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1. Introduction 

Polyploidy is a very common phenomenon in spe-

cies of angiosperms and vascular plants (Wendel, 
2000; Moghe ve Shiu, 2014). Polyploid species can be 

classified into allopolyploid and autopolyploid based 

on the origins and levels of ploidy (Chen, 2010). Auto-

polyploid results from doubling a diploid genome, 

while allopolyploids are formed by the combination of 

two or more sets of distinct genomes. In addition to 

polyploidy, plant species have been shown to be either 

intraspecific or interspecific hybrids (Mavárez ve ark., 

2006) and many plants showing an apparent diploid 

inheritance are actually paleopolyploids (ancient poly-

ploids), which derived from at least one event of 
whole-genome duplication followed by massive gene 

loss and genomic reorganization through a process 

known as diploidization (Wolfe, 2001). 

                                                
*
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Polyploidy induction has been successfully applied 

to crop, ornamental, and medicinal plants in order to 

obtain lines exhibiting new agronomical characteris-
tics. This procedure has provided plants that are seed-

less, with larger fruits and flowers, and with enhanced 

pest resistance and physical stress tolerance (An ve 

ark., 2014). The presence in polyploid crop species of 

larger fruits, leaves, and kernels can improve their 

marketing in comparison to their diploid counterparts, 

and because polyploid species exhibit features adaptive 

to the presence of various biotic and abiotic stresses-

such as drought, salinity, extreme temperatures, and 

resistance to various pathogenic diseases-these plants 

have the potential to adapt to future climate changes 
(Brochmann ve ark., 2004; Hahn ve ark., 2012). Thus, 

cultivation of polyploid species could reduce economic 

losses.  

The induction of polyploidy in horticultural and ag-

ronomic plant species is based on the application of 

dinitroaniline antimicrotubule drugs such as colchicine, 
oryzaline, and triflurarin. 
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 The present study was conducted to polyploidy possibility induction of grapes 
in the experiment, apical meristem was treated by colchicine. The factorial 
experiment based on randomized completely design with tree replications. The 

factors including different colchicine concentrations (0 as control, 1 gL-1, 2 gL-

1, 3 gL-1, 4 gL-1, 5 gL-1, 6 gL-1) and four diploid grape genotypes cv. ‘Gök 
Üzüm’ (Vitis vinifera L.) which came from conventional ancient time and have 
a perfect adaptation to the territory, and cv. ‘Trakya İlkeren’ (Vitis vinifera L.) 
was bred in last two decades in Turkey, and ‘Isabella’ (Vitis labrusca L.) and 
41 grape rootstock [Chasselas (Vitis vinifera L.) x (Vitis berlandieri Planch.)] 
were used. With this purpose eight colchicine doses were dropped to meriste-
matic part of young plantlets twice a day (at 8.30 am and 18:00 pm) during 3 

days when first true leaves emerge in greenhouse (25°C during day and 20°C 
at night). The morphological and cytological parameters were evaluated 16 
weeks after the polyploidization treatments. Based on the size and shape, and 
density of stomata, the number of chloroplasts in guard cells, and chromosome 
counting in the root tip-end indicated that these descendants were diploids 
2n=2x=38 like their parents that colchicine-induced mutation was failed in 
tested grape genotypes for tetraploid induction. On the other hand, only in the 
cv. ‘Trakya İlkeren’ an aneuploidy was observed by 5 gL-1 colchicine treated 
plantlet.  Aneuploid ‘Trakya İlkeren’ plantlet was identified as 2n = 2x = 40. It 

is seeming that grape genotypes hardly response to colchicine induction for 
genome doubling. This is the first report for colchicine-induced aneuploid in 
grapes. 
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The treated seedlings were first examined morpho-

logically and then analyzed by root tip-end slicing to 

verify the ploidy structure of the meristematic cells 

from. The numbers of chromosomes vary mainly in 

two ways. These are changes in euploid (in the chro-

mosome set) and aneuploid (decrease or increase of 

some chromosomes in the genome) (Park et al., 1999, 

2002, 2010; Acanda et al., 2013; Maheshwari et al., 

2015; Sattler et al., 2016; Lee et al., 2017; Midin et al., 

2018). 

In this study, the effects of colchicine on grape 

genotypes seedlings were studied for induction poly-

ploidy or aneuploidy in vivo. 

2. Material and Method 

2.1. Plant material 

In this study 41 B [Chasselas (Vitis vinifera L.) x 
(Vitis berlandieri Planch.)], ‘Gök Üzüm’ (Vitis vinifera 

L.), ‘Trakya İlkeren’ (Vitis vinifera L.) collected from 

Selcuk University Faculty of Agriculture Department 

of Horticultre collection vineyard and ‘Isabella’ (Vitis 

labrusca L.) collected from Ondokuz Mayis University 

Faculty of Agriculture Department of Horticultre col-

lection vineyard seeds were used.  

2.2. Colchicine  

Colchicine is an alkaloid extracted from meadow 

saffron (Colchicum autumnale L.) and the most widely 

used antimitotic agent for polyploidy induction 

(Planchais ve ark., 2000). The mechanism of action of 
colchicine involves its binding to a- and b-tubulin di-

mers, inhibition of micro-tubule polymerization during 

the cell cycle and prevention of chromo-

some/chromatid migration during anaphase. Conse-

quently, cytokinesis will also be compromised, result-

ing in the formation of cells with doubled chromosome 

number. Colchicine has low affinity for plant tubulins 

and must be used at millimolar levels for effective 

polyploidy induction in plants  (Dhooghe ve ark., 

2011). Besides, through the use of colchicine, artificial 

plant polyploidy may also be achieved with other clas-
ses of antimitotic agents, such as the herbicides di-

nitroanilines (trifluralin and oryzalin) and phosphoric 

amides (amiprophos-methyl and butamiphos). These 

substances have higher affinity for plant tubulins. 

Therefore, micromolar concentrations of such agents 

might produce the same results as colchicine treatment 

(Planchais ve ark., 2000, Sattler et al., 2016). 

2.3. Seedling treatment  

In the experiment, the seeds were planted in plant-

ing trays. At the emergence of cotyledon stage, the 

seedlings were immerged in the colchicine doses (0 gL-

1, 1 gL-1, 2 gL-1, 3 gL-1, 4 gL-1, 5 gL-1, 6 gL-1) for 72 h. 
In each treatment, 30 seedlings were used. The treated 

seedlings were washed with distilled water and careful-

ly planted in the pots filled with a mixture of leaf mold: 

sand: loam soil (1:1:1). The pots were put in green-

house with 16 h light period, 25/20°C day/night tem-

perature and 65% humidity.  

2.4. Stomatal observations  

For this purpose, ten diploid seedlings (control) and 

ten colchicine treated plants were randomly selected. 

Measurement and scoring were performed for four 

well-expanded leaves of each plant. Three samples of 

epidermal cells were obtained from lower surface by 

nail varnish technique. A small area of the abaxial side 

of leaves was covered with a thin layer of clear nail 
polish and left to dry. Then, it was removed with a pair 

of ne tip forceps. The polish strips were mounted on a 

microscope slide and then evaluated for the density and 

size of leaf stomata under the light microscope (Olym-

pus BX40, Shinjuku, Tokyo, Japan) at 40× and 100× 

magnification (Hamill et al. 1992; Saharkhiz 2006; 

Ghani et al. 2014).  

2.5. Chloroplast count 

The chloroplast counting was performed to deter-

mine the ploidy level of the grape seedlings. Preparates 

were prepared to perform chloroplast counting from 
plant material by modified the protocol of Yuan et al. 

(2009) in the study. Firstly, fresh leaf was discoloured 

in Carnoy solution, then immersed in sterile water for 

2-5 min, and then stained with 1% I-KI solution for 30 

s. Finally, chloroplast number was counted under the 

light microscope (Olympus BX40, Shinjuku, Tokyo, 

Japan) at 40× and 100× magnification. 

2.6. Chromosome count  

Seedlins that had 0.5–1.0 cm long roots were pre-

treated with 0.002 M 8-hydroxyquinoline (8-HQ) for 4 

h at room temperature. The roots were then washed in 
distilled water for 5 min. The root tips were fixed in 

Carnoy solution (ethyl alcohol and acetic acid, 3:1) at 

room temperature for 24 h. The samples were rinsed 

twice with distilled water and stored in 70% ethanol at 

4°C for further cytological analysis. The roots were 

hydrolyzed in 1N HCl at 60°C for 12 min, and then 

squashed on slides containing a drop of 1% acetocar-

mine staining solution (Sakhanokho et al. 2009). A 

photomicroscope (Olympus BX40) was used for chro-

mosome observations. 

2.7. Statistical analysis 

This experiment was a factorial arrangement based 
on a completely randomized design with tree replica-

tions. The numerical data obtained the tests were com-

pared with Duncan multiple comparison test at 0.05 

significance level using SPSS 17.0 and JMP 7 statisti-

cal programs. 

3. Results and Discussion 

3.1. Apical meristem treatments  
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The morphological parameters were evaluated 16 

weeks after the polyploidization treatments. Morpho-

logical characteristics were observed all treated plants 

(Figure 1 and 2). There were significantly (p<0.05) 

differences in surviving rates of shoot tips of the in-

duced plants. In treated 41B seedlings were survived 

more then Gök Üzüm, Trakya İlkeren and Isabella. 

There were no shoots tip failed in control seedlings, 

and 1 gL-1, 2 gL-1, 3 gL-1, 5 gL-1 colchicine treated 41 

B, and 1 gL-1 treated Gök Üzüm. The lowest percent-

age of survival was 68.21% in 41B by 4 gL-1 treatmet, 

in Isabella 67.86% by 1 gL-1, 85.33% in Gök Üzüm by 

6 gL-1, and 87.23% in Trakya İlkeren by 3 gL-1 and 6 

gL-1 treatments were observed respectively (Figure 1).  

 

Figure 1 

Survival rates (%) of shoot tips 

3.2. Shoot length  

The results showed that different colchicine dosag-

es had significant effects (p<0.05) on the shoot lengt of 

of the grape seedlings in all grape genotypes.  There 

were not contant shoot lengths by colchicine dosage in 

grape genotypes. The maximum shoot lengts were 

recorded conrol seedlings in all tested materials that 

were 23.50 cm in 41B, 22.48 cm in Gök Üzüm, 23.28 

cm in Trakya İlkeren, and 22.85 cm in Isabella. The 

lowest shoot lengts were measured in 4 gL-1 colchicine 

treted 41 B as 20.21 cm, in 4 gL-1 colchicine treated 

Gök Üzüm as 19.20 cm, in 3 gL-1 colchicine treated 

Trakya İlkeren as 16.92 cm, and in 1 gL-1 colchicine 

treated Isabella as 18.13 cm respectively (Figure 2). 

Similar results were reported by Motosugi et al. 

(2002) they indicated that tetraploid plants show weak-

er development and tetraploid Gloire and St George 

shoots were shorter than diploids. 

   

Figure 2 

Shoot lengths (cm) 

3.3. Stomatal characters 

3.3.1. Stomatal lengths (μm)  

The treatmes were significanty affected stomat 

legth in cvs. Isabella and Trakya İlkeren but nonsignif-

icant in cvs 41B and Gök Üzüm (Figure 3). The range 

was between 27.66±0.08 μm (2 gL-1) and 30.17±0.30 

(5 gL-1) in Isabella and 27.60±0.56 μm (2 gL-1) and 

30.21±0.17 (5 gL-1) in Trakya İlkeren. 

 

 Figure 3 

Stomatal lengths  

3.3.2. Stomatal width (μm) 

The treatmes were significanty affected stomat 

width in cvs. 41 B and Isabella and but nonsignificant 

in cvs Gök Üzüm and Trakya İlkeren (Figure 4).  The 

range was between 16.17±0.29 μm (Control) and 

18.30±0.49 (3 gL-1) in 41B and 15.28±0.35 μm (2 gL-1) 

and 16.97±0.72 (1 gL-1) in Isabella. 

In previous studies indicated that tetraploid plants 

have wider stomata than the diploids (Motosugi et al., 

2002; Jun et al., 2009;), and stomata size is a suitable 

predictor of genome size for induced autopolyploid 

grapes (Yang et al., 2006; Sinski et al., 2014). 
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Figure 4 

Stomatal widths  

3.3.3. Stomatal area surface (μm-2)  

The treatmes was significanty affected stomatal ar-

ea surfaces only in cvs. Isabella and but in the other 

genotyes were nonsignificant (Figure 5).  The range 

was between 425.59±8.35 μm-2 (2 gL-1) and 

510.38±22.29 μm-2 (1 gL-1) in Isabella. There were not 

stabil stomatal area surfaces variation by colchicine 

dosage in grape genotypes. 

Figure 5 

Stomatal area surfaceses 

3.3.4. Stomatal density (stomata mm-2) 

The colchicine applications were significanty af-

fected stomatal density in cvs. Isabella and Trakya 

İlkeren but nonsignificant in cvs 41B and Gök Üzüm 

(Figure 6). The stomatal density was dose dependant. It 

was between 436.83±4.37 stomata mm-2 (3 gL-1) and 

478.49±17.81 stomata mm-2 (1 gL-1) in Isabella and 

387.69±12.29 stomata mm-2 (2 gL-1) and 435.05±8.31 

stomata mm-2 (Control) in Trakya İlkeren. 

Several researchers were reported the increase of 

stomata sizes and reduces the stomata density (Yang et 

al., 2006; Bilir, 2010; Ma et al., 2014; Sinski et al., 

2014; Xie et al., 2015) by the ploidy increas. Stomata 

area values were significantly differed due to the col-

chicine applications. A similar results of colchicine 

treatments was reported by Kara et al., (2018) on sto-

matal differences without genome doubling. 

 

 

Figure 6 

Stomatal density 

3.4. Chloroplast numbers  

The chloroplast numbers of stomatal guard cells 

were significantly differed between the colchicine 

treated diploid grape genotypes, the range was 18-20 in 

all treatments and it was 38-40 in tetraploid ‘Kyoho’ 

(Table 1). Previous studies were observed a correlation 

between the ploidy level and chloroplast number in 

stomatal guard cells in some crops (Yang and Yang, 

1990; Zhang et al., 2007; Yuan et al., 2009; Xie et al., 

2015). There were no statically difference between the 

colchicine treated plants average chloroplast numbers 

that were similar to previous studies (Xie et al., 2015). 
As a result, in all colchicine treated plants were de-

scribed as diploid.  

 

Table 1 

Chloroplast numbersa 

a: Mean separation within columns by Duncan Multiple 
Test, p<0.05. 

 

3.4. Chromosome observation  

Determination of chromosome number is difficult 

in grape genotypes because of the thickness of the roots 
and very small sizes of the chromosomes.  

The chromosome count of the root tips of colchi-

cine treated grape genotipes and conrol seedlings 

showed that all non trated seedlings ploidy levels were 

diploid (2n=2x=38). There were no tetraploid plants 

were confirmed. The ploidy inducktion by colchicine 
only effected grape cv Trakya İlkeren as 5 gL-1 colchi-

cine for aneuploidy that was (2n=2x=40) (Figure 6).  

Lee et al., (2017) indicated that economic useful-

ness of aneuploid plants is rarely evaluated be-
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cause aneuploid plants often exhibit developmental 

abnormalities, sterility, or lethality. Park et al. (1999) 

reported that five aneuploidy plants, with chromosome 

numbers ranging from 51 to 59, were recovered from 

various crosses among 184 different triploid hybrid 

grape vines through the use of immature seed culturing 

and subsequent embryo cultures. Similarly, grapes with 

different ploidy levels, such as haploid, diploid, tetra-

ploid and aneuploid, were consistently obtained using 

the same approaches (Guo et al., 2011b; Ji et al., 

2013b; Park et al., 2002; Wakana et al., 2003; Yang et 

al., 2007). 

 

Figure 6 

Chromosome number of Aneuploid Trakya İlkeren 

4. Conclusion 

There were so many important morfological and sto-

matal differences but no genome doubling were detected 

in colchicine treated grape seedling as Vitis vinifera L. 

cvs. Gök Üzüm, Trakya İlkeren, and Vitis labrusca L. cv. 

Isabella, and rootstock 41 B.  

The reported diversity may be explained by cellu-

lar aneuploidy (abnormal number of chromosomes in a 

cell, Latorre et al., 2016). Colchicine pleiotropic effects 

predicted by model fitting to higher order designs are 

represented by the almost four-fold increase in aneu-

ploidy, in comparison to oryzalin, especially at higher 

concentrations of the antimitotic agent (Sinski et al., 

2014).  
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