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Catharanthus roseus L. (G) Don, commonly known as Madagascar periwinkle, is an 

important medicinal plant receiving much attention from researchers. This plant is a rich 

source of terpenoid indole alkaloids (TIAs). The gamma radiation and somaclonal 

variation may provide suitable methods for genetic changes to increase medicinal 

components of C. roseus. In the present study, 30 and 60 (Gy) gamma rays were 

irradiated on seeds. C. roseus seeds were cultured in Murashige and Skoog (MS) 

medium in three different groups, 0 Gy (control) 30, and 60 Gy gamma irradiations. 

Morphological characteristics of regenerated plantlets were measured for surface area of 

leaves, stem length, root length, and fresh weight. The genetic variations were evaluated 

using nine inter-simple sequence repeats and 25 sequences related amplified 

polymorphism markers. Morphological results showed a significant difference between 

studied groups in leaf surface and twisted leaf in 60 Gy irradiated plantlets. The analysis 

of molecular variance revealed the significant genetic difference among groups. 

STRUCTURE analysis showed genetic variability both within and among groups. 

Using the NJ tree analysis, the plants studied were categorized into three distinct 

groups, which were supported by principal coordinate analysis (PCoA). In conclusion, 

gamma irradiation produced morphological and genetic changes in C. roseus 

regenerated in vitro plantlets providing to be a suitable method for further mutation 

breeding in periwinkle.  

Keywords: Gamma ray, Madagascar periwinkle, somaclonal variation, ISSR, 

SRAP.  

 

https://doi.org/10.2298/GENSR2001015N


16                                                                                                                  GENETIKA, Vol. 52, No1, 15 -28, 2020 

INTRODUCTION 

Catharanthus roseus L. (G) Don is a medicinal plant and contains more than 130 

terpenoid indole alkaloids (TIAs), from which 25 are dimeric in nature (KOUL et al., 2013). 

Among TIAs, Vinblastine (VB) and Vincristine (VC) play a major role in the treatment of 

different cancer types (ASLAM et al., 2010; RAHMATZADE et al., 2014) being used as anti-tumor 

drugs, they prevent cancer cells from successfully dividing by binding to the microtubules and 

prevent their polymerization (KOUL et al., 2013). 

Among the conventional methods, mutation breeding by irradiation different parts of 

plants proved to be a promising approach for inducing genetic variation and then selection of 

varieties with higher alkaloid contents. Meanwhile, gamma radiation and inducing somaclonal 

variation are efficient methods for obtaining genetic variation using these methods were obtained 

with C. roseus (NOORMOHAMMADI et al., 2018). They showed morphological and genetic 

variability among in vitro somatic cell cultures and may produce heritable qualitative and 

quantitative traits (ATAEI-AZIMI et al., 2008; SWANBERG and DAI, 2008; ZARGAR et al., 2010; 

VERMA et al., 2012; FATIMA et al., 2015). 

Gamma rays are electromagnetic radiation with the smallest wavelengths in the 

electromagnetic spectrum. They are a type of ionizing radiation and interact with atoms or 

molecules to produce free radicals in cells (KOVACS and KERESZTES, 2002). Depending on dose 

usage, exposure time, and the number of free radicals, gamma radiation can change plant biology 

by variation in production through cytological, biochemical, physiological, and morphogenetic 

of the cells. It not only enhances the secondary metabolites, and the number of free radicals, 

gamma radiation can change plant biology by variation in production through metabolites but 

also can damage different important compounds of the plant cell (MANGAIYARKARASI et al., 

2014). Based on the literature, gamma irradiated C. roseus plants showed different responses by 

morphological characterstics and synthesis of products with medicinal values (SALAMA EL-

SAYED, 2013; MANGAIYARKARASI et al., 2014; EL‐SHARNOUBY et al., 2016). 

Recently, different molecular markers have been used for genetic diversity and 

differentiation analysis. Inter-simple sequence repeat (ISSR) markers have been used to study the 

genetic diversity in C. roseus plants (KUMAR-SHAW et al., 2009; GUPTA et al., 2007; IBRAHIM et 

al., 2013; LAL et al., 2011; EL-DOMYATI et al., 2012).  

Sequence-related amplified polymorphism (SRAP) markers are novel molecular marker 

systems developed by LI and QUIROS (2001). These systems are based on open reading frames 

(ORFs) developed from genome sequence data of Arabidopsis. Two different primers with 17 or 

18 bps are used, which contain a core sequence (13–14 bps), and 10 or 11 bases at the 5ʹ end as 

filler sequences. This sequence is followed by CCGG in the forward primer and AATT 

sequences in the reverse primer. These primers, which can be selected randomly giving a large 

number of primer combinations, provide a unique combination of forward and reverse primers 

and produce a number of markers. According to ANEJA et al. (2012) applied sequencing 

technique and demonstrated that 20% of the SRAP are co-dominant markers. These markers 

have been recently used for genetic variation analyses in different plants such as different Prunus 

species, Brassica, and Dendrobium (PINAR et al., 2013; LIAND QUIROS, 2001; FENG et al., 2014; 

ABEDIAN et al., 2014). 
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In the present research, we studied the effect of gamma irradiation on seeds of C. roseus 

and their responses on in vitro germinated plantlets by morphological changes. The genetic 

variation among and within germinated plants was also studied by using SRAP and ISSR 

markers. 

MATERIALS AND METHODS 

Plant material and gamma irradiation 

The seeds of C. roseus L. (G) Donʹs were provided by Namin Green Farm (Tehran, Iran) 

for further studies. We used three plates containing 500 dry seeds each: the control, and two 

plates irritated with gamma 30, and 60 Gy. The irradiation was carried out by Gamma Cell, GC-

220 in 
60

Co gamma source with 9587 Ci activity and 2/28 Gy/s dose rate (Partonegaran-Saba 

company, Tehran, Iran). 

 

Tissue culture and morphological characteristics 

The seed sterilization was performed using 70% ethanol for 30 sec, followed by 

transferring the seeds to 5% hypochlorite for 15 min and finally washing them with distilled 

water for 5 times. The sterile seeds were cultured on MS medium (MURASHIGE and SKOOG, 

1962) with sucrose 30 g/l, agar 6 g/l, and pH=5.7 for 45 days. The explants represented by 

germinated plantlets were transferred into a new MS medium and under light treatments: 

illumination – 5000 lx, photoperiod-16 h, and temperature 25 ± 2℃ for 45 days. 

The morphological characters, including the surface area of leaves, stem length, root 

length, and fresh weight were measured for each group using the Digimizer software.  

 

ISSR and SRAP markers analysis 

The genomic DNA was extracted from five regenerated plant leaves of each group. We 

used the CTAB method based on KRIZMAN et al. (2006) protocol. Quantity and quality of 

genomic DNA were evaluated by Nanodrop spectrophotometer and 0.8% agarose gel 

electrophoresis, restrictively.  

For ISSR analysis, nine selected inter-simple sequence repeats [(AG)8T, (GA)8T, 

(GT)8YA, (GA)9A, (CA)7GT, (CA)7AT, (GT)7CA,(GT)7TG, and (AGC)5GC] were used. Each 

amplification reaction was 20 µl volume, contained 30 ng template DNA, 1X PCR buffer(10 

mM Tris-HCl buffer, pH = 8, 50 mM KCl),1.5 mM Mg Cl2 ,200 µM dNTP mix, 0.4 µM primer 

(Bioron, Germany), and 2 U Smart Taq polymerase (Cinnagen, Iran). The amplification was 

carried out in the thermal cycler (Bio-Rad, California, U.S.A) as follows: 95℃ for 1 min, 40 

cycles in three segments: 30 sec at 94℃, 47 ℃  for 45 sec and 72℃  for 1 min. The final 

extension was done at 72℃ for 5 min. PCR products were stained by Gel Red
TM 

Nucleic Acid 

Gel and visualized on 2.0% agarose gel electrophoresis. 

For SRAP analysis, twenty-five different combinations of SRAP primer pairs (Table 1) 

were used for PCR amplification. 

Each amplification reaction mixture of 20 µl contained 30 ng template DNA, 2.0 l of 

10X PCR buffer, 1.5 µl of 50mM MgCl2, 1.0 µl of 10mM dNTPs, 0.6 µl of 10mM each of 

forward and reverse primers, and 0.5 µl of 5 Unit/l Taq DNA polymerase. 

The amplification was performed in a Bio-Rad thermal cycler with a touchdown PCR 

program: 94℃ for 5 min, followed by 5 cycles of 94℃ for 1 min, 35℃ for 45 sec, and 72℃ for 1 
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min, and 35 cycles of 94℃ for 1 min, 50℃ for 45 sec, 72℃ for 1 min, and final extension at 72℃ 

for 5 min. PCR products were separated on 2.5% agarose gel. 

 

 
Table 1 SRAP primer combinations and their sequences  

     5´ – 3´ Sequences   Combination 

TGAGTCCAAACCGGATA _ GACTGCGTACGAATTAAT   Me 1_ Em 1 

TGAGTCCAAACCGGATA _ GACTGCGTACGAATTTGC   Me 1_ Em 2 

TGAGTCCAAACCGGATA _ GACTGCGTACGAATTGAC   Me 1_ Em 3 

TGAGTCCAAACCGGATA _ GACTGCGTACGAATTTGA   Me 1_ Em 4 

TGAGTCCAAACCGGATA _ GACTGCGTACGAATTAAC   Me 1_ Em 5 

TGAGTCCAAACCGGAGC _ GACTGCGTACGAATTAAT   Me 2_ Em 1 

TGAGTCCAAACCGGAGC _ GACTGCGTACGAATTTGC   Me 2_ Em 2 

TGAGTCCAAACCGGAGC _ GACTGCGTACGAATTGAC   Me 2_ Em 3 

TGAGTCCAAACCGGAGC _ GACTGCGTACGAATTTGA   Me 2_ Em 4 

TGAGTCCAAACCGGAGC _ GACTGCGTACGAATTAAC   Me 2_ Em 5 

TGAGTCCAAACCGGAAT _ GACTGCGTACGAATTAAT   Me 3_ Em 1 

TGAGTCCAAACCGGAAT _ GACTGCGTACGAATTTGC   Me 3_ Em 2 

TGAGTCCAAACCGGAAT _ GACTGCGTACGAATTGAC   Me 3_ Em 3 

TGAGTCCAAACCGGAAT _ GACTGCGTACGAATTTGA   Me 3_ Em 4 

TGAGTCCAAACCGGAAT _ GACTGCGTACGAATTAAC   Me 3_ Em 5 

TGAGTCCAAACCGGACC _ GACTGCGTACGAATTAAT   Me 4_ Em 1 

TGAGTCCAAACCGGACC _ GACTGCGTACGAATTTGC   Me 4_ Em 2 

TGAGTCCAAACCGGACC _ GACTGCGTACGAATTGAC   Me 4_ Em 3 

TGAGTCCAAACCGGACC _ GACTGCGTACGAATTTGA   Me 4_ Em 4 

TGAGTCCAAACCGGACC _ GACTGCGTACGAATTAAC   Me 4_ Em 5 

TGAGTCCAAACCGGAAG _ GACTGCGTACGAATTAAT   Me 5_ Em 1 

TGAGTCCAAACCGGAAG _ GACTGCGTACGAATTTGC   Me 5_ Em 2 

TGAGTCCAAACCGGAAG _ GACTGCGTACGAATTGAC   Me 5_ Em 3 

TGAGTCCAAACCGGAAG _ GACTGCGTACGAATTTGA   Me 5_ Em 4 

TGAGTCCAAACCGGAAG _ GACTGCGTACGAATTAAC   Me 5_ Em 5 

 

 

Data analyses 

Morphological characters were studied in all plantlet samples. Analysis of variance 

(ANOVA) followed by Tukey
’
s test was used to study significant differences among the 

samples.  

ISSR and SRAP profiles obtained were scored as binary characters. The band patterns 

obtained by each pair of markers were scored as present (1) or absent (0).  
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Genetic diversity parameters were determined in each group studied. These parameters 

were expected heterozygosity (He), Shannon information index (I), number of effective alleles, 

and percentage of polymorphism (WEISING et al., 2005; FREELAND et al. 2011).For grouping of 

regenerated plants, principal coordinate analysis (PCoA) was performed after 1,000 times 

bootstrapping/permutations (FREELAND et al., 2011). 

Mantel test was used to check the correlation between genetic distances obtained by two 

molecular markers (PODANI, 2000). Moreover, PAST ver. 2.17 (HAMMER et al., 2012) and 

DARwin ver. 5 (2012) programs were used for these analyses. 

The significant genetic differences among the studied samples were determined by 

Analysis of molecular variance (AMOVA) with 1000 permutations using GenAlex 6.4 (PEAKALL 

and SMOUSE, 2006).     

 

RESULTS 

Morphological characteristics analysis 

The regenerated plantlets of three groups (control, 30 Gy and 60 Gy irradiations) were 

grown on MS medium (Fig.1). Morphological characters showed that regenerated plants treated 

by 60 Gy irradiation possessed the higher means in fresh weigh, the surface area of leaves, and 

stem length in comparison with control and 30 Gy ray treated plantlets. However, ANOVA 

(Table 2) and LSD tests showed a significant difference in surface area of leaves between 3 

groups studied (P<0.01). The highest surface area of leaves belonged to two gamma irradiated 

plantlet groups. Actually, by increasing the radiation dose, we observed an increase in leaf 

surface area and twisted leaves in 60 Gy irradiated plantlets.  

 

 

Table 2 ANOVA Test based on morphological traits. P value with less than 0.05 showed significant 

difference 

  Sum of Squares df Mean Square F P value 

Fresh 

Weigh 

Between Groups .001 2 .001 1.625 0.237 

Within Groups .004 12 .000   

Total .006 14    

Surface 

area of 

Leaves 

 

Between Groups 44.174 2 22.087 18.608 0.000 

Within Groups 14.244 12 1.187   

Total 58.418 14    

Stem 

Length 

Between Groups 8.429 2 4.215 .606 0.561 

Within Groups 83.399 12 6.950   

Total 91.829 14    

Root 

Length 

Between Groups 46.114 2 23.057 1.754 0.215 

Within Groups 157.769 12 13.147   

Total 203.883 14    
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Fig. 1 The in vitro regenerated plantlets of the three groups, including controls (A), 30 Gy gamma radiation 

treated (B) and 60 Gy gamma radiation treated (C) 

 

Molecular marker analyses 

ISSR markers assay 

To investigate the genetic variation in regenerated C. roseus plantlets treated with gamma 

radiation, nine ISSR primers were used. They produced 200 bands with 99% polymorphism. 

Based on all 45 samples of the three groups analyzed, ISSR loci had a mean value of expected 

heterozygosity (0.109), Shannon index (0.159), and the number of effective alleles (1.195). 

Mean values of genetic parameters in each group showed the highest polymorphism (36%), 

Shannon index (0.207), and genetic diversity (0.143) in the control samples, while 30Gy irritated 

plants showed the lowest values of genetic parameters (Table 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Neighbor-Joining tree, with Dice similarity coefficient and 100 bootstrap value, based on ISSR 

primers. Blue color = controls, red color = treated samples with 30Gy and green color = treated 

samples with 60 Gy 
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Table 3. Genetic diversity parameters based on ISSR and SRAP primers. Na= number of alleles, Ne= 

number of effective allele, I= Shannon index, He= expected heterozygosity, %P= percentage of 

polymorphism, SE= standard error 

 

 

The cluster analysis was performed based on the Neighbor-Joining method (NJ, Fig.2) 

According to NJ tree, plant samples of three groups were clustered in three separated groups. 

The NJ cluster revealed that 60 Gy irradiated plants placed distantly from the other two and 

showed more differentiation (Fig. 2).The principal coordinate analysis (PCoA) plot (Fig.3) also 

confirmed the result obtained by clustering method. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3. PCoA plot related to three groups based on ISSR primers 

 

ISSR primer 

Group 
 

Na Ne I He %P 

Control 
Mean 0.765 1.257 0.207 0.143 

36.00% 
SE 0.067 0.027 0.021 0.015 

30Gy 
Mean 0.600 1.143 0.118 0.080 

21.50% 
SE 0.058 0.022 0.017 0.012 

60Gy 
Mean 0.650 1.186 0.152 0.104 

28.00% 
SE 0.063 0.024 0.019 0.013 

Total 
Mean 0.672 1.195 0.159 0.109 28.50% 

SE 0.036 0.014 0.011 0.008 4.19% 

SRAP primer 

control Mean 0.539 1.038 0.035 0.023 7.15 

 
SE 0.025 0.006 0.005 0.004  

30 Gy Mean 0.515 1.019 0.018 0.012 3.97 

 
SE 0.023 0.004 0.004 0.003  

60 Gy Mean 0.571 1.035 0.032 0.021 7.95 

 
SE 0.025 0.006 0.005 0.003  

Total Mean 0.542 1.030 0.028 0.018 6.36 

 
SE 0.014 0.003 0.003 0.002 1.21 
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The AMOVA test revealed significant genetic difference for ISSR markers among the 

three regenerated plant groups (PhiPT = 0.864, P = 0.001). It showed that 14% of total genetic 

variability was due to within samples variation while, 86% were due to among samples genetic 

variability (Data not shown). 

STRUCTURE plot (Fig.4) based on K= 3 separated the samples studied in three groups. 

The groups differed in their allele composition (different color). The STRUCTURE analysis 

confirmed NJ tree and PCoA plot. However, few common alleles with low frequency were 

identified between 60 Gy irradiated plants and controls.  

 

 

 

 

 

 

 

 

 

 

Fig 4.  STRUCTURE analysis of the three groups based on ISSR primers . No 1 to 15 = control plants, 16 

to 30 = 30 Gy treated plants and 31-45 = 60 Gy treated plants 

 

SRAP Analysis 

For the study of genetic diversity in coding regions of regenerated plantlet genomes, 25 

SRAP primer pairs (combinations of 5 forward primers and 5 reverse primers) were used. In 

total, they produced 629 bands with 94.6 % polymorphism. Based on all 45 samples of three 

groups, different combinations of SRAP loci had a mean value of expected heterozygosity 

(0.018), Shannon index (0.028), and a number of effective alleles (1.030). 

Analysis of genetic parameters among three groups revealed that control samples had the 

highest percentage of Shannon index (0.035), genetic diversity (0.023),and the number of 

effective alleles (1.038) while 30 Gy samples showed the lowest mean values of He, I, and Ne 

(0.018, 0.012, and 1.019 respectively, Table 3) 

The NJ tree (Fig.5) grouped the studied plantlets in three distinct clusters that were 

supported by PCoA ordination (data not shown) and analysis of molecular variance (AMOVA) 

with PhiPT = 0.965 and P value = 0.010.The test revealed that only 3% of the total genetic 

variation due to genetic variation within groups and 97% due to among groups. 

To determine the genetic structure of regenerated plantlets of three treatments based on 

SRAP data, we performed STRUCTURE analysis and K-Mean test. STRUCTURE analysis (Fig. 

6) with K = 3 conformed NJ tree and PCoA plot. Three separate gene pools including the control 

group, 30 Gy, and 60 Gy were identified with different allele types. 

Mantel test for revealing the correlation of two sets of molecular data showed a 

significant correlation (R2 = 0.934, P = 0.001) between ISSR and SRAP marker data obtained.  

To test the differentiation among the three group samples, pooled data of two marker data 

were used for clustering analysis. Neighbor-Joining tree, with the Dice similarity coefficient and 
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100 bootstrap values, produced three distinct groups as we found in above-mentioned results in 

each marker data (Fig.7).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5. Neighbor-Joining tree, with Dice similarity coefficient and 100 bootstrap value, based on SRAP 

primers. Blue color = controls, red color = 30 Gy and green color = 60 Gy. 

 

 

 

    Fig 6. STRUCTURE analysis of the three groups based on SRAP primers.  Number of samples are 

according to fig. 4   
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Fig 7. Neighbor-Joining tree, with Dice similarity coefficient and 100 bootstrap value, based on SRAP & 

ISSR pooled data. Blue color = controls, red color = 30 Gy and green color = 60 Gy. 

 

 

DISCUSSION 

Morphological changes induced by tissue culture conditions and gamma irradiation 

treatments in the first subculture differed significantly between control and treated plantlets 

regarding the leaf surface. By increasing the dose of irradiation, they obtained a larger leaf area 

(Table 2). However, the other morphological characters showed no significant differences among 

studied groups.  

 Similarly with this result, EL‐SHARNOUBY et al. (2016) also emphasized a negative effect 

of 30 Gy gamma irradiation on seed germination, the number of shoots, and shoot length of C. 

roseus plantlets as well as an increase in leaf area and leaves fresh weight. However, 

morphological characters are multigenic and multi-factorial traits, which are affected by 

genotypes and environmental conditions. The impact of gamma irradiation on plant growth may 

be related to the cellular compounds involved in the in vitro multiplication and cell division 

(ELANGOVAN and PAVADAI, 2014). 

In the present study, genetic variations were examined by ISSR and SRAP loci. Both 

markers showed a high genetic polymorphism and distinguished the three groups of plantlets 

distinctively. The polymorphisms of studied markers might be attributed to the creation of new 

alleles or the deletion allele by the genetic diversity created by gamma radiation.   

SRAP is a useful tool for target coding sequences that discloses numerous co-dominant 

markers. It makes these markers suitable to determine genetic diversity in several plants (LI and 

QUIROS, 2001; PINAR et al., 2013; ABDIAN et al., 2012; CHEN et al., 2014). Our findings showed 
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genetic variations among coding sequences. The genetic changes in coding regions of genomes 

may provide useful data for the probability of gamma radiation impacts on C. roseus.  

Mantel test also showed the high correlation between ISSR and SRAP similarity matrices 

proved good fit of markers in plantlets used. 

KUMAR et al. (2013) reported clonal fidelity of the in vitro regenerated C. 

roseus plantlets using RAPD markers. Their results indicated that all the tissue culture 

regenerated plantlets were true-to-type. In comparison, the present study showed polymorphism 

within samples in each group; which might be the variation of seeds themselves, as well as the 

effects of irritation doses. Several investigations also proved the genetic diversity among and 

within C. roseus cultivars using different molecular markers like RAPD, ISSR, AFLP, and SSR 

(LAL et al., 2011; EL-DOMYATI et al., 2012; IBRAHIM et al., 2013) 

Genetic diversity in gamma-irradiated plantlets depends on the used dose, exposure time. 

Our findings showed loss/gain of some alleles in treating plantlets in comparison with control 

plantlets because of variations in allele patterns. In fact, by increasing radiation dose, the amount 

of free radicals or reactive oxygen species may increase. Due to the attack of these molecules, 

more allelic variations and genetic diversity happened. 

Mutation breeding is relevant to various fields like morphology, cytogenetics, 

biotechnology, and molecular biology. It is now a popular tool for crop improvement (ACHARYA 

et al., 2007) and may cause genetic changes in plants. Gamma irradiation may affect plant 

growth by inducing morphological and genetic changes in cells and tissues and could be useful 

for creating proper traits.  

MURUGAN et al. (2015) reported changes in mitotic chromosome behavior of root tip cells 

of C. roseus after effects of different gamma radiation doses.  To date, this is the first report 

about effects of gamma irradiation on C. roseus by using molecular markers.  

 

CONCLUSION 

Gamma irradiation produced genetic variation and morphological changes in plantlets 

treated with 30 Gy and 60 Gy doses. This physical mutagen is often used in the field of mutation 

breeding. It could be very efficient for C. roseus germplasm collections by obtaining new 

accessions with increased amount of certain alkaloids with medical importance. Our study 

showed the usefulness of the ISSR and SRAP markers to evaluate genetic changes in regenerated 

and gamma-ray treated C. roseus plants. 
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Izvod 

Catharanthus roseus L. (G) Don, opšte poznat kao madagaskarska vinka je važna lekovita biljka 

kojoj istraživači posvećuju mnogo pažnje.  Ova biljka je bogat izvor terpenoidnih indola 

alkaloida(TIAs). Gama zračenje i somaklonalne varijacije mogu pružiti pogodne metode za 

genetske promene za povećanje lekovitih komponenti C. roseus. U ovom istraživanju, 30 i 60 

(Gi) gama zracima su ozračena  semena. Semenke C. roseusa uzgajane su u medijumu 

Murashige i Skoog (MS) u tri različite grupe, 0 Gi (kontrola) 30 i 60 Gy gama zračenje. Merene 

su morfološke karakteristike regenerisanih biljaka površinu listova, dužinu stabljike, dužinu 

korena i svežu težinu. Genetske varijacije su procenjene korišćenjem devet ISSR i 25 sekvenci 

AFLP markera. Morfološki rezultati su pokazali značajnu razliku između ispitivanih grupa za 

površinu lista i uvijenog lista u biljkama ozračenim sa 60 Gy. Analiza molekularne varijanse 

otkrila je značajnu genetsku razliku između grupa. STRUCTURE analiza pokazala je genetsku 

varijabilnost unutar i među grupama. Pomoću analize stabala N , proučavane biljke su svrstane u 

tri različite grupe koje su podržane principal koordinatnom analizom (PCoA). Može se zaključiti 

da je gama zračenje proizvelo morfološke i genetičke promene C. roseus regenerisane u in vitro 

biljke, što predstavlja pogodnu metodu za dalje oplemenjivanje primenom mutacija kod vinke.  
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