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Abstract This study aimed to develop carnation cultivars
with new coloring system. We used four genes of Petunia
hybrida - chalcone synthase (CHS), flavanone 3-hydroxylase
(FHT), dihydroflavonol 4-reductase (DFR), and anthocyani-
din synthase (ANS) - as probes, in order to isolate four genes
from carnations (Dianthus Caryophyllus). The isolated genes
were used as probes in order to select mutants out of collected
carnations, using Northern blot analysis. The Northern blot
analysis revealed 10 DFR mutants - Gumbyul, Eunbyul, Bal-
latyne, Crystal, Eugenia, Koreno, Imp. White Sim, West Cry-
stal, White Alpine, and White Charotte. Six among the sel-
ected 10 cultivarswere excluded from the target cultivars,
because Eugenia, Imp. White Sim, and White Alpine were
proved to be double mutants of DFR and ANS, Koreno was
considered to be a double mutant of DFR and CHS, and Gum-
byul and Ballatyne were proved to be double mutants of DFR
and CHI (Chalcone isomerase). Consequently, we selected
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five DFR mutants, including Virginie, which was already sel-
ected as a DFR mutant. Finally, we measured DFR activities
in order to confirm the selection, and the results showed that
all of the five cultivars - Eunbyul, Crystal, West Crystal, White
Charotte, and Virginie - had got no DFR activity.
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Table 1 List of collected carnation cultivars
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Cultivar Phenotype Cultivar Phenotype Cultivar Phenotype
Jinju White Daring Red Enged Yellow
West alpine White Sanho Dark Pink Gumbyul Yellow
Lena Pink Shingibo Pink Eunbyul White
Y-Intermazzo Yellow Diamond Pink Malaga Red
Aicardi Pink W-charotte White Koreno Yellow
Aicardi(2) Pink Eugenia White Interme Yellow
Imp.whitesim White C-Intermezzo L- Green Ballatyne Yellow
Imp. White White Crystal White Peach mambo Pink
Imp. White(2) White Dallas Yellow Ellips White
00568-1 sp White Flamengo Pink Desio Red
Massda Pink West crystal White Venus Dark Pink
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Fig. 1 Northern blot analysis of DFR in various carnation cultivars. 1.Malaga 2.Daring 3.Gumbyul 4.Yellow intermezzo 5.Lena 6.
West alpine 7.Shingibo 8.Creame intermezzo 9.Flamengo 10.Imp.white 11. Malaga 12.Eugenia 13.Jinju 14.Sanho 15.Peach mambo
16.Enged 17.Aicardi 18.Interme 19.Messda 20.00568-1 21.White charotte 22. Desio 23.Malaga 24.West crystal 25.Balltyne
26.Imp.white.sim. 27. Diamond 28.Koreno 29.Crystal 30.Ellips 31.Dallas 32.Eunbyul 33.Venus
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Fig. 2 Northern blot analysis of ANS in various carnation cultivars. 1.Daring 2.Malaga 3.Korena 4.Gumbyul 5.Eunbyul 6.Flamengo
7. Creame intermezzo 8.Imp.white 9.West crystal 10.Peach mambo 11.Daring 12.Balltyne 13.Ellips 14.00568-1 15.Yellow intermezzo
16.Sanho 17.Interme 18.Lena 19.Aicardi 20.Dallas 21.Shingibo 22.Daring 23.Venus 24. West alpine 25.Crystal 26.Jinju 27.Imp.
white.sim. 28.Enged 29.Messda 30. Eugenia 31.White charlotte 32.Diamond
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Fig. 3 Northern blot analysis of CHS in various carnation cultivars. 1.Daring 2.Malaga 3.Korena 4.Gumbyul 5.Eunbyul 6.Flamengo
7. Creame intermezzo 8.Imp.white 9.West crystal 10.Peach mambo 11.Daring 12.Balltyne 13.Ellips 14.00568-1 15.Yellow intermezzo
16.Sanho 17.Interme 18.Lena 19.Aicardi20.Dallas 21.Shingibo 22.Daring 23.Venus 24. West alpine 25.Crystal 26.Jinju 27.Imp.
white.sim. 28.Enged 29.Messda 30. Eugenia 31.White charlotte 32.Diamond
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Fig. 4 Northern blot analysis of FHT in various carnation cultivars. 1.Daring 2.Malaga 3.Korena 4.Gumbyul 5.Eunbyul 6.Flamengo
7. Creame intermezzo 8.Imp.white 9.West crystal 10.Peach mambo 11.Daring 12.Balltyne 13.Ellips 14.00568-1 15.Yellow intermezzo
16.Sanho 17.Interme 18.Lena 19.Aicardi 20.Dallas 21.Shingibo 22.Daring 23.Venus 24. West alpine 25.Crystal 26.Jinju 27.Imp.
white.sim. 28.Enged 29.Messda 30. Eugenia 31.White charlotte 32.Diamond

Table 2 Characterization of wildtype and mutant in various carnation cultivars

Cultivar DFR CHS FHT ANS Cultivar DFR CHS FHT ANS
Gumbyul - + + + Koreno - - + +
Eunbyul - + + + Imp.W-Sim. - + + -
Ballatyne - + + + W-crystal - + + +
Crystal - + + + We-alpine - + + -
Eugenia - + + - W-charotte - + +
Desio + + +
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Fig. 5 Detection of substrate (DHK) and product (LPg) after TLC separation by autoradiography. The diverse crude DFR extracts
were incubated with [14C]DHK in the presence of NADPH. A: Crude extract carnation wildtype “Malaga” (positive control) B: No
crude extract as negative control C: Crude extract carnation DFR mutant “Eunbyul” D: Crude extract carnation DFR mutant “Crystal”
E: Crude extract carnation DFR mutant “West crystal” F: Crude extract carnation DFR mutant “White charlotte”. DHK: Dihy-

drokaempferol LPg: Leucopelargonidin
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