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Molecular Breeding of Carnation
( Dianthus caryophyllus L. )
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1) Virus Cp gene FAX}ZEZ}

- tha)] 6%} Vigna unguiculata ’'Blackeye'oA& HE G AgelA, ol
Z& ME 2&3) Physalis floridana, Phaselous vulgaris, Vigna radiata,
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3}y restriction enzyme siteZ EBA5te], 471¢ transformant ZoffA 2
707} expected CP geneS E#st= Z 22 CP fragmentZ} 1.0 kb$lX] &<l
5o, o] construction Fhilo] Al Eolze] #aHHo Al&3HATh



2)gas zAAH wjRzrPL o]&Fted CarMv Cp E CarRSV CpwAX}E
Agrobacterium-mediated transformation P o2 Fhilo]Ade] T Q1351
transgenic shoot®& @¢lom, PCRZ} Southern blot &4z} CarMV Cp+
Ax12 UESe FAAVANE PR A,

JNFAAPAEA ] <3}, TLALY 9 P2 Lehd Fo iz =

Apstart. FAABAEAL] H$ kanamycin HLTF I YEEL 74%0l
W REZS o4& 10 FEHCh EEo| BEW 7AA7F BAABME
Ao oiREe I ASAelE R, dF AME B3EET =

i)’
]
3
)
Jo
o
le
|
e
2
et
i
1o
!
X
rie,
2
>
ik
o
Lo,
)

M
>,
2
H
»
o
0
2
o,

2. DFR 3} z=4d Ex=F

Carnation?] 3}& 38 flavonoid®} chalcone =0 2J8iA 2HPEH =
o, 252 % ZEXAE-E Pelargonidin (Pg), Cyanidin (Cy), Kaempferl
(Km), Quercetin (Qu)oltlh. 2} :ekdzl x| zZe] HFAES
isosalipurposideo]t}. Zhilo]4dofA dihydroflavonal 4-reductase {DFR)
FA DHKZ]AL Zun]E 3} Leucopelargonidin (LPg)& 28/d3}5L, gene
Aol &J3jA] ZAE M, recessive allele?] Z-$+ acyanic flowerZ} ¥ T}
‘Virginie ('VG')E2L A3, QsFe= anthocyanidin®d §HJ th A3
27} wed ZFolth.  DFR-mutantel 'VG'EZS DHKAMES ABgshul,

gene A2} R7} recessive allale?] ZH-9E#, ZHo] 3 dolc}.  vkshd



'VG'i= aa®} rr7} lociol A recessive allels®#, DFR$} F3'HY E/dol ¢l
T}l Gene A¢] recessive alleles (aa): dihydroflavonols DHK%}
Leucoanthocyanidins LCy &}ole] B&¥EuijrlE& ws)sls, Gene RE
recessive alleles (rr)< DHK®} dihydroquercetin (DHQ) Alo]e] A3¥rAdcy
212 wrajjglcl,  AM 'Desio’('DS’)#} 'Tanga'( ‘TG’ )= AARt rr locie]
1:}_ |

1)7hUle]d mutnant VG EFol HA DS'EF A gene (DFREYZHA
e FRAHTSIY, DHK7IBE Fujsio] PelargonidindTJThALE &
=3tdct.

2)VG'EZe] ZAAMALE DS’ A gene?] cDNA cloneo] EFHH, AEY
& 2E] pGA748/DFR2] DNAZ} R AH|E|QcE 11 A SAX}IZE  encodes®
DFREAL DHQOE LCyoE AYsle, 'DS'EY pPe-AFEAL BAMUrh
A S=&x}e] coding sequence= CaMV®] 355 gene?] promotort
terminaterAlolo] AtelElol A, 1elz AlEUdE pGA748/DFRE 2
2Y®" Zojrl., Az} o= pGA748/DFR sense?} antisense geneo] ‘VG'
o 'TG’e] ZAMoz FAAH|ET, FAMHH shootFoll 1.2%7}
pGA748/DFR2] NPTII gene W& 3le], kanamycinel A3d o] HAOR
glgjtl. 1 & shootsZHE] 41A1EA7} FAEo] in vitrog} poto] Z}
2tz Qlrh

3)ANgoT 47]9] o] AR, F V6 FAYHPBIA (sense) oM, &
spete] AAdoe] Sol7t VAARE Rol gk  FEol A TG
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gtl. =, VG’ TAYEZZo] DFR sense gene FAAT Z-9, Hulio] 3
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SUMMARY

I. Title
Molecular Breeding of Carnation :

1. Development for Viral Disease Resistance in Carnation by
Transgenic Technology

2. Transformation of DFR gene in Carnation for Molecular Breeding
11. Objective and Significance of Research

A. Objective

1. To generate multi-viral disease resistant carnation

9. To make carnation transformant of DFR gene for Molecular Breeding
B. Significance

1)Viral disease causes a major damage in carnation, up to 30% decrease
in produétivity has been reported.

2)1t is difficult to generate viral resistance by the classic plant
breeding methodology because viral resistance is widely associated

with undesirable characteristics as they can be polygenic in nature,
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3)The approach to introduce viral gene in crop plants in order to
Therefore, one believes that this approach can be successfully applied
to develop viral resistance in carnation.

4)More than 9 viruses were known to infect carnation. Thus, it is very
important to develop technology that protects plants against more than
one virus,

5)Accumulation of techniques for gene manipulation and transformation
should help to yield new transgenic plants with agronomically
impertant traits.

6)Breeding flower pigment of carnation by the aid of hybridization
techniques, range for the pigment expression seems to be very
>1imited(i.e. blue varnation)_ In case of crossing incompatibility,
occurrence of a new flower-color expression is attainable only when
the introduction of pigment genes through the transformation.

7)Populaity of flower crops in much dependant on flower color, form, and
size, etc., and the demand for continuous and versatile ch;nges of
them. It seems urgent to apply a genic transformation for the
development of new flower pigments if considering the world flower
markets,

8)Concerning with flavonoid biosynthetic pathways, an introduction of
either DFR sense or antisense genes must be necessary for the flower

pigment mutation in order to bring about molecular flower breeding. -

-11 -



M. The Scope and Content of the Research

1. Development of Viral Disease Resistance in Carnation by Transgenic

Technology

1)Isolation of viruses infecting carnation.
. Isolation and identification of viral strains causing severe
necrosis in carnation
2)Genetic manipulation of CarMV and CarRSV viruses
-The 35 kDa Cp genes of CarMV and CarRSV were cloned into plant
expression vector.
3)Establ ishment of tissue culture conditions for carnation
- The regeneration condition from tissue explants has been established
4)Establishment of transformation technique
- A transformation procedure using tissue culture system has been
déveloped.
5)Analysis of transgenic plants
- PCR of genomic DNA (NPT II, CarMV Cp)
. Southern blot analysis of genomic DNA (APT II, CarMV Cp)
. Western blot analysis (CarMV Cp)
6)Root induction and acclimatization
- Propagation of traﬁsgenic plant

7)Acclimatization of transgenic plants for field test

—12_



Generation of transgenic carnation VG’ plants expressing the pGA748/DFR

constructs

1)Preparation of plant material
- Genetically inbred cultivars;
"Virginie’('VG"), ‘Tanga’(’TG’), ‘Desio’(’'DS")
2)Isolation of DFR gene and genetic manipulation
- Isolation of DFR gene and subcloning into plant expression vectors
(pGA 748/DFR)
3)Establishment of tissue culture conditions for carnation

- The regeneration condition from tissue explants has been

established:

4)Establ ishment of transformation technique for carnation
. Transformation of DFR sense gene in VG’
- Transformation of DFR antisense gene in 'TG’, ‘DS’

5)Analysis of transgenic plants

- PCR analysis for nptll gene and Cp gene in the genonic DNA
- Southern blot analysis of genomic DNA
- HPLC assay of anthocyanidins
6)Enzymological bioimaging analysis for the expression of CHS, FHT and
DFR gene in flower of carnation

. IVGII ITGI, IDSI
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IV. Results and Application

A. Results

1.

Isolation of CarMV Cp and CarRSV Cp genes, genetic manipulation and

transformation

1)Viruses causing necrosis in carnation were isolated and purified. The

viruses were temporarily identified as CarMV and CarRSV, as based on
ISEM (Immunosorbent Electron Microscopy Test) results. The virus
identified as CarMV causing severe necorsis in carnation (30%
frequency), Complementary DNA cloning of CarRSV and CarMV genomic RNA

are being carried out.

2)In order to obtain 35 kDa Cp gene from CarRSV isclate, we performed

RT-PCR using oligomers deduced from the published sequence of Deutsch
isolate of CarRSV. The 35 kDa Cp gene of the CarRSV was cloned into
plant expression vector, The expression cassette was introduced into
the binary vector, and the resulting plasmid was transformed into A.
tumefacience. The same procedure was used to clone the 35 kDa Cp gene
from CarMV. RT-PCR was performed with oligomers deduced from the

publ ished sequence of Deutsch isolate of CarRSV seguence.

3)Tissue culture systems ailowing efficient plant regeneration were

developed. Leaf explants of carnation were cocultured with
Agrobacterium harboring CarMV Cp and CarRSV Cp genes, and transgenic

shoots expressing the coat protein genes were obtained.

_14_



4)Transformants were verified by PCR assay, using nptll gene-specific
primer. Southern blot analyses confirmed that the CarMV CP gene and
npt Il gene were incorporated into the genomic DNA of kanamycin-
resistant plantlets. The transformed plantlets were grown in vitro and
transferred to potting soil and have grown in a green house.

5)A few transgenic plants were in a green house and investigated the
acclimatization and field performance. Transgenic plants showed 74%
survial in vitro, and employed for obtaining the aclimated propagants
again in vitro, whereas only about 10% of the acclimatization occurred
in the transformants when grown on pots, most transgenic plants were
normally grown, a few plants showed abnormélity such as slow growth,

S)Bioassays for the transformant may be acquired for the furture studies
especially on virus-disease(CarMV) resistance in carnation, when taken

out of present in vitro conditions.

9 Transformation of DFR gene in Carnation for Molecular Breeding

Pigmentation in carnation is caused by flavonoids and the closely
related ' chalcones. Main end products are anthocyanin glucosides
based on pelargonidin (Pg) and cyanidin (Cy) and flavonol derivatives
based on kaemferol (Km) and quercetin (Qu). In addition, in yellow
and orange strains, the chalcone isosalipurposide is accumulated.

Carnation ‘Virginie’ (’VG’) is one of the subjects of investigation in
plants in which the pathway of anthocyanidin biosynthesis has been

analysed genetically and biochemically. The enzyme dihydroflavonol

- 15 -



4-reductase (DFR) catalyzes the reduction of dihydroflavonols to
leucoanthocyainidins. This step is controlled by the gene A, The
presence of recessive alleles is correlated with a complete absence
of DFR activity resulting in the formation of acyanic flowers.
Because ‘VG’' contains recessive alleles at the aa and rr loci, it
interrputs DFR and F3'H activity. The recessive allels (aa) of the
gene A interrput the anthocyanin pathway between dihydroflavonols DHK
and Leucoanthpcyanidins LPg. The recessive allels (rr) of the gene R
interrupt the anthocyanin pathway between DHK and DHQ. 'TG’ contains
dominant alleles at the AA loci and recessive allels at the rr loci,

1)The cafnation DFR-mutant ‘VG’, which accumulates DHK, shows no flower
pigmentation. ‘VG' served as a recipient for the transfer of the A
gene of carnation ‘Desio’(‘DS’) encoding DFR, which can reduce DHK and
thereby provided the intermediate for Pg biosynthesis.

2)Leaf explants of VG’ were transformated with plant expression vector,
pGA748/DFR which contained a cDNA clone of the A gene from carnation
‘DS’. The A gene encodes DFR which converts DHK into LPg leading to
the production of Pg-derivatives in the 'DS’. The coding sequence of
the A gene was inserted in between the promotor and the terminator of
the 355 gene from CarMV and cloned into the plant expression vector
pGA748/DFR. The resulting pGA748/DFR sense and antisense gens was
transferred into leaf explants of 'VG' and ‘TG’, respectively. 1.2%
of the surviving shoots expressed the plant expression vector ANPTII
gene and were consequently resistant to kanamycin. From each

transformed shoots, 41 plants were surviving,

- 16 -



3)0f the first 4 flowering transformants (sense), two transformed ‘VG’
plants showed red spots on white background coloration on the flowers
of both flowering plants. One transformant (antisense gene), two
flowers of which were white spots on red background in colour. Another
38 transgenic plants did not flower. Thus a new flower pigmentation
has been established in 'VG’ and 'TG’. However, unstable expression
of flower colour is due to piemented red spots on white background or
white spots on red background of the flowér petéls.

4)The another transformants and the latter phenotype are not yet known,

and will be subject of further investigations.

- 17 -



B. Application and suggestion

1)The viral genes cloned intc plant expression vector can be used to
introduce viral resistance into other plants that are infected with
the same virus. The establishment of technology necessary for genetic
manipulation of virus genome will facilitate manipulation of other
plant viral genome.

2)Through the establishment of regeneration and transformation system,
it is now possible to introduce other useful agronomic traits into
carnation,

3)The development of new technology to introduce wviral disease
resistance can be applied to provide broad spectrum virus resistance
to other agronomically important crops.

4)The regeneration and transformation systems developed in this study
are very useful ones enough for other researchers to apply in their

" studies. -

5)Lines of cultivars developed for carnation anti-viral expression in
this study can be applied as patents for cross-breeding.

6)Upon the establishment of analytical technique for the flower pigment
pathway in carnation, it can be applicable for analysis of the flower
pigment biosynthetic pathways in other flower crops.

7)The DFR gene cloned into plant expression wvector can be used in
introducing DFR gene to other plants infected with the same DFR gene.
The establishment of technology necessary for genetic manipulation of
flower genome can be applicable for other flower crops.

8)Accordingly, as soon as the results obtained in this study are
patentéd, the bred plants can be expanded to use as mother plants for
the further cross-breeding by ’'National Horticultural Research
Institute, Rural Development Administration in Suwon, Xorea’, This,
in turn, will upgrade our necessary stocks for the international

econcmic strength.
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I & virus® Fhilo]ld Bx18%

o] U By AL 20009 EuEE Y Exlgd olEH, 2 F
AMabalo] § 64901002 A3FI} 45.3%(3,0129 ), 23157} 43% (2,6859
), BATIE 9%(5854 %), 7lEl oF 2.8%(187¢ )|t AFade] HFu|E
o] L A FHE=E mld ol AT, AHo|(12709 ), FEH(561Y
), WIH28199), ArlZ(19691), FholH(16294), AmzH1539 )
£olmW, o] H|ELS AAFT Bt goERE ol FAMI AL H
Rog FHHrLL FAd A2 253G HollA R 1529 H, FeirjE
27} 599, Fhdo]ld 49, A 5HQEA, 1 2] Fjel 884 fdo|th
2 3769, Fulrb 1349, I 619, WY 569, b 4299,
36U o, o, 23 WYL o] fYHL]} Lor, Fho]dL
2 BRFE £t 2 E&35t5, ALY £EFHA] U= AeHlEE, 4R A

FAl=z} +2L 9% 24 AW BRI o] A L7HL)

x
o ro

ool EXE 49U A9 Frx 2 ZAs ded, Msje A4E
A8 Fob vlolglao] ZEET] ks AL olE FF FERYELR
ZEx 7} dalgch Exle Egiolu eAE-delol, nFFo AE

7} glo] AlEFo] el WidlY AL EHE|E 2 Fsjo} Hrts 7 Folth
T Sufele] ZFAFEE 7hA-L2ct

Fhd|o) M (Dianthus caryvophyllus L.)2 I HLoZ F3t HIEEA
{Zuker, et al, 1999) Zje] d7bs7lAd4telo] 1629 %de]] o]23= F0@ A&
2(eYixtE, 2000), A3srte] F2 wddolt, Fhojde B¢ &S

= (o]
T B E
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2 20sln, Y] AERE $93 BFE A4de ol oiel, Bz ziuwE
= Zx29 Ao A virusol] ZEE ] ¢ltHCheon et al., 1992). 21 F}
o] akAl FER . Fejgglog, niol Az —/T?_} ezt dzt

20-30%0]] E¥ict

Hloj el A A ZZo|L} AE2 HE2Q HolE i olge 5EE %Y
A wlgol glol, |EBUXFo] 5] opgFeRE uelas AP
= sty 918 8% AEHZ QLo RUKEe] 23 utelHA AL G
Axje] SAL, e JEAIESo] nultigeneof| £[%F horizental
resistance® oja@-2o] Q3 (Zuker st al, 2001), &Z2] {8zl W3}
glol, ulolalAA IS =AF| 717} ool glo], AFFFol AT

l‘_,

uho] 8l 27 g ?}Li1°lﬁ%%-°4 Age BAALEE ofz] FARY FFL 7
woix] Eetm it o] whEe] BxXIERACE FuAe ey |
Axg 2elstel A %iﬂoﬂ sQAZos, LAV ol§Y, HlelHz A

s EF2] sidel 23¥Hch

alolgia A S@Exte] Ege 1996d EATAM FhuoldelA
tumefaciens LBA 44040f 2]3} CarMV pGS55 Cp gened, U3 E7|1X2E
s FAAT(R2 v, 1996)% Bl g1, IFoME TMV Cp FAAE
gz BalA RFAAT(KL v, 1996)stdct 2Eja, 2000440
Aol Al CarMV Cp A AT (H¢t vy, 2000)=} CarRSV Cp FAA2Z U
A5} v, 2000)0] tiala LEsIHew, o viopriA 20023 TOMV
MP gened Fhulojdel EQIsted(Ret o, uEE) I NYEE FuHBs
2 gich FAATIE L o] 23 Hie|PAATAH Fhiol¥EFTS AYS O

BEFES 7 + irh

o?lrlm.lﬂoku%

E dF7E Fhyolde] 2 oy 954 wiolgiA F, F2 ¥ sjo| LA
Gau"MVﬁ’ﬂL CarRSvel th¥h, HitulolglAv)sd 7hioldEES4E S 2% 71xdT
2 2], CarMV Cp &} CarRSV Cp FAAIE Fhule[deo] ={]sle], CarMve} CarRSV
of Asde UEhils E284ES dtaxl, =EHAAE 2.3t Agrobacterium

= 9
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Fhlo] A ZoflA] FL2 AujAtollAl glo] 1x1H <l BIsEolal, FHe FL

g og gtg|z ¢l Carnation?] EAZAL FZ2
Ak, oM} o 2HY B M. I BRI U
A A, ek gle aizte] wjzo] &R, HHEHES Uehl= 2=

o o it

Fhilolde A ALz #An|, Fate} tlEo] 3uf AL HAREEAM, &

oo, s ZE, 37 5ol uie chgdie, ApAgelt dF BYY
AFEol Al oz m glrh. Fhilo]d Aol x| dxfjul | H 3
] 71510 A3g 3Tl cigt tiFe] JEEE HAY, 5P
Solld, A4 tirt Wyl g3Eng ExpgFof 23t Hole] Fgol

2z BExigAste] WAooz, MG Jste FELE HIAIIE Ze] The
&t ‘Molecular Flower Breeding’oll @& Zilo] Rolx glch WS HHZE
ol Ex}{AA 7|4 o]83ted, flavonoiddFdrhAtel BAst=
AEL gl 37 e - BHEAR, olF §83te] 2| M¥E

7] €18t HAATL] AEE, %44 Dihydroflavonal 4-reductase
SAAE HEUolel =¢stel, HHEMe] M2 MY sRLHE
24 (Meyer et al, 1987)% Z1& Ay eg, o BHEA ML/}
(sense)?] £¢1& Eg 3pAHo|, antisense gened ©]&3 M APZhALE
A3t EZME gols B, TiUg A2 Hauds R £ e 7bs

‘gol @zt

grzEeAANE ZRE SRR, ez, Asheile DA Tol ¥
©1}, Flavonoid Biosynthetic Pathway”} o}F H33slo] ofd ZtEojA] At
doz weld 9L ol TEN, v AYHLZ AT dE Fa 3
H2Bol A MY Ph AR 7 Aoz vt Y Zo] EEch F
Z g pAg By dosn g, HNEARFeR AL MER 3



ae) 2Eg fsiAE, ABABS YUPTARE FHOE sl
f87 zAol WA FEHA kT Tt

RYABE Y FAKE AMzAL, 2FRKFo A *"**rrz"z}-/] A
EAUZY FolE Y

zpae] wstehs @el, HANTYTAREE ¥
anthocyanidin 44 MA-FAxIFolM, HAE/Go] ZHH mutant (recessive

X inbreed lineS %3, oW tjrAlAZd] B[]
dx Agslolol wr). elm AazdRAARE Be|, 2
A 2}E plant expression vector® subcloning ¥t F, JAAH
o stof, TS SMSAAS w9 AR oTH, Aditele] Exjsta] o
£ 3540l FhstA Brk

g Ty ate] A3 dFE 2001 B 7Aool #Mgte] Flavonoid 3%
AtfA}A Z(Yu & Forkmann, 2001)9} o], FhilolAd, Zeit]Zg2FolA
HPLCO| £]%} Anthocyanidin £} (52} 3, 2001)UEE 3lgon, HSdxpe] F
=312 Forkmann -2}2] wigle] Flavonoid JFH’gchAatz 2eoff #IU=E
(Seitz, Yu, Forkmann, 2001)Z 3tgl ooy, W3} ANS genel] FAMFL] A
7t ALE s drk EI 2 zpalollA] g HFe] B UETL 19990

U TH - 5, 1999).

B 7L carnation mutant VG YA EZo] ‘DS’ HMEZ2] A gene (DFRAYE
HeRA)E RANZHY Th, V6 EFol HUAPsle], DHKIIRE Fuist
OE]Leucopelargomdln Biosynthesis& §%3l= &t#H, DFR antisense -FAX}E
G'EFo =dle, DFRg%oé F=5to], DHKZ]A L] AFEE AAAIA, A
'—‘—'l“i"‘i°l Haed S FESI, TEATNOIE 4 AT HAZASEIe
el A AFYS szl 6‘}93.1:} Fhile] o] AEEFFS] KFITHE ¢
g, Flavonoid AP TIAIZZE, 243 5}AY FAFFTATAYA 5¢
2] Forkmannzl Aol A F3sig e, 'E A7 FExtedol A e
gene manipulationz}, Ay@3] A7l A= JFAATIN=S —.%6}04 £ 5
2185 AgsuAcl BIE Amstach 2 dFaelde HA®a
Be AEABY AULHAAE B
2, $4& Jldsts a&o] oblel 7t

mlm
T
oy’
o

i
2
ox
nft
ok
et
I
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v, a4 e

virusd Fhiol A EASE

1) Carnation virus +2] 4 &
- BERR
Rl i e B =
-3EY AF
CwlolHARF B4
- CarRSVA A
- A=A CarRSV western blot Z#A
2) CarRSV Cp gene £32] % HAx}=232}t
- CarRSV Cp -3 A} Total ssRNA &
« RT-PCRZ ©]-&3%} CarRSV Cp cDNA ¥4
- CarRSV Cp gene cloning
- CarRSV Cp gene?] plant expression vectort]E2] subcloing
3) Fhlold =R} 7 &2

- E3y 2AAPL o] &Y AEA AMEH =AH/Y: WM, SL

4) AR
. Carnation =Fof pGA482 A ATA| 7id
. Carnation <Zof CarMV Cp gene R A AFT A 7
- Carnation =EZEof CarRSV Cp gene A ATA 7i*U
5) FAATA B
(1)pGad822] 71\f 3 AR 2] NPT 11 gene B3
- NPT 1I gene?] PCREA]
- NPT 11 gene?] Southern blotit2]
(2)CarMV Cp gene AT HA BX
L AABA 2 POREA
- F R AFA 2] Southern Blot#4]
- B A A%A| 2] western BlotiA] ; Coat protein UHAF XA}
6) 271 BABAABA ANE AT w2uA A
- FAATA ] wtuix|e] 24 W]t 2WHIY
7) gEARABAL w3t % TP
EYARL AT FLABA A
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2. BuzE 2ASE

AN EFTH
- Carnation?] §3A inbreed line?] &X: 'VG', 'TG’, DS’
2)DFRFAAZE B FAxz
. Dianthus caryophyllus L. ‘Desio’?] Z¢l o ZHE|2] cDNA library®] 343
- 2 Zhdlold EtA DFRAE -+ =} screening
- DFRF-322F |71 4E &4
- DFR#-22} 6/C &3 &4
. in vitro transcriptionZ} translation
- Northern blot +#4
- DFR gene?] Plant Expression Vectoru]Z2] Subcloning
HAEES 2N S
- ‘VG’, 'TG’, ‘DS’
4)Fhdo] H Al EA) 2 2] pGAT748/DFRF-H AL FAARA F7
- ‘VG'=ZFo] DFR sense gene FAAMZ
- "TG'&Zofl DFR Antisense gene J{I AT
s)gAAw|A A%
- 332 434 genomic DNA PCR &4]
. 32 A3 genomic DNA Southern Blot %
6)Carnation Flower Flavonoid 4]
(1)Bioimasing Analyzero] &%t DFR, CHS, FHT R3x}&4
NG, 60, DS AREES HARUAE BAsAS
- (2)HPLColl ©]&} Anthocyanidin &4

7)DFR ¥ A A7 27)A18] Phenotype EA}
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A

2|

P

& g virusd FHUOIUEASS

a2 A &
B A zalEQ FhdojAol ZgEE HlelgA:= CarMV (carnation
mottle wvirus), CVMV (carnation vein mottle virus), CRSV (carnation

ring spot virus), CLV (carnation latent virus), CERV (carnation etched
ring virus), CYSV (carnation yellow stripe virus), CNFV (carnation
necrotic fleck virus), CarCV (carnation cryptic virus), CarYSV
(carnation yellow stripe virus)% 97}x]7} &&]A 93, I F CarMV= A
A ol xedo Lt ZHEe] 9l31, B3] CarMve} CarRSVZE Bazt@Al 3
Hqql wajE Fol, B4HA AL A Yolmacrh(Cheon et al.

1992; and Lee, 1992). olol th3t sjAxeto e =wjgs BT 1:1%;_'_5_
o] A4} (Stone, 1963) AFE ool IAZE, AWAEFY S
a7 glet weez, FAABe] ot Pulolaay shield %% ESE
Bagupeld A shiol 4ES ol WA a7HelAT YT

_.&

il

Aajztxle] S Fhdlol 4o 7:1%‘,3}—‘:-, F3 dlolglAE CarMVe} CarRSV &
o2 oA glon, o8 Ach au 2 39 Fhdleldel
2este nlolglal] EHE olRrie AW We R oA vk =
U] Carnation virusoll tigt @7, CarMvi e[zt Eeof A7t A A E]
Joo(AML T, 1990), CarRSVe] ZujEele} FAPJATL of2 o ol
olt}. 1 &) carnation virusol thEt dF= H3H upzt glch

2 27tx] ez ujo]| @A FAHXE=  coat protein (Cp), movement
porotein (MP), repricase, sense &2 antisense RNA ol ddA oy, L
Z cpe] ulolalA Aido] 7pR daA gk I 71E2 HloldARHAE
A EAollA chdE A 22 uncoating FH-Z recoatingE ul3)3ly, & v}
olg] A7} AlEAuollA ZAlstt] LR vloldAEAgRAx YAz
Az AA AEsI ulolal 2B AE Wlste] AYPdE =t} (Palukaitis
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and zaitlin, 1984)3 3}, T 2]9) senseW3F L B ulo|a}ARFAX}E A2
2 =%J8}l transcriptional level®, 1E|3l antisense W3FoT-
post-transcriptional leveldlld], =UH FAX}L] transcriptd] S F=
FoZAM, FYURIAAE ZAY {AT g7/ antisense strandE U3
A7l HHo R AYES REY 4 qltia stgdch. HiolgAA g RAR}
2] AEAUREe] FHAAREOE, FAA[AHEA ) vlolg A8 S 45t
Z2FE d8d A=, ™M CpRrARE =4 - ddEo] dlolgAxgd
WAEHE WE AL A2 Z (Sanford and Johnston, 1985), AMV Cp
(Alfalfa Mosaic Virus: Tumer et al., 1987)2} PVX Cp (Potato Virus X:
Hemenway et al., 1988)ollA ujoleiAuidol FAxTle] fFxEQct 2
2Lt Cpr =12 antisense RNAE E=EUT ZHPoAe Mg 7lcle] £ nf
A= o2t (PVX: Hemenway, 1988, CMV: Cuozzo, 1986, TMV: Powell,
1989).

Agrobacteriumol] 2] < Ti-plasmid®] T-DNAY-Ho] #H2&] ot 3}
FHolE &= AEol W2 BARIEAEA HEET go, dtgew 7t
volde wAAWo| olale BB Yux Atk shioldeld Hz
QZAo]l A, tumefaciens LBA 44040l 2]%} npt II gene(lLu, et

al, 1991)S HAAAsIE R, 2 F d3} 3pE Ao 4 tumefaciens AGLD
& = 4stgth(van Altvorst, et al, 1995, 1996). §&

Fhdo] d&71228 F3MAl A rhizogeneso] 2]%t

RolC geneS =13 B2} 2ol 2l th(Zuker, et al, 2001).

FEARY
g <

o
e
.
o
ot
)
M,
o
flo

slol A 2ud  F3xte] =L, 1996d EA Ao Fhdo]dolA A
tumefaciens LBA 44040cf 2]3F CarMV pGS55 Cp geneS, U3 E7|RAL E
siA FAFR(F2F 8], 1996)%F v} 232, T FolME TMV Cp FAHXE H
YEEZAE FolA FAAT(FL v, 1996)3}%Ect. o iolrba 20024
g ToMV MP genes Zhileldel] = (Rt o], opd®E) 2 H& ¢S Fofd A3}
3 olch FAARIIEE o/ 8T vlo|HANYY o]l dEFS] AU o
3
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2 d32E ghdoldel 2 el 952 vlelgiA F, F2 33| viojH A

CarMVe} CarRSvell thil, Hghutolglaulyd FholdEESEE I 71xd+
24, CarMV Cp ¢} CarRSV Cp F-R=}E shuloldel =I3t, CarMve}l CarRSV

o] AL UehlEs EE284E dtaxl, RIAHANE T Agrobacterium
tumefaciensol] 2]3t FRA AT L #3435}t
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2 2

1. CarRSV Cp gene&2] W HHAT=Z]

1)

2)

4 A 2 Yy

KA

BEBR

CarRSV straing DMS(EAu]EAFA)oja] Hokilol | F A Eof F2]31o]
*}%E}M_x_. NEAR A AFMNELS G E 75, BolFHAE 2

3 o] 13Folch 3xte] Ax FARAL I, FAURAEES Uehle 4F
oﬂ oxtol] A AF BAL stgdcrt. CarRSV o8E A8 AS ¢ ¥
Soj ZAME L stdch. FEWHS 0.01M (pH 7.0) AABFLAOE AR

2 u}afs}od carborandum (Silicon carbid:CSi, 300-500mesh)& A ZE35 R}
st qlof M3l T ZAHE S sttt olEL 2 1~2Fd FY BR
& ZApstTh

ISEM (Immunosorbent Electron Microscopy Test: HAAxAo| ) A

nlolaj A0z}t WAL 93] @AY (Negative staining)& AHE3IL, AME
sha g olsl xubdwEe atgsiaich.  ISEN testE 1% Evle BE
2L coatingAloll= Formvar carbon-coated 200 mesh nickel gridE 0.1M
sodium posphate buffer (SPB: pH 7.0)¢l 1:1000(v/v) o2 BAH chI 28k
of 557F He|g TIS SPB 204 &2 gridE A A}R=E E715 AAHC
O E gridE AEZQ W] & 1587 23 E thd o4l SPBE AHE3)
1:50(v/v) o2 EAE BIEFAo] I gridE 1583 Xl F 4082 F
fag Moy HlolHAYAE 2PATN the, L 2% uranyl acetate &
o 59}2 2 pegative stainingdt ¥ & FAede] nE F gridg AAY
Aol ulol A ARE TEUCh 270 grid2eE BUSCh

=
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3)

SEERTEE:

A FabH(Gel diffusion test)S ©|-&5lgt}, Ager gel-2 0.85% ionagar,
0.0IM sodium phosphate buffer (pH 7.0), 1.0% sodium azided Z3le &
2 agar gel& AFel(15x8x0. 6cm)ol] &F3t51 420 ol Fr}. WE H3lo]
=z

7 3~4m®] THE Fo] I o UL Y3 HANAN 28 9o ¥

CAEE AZYES BEYL ARE Al AURPL YEhd  Datura

4)

stramonium, Nicotiana benthamiana, Vigna unguiculata’Blackeye 2} M%<
of FFZHEHE YUebd Tetragonia expansa, Nicotiana benthamianal A}85}
grh. Alg2gE 23 st dABFAE (1:6,w/v)E3L upfd g
12,000rpmoll 4 1027t LA Felslte], 2 XA FAE ZAFl4 37T
off Al 2027 RS AYSES Po|Fos TSt

upolg axte)E 24

HiolgjAF 2|5 FAE fIEiA AR FF+& 7154 &0l 3319 single local
isolation& Ax ZAAEAZF CarRSV strain A}E3lgct. 7|FAEL Aal
297159l Vigna unguiculata ’'Blackeye'E IEFF oF 3do] =A|uiH
peatmoss®t perlited EYUY viYEE AHET H]LEEo] olalsigzn, <«
3-4e] ZFse] Heloe] AMEHIAST AIY FERE FFI7F2 AMEsIAe
o, F/oF 30/25T7F RAHE A A EZAHA FEste] 2uisiAct

CarRSV A=A

nfolg| 2 o] HAle A2 WFilel EFY oY 300g& AHEste] Kassanisy
(1985)c 8 Axsigdeon, HHZBLAOFLE 0.2M sodium acetate buffer
(pH5.0) & AHE3le thioglycolic acid E3HH FF-EMor] 22 S njay
&} 0.8% butanol 2 A F}5}1¢ic}. ©]& 8% PEG (polyethylene glycol) 8,000
HoloflA] YAAE 23t vio)lg] AR AMES Y533 sucrose density gradient

centrifugationg A A|St &%t dHlo|g A E Ee|stdr].
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6)

A A CarRSV Western Blot ZJ

A ¥ CarRSVe} o]Hele] ZHAWMOZ western blot testE JHHTL
‘SDS-PAGE Mighty Small II’ gel®}¥(Pharmacia)& AHg3s}e] A7|%E &34

.

2. CarRSV Cp gene 22| W {A=x}=z32}

1)

2)

3)

CarRSV Cp A=} Total ssRNA &

CarRSV genomic RNAL: 375bpE o]Fo|x <9lom 47]12] major CarRSV
cell-free translation products?} ¢lr}. Cpe 2 % 3Rl coding region
of sfw == A2 ATG 7HA] condong A]Z}3}e] 1034 nucleotides® o] F
ol=x git}. EAFolA] RT-PCRUYOSE CarRSV Al RNAFEE, FHCarRsV
virus partical2 A}&3te], Elise'dd S HF A phenol extraction !

& SYpAd F42] ‘Winter W& L3l Fe]stgich

RT-PCRE ©]-&%} CarRSV Cp cDNA 73

CarRSV Cp gene?] amplificatoin & $1%} oligomeri= PCl 5'-TAACTTAAGGATGA
-CGTCTAGACAATCCCGAAAAT-3" 2} PC2 5'-CCQAAIIQCACGGGAAGGACGGTTA-3' o ZH
CarRSV Cp gene?] flanking region 2} identityE 7}X|+= 25bp sequenceX
I =}, Reacton mixture= 95C(1&) denaturing stept 53T
annealing step(15%) 2|3 72TC(1.5%&) extensionE 35cycleo] = A I3

o},

CarRSV Cp gene cloning

PCRo|| 2|3 amplified® CarRSV-CP gene pUCL9 vectorol ligationd}gict,
A2 %43 pUC-CarRSV-CP vector= E.coli DH5a ©f transformation 3}%1

cl.
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4) Transformation intc Agrobacterium

4712] colonyofir] &3t CarMV CP geneg XE¥3}= pBin-CarRSV-CP DNAS
fresh  Agrobacterium tumefaciens  LBA44040¢] transformationd} T},

Isclation 3}od restriction enzyme site (BamHl/EcoRl)E #23}gtTh
3. AEEF 2P 7IsHY

AqEEE 2ANMYLE AAERAE ‘Hirodandy ' (HD) 2} "Virginie’(VG),
'Desio’ (DS)EZE in vitro JejollA] MS (Murashige & Skoog)Z]2ujZ] o]
A chul ot st ZHZod o E71E A3 st I AHESIA
}. zRAujPuiR]= MS7]Eujx]jo]]l NAA (a-Naphthalene acetic acid)& 0.1,
0.25, 0.5, 1.0, 1.5mg/1, BAP (6-Benzylaminopurine) 0.25, 0.5, 1.0,
2.0, 3.0, 4.0mg/18] Z¥} HEF 277IAE We2]stdil, sucrose 308/1,
pH 5.7, agar 8g/1& EJIgt 2Aulx| & 121TC, 1.4barollA 15&3t Y=
NGFAE @ F AAgstdch wQBRE 24£2T, 1,100~1,450 lux ol
ol A 1617+ W3} 8A1 dMElZ 43 wiFdle ZASiAct

2
N
!
oo
-
i

0.
=

4. Carnation Virus Cp gene FAAH

A} 2FF = Agrobacterium tumefacience LBA 4404 straing host strain®
2 3l3, FUABNEANE AEE + gl FXFAAE kanamycin E A
¥l NPT (neomycin phosphotransferase)ll geneo] 4f]¥ binary vector
pGA482, pCarMV Cp, pCarRSV Cp & ¥AJA| rifampicin 100mg/l, streptomycin
100mg/1, tetracycline 12.5mg/l, kanamycin SO0mg/17F B7HFH  YEPILA|wjx]
(Bacto-peptone 10g/1, Bacto-yeast extract 10g/l, NaCl 5g/l1, Bacto-agar
15g/1, pH 7)ollA 28C, QAelE wjarsle] BAE single colony: Az
Hog 23 T ZAdFPAAE AT YEPAAuI=|oM 28T, 150rpm 2=
24 ~36A12 BEetujgstod FA AT AHESIATH
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2)

3)

SAABA 2 kananycinde EFE Acisjodold 4-858 MM E A
HA S 0~4Y A e|ste] XA njoFolA callusBEo] £ vliA] NAA 0.1~
0.25mg/18+ BAP 0.5~1.0mg/10]A 2%} cocultivation¥t F, kanamycin
100mg/12} carbenicillin 250mg/lo] H7lH Sdujzjo] dFNHHSZ 83

Arjufgsted FAARAES Agstsich

Carnation =%£o] pGA482 gene FH A
Plant expression vector pGA482& ‘KM’, ‘SL’, 'VG' &% Q3 Z71E HBAA
st

(=
Plant expression vector pCarMV CpE& ‘KM, ‘SL’, ‘HD’ %] 43} Z71E &
DERLT
Carnation =%of CarRSV Cp gene FAHH

Plant expression vector pCarRSV CpE ‘HD'EZof 92} &7|& JFAA/3IA
= 3
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o.

FAAAA A

1) 712 A e] NPT 11 gene % (pGA482)

(1)

(2)

FAATRANERE| L] DNFE

ANALAT SAAZ o 50mge] FAAEAFo] isolation buffer (7M
Urea, 0.35M Na;SOs, 50mM Tris pH8.0 20mM EDTA, 1% Sarkosyl) 600ul&
YT pestle® utajsto] Ao 583, of7jof 20% SDSE 40ulE ‘gl
2 NS = g5CoA 5837, 5M potassium acetateE 200ul E7Fste
-20°CollA] 1087t #elstgict. el F 47T, 10,000 rpme 2 1087
AlEa|stel  ASde  ARL  -tubeo] &ATHS,  450p18]  cold
isopropanol& Pol -20TCelA 3083, ©o]ZE& ctir] 4T, 10,000 rpmS
2 1057 daRa st QYR F pelleto]l 500u12] TNE buffer2}
1.5112] RNaseZ ol Al2oja 3027 uhgA|# RNAE E3fiAlZithE,
phenol/chlorofor‘m—’}é%‘ﬂgi DNAS Ee|steich Qlofj A HAE
g]at AbSolo) 3M NH0Ac®} 100% cold ethanol 2 Ztzt 1 : 0.1 : 29
volumeB] &2 YolAl 4CelA 12,000rpn o2 1587 A2 F 4T
g FAASI, ZrelokS pélletﬂ] 70% cold ethanol& 2volumeH|&E
Wolx DNAZ MH3tT, 4TColA 12,000rpn &2 1083 Q2 tl
e AzZAAA, 50n1 2] Tris-EDTA buffer® 350 genomic DNAE FH]
st rt.

NPT II gene PCR&E]

Kanamycintf#loj Al s FAARANE PCReZ FAATAL] NPT I
gened] WAL F3t3h PCRu}-S- ol =42 PCR buffer (10mM
Tris-HCl pH8.3, 50mM KCl, 15mM MgCl: 0.01% gelatin)of 250pM
dNTPs, 30pM primer, 2 unit Tag polymerase, 150ng?] genomic DNAE &
3klo] ApRslolon], urgoe] FH & 20p18] mineral oilZ ¥|2HA
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2|slgdcl. PCRE ’'MJ Research 3 A}'2] ‘MiniCycler 150’ PCRZIAE ©]
f3}odpredenature (94°C, 3E)3t tTr}& denature (947, 23&),
annealing (54C, 1+-303%), elongation (73T, 1&)}& 1 cycleE 34
35cycleet FZAlzitt,  FZo] Bupd 73TeolA 1582 AR AR
Tt 10ColA FAHESF stdcth. wH-ge] E1 DNAE 0.8% agrose gel
ol B¥3tod NPT 11 geneo] FFE A=A Fdstsich

(3)pGA 4822] NPT II gene 2] Southern Blot 24

Kanamycin#] &+ ]2 &2 EA|2] genomic DNAE JXpal © ¥ digestiondt
% 0.6% agrose gelo] FA7|Q¥53ld DNAE WA, F3A]7]3, Nylon
Membraneo] transfer]# UV-light® cross-likingd}gith(Southern,
1975). npt 11 probe= pGA482E BamHI/Hindl11Z digestion (2 kbp)%t
AL AbE3stAc). Nick translation kit (Amersham)Z& ©]&3}t [a
-3¥pJATPE labelling3¥} probeE& hybridization solution (0.5 M sodium
phosphate pH 7.4, 1 mM EDTA, 1% BSA 7% SDS)& g3L (Church and
Gilbert, 1984) 60Col|A] 302%<¢} prehybridization¥t¥, ~ &
hybridization solutionol] 60C olflAl 1247t hybridizationA] ZT}.
Membrane A]#-& 2x SSC, 0.1% SDSEYo = AA2ofA 10, 40T, 45T,
50C, 55CE XdE 2EF o7t ztzh 1084, A3F d2o4 o
2lT}-S cassette holdero] @o] -70TolA Kodak XAR-5 filmoll =&A]Z
c}.

2) Carnation Z&of CarMV Cp gene FA AT AHA

(1)CarMV Cp gene PCRi=*]
Kanamycinsj=l oA s FAAFAE PCREE FAATANY pGA Cp
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gene?] WHE EAMIIACL PCRu}-28 242 PCR buffer (10mM
Tris-HC1 pH8.3, 50mM KCI, 15mM MgCle,  0.01% gelatin)ol 250pM
dNTPs, 30pM primer, 2 unit Taq polymerase, 150ng?] genomic DNAE &
3}3le] Agstgiony, whgele] Edo] of 20u19) mineral oil2 T
2]3teic. PCRE ‘MJ Research %A} 2] ‘MiniCycler 150’ PCRZ|AE ©l
£5}opredenature, (94°C, 3&)% THE denature (94C, 2&),
annealing (54C, 1¥303%), elongation (73T, 1&#)& 1 cycleZ 3lA
35cycleset ZEAZTE.  FFo] Eubd 73TeAM 1583 AP FAR
the 10Co N FAHESE stgdch. wbgo] Bt DNAE 0.8% agrose gel

rloj] BEs}o] Cp geneo] ZFZE| g2 ¥Hel3talch

(2)CarMV Cp gene?] Southern Blot &4

Kanamycin®|3}4d =|E3}A1E o] genomic DNAE Xbal &.E digestion¥t
% 0.6% agrose geloll HA71PEsle] DNAE W4, F3A|7]3, Nylon
Membraneo] transferA]# UV-light® cross-liking3dt%Tl(Southern,
1975). Cp probel= pGA CpZE BamHl/HindlIIZ digestion (2 kbp) 3t &
2}-&3tact,  Nick translation kit(Amersham)& ©[-83to [a-*P]ATPE
labelling3t probeZ& hybridization solution(0.5 M sodium phosphate
pH 7.4, 1 mM EDTA, 1% BSA, 7% SDS)& ¥ 3l(Church and Gilbert, 1984)
80°CollA] 302 %Q} prehybridization¥t¥, 2 hybridization solution
o] 60C oAl 12X 2t hybridizationX]Zitl. Membrane A F-& 2x SSC,
0.1% SDS2o s AlLojA 108, 40T, 45T, 50C, 55CE A= 2
S8 woivinl 7tz 1024, MEF AolM YUThE cassette holder
of @gol -70CollA] Kodak XAR-5 filmel =& A]Zith
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(3)CarMV Cp gene?] Western Blot Z &

AT FhyoldAlEAe] 232 o] CarMV Cpr} A} & whfde HAE g

=] RS milslr] ¢18te], FAAHH Fhio]d & uiolgjtel =&H
] =& 525}y, IBAS Z23}3, ‘SDS-PAGE Mighty Small 11" gel
wh¥ (Pharmacia)& AMR3led A7 5313, western blot 3J}iTH =,
Fhio]l A 1gL A FZL2(50mM Tris-HCl, pH 6.8, 1% B -mercaptoeth
-anol, 0.13 mg/ml leupeptin)oilA] nj2f3tm, A+ 2](38,000g, 202 )38t
T 10042 ZTHMA-L 15% SDS-PAGES]AM A7|gFslact. H7dEd
gel S 10mM CAPS$}%-898(3-(cyclohexylamino)-1-propane sulfonic acid,
pH11.0, 10% (v/v) methanol)<;of|A PVDF membrane (Bio-Rad, 162-0182)¢]|
A o|A]|7] 2 PVDF membraneo]] CMV-ABI strain®] anti Cp mouse polyclonal
antibody (lg), peroxidase conjugate (BM, 1-110-225)& sz F-2Aj2d
T}, Aol (peroxidase conjugate substrate kit, BM, 1-110-225)e %
cpRri A By o R-E Hstark

ha.

3) Carnation Z£o} CarRSV Cp gene FAATA F4]
Kanamycin Wjzlo] A 83 utE AMZE shootd TEo]AE #s]M, *UTulxie]

A 107§Al0] A F4) %),

B

717

)

FAATA PSS IR A

%

2 A AN S kanamycin A Fo WES3} W Fo] TEAESRS wol|7] 4
lo], MS7Z|Ewix|of BRI EF+E= 1 vitamind A, ¥4, Sucrose= 30, 50
/1. Agar: 8, 12 mg/1 E2] %—E-—%— cha]at 162 8olA] uiA|S AR ZAISIAT

HAABAEA £33 L Py

(4>

BTN UIH FUARANNZ 22 REo] olAT F Aol 47
5}x)7] ¥ BHEOZ ofalsjod 2AlolA Aujgieh
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A 33 AFAN} U 2F
1. Carnation Virus %32 @ %3
)’*“‘:z gy
CarRSVE 2] S ¢|8t A EAE 6% 22F0% AgANE £ 1loael Zo| N

rusticas A|£]3t wWul6Z3} Vigna unguiculata 'Blackeye oM+ HE =
Aladof] ZAto] Ltelyt:, WHolg<s Al E2% 2} Physalis floridana, Phaselous

vulgaris, Vigna radiata, Vicia faba, Tetragonia expensa oA+ FE gl
Zado] UpebgttH2gl). AAAEE vehds 430l 2zte] A %A A

& stelch  7)1=o] B IE(CMI) CarRSVe} xpolE Roledl, cMIg] Rof
o)t T expensa®} P.vulgarisolld HMAZE-E B whd 2 AHPAME
ke Boch

"Figure 1. CarRSV inoculated Tetragonia expansa (1) and \Nicotiana occidentalis (2)
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Table 1. Results assessed for CarRSV indicators the subjective plants

Family Species Reaction on leves of

Incolated Upper

Chenopodiaceae Chenopodium amaraticolor nl -
' quinoa nrl -
Solanaceae Nicotiana glutinosa ’ cl vc,m
' rustica - -

benthamiana nrl ve

cccidentalis cl Ve

tabacum 'KY-57° crl ve

"X-nc’ cri ve

‘Bright Yellow’ crl vc

Datura stramonium cri crl

Lycopersicon esculentum - -
Physalis floridana cl -
Cucurbi taceae Cucumis satjvus - -

Cucurbita pepo - -

Leguminosae Vigna unguiculata ’'Blackeye’ nl sm
radiata nl -

Phaselous vulgaris nl -

Vicia faba nl ' -

Lathyrus sativus nl -

Aizoaceae Tetragonia expansa crl -
Cruciferae Brassica cagpestris - -

Raphanus satuvus - -

nl : necrotic local nrl ! necrotic ring local
cl ¢ chlorotic local crl : chiorotic ring local
ve ! vein clearing sm{ =m) : mosaic
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A (Negative stinining)Z} ISEM-testE AE3led HAo] L2 AE2]
de BAEnAE Bojo 2AIY 2 EE oW ol 30-35mme) 7
3F E S darHaR2).  ZurAEH M (ultrathin section}ofixl= N
gz SRRl T T8 ulolaj o] Eeluel B
#H & 4 AU 2Y3). '
e & BAVSS ANYnZos Vushs ISBPE BUL
7 ole o njolalxel el B A WG Tl
AEs FEo] drh A7 Azl”d dej=e] FUYE Ae|sta A
T}, THA] 2 -%loﬂ PAE A2t FAPYZAL tEo] FH, Hlo
FAIZ oS FESA A" Buk ofuvzl, 2= gl A
= Az HolH AR fAS WX += vt A A HeE 2
glets FAe zei.‘aoﬂ B|stod LSVE] S EE 10°8) o)At 71 A ZcHets,
1990). A o] WHE ARSI AL RAu|gR BE A EHo iyt v
ojelxe} AF 3} HolIt ulolejx W AR T3 T Q&Y Y B-§
g wbiolth. EF, o] WS duiF o ® ulolg A It B2 F o=
ELISAR.c} 2uf olAte] RIZIEE A& 4 olch. ey, @ oln] d=i
Hlolgj A2 Fu|H A7} glojo} st Zeolrh

> & o oo e 8
5
Q
g))
&
2,
Lr

A%
N
N
£
o 00‘

r & 2w = o g & ao O
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1)

2)

Figure 2. CarRSV inoculated Physalis floridana (1) and
Chenopodium quinoa (2) (50,000X2)
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1)

Figure 3. CarRSV inoculated Nicotiana glutinosa
1) 15,000 X 1.5
2) 50,000 X 1.5
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3)

¥EE 23

Az Ao AANZEE Vel Datura stramonium, Nicotiana benthamiana
Vigna unguiculata’Blackeye’' &} HF o] ZENAES UePR Tetragonia
expansa, Nicotiana benthamiana& A}-&3H&lch. CarRSVE R AR S ¥ A
CarRSVE SA3slgla, HAAAX]  Nicotiana  benthamiana®t  Vigna
sesquipedalis o) Adold AZBAE Uthls 2 2zE & 4 AAHE
2).

Table 2. Results of agarose-gel diffusion

Indicator plant sap infected with CarRSV (Position) Reaction with
CarRSV antiserum

Tetragonia expansa (L) -
Datura stramonium {S) +
Nicotiana benthamiana (L) o+
Nicotiana benthamiana {S) +++
Vigna unguiculata’Blackeye’ (S) ++

#(L) : Local symptom on the inoculated leaves
(S) : Systemic symptom on the upper leaves
-: no detection, +: delayed, ++: moderated, +++: severe

slold AR 34

ufol A AR F ZAlE 9J3A A1EH FFE VIFAE 332 single local
isolationg AA ZAEQIZ CarRSV straing A3t 713482 ANAE
71229l Vigna unguiculata ‘Blackeye’'& ¥1& ¥ <f 3do] *| ¥, peatmoss
o} perlite® ELY WFEES A18T vILEEC] olastalz, of 3-4eo] B
TiEjo] Halo] AAEAUS o, AAY {FEE FIF/NFE AEsiden, F/
oF 30/25T7} ==l AeY A BERAMoA HFsto] AQuistad, FF F
oA B A 2] 2§23 7= FE F 5-6do] HYsigdct. F 3850FAE A
=3le], 543 F=E FEslo], o 1.5kg2 FHII A2EF ol RATHY
HAEAEE AHE3tolrh
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5) CarRSV A

5}o] sucrode density gradient centrifugation& 3}

Kassanis® (1985)2 ¥ 3
515F Az}, 260nmollA] 1.76mg/meEHN ¢F ImlE EPrH Y

o ulelg2E 3t
4, 5).

6) A=A CarRSVe] Western blot&2]
AAH CarRSVe}l olHge] AAYWWHOT vestern blot ZAAFE stAch
‘SDS-PAGE Mighty Small II' gel %P (Pharmacia)@ Agsted B7]@Esta
v

western blot ¥t Az} 35kDacllA] 2oF2 controlql CarRSV PV-0097 strain
2} SU3Al bandZ} ¥elo] EICH 1YS).
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Figure 4. Electron microscopic observation after

CarRSV purified (100,000x2)

+2 .008A8

+9.86A N N
228 .0 28 .9CNM/DIV. D 348.8

Figure 5. Spectrophotogram of CarRSV purified
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Marker
Purified CarRSV 104
Purified CarRSV 1.8

Carnation control

Vigna unguiculata 'Blackeye’ inoculated leaf-
Vigna unguiculata 'Blackeye’ control

CarRSV PV-0097 strain 10u£8

CarRSV PV-0097 strain 1..4£

_Nicotiana. clevendii control

Marker

Figure 6. Western blot test of CarRSV purified
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2. Virus Cp gene £2] ¥ FAAZZ}

1)

CarRSV Cp -3 =} Total ssRNA &

CarRSV genomic RNAE 375bp& o|Fojzx glom 4712] major CarRSV
cell-free translation productsz} ¢ltt, Cpe 1 & 3H#z| coding region
o] 3kt T=dl A& ATG 7§A] condong A]Z}&}e] 1034 nucleotidesE o]F
o}A ¢lt}. EAlHorx] RT-PCRYY O ZE CarRSV Al RNAFES, B AICarRsV
virus partical& Al23}o], Elise®2 ¥ 3 A7 phenol extraction W,
Z ZJDMAYG AL ‘Winter ¥H’ & 2R3l Eej3r Az, 20704 colony
Z oA 4707} expexted restriction pattern® R rl RT-PCRYF Az} 7lt)
] oF 1.0kb DNA fragmentZ} AA|H CarRSVi: Z3lA o] A3tA &
A TH /7).

RT-PCRS ©]-&3} CarRSV Cp cDNA ¥4

CarRSV cp gene?] flanking region I} identity& 7}X|+= 25bp sequenceZ®
FA¥ oligomer& AM&-3}o] @ofR RT-PCR producti= agrose geloll A7)
S5tod 1kboll Al CarRSV Cp geneo] ZEH Zo] Hals|glrh(2u8).

CarRSV Cp gene cloning

PCRol] 23] amplified® CarRSV-CP gene2 pUC19 vectore] ligationd} < th.
A2 %243 pUC-CarRSV-CP vector: E.coli DH5a ol transformation S}oi

c}. 10708] colonyZollA 47§17} expected restriction pattern® X T}
pUC19-CarRSV-CP2] gene, Dual 35S promotor2} TEV leader sequence,
termination sequence= 2 35H= 2.7kb fragment & BamHI /EcoRI
restriction enzyme site®  ligationA]ZT}. BamH1/EcoRI  cut¥

pUC-CarRSV-CP= ¢ A] BamHl/EcoRl cut® pBinl9 binary vectoro] ligation
A1Z), pBin-CarRSV-CP= DH5a E.coli host cellell transformationdto] A3
A5 or 5009712 colonyZollA 20702l colonyS isolationdle] restriction
enzyme site (BamHI/EcoRl) analysis®}eit}. 20702] colonyZolA 4747}

expected restriction patternS RAct
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Figure 7. Preparing total ssRNA from Leaves and purified CarRSV
lane 1: Marker, lane 2: CarRSV, lane 3: Leaf‘CarRSV

lane 4 Vigna unguiculata 'Blackeye’ control

kb —

Figure 8. Synthesis of CarRSV Cp cDNA by RT-PCR analysis
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1 2 3 456 7 8 9 10 C

Figure 9. Restriction of BamHl/EcoRI double digestion in CarRSV
Cp gene clone
1) Lanes 2, 3, 8 and 10: postive
2) Lanes 1, 4, 5, 6, 7 and 9: negative
3) C: ADNA/EcoRI+Hindlll marker

4) CarRSV Cp gene?] plant expression vector W Z2| subcloing

47]2] colonyollA] &3t CarMV CP gene® X §ldl+= pBin-CarRSV-CP DNAE
fresh  Agrobacterium  tumefaciens  LBA44049¢] transformationd}gic}.
Isolation 3} restriction enzyme site (BamHl/EcoRl)E <=3t Azl CP
fragmentZ} 1.0 kb$¢|x[of] &el=E{glon] 4712] transformant FofA 2717}
7xpected CP gened X ¥3l= Zlog A 2y9). o] CarRSV Cp

gene constructionS(2¥9, 10) carnation £Z2} ¥ A AFof| A-L3loit).
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NosP NPT II NosT H CaMVBSV‘CarMVCP NosT

Hindlll EcoRl Bamtll Sacl EcoRI

Figure 10-1. Construction of pCarMV Cp

NosP NPT I NosT H CaMV35S XCarRSVCP) NosT —LB[—

Hindlll EcoRl BamHl  Sacl EcoRl

Figure 10-2. Construction of pCarRSV Cp

NosP; nopal ine synthase promoter,
NPTII: neomycin posphotransferase gene II,
NosT: polyadenylation signal of the nopaline synthase gene

CaMv35S; 35S promoter of cauliflower mosaic virus,
CarMV Cp:Carnation Mottle Virus Coat Protein gene,
CarRSVV Cp;Carnation Ringspot Virus Coat Protein gene,
RB ; T-DNA right border,

LB : T-DNA left border
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3. Zhdlold 2l 71y

AeTE 2| H3olM e Zo] INHAEFA Q™AW BF 277kx] 2%
ZollA] callus®} shoot7} BAd=gict.  ‘Kuimel Rose’= NAA 0.1~1.5mg/12}
BAP 0.5~1.0mg/l, 'Splash’:= NAA 0.1~0.25mg/12} BAP 0.25~1.0mg/l,
‘Hirodandy’'= NAA 0.1~0.25ng/12} BAP 0.5~1.0mg/10]A] shoot®-do] &
oA EEZ7F Aol7t REgon, AAMF O NAAE 0.1~0.25mg/1, BAP= 0.5~
3.0mg/1 2 NAAXSRT} BAPS] L2015 22 o 4 2ok F 4oA
Bl shootAEE-ES AW BEA, ’Hirodandy 2l HFHAY shootF P4+
& 1.14, E7) 0.748 ¢o] E71Hr} &l AE2EE g2 414¥WS
Zsto] 4%%) 473702] shootr} AR on, 127Uuf 2824 B A7t EEF}
54%e] AELS UEh, E71: 1558HL AEste] 457 65712 shoot7}
BMAA, 122duls A EANATE AEt] 398 BEEES HHArh  Tasys
1/2 MS7]2ujx]¢of| 3% sucrose, 0.9% Agar, BAP 0.5mg/19] ZZi3lofA shoot 2]

charEals Be FYsYS alsltel maFoletn stdrh

o¥, Ko
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Table 3. Effects of NAA and BAP combinations on shoot induction and
organogenesis from Dianthus caryophyllus L. three cultivars.

BAP 0.25 0.5 1.0 2.0 3.0 4.0
NAA(mg/1)
cv
0.1 ‘'KM” CS cs™ cs’ cs’ cS
‘SL” ¢§8™7 cs™ cs™ cs’ cS cS
’ HD ’ Csa CS#S CSB:: CS! CS
0.25 'KM°  CS* cs™ cs™* cs™ cS CS
‘SL” ¢cs™” cs™ cs*™ cs’ CS CS
‘WD’ CS° cs™ cs™ CS CS
0.5 KM’ cs” cs™ cs’ cS CS
'S’ CS cs™ cs™ cs™* cs™” cS
"HD’ cs™ cs' cs’ cs? cs*
1.0 ‘"KM’ CS cS cs™ cs* cs™ CS
'SL° CS C cs' cs’ cS cs’
"HD’ CS cs” CS CS cS
1 . 5 rKM ’ CS” CS" Cst#t Cst CS“H CS
'SL’  CS cs™ cs® cs cs’ cs’
"HD’ cs™ CS CS CS
2.0 KM’ CS cS cS cS CS cs’
'S CS cs* cS cS CS cS

cv.: Cultivar, ‘KM’: ’‘Kuimel Rose’, ’SL’: ’'Splash’, 'HD’: ‘Hirodandy
C: Callus, CS:YCgllus+Shoots
Shoot formation: ““™very good, *“good, “morderate

Table 4. Extent of the regeneration for Dianthus caryophyllus L. 'Hirodandy

E No. of the No. of the No. of o. of
X. combined explanted shoots formed viableplant
b/a(per 2 c/b
(a) (b) explaﬁ?) }c) (%)
ML 57 414 473 1.14 282 54
Pet 31 155 65 0.74 34 38

Ex: Explant, ML: Microleaves, Pet: Petiole
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4, Carnation Virus Cp 3 A} FHAH

1) Carnation &%oi pGA 482 FAATA 7id

Carnation 'KM’, ’'SL’, VG'EZo] pGA482E FAAT3 Az}, AUF 4-55F
o] me 7ial7} WElsted LARSIH, pGA4822] NPT 11 gene2 818EWE A
Z31ed, 8Fol: 527MAjoll A shoot7t AR, BV 22747} BESL
glom, ‘SL'2 74dWME HFEslod, 8FolE 27hAoIAM shoot7t BYEHIAU

2, g2 27t BEsta da, HAFAIR 28 FF VG 538
4 AEsley, 830l 3/AolA shoot7t FAEE AR, B 3AAIE 4

H

>y
Z315 QT E5).

N

Table 5. Extent of the transformation ratio of Dianthus caryophyllus L.
cocultivated with pGA482.

No.of Kanamycin Transformant
explant week plant
cocul ti 1 2 3 4 5 6 7 8 b/a (month)
-vated(a) (b) (%) 1 4
‘KM’ 818 . 325 339 318 230 179 119 52 52 6.2 34 22
"SL’ 74 27 27 23 19 9 3 2 2 27 2 2
'VG* 538 ‘538 187 142 74 41 18 15 8 1.5 3

2) Carnation ZEoi CarMV Cp gene FAAZTA] 7wt

MR 4-55of W FiAl7b Wsbstel ARSI, pGA Cp gene 3EFOIA
£30528 WA S FZEStol, 8Fol 1268HA A shoot7t FEEAT(2
11), & 93747} W25t QUT(E6), u]YLEo] 3744, Eol 4742
7} ARl s Qich( 218, 19).
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3)

Table 6. Extent of the transformation ratio of Dianthus caryophyllus L.
cocultivated with pCarMV Cp.

No. of Kanamycin Transformant
explant week plant
cocul ti 1 2 3 4 5 6 7 8 b/a  (month)
-vated(a) (b) (%) 1 4
‘KM 2002 1010 912 741 554 305 152 89 83 4.1 63 53
'SL” 1752 805 705 581 414 240 100 49 36 2.1 33 33
"HD”’ 198 53 55 39 33 17 11 9 7 3.5 7 7
> 3952 1868 1672 1361 1021 562 263 147 126 3.2 106 93

Carnation =Z&of CarRSV Cp gene EA A 7t

CarMVe} &
A7} Wzl

3le], 8Fol= 7B A O A shoot?} BAEE A,

&5 QITH( 7).

Wyow FAMRSIA e 1 Az, AUF 4-5Fo @2 A
3LA}SIH, CarRSV Cp gene2 ‘HD'EFolA 163FHAME HF
Ha 770H 7 in vitro o

Table 7. Extent of the transformation ratio of Dianthus caryophyllus L.

cocul tivated with CarRSV Cp.

CV. No.of Kanamycin Transformant
explant week plant
coculti 1 2 3 4 5 6 7 8 b/a (month)
-vated(a) (b) (%) 1 4

‘HD’ 163 64 64 59 32 28 10 10 7 4.2 7 7
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Figure 11. Regenerated plants in tissue culture and transformation of
Dianthus caryophyllus L. 'Hirodandy’ and 'Virginie’.

1),2) Plantlets regenerated from leaf-derived
callus of 'Hirodandy’ after 3 weeks (1)
and 8 weeks culture (2).

3),4) Transgenic plant from kanamycin resistant
callus of 'Virginie' after 5 weeks (3)
and 13 weeks coculativation (4).
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5.

FAATA 2A
1) pGA482 7| Uig A A 3kA) 2] NPT 11 gene B F

(1) A AFA DNA =
AU AADA AN 22T A AAALE EZAY AE S0nge AHE
3}o] genomic DNAE F&3}gc}

(2)NPT 11 gene?] PCR 4]
8Z=%E¢l Kanamycindwhujx]of4 Alu®  HAMBAAAOIA, binary
vector pGA482¢] reporter genedl NPTII2] UHE ¥Istr] ¢I3le, PCR
Exg stedrh. AT 167045 ¢ 0.7Kbp 9IXollA Z¥ band7t 87
A, orgt band7z} 370AelA] TRHATH Y12, 13). ulelA reporter

gene?l NPTII geneo] R ETh= Z& o 5 ddrh

P-4

(3)NPT 11 gene?] Southern Blot 4]
PCRZA Ztof| A positivedt FAAMFAE Southern hybridization2 T npt
II gene?] ST E #elslgrt. Molecular probe= npt 11 & encoding
3l 9l= DNAE (pGA482) BamHI/Hindlll digestion(2 kbp)d}oq d it

ok 13.2 kbp ofjA} TE| o] npt 11 geneo] X ATH(IYH14).

...57_



0.7 kbp —

lane 1, 3, 5, 6 : Transgenic plant

lane 2, 4 : Kanamcycin resistant plants

Figure 12. PCR analysis of total DNA isolsted from putative transgenic
Dianthus caryophyllus
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0.7 kbp —

c

: d
‘ s
ha i
i) 4 *
Ty w2
,- Y

lane 1,2,4,5,7,8,10: Transgenic plant

Figure 13. PCR analysis of total DNA isolsted from putative transgenic
Dianthus caryophyllus
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NPT II

13.2 kbp —

C : Nontransgenic control plant
lane 1 : Transgenic plant
Figure 14. Southern analysis of total DNA isolated from transgeinc

Dianthus caryophyllus L.
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2) Carnation Z£of CarMV Cp gene?] HAAHA A

(1)CarMV Cp gene PCREA
Kanamycinuzlofl A g FAAWAE P(RLE FAPFAY pCA
gene?d] WS EAM3t Az}, 8FFY KanamycinidhejzjollA Axdd
AABAAA M pGA Cp geneol LVHLE=A|E PCRE HAZT Azt
1.1Kbp 91x]ollA 347117} 7%t band= BAE|UTH2R1S5). ©|EH Cp
geneo] A1 Uil WSS 2 WA + olgrh

L oﬂl-g’

()

(2)pGA Cp gene?] Southern Blot &2
PCRZ 2}ollA] positivedt FAAHAE Southern hybridization2= Cp

gene?] G55 Fqslsdtt. Molecular probe Cp gene & encodingd}
3 ¢l DNAE (pGA Cp) BasHl/Hindlll digestiondle @&ti. ¢f 1.1

kbp oflA] = o] Cp geneo] HAEAUTHIHI1E).

(3)pGA Cp gene?] western blot ZHA

HAAS Fhio|HAEAN] Ao CarMv Cp7} A} © thid=z HAFH
gz JEE ZAFSH7] 915te], FAAHA Fhio]d S HiojBjol =&
= o= |A|zjuiste], th¥AE F &3}, 'SDS-PAGE Mighty Small
II' gel ¥H (Pharmacia)& AH&31 A 719 E=3}3, western blotE
A8 Az}, o279 ZAAE CarMV, CarMV FF F o™ Chenophodium
quinoca®} kanamycin A FAATsRA ] Aol 25T 35kDa oM FU3}
A band7} Bt Iy17). 223 ‘HD'EFe FAARAAAE
3BKDaZ 7| o)A AUREATHINT7). ©l2H CarMV CpfRAX7 wizs
35kDacl| A WA= 2lSo] FlsaAArt

3) CarRSV Cp gene 7|\ AATA F4]

CarRSV Cp FAABANEL o}2] ekslm=2 XF in vitro oA o] FAalx]
A, 53 B3 XEo|AE ¥ AFo|r]
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pGA Cp

M1 234 5 67 8910 11 12 13 14 15 16 17 18 19

1.1 kbp —

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

1.1 kbp —

37 38 39

M : Marker

lane 1-27 : Transgenic plants

1.1 kbp — lane 28-35, 37, 38: Transgenic plant

Figure 15. PCR analysis of total DNA isolated from putative transgenic
Dianthus caryophyllus L.
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CarMV Cp

1.1 kbp —

C : Nontransgenic control plant

lane 1 : Transgenic plant

Figure>16_'Southern analysis of total DNA isolated from transgeinc

Dianthus caryophyllus L.
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transgenic Plant™CarMv transgenic Plant

*purified ———--—-—————--- PV0245
CarMv "SL’ ‘KM’ inocu. ‘HD’ negative
diluted ------  ------ Cq. " mmmmmmmmmmeees control

M x17100 1 2 3 4 p.C 5 6

35 kDa —

#purified CarMV diluted to 1/100
*%CarMV-PV0245 inoculated Chenophodium quinoa; positive Control
‘SL’; ‘Splash’, 'KM’; ‘Kumelrose’, ‘HD’: Hirodandy

Figure 17. Western blot analysis of leaves proteins from of putative

transgenic Carnation plants by kanamycin selection
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Figure 18. Regenerated plants in transformation pCarMV Cp of

Dianthus caryophyllus L. ‘Kumel Rose’(1) and ’Splash’(2)

1 2 3 4
Figure 19. Regenerated plants in transformation of pCarMV Cp Dianthus

caryophyllus L. 'Kumel Rose’(1, 2) and 'Splash’(3, 4)
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P

A FAATA P AP duix A

7]

0%

R ATH 9] kanamycin A10Fe] MEL, UZFY ZEAEES HolJ st
o, MS7Z|EwjAlef|l A 7R, vitamin, sucrose?} Agar?] =5 alstd 71U
ZABLAYE 913 2 8A, sucrosel %7t 55RCL FZo] For

l1o] BET} £9t3, vlelRlL A} Xt Xfo]7b ¢loATH(ES, 1R120).
ol E7|AF AA} sucrose 20g/1 BrHulR]oflA Az ¥fo] ¥ FUT=

Aot g2 BAgoltH(R T, 1999).

Q.

Table 8. Effects of various MS-Medium on growth from

shoot tip culture in carnation ’‘Splash’.

No. of Plant
leaves * length(cm)”’
(a) (b) (a/b)
Vitamin B 96 50. 0 1.92
Vitamin &% 94 51.5 1.83
Agar 0. 8% 80 42.5 1.88
Agar 1.2% 110 59.0 1.86
Macro solution 1 104 61.0 1.71
Macro solution 1/2 86 46.5 2.12
Sucrose 3% 100 65.5 1.53
0 2.50

Sucrose 5% 90 36.

z), y): after 4 weeks in culture

SARBNEA 23 © A

=

AARMAY wZujRolN ATo] AW FAPTAEL ATIEo oNY F
17 b ARAelN w37 ¥, e ol

HAABSZAANE RS olAlstel, VA 10w e WESE Bolx Atk
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Agar 0, 8%

Sucrose 3% Sucrose 5%
Macro 1 Macro Y% Macro 1 Macro Y%
whole partial whole partial whole partial whole partial
vit,” Vit Vit, Vit, Vit, Vit. Vit, Vit,

Agar 1.2%

Figure 20. Effects of various MS-Medium on growth from shoot tip
culture in carnation ‘Splash’,

Vit.™: vitmins
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A 3 2 siM=H EXS

OR¥

A1d A E

ol dE A AAH s o, FHel 8o 3o AL ANAESN, EF
ol Wi, 3, FE, FAJ Tol wle tigsin, AALeE dF WY 5
9loj, W AlgEolA o wrn glrt. vhilo]d Azt Aldxjul Bz} A4
ol rE3] S8, g ATl I fFe E=E 3, 31y Fof
A, ASHL T HETt RFFHEE, ExISFol &3 Hele] Aol g7

Hc}
2 ERMFAste] wHow, g 4t F3HoF WHIAIIE Ho] Jls3)
‘Molecular Flower Breeding'oll ¥} Falo] Rol1 girl, W& 3z2bEo]A

L=
AT AR 71&& ol &3lo, Flavonoid B thA7 Bofl Hojsl= o:}E-] -3
£EE VEE KA ] - BAEYD, olF $85te] Tol g A
7171 1% A AT A==, 244 Dihydroflavonal 4-reductase {DFR)} &3
2HE slFrlote] =Y, 7—“1%%"’34 MEL 32 sHIFUHE S7d(Meyer
et al, 1987)% A& AU oz, o7 HAHFFH MAFHxHsense)2] =Y
< B¢ FHol { =, antisense gened o] &3] IMAAFECIAIE A )3}
2SS glols &, Tl AR AP S RET 4 = JHsade] @5k

-

BEHAATBE T HASFY AANZALE, aZAFFo 20T NMFARL AE
Azl Helg B ML wsjele i, HMAUPUAZERE ys,
anthocyanidin 24 WA RAH2}Re A, HALFTAo] HAAH mutant (recessive
allele) gene& Zt= inbreed lined %3, o]E ciAlZA Zo] EFuGAAE
=dE Zdx] FAslojol T}l 2] MAZAFHJRE e, £4311,
EA {AA}E plant expression vector® subcloning ¥+ ¥, FAAHLS 3}d,
AMEL HAFAAE =¢] AP o 24, 2tdMdelfo] Eaistx] ¢
o] 7}s3stA ¥t}
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Moo g uwe|m gt Fhulo]de] e g A, -3h, odAx|MI} o
HEHo oot vl BHAY wUdo osid A, b, g2
Zte] wjRe &8y, WSS Uehle Z= glch. Carnation HHE F
Flavonoid®} Chalconef-=Ale] Adgbdchate] &jsid ztesled, 2159 3
A}E- & Pelargonidin (Pg), Cyanidin (Cy), Kaempferl (Km), Quercetin (Qu)oj
t}. 2 =ghaz esix|Aze] 2 FANES Isosal i purposideo] T}.

o

Fhylo] Mol DFR F AL, DHK 7]AL ZFulsdle], Leucopelargonidin (LPg)S
235, gene Aojl &JsiA ZFEHcl Recessive allele?] 7Z-$+ acyanic
flower7} ¥lo, DFR7} B33t Anpgte] F24 &7 Fol Bt

Fhflo]d o] Toisls FARLS] LWHL phenotype2 2 7HEE L, 19474
(Mehlquist & Geissmann)olA] B8 o|Fojx@on, 19923 (Stich et al o]
Virginie’ (VG )EEL §33, AAsstE 02 anthocyanidin I YAIE =
7} gts 2l Exoltl, DFR-mutantgl ‘VG'F{EFS DHKAME.& A 31U}, gene A
2} R 7} recessive allale?] ZA-¢24, o] HMolcl LLfstdA 'VG'= aa
2} rr 7} lociofA] recessive allels2#, DFR2} F3'HE o] gitl. Gene A
2] recessive alleles (aa)= Dihydroflavonols DHK2} Leucoanthocyanidins LCy
Abole] AFAHThAE wEi3lal, Gene R2] recessive alleles (rr)2 DHK £}
dihydroguercetin (DHQ) A}ole] B ciALE ®f3i¥ict

2 7= carnation mutant 'VG ¥AlE-Fof 4%‘%%3] A gene (DFRABYA
SA=NE FAAZRZARE ohE, V6 EFo 33 Agslel, DHKZ| A& FHufsto]
Leucopelargonidin Biosynthesis& -f=3%h= %%, DFR antisense -S-ARAE
'TG'K%"*] ol3le, DFREZEAM S §E3le], DHKZIA Y A& AAAA, A
o] 2u8Ae SEstd, DEATN R4S AT, HARAZEA SV
o NAZHL stzAl stEch. Fhdlejad ZHE‘E%‘—’] FEEEE SE
Flavonoid BUARUIAIZ 2, EA3 ZHFFAFAIY 5L2 Forkmann;’_—?—\_
FAlofjA] SEstgdon, 2 dRgloa 22Xt 2] gene manipulationz},
A QAT QE FAABIIES HEstel BARASTY ALl
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A2 g A= L Py

—

. ARYE 43

2 AEeIM AHEE carnation, 19474 EAbdRlel Tolsts 374 2AQ
LAzt Y. 1,A & R3] RuE vy oni(Gaissman & Mehlquist), I F
1980 Adz|Bestd AAS 53t FHAF Esh7L CHIY FHAdo T A}
Ale ¥ 373593 (Forkmann & Dangelmayr), 1992 f3x} A 2] oI&o] DFR &} 3
A% (Stich et al.)& ZW3lgct o] inbreed lineZ HUoA FFUUCL
Carnation inbred linel th7}E2lci3lane] 242 =X|olA 2julisilen, &
2 7} AR R S35l vlE AAEAZ UE F 70T AAs, de

of wie} AH&sHETE
. DFR §#A=xtEe] o |A==x2}
1) Dianthus caryophyllus L. 2] 2255 cDNA library?] 3’g

10g2] carnationZ&<Ql ‘Desio’ &] BBz E, dAANALE HI7IE HgxpAhd=E
Bsl ¥ guanidium chloride®} & AH&3}od, total RNAE £2|3 F,
230, 260, 280mmoj| 4] spectrophotometerE A}&3iA, AE thE L HA
staict. 12} oligo-dt cellulose coloumE F3to] mRNAE @31, 23} colound
=3} 3t F £5:8 mRNAE Eelstelct. olF ¢F-2] mRNAE cRNA library ¥

ol AHgstATh

2) ) el 3h DFRAEYAZ A =AI2] screening

rO
g
o
Y,
N
—_
il

‘Desio’ ZolA] TAE cDNA library2HE 42 DFRFF A}
probe 2 A}-&3lo] screeningdtgith, '
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3)

5)

6)

7)

DFR§Axte] @71ME £

a3t 67]2] DFRSARFE 22} plasmid pUCL9 cloningdled 7 A E E4&
33 stglth ‘

DFRR-A =] 6/C 3% &4

E 2|3} carnation®] DFR cDNA®] coding region?] @7|wjdE ¥43le] G ¢

Co] & RAstArt
in vitro transcription®} translation

2a3r §Azle] wde ZWIs] ¢sted WA {FALE Bluescript KS
vectorol sense2} antisense®}3¥S 2 cloning ¥+, T7-RNA-Polymerase 2}
T3-RNA-PolymeraseEd ©]23}9] transcription A|7]13, B48¥ mRNAE CTHA
reticulocyte system?} [35S]-Methionin labellingS ©]8&-3}c{, translation
2 9= ¥ MY proteing SIS-PACES B} Halshairt.

A1 E 2] DFR 8 &A=} Northern Blot &Aj&<el

ghiejdolld A, Axiygezr A U, 2y FF S
‘Tanga‘("TG’), 'Virginie'('VG')E #QIs}7] ¢1sle], o] AHolM 2
carnation?] DFR-§&A2}E probe& Northern blot £4& 33t ch

DFR gene?] plant expression vectortj =] subcloning

pUC199]] cloning ¥ DFR -F+#X}& EcoRl _Qi parcial digestiond}e], 1.2kb

2] band& elution¥} ¥, binary vector 9l pGA7488] multiple cloning site
2] EcoRl sitee]] A3}t
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3. AMEAEA 25

ZHE."':' "Virginie'( ‘VG’ ), ’'Desio’( ‘DS’ )EZEE in vitro AefollA MS7|E
vix]o] Athujgsle] 4~8FH FHFolA U E71E A3t FFol AHE
slodct. R A ujokaix]= MSy]Eufx]of NAA (a-Naphthalene acetic acid)Z&
0.1, 0.25, 0.5, 1.0, 1.5mgs1, BAP (6-Benzylaminopurine) 0.25, 0.5, 1.0,
2.0, 3.0, 4.0mg/18] R} =& 277X E <25t 3, sucrose 30g/1,
pH 5.7, agar 8g/1E A3 JAIAE 121 T, 1.4barolA 1523 31¢43F7]
gt & Agstsdct. wjd AL 24+£2T, 1,100~1,450 lux ool
3} 8A1Z WAEIE 477 wiokstel zAstat.

A} F 2= Agrobacterium tumefacience LBA 4404 strain& host strain® =2
511, WAABAEBANES AEY 4 g EXFHUAE kananycinS® AUW
NPT 11 (neomycin phosphotransferase) geneo] 4}l ¥ binary vector pGA4822}
pGA748/DFRE, AN rifampicin  100mg/1, streptomycin  100mg/1,
tetracycline 12.5mg/l, kanamycin 50mg/17} & 7}® YEP (Bacto-peptone
10g/1, Bacto-yeast extract 10g/1, NaCl 5g/1, Bacto-agar 15g/1, pH 7.0)
ARl A 28T, YElE wiste] FJH single colonyE HFSLE
= EQyAS 27ig YEPIX|uz|ol A 28°C, 150rpm 22 24~3624] 7
wjopstol WMol ALgstalch

A2 A ] kanamycini WS FZFR Aieigeld 4-8FF AmAFe] HFR
0~72 AAg| st ZZujekollr] callusFdo]l F2= uix] NAA 0.1~
0.25mg/12} BAP 0.5~1.0mg/loll4 2¥%Qt cocultivation¥t F, kanamycin
100mg/12} carbenicillin 250mg/10] #7189 Sdnjx]of dFHH o2 83 Al
wjoksled HAATANE Ausigdrl.  Kanamycinulr] W8 du-27hdlo] A ol A
callus®E o] o33t JIEEZA (NAA 0.5~1.0mg/12} BAP 0.5~1.0mg/1)¢ol
kanamycin 0, 50, 100, 150, 200, 300, 500mg/1S E7}%t ] A 15737tH o
2 Aste AE25HA] U= 100mg/]1 S EoA 8FF Awstact.

2 o8 o
i ml‘. ;e
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5. DFR A HA 23

1)

FAAY|A PCR A

Kanamycindfx]of|x] Auisl A Aol NPT II ¢} DFR gened] UEE PCR
= BEMsigdcl.  PCRMMEZAE DNA 1042, 10X reaction buffer 5.,
dNTP mix 4uf, universe primer 1uf, reverse primer 1uf, 1 unit Taq
polymerase, DV 2945 Z33le] Apgslgleon, dbgoe] el of 20ul12]
mineral oil® w¥jubxdg]stedr}t. PCRE predenature (93T, 5&)% i
denature (93°C, 1), annealing (55C, 1%), elongation (72C, 2®¥)&
1 cycleZ 314 30cycle®¢t FEZA|ZATh.  FFo] Fubd 72TolM 5&E3F
QGA3IAZ T 10CHA FAHES stodch. ¥Ego] it DNAE 0.8%
agarose gelitol E¥3to] NPT 11 geneol ZTHE A=A HAsIHTE 8FF
o}  KanamycinAiutujx]ofa] Aty FAARIRAo)A, binary vector
pGA748/DFRS] reporter gene?l NPTII®] W& FHel3dlr] ¢]3le], PCRREME
stgdtt. PCRE NPT II gene ¥¥ FAAHIIA o)A DFR geneo] THE

=2 #dstseh
B A A A Southern Blot HE
PCRol 44 NPT 118} DFRo] geneo] #Ql¥ FA AP Aol A NPT 119} DFR gene

o] ZZ % 9J=x] Southern Blot® ¥HQlslgdr}l o] -2 virus Cp gene Z

A3 g HHE A&3ct

6. Carnation Flavonoid £4

1)

Bioimaging Analyzerol 2|3 zigAlE2] A FAA} 24

(1)E-33l DFR A4 -axt 24

Bioimazing Analyzer o]-&of 23t wlalsFX|7] & (radioactivemarker



substrate)e] B/ W FakiAol M AMEAFES {FIAYAES HUS
2, ° yolria FAAHAEA L] Aol oJaliA HADFRF-HAte] FH
ABIRE AR glstel HUFAAAS FYstact. *]i%lﬂ
A o] 4TCollA o]Fo]H o, 20wl Tris-HCl buffer (pH7.5)&F 5
oAx 4taE AHASIAE, THA] in iceflolA ALE ST T}?QOE&]
A28 2BA3] A ASIA, 214 2-Mercaptoethanol & do] Al&3lct, AlEE
%_9_3]2] A1) (250mg), Dowex (125mg), Seasand (250mg)oll 1ml bufferE
3 ulaf7lollA ZolrA 4ToA 10,0002 587 23] ARSI A%
ag ARE e
Enzyme assay:= 2Al&7]Zo] FAJH 14C DHK (5,000dpm/40b)E 4043 <]
IZE] A AR Z] effendorfel], 102 NADPH (500nmol/H:0), 402 buffer,
50N EE  AolM,  30TelAd 308  incubation¥t F, 10048
ethylacetateE Yo E84Ag 2 A2 F, 13, 000g0ﬂ)~'1 22X 7} 1A Bas)
o, cellulose TLCIte] AR E RAAHA A, CAVEulolA
chromatography3dlo] 2z A|Zict.

A
o)
o84

(2)F}= CHS B /A=A B4
A|BZH)E= A2}Aoe] 4TolA o]FojF S, 10ml 0.1M Kaliumphosphat
buffer(pH7.0)oll 20mM L-Ascorbic acid& d@of AF&%ic '
AlgXB oe]e] %9l (250mg), Dowex (500mg), Seasand (125mg)oll buffer
1.5m1E Y3 upafizjofl A Ztolx 4TollA 10,000g2 523t 23] WA 2|3t
o 45dE& A2 AHE3Uch
Enzyme assay= 5014 buffer®} 4048 AlRo] WAls7]E 14CE FA|H
" Malonyl-CoA (10,000 dpm)& 580l P-Coumaroyl-CoA (2 nmol/uf) 5u4,
Caffeoyl-CoA (2 nmol/ul) 54E ZtZh ol & 100 53, F72E& B3,
30CoiAl 3087} incubationdt ¥, 10048 ethylacetated ol 2HAZ
ZF Hde & 13,000g00A] 287 QA EEste, AS5HS cellulose TLCRF
of ZAAHA A, cAWZnojollA] chromatographydted Ze|A|Zith
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(3)p A FHT 3732 &4
A2 ZH]= AzbAe] 4THA o|FojFer, 10ml 0.1M Tris HCl buffer (
pH7.5) ofl 28uM Mercaptoethanol 20ux£2} 20mM L-Ascorbic acid& ol A}
£t
AERE ool TQ (250mg), Dowex (250mg), Seasand (125mg)of] buffer
1.5012 $31 mp2izloll A Ztold 4TolA 10,0008 583t 23 LAEe]st
of HEUg ARE AL |
Enzyme assay: WAls7]Zo] FA|H 14C Narginin (2100dpm/10,u€) 2515
Wo| Wztz] A7l effendorfol 120 ué buffere} 50uLr] o] Fe, As, Keto
2 ztz} 108 Yol & 200 W3, FAL ©3, TCLel 30TeolA 30
7} incubationdt &, 1004 ethylacetateE o] BHAZE & 42 =,
13,000g0]l 4] 287+ YAl E23te], 52 cellulose TLCRIo] ZAHAHA
&7, CAWgujoll A chromatographydte] &elA|zith

2) HPLCo] &%t 82l E Anthocyanidin #74

AEAE TG, 'VG', DS’oflA HPLC Al&E $1¥r EUAIZolA Anthocyan
(Aglycones) MAF&e RZEoz|7t Ayl Alztsles 6xtAle] ¥4 0.58
methanol 20mgol] o] 4Cof|A 72417t MAE F5Y v}, filter paperx
o 3}sted, ANFEAEZ7](Bichifit) 2 FHARAIZ F, MeOH It o] B
& the, 4,000rpn 2 58 WA Ee|Ete] 45 Yol RSt et
A Helol AH&siddrt.  ake} Anthocyanine] FEEHT 1504 Eofl 1504
2N HCl & Y31 95ColA 3083 B 7IeRs) AlZch. o] §o4& ThA] SEP
PAK Cis minicolumn (Watersitt)o]l Azl ¥, 0.IM HCl £ 5meE g =
Asteirt. B2H QEAOUL 2m¢ 1% HCl-MeOH 2 &&AIZc &3
QtE AJoh gl LUNA 5u Cig column (250mmx4.60mm, Phenomenexiit)S ©]-83}
o] water : 100% acetic acid : absolute acetonitrile : absolute methanol
(75:10:8:7, v/v)e] o]|EAte] A8 2045 FUT F, 75 1nt/minE 546nm
of 4] HPLC (Model LC-10ADvp HPLC Pump, Model SIL-10ADvp Auto Injector,
SPD-M10Avp Absorbance, Class-Vp 5.0 Data Module, Shimadzufit)Z #4{35t4l
CH(Wilkinson et al, 1977).
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A 3 Ad7Ax W 1F
1. AEAE 3

B Agola] AM2YF carnation, 1947d Audo] Foishe 3749 718
-n-iﬂ_ﬂ} YI,A & By HeulE 9y o (CGaissman & Mehlquist), 2 =
19803 | AEsty AAL Edlo] KA 7L CHIY Aol o= A
18 W 15}93 3 (Forkmann & Dangelmayr), 1992'd -F2x} A o o ¥o| DFR o}
A% (Stich et al.)S ZW3sladcrl. o] inbreed lined oA Hokukolct,
Carnation inbred line tiZ7}E=ltjalae] &4z w=x|oA | ulidigien, &
o 2t ATUARE +Hsle] vz AAPLT UE F 10T Aysted, Wa
off mhe} Abgsteic.

Fhyo]4d 'Tanga’, 'Virginie’, 'Desio’ 3% e BRG]

K
o
filo
1>
(o

2. DFR A2 % {FH2z2=2

1) Dianthus caryophyllus L. &] Q1@ 2HE cDNA library?] 373
Carnation=%E ‘Desio’ 2] ZE 0] 1082 AAALE HII wgzpapdols &
2§38t %, guanidium chloride®¥¥]& A}831e], total RNAS Bzt Az}
4.272mgs G on, 1mle AA| total RNAFS 54L& sepectrophotometer&
23] 230m, 260nm, 280me] AME T}E wpE FAstAch 1x oligo-dt
cellulose coloumE E38}o] 38.4de] mRNAS Lelem, 2%} colounE F2} ¥
= 1542] 448 mRNAS Ez2|sladch  o]F 548 mRNAS- cRNA library ¥4
o A+gsteich

sample 230nm 260nm 280nm
Ref 0. 000 0. 000 0.000
1 0.249 0.534 0. 262
0.534 X 40 X 200 = 4272ug Total RNA 4,272mg
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) =2 Fhdjo]ld FAHH DFRAYRIZ-[F-A R} Screening

YA E cDNA library2H-E], 442 DFRGARIe] AFZARE probeE AR
Sled screeningdte] & A, 6712] 0.6kbz7]2] Eeldld e, o] clones
TS A EAS = 3}1491- EcoRl site7l ASE F5YE T ULH sequencing
E3ld 2 F syt o] 6712 cloneEE A southern blot
analysis& E3] ZAs] 247 2% DFR{A2YS elstgdrH2§21).

. ' . iy

.Figure 21. Screening of DFR gene
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3) DFR §3A=} g7|A4 g8

2|38t 671¢] DFRA-A=}IE 22 plasmid pUC19 cloningdle] €7 =24
303t Az}, AA 6712] cloneo] full size cloned 2 EIsteiz, A
clone¥ sequencingdt ZA3I} carnation?] DFRFA A= 1215bpe[n, o]
coading region 1086bp (362 amino acid)® LV}eEp o 1§122). -FRA R}
homologyE v]|Z 3] & A probeZE AE3F 2442] DFRIM}E 62%E Bl
T2 Ao AE N9l 65-70%2 LIEI QT ojn] tEE o] x|z el uhofA

4 A

ofN 2 flo

33t d}e} Z'o] carnation DFR clone2 655bp siteo]] S}Lte] EcoRl sited

zt3 9l7] w20l EcoR12E A& Z-$ 0.6kb=27]2] double bandZE ENIRY
C}.
1 AN T T AT L o AN A DA TAS T T A E A R AR IR T AT, AT kDA ST AR R

H‘?“ﬁ’iﬁﬁ"l’ﬁﬁﬁaz

b4 ﬁﬁﬂ&i’!{é}m S m.mgmumyuw‘m4;m,u@,m,m.‘,ux..W&,&
:?g‘Jﬁﬁ‘ﬁﬁ?’i"ﬁ"ﬁ’fﬁg\ﬁﬁ?iﬂﬁﬂiiﬁﬁlhiﬁé?“

g W@Wa&mw@r mmmmm L3 .ma\ié?flﬂ;”ﬁ@ Wﬁﬁfﬂtﬁ
YEALTVYEFPPSYTEREY 20 LLPLEF &ETSLTLEESAZDL
ant W%“ h@ggm&%@mﬁm‘ﬁmw‘m&m M;m’&%
BEEE8®SF T A vV oraeagL T eV F P8 ;iﬁﬂﬁ?g&f@
S3 gm;mmm mmmgazmmr&@mmm 2 RUTRALT u'ﬂ
lixrﬁ"ﬁﬁi:i*sﬁgaﬁs:vﬁaﬁtnaw#@“ﬁ*tﬁ;*f

bugs &&“mwzmmmwmmm oy .-,,-,)é\..m:r” *"ﬁﬁkﬁ?ﬂw
!4?5&“‘%3?’3?35%’§“~"5&L§FIEE¥K'§?®¥‘?EF”{.‘s
B DARKEATR «m@x’mmﬁw&aﬁaﬁf&? “mﬁ‘;&“ﬁlﬁia Ty o R IT TR T A
’ﬁiia ﬁ&A?i‘i‘&&iﬁﬂLK?'ﬁEi?PL'n?"ﬁ%i??Ei

-y P x
VEL ST "-w»&,»&m;@mi&mns WEM&RKW@;&%W&M%,?l’% AT
?5’59?‘ﬁi2’3s\; PEITAETESRYITRIRS SR ENH LD

&

£ §

231 gaefT u‘g’u‘l&iﬂa%ﬁﬂ*iﬁ‘ﬁb%:iulﬁh&? &R%«W&L%‘WWMiwﬁmﬁﬁm
I LEESHE*PLYZHEPE ANGHYLIASACAATZIZITOD L &EHY

$01 TR O A A A S T S A AT S GO T A TSR A G AL T AT e S SN TR 30
LB EsYPEYNYPTEFEIYEE NI AFSE S LT

poas 'E’W“‘n .g':‘:'::,w P CRETT ¢&iwgkmiﬂﬁyﬁ mmm&im-_ T T T T T AR TN
L@ F EF B Y 2 LR zwYToAa AV IEILLHRAESE3ELELPFLEL g R

tkeFl Wﬁfﬁmmmﬁmsmm,d,miww,wmﬁmwsmmm”mmm” TTES
a.'u"-'ffxfi‘:iz??&’

Figure 22. Nucleotides and predicted amino-acid sequence of DFR-cDNA-clone

from Dianthus caryophyllus

_78_



4)

5)

DFR &=} G/C §FEA

23|38}t carnation®] DFR cDNA2] coding region?] @7vjdL =Asl, G ¢}
Col W =AM A3, 45.1%8 UERRLL, o2& oln] UM THE Al
QAlZe] DFR Saxte} Sabgt X (41.5%-45.1%)8 Rgom, 2zt
S (65.2%)2} Bel (64.0%)0] H]3] BASHA 2L e Hr) olT
xjol= E3] M HA| codon?] G/C Fako] QlojA o] EAlste] #AgAE2
AL = 40, 8%-48.5%2] Tare Rl Wim wixjd ARl Ko 440 AL
L 7tz 89.3% 89.4% o He ¥ LEhict

in vitro transcription I} translation

ezt FAxte] Y@ FWshr] ¢ste], A /KHAE Bluescript KS
vectoro]] sensef}l antisense3FS F cloning 3t ¥, T7-RNA-Polymerase 2}
T3-RNA-Polymerase® ©]-&3}e{ transcription A|7|:L, A mRNAE TR
reticulocyte systen®} [35S]-Methionin labellingS ©]-2&3%}o] translation&
G523 ¥, BAH proteing SDS-PAGEE F3f H<lgh Zz}, <e|3 DFR{A
212} %‘% 42-44kDa =712} proteing ¢35}l 2, negative control = A}
84 antisense Wil ALE proteine] T ekakeH I23).

xDa M H 2
0 - R
-
§3 - 4w
45 - - a—— 244 KO
T
%_
N
-

M : Protein marker
1 : Antisense
2 : Sense of D. caryophyllius L.
Figure 23. In vitro expression of DFR-cDNAs from Dianthus caryophyllus
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6) AEBAIE2] DFR §A =} Northern Blot 4]

Fhdloldellq §HA, Asstdog oA U=, 24 FF, F 'T6°, VG’
Z "lsty| ¢lste], ¢l A¥ol el carnation®] DFR{-HALE probeZ
Northern blot 42 3t Az}, I 2404 B nlel o] ofdFe &FF
TG’ = 1.4kb£17]21 7}3} signal2 X431, A gene mutént ‘VG' E=Z-2 mRNA
SAGlA obRY signal@ Molx] ghgith  olaE AAE M EE Vo'E
DFR-&-A x}7} blocking E]©] anthocyanin® YA 3}x] R3IBE 3jekMe B2
BdE o 4+ drh

1.4 kbp —

Dihydroflavonol 4-reductase (DFR)

Strain Genotype Phenotype
Tanga Y, I, A rr red
Virginie Y, I, aa, rr white

Figure 24. Northern blot analysis of Dianthus caryophyllus
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7) DFR gene?] plant expression vector U] Z2] subcloning

Carnation DFR -&-dA=}Z AgrobacteriumE B3to] AEAMUZE HolA|F)7] £|35}

L, ™A binary vector ¢l pGA7482] multiple cloning site?] EcoRl site
o] DFR -AAIE cloningdlojo} sh=tl, o]& ¢Isled A pUCI9ell cloning
sl DFR +AX}& EcoRlI & & parcial digestiond}o], 1.2kb2] band& elution
¥LE pGA7482] EcoRl siteo] @Z3}le] plant expression vector pGA748/DFR

L A ZRFPYTH 2Y25).

BR 5l

Figure 25. Construction of pGA748/DFR
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. ARAEA 2

VG, ‘DS'EF2 A wjorE 9ol et o] 27 x| FFollA AW 1971x] 2
gFFoflA callus2} shoot7} &A= odci. 'Virginie’= NAA 0.1~0.25mg/12}
BAP 1.0~3.0mg/l, ‘Desio’= NAA 0.lmg/12} BAP 2.0~3.0mg/lollA] shootE o]
Z FlolA FF7 xjolrl Hgon], AAAOT NAAE 0.1~0.25mg/1, BAPE= 0.
5~3.0mg/1E NAASSHC} BAP?] 528357 &8 o 5+ gldr}.

Table 9. Effects of NAA and BAP combinations on shoot induction

and organogenesis from Dianthus caryophyillus L. cultivar,

BAP 0.25 0.5 1.0 2.0 3.0 4.0
NAA(mg/1)
CV.
0.1 "VG' cs™ cs™ cs™ cs™ CS
‘DS’ cs' cs* cs™™* cs**
0.25 VG’ CS cs™ cs® cs® cs®
‘DS’ cS cS CS cs’
0.5 VG’ cs’ CS cs* cs”
‘DS’ cs* cs* cs*
1.0 VG©  CS CS CS CS cs’
‘DS°  CS C cs’ cs* CS
1.5 VG’ '
‘DS’ cs’ C C C C

cv.: Cultivar, ‘VG': ‘Virginie', ‘DS’: ‘Desio’
C: Callus, CS: Callus+Shoots
Shoot formation: **“very good, ““good, “morderate
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4. DFR FAATN MY

Kanamycin 100mg/1 ‘sEolA 83 Au7|+E 4-55of W2 7HA7F H5si 2
AF3hm, pGA4822] NPT 11 gene 538WW & FF sty 8l Foll= 87§47} shoot
7 "@AdEdn @ Jhuid2eiel 3747t A&t lrh ez,
pGA748/DFRE] sense gened Y2712 49974 TANE FF3dle], 8xlFol= 60EH
Aol shoot7} A= odlx, A=} 35s4Al7F AEstn JUTHFEL0). gL,
pGA748/DFR2] antisense gened Y222 1556AHAHE HE3slo], 8x|Fol= 6
A A A shoot7} BAEELAT, = 671271 BE3staL UTHFEL0, 13H26).

Table 10. Extent of the transformation ratio of Dianthus caryophyllus L,

cocultivated with pGA748 sense/antisense,

No. of Kanamycin Transformant
explant week plant
cocul ti 1 2 3 4 5 6 7 8 bra (month)
-vated(a) (b) (%) 1 3
VG’ 4997 2081 1727 1176 637 271 138 69 60 1.2 35

‘TG" 1556 575 471 284 134 60 14 9 6 1.0 6 6
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T T5reg) T T

1),2) Transgenic plant from kanamycin resistant
callus of ’Virginie' after 8 weeks (1)
and 15 weeks coculativation (2).

3),4) Transgenic plant from kanamycin resistant
callus of ‘Virginie' after 20 weeks (3)

and 24 weeks coculativation (4).

Figure 26. Regenerated plants in DFR sense gene transformation of

Dianthus caryophyllus 'Virginie’.
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FAATA 2A
1) 732 A2 PCRAEA

(1)NPT 11 gene?] PCREH

8359t kanamycinXwuf=jof A AwtHl FAAZIA oA, binary vector
pGA748/DFRS] reporter geneQ! NPTIIS] 'Wd & #elslr] ¢]3le] PCREASE

$tA 3}, 12700 A 0.7Kbp $] XA bandz} FAE G 2§l27). ute}
A reporter geneq! NPTII geneo] W& I gcle ZE& ¢ + agch

A=

NPT 11
MP 1 234 56 7 8 9 10 11 12

0. 7kbp—

P : Control pGA748/NDFR sense DNA
M : Marker

lane 1~12: Transgenic plant

Figure 27. PCR analysis of total DNA isolated from transgenic Dianthus
caryophyllus L. 'Virginie*
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(2)DFR gene?] PCRZ A

NPTIT gene ¥l®l FAAHsNJo]dAlo]A], DFR geneo] F-FHX2U=A]

Izt Az, 1.0kbpe] A olA 474A[oA] band7} HEE] ATH I H28).

2}4l }ATR DFR geneol WS YT A o 4 itk

DFR Sense

1.0kbp —

M : Marker
P : Control pGA748 / NDFR sense

Lane 1,3,4,5 : Transgen_ic plant

Lane 2 : Negative control plant

Figure 28. PCR analysis of DFR sense gene isolated from transgenic

Dianthus caryophyllus L.

_86_

a}



2) FAAT|A] Southern Blot ZHA

PCRo{lA NPT II gene El¥ &z AZsluo] A Ao A, DFR geneol FZE L
:=2] Southern BlotE ¥<qlgt Zz}, 1.2kbp%] X]elA band7} TEE|GcH IR

L .4
[e]

29). whebd 2l DFR geneo] WA UTH: A& & 4 alck

NPT 11

1.2kbp —

lane 1-6 : Transgenic plant

Figure 29. Southern blot analysis of total DNA isolated from transgenic

Dianthus caryophyllus L.
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6. Carnation Flower Flavonoid +d

1) Bioinaging analyzerol o|3t MR Ee] stuipa fax B4
(1)ETF DR YR 24

Bio Imaging Analyzer o]&of 2]3t ®WaAlsH A 7] (radioactivemarker
substrate)s] A4 W AWEHel olsjx ABAEe] FUPe s
3, o UolztA FAAFAEAZ] o 23] EMDFRFA =] JA
AfARLE AAS7] 4t HASHAAZ HyHHAch 2 Az
Flavonoid7} &% TLC2FS Imaging Anlayzerof oA EAA|IZ @3’—}1
213004 &} Zo] ‘Tanga’$} 'Desio’&EZF oA+ Lpg(Leucopelargonidin)®]
Q70 2oz wA DFRAYAERAZ $dos wage] Helo] Hexw,
"Virginie' EFol & LpgZt #elo] =] ¢US& Hold DFREARFAR=
g4l ZHe] Wy ZH( 2 30).
DFR / DHK

Lpg —

Figure 30. Biolmaging Analyzerof DFR gene in Carnation flower
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(2) 3412 CHS AU AHAL B

Flavonoid”} &2|¥ TLC2HE Imaging Anlayzerol] @olx HAIAZ Az} 7
2310 A &} ZHo] ‘Tanga’, 'Virginie’2} ‘Desio’FFollA NAR(Narginin)z}
ERI(Euidiatiol)o] A7l Z o2 BlA CHSEYAHFARIZI 4= U3y
o] EHelo] HATHIZHIL).

CHS / Mal-CoA

Vir TG DS

NAR —

ERI —

Coum, Caff. Coum. Caff. Coum. Caff.
-CoA -CoA -CoA -CoA -CoA -CoA

Figure 31. Biolmaging Analyzer of CHS gene in Carnation flower
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(2)3H4 3 FHT B3 &4
Flavonoid7} £2|¥ TLCZHE Imaging Anlayzerof ‘do{x HAIx|Zl Azl

§l320l| 4 2} o] ‘Tanga’, 'Desio’FFolAl= DHKE HE T ZE BbA
AR FAAIE ez U Aol FAFJTHIHI2).

FHT s NAR

NAR

DHK —

Figure 32, Biolmaging Analyzer of FHT gene in Carnation flower

_90_

h
FHT



2) HPLCo] 2J3t B AIE 2] Anthocyanidin &4

AMEAE TG’, 'DS’, 'VG'E HPLCEAMT Azl FHAe] 'T6 ¢} 'DS’ofA & Pg
o] HAaEgloLt, A Ve ol PgYl At FAAEX] dATHIH33).

Pg’ Pg 50 S

251

"Tanga’ ‘Desio’ ‘Virgine’

Figure 33. HPLC chromatograms of anthocyanidins in petals of Dianthus
caryophyllus L. cultivars. Each peak on chromatogram applied
by the walvelength of makximum absorbance,

% Pg: Pelargonidin, S: Solvent
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7. DFR %A AR 57148 Phenotype ZA}

qeog 4718} Zol A, F V6 FAAMIA (sense) oA, B vlRto]
Mol Bolzt FAWBH ol myth  FRol sz 6 FAAW
(antisense gene) ZiAJollAls FHAMuletol o] Holzb Zo] ¥ rl Wz
87| N M ofF Ho| 3|A| UAUTh O]TH VG, 'TG'olAM FAURIT FAAR
9 el WS YTy ey 2 wdoldrh  F, V6’ UAEFol DR
sense gene RAAT 7, Haujste] AR Vel T6° H4EFo]

antisense gene P A AT F-L FHAuie} b o] LFEFWITH 2.8134).

o)
2
i
2 g
o

8. Uz 38FAARIAY FrixdY

=N
clrel, 8% AAHNE 2E 4

o H
lo
it
2
44
Y,

T
fin)

>

9,

it

)

L

i)

I

4
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Figure 34. Transformant 'VG’ (sense) shows red spots on white background
(1,2) of the flower petals, and transformant ‘TG’ (antisense)

shows white spots on red background in colour (3,4)
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N4z dE

I.

g virusd FHold EAS5F
Fhu|ol M (Dianthus caryophyllus L.)& i3 o2 F93 HIIEEA

(Zuker, et al, 1999), Zuje] dzbisrigatelo] 1624 Yol o2 Fo #
B2 (YRR, 2000), A3srte] F2 £4ddely, Fholde 2 B
ZE el Estn, ALl £ gt Ao, $UR] AFAS
+25 23 FA FAH S FEIE Zo] A3 a7Hc

spolal A WAl s BHolu MEe] R Holg =i olslo] ZAY e}
A Aol ¢lm, ARBel AT voldAUA ARl FHL, dREe
A AEEo] multigeneo] 2|3t horizontal resistance® oj&-&o| 2lof, =
AHoRE olf FRY EFL AUshA Reix Atk o wEol EANE
Yoz gaAe Pueld iy RAAS Eelslel ABMel TP
A, WAABS o2, uloldz AH el gl 23Ut

2 Ayge] AuAEQ Fhuoldel #EslE ulolelas, 97HR|7L ddA 4
3, 2 2 CarMv: MA ol X oLt zgdEe] gli, o|E ulolg|ae] %
QHE, ©E BT Bugdel mel WS HHE 2 e 7k
E3] CarMVe} CarRSV7t S A]l AFH A FHE —r°1. stz &
AL AA "olxaltl(Cheon et al., 1992: and Lee, 1992). ojof ti3lt 3j
Ayt os G B FEFR A (Stone, 1963)2 2T H<AU o
Btofl 22|22, Aeir1ziFe] o] AL E JbA, AAY £E €71 4

sto, FAATo| oyt Yuloleay FHOIEET S EYvtolg A
4 Tl EE S0l A3 2= AXZ U

2 A3 Fhdolde] £2 daizl 959 vlelglA F, F2 ¥ vio]F A<l

© CarMVe} CarRSVoll g, Hahutoleliihy shio] 4 EERHS T 712AT
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Z 4], CarMV Cp &} CarRSV Cp & =A}E Fhdo] ol £ ¢l3dlo], CarMve} CarRSV
of A¥EL Vel 554 1=}, RAAHAE T3 Agrobacterium

g 3
tumefaciensol] 2|3t VA AR-E 4=3isl%dc].

3 A3 A} pGACarMV Cp geneo] FAARL 2FFollM FITH4FVAE F
Z3}o], Kanamycini'ld 8Folx 126FH Aol A shoot7} HFE AL, 4EF
937ix17} A2stm 9lx, X FEEe] 37N, HEAMAE ol starTh
pGACarRSV Cp gene?] FAAHL ‘HD'EFol 163FUAE HFslo, 8Fol=
7R Ao A shoot7} HAEIGT, @2 7AA I} in vitroo] BESII UL},
ofal ¢kslE g AF in vitro oA T FAAIFA, FAZHI EEIMNE ¥

AHeolrh,

CarMV Cp gene R A3 AL PCREA A Kanamycinidwl 3 A ABI|A
of] 4] NPTII genel 2F 0.7Kbp $]X[oflA EAE 23, Cp gene> <F 1.1Kbp
9)x|oflA] eIElgdc}. Southern hybridization #+Z3= npt I gened
13.2kbpollA] HeQlE|gl3T, Cp gened 1. lkbpolld EQIE|ct.  PCRY
Southern blot £ Z 2} CarMV Cp §AX7 =¥ FAAZT|AZ FE
tl. T2z gAAH Fhdo]dA BNl Z&o] CarMV CpZb AP H b
2 Hogggdez] 85 x5y $18te] western blotS AAjdtHod,
35kDac 4 ol Zalsidrt.

HAABAEN 3, TP U F¥Po2 Ushd el ol =
Apsteich. ¥

AAZPANEN ] A kanamycin AUFE 7V 2L 74%0]
A8 10%x AT} EEo] MEH 7N RAAFAE
A

b} .
Ee A HeAHE Bdou, 9F ANe 4RSS =
}

BuaBAA 2BRE =gy gYRBANE WA zg*ou-;%i 7]
| ==
=
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2 wrsadelel Al AEA Bete BAldel siAHARIE
Y Ros ofi®Tl WAl ol At Yo, olF A4S
24s ¥ ARl

gtog MERFOT carMvell Tit WEEES AAY F SIUE URY
o
=

Hol, 2 ¥ virustf¥dd EF54

QolAlgge) 2= AFY olFelrh

2. BpHzd BASE

H  oJ L carnation mutant 'VG"@lV“n%Oﬂ ‘DS’ A M EZ 2] A gene (DFRAY
YRS SAAZAT The, V6 ES] WAV, DKAUE &
njstod Leucopelargonidin biosynthesis& FE38t= ¥W, DFR antisense

SAXE TG EFo] =Uste, DFREZY S RE3, DHK7|A2 AHEES o
HAFA, Hawolzide HEdte, ZEAIMIE JF8E& L, HAY
Bxlezr|&ubde] AARYS stax stdch. AERFFol tﬂifi Flavonoid
AP TAIAE = 2 359 Pl

A} V6 EZE(sense)ollA 357iA2] HAAHRMAE e, 21T AE
oz T sAATAAN A 4718 Bo] hEste], A uivtell FHAjHo] izt
FAMTRY Zo] gdrt. VG'EFS IAEWAE ‘DS’ A gene2] cDNA
cloneo] T, AlZUd ] pGA748/DFRS] DNA7H A ABE AW, 2
A 8AR}E encodes® DFRIEALE DHOE LCyLE AH3lo, ‘DS’ &2l Pg-AF
2ae aatstedrt.  gHH, ‘T60 EFolx FEo| 7ML I FAARA
(antisense gene)oldi=, ZAjujele] 3Fo] Soizt Zo| mort o] =4
Vo'ub TG E A AdAolA FAA7L @Rk 2 E4EE Ul
gt} &, 'V6' HMEZZo] DFR sense gene FHAIH F 5, 3 A njetol A
b e Vel s, ‘TG’ A AMEEo] antisense gene FAIAF B¢, AHA
ujetol] HAwtdo] ettt

HA AT DFR sense gene VG EF 4997V Ao FF8to{, kanamycin
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At 853 Fojli= 60HHA oAl shoot7} HAEEHKAT, 4€F 3B7RAIF BE
2 ged, 1% 374A7F AMESteis, 'T6E 1556 HAE HEste] 8
68 HA o)A shoot7} FPEIG, 37HUF 674A7F FESIAL oo,
174A 7} s ststed et

N Aot
oN o &

FAARIAL] /AR 01*14 Z3e PCREAM A, Kanamycinidd 3
A A] NPTII gene ¢F 0.7Kbp $1x]ollA F¢l¥|23, DFR gene
oF 1.0Kbp §Ix]ollA TEE] T} Southern hybridization £4Z 3} npt I
geneS 1.2kbpollA] Tl 4 gloith. PCRZ} Southern blot #44A3} DFR £
Ax7E 298 FAATAE FHAFAC]

v z] 3870A1e] FAABA A E o] FHo| mA] ¢fatct I iry—t-ﬂ HAY
Qo drAErjale] " Holn, &y {835l tludt FMHoAE

KX
& F A& 7|th¥ch

Fhllol ol DR geneo] HAAB 71&¥YL ThawiAe F3'5/HAAAHE
H)e) HAARY Mg HofEch
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Malonyl-CoA + Coumaroyl-CoA

Gene Y¢ CHS

Isosalipurpcside 44— Hydrochalcone

Genel¢ CHI
F3'H
ERI <} ............................................ NAR
Genekl
GeneFl FHT GeneFl FHT
FLS F3'H FLS
Qu ‘ DHQ '<3’ ...................................... DHK . Km
; GeneR 5
Gened ; DFR Gened  DFR
v v
LCy LPg
GeneSl ANS GeneSl ANS
Cy Pg

— & main pathway
e PECESS1VE geEne

Figure 35. Biosynthetic pathways to flavonoids in Dianthus caryophyllus

‘Virgine’ flowers.

CHS: chalcone synthase, CHI:
FHT: flavanone 3-hydroxylase, F3'H: flavonoid 3’ hydroxylase
DFR: dihydroflavonol 4-reductase

chalcone isomerase

FLS: falvonol synthase,

ANS: anthocyanidin synthase, DHQ: dihydroquercetin
NAR: naringenin, DHK: dihydrckaempferol
ERI: Eriodictyol Qu: quercetin,

Km: kaempferol, Cy: cyanidin

LCy: leucopelargonidin,
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