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Abstract

To induce polyploidy in diploid control plant of Vicia faba, seeds were socked in various concentrations of colchicine
(0.1, 0.2, 0.3 and 0.4 %) for 9 and18 h. Putative ploidy plants were confirmed by screening morphological characters,
measuring DNA content via spectrophotometer and analyzing stomatal behavior. Polyploidy plants showed slower
growth rate along with increased potency and thickened large leaves. Three types of polyploidy were achieved; triploid,
tetraploid and mixoploid. In induced polyploid plants, the length and width of stomata were increased, while the index
of stomata was declined, in comparison to the initial diploid plants. Treatment with 0.3 and 0.4 % colchicine for 9 and
18 h were efficiently induced polyploidy. The highest stomatal size (22.53 pm) and widest stomatal aperture (9.72 pm)
and the lowest stomatal index (34.24) where obtained when 0.4 % of colchicine where applied at 18hr tested time with
high significant differences at p<0.05 in comparison to dipliod plants. We recommend this method for induction of
polyploids in other different crops and possibly will selected these tetraploid plants for further breeding purposes.
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1 Introduction

Artificial polyploidy is considered as a valuable tool for improving the genetics of many plants and consequently changes
the morphological, anatomical, and physiological characteristics of plants [1, 2, 3]. Polyploid species had improved
potency and performance compared to their diploid, polyploids were used as one of the main targets of plant breeding
programs [4]. The plants caused by polyploidy have increased a range of morphological and yield characteristics, such
as higher height, larger tuber, rhizome or root size [5]. Increased biomass, increased photosynthetic capacity, larger
flowers, fruits and seeds, compared with their diploid relatives [6]. It also increases the production of essential
medicinal compounds and makes the plants more stress-resistant [7,8,9]. Polyploidy induction may occur through
sexual polyploidization, or asexual chromosome duplication. Inhibiting mitotic spindle fibers from forming into induced
polyploidy by applying some chemicals induces polyploidy in plants. Colchicine is the most well-known of these
chemicals, which often causes chromosome duplication [10]. It has been used for many years in plant breeding approach
[11,6]. Under in vitro conditions, colchicine is used as an anti-mitotic agent for chromosome duplication. The effect of
colchicine on in vitro chromosome duplication is different in terms of its concentration, method and duration of
treatment, and also in terms of genetic factors of treated plants [8,11]. The polyploidy generation methods are divided
into direct and indirect methods. Chromosome counting in mitotic cells and the measurement of DNA content were used
as direct methods, while cytological features such as stomata cell size, stomata density, pollen grain diameter and
number of chloroplasts in guard cells were used as indirect methods of polyploid determination [11,12,13]. The
Fabaceae family Faba bean (Vicia faba) is an agricultural crop, as well as an important model plant for molecular
genetics. The number of Faba bean chromosomes is 2n=12, with one metacentric pair and five sub-telocentric
chromosome pairs. DNA content is a strong ploid level predictor as it increases with the chromosome replication that
occurs in polyploidy. The optical density of extracted DNA, measured by spectrophotometry and/or by electrophoresis
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of the agarose gel, will therefore also rise. These methods also speed up the process of ploidy determination of in vitro
regenerated plants and provide a rough estimate of ploidy changes after ploidy induction [14]. Also stomatal behavior
as an indirect method was used for recognition of polyploid in various plants. Morphologically, the effects of polyploidy
were assessed using morphological features of the leaves and stomata were known to be affected by ploidy level [15,16].

The objective of the present work was to generate the polyploid of diploid Vicia faba plants using colchicine and then
determine the ploidy plants by investigating different morphological diameters, measuring DNA content, and studying
stomatal behavior.

2 Material and methods

2.1 Seed treatment

Disinfected seeds (180) of faba bean were presoaked in distilled water for 20 h at 25+2 °C and then germinated in
sterilized cotton for 4-7 days. Thereafter, seeds were transferred to (0.1, 0.2, 0.3 and 0.4 %) of colchicine (talented in
100 ml distilled water) for two periods of 9 and 18 hours. After treatment, seeds were washed under running tap water
for one hour and then sown in the earthen pots in the Botanical garden. For control, 20 seeds each were soaked in
distilled water for 9 and 18 h and then sown in the earthen pots. Finally, Vicia faba seeds were sown on (1 soil: 1
botams:1/4 sand) in 10 cm pots and grown under a 16 h light/8 h dark regime with relative humidity of 65 - 70 %. All
measurements were conducted in 3 - 4 weeks old.

2.2  Selection of ploidy plants and analysis

On the basis of morphology, putative polyploid plants were selected as they appeared to be longer in length, thicker and
darker leaves and showed delayed growth in comparison of diploid control plants.

2.3 Isolation of genomic DNA

Leaf material from treated and untreated plants was used for DNA extraction. 700 pl extraction buffer (200 mm Tris-
HCI, pH 8.0, 250 mM NacCl, 25 mM EDTA, pH 8.0 and 0.5 % SDS) was added to the plant material after macerating in a
1.5 ml Eppendorf tube. The tube was vortexed briefly and centrifuged for 1 min at 18,000 rpm. The supernatant (600
ul) was then transferred to a fresh Eppendorf tube. 600 pl absolute isopropanol was added and the sample centrifuged
at 18,000 rpm for 5 min. Without disturbing the DNA pellet in the bottom of the tube, the supernatant was removed
using a Pasteur pipette. The DNA pellet was dried to remove any remaining liquid and finally, DNA re-suspended in 100
ul of sterile deionized water and stored at -20 °C. Genomic DNA was extracted from four randomly selected leaves from
control and each treatment and spectrophotometry analyzed the DNA material by measuring the optical density at 260
nm [17].

2.4  Analysis of stomatal behavior

2.4.1  Analysis of stomatal numbers

Impressions were made of the abaxial (lower surfaces) surface of leaves for epidermal cell and stomatal counting. Three
mature fully expanded rosette leaves were excised from three different plants of each treatment (9 leaves in total). Clear
nail polish was used to make the impressions of the widest area of each leaf and left for a few minutes to set and allowed
to completely dry. Nail polish patches were gently peeled. The peeled impressions were then placed on clean slides and
the cover slip placed over [18]. Three different areas for each impression patch were examined under the light
microscope. The number of stomata and epidermal cells were also obtained to calculate stomatal index using the
equation:

) stomatal number
Stomatal index = - X 100
stomatal number + epidermal number

2.4.2  Stomatal size and width analysis

Direct measurements of stomatal apertures were taken using nail polish epidermal strips. The abaxial epidermis was
peeled from fully expanded leaves and analyzed using a method described by [18]. Strips of abaxial epidermis were
prepared from three to five leaves of each treatment. Stomatal apertures were measured when appropriate. Pore
lengths and widths were observed by light microscopy (Olympus BX41) using a fitted camera (Olympus digital camera
unit). To measure the stomatal size, the measurements were started from the top beginning to the bottom end of the
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whole stoma. Whereas, to measure the stomatal width, the measurements were started from the beginning of the outer
lip of first guard cell to the outer edge of the second guard cell outer lip. At each time point, 40 cells were measured for
each treatment. Therefore, 120 stomata were measured for control and each treatment. To process the captured images,
Image] 1.48 software was used in order to measure the stomatal length and width.

2.5 Statistical analysis

Un-paired t-tests were used to compare the stomatal length, width and index of both controls and polyploidy plants. For
each time point, 3 to 5 replicates were used for treated and un-treated plants and 120 stomata were measured. Data
were performed using Minitab computing software, results with p<0.05 were considered to be statistically significant.

3 Results

3.1 Spectrophotometric analysis

The spectrophotometric analysis indicated four different kinds of ploidy level; diploid, triploid, tetraploid and
mixoploid. The means of DNA content of untreated plants was 22.75 hg whereas 35, 44 and 79 hg were obtained in a
putative triploid, tetraploid and mixoploid plants respectively. Induced polyploids differed among the colchicine

treatments of both concentrations and periods.

3.2 Leafand stomata morphological characteristics

Polyploidy plants were evaluated morphologically, using traits known to be affected by ploidy level such as plant height,
leaves number and leaf thickness [15,16]. Polyploidy plants were higher and had thicker stems and darker, bigger and
thicker green leaves than diploid. Polyploidy were taller than the diploid plants of similar age (Figure 1.A and B). Six
weeks old polyploidy plants had larger and thicker leaves than the diploids, (Figure 1.C and D).

Figure 1 Field variation between diploid and tetraploid Vicia faba. Control plant height (A), tetraploid plant height
(B); diploid (C) and tetraploid (D) leaf size.
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In regard to stomatal characteristics, polyploidy plants had larger stomatal size and fewer stomatal number than control
plants (Figure 2). In polyploidy leaves; stomatal length and width (Figure 3 and 4) were significantly larger than control
plants whereas stomatal index (Figure 5) were significantly less in polyploidy plants than in diploids. Our outcomes
indicating that two concentrations of colchicine (0.3 and 0.4 %) were successfully able to induce tri and tetraploidy in
both time points (9 and 18 hr) in Vicia faba. There was a significant difference between control and putative triploids
that treated with 0.3 % of colchicine in all off stomatal size, aperture and index. 17.21 pm of stomatal size, 7.5 pm of
stomatal aperture and 42.34 of index were achieved for diploid control plants whereas putative triploids had higher
stomatal length 21.03 pm, width 8.99 pum and lower 37.08 stomatal index than diploids. Furthermore, the highest
stomatal size (22.53 pum) and the broadest stomatal aperture (9.72 um) and the lowest stomatal index (34.24) where
obtained when 0.4 % of colchicine where applied at 18h tested time with high significant differences at p<0.05.
Although, mixoploidy plants had the highest amount of DNA in comparison to control plants, no significant differences
in stomatal size (17.07 and 18.6 pm) and stomatal aperture (6.99 and 7.77 pum) and also stomatal index (43.08 and
43.82) in comparison with control plant at both collection times after treatment with 0.1 of colchicine. Significantly,
lower stomatal index was observed in polyploidy than diploid plants (Figure 5). The average of stomatal index in control
diploids was 42.34 in 9 hours’ time point, whereas polyploidy plants had 41.4 and 38.68 when treated respectively with
0.3 and 0.4 % colchicine. Unsurprisingly, after 18 hours of incubation time, the stomatal index reduced to 37.08 and
34.24 with same treatments.

Figure 2 Stomata characteristics of Vicia faba. A. Stomata size of diploid control plants (bars 10 um). B Stomata size of
polyploidy plants (bars 10 um). C. Stomata density of control plants (bars 100 pm). D. Stomata density of polyploidy
plants (bars 100 pm).
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Figure 3 Stomatal size of control and treated plant with different concentration of colchicine. Stomatal size was
measured from the abaxial peels of detached fully expanded leaves following treatment with colchicine. Error bars
represent the standard error. Significant differences from control indicated with different letters (p<0.05).
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Figure 4 Stomatal width of control and treated plant with different concentration of colchicine. Stomatal apertures were
measured from the abaxial peels of detached fully expanded leaves following treatment with colchicine. Error bars
represent the standard error. Significant differences from control indicated with different letters (p<0.05).
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Figure 5 Stomatal index of control and plant treated with different concentration of colchicine. Stomatal index was
calculated from the abaxial surface of fully expanded leaves. Error bars represent the standard error. Significant
differences from control indicated with different letters (p<0.05).

4  Discussion

One of the most features that can be used as a strong indicator of the ploidy level in plants is measuring DNA content.
Optical density of total DNA content of Vicia faba plants treated with 0.3 % colchicine for 18 h had nearly one and a half
of diploid DNA content which confirms triploids. Total DNA content of 0.4 % treated plants for 18h was almost twice
that of control groups representing tetraploids. Surprisingly, plants treated with 0.1 % of colchicine had three times
that of control groups might representing mixoploids as had no significant differences in comparison with diploid
control plants in analysing morphological features and stomatal characteristics. As a result of chromosome replication
that occurs in polyploidization, the total DNA content of plants increases. Amount of DNA can be used as an indicator
for ploidy determination, so we used a spectrophotometer to calculate the optical density of extracted DNA in the
treated plants and compare it with the control group. This method is quick and simple and reduces the time needed to
assess ploidy of regenerated plants in vitro. Raza et al., documented this method 's effectiveness in the determination of
watermelon ploidy levels [14]. Our findings also agree with related studies performed by [19,20]. Based on these results,
spectrophotometer had an important role in identifying mixoploids in the present work. The chromosome elimination
is one theory which could explain the occurrence of mixoploidy in the present work. [21] and [22] working in triploid
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elephant grass and millet with chromosomal duplication induction, found mixoploidy in most of the plants studied.
Mixoploids may arise because of colchicine as an antimitotic agent may not always reach all of the actively dividing parts
on a plant [23]. Several authors [24,25,26] have reported different effects of antimitotic agents when different tissues
are targeted or different treatment periods are used. The efficiency of colchicine was documented for variant induction
in several crops, medicinal and flowering plants [27,28,29]. The survival factor after colchicine treatment depends on
the concentration and duration of the treatment. A higher concentration and longer duration of colchicine decreased
the survival rate or increased the shoot tip mortality rate which supports earlier observation [30]. The lower
concentration with longer period of colchicine applications results in greater frequency of induction of polyploidy [31].
In current study, lower concentrations and two different time periods were applied. We found that the morphological
characteristics of treated plants such as number and thickness of Faba Bean induction plants leaves were increased and
display slower growth rate. The growth rate of treated plants was slower than that of the control, especially in plantlets
resulting from 18 h of treatment with colchicine. These morphological changes have been used to identify putative
polyploidy plants. Our results were in agreement with some previous studies who reported that induced tetraploid
plants grow at a slower rate than the control ones [32,33]. The reduced growth rate after colchicine treatment was also
noted by [34] who reasoned that the decreased rate of polyploids was caused by physiological disruption caused by
colchicine, which causes a reduction in the rate of cell division. Another possible reason, might be the smaller amounts
of growth hormones present [35,36]. The remarkable differences in the tetraploid plants in leaf morphology and
ultrastructure might also be explained by their abundant levels of steviol glycosides, since leaves is the main tissue for
both the synthesis and primary deposition of glycosides [37,38]. One of the most appropriate indirect way to determine
polyploids induction is analyzing stomatal behavior [39]. Stomata length as a measure of stomata size can be an
indicator of ploid levels and has been used for the determination of ploid levels in different plant types [3,40,41,42]. In
comparison of stomata characteristics between diploid and polyploid plants, our data reflected the significant increased
length and width (Figure 3) of stomata in Faba Bean polyploid plants induced by colchicine, as opposed to their diploid.
Microscopic observations have also shown significant reduced of stomatal index in the polyploid achieved plants in
comparison to diploid-intact plants, (Figure 4). The lower stomatal index, most likely due to the larger stomata and
epidermal cells as well as reduced stomata differentiation [43]. Many ploid-induction studies have also reported
dramatic increases in stomata length and width, and decreases in stomatal count in colchicine-induced polyploid plants
[9,44,45]. It draws support from [28]'s finding that the larger leaves in colchicine treated aloe retained an improved
stomata length. Similar findings have been found on coffee and cassava [46,47]. The greater stomata and decreased
frequency supported the polyploidy nature plants in the present study. Stomatal variations have been shown to be
reliable and efficient ploidy markers, and sometimes faster than chromosomal counting tests [48,49].

5 Conclusion

In this study, in vitro, effective concentrations of colchicine were introduced for polyploid generation. The measurement
of the optical density of the total DNA content via spectrophotometer allows easy recognition of putative polyploids.
Morphological characteristics, such as plant height, leaf thickness and size were increased in polyploid plants as
compared to their diploid. In ployploid plants, stomata length and width were also increased, while the stomata index
of diploid plants was greater than induced polyploid plants. Using different methods, we conclude that all methods can
be successful in determining rates of ploidy.
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