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Abstract. A set of Petunia hybrida plants encompassing a range of ploidy levels was
developed through colchicine-mediated induction of chromosome doubling. The result-
ing double-flower tetraploid plants were cross-hybridized with inbred single-flower
diploid lines to generate F1 populations with segregation for ploidy level and flower type.
The initial in vivo application of colchicine to seedling apical tips produced mixoploid
plants of petunia at a high rate of efficiency. Thus, 95% of the shoot tips treated with
colchicine for 48 h resulted in polyploid mutant plants, and no difference in this efficiency
was observed using concentrations of colchicine between 0.2 and 2.0 mg�mL–1. Of the
polyploid plants, 10% were found to be tetraploid and 85% were mixoploid (chimeric).
Compared with their diploid counterparts, polyploid plants underwent reduced elonga-
tion growth during the first 2 weeks and had thicker stems and shorter internodes
resulting in dwarfing of the whole plant. In extreme cases, very slow growth rates
produced stunted plantlets. Polyploid plants also had larger, thicker leaves and, in some
cases, the leaves that developed after 1 month of growth appeared seriously malformed.
Octoploid plants were also obtained and these tended to have more extreme phenotypes.
Pure tetraploid plants of double-flower petunia were isolated by the in vitro culture of
explants from the initial chimeric tetraploid mutants. These were crossed with three
inbred single-flower diploid lines (S1, S2, and S3) thereby generating F1 populations that
showed segregation for flower type and ploidy level and included the generation of
triploid plants. In the tetraploid plants, flower diameter and the number of flower petals
were not changed significantly (P > 0.05) compared with the original diploid double-
flower plants, but observation of the pollen grains revealed segregation for size consistent
with the increased ploidy level. Analysis of the F1 progeny plants also indicated that
chromosome number is not necessary but sufficient to cause the production of semi-
double-flowered plants. Flower color and flower diameter were also analyzed in the F1
progeny and complex patterns of inheritance were inferred. In addition to single and
double flowers, semidouble-flowered plants were also suggested to be generated by the
hybridization of 2n or 3n pollen from the double-flower tetraploid plants with the single-
flower diploid lines.

In ornamental plants, flower architecture
is an important feature and double-flowered
varieties are particularly highly valued by the
horticultural industry (Scovel et al., 1998).
Double-flowered varieties have been charac-
terized anatomically and genetically in sev-
eral plant species, including Chamelaucium
ucinatum and Nicotiana alata (McComb
et al., 1996; Zainol and Stimar, 2001; Zainol
et al., 1998). Petunia is a profuse flowering

annual with large, richly colored flowers and
exists as a diverse array of varieties (Gries-
bach, 2007). As the most popular petunia
varieties, double-flowered petunias had been
well studied from an anatomical angle, but the
genetic background of the double-flower form
in petunia has not been investigated (Natarella
and Sink, 1971; Sink, 1973; Vanderkrol and
Chua,1993). Certainly, there have also been
no studies in petunia regarding the relation-
ship of ploidy with flower form (Meyerowitz
et al., 1989). Currently, breeding for new
varieties of double-flowered petunia is
impeded by the fact that crosses between
many single-flower and double-flower culti-
vars rarely produce double-flowered progeny.
Furthermore, few lines reliably produce 100%
double flowers and, in general, vegetative
propagation is the most successful method of
multiplying double-flowered plants of Petu-
nia. Also, semidouble flowers appear to be a

rarity within Petunia hybrida varieties. Hence,
the genetic basis of the double-flower pheno-
type in petunia is poorly understood and this is
a problem for breeding programs aimed at this
important characteristic.

Polyploidy is a prominent and significant
force in plant evolution (Adams and Wendel,
2005) and has played a major role in the
evolution of flowering plants (Masterson,
1994; Otto and Whitton, 2000). The manip-
ulation of ploidy can also be a valuable tool
for plant breeding programs. Polyploids often
generate variants that may contain useful
characteristics and provide a wider germ-
plasm base for breeding studies (Ramanna
and Jacobsen, 2003; Thao et al., 2003). Since
the discovery by Blakeslee and Avery (1937)
of the effectiveness of colchicine for the
achievement of chromosome doubling in
plants, colchicine has been successfully used
to obtain polyploid plants of many agricul-
tural and ornamental crops, e.g., Phlox sub-
ulata L. (Zhang et al., 2008), Zizyphus jujuba
Mill. ‘Zhanhua’ (Gu et al., 2005), hop (Roy
et al., 2001), and bread wheat (Soriano et al.,
2007). Similarly, Power and Sink (1978)
produced triploid and tetraploid lines in
petunia and documented the relationship of
ploidy with various phenotypic characters,
but because the study was conducted with
single-flowered lines only, this did not pro-
vide information regarding the double-flower
trait.

Kermani et al. (2003) conducted a study in
Rosa, which indicated that chromosome dou-
bling was positively reflected in the extent of
flower complexity. However, there is other-
wise little in the literature regarding the
relationship between ploidy level and petal-
ine type as relating to single- or double-
flower architecture.

In this article, we describe the creation of
a ploidy series based on double-flowered
lines of Petunia hybrida. The various ploidy
levels were generated through the colchicine-
mediated induction of polyploid plants and
cross-hybridization between double-flower
tetraploid and single-flower diploid plants.
We describe the major phenotypic character-
istics among the various polyploid lines,
including flower form. From this analysis,
we note that an unusually high frequency of
semidouble-flowered plants was generated
from crosses involving a polyploid double-
flower plant and a diploid single-flower
Petunia cultivar and investigate the relation-
ship between ploidy level and petaline type.

Materials and Methods

Plant materials. The three single-flower
lines used in this study were S1 (single white-
flowered), S2 (single brick red-flowered), and
S3 (purple with white edge-flowered). These
were inbred lines obtained by continuous
pedigree selection during growth in the
experimental field of Huazhong Agricultural
University, Wuhan City, China. The seeds of
double-flower petunia varieties (petunia
hybrida ‘double & Valentine’) were pur-
chased from Hongyue Ltd., Hangzhou,
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China. All growth, cross-hybridization, and
colchicine treatment of plants were con-
ducted under the standard greenhouse or field
conditions supplied at the field site of Huaz-
hong Agricultural University.

Chromosome doubling by colchicine
treatment. Seedlings to be treated with col-
chicine were obtained from diploid double-
flower petunia seed grown in a medium of
peat:perlite (3:1) until the cotyledons had
expanded. Strips of degreasing cotton were
saturated with a solution of colchicine (0.2,
0.5, 1.0, or 2.0 mg�mL–1) and these were
wrapped around the seedling apical tips. The
treated seedlings were maintained under
greenhouse conditions for 48 h, during which
time the colchicine solution was reapplied to
the degreasing cotton every 6 h. Finally, the
degreasing cotton was removed, the tips were
washed with tap water, and the treated plants
were further nursed under greenhouse con-
ditions. Phenotypic analysis of the treated
plants was carried out as an initial screen to
indicate a change in plant ploidy levels. This
analysis included measurement of the inter-
nodal distance on the main stem, stem diam-
eter, leaf width, leaf shape index, leaf
thickness, and visual character of the leaf.

Ploidy level determination. In an initial
screen for putative tetraploids, leaf samples
were taken from the colchicine-treated seed-
lings and from control (untreated) seedlings,
sampling at approximately the same point on
each plant. A thin layer was removed from
the abaxial surface of the leaves and analyzed
for stomatal size and density under a light
microscope.

For direct analysis of ploidy levels, nuclei
were extracted from leaf samples and stained
using the reagent kit Partec CyStain ultravi-
olet precise P (Partec, Münster, Germany).
Young leaves were crushed slightly using a
sharp razor blade in HR-A nuclei extraction
buffer and, after filtration though a Partec 30
mm Cell-Trics disposable filter, HR-B stain-
ing solution was added. The samples were
analyzed immediately using a PA-I Xow
cytometer (Partec) equipped with a 100-W
high-pressure mercury arc lamp. A leaf from
a diploid plant of Petunia hybrida was used
as a control sample.

Chromosome counts were also performed
on the putative polyploid plants. Actively
growing apical and axillary shoot tips were
excised from young plants and pretreated
with saturated p-dichlorobenzene solution
for 6 h. They were then washed with distilled
water three times and fixed in ethanol–acetic
acid (3:1) for 24 h at room temperature. The
fixed shoot tips were hydrolyzed in 0.2
mol�L–1 HCl for 15 min at 60 �C, after which
the shoot tips were rinsed three times with
distilled water and macerated in acetic acid
(45%) for 5 to 10 min. The macerated shoot
tips were placed on a microscope slide and
stained with Carbol fuchsin. The preparation
was gently squashed beneath a coverslip and
chromosomes in metaphase spreads were
counted under a light microscope.

Chimeric plant culture. The polyploid
plants developing from the original colchi-

cine-treated seedlings were chimeric for
ploidy levels. To obtain pure tetraploid
plants, tetraploid shoots or leaves were
excised from the chimeras and cultured in
vitro. Excised shoots were proliferated on a
Murashige and Skoog (MS) medium supple-
mented with either 0.5 mg�L–1 benzyladenine
(BA) and 0.05 mg�L–1 1-Naphtaleneacetic
(NAA) or 0.1 mg�L–1 BA and 0.01 mg�L–1

NAA. Leaf explants were incubated on an
MS medium containing 1.0 mg�L–1 BA and
0.05 mg�L–1 NAA to induce plantlet regen-
eration. The regenerated shoots were rooted
on half-strength MS medium. Plantlets were
acclimatized, transferred to a peat:perlite
(3:1) medium, and grown in a greenhouse.

Crosspollination of double-flower tetra-
ploids with single-flower diploid petunia
lines. The pure tetraploid plants were allowed
to flower and pollen samples were analyzed.
The diameter of the pollen grains was mea-
sured to support the diagnosis of the parent
plant’s ploidy level. Pollen grains were also
stained with Carbol fuchsin and observed
under a light microscope to control for
‘‘giant’’ pollen grains. The tetraploid plants
were used to pollinate three inbred single-
flower lines, S1, S2, and S3. The resulting
seeds were collected and grown to produce
mature plants of F1 progeny populations.

Relationship of flower phenotype with
ploidy level. The progeny plants obtained
from the cross of the tetraploid plants with
the inbred lines were analyzed with respect to
ploidy levels according to the techniques
described previously. These progeny plants
were also analyzed with respect to flower
characteristics such as form, diameter, and
color.

Statistical analysis. Data were evaluated
by analysis of variance and means were com-
pared using Duncan’s multiple range tests
to determine significant differences (P <
0.05).

Results

Colchicine treatment of seedlings and
ploidy determination of plants. Seedlings of
diploid double-flowered lines of Petunia
hybrida were treated with various concen-
trations of a colchicine solution (0.2 to 2.0
mg�mL–1), which was applied to their apical
tips over a period of 48 h. The majority of
seedlings survived the treatment and after 1
month, it was evident that 95% of the seed-
lings had developed abnormal morphologies.
Based on these observations, it appeared that
the different concentrations of colchicine
were all equally effective for the induction
of mutation (96.4%, 96.5%, 98.0%, and
100% corresponded to a solution of 0.2, 0.5,
1.0, or 2.0 mg�mL–1 colchicine).

The colchicine-treated seedlings showed
stunted growth (Fig. 1, B1, C1) when com-
pared with control plants (Fig. 1, A1); for
example, the internodal distance on the main
stem was reduced and stem diameter was
increased. After 2 weeks of growth, the
treated seedlings had produced only two to
three true leaves compared with on these

control plants, and these began to appear
thicker, greener, occasionally indented, and
with shorter petioles (Table 1). One month
later, more than 90% of these abnormal
seedlings still showed morphological abnor-
malities, notably larger and thinner leaves,
thicker stems, shorter internodes and reduced
overall plant height, increasingly evident
plant hairs and, in some instances, poor
growth vigor, and seriously malformed leaf
growth (Fig. 1, A1–C1).

Subsequently, analysis of stomata size,
cytometric analysis, and chromosome count-
ing were carried out to determine the ploidy
levels of the colchicine-derived seedlings.

Stomata size and the density of their
distribution over the abaxial leaf surface
were found to differ significantly (P # 0.05)
between known diploid plants and the mutated
seedlings (Table 1). Thus, the stomata of most
mutant plants were significantly larger than
those of diploid plants, whereas the number of
stomata over the leaf surface was significantly
reduced (Fig. 1, A2, B2, C2).

Flow cytometric analysis was used to
analyze the nuclear content of the plants,
which were colchicine -treated, altered mor-
phology, and larger stomata, and in most
cases, the data histograms derived from the
HR-B-stained nuclei showed one dominant
peak aligning to the ploidy level of the plant.
Thus, the G1 peak of nuclear preparations
from expected tetraploid material aligned
most strongly on channel 100 (Fig. 1, B4),
whereas control plants (diploid material)
showed a G1 peak on channel 50 (Fig. 1,
A4). In addition, mixoploid plants with both
diploid and tetraploid cells were identified by
the presence of two peaks of similar height
corresponding in fluorescence intensity to the
G1 peaks for diploid and tetraploid plants,
respectively (Fig. 1, C4). These plants were
considered most likely to be chimeras.

Cytological analysis identified the chro-
mosome number of diploid plants of Petunia
hybrida as 2n = 2x = 14 (Fig. 1, A3). In two of
the tetraploid plants (as identified by cyto-
metric analysis), the cells were found to be
larger than those of diploid plants with 28
chromosomes in each cell, i.e., 2n = 4x = 28
(Fig. 1, B3). As well as other tetraploid
individuals, some plants were found to be
octoploids or chimeras (Fig. 1, C3). Cytolog-
ical analysis was carried out on 20 individu-
als selected as putative polyploids on the
basis of morphological observation and sto-
matal analysis. The results showed that four
of these plants were tetraploids, five were
chimeras with both diploid and tetraploid
cells, nine were chimeras with tetraploid
and octoploid cells, and two were octoploids.
Cells with different chromosome number
were found in the same individual plant,
which indicated that chimeras were also pro-
duced by the treatment of colchicine. Of 20
mutant plants tested, cytometric analysis and
chromosome counting produced the same
diagnosis of ploidy level in each case.

Isolation of pure tetraploid plants from
chimaeras. To isolate pure tetraploid lines,
two independent plants were chosen that had
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developed from the apical tips of colchicine-
treated seedlings and had been confirmed as
tetraploid by both cytometric analysis and
chromosome counting. Shoots and leaves
were excised from these two plants and
cultured on regeneration medium. The result-
ing shoots were incubated on rooting medium
to obtain whole plantlets of purely tetraploid
cells (Fig. 1D–F). The tetraploid plants were
acclimatized and transferred to the field to
mature and flower. Observation of pollen

samples under a light microscope revealed
differently sized pollen grains in each indi-
vidual plant (Fig. 2A), suggesting that ploidy
segregation had occurred. Viable seed was
obtained by crossing these tetraploid plants
with three inbred diploid lines.

Vegetative phenotypes effects of polyploidy.
Plant morphological characteristics were com-
pared between lines with different ploidy
levels and a number of traits were identified,
which showed significant differences. Com-

pared with the original diploid line, the
colchicine-induced tetraploid plants of petu-
nia had significantly shorter and thicker
stems (Table 1), the leaf width was increased
significantly from 2.1 cm to 2.8 cm, and the
leaf shape index (leaf width/leaf length) was
increased significantly from 0.74 (diploid,
control) to 0.84 (tetraploid) (Table 1). The
leaves were also thicker in the tetraploid
plants, thereby appearing greener (Table 1).
Also in multiploid plants (i.e., 2n > 2x), the
internodal distance on the main stem was
significantly decreased and the stem diameter
increased compared with control (diploid)
plants (Table 1). Furthermore, the internodal
distance was significantly shorter than that
even of the tetraploid plants. However, the
leaf width and leaf index values were not
significantly different from control plants
(Table 1) and thus these quantitative traits
in multiploid plants were significantly
smaller than in the tetraploids. The thickness
and color of the leaves of multiploid plants
was comparable to those in the tetraploids,
being thicker and greener than in the diploids
(Fig. 2D). However, leaves of multiploid
(>4n) plants had the further feature of being
indented along the edge rather than smooth as
in tetraploid and diploid plants (Fig. 2E–F).
The number of petals and the diameter of the
flowers of tetraploid plants were not signifi-
cantly different when compared with the
original diploid plants (Fig. 3B–C). Multi-
ploid (>4n) plants produced some flower
buds, but most of them were malformed and
failed to develop as fertile flowers, although
those tetraploids and triploid plants did not
show the same results.

Segregation of flower form with ploidy
level in F1 progeny. Two homogeneous
tetraploid lines were derived from the origi-
nal chimeric tetraploid plants through tissue
culture methods. These were used as the
pollen donors for crosses with three inbred
diploid single-flower lines. In the F1 progeny
of each cross, both double-flower and single-
flower plants were obtained, but in all F1
progeny plants with double flowers, the petal
number was reduced significantly compared
with their double-flowered parent. Those
double-flowered F1 progeny plants, achieved
from whichever inbred diploid single-flower
lines were used as parents, presented change
of ploidy levels, including 2n, 3n, or 4n, and
they all produced normal flower. In each
case, flower color reflected the characteristics
of both parents (Fig. 3A), the F1 progeny
plants, either single- or double-flower plants,
show the middle color being close to the two
parents, including flower speckle such as
obtained from the S3 single-flower line, the
color of those semidouble flower plants
presented white flower speckles similar to
the single-flower line parents. Inheritance of
the quantitative trait of flower diameter
appeared more complex. The diameter of
flowers in the double-flower progeny of S1 ·
4X and S2 · 4X was 7.9 and 7.3, respectively,
and this was not significantly different from
that in the double-flowered parent. Flower
diameter in the single-flowered progeny of

Fig. 1. Development of polyploid plants from double-flower petunia lines. (A1–A4) Plant morphological
characters, stomata size, chromosome number, and flow cytometry results from young diploid plants of
double-flower Petunia hybrida (the origin of the tetraploid and multiploid plants). (B1–B4) Results as
stated previously, for tetraploids plants generated through colchicine application. (C1–C4) Results as
stated previously, for multiploid plants generated through colchicine application. (D) In vitro culture of
the stem explants from chimeric tetraploid and multiploid plants. (E) Shoot proliferation of in vitro
cultures. (F) Rooting of the regenerated shoots for homogeneous tetraploid and multiploid plantlets.
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these two crosses was 6.9 and 6.5, respec-
tively, and in the former cross, this corre-
sponded to a significant increase compared
with the S1 maternal parent (flower diame-
ter = 5.4) and in the latter cross showed no
difference from S2 (flower diameter = 5.8)
(Fig. 3C). Flower diameter in all progeny
plants of the S3 · 4X cross was the same as
that of the 4X parent and this was signifi-
cantly increased compared with that of the S3
parent. Cytometric analysis and chromosome
counting (Fig. 2, B1, B2, C1, C2) were
carried out in 38 randomly chosen F1 prog-
eny plants. The results showed that all 17 of

the single-flower plants were diploid and that
two semidouble-flower (showing more petals
than single flower, but dramatically decreas-
ing compared with double flower) progeny
plants from S1 · 4X and S2 · 4X crosses
were also diploids. Interestingly, the semi-
double-flower progeny all (Fig. 2G) were
polyploid and included triploids and tetra-
ploids; they did not fit the rule that all the
double or semidouble-flower F1 progeny
plants were polyploid, in which diploid plants
were involved, and that otherwise all the
semidouble-flowered plants were determined
as polyploid.

Discussion

We report the efficient in vivo induction
of chromosome doubling in double-flower
varieties of P. hybrida by the treatment of
seedling shoot tips with colchicine. We
describe the morphological characteristics
of the polyploids and the relationship of
ploidy level with the double-flower trait and
flower diameter. This provides some of the
first information regarding the relationship of
ploidy levels with floral architectural traits in
petunia and so has relevance to breeding
strategies for the improvement of double-
flowered petunia lines.

In this study, we found no influence of the
concentration of colchicine (0.2 to 2.0
mg�mL–1) that was applied to the apical shoot
tip on the effectiveness for mutant induction
in the double-flowered petunia lines. Plants
showing chromosome-doubling were derived
from a high proportion (95%) of the original
treated seedlings. Plants were also generated
that appeared to have inconsistent numbers of
chromosomes suggesting that in addition to
tetraploid plants, chimeras had been pro-
duced. Chimeras have also been reported in
several other species after the application of
colchicine either in vitro (Shao et al., 2003;
Thao et al., 2003) or in vivo (Schifino and
Fernandes, 1987). Therefore, we used the in
vitro culture of leaves or stems from the
chimeras to regenerate homogeneous tetra-
ploid plantlets and after rooting and acclima-
tization, these developed as tetraploid plants
of double-flowered petunia. Power and Sink
(1978) have previously reported the produc-
tion of tetraploid plants of single-flower
petunia through a similar route of colchicine
application and in vitro culture of shoot tips
regenerated from the resulting chimeras.

In several different plant species, poly-
ploidy is known to be associated with multi-
ple phenotypic effects, typically enlargement
of the flowers, leaves, and fruits, enhanced
duration of flowering, darker leaves, an
increase in leaf shape index (leaf width/leaf
length), and improvements in resistance to
pests and tolerance to stress (Kehr, 1996;
Zhang et al., 2008). We report that colchi-
cine-induced tetraploid plants of double-
flower petunia also display these trends.
Furthermore, plants with higher levels of

Table 1. Comparison of plant morphological characters in double-flower Petunia hybrida plants with various ploidy levels.

Diploids Tetraploids Multiploid Triploidz

Internodal distance of main stem (cm) 3.63 ± 1.08 a 2.50 ± 0.72 b 1.48 ± 0.17 c 2.85 ± 0.31 ab
Stem diameter (cm) 0.49 ± 0.05 b 0.68 ± 0.11 a 0.64 ± 0–06 a 0.69 ± 0.07 a
Breadth of leaf (cm) 2.1 ± 0.22 b 2.8 ± 0.25 a 2.1 ± 0.26 b 2.3 ± 0.19 b
Leaf index (width/length) 0.74 ± 0.06 bc 0.84 ± 0.07 a 0.70 ± 0.06 c 0.80 ± 0.04 ab
Thickness of leaf (mm) 0.48 ± 0.05 b 0.64 ± 0.08 a 0.68 ± 0.04 a 0.5 ± 0.02 b
Visual character of leaf Light green, smooth Green, smooth Green, accidented Light green, smooth
Length of stomata (um) 13.6 ± 2.95 c 19.7 ± 3.51 b 30.8 ± 2.07 a 15.7 ± 2.00 bc
Width of stomata (um) 11.3 ± 2.18 b 14.1 ± 1.94 b 22.1 ± 1.65 a 12.1 ± 2.59 b
Number of stomata per (10 um2) 7.2 ± 2.22 a 2.7 ± 1.71 bc 1.0 ± 0.82 c 4.0 ± 1.82 b
Length of petiole (cm) 3.2 ± 0.34 a 1.9 ± 0.09 c 1.3 ± 0.23 d 2.3 ± 0.12 b

Note: The tetraploid and multiploid plants were chimeras obtained after colchicine-mediated induction of chromosome doubling in diploid double-flower lines of
petunia and were identified through cytometric and cytological analyses.
zThe triploid plants were derived from a crossing of pure tetraploid plants (derived after the tissue culture of chimeric tetraploids) and the diploid inbred line S2.
Each value represents the mean ± SE of more than five plant individuals (the tetraploid plants derived from the two pured clones). Values in each row followed
by different letters are significantly different (P < 0.05).

Fig. 2. Analysis of F1 progeny Petunia hybrida plants from tetraploid (double-flower) · diploid (single-
flower) cross. (A) Mature pollen of tetraploid plants. (B1–B2) Chromosome number and flow cytometry
results of diploid F1 plants. (C1–C2) Chromosome number and flow cytometry results of triploid F1
plants. (D) The mature flowering plants of diploids and tetraploids (arrow indicates the tetraploid
plants). (E) Multiploid plants with mild phenotypic effects. (F) Multiploid plants with severe
phenotypic effects. (G) Triploid F1 plants with the double-flower form (indicated by arrow) alongside
the tetraploid double-flower parent, single-flower parent, and sibling plants.
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polyploidy were also obtained and they
showed an even more dramatic change in
morphology as compared with the diploids
(Fig. 2). Another typical characteristic of
polyploids is an increase in stomata size
and a concomitant decrease in their density
over the leaf epidermis (Beck et al., 2003;
Thomas et al., 2000). We also found in P.
hybrida that a comparative analysis for these
traits was an effective initial screen to dis-
criminate polyploid plants from diploids.

It has been reported for some Rosa cultivars
that chromosome doubling was associated
with an increase in the number of petals
(Kermani et al., 2003). In contrast, we found
that flower diameter and the number of petals
were not changed significantly in tetraploid
petunia plants, whereas the double-flower trait
was also retained as in the original diploid line.
However, we also observed that petunia plants
with higher levels of polyploidy developed as
mature plants but failed to produce fertile
flowers, although several abnormal flower
buds were seen. Thus, it seems that floral

development is in fact subject to the effects
of chromosome doubling. It may be that there
is a dose effect of the genes responsible for the
double-flower trait that impacts on general
flower development, but this suggestion will
require further investigation.

The pure tetraploid double-flower plants
were used as the pollen donors in crosses with
three inbred diploid single-flower lines. In the
F1 progeny populations, the diploid plants
showed flower characteristics (e.g., flower
color and diameter) that tended to reflect
those of the maternal parent. However, some
diploid progeny plants also displayed the
double-flower trait of the male parent (two
semidouble-flower progeny plants from S1 ·
4X and S2 · 4X crosses were also determined
as diploids), demonstrating that the double-/
single-flower phenotype did not consistently
cosegregate with ploidy level.

Interestingly, all polyploid individuals in
the F1 population (i.e., triploid or tetraploid
plants resulting from the segregated 2n or 3n
pollen grains, respectively, of the male par-

ent) had semidouble flowers, i.e., the number
of petals was intermediate between the dou-
ble and single forms. Thus, from the double-
flower phenotype of diploid plants and the
semidouble flowers of the polyploid progeny,
we infer that chromosome doubling is not
necessary but sufficient to cause increased
petal number. We interpret this to indicate
that two or more gene loci should be respon-
sible for the double-flower phenotype
because of the existence of most of diploid
progeny plants with single flowers in the F1
segregated population and few of diploid
double-flower plants..

In conclusion, we obtained polyploid
plants of double petunia by colchicine treat-
ment and combined this with in vitro culture
and plant regeneration to provide an efficient
method of obtaining pure tetraploid plants.
The tetraploid plants displayed a number of
morphological differences compared with the
original diploid line, but these tended to be
vegetative traits and the flower diameter and
petal number of the resulting tetraploid double-
flower plants were not increased significantly.
Significant changes, however, occurred in
both the vegetative and floral traits of plants
with higher ploidy levels. Sexual hybridiza-
tion between a tetraploid double-flower
paternal parent and diploid single-flower
maternal plant resulted in progeny popula-
tions that segregated independently for flower
form (i.e., single or double flower) and ploidy
level. Thus, crosses produced double-flower
petunia plants of different ploidy levels,
indicating that there is no direct relationship
between ploidy level and flower form.
Because diploid, triploid, and tetraploid dou-
ble flowers of petunia were found with no
significant difference in petal number, we
conclude that there is no gene dosage effect
with regard to this trait. Furthermore, al-
though chromosome doubling did not in-
crease petal number, it was found that
crossing double-flower tetraploid plants with
single-flower lines could produce some prog-
eny with decreased petal numbers relative to
the male parent.
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