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ABSTRACT 
 

Carnation (Dianthus caryophyllus L.) is one of the world's most important a cut flower a member of 
the family Caryophyllaceae. The present research was carried out at the Faculty of Agriculture, Saba Basha 
Alexandria University, Egypt during the seasons of 2014 to 2016 to evaluate the most suitable 
concentration of growth regulators for callus induction in Carnation, detect the effect of mutagenesis on 
caulogenesis and screening the genetic polymorphism on the treated callus. Colchicine was added directly 
to explant in different concentrations (0.025, 0.05 and 0.1%) during two different exposure time (30 and 60 
minutes). For each sample, genomic-DNA from carnation callus was extracted and five oligonucleotide 
PAPD-PCR primers were used. The results of the current study indicated clearly that media treatment (0.5 
mg/L BA +1.0 mg/L 2,4D) showed the highest percentage of callus induction (100%) followed by 
treatment (0.5 mg/L BA + 0.5 mg/L 2,4D) by 83%. Best callus induction response was obtained on MS 
medium supplemented with (0.5 mg/l BA + 1 mg/l 2, 4 D). Callus size, was very high at the media content 
(0.5 mg/L BA + 1 mg/l 2, 4 D), followed by (0.5 mg/l BA + 0.5 mg/l 2,4 D). Data showed that different 
levels of both applied growth regulators had significant effects on the given traits of carnation nodal 
explants. Data showed that most suitable concentration of Colchicine was 0.05% for callus induction, size 
and callus emergent. For the five oligonucleotide primers gave unique markers. Out of the five primers, 
four detected for 0.05% (30 minutes) and one for 0.1 % (60 minutes). Data of molecular marker used 
indicated that different colchicine concentrations have an effect on Carnation callus and showed differ in 
the number of DNA fragments and detected unique fragments for each concentration. This effect was 
clearly in in vivo experiments in callus induction, shoot, root, callus size. 
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Introduction 

 
Carnation (Dianthus caryophyllus L.) is most famous for its use as a cut flower in the florist trade. 

Carnation a member of the family Caryophyllaceae has 88 genera and 1750 species. Carnations were 
cultivated over 2000 years ago. This plant is one of the world's most important cut flowers due to perpetual 
flowering and single and multi-color cultivars (Mii et al., 1990). Carnation flowers commence from July to 
August and seed ripens from August to September. Flowers are attractive to moths and butterflies 
(Lepidoptera) and are pollinated by them. The increasing demand for carnations has rendered this species 
to be a special candidate for mass propagation through tissue culture (Tanase et al., 2012). Carnations are 
excellent for cut flowers, bedding, pots, borders, edging, indoors and rock gardens though cut carnations 
are traded in the world market year around, they are in particular demand for the “Valentine’s Day”, 
“Easter”, “Mother’s Day” and “Christmas”. They were known as “Jove’s flower” in ancient Rome as a 
tribute to one of their beloved gods. Miniature carnations are now gaining popularity for their potential use 
in floral arrangement (Jaggi, 2013).  

World’s major exporters of carnation are numerous as Europe, Latin Americas and Israel. 
Considering the benefits of this crop and to fulfill the world’s demand for carnation, most producing 
countries started to propagate it vegetatively, thus its varieties are maintained year after year by cutting or 
other vegetative propagules. In this way, the plants remain the same phenotypically and genotypically (Ali 
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et al., 2008). The systematization of genetic breeding programs started in the beginning of the century with 
the rediscovery of the basic principles of mendelian segregation which set out the basic laws of genetic 
heredity. Since then, the application of genetic principles to the development of plants with superior 
agricultural performance, through the application of most diverse methods, has been systematic. At the 
same time, there has been considerable progress in in vitro plant cell and tissue culture techniques 
(Binsfeld, 1999). Tissue-culture techniques are part of a large group of strategies and technologies, ranging 
through molecular genetics, recombinant DNA studies, genome characterization, gene-transfer techniques, 
aseptic growth of cells, tissues, organs, and in vitro regeneration of plants that are considered to be plant 
biotechnologies. (Zhong et al. 1997). Plant tissue culture refers to the in vitro culture of plants from plant 
parts (tissues, organs, embryos, single cells and protoplasts etc.) on nutrient media under aseptic conditions 
(Altman, 2000). In vitro plant regeneration is the most important step for successful implementation of 
various biological tools used for plant improvement program. 

Due to Carnation vegetative propagation nature, it is usually infected with one or more virus which 
subsequently reduces its vigour as well as the size of its flower, which is the most economical organ in its 
cultivation. Since vegetative propagation by the traditional cutting method increases the chance for virus 
dissemination to the next new generation, plant tissue culturists attempted to eliminate the virus through 
isolation of shoot apices and culturing them on nutrient medium to induce the formation of new "clean” 
plant, devoid of virus, which can be further used as a source for new cutting for the production of virus 
free plants (Miller et al., 1991). In recent years, tissue culture technology has provided a tool to 
complement conventional plant breeding. Plant tissue culture is recognized as a source to generate useful 
genetic variability (somaclonal variation) for crop improvement (Larkin and Scowcroft, 1981; Karp and 
Bright, 1985; Evans et al., 1989; Brar and Jain, 1998). 

Mutation is a permanent heritable change in the primary structure of the genetic material which 
consists of the total genome of a cell or plant. This concept includes the deletion or addition of DNA and 
the chromosome rearrangements by DNA inversion of translocation. A change in the primary DNA 
structure may result in an altered phenotype, a mutant phenotype, which has four characteristics: it remains 
stable over consecutive cell generations; it occurs at relatively low frequencies (10-6 to 10-10) which can 
be increased by mutagenesis; it should be correlated whenever possible with specific genetic products, and 
it should be transmitted by sexual crosses (Mantell et al., 1984). Genetic variability is the first requirement 
for the improvement of any trait. The variability available to breeders comes from spontaneous or 
artificially induced mutations. Plant breeding can involve genetic variability amplification procedures, 
desirable genotype selection, selected genotype assessment, and finally, new cultivar multiplication and 
release (Montalvan, 1999). Nowadays, there are several ways of using mutation induction in plant 
breeding. In recent times, developments in in vitro mutation induction and the advances in cell and 
molecular biology techniques in plant breeding have appeared very quickly (Tulmann Neto et al., 1998). 
Mutagenesis proved favorable for mutation induction in tissue cultures. Positive results were obtained 
when induced mutagenesis and tissue cultivation were combined (Novak et al., 1992). Mutation in 
breeding has been widely characters in various crops. It is used for the improvement a powerful and 
effective tool in the hands of plant breeders especially for autogamous crops having narrow genetic base 
(Micke, 1988). For instance, induced variability in floricultural crop like Dianthus (Roychowdhury and 
Tah, 2011). It is a tool and being used to study the nature and function of genes which are the building 
blocks and basis of plant growth and development, thereby producing raw materials for genetic 
improvement of economic crops (Adamu et al., 2007), and increase significantly crop production 
(Kharkwal and Shu, 2009) and the possibility of inducing desired attributes. Also, treatment with mutagens 
alters genes or breaks chromosomes. Gene mutations induce genetic variability, thus, they become 
important tool to enhance agronomic traits of crop plants. The role of mutation breeding in increasing the 
genetic variability for desired traits in various crop plants have been proved beyond doubt by a number of 
scientists (Tah, 2006; Adamu and Aliyu, 2007; Khan and Goyal, 2009; Kozgar et al., 2011; Mostafa, 
2011). 

Genetic markers divulged the genetic differences between individual organisms or species. Generally, 
they do not represent the target genes themselves but act as ‘signs’ or ‘flags’. Genetic markers that are 
located in close proximity to genes (i.e. tightly linked) may be referred to as gene ‘tags’. Such markers 
themselves do not affect the phenotype of the trait of interest because they are located only near or ‘linked’ 
to genes controlling the trait. All genetic markers occupy specific genomic positions within chromosomes 
(like genes) called ‘loci’ (singular ‘locus’). There are three major types of genetic markers: (1) 
morphological (also ‘classical’ or ‘visible’) markers which themselves are phenotypic traits or characters; 
(2) biochemical markers, which include allelic variants of enzymes called isozymes; and (3) DNA (or 
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molecular) markers, which reveal sites of variation in DNA (Jones et al., 1997). There are many common 
technologies used as molecular markers such as Restriction Fragment Length Polymorphisms (RFLP), 
Simple Sequence Repeats (SSR), Randomly Amplified Polymorphic DNA (RAPD) and Single Nucleotide 
Polymorphisms (SNP) (Sun et al., 2009; Fu et al., 2002). During the last few decays, molecular markers 
such as SDS-protein, isozymes, and DNA sequences have shown excellent potentialities to assist selection 
of quantitative traits. Different markers might reveal different classes of variation (Russell et al., 1997).  
These molecular markers had been used in wheat for detecting genetic diversity, genotype identification 
and genetic mapping. The main objectives of the present research are to: evaluate the most suitable 
concentration of growth regulators for callus induction from Carnation (Dianthus caryophyllus, L.) plants, 
detect the effect of mutagenesis on caulogenesis in Carnation (Dianthus Caryophyllus, L.) and screening 
the genetic polymorphism on the treated callus. 

 

Materials and Methods 
 
1- Experimental location, plant materials and media composition:  

 
The present research was carried out at the Faculty of Agriculture, Saba Basha, Alexandria 

University, Egypt during the times of 2014 up to 2016. Plant materials which used in the present study 
were nodal segment, excised from Dianthus caryophyllus pots grown in the greenhouse at Alexandria, 
Egypt. The excised explant was washing thoroughly in tap water for 20 minutes to remove dust particles 
and surface sterilized by immersion in 70% ethanol for 1 min, the explant was rinsed with distilled water, 
so as to lower the toxic effect of ethanol after that sterilized in 0.1% mercuric chloride with a few drops of 
wetting agent Tween-80 (surfactant agent) for 6-7 minutes and rinsed 3-4 times with autoclaved distilled 
water to remove all the traces of the sterilent. The sterilized explants were cultured in on Murashige and 
Skoog (1962). The given medium at 4.4 g/ml was supplemented with 8 g/l agar (w/v), 30 g/l sucrose and 
with different concentrations of auxin and cytokinin as 0.5, 1, and 2 mg/l of 2,4-dichlorophenoxy acetic 
acid (2,4-D) and at 0.5, 1, and 2 mg/l of benzyl adenine (BA) alone or in combinations were used for callus 
induction. The cultures without plant growth regulators were served as control. The explants were cultured 
in jars containing 25 ml of medium. pH of the medium, was adjusted from 5.7 to 5.8 using either NaOH or 
HCl. Agar was used for solidification of media. The various media were autoclaved at 121 °C for 20 
minutes at 1.5 Pressure. The various media compositions are shown in Table (1) liquid MS medium with 
best combination of NAA and BA were used for micro propagation (Table, 1). 

 
Table 1: Media compositions of the sixteen treatments used for callus production and combination of NAA and BA plant 

growth regulators (PGRs) for micropropagation of carnation (Dianthus caryophyllus L.) 
Treatments 

Media composition for callus induction 
Media composition for C. caryophyllus 

micropropagation 
T1 Control (M. S+ free hormone)  0.0 
T2 0.0 mg/L BA + 0.5 mg/L 2,4-D (0.5mg/l NAA) 
T3 0.0 mg/L BA + 1.0 mg/L 2,4-D (1 mg/l NAA) 
T4 0.0 mg/L BA +2.0 mg/L 2,4-D (2mg/l NAA) 
T5 0.5 mg/L BA +0.0 mg/L 2,4-D (0.5 mg/l BA) 
T6 0.5 mg/L BA + 0.5 mg/L 2,4-D  (0.5 mg/l BA & 0.5mg/l NAA) 
T7 0.5 mg/L BA +1.0 mg/L 2,4-D (0.5 mg/l BA & 1mg/l NAA) 
T8 0.5 mg/L BA + 2.0 mg/L 2,4-D (0.5 mg/l BA & 2mg/l NAA) 
T9 1.0 mg/L BA + 0.0 mg/L 2,4-D (1 mg/l BA) 
T10 1.0 mg/L BA+ 0.5 mg/L 2,4-D (1 mg/l BA & 0.5mg/l NAA) 
T11 1.0 mg/L BA + 1.0 mg/L 2,4-D (1 mg/l BA & 1mg/l NAA) 
T12 1.0 mg/L BA + 2.0 mg/L 2,4-D (1 mg/l BA & 2mg/l NAA) 
T13 2.0 mg/L BA + 0.0 mg/L 2, 4-D (2 mg/l BA) 
T14  2.0 mg/L BA + 0.5mg/L 2,4-D (2 mg/l BA & 0.5mg/l NAA) 
T15 2.0 mg/L BA + 1.0 mg/L 2,4-D (2 mg/l BA & 1mg/l NAA) 
T16 2.0 mg/L BA + 2.0 mg/L 2,4-D (2 mg/l BA & 2mg/l NAA) 

For caulogenesis, the following characters, callus induction (%), color and size was estimated as nil (-), low (+), moderate 
(++), high (+++) and very high (++++). For morphological; characters of reformed plantlets were expressed as mean 
numbers of shoot formed, shoot length (cm), number of leaflets and rates formed/ propagules. 
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2. Carnation (Dianthus caryophyllus L.) treatments with Colchicine (C22H25N):  
 
Colchicine was added directly to explant in different concentrations (0.0., 0.025, 0.05 and 0.1 % 

Colchicine) Figure 1, then the culture media were autoclaved as reported earlier, the media was poured in 
sterilized 150 ml jars (30 ml media/jar). Jars were autoclaved, and then kept in a clean dark place until 
used. The following is the chemical structure of colchicine (Morejohn et al. 1987) Colchicine acts at the 
end of the mitotic prophase, either by inhibiting the development of the mitotic spindle or by leading it to 
an abortive spindle by precipitation of the proteins that make up its fiber (Jackson, 1976). Three different 
Colchicine concentrations i.e. 0.025, 0.05 and 0.1 % were used for two different exposure period 30 and 60 
minutes in addition to control in four replicate to study the effect of Colchicine as mutagenic material on 
total callus induction, shoot induction, callus size and color, callus fresh weight (g) in Carnation (Dianthus 
caryophyllus, L.). 

 

 
Fig. 1: chemical structure of colchicine 

 
3. Molecular study: 

 
For each sample, genomic-DNA from carnation levees was extracted through DNA isolation kit (Gene 

JETTM, plant genomic DNA purification mini kit. Fermentas). To purify DNA from polyphenol, Lysis 
Buffer was supplemented with poly vinyl pyrrolidone (PVP) at 2% (W/V) final concentration. DNA was 
quantified by Gene quant at absorbance of 260/280 nm. The quality was further checked on 0.1% agarose 
gel. The used primers were selected from the Operon kits (Operon Technologies Inc., Alabameda CA, 
USA). RAPD-PCR analysis was performed according to the method of Williames et al. (1990). The 
polymerase chain reaction was performed as reported by Williames et al. (1990). To detect ethidium 
bromide/DNA complex, agarose gels were examined on ultraviolet transilluminator (302 nm wavelength) and 
photographed. Using 100 pb DNA ladder (Fermentas), the lengths of the different DNA fragments were 
determined. RAPD analysis was carried out using five oligonucleotide primers (Table, 2) that were 
selected from the Operon Kit (Operon Technologies Inc., Alabameda, CA). Phoretix electrophoresis gel 
image analysis, ID software was used for scan gram tracing of protein bands of the tissues. The molecular 
weights of protein bands were determined against protein calibration kits (Spectra™ Multicolor Broa 
Range Protein Ladder; fermentas life sciences under the license for Strep-tag® technology). Data matrices 
were entered into the NTSYS (Numerical Taxonomic and Multivariate Analysis System) program, version 
2.1, Applied Biostatistics Inc. (Rohlf, 2000). Similarity coefficients were used to construct dendrograms 
using the UPGMA (Unweighted Pair Group Method with Arithmetic average) and the SAHN (Sequential 
Agglomerative Hierarchical Nested clustering) routing in the NTSYS software. 

 
Table 2: The nucleotide sequences of primers used for RAPD-PCR analysis. 

Primer number Primer code Sequence (5`-3`) 
1 OPD-02 5`GGACCCAACC3` 
2 OPD-03 5`GTC GCCGTCA3` 
3 OPH-03 5`AGA CGTCCAC3` 
4 OPO-01 5`GGCACGTAAG3` 
5 OPO-02 5`ACGTAGCGTC3` 

 

Results and Discussion  
 
A- Media and callus induction in carnation (Dianthus caryophyllus L.): 

 
The present results in Table (3) and Figure (2) detected the different percentage callus induction of 

carnation (Dianthus caryophyllus L.) plants under the tested sixteen media. The data indicated clearly that 
media treatment number 7 (0.5 mg/l BA +1.0 mg/l 2,4-D) showed the highest percentage of callus 
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induction (100%) followed by treatment number 6 (0.5 mg/l BA + 0.5 mg/L 2,4-D) by 83%.  Control (0.0) 
and T5 and T13 (0.5 mg/l BA +0.0 mg/l 2,4-D and 2.0 mg/l BA + 0.0 mg/l 2, 4-D) showed no callus 
induction (0.0%).  Media composition 2, 4, 10, 15 and 16 showed moderate percentage of callus induction 
(50%).  The lowest percentage after control was 16% for T9 and 12 (1 mg/l BA + 0.0 mg/l 2, 4-D and 1 
mg/l BA+2 mg/l 2, 4-D). In the present study two different media were standardized i.e., callus induction. 
The results of present study, reveal that best callus induction response was obtained on MS medium 
supplemented with 0.5 mg/l BA + 1 mg/l 2, 4-D. By increase or decrease in the concentration of BA and 2, 
4-D callus induction response was decreased. For callus size, data in Table (4) showed that the callus size 
was very high at the media content 0.5 mg/L BA + 1 mg/l 2,4-D, followed by 0.5 mg/l BA + 0.5 mg/l 2,4-
D.  
 

Table 3: Different media treatments and callus induction percentage with BA and 2,4-D combination in Carnation (Dianthus 
caryophyllus L.). 

Size Color 
Callus induction 

(%) 
Treatments 

Treatments  

- Non 0.00 Control  T1 
++ Pale yellow friable 50.00 0.0 mg/l BA + 0.5 mg/l 2,4D T2 
+ Pale green 33.30 0.0 mg/l BA + 1 mg/l 2,4-D T3 

++ Green yellowish 50.00 0.0 mg/l BA +2 mg/l 2,4-D T4 
- Non 0.00 0.5 mg/l BA + 0.0 mg/l 2,4-D T5 

+++ Green 83.00 0.5 mg/l BA + 0.5 mg/l 2,4-D  T6 
++++ Green friable 100.00 0.5mg/l BA + 1 mg/l 2,4-D T7 

+ Green 33.33 0.5mg/l BA + 2 mg/l 2,4-D T8 
+ Yellowish Green 16.60 1 mg/l BA + 0.0 mg/l 2, 4-D T9 

++ Green 50.00 1mg/l BA + 0.5 mg/l 2,4-D T10 
+ Green 33.33 1mg/l BA + 1 mg/l 2,4-D T11 
+ Green 16.60 1 mg/l BA+2 mg/l 2,4-D T12 
- Non 0.00 2 mg/l BA + 0.0 mg/l 2, 4-D T13 

++ Green 33.33  2 mg/l BA + 0.5 mg/l 2,4-D T14 
++ Pale Green 50.00 2 mg/l BA +1 mg/l 2,4-D T15 
++ Green 50.00 2 mg/l BA +2 mg/l 2,4-D T16 

 
 

Fig. 2: Callus induction with different media combinations for carnation (Dianthus caryophyllus L.) 
 

B- Growth regulators and shoot proliferation of carnation (Dianthus caryophyllus L.): 
 
In the current experiment sixteen different combinations from NAA and BA were used including 

control to covariations morphological characters. Data presented in Table (4) and Figures (3) showed that 
different levels of both applied growth regulators had significant effects on the given traits of carnation 
nodal explants. Regarding the mean number of shoots and leaflets formed per propagule, the highest values 
were recorded due to the presence of both growth regulators (NAA and BA) at 1.0 mg/l. As for the mean 
shoot length per propagule, the treatment receiving NAA at 1.0 mg/l and BA at 2.0 mg/l, brought about the 
highest mean value for this trait. Respecting the number of roots formed per propagule, it was noticed that 
fortifying MS medium with NAA at 2.0 mg/l and BA at 0.5 mg/l, gave the highest mean value of the 
above-mentioned trait. 
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The best shoot formation response of carnation was established on MS medium supplemented with 
BAP reported by Lubomski and Jerzy (1989). likewise, Siddiqui (1993) reported best shoot induction 
response was achieved on MS medium containing 5.0 mg/l Kinetin. While Onamu et al., (2003) used MS 
medium supplemented with combination of NAA and Kinetin for shoot induction from meristem. Also, 
they observed that addition of kinetin failed to stimulate shoot induction response. On the other hand, there 
was a decline in shoot induction with increase of Kinetin. 
 
Table 4: Effect of various growth regulators augmented in MS basal medium on morphological shoot proliferation 

characters from nodal explants of carnation (Dianthus caryophyllus L). Data were taken after six weeks of culture. 

Growth regulators 
(mg/l) 

Mean number of 
shoots 

formed/propagule 

Mean shoot length 
(cm)/propagule 

Mean number of 
leaflets 

formed/propagule 

Mean number of 
roots 

formed/propagule 
0.0 NAA + 0.0 BA 0.00 0.00 0.00 0.00 
0.5 NAA + 0.0 BA 0.00 0.00 0.00 0.00 
1.0 NAA + 0.0 BA 0.00 0.00 0.00 0.00 
2.0 NAA + 0.0 BA 0.00 0.00 0.00 0.00 
0.0 NAA + 0.5 BA 0.75 1.63 13.75 0.00 
0.5 NAA + 0.5 BA 0.00 0.00 0.00 0.00 
1.0 NAA + 0.5 BA 4.25 1.70 42.25 2.25 
2.0 NAA + 0.5 BA 2.00 2.03 17.25 3.25 
0.0 NAA + 1.0 BA 5.25 2.93 41.25 1.00 
0.5 NAA + 1.0 BA 5.25 2.55 37.75 0.50 
1.0 NAA + 1.0 BA 7.00 2.60 55.00 1.00 
2.0 NAA + 1.0 BA 0.00 0.00 0.00 0.00 
0.0 NAA + 2.0 BA 0.00 0.00 0.00 0.00 
0.5 NAA + 2.0 BA 5.50 2.83 39.75 1.75 
1.0 NAA + 2.0 BA 4.25 2.98 40.25 0.00 
2.0 NAA + 2.0 BA 1.30 1.63 13.75 0.00 
L.S.D. (0.05) 3.64 1.37 19.27 2.04 

 

 
Fig. 3: Effect of growth regulators in MS basal medium on shoot/root proliferation from nodal explants of 

carnation (Dianthus caryophyllus L). 
 
In other study, it was also observed that apical meristem responded earlier as compared to nodal meristem. 
This potential effect of explants is also discussed by Bressan et al. (1982). Different concentrations of BAP 
were used for multiplication of induced shoots. It was observed that decreasing the concentration of BAP 
rate of shoot multiplication was increased and maximum 25 shoots were obtained when MS medium was 
supplemented with 1.0 mg/l BAP. Kovac (1995) also reported highest shoot multiplication in carnation 
was taken place on MS medium containing 1.0 mg/l BAP. Although 2.0 mg/l BAP also showed good shoot 
multiplication response, but time spanned for shoot multiplication was longer and number of shoots 
formed were comparatively less than 1.0 mg/l BAP alone. However, Van (1992) reported highest numbers 
of shoots per explant on MS medium containing 0.9 mg/l BA and 0.3 mg/l NAA.  In this investigation 
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liquid MS medium was found to be more effective for efficient shoot multiplication than MS medium 
solidified with agar or phytagel. Better In vitro shoot multiplication response in liquid medium has also 
been reported by Fisher et al. (1993). Majada et al. (1997) in carnation and by Ali et al. (2004) in turmeric. 
Well-developed multiple shoots were attained considerable height were shifted to MS medium containing 
different concentrations of NAA and IBA either alone or in combination with each other for in vitro 
rooting. Good rooting response was obtained in MS medium containing 1.0 mg/l NAA within 9 days of 
culture. 
 
C- In vitro mutation through colchicine contained medium: 

 
For total callus induction four jars and two nodal in each were used. Data presented in in Table (5) 

showed that the average values of total callus for control was 1.25 while with the increase of colchicine 
concentration to 0.05 with 30 and 60 minutes the value increased to 1.75. On the other hand, with the high 
level of colchicine at 0.1 % under both times of exposure the total callus induction was decreased from 
1.75 to ~1.125 in 30 and 60 minutes, respectively. The general mean of total callus induction for control, 
30 and 60 minutes was 1.25, 1.41 and 1.25, each in turn, that means with increase of colchicine level; there 
was an increase in total callus induction as recommended results. For shoot induction data in Table (5), 
showed that the average values of shoot induction for control was in average 0.25, while with the increase 
of colchicine concentration up to 0.025 with 30 and 60 minutes the value increased to 0.75. On the other 
hand, with the high level of Colchicine at 0.1 % under both times of exposure the shoot induction was 
decreased from 0.75 to 0.25 under 30 minutes and no shoot was observed under 60 minutes. The general 
mean of shoot induction for control, 30 and 60 minutes was 0.25, 0.33 and 0.42, series. Data in Table (5) 
regarding callus size and color showed that under 30 minutes the size increased compared with control and 
other time (60 minutes). Under the 60 minutes, no such change was observed with different colchicine 
concentrations. The second concentration (0.05); brought about the high fresh weight of callus for both 
times of exposure. The highest value was 2.83 g under 30 minutes comparing with 2.05 under 60 minutes 
of colchicine exposure. From the previous data we can concluded that with using different concentrations 
of colchicine; there was an increase in total callus induction, callus size, and shoot induction. Figures (4 
and 5) showed the difference in callus induction between the two different exposure times of colchicine 
and the data clearly indicated that the most suitable concentration was 0.05% for callus induction, size and 
callus emergent in Carnation (Dianthus caryophyllus L.). Kadota and Niimi (2002) reported inferior results 
regarding these proliferation rate of shoot cultures by using 0.1% colchicine as compared to control plants. 
The results are also in conformity with Hewawasam et al. (2004) who, also, reported that colchicine 
treated-plants of Crossandra increased number of branches at lower concentrations (0.03%), which again 
decreased with increasing the doses. However, our results are not in line with Thao et al. (2003) who 
observed 10-15 shoots of Crape myrtle in proliferation medium, as meristematic cells that might be 
polyploidized can initiate new shoots. Cultures rooting percentage was significantly reduced in rose 
species with increasing the concentration of colchicine. Minimum plants (89.31%) were found at 1100 
mgl-1 that produced roots, while control plants produced roots. However, all treated species resulted non-
significant results regarding culture rooting percentage. Interaction of species and treatment, also, 
produced significant percentage of rooted culture. R. grussanteplitz produced minimum rooting (91.25%) 
followed by R. centifolia (90%) in 1100 mgl-1 of colchicine while R. borboniana resulted minimum rooting 
percentage i.e 85% at 900 mgl-1 followed by 86.67% at 1100 mgl-1. However, cultures of all these species 
produced maximum rooting in untreated plants. At rooting stage, untreated shoots of Crossandra showed 
better rooting ability giving the highest percentage of rooting in PGRs free MS medium than treated shoots 
with colchicine. Colchicine induce mutagenic changes on gross and micro morphological features (Obute 
et al., 2007). It acts by binding to the tubulin dimmers, preventing the formation of microtubules and 
consequently, spindle fibers during cell division (Petersen et al., 2003). So, the chromosome becomes 
double, but mitosis has not so far occurred and failure of cell wall formation results in the polyploid cells. 
It has more size than diploid, with large cell volume mostly produced thicker tissues, thus developing large 
size organs of plants (Rauf et al., 2007). Studies of tetraploid in Arabidopsis plants reveal that increase in 
polyploidy have an encouraging effect on size of cell. Increased DNA content support further cells growth. 
Increasing level of polyploidy also permit further growth of plant organs which have some compensatory 
mechanism to retain the overall organ size. It is normally considered that rising polyploidy multiplies the 
DNA for gene expression and this, in turn improve the metabolic activity of cells to help further growth. 
Kadota and Niimi (2002) also reported inferior results regarding this proliferation rate of shoot cultures 
subjected to colchicine as compared to control individuals. Colchicine inhibit formation of the spindle 
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during cell division, causing chromosome doubling. A majority of morphological variants observed among 
the regenerated plants are due to chromosomal structural and numerical changes induced during the 
culturing (Singh and Kole 2005), also reported increase in node number in colchicine treated plants. 
Tetraploid plants of Arabidopsis exhibited that increase in polyploidy have a positive result on cell size,  
 
Table 5: Total callus, shoot induction, callus size, color and callus fresh weight (g) in Carnation (Dianthus caryophyllus L.) 

under different colchicine concentrations. 
 Total callus induction  
Exposure period & 
concentrations 

Colchicine concentrations (%)  
0.025 0.05 0.1 Average 

30 mints 1 1.75 1.25 1.25 
60 mints 1.5 1.75 1 1.41 
control 1.25 1.25 
 Shoot induction  
30 mints 0.75 0.25 0.25 0.42 
60 mints 0.75 0.25 0.0 0.33 
Control 0.25 0.25 

 
Callus size and color 

Size Color Size color Size color 
30 mints 

+ Yellowish green +++ Pale green ++ 
Yellowish 

green 
60 mints 

++ Green ++ Green and Yellow ++ 
Yellowish 

green 
Control + Green 
 Callus fresh weight (g)  
30 mints 1.70 2.83 1.05 1.86 
60 mints 1.85 2.05 1.12 1.67 
Control 0.33 0.33 

 

 
Fig. 4: The difference in caulogenesis Carnation (Dianthus caryophyllus L.) under different colchicine 

concentrations. 
 

suggesting that increase in DNA content can support cells growth. Increase in polyploidy also promote 
growth of plant organs which have some adjusting mechanism for overall organ size. In ornamentals, 
different explant types have been successfully used in the past: plantlets or shoots, buds or shoot tips, 
callus, somatic or zygotic embryos, seeds, seedlings, nodal segments and tuber segments using colchicine 
at a relatively high concentration ranging from 0.25 mM in Cyclamen to 15 mM in Alstroemeria plant 
(Dhooghe et al., 2011). However, leaf explant was not widely used. In addition, using antimitotic agents is 
associated with negative side effects after polyploidization. Moreover, chromosome doubling often has a 
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later effect on the proliferation, regeneration rate and shoots elongation, retarded after treatment with 
antimitotic agents. In Dioscorea zingiberensis, 70% lethality was observed when explants were treated 
with 0.3% colchicines (Huang et al., 2010), in another study, sprouting and growth delay were observed in 
Morus alba explants treated with 0.2% colchicines (Chakraborti et al., 1998). The results indicate that 
there was an inverse relationship between colchicine concentration and regeneration rate. These results 
agree with the work of Sajjad et al. (2013) who found that a negative effect of high colchicine 
concentration on shoot regeneration of African marigold explants. The retarded growth was due to reduced 
rate of cell division caused by colchicine. Colchicine, a highly poisonous alkaloid, originally extracted 
from Colchicum autumnale, is used in medicine, especially for the treatment of gout. However, the greatest 
importance of this drug is due to its large botanical and agricultural use for inducing polyploid plants 
because these show more desirable characters than normally diploid parents. An important question 
concerning colchicine still remains its possible stimulation of cell division/growth. This fact is, clearly, in 
contrast with its well-known inhibitory effect on mitosis. 

 

 
 Fig. 5: The different replicates of caulogenesis and size in Carnation (Dianthus caryophyllus L.) using different 

exposure colchicine concentrations T1C1 (30 m & 0.025%), T1C2 (30 m & 0.05%), T1C3 (30 m & 
0.1%), T2C1 (60 m & 0.025%), T2C2 (60 m & 0.05%), T2C3 (60 m & 0.1%). 

 
D- Molecular studies (Randomly amplified polymorphic DNA analysis): 

 
In the present study, five random primers were used to differentiate through RAPD analysis among 

tested samples of carnation callus under different colchicine concentrations i.e. (0.025, 0.05 and 0.1 %). I 
(30 m & 0.025%), II (30 m & 0.05%), III (30 m & 0.1%), I (60 m & 0.025%), II (60 m & 0.05%), III (60 
m & 0.1%). The results of primer OPD-02 are illustrated in Figure (6) gave a maximum of 17 
amplification products at the fragment lengths ranged between 174 to 1685 bp. and all tested samples were 
polymorphic except one monomorphic fragment was detected at 1071 bp. The percentage of the 
polymorphism was 94%. Two unique fragments (283 and 1685 bp.) was exhibited for the callus resulted 
under 30 minutes of colchicine treatment (0.05 %) with frequency 0.083. Results showed that callus which 
produced under 30 minutes have the highest number of fragments (31 fragments). While, under 60 minutes 
give the lowest number of DNA fragments (21 fragments).  As shown in Figure (6), of primer OPD-03 
have detected 17 fragments that ranged between 126 to 1619 bp. and the percentages of the polymorphism 
100%. This primer was created out 100% of polymorphism with the DNAs of the different tested samples. 
The polymorphic fragments distributed as follow: 18 fragments for the callus resulted under 30 minutes of 
colchicine treatment and 16 fragments for callus resulted under 60 minutes. Furthermore, the results 



Middle East J. Appl. Sci., 6(4): 682-694, 2016 
ISSN 2077-4613 

691 

showed that six unique (specific fragments) was exhibited as flow: three fragments for 0.05% in 30 
minutes, one fragment for control and one fragment for 0.1 % (60 minutes), in respect, with frequency 
0.083. Furthermore, in Figure (6), the RAPD pattern of primer OPH-03 produced a total of 12 fragments 
ranged between 239 to 1157 bp. The three unique fragments were distributed as follow: one fragments for 
control at 434 bp. and one fragment for 0.05 % (30 M) at 383 bp. and finally one fragment at 418 bp. for 
0.05% (60 M). The percentages of the polymorphism ranged from 67% to 83%. This primer was created 
out 92% of polymorphism with the DNAs of the different tested samples. The results of primer OPO-01 
are illustrated in Figure (6). It gave a maximum of 9 amplification products at the fragment lengths ranged 
between 285 bp. to 546 bp. and the percentages of the polymorphism ranged from 33% to 67%. The 
polymorphic fragments distributed as follow: 13 fragments for callus under 30 minutes and 12 fragments 
for callus under 60 minutes. The results illustrated in Figure (6) of primer OPO-02 produced a total of 7 
fragments ranged between 156 to 787 bp. The polymorphic fragments distributed as follow: four fragments 
for control; five fragments for 0.025% (30 and 60 M); six and five fragments for 0.05% in both times and 
seven fragments in 0.1% under 30 minutes and finally, five fragments for 0.1 (60 M). The percentages of 
the polymorphism ranged from 25% to 57%. This primer was created out 57% of polymorphism with the 
DNAs of the different tested samples. One unique fragment was detected for 0.1% (60 minutes) at 515 bp.  

 

 
Fig. 6: DNA polymorphism and dendrogram of the carnation (Dianthus caryophyllus L.) callus treated with 

colchicine using randomly amplified polymorphic DNA with primer OPD-02. (M: marker, C: Control, 
1: 0.025, 2: 0.05, 3: 0.1 %) under 30 and 60 minutes.  

 
In the current study, five oligonucleotide primers (100%) used in the RAPD analysis gave unique 

markers. Five random primers were used to differentiate through RAPD analysis among tested samples of 
Carnation and name of markers are OPD-02, OPD-03, OPH-03, OPO-01 and OPO-02. Out of the five 
primers, four detected for 0.05% (30 minutes) and one for 0.1 % (60 minutes). The data of molecular 
marker used in the current study indicated that different colchicine concentrations have an effect on 
Carnation callus and showed differ in the number of DNA fragments and detected unique fragments for 
each concentration. This effect was clearly in in vivo experiments in callus induction, shoot, root, callus 
size etc. Cluster analysis of the current research in Figure (6), divided into two main groups in similarity 
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percentage 47%. The first group includes control and 0.025/30 minutes by similarity 67%. While the other 
branch, includes all the other concentrations and divided to main groups by similarity 50%. The first 
subgroup includes 0.05/60 minutes as separate group and 0.025, 0.1/60 minutes in the other branch at the 
same group by similarity 58%. Finally, at the same group 0.05, 0.1.30 minutes recorded together by 
similarity 56%. Data showed that the highest similarly index was 80% among control and 0.025/30 
minutes then 76% among 0.05 and 0.1/60 minutes and the lowest one was 69% with 0.025 and 0.05/60 
minutes.  

The present work used the review of Jones et al. (1997) who reported that genetic markers represent 
genetic differences between individual organisms or species. Generally, all genetic markers occupy 
specific genomic positions within chromosomes (like genes) called ‘loci’ (singular ‘locus’). There are 
three major types of genetic markers: (1) morphological (also ‘classical’ or ‘visible’) markers which 
themselves are phenotypic traits or characters; (2) biochemical markers, which include allelic variants of 
enzymes called isozymes; and (3) DNA (or molecular) markers, which reveal sites of variation in DNA. 
Analysis of the changes that occur at the DNA level resulting from culture-induced somaclonal variation 
and mutagenic treatments are important to understand the resulting variation (Rasheed et al., 2005). Hoezel 
and Green (1998) mentioned that RAPD results in amplification of few random segments of DNA, 
allowing for variation in length and number of amplified segments when the sequence of the segments is 
altered. RAPDs have been used widely for analysis of genetic variation (Afiah et al. 2007) recommended 
the use of RAPDs for analysis of somaclonal variation. 
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