
In this study, chromosome number and ploidy levels of Ipheion uniflorum cv. “Wisley Blue” (spring
starflower) were determined. In meristematic root tip cells, chromosome number was found as 2n = 12
and 4n = 24. The ratios of diploid and tetraploid cells were found as 80.74% and 19.26%, respectively. In
differentiated root tissues and mature leaf tissues ploidy levels were analysed by flow cytometry and
polysomaty were found in both organs. In differentiated root tissues, ploidy levels were found as 2C, 4C,
8C and 16C DNA. In root tissues percentages of 2C, 4C, 8C and 16C nuclear DNA content were
observed as 57.2%, 33.1%, 2.47% and 7.23%, respectively. In mature leaf tissues, ploidy levels were
determined 2C, 4C, 8C and 16C DNA. In this tissue the frequency of 4C DNA was found very higher
(74.3%) and 2C DNA content was determined as 19.2%. In mature leaf tissue, 8C and 16C nuclear DNA
contents were observed as 2.72% and 3.78%, respectively. When nuclear DNA contents in leaves and
roots were compared, an apparent difference in 2C and 4C DNA contents was found.
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INTRODUCTION

Ipheion Rafin. genus is represented with 10 species in South America [10). Ipheion
uniflorum (R. C. Graham) Rafin (spring starflower) is the species native in Argentina
and Uruguay, where it is widespread. Three colour forms are shown here: “Froyle
Mill” a dark-flowered form named after a garden in Hampshire. It is not as strongly
growing as the other forms; “Wisley Blue”, named after the RHS Garden at Wisley,
Surrey; a strong-growing pure white form. The commonest form in cultivation is
smaller than “Wisley Blue”, and is a pale silvery lilac colour. The crushed leaves
smell faintly like onion, the flowers like soap [10]. This species has been included in
and moved between many different genera. Some alternative botanical names
include 7 synonyms. Synonymus are as follows; 1. Triteleia uniflora Lindl., 2.
Tristagma uniflora (Lindl.) Traub., 3. Milla uniflora Graham, 4. Leucocoryne uniflo-
ra (Lindl.) Greene, 5. Hookera uniflora (Lindl.) Kuntze, 6. Brodiaea uniflora
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(Lindl.) Engl., 7. Beavverdia uniflora (Lindl.) Herter. [10]. Diploid chromosome
number of Ipheion uniflorum is 2n = 12 [1].

Flow cytometry is the method of choice for the determination of nuclear DNA
content and ploidy level in plants and its use for this purpose increases day by day
[12, 15]. Flow cytometry method can provide information about ploidy level, cell
cycle activity and 2C nuclear DNA content of plant tissue [14, 15]. Ploidy levels
have been traditionally determined by counting chromosomes of stained root tips.
This method is laborious and often difficult in some species that have small chro-
mosomes and high ploidy levels. Also, nuclear DNA content in plants is generally
estimated by Feulgen microdensitometry of root tip mitotic cells. In recent years,
flow cytometry has been a widely used technique for estimating the nuclear DNA
content and ploidy levels, since it is reliable, quick to apply and has a high level accu-
racy [4]. Standard flow cytometry of diploid tissue results in a histogram with two
peak regions. The first peak region correspond to cells in the G0/G1 phase of the cell
cycle corresponds to the 2C DNA content. The second peak shows cells in G2 or
mitosic phases. But two peaks are seen in differentiated tissues with polysomaty.

Somatic polyploidization (polysomaty) is caused by cells entering the endo-cycle.
Polysomaty is seen in various tissues and organs of angiosperms [4, 12]. Especially
vascular tissues show higher ploidy levels [16]. Somatic polyploidization can lead to
cell expansion and the extent of polysomaty may affect the size and the morphology
of the tissues [9]. Thus polysomaty might be important for ornamental plant species.
During the last 20 years, flow cytometry technique has been used in determination of
polysomaty [7, 12, 16].

In this study, we aimed to determine the ploidy levels in meristematic root tip cells
and in differentiated tissues of Ipheion uniflorum cv. “Wisley Blue”. The levels of
ploidy and existence of polysomaty in differentiated root tissues and mature leaves
tissues were determined by flow cytometry.

MATERIAL AND METHODS

Plant material

Ipheion uniflorum was collected from the garden in Edirne in European Turkey.
Plants were grown at greenhouse of Trakya University, Biology Department.
Voucher specimens were placed in Herbarium of Trakya University (EDTU).

Karyology

Chromosome slides were made by using a standard root-tip squash technique [11].
Ten plants were selected randomly for karyological study. Adventive root tips for
chromosome counting were excised from the bulbs. Root tips for karyotype analyses
were pretreated with ABN for 24 hours at +4 °C then fixed in Carnoy (3 ethyl alco-



hol, 1 acetic acid) for 24 hours. The root tips were hydrolyzed with 1 N HCl for 15
min. at 60 °C in an oven. They were stained with Feulgen reagent for 2 hours in dark-
ness at 25 °C. Dissected meristems were squashed and counterstained with acetic
orcein. The slides were examined under an Olympus Photomicroscope and cells in
metaphase stages of mitotic division were counted. The proportions of cells with
diploid and tetraploid chromosome numbers were estimated within all cells with
metaphase chromosome. Photographs of diploid and tetraploid cells were taken with
the same microscope.

Flow cytometry

Mature leaves and differentiated root tissues obtained from ten different plants were
sliced with a razor blade in Galbraith chopping buffer (45 mM magnesium chloride,
30 mM sodium citrate, 20 mM 4-morpholinepropane sulfonate, and Triton X-100,
pH 7.0) [5]. The prepared cell suspension was filtered through a 40 μm nylon mesh
and then stained with propidium iodide (PI) for 20 minutes in darkness. The nuclei
were analyzed on a Beckman Coulter EPICS XL series flow cytometer. All analyses
were performed at Dr. Pakize Tarzi Laboratories, Istanbul, Turkey. At least 5000
nuclei were counted for each sample and analyses were replicated for three times.
The data were analyzed by Multicycle software.

RESULTS

Karyology

The root tip meristematic cells of Ipheion uniflorum cultivated in the garden in
European Turkey were investigated. All investigated materials were found to be
diploid 2n = 12 (basic chromosome number x = 6) (Fig. 1). Tetraploid cells (4n = 24)
were also observed within diploid plants (Fig. 2). In prepared meristematic root tip
slides, diploid and tetraploid cells were counted. The cells which were in the
metaphase stage of the mitotic division were included in the evaluation. The ratios of
diploid and tetraploid cells were found as 80.74% and 19.26%, respectively. 8n and
16n chromosome numbers in meristematic root tips cells were not observed. Results
are shown in Table 1.
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Table 1
Diploid and tetraploid cell counts in meristematic root tip cells

of Ipheion uniflorum

Ploidy levels 2C 4C 8C 16C

Counts 1090 260 – –
Ratios (%) 80.74 19.26 – –
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Fig. 1. Diploid cell from root tip meristem of Ipheion uniflorum (2n = 12). Bar = 10 μm

Fig. 2. Tetraploid cell from root tip meristem of Ipheion uniflorum (4n = 24). Bar = 10 μm



Flow cytometry

Ploidy levels were analysed by flow cytometry in differentiated root tissues and
mature leaf tissues and polysomaty was found in both organs. In differentiated root
tissues, ploidy levels were found as 2C, 4C, 8C and 16C DNA (Fig. 3). The diploid
DNA content (2C) in 57.2% of all cells was determined in differentiated root tissues.
Tetraploid cell ratios were found as 33.1% of the total cells. Besides 8C and 16C
nuclear DNA content in root tissues were found 2.47% and 7.23%. The coefficient
of variation (CV) of the peaks ranged from 0.52% to 1.68% in all analysis of root tis-
sues. In mature leaf tissues 2C, 4C, 8C and 16C nuclear DNA contents were deter-
mined (Fig. 4). In these tissues the frequency of 2C nuclei was low (19.2%). 4C
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Fig. 3. Flow cytometric histogram of differentiated root tissues of Ipheion uniflorum

Table 2
Ratios of ploidy levels in differentiated root and leaf tissues

of Ipheion uniflorum

Material 2C 4C 8C 16C

Differentiated root tissue (%) 57.2 33.1 2.47 7.23
Mature leaf tissue (%) 19.2 74.3 2.72 3.78
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nuclear DNA content was found as 74.3%. 8C and 16C DNA contents were 2.72%
and 3.78%, respectively. The coefficient of variation (CV) of mature leaf tissues was
found between 0.13 and 2.43. The results are summarized in Table 2.

DISCUSSION

In this study, chromosome numbers and ploidy levels of diploid Ipheion uniflorum
cultivated in European Turkey were investigated. The diploid chromosome number
of Ipheion uniflorum is 2n = 12 and the basic chromosome number was x = 6 like in
Brodiaea (closed taxon; x = 5, 6, 7, 8) [2]. The chromosome numbers usually report-
ed for the species of Brodiaea and Triteleia genera are 2n = 10, 2n = 12, 2n = 14,
2n = 16, 2n = 18, 2n = 28, 2n = 32, 2n = 36, 2n = 42, 2n = 48, 2n = 50 and they were
obtained from North America and California materials [2].

According to the karyological results of our current study, the meristematic cells
of diploid Ipheion uniflorum showed different chromosome numbers (2n = 12 and
4n = 24). Therefore, ploidy levels of differentiated tissues were determined by flow
cytometry. Flow cytometric results showed that ploidy levels of differentiated leaf
and root cells of Ipheion uniflorum were different. In cells of these tissues of Ipheion

Fig. 4. Flow cytometric histogram of mature leaf tissues of Ipheion uniflorum



uniflorum nuclear DNA contents ranged from 2C to 16C. When 4C nuclear DNA
content in leaves and roots were compared apparent difference and leaves had high-
er 4C nuclear DNA content than roots. While root cells of Ipheion uniflorum had a
33.1% 4C DNA content, leaf cells’ 4C DNA content was 74.3%. Zonneveld and Van
Iren [16] reported that in roots cells of Hosta cultivars contained a 25–50% ratio of
double DNA content. High ploidy levels in leaf tissues were also reported in several
previous studies [7, 9]. According to Mishiba and Mii [9] high ploidy cells in mature
leaf tissues of Portulaca grandiflora are higher in number than those with lower
ploidy levels. On the contrary, young leaves contain the lowest ploidy cell popula-
tion [9].

In Mesembryanthemum crystallinum the distribution of polyploid nuclei were
found to be organ-specific [3]. Endopolyploidy in Arabidopsis thaliana has been
described for leaf and stem epidermal cells [8]. Similar systemic endopolyploidy has
been reported in tomato [13] and cucumber [6]. Smulders et al. [13] and Mishiba and
Mii [9] suggested that the development of endopolyploidy is genetically regulated.
According to De Rocher et al. [3] polisomaty is common for leaf tissues of succulent
plants. Mishiba and Mii [9] reported in mature leaves of Portulaca grandiflora, that
high ploidy cell populations (64C) were found more frequently than low ploidy pop-
ulations (2C). It is possible that during maturation tissues might increase ploidy lev-
els and endopolyploidy in plants constitute an essential part of the developmental
program that is necessary for differentiation and for the specialized function of given
cells and tissues. For instance, vascular tissue cells and water storage cells have a
higher DNA content [9, 16].

The results of our study demonstrated differences between ploidy levels in somat-
ic tissue of diploid Ipheion uniflorum cv. “Wisley Blue” were correlated to endoredu-
plication. Flow cytometry provides a rapid and easy possibility of screening ploidy
levels in samples belonging various tissues.
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