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Pigment correlations between petals and several vegetative tissues in white- and
yellow-flowered cyclamen (Cyclamen persicum)  were investigated to facilitate recurrent
selection of seedlings which were predicted yellow flower for breeding of superior yellow-
flowered cyclamen cultivars. The vegetative tissues such as leaves, le.af petioles and
cotyledons of yellow-flowered cyclamen showed yellowish-green and contained the same
yellow pigment as their petals, whereas those showed deep-green in white-flowered cycla-
men in which the yellow pigment was not detected. The most suitable conditions for
micropropagation using seedlings in vitro were also investigated. Tuber explants gave the
highest shoot formation with the 10m6  M BA (N6-benzyladenin).

INTRODUCTION

Yellow-flowered cyclamen which was found in an inbred population of a diploid,
white-flowered cultivar ‘Pure White’ contained chalcone as a main agent of yellow
flower color (Miyajima et al., 1991). It is expected to be useful as a material for the
breeding of new flower color in cyclamen.

However, obtaining of superior yellow-flowered cyclamen cultivars to the present
cultivar is a long-term process. At least 2 years are required from crossing to
anthesis in cyclamen. Yellow color in F, hybrids will not be expected because yellow-
flowered plant seems, to be a recessive mutant which lacks chalcone-flavanone isomer-
ase.

Therefore, rapid detection of seedlings which are predicted yellow flower is
desired to facilitate recurrent selection.

In yellow-flowered cyclamen mutant, the appearance of yellow color is not limited
to petals but also slightly to the leaves and leaf petioles.

The first objective of this study was to determine whether a correlation exists
between the pigments in the petals and vegetative tissues, including leaves, leaf
petioles of mother plants and cotyledons of seedlings by investigating the pigment
profiles of them.

Reports on in vitro multiplication of cyclamen are available (Okumoto and
Takabayashi, 1969; Loewenberg, 1969; Geier, 1977; Geier et al., 1979; Wainwright and
Harwood, 1985; Ohashi et al., 1987, 1989; Ohashi, 1988). The commercial micro-
propagation of cyclamen, however, have not yet established because of erratic or-
ganogenetic potential (Geier et al., 1979).
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Wainwright and Harwood (1985) reported the advantage of micropropagation with
juvenile tissues in cyclamen because of their potentially higher frequency of or-
ganogenesis.

The second objective of this study was establishment of micropropagation method
using seedlings in vitro.

MATERIALS AND METHODS

Pigment Analysis
Lyophilized petals, leaves, and leaf petioles of matured plants and cotyledons of

seedlings (75 days after sowing) of yellow-flowered cyclamen and white-flowered
‘Pure White’ were homogenized in 80% ethanol and the homogenate was filtered. The
filtrates were evaporated to almost dryness under reduced pressure at 35°C and washed
repeatedly with petroleum ether to remove the ether-soluble impurities. The concen-
trated residual extracts were dissolved in small amounts of distilled water, and held on
Sep-Pak cartridge (C,,, Waters). The flavonoid pigments, on the cartridge were
washed with distilled water to eliminate the water soluble, hydrophilic contaminants
and eluted with small amounts of ethanol. The filtered ethanol eluates were then
injected to high performance liquid chromatography (HPLC), in which chromatograms
were developed with LC-GA  pump (Shimadzu Co. Ltd.) equipped with 4.6 mm I. D. X
250 mm Cosmosil 5C1,  column (Nakarai Tesque Co. Ltd.) and a SPD-6AV  detector
(Shimadzu Co. Ltd.) set at 370 nm. A flow rate of 1.0 ml/min was maintained and a
mixture of acetonitrile-0.1 M acetic acid (25:75,  v/v) was employed as the eluent.

Seedling Culture Procedure
The F, seeds obtained from the crossing between ‘Pure White’ and yellow-flow-

ered cyclamen were soaked in sodium hypochlorite solution (2% available chlorine) for
10 min and rinsed 3 times with sterile distilled water. The disinfected seeds were
sown on l/3 strength MS(Murashige and Skoog, 1962) medium supplemented with 30
g/Z sucrose and solidified with 0.3% gelright. They were incubated at 20°C under the
dark condition for 21 days followed by 12 h daylength for 21 days.

Young seedlings of which cotyledons, leaf petioles and tubers showed yellowish
green color were selected and divided into cotyledons, leaf petioles, tubers and roots
after 42 days incubation. The cotyledons, leaf petioles and tubers were divided into
5, 4, and 8 segments, respectively, and the roots were cut into 5 to 8 mm length and
cultured.

l/3 MS medium (30 g/Z sucrose, 0.3% gelright, pH 5.8) containing the various
combinations of NAA (1-naphthaleneacetic acid) and BA. Number of adventitious
shoots were recorded after 60 days of culture and transferred to the medium containing
NAA for rooting.

Calli which were formed during the culture were cut in 8 pieces and cultured under
the same condition after the removal of the adventitious shoots. Number of shoots
were counted after 40 days as the second culture.

Cultures were maintained at 20°C throughout and done under dark condition for
the first 35 days followed by 16 h daylength.
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RESULTS AND DISCUSSION

Seedling selection for the breeding of yellow-flowered cyclamen cultiuars
Leaves and leaf petioles of yellow-flowered cyclamen plants showed
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yellowish-
green, whereas those of ‘Pure White’ showed deep-green. Particularly, the reverse
side of the leaves showed yellowish-green in the former plants, whereas those of the
latter showed red color by anthocyanin pigment. Young seedlings which had yellow-
ish-green leaves were easily distinguished from deep-green seedlings in F, offspring.

In a previous report (Miyajima et al., 1991),  we identified that the main agent of
the yellow color of yellow-flowered cyclamen mutant was chalcononaringenin 2’-
glucoside which was also a main yellow pigment in yellow - flowered carnation
(Harborne, 1967, Yamaguchi, 1989) and yellow-flowered mutant in wild CaZ2istephu.s
chinensis (Khun et al., 1978). As shown in Fig. 1, it was not detected in the leaves, leaf
petioles, and cotyledons of white-flowered cyclamen ‘Pure White’, as well as in the
petals. On the other hand, these same vegetative tissues of yellow-flowered cyclamen
and the petals contained the same pigment.
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Fig. 1. HPLC profiles of pigment constitutions extracted from various organs in
yellow- and white-flowered cyclamen.
“Chalcononaringenin 2’mglucoside.
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In general, it is said that the pigments that were contained leaves and stems are
closely related to the flower pigments (Ishikura, 1980). Goldy et al. (1987a,  b) inves-
tigated that the pigment correlations between fruits and vegetative tissue in Muscadine
grape and established the method of seedling selection. Harborne (1984) mentioned
that the yellow-flowered plants which have chalcone as a main pigment in flowers
occasionally contained same pigment in the vegetative tissues.

It is, therefore, suggested that the yellowish-green color of various organs in
yellow-flowered cyclamen is related to the presence of chalcone. It was also con-
firmed from the preliminary observations that the yellowish-green seedlings flowered
yellow flowers after grown up.

It seems that the seedling selection of yellow-flowered cyclamen is possible and
useful for the breeding of yellow-flowered cyclamen cultivars.

Micropropagation  of selected cyclamen seedlings
Adventitious shoots differentiation was observed from the calli  which were for-

med from all the explants except roots. Explants from cotyledons and leaf petioles
showed the highest shoot numbers with the lo-’  M NAA and lop6 M BA and those

40

20
i

E
0

8
6

4o‘c
0

is 20
z

0

40

NAA (M)

C P T R C P T R C P T R

Explant type')

0

1O-6  BACM)

Fig. 2. Number of shoots per mother stock when cultured on 9 different media for
60 days.
“C,  cotyledon ; P, petiole ; T, tuber ; R, root



Seedling Selection and Micropropagation  of Yellow-Flowered Cyclamen 269

Table 1. Percentage of explant forming shoots and number of shoots per mother stock in primary
and second” culture.

Explant type

Cont.  of plant
growth regulator (M) Percentage of

explant forming Number of shoots Number of shoots
NAA BA shoots per explant per mother stock

Cotyledon primary 10-7 10-E 70.0 3.80 19.0
second 10-7 10-6 55.6 1.78 71.1

Petiole primary 10-7 10-6 93.8 6.00 24.0
second 10-7 10-6 87.5 5.71 182.7

Tuber primary 0 10-6 90.6 6.25 50.0
second 0 10-6 72.5 6.28 401.6
second 10-7 10-6 93.8 6.84 437.8

“Explants were taken from the callus of primary explants.
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Fig. 3. HPLC profiles of pigment constitutions extracted
tissue culture.
‘Chalcononaringenin 2’-glucoside.
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from tubers showed the highest shoot formation with the lop6 M BA (Fig. 2).
Adventitious shoots developed again from the calli  formed on all the explants

cultured on the medium where the highest shoot formation was obtained in the first
culture, although the percentage of shoot formation decreased slightly in the second
culture (Table 1). The explants from the tubers formed the highest number of shoots
in both the first and second culture as compared with those from the other organs.

Regenerated plantlets from the adventitious shoots showed yellowish-green color
on their young leaves and they contained the same chalcone pigments as their mother
plants (Fig. 3).

Wainwright and Harwood (1985) reported that the seedling tissue is suitable for
the in vitro multiplication of cyclamen, in order to eliminate microbial contamination
and to obtain genetical uniform plants. Also in our experiments, there were few
frequency of contaminations from mother stock and it seems to be able to obtain
genetically uniform progenies.

Ohashi (1988) established the method of regenerational cycle using tubers from in
vitro  disinfected cyclamen seedling and assumed to be able to obtain about 19,000
plants under the five times regeneration cycles. In the present report, although we
could not make clear the maximum number of plantlets which were obtained under
regenerational culture cycle, at least hundreds of plantlets could be obtained from one
seedling in two cycles.

From the results of this study, it is suggested that the utilization of seedling
selection and the method of micropropagation in selected seedlings are available in the
breeding for the superior yellow-flowered cyclamen cultivars by using this yellow-
flowered strain.
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