 00 3 100 3 3
20 + 0.2 3 100 4 3
20 + 04 3 100 3 2
20 + 06 4 100 2 2
3.0 + 00 3 100 4 3
3.0 + 0.2 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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0.0 0.2 0.4 0.6 mg-L™" IBA

Fig. 2. Regeneration from leaf blade explants of "Hayward’ kiwifruit on

regeneration medium with TDZ and IBA after 4 weeks culture in dark condition.
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Table 2. Effect of different cytokinins (TDZ, Zeatin, and BA) supplemented with
same concentration of 3.0mg + L' combined with 0.2mg - L' IBA and solidifying

agents on regeneration from leaf blade explants of 'Hayward’ kiwifruit.

Cytokinin Regeneration Shoot .
(gelling agent) Callus growth rate (%) formation Shoot quality
TDZ (gelrite) 3 100 5

Zeatin (gelrite) 4 90 4
Zeatin (agar) 5 100 3
BA (gelrite) 1 60 2

w O o~ w

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.

2) AhA T R ALY wE AL e

Ao A7k FHe mE AR e Fig. 33 v 9o AVE
Aoears 2 A AlE Ax 2 Ax o] Foha, FAEEE o
g A Ve Ve E A2 ok Ax 2do] Fodkt o= Y9 A
Z17F A s ot AHEA 2ol & APy, I ¢ VFE A
Hop @Kol A AyH= Ay #dEHe= o2 A4HAvk(Raven T,
1999)
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Table 3. Effect of different cytokinins (TDZ, Zeatin, and BA) combined with

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

Cyt(%{;n}nLgl())nC. Callus growth Rergaetzzezr;(‘)c §on fofr}rll(;?fon Shoot quality
2.0 5 70 4 3
TDZ 3.0 4 80 5 2
4.0 3 40 3 2
2.0 4 100 3 4
Zeatin 3.0 5 50 3 4
4.0 3 100 4 3
2.0 3 0 - -
BA 3.0 2 10 1 1
4.0 2 10 1 1

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

Qo] 2/W ARF WS Table 49 2tk Quel 27 AerE A
soge e Woldn ARHEE FAGon, A B4 AR A% 24
= gEstar. ol duel av7t 4252 Qo) A7)} Aor, wgo] & A
L EIPEET TR
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Fig. 3. Regeneration response of explants with different leaf sizes and parts from
'Hayward’ kiwifruit in regeneration medium supplemented with 3.0mg - L' TDZ
and 02mg - L' IBA. A-D ; leaf size (A; 1.5~2.0cm, B; 20~25cm, C; 25~
3.5cm, D; 3.5~4.5cm).
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Fig. 4. Effect of different cytokinins (TDZ, Zeatin, and BAP) supplemented with
02mg - L' IBA in regeneration medium on regeneration from petiole explants of

"Hayward’ kiwifruit.
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Table 4. Effect of petiole size of 'Hayward’ kiwifruit on regeneration in

regeneration medium supplemented with 3.0mg - L' TDZ and 0.2mg - L' IBA.

Petiole size  Callus growth Reriize(rf/gon forséllzfc);on Shoot quality
0.5cm 4 87.6 5 4
1.0cm 3 66.7 4 3
1.5cm 2 36.4 2 2
2.0cm 2 33.3 1 1

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

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.

. Callus Regeneration Shoot Shoot
Wounding method growth rate (%) formation quality
Toothed wheel type 4 16 4 4
Cuttmg longitudinally 5 95 5 5
into halves
Control 5 50 3 3

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

Table 5= ¥ x2 9 dAA HAE Fests Wil e AEst vk
= YEkd Aot wlzol o Funby el A f= A A4F AEst
&2 7% welela, wrom A & WA FA Fx A A AR
o] 95% welmA 1 A st Aol 50% wiele] AEskEel nlstH Aol
b ZAh QRS olddE AE BT Ax 24 WME FEF AAE B

Fovh FUntd mee] A4 fERUE wlo® zojE o] o] ARs

=7 =
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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.
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Fig. 5. Regeneration response of leaf blade and petiole explants for the ratio
of sorbitol and sucrose concentration (g/L) supplemented in regeneration

medium as a carbohydrate source 4 weeks after dark culture in kiwifruit
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Table 6. Effect of Agrobacterium density on transformation of leaf blade

explants in 'Hayward’ kiwifruit.

Agrobacterium density (ODew) Callus formation Regeneration  Transformation

Initial culture Suspension (%) (%) (%)
04 78.6 28.6 2.8
04 0.7 93.3 0.0 0.0
1.0 - - -
0.4 445 249 25
0.7 0.7 85.2 32.2 2.8
1.0 73.2 49.8 11.1
04 69.6 21.7 3.5
1.0 0.7 - - -
1.0 69.7 21.7 7.8

“ was calculated on the basis of PCR analysis.
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Table 7. Effect of Agrobacterium density on transformation of petiole explants in

'"Hayward’ kiwifruit.

Agrobacterium density (ODew) Callus formation Regeneration Transformation

Initial culture  Suspension (%6) (%6) (%)
04 40.0+ 5.7 23.3+ 3.3 3.3

04 0.7 60.0+ 5.7 40.0+ 5.8 5.0

1.0 53.3t14.5 36.7£12.0 5.0

0.4 63.3+ 4.9 50.0+ 5.8 5.0

0.7 0.7 60.0+ 5.2 35.0+ 6.7 4.2

1.0 60.0+ 7.3 450+ 5.6 3.0

1.0 0.7 63.3+ 8.8 16.7+ 3.3 5.0

“ was calculated on the basis of PCR analysis.
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AS+= polypenolics®] stZ A 259 22 FolA Eujx o] of1=uhg
e AeAl 94 R RS Fskel WME W T-DNA 999 A=A Ao
Aa'lg e FAAGAAM g acdoltt A= A FEH B2 Es

Al wel =AW dAew 2 udiel 249 w20 2k ¢ dnh o
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gebd o dua Sl s ER Felr FFe] ofd & FFolu &
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Table 8. Effect of acetosyringon (AS) conc. on Agrobacterium-mediated

transformation of petiole explants in 'Hayward’ kiwifruit.

Callus formation (%) Regeneration (%)  Transformation

AS conc. (uM)

8 weeks 12 weeks 8 weeks 12 weeks (%)
0 40 45 25 45 25
10 40 40 25 35 25
20 60 75 45 60 75
30 45 55 35 40 5.0
40 50 60 30 55 10.0
50 65 65 45 50 10.0

“ was calculated on the basis of PCR analysis.
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Fig. 6. Effect of acetosyringon concentration on kiwifruit

transformation 4weeks after Agrobacterium inoculation.
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Table 8. Effect of cocultivation period on Agrobacterium-mediated transformation

of petiole explants in "Hayward’ kiwifruit.

Cocultivation  Callus formation (%)

Regeneration (%)

Transformation
period (day) 8 weeks 12 weeks 8 weeks 12 weeks (%)
1 40 45 10 15 0.0
2 40 40 25 35 25
3 50 75 45 60 5.0
5 55 60 5 - 0.0

was calculated on the basis of PCR analysis.

ol A dAE 3 sorbitol AW &2 A3

FAA A A RS wSe] EA A Aol sorbitol-sucrose A E E(H
o] A9 275-25g/L, §H A 30.0-0g/L)E dAHstn FAAIAE 12 At
stttk e A 2MA, ¥ A AE g5t T4 F PCR 48
gt o, AkxA Fd2<9 MdSDHel tigk 54 fHdx 3% 2345 45 F
Ak 2AH, S5 (Negrotto %, 2000), Z5(Kim 5, 2002) 59 qAAZE of
A& mannose Al=Fle]l FEAtdlE & o, vE A3 Al gstEs Ao
29 sorbitolE o] &8t FAA LS ASE AP A7 AFES AT
Ae ZPAR 7heAde] SR8 Jdormz ofd A F7HAQl A gy

ofof & Aow Azt
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Table. 9. PCR analysis of plants regenerated from Agrobacterium-mediated
transformation of kiwifruit for nptll, Psy and Chx gene.

Putative transformant

Targeted gene

Both Only npt-II Total
Psy 61 10 71
Chx 64 19 33
Total 125 29 154

2) Southern blot ¥4
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Fig. 7. PCR analysis of putative transgenic plants for selective marker gene of
npt-1I (A, B, and C) and targeted gene of Psy or Chx (C and D).
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Fig. 8. Acclimatization of putative transgenic kiwifruit plants.
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Fig. 9. Southern blot analysis of putative transgenic plants. Genomic DNA was
extracted, digested with BamH1, and hybridized with the probe labelled with
P for psy or chx.
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- RACE PCR: TAKARAA}9] 5-full race core setZ} 3'-Full RACE CORE Set
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@O Database AAMS %53 probed primers A 23tz PCRE %3 probe
DNA®9 5Z3 d7]M4d ZAAo] ¢ 3 phytoene synthase®t lycopene cyclase &
A2 probeE FH I TE ProbeE o]&3to] 4 3¢ plaque hybridization
A3E Fdste G FAAE ek

@ A B7F 2 cDNA library Az % RACE PCRE %53 A4 #4AxZ &
g ol 3l

l

® GGPS(geranylgeranyl pyrophosphorylase) probeE #]3l7] ¢
primer © Al 2 A AS A8t A RT-PCRS 43 ol Ut}

<GGPS probe 7€ RT-PCR primer>
Group I
GGPSG25: 5'-CCYTGTATGGAYAAYGAYGA
GGPSG23: 5'-TTYGGATAHGTMRWCTTATC
Group II
GGPSG125: 5'-CCTAAGCTTGCCTCRGCTGC
GGPSG123: 5'-RGCAAACAATATTGGAGCTG
Group III
GGPSG115: 5'-GCRTGCGAGCTCGTYGGCGG
GGPSG113: 5'-YTYCTCARCTTYTSWATYTY
Group IV
GGPSG35: 5'-ATWYATGAAKCHATGAGGTA
GGPSG33: 5'-ABCAARTCYTTYCCTGCAGT

@ Psy probe] 9714 <E #4 %2 RACE PCR$ primer A%}
2o Psy +322] RT-PCRE 33t pGEM-T easy vectorZ® 2]
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RT-PCRAH= 9]
subcloning
(pGEM-T vector)

(RT-PCR)

<y 1> #Fod Psy 329 RT-PCR ¥ pGEM-T easy vector®<] subcloning

Duery: 14 gaaggaatgaggatggaccttaggaagtocagatacasaaactttgacgagttatacete

A2 Compl ementary ) AL Compl ementary )
Query: 74 tattgttactacgtggetoggacogtiggattgatgagtgttocagttatoggeatigea 133

Duery! 134 ectgactogetggocacaactgasagestetatascgetgect tagetetagagat taos
153

Bl B2

Duery: 1594 aatcagttgaccascattotoagagacgttogessagatos 254
KT E (Complementary

<% 2> Psy @AY 971449 2 RACES primer A%}
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subcloning <
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371 Y& A= RNA

o] &3ate] A ORFE %

@ Lcy probe?] 47144 #4 % RACE PCR%

Foed Ley Al RT-PCRS
subcloningS 33 (29 3),
Azt AT 4).

a4 Eagich.

primer&
3= DNA bandE
of Agol Az e

Tt (249 1), Psy ©
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o]5 primerE A}&3te] RACEE
o] A2 RNA°| & Eo] wol

FUAY, FAA) YT WA FEo] stol 2ol

SEREEREE

& RNAd| E&Ee] @o
AU, AR b B o] vrol &
o8 AN
WS oo A Myet Ay o] BPsiygal, o

UTHE 1, 2" 5

TE7}

<l

pGEM-T
A7 e S

primer A 2t

wAlste] RACE®

Agete] RACES 4aatel o),

EEEER

=& RNAE #¢)

=
=

=

easy vector® 2]
£23le] RACES
T 63 0]’ s _‘L]—,

2450 9

2 4 gdd ez AgdEy. o {3 siEAer &R 2 RNAE &
371 98] A2 RNA FEHS flolA Awst A o] &y39a, ol&
o] &3t A ORFE zZte FHAE £ Sl AHE 1, 19 5).
# 1. RACE$ primer A€
Al A2 S1 S2
Ps GTTTTTGTATC|IAAGGTCCATTC|ITCTATAACGC|IGGGATTGCCAA
y TGGACTTCC CTCATTCCTTC |[TGCCTTGGCTC|TCAGTTGACC
Le GAGCAAACCGA|TTGCTGAGCAAIAATCCAGGTTIATGGAATACT
y AAGCCCCGCC |CAGCAAGCCC [|ACCAAGTGGC |AGCTGAGGTAG

PSY RTE: GCATCTTCGCCAACGTC
LCY RTE: TGTCTAAATCAAACGGG
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RT-PCRAME 9]
subcloning
(pGEM-T vector)

>

(RT-PCR)

<9y 3> #F9Y Ley 3122 RT-PCR¥ pGEM-T easy vectorZ2] subcloning

Lhsery

Lhsery

sy !
sy !
sy !
sy !
sy !

Lhsery

Lhsery

!B tooaatocatgassaccatettgtetasatessacgggtgetottectaceteagetagta 67
ETE(a02) S2(Comp )

! BB trecatatgecacttogtascctggattataggytttateatactgcacaagacacctag 127
E1 (Complementary

128 agaatcooytageatcasgaaccacggoeagortgaat tyteacaccateat tgcaaatea 187
188 acaaagatttggactottoatgaataacettaataactttagettigotogaacttaacas 247
248 cattgyttatgoatttttgoageattttogact teageaact tectattaactetgosat 307
308 aaggtotatcasgatoctiotttgtattateateaatgtgeacaacagoacsagaccaay 367
368 tagtatcaagocaatcaagoasatocatggootoasattcatesacorasacaccataat 427
©AZE tatttggocasateaattigogagatogatoas togagrasaccgaaageocegeetoty 487
RLiOCHZ)

! 488 aaacttgetgageaacageaageecagooggges 521

AIOZ)

<9 4> Ley @9 9714 E 2 RACES primer A2t
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3) e C 89 4 F2Y

@ # v+ GDP-mannose pyrophosphorylase(GMPP) £ z}¢] £

Database #H M-S E3 probe® primerE #| %3l PCRE &3] probe DNA
TEI A7IAE AA oS probed FHBATHZH 6). RACE PCR +4
S & GMPPY full @71 LS AASATHTE 7). Frre) GMPP d714 <2 9
AEe) AEds vag A ke g@ujol A EelE GMPPE ofw] =4t
A3} 88-89%9 - A UYEHHATHZH 8).

Lo

= o

@ #tte) galactonolactone dehydrogenase(GDH) 4 #Fe] ¢

Database 7 M< %3 probe® primer® A28t PCRE %3] probe DNA
o ZE3 A7 E AA 93 probeE H 35T} Primer designe Genbank
AY1765859] fFHAAAMEE g o R e 2 A Zskalth

GDH1 - GCACA AACCG TAGAA ACCTA AAACC
GDH2 - GATTT TTTCA TGCCA CGATT TACAA

RACE PCR #41& =3k #td9] GDH 971449S A4 ga(29 9) Al
A RaE GDH #3dA9t AsA B45 533 A3 84%9] ofvjst o] s

4= YERATH(ZE 10).

& Wy A&

FAAEE W E A2 sy] fsk 712 WEHZA pCAMBIA2300 S0 =8
AHE-8L7] 98 pBIl21 .2 HE 355 CaMV promoter-GUS-Nos terminator #$
£ pCAMBIA2300 Zet=v] =2 Hindlll & EcoRI sitedl 4)3titt. o] 9F 7+
H4E& T AzE WMEE “pCAMBIA2300GUS” 2 # w3kl =3 GUS il
GFP7} 4tql= o] 9l "pCAMBIA2300GFP = Al 23} 91 o).

ol& AF&3te] #Eld GMPP 3 AE sense WaFo 2 = antisense W3

[}
= AYBamHI & Sacl site)d AE2d2dd&E HHE Az 2

i

3}

[e)

AT oegzH Y ZHAv=E EE3 & BamHI-Sacl®Z double digestiondt
DNAE agarose gel A7]19 &S T3 st @ 4% 19 S5, ©9
41 25 @9 H9 11 FES Agrobacterium

Ae2H 22L& OHe A¢
A Hste] At gt (™ 11). Agrobacterium  tumefaciens EHA1059]
freeze-thaw method®l 23] =gt & PCRol| 93 &Slstdtt. (29 12).
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Cloning of GDP-mannose
pyrophosphorylase cDNA from kiwifruit

Primers
GMPU1 - GAN TTY GSN AAY AAR CCN ATG AT
GMPL4 - GGY TGNCCN AYR TCC ATC CAR AA

RT-PCR = ~ 600 bp fragment
- Cloning into pGEM-T vector

- Sequencing & homology test
- RACE PCR = Full-length cloning

600 bp fragment RACE PCR

18 6. GMPP probe & primer 24 % RACE £4]
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GAGTTCGGAAACAAGCCTATGATCCTGCATCAGTATATCAGATTGAGGCTCTCAAGGCT
ATCGGAGTAAGTGAAGTGGTTCTGGCTATCAATTACCAGCCAGAGGTGATGCTGAATTT
CTTGAAGGACTTTGAGACAAAACTTGGAATCAAGATTACATGCTCACAAGAGACTGAGC
CACTCGGCACTGCAGGTCCTCTTGCTCTGGCGAGGGACAAACTGATCGATGACCCTGGTG
AGCCATTTCTTGTTCTTAACAGTGATGTTATCAGTGAATACCCTCTCAAAGAGATGATC
GAATTCCACAAATCTCATGGAGGTGAGGCTTCTATTATGGTAACCAAGGTTGATGAGCC
ATCAAAATATGGTGTTGTCGTTATGGAAGAATCAACCGGGCAAGTTGAAAAATTTGTA
GAAAAACCTAAATTGTTCGTGGGTAACAAGATCAATGCTGGGATTTACTTGCTGAACCC
ATCTGTTCTCGATCGAATTGAACTGAGGCCCACCTCAATTGAGAAAGAGATCTTCCCAA

AAATTGCAGGAGAGAAAAAGCTATATGCCATGGTTCTACCAGGCTTTTGGATGGAC

28 7. #Zthg) GDP-mannose pyrophosphorylase(GMPP) #4219 97|44
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>0i 14103324 |gb|AAD01737.1]  GDP-mannose pyrophosphorylase [Solanum tuberosum]
Length = 361

Score = 345 bits (886), Expect = 3e-94
Identities = 171/192 (89%), Positives = 181/192 (94%)
Frame = +3

Query: 15 AYDPASVYQIEALKAIGVSEVVLAINYQPEVMLNFLKDFETKLGIKITCSQETEPLGTAG
A P ++QIEALKA+GV+EVVLAINYQPEVMLNFLK+FE  LGIKITCSQETEPLGTAG
Sbjct: 29 ANKPMILHQIEALKAVGVTEVVLAINYQPEVMLNFLKEFEASLGIKITCSQETEPLGTAG 88

94

Query: 195 PLALARDKL | DDPGEPFLVLNSDV | SEYPLKEM|EFHKSHGGEAS IMVTKVDEPSKYGVY 374
PLALARDKLIDD GEPF VLNSDVISEYP KEMI+FHKSHGGEAS+MVTKVDEPSKYGVV
Sbjct: 89 PLALARDKL |DDSGEPFFVLNSDV | SEYPFKEMIQFHKSHGGEASLMVTKVDEPSKYGVV

48

Query: 375 VMEESTGQVEKFVEKPKLFVGNKINAGIYLLNPSVLDRIELRPTS|EKE | FPKIAGEKKL 554
VMEESTGQVE+FVEKPKLFVGNKINAG YLLNPSVLDRI+LRPTS IEKE+FPKIA EKKL
Sbjct: 149 VMEESTGQVERFVEKPKLFVGNKINAGFYLLNPSVLDRIQLRPTS | EKEVFPKIAAEKKL 208

Query: 555 YAMVLPGFWMDI 590
YAMVLPGFWMD |
Sbjct: 209 YAMVLPGFWMDI 220

>gi[14971013|dbj |BAB62108.1]  GDP-D-mannose pyrophosphorylase [Nicotiana tabacum]
Length = 361

Score = 340 bits (873), Expect = 1e-92
Identities = 169/192 (88%), Positives = 179/192 (93%)
Frame = +3

Query: 15 AYDPASVYQIEALKAIGVSEVVLAINYQPEVMLNFLKDFETKLGIKITCSQETEPLGTAG 194
A P ++QIEALKA+GV+EVVLAINYQPE MLNFLK+FE LGIKITCSQETEPLGTAG
Sbjct: 29 ANKPMILHQIEALKAVGVTEVVLAINYQPEEMLNFLKEFEANLGIKITCSQETEPLGTAG 88

Query: 195 PLALARDKL | DDPGEPFLVLNSDV | SEYPLKEM|EFHKSHGGEAS IMVTKVDEPSKYGVY 374
PLALARDKLIDD GEPF VLNSDVISEYP KEMI FHKSHGGEAS+MVTKVDEPSKYGVV
Sbjct: 89 PLALARDKL |DDSGEPFFVLNSDV | SEYPFKEM|AFHKSHGGEASLMVTKVDEPSKYGVY 148
Query: 375 VMEESTGQVEKFVEKPKLFVGNK INAGIYLLNPSVLORIELRPTS IEKE IFPKIAGEKKL 554
VMEESTGQVE+FVEKPKLFVGNKINAG YLLNPSVLDRI+LRPTSIEKE+FPKIA E+KL
Sbjct: 149 VMEESTGQVERFVEKPKLFVGNKINAGFYLLNPSVLDRIQLRPTS|EKEVFPKIAAEEKL 208
Query: 555 YAMVLPGFWMDI 590

YAMVLPGFWMD |
Sbjct: 209 YAMVLPGFWMDI 220

a8 Fuy GMPP 3 xke] 7hakel ol A o] GMPP ofv| =4k A E vl
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10 20 30 40 50 60 70 80
GCACAAACCGTAGAAACCTAAAACCCAAACAATGGCAACCCTAGACCTCCGACCCCTCGGGAACACGGGCCTGAAGCTGA
M ATLDODLRPLGNTG GLKIL

90 100 110 120 130 140 150 160
GCTCGGTGGGCTTCGGAGCCTCACCTCTGGGCAACGTTTTCGGCCCAGTCTCCGACCATGACGCCATCGCCTCCGTCCGC
SSVGFGASPLGNVYVFGPVY SDHDATIASVR

170 180 190 200 210 220 230 240
GAGGCCCTTCGCCTCGGCATCAACTTCTTCGACACCTCTCCGTATTATGGAGGAACATTGTCGGAGAAAGTACTGGGGAA
EALRLGINFFDTSPYYGGTLSEKVLGHK

250 260 270 280 290 300 310 320
GGCACTAAAAGCTCTGGGAGTGCCGCGAAACGAGTACATTGTGTCGACCAAGTGTGGGAGGTATGCAGAAGGCTTTGATT
ALKALGVPRNEYIT VSTKE CGRYAESGTFTD

330 340 350 360 370 380 390 400
TCAGTGCCGAGAGAGTGACTAGGAGCATTGATGAGAGCCTGGAGAGGT TGCAGCTCGACTATGTTGATATATTGCAATGC
FSAERVTRSI DESLERLQLDY VDI LAOQQC

410 420 430 440 450 460 470 480
CATGATATTGAATTTGGGTCCCTTGATCAGATTGTGAATGAGACGATTCCTGCTCTTCAAAAGCTAAAGGAAGCAGGAAA
HDI EFGSLDQIVNETIPALQKTLEKTEASGHK

490 500 510 520 530 540 550 560
GATCCGGTTTATTGGTATTACAGGACTCCCACTGGGAGTATTTACCTATGTGCTCGATCGGGTTCCACCAGGCACAGTCG

IR F | ' T6LPLGVFTYVLDRYVPPGTYV
570 580 590 600 610 620 630 640
ACGTGATTCTGTCATATTGCCGCTACAGTATTAATGATTCAACTCTGGAGGATCTACTGCCTTACTTAAAGAGCAAGGGT
vV I L SYC Y S I N S TLEDTLTL K S K G

650 660 670 680 690 700 710 720
GTGGGAGTGATCAGTGCTTCTCCGCTTGCAATGGGGCTTCTTACAGAGAGTGGTCCTCCAGAGTGGCACCCAGCTTCACC
veGvISASPLAMGLLTESGPPEWHTPASTEP

730 740 750 760 770 780 790 800
TGAACTGAAGGCTGCATGCCAAGCCGCTGCTGCTCATTGTAAAGATAAGGGTAGAAATATTTCGAAGTTAGCTATGCAGT
ELKAACQAAAAHCKDKG GRNI SKLAWMAQ

810 820 830 840 850 860 870 880
ACAGCTTGTCAAATAAAGATATTTCTTCCATACTGGTCGGCATGAATTCCGTTAAACAGGTTGAAGAAAATGTTGCTGCC
Y SLSNKDI SS I LVGMNSVKAQYV NV AA

890 900 910 920 930 940 950 960

GCTAATGAACTTGCAACATTTGGGAAGGATGCGAAAACTGTGTCAGAGATTGAAGAGATTCTAAAACCCGTGAAGAACCA
ANELATFGKDAKTVSEIEEI LKPVKNAQ

970 980 990 1000 1010 1020 1030 1040
GA%AT%GCgTAgCGgTATACéACéAATTTGAGGTTGCTTTGTGAAGTGGCTGCTAATTCAATCATTCGCTCGCCTTTTAT

1050 1060 1070 1080 1090 1100 1110 1120
GCCTGTAATTTCAGCACTTTGGTGTTCTAAATTCTTCAAAACTGCAATCCCAGTGTTGTTTTGATTCCTCTTTAATCAAC
1130 1140 1150 1160 1170 1180

AATTATAGCCATCAGAAATGTATCATCCAGGGGATAGGCCCTTGTAAATCGTGGCATGAAAAAATC

1% 9, #vhe) galactonolactone dehydrogenase(GDH) 4 A A 714 <&
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>gi 30267886 |gb |AAP21783.1|  L-galactose dehydrogenase [Malus x domestical
Length = 324

Score = 557 bits (1436), Expect = e-158
ldentities = 266/315 (84%), Positives = 295/315 (93%)

Query: 4  LDLRPLGNTGLKLSSVGFGASPLGNVFGPVSDHDA | ASVREALRLGINFFDTSPYYGGTL 63
+HLR LGNTGLKLS VGFGASPLGNVFGPVSD +Al SVREA R GINFFDTSPYYGGTL
Sbjct: 9 VELRELGNTGLKLSCVGFGASPLGNVFGPVSDDEA | GSVREAFRRGINFFDTSPYYGGTL 68

Query: 64 SEKVLGKALKALGVPRNEY |VSTKCGRYAEGFDFSAERVTRS I DESLERLQLDYVDILQC 123
SEKVLGK LKALGVPRHEY+V+TKCGRYA+GFDFSA+RVT+SIDESLERLQLDYVDILQC
Sbjct: 69 SEKVLGKTLKALGVPRSEYVVATKCGRYADGFDFSADRVTKS I DESLERLQLDYVDILQC 128

Query: 124 HDIEFGSLDQIVNETIPALQKLKEAGKIRF IGI TGLPLGVFTYVLDRVPPGTVDVILSYC 183
HD I EFGSLDQIVNET | PAL+KLKEAGK | RF | GITGLPLGHFTYVLDR+P G VDV+LSYC
Sbjct: 129 HDIEFGSLDQIVNET IPALKKLKEAGKIRF IGITGLPLGIFTYVLDR IPAGMVDVVLSYC 188

Query: 184 RYSINDSTLEDLLPYLKSKGVGV | SASPLAMGLLTESGPPEWHPASPELKAACQAAAAHC 243
Y INDSTLEDLA+PYLKSKGVGH|SASPLAMGLLTE+GPPEWHPAS ELK+ACHAAA +C
Sbjct: 189 HYGINDSTLEDL |PYLKSKGVGI | SASPLAMGLLTENGPPEWHPASAELKSACRAAAVYC 248

Query: 244 KDKGRN | SKLAMQYSLSNKD | SS|LVGMNSVKQVEENVAAANELATFGKDAKTVSEIEEI 303
K++G NISKLA+QYSLSNKDISS+LVGMNS+ QVEENVAAA ELAT GK+ K +H+E+E |
Sbjct: 249 KERGNN|SKLALQYSLSNKD | SSVLVGMNS INQVEENVAAAVELAT | GKNEK I LAEVEAI 308

Query: 304 LKPVKNQTWPSGIQQ 318
LKPVKNQTWPSG+QQ
Sbjct: 309 LKPVKNQTWPSGLQQ 323

M
1%

2% 10. Fohd GDH fd#4ke] Absk GDP 3 Akeke] Ade7d v
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M 1 2 3 456 7 8 9 1011 12 13 M

@ 2300GUS+sense GMPP

® 2300GUS+antisense GMPP

® 2300GFP+sense GMPP @ 2300GFP+antisense GMPP

)

a9 11, 7191 GMPP F+37ke] s Aojsts AEF A8 WH o] A%
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BamH|

Xhol Xhol EcoRl  Sacl Hindlll

RB

I—/ GMPP —

CaMmvass  NosTT CaMV35S

LB

|—|, nptll

35S-T

M1 2 3 45 6 7 8 Wloedb o 20 & b D@ T te

2% ]
|

2300GUS+antisense 2300GFP+antisense 2300GUS+sense 2300GFP+sense

Al 6(—5]
=

19 12, GMPP #-3#ke] 2d Ao A&
Agrobacterium ©. 2 F-¥] plasmid

= H H TIu
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2) el GDHE ©]&3 A3 dde-8 e A%}
pCAMBIA2300GUS ¥ H & Apg3ste] #&g GDH A&
T+ antisense WEdFo = A (BamHI & Sacl site)dt &3 A 73E WEHE

Azsk e (" 13).

3) Aokl Ley s ol &3 AEFAAgE W] A%

Aegh FAohe Ley 9HS o] §3to] Ley A 2dS AT & A 4
EF5AAE Yo AzZE AL pCAMBIA2300GFP W E & A}-8-3}o
23 Ley 34 @S antisense WEFoZ A Y (Xbal & Sacl site)gt A&
FEAsE NEHE A A 14)
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BamH|

Xhol Xhol EcoRl  Sacl Hindlll

LB RB
. nptll [ GOH(+ &= -) || —

/

355-T camvass NosTT CaMV35S

11 228 A Ui
ZES AYE Aol o] F
o3

@ antisense W&oz A4
23456789 101112

2H FE2& AL vz
S22 AY=E 4ol ol F
oA,

a9 13. pCAMBIA2300 Zetx=v| =g o] &35to] A|2Hs GDH #3 A9 o3-S A
olgte A Ed A ASE WE Mapd A7|9%
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H

o

Xbal

Xhol Xhol EcoRl Sacl Hindlll
LB RB
— nptll | |7/ Ley(-) —
355-T caMvass  NosTT CaMV35S
M 123456789 101112 1’ 3’ 6, 7% g—%— LCY _F’r}‘(j
4 we] mojzba wzo

2
2, 4, 5 812d EFE&:
pCAMBIA2300 # & o] GFP

FAAT SoldE A

14. pCAMBIA2300 Z&}A~v] =8 o]&3le] A2k Ley 3o 2Hd S A o
AEFAHEE WMo Map? H719 5.

o =
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7h F8 FFY GAEA

Forefe] FAEA EAL 19970l A 19999 7kA] el A ElEte] HE
AEd I FdATa HAEE e 2F0 AuEa Jde F2 FFES U
doz Attt e 54 wF, Ak, 9E 2 AR T8 HugoeR
Blflon, =3 F 25CoA 7~159 T F5& AA T AT Al
z oWy AxzZy e FAA=AA Y Il AdEI U=
AL FHste FuelA AvEeE FFE2 vlastdt

Fobe 3 SgdAd 54 BAe 49 ZolA 59 xeAo SRS AA
T NE 9 E 3F gE AE 2 Are Wis zAElgen, 53 gx, 4
= 9 Axe Aee g F I3 s 9 o dAdAY ®stE A
o}

HIEFRD C %S Rizzolo 5 WH(1984)S W ste] F&3t9 2, HPLC &1
Albrecht?} Schafer(1990)¢] & o] &stdch WA Frhef 2] 3} 30g
6% meta—-phosphoric acid &9} 25 mlE #7}3F ¥ homogenizerE ©|-&3}¢]
7 gs AARYIE o] &3l 4T, 6,000 rpmolA 10E Fob AR S
o gAY B AR AEFol(whatman No. 4)E ©]&35to] A%

¢

>
of
-
32

ne
rlo

pore size7} 0.22 pm<] membrane filterE ©]-&3}o] filteringS A A
Z AN t}A] SepPak CI18 7FEFAE EFHAIA 733 ascorbic acid
¥ v HPLCE ol&ste] 48t (Fig 1). HPLC 45 9% 2

uBondapak NH, Z#HE& o]&3lda  o]lsdS 5 mM  KHPOs(pH
-ACN(30:70), % 1ml/min, 18] 3 HFEA-2 UV 254 nmolA] 2 A3+

A7 dlElY C e Wsle A deliciosa cv. HaywardQ} A. chinensis
cv. ‘Apple Sensation’ #%& o] &3te] 7|2 6€aA FE7]A 1022714 1
N @92 53] &<k A FAC vER C 245 AAstth

K3

<
=
=+

e
o

ol e Ok 2 EH 2 o
Mo °

fo mv 32 o

46

\_/

b vEfY A dEEE B4
HEY A #HEEd FE5E Cano HWHA991)S WEste FE3 oM,
HPLC %=71& Albrecht® Schafer(1990)¢] #H¥-& o] & 3t
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Kiwi Fruit 30g

I Homogenizing |

‘_

Centrifuge (6000rpm, 4C, 10min)

‘_

Filtering (whatman N .4 filter paper)

‘_

IFiItering (0.22um membrane filter) l

‘_

I Clean up (SepPak C18) l

| |

‘_

I
o
—
(9]

Jﬁ added 6% meta-phosphoric acid Solution 25m |

Fig. 1. Extraction procedure of ascorbic acid from kiwifruit.
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Wz Zohd] #4938 50go] sodium carbonate 1 g H7}Ea 1%9
BHTE X333 271 olAlES of 80%2 FE&9d0] HE= H7bstdn) o
£  homogenizerg ©]&3te FA 7 v IAEZIE o]&3H 4T, 4,000
rpmel A 10% st AR E AAEdT. dAREYE B AEE AEFol
(whatman No. 4)& o]&3}o A d ikl
diethyl ether 500 mL$} S/ 500 mLE #H7lste] A3 & vys =
O]%é}oﬂ J A (standing) Al AT} tolEeld
=< HEgla g SHS 500 mLE HrbebdaAs 2 #Y 2t
A 0}/‘1] < AAsEAT. Hel"dHz F& 755 7](evaporator) & ©] -85
30CoAA FFatd o, o47]d te g2 20 mLS H7bste] 53t S22
24 #AEAS AAS] 918+ 10%9] methanolic KOHE 20 mL #H7kgk &
shaking incubatorZ o] &3slo] 37TCoA 1A EQ dxAcwm wjostdnh al
el Fxad #d 249 EAFT PluE A8 AREA JF5LHE AASHA
B A¢e o] HAES AT 3 AIzE H<F wjdE AlE+= saturated NHCl

off
2,
rulo

LS A E o] g3l 5-103] F<F washingS A3l S22
#d EZAS AASAY. 7)o NaSO & H7Fste] 85 AAS U 555

.5 01 %< BHTE %3stE &0 (EtOACMeOH=1:1) 5
mLel| %<l % HPLC 415 AHAstdth(Fig. 2). HPLC &4 & %fﬂ A&
BondaPak™ CI18 125A, 10gm column(3.9 x150mm)< ©] &3t o] 542
MeOH:H20 (75:25)3 EtOAc(100)E gradient® 3laow, £ lml/mm aglz
kAl UV 430 nmell A 302 < A A8k

=

A" FE2Y AHEE 24

%]"jrﬂ] e HEAS carotenoide] EAFF Al deliciosa®t A
chinensis®] 5ol Ao &g wlawstr] flste] A deliciosa ENA+ ‘HE #F
TS MRS AL, A chinensis oA w Y ¥E5S A&kt 3 KOHA
gEA SF22E BHEZAY AA FFE &2 lutein 2 [i-carotene?] EAFF
golst7] 98t A. deliciosa cv ‘Hayward' & o]&3te] KOH A& A3 g
HFS ol&ste] TLCE AAlstth. TLCE g ol Al olel=¢} of
Hl &2 Egste] AH-&sHA

(A
L:i ok

=
ri
filo
w
—

uh A7 M ERYD AV giAbE R S Bist
‘Hayward ¢} ‘Dacheung’ ¥ &< ©]&3t] F37]1Q 6€lA =710 10227}
A 171Y 99 & lutein® f-carotene ¥
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it 50 added Na:COs 1g
Fruit S gIE extraction with 80% Acetone contained 1% BHT

Homogenization , Centrifuge (4000g,4 C,10min)
supernatants were collected and transferred to a separatory funnel

added diethyl ether (500ml) and deionized water(500ml)

Shaking and standing  lower layer was discarded

M Saponifed by adding 20ml of 10% methanolic KOH
Uppe:' layer And allowed to stand for 1hrs in darkness
E .
vaporation (at 30°C) added Saturated NH.CI Solutio
added diethyl ether (20ml Washing with deionized water (5—l0time7—|
v
Upper layer lower layer was discarded
v

Evap;)ration (at 30 C)«———— dehydrated with Na2SO4
ﬁltering (0.05 pm)

Dissolving EtOAc:MeOH=1:1 contained 0.1% BHT —— HPLC
(Sml)

Fig. 2. Extraction procedure of carotenoids from kiwifruit.
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vk o As
oy Fe %%‘94 grksls A4 Hatano 5(1988)¢] DPPH  (1.1-
diphenyl-2-picrylhydrazyl) assay®dH-& AF&3td0. Joe 114159 A S H
M7= w37 b g dEdER 5T 3‘% 1000 mg/L& 3]4]8ke] Ap&-at%ith.
=9 A5 15 mL A@ded 1 mL ¥2 § 0.15 mM DPPH radical solutions
1 mL #7}3te] voltexing 3ttt o] = 30TColA 58, 181l 30% FoF Hk&-
517 nmel A FJEE FAHsA dikstsS v 22 ALz ALksd
=3

od‘

Parshs 24

l

at

ot

I- NE-A F3% / F3H7H 3% X 100

, 50, 100, 250, 123 500 ppm FE=E W5zl

AL ARl wE ey @ w2

Zgore) A e gEFve) fAE FHzA Foesh AuEs Fa
D HIZFAEH-29F x|, 2 i FohEirt A EA 2 okelE Yo 2xe)
FE Toll " 2AFE 2003 9€oll Al 2004 9€ kA 1d FF AAIEA T 7
zbo] zAtol| A HI7FE B2 AWl house, w=A AW E field, L2l Frhest A
Hl 5] 2] ¢k okl open fieldZ2 7|3} T}

of. WAAE AAe] AKEAT wEY B4
CRER R

A AE SHEA A A A ‘%‘—E/H = 5‘—/‘}5} L lutemJJr fi-carotene 412 32
ARZko] o] FolA A gFe At FAMEA ko] FE] 1 gs A7l
F718 el wel 353 & HPLCE #4183t

deliciosa 5 %£%3 A. chinensis 5 % % 10719 =] Hg8 8
o I Aol gty FF, HAE G 9 4 5o JAEAHS EASY
vt Zdoe] et Al 71z ARE ATIZA AAEA T (Table 1).

_viow_:s

o
5
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Table. 1. Fruit characteristics of kiwifruits cultivated in Jeju.

. . Length{Width| Fresh Soluble | Citric  |pjrmpess| Flesh
Species Variety . solids acid
(mm) | (mm) | weight(g) | (°Brix) | (26 Fw)| (ke color
Hayward 65.8 | 49.6 88.1 14.4 0.5 0.02 Green
Daeheung 809 | 56.0 132.5 15.6 0.8 0.01 Green
A. deliciosa| ELM Wood | 69.2 | 52.2 100.3 11.0 2.0 3.33 Green
Hwabuk 94 70.1 | 53.0 113.1 115 1.9 2.38 Green
Zespri Green | 67.8 | 504 100.7 13.2 1.1 0.45 Green
Apple 567 | 620 | 1276 158 0.8 0.05 |Yellow
Sensation

. . Haenam 595 | 56.2 118.2 15.6 15 0.10 | Yellow

A. chinensis
First Emperor| 654 | 49.5 99.0 11.8 2.0 1.85 | Yellow
Zespri Gold | 785 | 583 112.8 14.3 0.7 0.16 |Yellow

3} B2 A deliciosa FEE2 &
FE A= B FF vlste] 4ol 3
Atk =3 A chinensis 559 d$olx

742 56,7 mm<ldl H|ste] A 1 5
AbaHe] RLFI frAlsiTRete] ‘o F Aol Ao ® “éﬂoi‘ﬂrb A ]U] =
ded Apdoltt HF tiFEY FFolA 100 g oo E UEwow, A
deliciosa®l 745 2003 = Ul S&5¥ ‘O& FFo] 1272 go = 714
Flo]H e A= 937 go®2 YEWY. A deliciosa #EE° Yt 7|7}

g% o] A o E AlAo]Ad’o] 127.6 go
oA FdEo] Tl fEEH
‘Axmze W'Y AlaZE FE'e] FeE 100~115 g Helel i@ﬂﬁiﬁ}.

@ Sl AE BE FSSA 7]E Hﬂ-“nﬁ = BERT AA U
B e A gelA e Avteldh, FER UE, HE Aol A

e FFANA 247 16.0 °Brix, 15.8 °Brix, E] 15.6 °Brlxi =7 e
W, Felel=’e] A% 141 °BrixE WERHATE el A AldEd A~
= 7 °Brix$} 14.3 °BrixE YWEMAT AA F50] o] Folxl HFE
5~11%2 Yelger, A% 01~03 kgfE VERHATE 25
A. deliciosa #FE< 549& YEdlom, A chinensis ¥ E< =

ml
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el it} gtd ‘ELM Wood', ‘8t&5 94 2 ‘B 2E oua’g] 7o
24 ofF YA yUEtgEd ol Atk % AR 55 B W F50
oA A Fd Ao= AokErt

Al

\=]
Fopell wdol s Bl FuE o7k Al WEkE skl AE) B ovf
ALS AT 7 2AR= Aeaax 6d53E 1149704 id &9z =4S A3
A= = FolE’ FFol 56 go® s Aska, 7HF

T g FEFE 128 g UEHST A 7Y 1099 = A deliciosa FEES
3B~50 g A= HF FT7HE YEIAIL, A chinensis FEES 65 g ©]/9

AU h7E 7 w48 dolus Ao R glEAT. HA
H]EH/\‘:L Az 8= A A deliciosa 52 119 F87170H4 v+

| o] Fo] XX wt A chinensis EEFEL 109 ZAdd AFEAY v g <k

a4
By E Ao g Yewth(Fig. 3).

FEes FHIANAME BE F5oA oF 414~441 °Brix AR = ‘7%9}0‘/]— A
SEAA AAB Frhstr] AlFete]l =27]Q 119 2ol % FENA 15
Brix ©]/49] =& 9EE Yelddth A Ferguson(1999) FH A=A A
Sl dolY= FFe AF F27]1E 62 °Brix oo ® djof U}ﬂ] of A
7F AsHA kvl skl AlFA G A AulFed Fokee] Ay 119 =
7b e 2 FAstta gy ok £33 A chinensisE 2l ‘ol = Al A o] A7¢]

B 119 Zo olv Frrt 107 °BrixZA obF =A UEuH ol A

chinensis £%5°] A. deliciosa £ER %7|7F 15¥14 30U 7HA] wh=7] wf&

of Yetv= dxdelgt ddd i ¥ A Had dRE YEIYE Fo

A= Fso] HUAM Grrt Hasty] AlEete] FalEls 49 2 Brix o] B

0}14’\1 ool A A4 FA7E & A= Zlo] nA"e Ta3 2919
2+ dva A=A ok(Fig. 4).

Aes FaEAA = 15%E YEdddow AsEuA s Srhskl e
o, FE71 1149 274 AFert fAET $5EEA F48] At
Tk BE FToA Aol HEHEA 4T STk AlFe gl o, Foaf o
ANE 2 %7 ZA Z718E9 tHFig. b).

AEE 69x5] fFRAd A= Elo]¥Y = 363, ‘g 353 F ol E AlAo]
AT AT30 2 =A vetgten, Fa774A] FAETIE $550] HHEA 0.02~0.15
2 F43) 72389 HFig. 6).
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(g)

Fresh weight

80

60

40

20

—e— Hayward —=— Daeheung
—a— Hwabuk 94 —=—ELM Wood
—x— Apple Sensation —e— Haenam
—+— First Emperor

6.02 7.10 8.04 9. 01 10. 04 11.06
Month. Day

Fig. 3. Change of fresh weight during fruit development in kiwifruit.

18 - —e— Hayward
2 16 L —=—Daeheung
= —a— Apple Sensation
@ 14
12}
o 12 r
3
o 10 |
o
2 8 r
[<}
@
s 61
54t
5
S 27T
0 . . . . . . )
Young M ature Harvest Ripening Over Rotten
ripening

Developmental stage

Fig. 4. Change of firmness during fruit development in kiwifruit.
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Acidity (%)

—e—Hayward —=—Daeheung —a— Apple Sensation

Young Mature Harvest Ripening Over Rotten

ripening
Developmental stage

Fig. 5. Change of citric acid content during fruit development in kiwifruit.

4.5

3.5

2.5

Firmness (kgf)

1.5

0.5

—e—Hayward
—m— Daeheung
—a— Apple Sensation

Young Harvest Ripening Over Rotten
ripening
Developmental stage

Fig. 6. Change of firmness during fruit development in

kiwifruit.
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G Fe EF L AT e 2
D T2 Al%E vEer C 74

Aohe) Fo ABEE wEw C #42 9stel Ak AAelA HEw CE
FE3% HPLCZ #4913 A3 oF 61 l/\ @G peak= YENTE EES ol &
sto] msh HPLC #4dolele] Wd gt Atolel sAAH WAL EA
A3}y = 000176 X + 0.38088, Jzﬁl#ﬂ R® = 099846% =] fel4do] <l
A= AckFig. 73 8 ).

HEIY C #4& 9t HAx=1E 37 fste] #Aoeala] F&3 vigidl C
2EES 3t 4T REshEA 1243 AR 29 Bk RAF A% HF
MBS ATHTE Feold F% FA BAstE Aol 714 hgHe d%g o
S F 9ge Aoer A5 (Fig. 9 ).

A
%L‘jrﬂ] 8AF ol tiste] Al vElY C S +43% 23} A eriantha©l A
426.7 mg/100g .2 7} =%o, A deliciosa Bt} A. chinensis Al5°] 24|
O]* EAdY. A deliciosa % 7IedT wEH=ANA FAHA AlFd % F
¢l ‘A=zl ad’o]l 939 mg/100go & 7Hd mskom el A AQu T FF
Ztede ‘g9 HElY C ekl 7746 mg/100ge® 7HE =tk A
chinensis ¥% 7h&dl= ‘ol EAlA o] 0] 160.6 mg/100ge.= 7Fd =4 YERE

om ‘Azl ZHE7F 982 me/100g &2 7HE vk tH(Table 2).

ST
=3

Table 2. Comparisons of ascorbic acid contents among several kinds of kiwifruit

cultivars.
A. deliciosa A. chinensis A
Variety - - ’
Hwabuk| ELM | Dae- |Zespri Zespri | griantha
Hayward Haenam |Apple| ©
v ‘94  |Wood|heung | Green pole| FAB | ¢ 1
Content

50.41 50.98 42.64 | 7746 | 93.9 118.05 [160.57| 160.02 | 98.2 426.65
(mg/100g FW)

Harvest time
(Month. Day)

o AEAA TAT 2

11. 20 11. 20 |11. 20| 11. 01 | 6. 14" | 11. 01 |10. 20| 10. 20 | 6.14" | 11. 20

AW o] AAZgr= xﬂ/\ﬁﬂ 7 A 1Y 992 53] B
Agt vElTl C B4 S AASA T A deliciosa 9 A. chinensis®] 1L
Akl Flolghar 6} =d, o] HuE AR & o gl C
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Ascorbic acid

{

Fig. 7. HPLC chromatogram of ascorbic acid in kiwifruit.

30
y =0.00176 x + 0.38988

25 ;
R =0.99846

20

15

10

5

0 2000 4000 6000 8000 10000 12000 14000 16000

Fig. 8. Relationship between standard ascorbic acid content and

absorbance by HPLC.
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Content of ascorbic acid (mg/100g FW)

Fig.

200
180
160
140
120
100
80
60
40
20

—e— Room Temperature —m— Low temperature

0 12 hrs 24 hrs
Hours after extraction

48 hrs

9. Change of ascorbic acid content during storage after

extraction in "Apple Sensation’ Kkiwifruit.
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St Al deliciosa®]l 9FE W2 Aol ofdr} o AXH oz o] gigk B
o Al gk %57]' "Jﬁo}‘jr Ats ok =gk el A AulFl Al deliciosa
=Y F A= o @EQ‘HOF sk Zlo|t},

A7 vlE C e WetE #9357l 98ke] A, deliciosa cv. ‘Hayward’
9} A. chinensis cv. ‘Apple Sensation’ 3% < °]&3le] F37|< 6¥oA 3%
7101 109 B7hA] BAS AAEe

71l 6delle= SolY=e] A Aol FA 443gel HEwl C
1735 mg/100g o= 7} =tom, 7€ HAA7|7l 752 go = AA F7}s
b HERY C g 674 mg/lOOgOE WA At 8ENEH 87
A A7 254 grell o] Foj A A ¢fskrh. ¢ W gl C e 9¥
W7HA st rE IR A 9 J&Eﬂﬂ 7)o vhek2 WA HER C FF
Fol 2F¥ TolxlthFig. 10). ‘fZ AlAlo] o] Aol 69 & AA HAe
A7]7F 882 go & ‘So]=lo] H|ste] o] Zlow HERW C IS 1658
mg/100go. 2 E=A YeERt A7 vlEl C g3 79 #W7kx] F43] gAs)
Qouh 1 olFot FEAAA A% FrheAchFig. 1),

g HERl C $aFo] W FF Fol =’ FF% vetYl C el =
E AR EE mielA BAel A gol ws 69614 79 4
5

e C gEel $AS HasAL, £ AL vad 4 Al )
BR C F3el 24 oldd M3t §31719 68l HEH C FFo] o}F ¥
e 4 Be EU= 2 o ol 9 B oe 44 wen Crb Feue 3
of 453 9 thebdth @ wE C7F o] MR thE A
oA ARH 2 R olgolE HAoA Bt AFHOR o] FARL Y
Aow FAHM ool U# wrh AAF A7k o] Fol Aok & Aow oAU

A. chinensis ¥&E°] A. deliciosa %ZE Hoh vER C o] =2 o]
E Y3l A A chinensis A§el B, ‘lE MMl ‘|CS9412', e
'CS984" 5 4E=3 A. deliciosa AZ2] ‘3 O] Y= ‘9%, 282 'ELM Wood’
s 3% Tl tiste] A7 HlER] C 3HEFe] WstE A

2 AFAN A chinensis® 75 B FEECNA 6€lA T Alolo HIER]
C 3t=Fol A7) Wolxlonv 1 —wroﬂ AL F7kete] 2719 HER C s 3]
E3FAth #E7 v e ofFSQl 'CS984' 7 7HE wshe] Fo] zpgkon,
e 379 FFS AR S JER At (Fig. 12).
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—m— Ascorbic acid (mg/100g FW) —e— Fresh weight (g)

200 1 90

- 180 1 80
5 160 - 170
iz =2
§g 100 : 19 %
© © 440 23
g% X1 130 3
58 o g

‘g 40 4 20

o 20 + 110

0 0

6. 29 7.31 9.2 9. 30 10. 29
Month. Day

Fig. 10. Change of ascorbic acid content during fruit development

in 'Hayward’ kiwifruit.

—m—Ascorbic acid (mg/100g FW)

—e—Fresh weight(g)

Content of ascorbic

200 200

; —_

£ 150 150 =
<

o (=)

2 100 100 2

()]

3 G

£ 50 50 &

2 fra

® 0 0

6. 29 7. 31 9.02 9. 30 10. 29
Month. Day

Fig. 11. Change of ascorbic acid content during fruit development

in "Apple Sensation’ kiwifruit.
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250

—e— Haenam  —=— Apple Sensation —a— CS9412 CS984
=
T 200
o
S
8
)
£ 150
hes
5
8
)
5 100
5
2
3
S 50
g
g
=
s
[&]
0
6.29 7.31 9.02 9.30 10. 29
Month.Day

Fig. 12. Change of ascorbic acid content during fruit development

in A. chinensis spp.

450
200 | —e—Hayward —m— Daeheung —a—ELM Wood
350
300 F

250

Content of ascorbic acid (mg/100g FW)

6.29 7.31 9.02 9.30 10.29 1113
Month.Day

Fig. 13. Change of ascorbic acid content during fruit development

in A. deliciosa spp.
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A. deliciosa®] 73-%-°l
of 7] Wojxl § FH7|e] v=E
FAH AT TS v ‘gl JHg Wste
13). 7% 129 79 139 A%E Eg= 2 3 g el
974 Bgo] ®MQ A deliciosa EESRT vEw C dFgwss Ak ol
A= A chinensis =%0] AW HEMY FE7F ZolAE 89
Row, welSFo R HEY C7F E2 HrgE dax
A. deliciosa®l FZFravlE o] &3k Ao frelsttial Alg ¥

rr
td
rin
o
ofN
il
3
R
o
i
o
>,

8
>
>
o
=
=
o,
g,

_r‘
ol r
o

(2

o fo
s

S

Q

S

%)

2

kS

o

3) HIEIYl A BHEEZH BV 39y

@O TLCE ol &3 neyl A ¥ 2223 ddE
HAoe FAY GF549 carotenoidsd EA ¥ A deliciosa®t A. chinensis

o] HHoA e EAFFE vlusty] 98te] Thin layer chromatography(TLC)E

HAAISEATE Al deliciosa T+ ‘HE #ES A& AL, A chinensis & °l

AMe Bl #ES AFEeslTh

1=
4]

I
i

e

Table 3. TLC bands separated from fruit extracts in A. deliciosa cv. 'Daeheung’

and A. chinensis cv. 'Haenam'.

Band Color Rf Chem. class
1 Yellow 0.96 carotenes
2 Gray 0.80 chlorophylls
3 Gray-Green 0.70 chlorophylls
4 Green 0.63 chlorophylls
5 Light-green 0.60 chlorophylls
6 Green-yellow 0.51 chlorophylls
7 Orange-yellow 0.46 xanthophylls
8 Light yellow 0.38 xanthophylls
9 Light yellow 0.29 xanthophylls
10 Yellow 0.13 xanthophylls

A. delicosa?l ‘N&’'3} A. chinensis?l ‘dld’o] sk TLC Z3} ¢F 10F7F9
EdEo] Setor AN ol B EA¥UE EFd 2 Z3 xanthophyll
Aol 4719 Edo] 7k ofgiZ<l Rf 0.13014 Rf 0.46 H ol $1x3F L,
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Yellow — B—Carotene

Gray -

Gray-Green
Green Chlorophylls

Light-Green

Green—Yellow —
Orange-Yellow

Light-Yellow
Light-Yellow Xanthophylls

|

Yellow

Fig. 14. Comparison of TLC chromatograms on carotenoids extracts between
A. deliciosa and A. chinensis.
A, A. deliciosa cv 'Daeheung’;
B, A. chinensis cv. 'Haenam'.

Running buffer is petroleum ether : aceton = 3 : 1
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chlorophyll A9 5702 &#& o] Rf 0514 Rf 0.80 Bl x5 7+
1%l = f-carotene®] Rf 0.96 ¢1 o] YEFSETH(Fig. 14, Table 3). g A 754
o Al ‘&' Aol =AM P ETS Hlagk A¥ OFEF
F22d AdEdo] FA vely F22Ho] A delicosa FolA HAo ¥
AS Yeliitt= H 31 (Cano, 1991; McGhie and Ainge, 2002)& 73}A|
F AT

Ztref o] carotenoids FAJo] QoA tvrEo® A chlorophyll A€ &2
Aoty FEETY] AFEA W Fejacdlel E £ vk B AFA
Hoh A de FEHHES sl fsted KOH A= #ed o
carotenoids®] F&]F5 TLCS HPLC 48 F35to] nlustich ®=3 %%
o]-&3ate] Frte] FEEZTFH lutein? fi-caroteneo] EAAFE IS

TLC Z3 KOH A @ el ¢]3led chlorophyll AlEe EAE0o AAES 32l
F oo, x¥F9 ARuEIAR vl A Juteine Rf 031 223 f
~carotene< Rf 0.96 F-¢lolA] &= At (Fig. 15).

& o 2

=

g2

Pl

do i ff o

@ HPLCE o] &g HE A #HAEH 4] vl

Zrohe) Aol A Carotenoidsell W3 HPLC #4S ¢t KOH A& AAF 9
AZntEIHE Hawg A3 KOHE AEstA &S Afde 223 AL
EAE=2 Qs ZRE HPLC ARvEIHAS A7|7l oggoen, E3 @
—carotene®] A$ KOH A#=E 73 peak”’t YEMSLTHFig. 16). &g ZEo
HPLC Z=ZviE 233} Bludt A3 All-trans-luteine 7.2% W, f-carotein< 14%
qol A yEloew, o5  peakEl  Wste]  Cano(1991)¢} Watanabe<}
Tahahashi(1999)9] B &5 EdiZ BHdE5S 273 A% 19 165 2t 17
U o] 2HEY A ddS e e By W A7 desite 4 i
heia=
T ol&ste] skok HPLC 24 tlelg o WA gk Atole] 3744 UA
2e zAbe A lutein®  y = 0.0000002 X + 0.0000320, A#HAG7F R =
0.998600] 91 2. fi-carotene2 y = 0.0000003 X + 0.0000022, A#AF7F R® =
0999392 319 foAdo] QA=A (Fig. 177 18 ).
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Fig. 15. TLC chromatogram of chlorophylls and carotenoids in A. deliciosa
cv. 'Hayward’. Running buffer is P. ether:Acetone=3:1
A, [-carotene and all-trans lutein, B, After KOH treatment; C, Before

KOH treatment; D, all-trans lutein; E, [i-carotene
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Fig. 16.

HPLC chromatograms of carotenoids extracts before(A) and after(B)

treatment with 10% KOH in 'Daeheung’ kiwfruit.
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Fig. 17. Relationship between standard lutein content and absorbance by HPLC.
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Fig. 18. Relationship between standard [-carotene contents and absorbance
by HPLC.
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Fig. 19. HPLC chromatograms of carotenoids in 'Hayward’ (A) and
'Daeheung’(B) kiwifruit.
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Fig. 20. Comparisons of lutein and [i-carotene contents among several kinds of

kiwifruit cultivars.
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o) 7EFo) thete] lutein® f-carotene S AT A} ‘gojYr’ &
ZFo] lutein®} f-carotened#F EFolA 012 mg/100g3 0.10 mg/100ge. 2 7}4
Eokow, ‘sh& 948} ‘eld’ FFol P vk Fol wE MuolA A
deliciosa +553 A. chinensis 55 tolle FolAdS ¥4 & 471 gldth
FE0 v E oo lutein ‘SlolH =’ ) TofE AlAlo]A* ) 'TELM Wood' > '
&> ‘8lY’ > ‘First Emperor’ > ‘3% 94 <o % yElyttl.  [i-carotened
‘o= > rolZ AlAe]AC > 'tHE > ‘First Emperor’ > 'ELM Wood'
B = 35 94 o2 e th(Fig. 20).

4) A71¥ vlEl ASE giAE R g ws)

FolA=gt ‘S FFe ol&ste] Ao B WA WE lutein I W
stE AR A3 317120 6 "6‘]]0]-?45’ 0.1 mg/lOOg, a2l ‘thE e 012
mg/100gS YEtlom Hao] wuatHA b vroldrt. ol S 1090
0.06 mg/100g=} 0.05 mg/lOOgQi 7HA Dol o} Fso] WA Zolx &
HAe AL FolY="E 0.15 mg/100g, &1L ‘HEE 0.11 mg/100gL. & TO,-er
719 g A tH(Fig. 21).

[i-carotene $H2 FFH7|el 69 ‘Fol¥YE’ 013 mg/l100g, ‘WL 016
mg/100go.2 7 =A detwow o]l wdetw A A vroli ‘:‘r B
—carotene ¥ T3 T T ‘Fo]Y=’ 0.10 mg/100g, LTI
0.08 mg/100g= =obxith olggt Az el A AAS T5 A
= Zo] lutein?} fi-carotenes o] BIEIR] A¥td tAlE4A S v HAHE
< YEPATH(Fig. 22).
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Fod F8 FF9 qsts A4S Hatano 5(1988)¢] DPPH  (1.1-
diphenyl-2-picrylhydrazyl) assay®¥™® < AFE3$ith. DPPHE vl-$- QFA S free
radical 24 517nmel A 5440 FF5TE dUehdle B2ay sFE=EA 43s
Z9o f71 8ol mjg orAsle E3) o8 71x] FAbE 714 S proton-radical
scavenger®l <|ste] @A E7] wito kst dAHS Folorww HA #AFE S
N Aol AUk

,90,

IP:14.49.138.138, 2017-11-03 15:32:19



—e— Hayward —=—Daeheung

0.08

0.06

0.04

Content of lutein (mg/100g FW)

0.02 r

Jun July August September  October November  Ripening
Month

Fig. 21. Changes of lutein content during fruit development in

"Hayward’ and 'Daeheung’ kiwifruit.
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Fig. 22. Changes of [i-carotene content during fruit development in

'Hayward’ and 'Daeheung’ kiwifruit.
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ok 11418 st ikslss
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7} 31% =2 FASEA Y. A. chinensisdl A= ‘&

W, BE QS CHE

3L 2 &

ZAIA o] A’e] 496% 481% %= =A EuT. 53] A
chinensis =% 52 A. deliciosa 55Xt d2tslso] =oy Lok tiEo
BHT 50 mg/LEtt =2 34tstss vetdo] o 34 £2 &7 4+

o 3 o]lE3t A¥E= vlEY C Ty WA A@A o)
Ao AR EH go R HTp B AF7F o]Fojxof & Fow ATH

e Au @ o e 3
) Aol AwA 7148 24

2 Zow wedh
o

7]. 62.1% = 7].1]- h:olo

Aok Amads e gekvte] @S st vl Fatd Ay

o Aol ol gz Friejzt A

) 5 = v,
gzt AR s ok E o ®E %9 F Tol tig ZAFE 2003 9
ol A 20049 9L7HA 19 Bt AA s

1 7178kg ol w

45k tH(Fig. 25).
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Fig. 25. Change of air temperature on March 3th, 2004.
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Fig. 26. Change of soil temperature on March 3th, 2004.

,93,

IP:14.49.138.138, 2017-11-03 15:32:19



7E1LTMP(&2)

M

SIS T I I T I S N S N N R N
LS ETCLEPCEE PSSP SE S
) D\Q% VQQ‘ V\Q b\\’\» b\\{v b\\(b‘ b('\b‘ b\\vy b\\@> b\\/\‘ b\\%‘ b\’fb» D\{LQ b\q/\‘ b\rib D\q/
SRS AR S RS RS S RS SRS SRS S GRS RS RS S
S A o o S S S o
QI
FIFTIIFIIFIIIFFIFFF
time
‘+ix| 78 1LTMP (+C) —m— X2 78 1L TMP (+C) ofel 78 1LTMP(xC) ‘

Fig. 27. Change of air temperature on July 1th, 2004.
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Fig. 28. Change of soil temperature on July 1th, 2004.
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Fig. 29. Change of soil moisture in different culture system for
one month of September, 2004.
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7o ooz ehyton ofele A9
A e 7 Bt o =t ] o R e o
o Wk =53] Wgkth sk gl
o dAEA A=A
IH(Table 4), *=A12] 4% FaAFRE= 2}
=

= X
& 7 dew, Fasie deols } T3l 1.1%

52

ol r:% P

A W 2
o st gl SRRl A9 76%0 BEAEL vehiglon,
ol A% 162%4 %S BEAES ATk B = A Ak A 5
o)A EEHE BFEIEo] Fe A Frhd el TAse] akvte] MY
7] wiol o),

Table 4. Right environment according to culture condition in kiwifruit.

Field House
Open
Month field Under tree Upper tree Under tree
Day (Lux) Light Transmission  Light Transmission Light  Transmission
(Lux) (%) (Lux) (%) (Lux) (%)
9. 23 89,880 960 1.1 68,040 75.7 869 1.3
9. 24 72900 784 1.1 55,475 76.1 1,140 2.1

2) AujgAde e A
Aufg el e e SAS

ﬁﬁow B Ao FEell SlojA = iXMW Aujet Aol 14.9 “Brix
2 A9 144 ‘Brix®Evh Edvh Aol A9 sk AuirE wgtow, Axe
YA tH(Table 5). Ao T5dAdE Fi9 tﬂ;i}% LR IR ¥ b = =P

Auir ot A velgkon atmel A wdk ke kAol lth(Fig. 30, 31, 32).

Table 5. Comparison of the characteristic of fruit according to culture
system in 'Hayward’ kiwifruit.

Culture svstem Length Width Fresh Soluble solids Citric acid Firmness
v (mm) (mm) weight(g) (°Brix) (% FW)  (kgf)

House 61.2 + 590° 471 + 232 798 + 831 142 + 034 06 + 0.10 0.02 + 0.01

Field 60.8 + 2.10 487 + 804 762 + 1042 154 = 263 0.7 £ 0.28 0.02 £ 0.01

Z 1 standard error
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Fig. 30. Change of soluble solids during fruit development

between different culture systems.
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Fig. 31. Change of citric acid during fruit development

between different culture systems.
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Fig. 32. Change of firmness during fruit development

between different culture systems.
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3) AujgA o] 2 HElTl C} lutein ¥ fi-carotened & W] 1L

A gg o] e vEryl CoF  lutein ¥ [-carotened FS ZAFEH7] 9]ke] ]
7h Skt wX oA AMiE I Q= ‘FelYE’ EFe S HPLCE °l&
st EA AT HlEMY CE 3F9-2=ol A 40.74 mg/100go.Z =R ol A Q] 44.34
mg/1005.t} $rokth(Fig. 33). Luteine 31922 0.15 mg/100g, =* 2.2 mg/100g
o2 A7} 2Ry oF 50% A% =A YEFS T [-carotened 3F--Z2oll A
0.10 mg/100gel o =A]o A = 0.19 mg/100g .2 sl¢-2=Ht) FH) A% =7
el o (Fig. 34). 33 Bleb Cob  lutein ¥ [i-carotenedtZell glo]j A =x]7}
sh-2ut =A YEd AL 25 5 5 A9 WL A Eo} o]F
Edo] FHAFo] BUW Ao Algdm om oo tigh Adg A7 H
dastrha e

=
ofh
i)
2l
r 0
1>
(il
__>:l_’,‘
o,
kel
o
ox
Ho
[
oX,

Table 6. Growth characteristic of transformed plants by Chx gene and Psy gene

in 'Hayward’ kiwifruit.

No. of Largest leaf Second largest leaf Length Width No. of
Clone name leaf Width Length Width Length of stem of stem branch

(ea)  (cm)  (cm) (cm) (cm) (cm)  (cm) (ea)
Control 8.3 20.9 16.2 19.6 14.4 105.3 6.9 0.7
1-C1-4(A) 6 25.0 17.0 17.9 11.6 35.6 7.8 1
1-C5-2 9 185 12.3 18.3 12.5 30.1 6.8 1
1-C14A 8 19.7 13.9 155 10.9 32.3 5.1 1
1-C15-3 6 23.2 17.3 26.4 19.3 68.0 8.7 1
CHX1.0 5 21.7 135 19.6 14.4 21.0 55 1
2-CHX1.0-6-5-1 4 15.3 94 13.1 89 44.4 7.1 4
2-CHX1.0, 6-5-2 7 22.5 16.5 20.3 15.2 98.3 9.1 3
1-P14-2(B) 8 24.0 17.4 17.2 10.8 55.0 7.8 0
1-P15 10 221 16.8 24.7 17.2 130.0 6.2 0
~ 97 -
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Fig. 33. Comparison of ascorbic acid content between

different culture systems in 'Hayward’ kiwifruit.
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Fig. 34. Comparison of lutein and [i-carotene content between

different culture systems in 'Hayward’ kiwifruit.
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Psy gene¥} Chx genes ©]83lo FAHES AAS & PCR=E
stolg A EA 9fAE GMO 22oA AujS A <

(Table 6).

iz A9 o Fe 83ME vUEeWen gixzTrEg o FF 2AY B

= UEbkon], dFe] oM e 2 Aotk E7] el 1-P15elA 130
Aoy UmA AAEdE HET 1053 cmBE U #kon E3
°] 30~45 cm Atel& &/ uEhy gow o §e HEVF Aosra A

o -

2¥AY AAL B JNACdA 2T fFAEER L SA 45 Chx genel =
FAHAZo] @ 2-Chx 1.0-6-5-17} 2-Chx 1.0-6-5-2& Asties FAFS A
o] ATt

2) BAAE A=A vER] A B dA EE 24

Table 7. Content of lutein and [i—carotene in the leaf of transformed plants.

Clone name Lutein® [i-carotene

(mg/g) (mg/g)
control 45.29 40.80
1-C1-4(A) 105.23 92.41
1-C5-2 124.85 104.54
1-C14A 114.93 71.80
1-C15-3 135.58 111.92
CHX1.0 ® 97.32 62.24
2-CHX1.0-6-5-1 105.99 73.70
2-CHX1.0, 6-5-2 154.70 90.27
1-P14-2(B) 82.66 74.16
1-P-15 101.55 73.85

a: Lutein® Lutein like substance® ¥33F z+<)

,99,

4719] cloneol At Ho &3 A 29l A= TAAT}
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FAAGA ] vEw AvdE A=A e S AFE &<
A o7} Hlﬁ‘é@ﬁ%iﬂiﬂ o A lutein®} f-carotene $H#EHS
2 3 A EA A dEz=TE 28] o] =&
et on, 53 Chx genew O] sto] A3 A E=AE0] Psy gen
AA wol Z=dv)k f-carotene T3 thETF7F 40.80mg/100gl ® 7+
™ 1-C5-29} 1-C15-3 cloneol A 10454 2 111.92mg/100g o = lEﬂ] LHEREE
lutein®} [-carotene HS HAAHozZ E w Chx gene HZ 45}}1]@]*1”
1-C15-39] lutein 135.58 mg/100g, f-carotene 111.92mg/100g2. 2 7} 4531
t}. Psy gene ¥ZAA3A A= 1-P-157} lutein 101.55mg/100g, [-carotene
73.85mg/100g 0. & 7} gkt (Table 7).
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