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ABSTRACT 
 

This investigation was carried out at Experimental area of the Ornamental Hort. Dept., Fac. 
Agric., Cairo Univ., Giza, Egypt, during the two seasons 2014/15 and 2015/16. The aim of this study 
was to investigate the effect of gamma irradiation on growth and flowering characteristics in two 
generations (M1 and M2) of Helichrysum bracteatum L. plants. In addition, we used RAPD and ISSR 
techniques for DNA polymorphism among obtained mutants. Seeds of H. bracteatum L. were 
exposed to eight doses of gamma radiation (5- 40 Gy). The results showed that all gamma irradiation 
doses had significant impacts on vegetative growth, i.e., plant height, number of branches per plant as 
compared with the control.  The highest average plant height and No. of branches were obtained with 
the low dose of gamma rays (5Gy), while higher doses decreased it. The highest dose (40 Gy) caused 
some morphological variations. The doses of 5 and 10 have tened flowering date, and increased No. 
of flower to maximum value of M1 and M2, respectively. Mutants were obtained in the plants treated 
with doses 15, 20 and 25 Gy. Gamma rays induced changes at DNA level among the mutants studied. 
The UPGMA cluster analysis showed the genetic relationship among the gamma irradiated and 
control individuals felled into two main clusters. This study indicated that, RAPD and ISSR profiles 
are reliable and reproducible in detect of DNA polymorphism among mutants in gamma radiation-
treated and un-treated plants.  
 
Key words: Helichrysum bracteatum L. plants, gamma rays, growth, flowering variations, RAPD- 

PCR, ISSR-PCR, cluster analysis.  

 
Introduction 

 
Helichrysum bracteatum L. plant recognized as strawflower or the golden everlasting, it is a 

blooming plant, belongs to the family Asteraceae. It cultivates as a herbaceous annual or perennial 
shrubs with grey leafy or green foliage.  

White flower or golden yellow heads are generated from spring to autumn. Genetic improvement 
of ornamental plants has achieved a main contribution to the flower’s production. Breeding of 
ornamental plants are aimed at increasing flowers crop and economic value by containing insect and 
disease resistance, improve flowers quality and a shorter growing period. Most of cultivated flowering 
ornamental plants showed a narrow genetic base. So, induced mutations are one of the best methods 
for the ornamental herbs improvement. In addition to, it can assist to restore and regenerate the 
variability, which is commonly lost in the acclimation to different stresses. Mutagenic treatment of 
seeds is the most suitable because the seeds can be treated in big quantities and are easily handled, 
stored and transported (Rehman et al., 1987; Khatab and Hegazi 2015). Several of chemichal and 
physical mutagens, e.g., sodium azide, ethyl methanesulphonate (EMS), X-rays, and gamma rays (γ-
radiation), have been applied to create novel, valuable cultivars in ornamental plants (El-Sayed et al., 
2012; Chen et al. 2013 and Inthima et al., 2014). 
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Gamma irradiation is one of the main physical mutagens for mutation studies in plants. It had 
adverse effect on traits of plants and this depended on plant species or varieties and the dose of 
irradiation (Artk and peksen 2006). It plays an important role in the producing new mutants with 
improved properties which can produce higher amounts of commercially important metabolites 
(Sanada, 1986). Several positive mutations have been created in agricultural crops by using gamma 
irradiations. Crops with improved characteristics have successfully been developed by mutagenic 
inductions., Javed et al., (2000); Momin et al., (2012); Chen et al., (2013) and Inthima et al., (2014). 

PCR-based DNA marker assays seem to supply the means for giving beneficial information on 
DNA polymorphism, diversity and genetic relatedness. Random amplified polymorphic DNA 
(RAPD) profiles are dominant markers and are widely applied in the fingerprinting, genetic mapping 
(Siddiqui et al., 2010) and for the characterization of markers related to beneficial traits (Bai et al., 
2003). It is simple and fast, RAPD technique has been associated for variability analyses in 
ornamental crops ( Priolli et al., 2010; Khatab and Hegazi 2015).  

Up to now, there have been no studies on effect the physical mutations in H. bracteatum L. 
plants. The aim of this work was, to investigate effect gamma irradiation on inducing mutations to 
improve growth flower and color. In addition, we used RAPD and ISSR profiles for DNA 
polymorphism among obtained mutants. 
 
Materials and Methods 

 
A field experiment was conducted during the two successive seasons of 2014/15 and 2015/16 at 

Experimental Station, Faculty of Agriculture, Cairo University,  Egypt. Seeds of Helichrysum  
bracteatum L. were obtained from Horticulture Research Institute, Agriculture Research Center, Giza, 
Egypt.  In each season , seeds of H. bracteatum L.(cv. local variety) were  irradiated using gamma 
rays at  Atomic Energy Commission-united irradiation -Gamma, Nasr city, Egypt. at doses of  0, 5, 
10, 15, 20, 30, 35 and 40 Gy and seeds of the control were kept without irradiation, using gamma-1 
type 137 gamma, cesium 137, dose rate= 0.751 rad/ Sec.  Gray 2:13  min/sec.  

 Plants of the M1-plants, which survived in each treatment were selected and selfed, in order to 
obtain the M2 seeds according to Sinhamahapatra and Rakshit (1990). 

Batches of 1000  seeds were treated with one dose of gamma-irradiation were sown in trays 
filled with a medium of peat moss , sand and loam (2:1:1 ), by volume" on 5th of November where 
germination was started after one week of sowing. Six weeks after sowing, seedlings were 
transplanted into open field experiment in a silt clay soil on January 6th in plots 3.5 x 1.5m with three 
rows at 60 cm apart in each plot and 70 cm between the seed hills within the row as two plants/ hill as 
every plot contained 15 hills / plot. 

Other agricultural practices such as irrigation and weeding were carried out as recommended. 
Daily observation was made throughout the experiments, the fertilizers were supplied for each plot as 
recommended, kristalon fertilizer (19:19:19) was applied at 2.5 g/plant monthly. The plants were 
fertilized monthly after month from transplanting. Irrigation was done with tap water according the 
needed amount of water. At maturity all the surviving M1 fertile plants were harvested separately and 
seeds were sown in the next season in plant progeny rows to raise M2 generation.  
 
M2 Generation: 

The seeds harvested from M1 generation were taken from individual treatments and used to raise 
M2 generation plants. The M2-generation was done in the second season on January, 2015/16.  The 
M2 generation was grown in a Complete randomized block design (CRBD) with three replications. 
All the recommended cultural practices namely, irrigation, weeding and plant protection methods 
were carried out during the plant growth period. 
 
Experimental data:  

The percentage of seed germination was recorded after six weeks from sowing. The H.  
bracteatum L. plants were grown until the onset of the first flower, the following  some characters 
were recorded i.e., plant height, branches number per plant, No. of days from planting to flowering 
(DPF) and flowers number per plant. Plants with the best traits collected were separately and planted 
in next year as (second mutant generation) M2.  
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Statistical analysis: 
A Randomized complete block design with three replicates was used. Data of the experiments 

were subjected to statistical analysis, according to the procedure of Snedecor and Cochran (1980), 
where the means separation were carried out using Duncan, (1980) multiple range tests and compared 
using L.S.D test at 0.05 probability levels significance was determined at P <0.05. 
 

Extraction of genomic DNA: 
0.5 g of fresh young H. bracteatum L. leaves were collected from both irradiated and the control 

plants and were soaked in liquid nitrogen for DNA extraction using the 2% cetyltrimethy lammonium 
bromide (CTAB) procedure as described by Doyle and Doyle (1990).  
 

RAPD profiles: 
Random amplified polymorphic DNA (RAPD) analysis of gamma treated and untreated plants 

was performed using random decamer primers. Six RAPD primers used in the analysis are 
summarized in the supplementary Table (2) (Abou El-Nasr and Heba 2013). Each 25-µl amplification 
reaction containing 1X PCR reaction buffer, 2.0 mM MgCl2, 0.2 mM dNTPs mix, 0.4 µM of each 
primer set, 1.5 U Taq DNA polymerase and adjusted to 25 µl using double distilled water (dd H2O). 
Amplifications were carried out in DNA a thermocycler (Biometra, Germany) with the following 
temperature profiles: 1 initial denaturation step at 94oC for 5 min, followed by 35 cycles at 94oC for 
30 s, 36oC for 1 min and 72oC for 1 min, and a final extension cycle at 72oC for 10 min. 
 

ISSR analysis: 
A total of four anchored ISSR primers were used to amplify DNA (Life Technologies, Gaithersburg, 

Md.). Each 25-µl amplification reaction consisted of 2.5 µl 10X PCR buffer, 2.5 µl 25 mM MgCl2; 0.5 µl 
40 mM dNTPs; 1 µl Taq DNA polymerase (1 unit/µl); 2 µl 0.4 µM primer. Amplification was carried out 
in DNA thermocycler (Biometra, Germany) under the following conditions: one cycle of 3 min at 94°C, 
followed by 28 cycles of  denaturation temperature 94°C for 45 sec, annealing temperature 52°C for 30 sec 
and extension temperature 72°C for 2 min at  a final extension 72°C for 6 min. 
 

Amplification product analysis: 
The amplified DNA (15 μl) for all samples was electrophoresed on 1% agarose containing 

Ethidium Bromide. (0.5 μg/ml) in 1X TBE buffer (89 mM Tris-HCl, 89 mM Boric acid, 2.5 mM 
EDTA, pH 8.3) at 75 constant volt and determine with UV transilluminator. The size of each fragment 
was estimated with reference to a size marker of 1 Kbp DNA ladder (BioRoN, Germany). The gels 
were analyzed by UVI Geltec version 12.4, 1999-2005 (USA). 
 

Data analysis: 
A matrix for RAPD and ISSR combined was generated by scoring reproducible bands as (1) for 

their presence and as (0) for their absence across the treatments. Genetic similarity coefficients were 
computed according to formula of Nei and Li (1979).The data were subsequently used to construct a 
dendrogram using the un-weighted pair group method of arithmetic averages (UPGMA) as described  
by Sneath and Sokal, 1973) employing sequential, agglomerative hierarchic and non-overlapping 
clustering (SAHN). All the computations were carried out using the software NTSYS-PC (Numerical 
Taxonomy and Multivariate Analysis System), version 2.1 (Rohlf, 2000). Correlation coefficients 
were calculated using similarity coefficients obtained from RAPD and ISSR combined. 

 
Results and Discussion 

 
Effect of Gamma radiation on some growth parameters:  
  
1. Plant height:   

It should be pointed out that, seed germination started simultaneously six days after sowing, and 
the germination rate was 100% in the control as well as in the treated seeds of H. bracteatum L. plant 
during the first generation and the second generation (data not shown). In general, gamma irradiation 
had significant impact on vegetative growth i.e. plant height as shown in Table (1). The tallest plants 
were observed with the application of the low dose of gamma rays (5 Gy) giving (163.33 and 170.83 
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cm in the first and second generations the increment were (17.5% and 11.4%) in M1 and M2, 
respectively compared with untreated plants. In contrast, by increasing radiation dose to 40 Gy a 
significant decrease in the plant height was recorded, the decrements were (28.47% and 28.69%) in 
M1 and M2 respectively, compared with untreated plants.  
 
2. Number of branches/plant: 

The data presented in Table (1) showed that in M1 generation there were insignificant increase 
between plants treated with lower doses (5, 10 and 15) compared with the control and the highest 
number of branches in plants was obtained with gamma irradiation at treatment 5 Gy, followed by 
plants treated with 10 and 15 Gy, where the average of number of branches ranged from 19.22, 18.55 
and 17.42. The highest values in M2 generation were obtained in plants treated with 5 and 10 Gy 
(23.50 and 22.00), respectively against 20.33 for the control. The lowest value of number of branches 
was recorded in plants treated with gamma at 40 Gy compared with the other treatments in M1 and 
M2.  It can be noticed that the highest dose of gamma rays (40 Gy) was less effective than in inducing 
more branches compared with the other lower doses. This reduction could be attributed to reduce in 
mitotic activity in meristematic tissues and reduced moisture content in seeds as reported by khalil et 
al.(1986). Similary, Norfadzrin et al., (2007) noticed that higher gamma ray doses (600 and 800 Gy) 
had negative effects on the morphological characteristics of tomato and okra seedling. A reduction in 
plant height and number of branches for many crops that exposed to higher gamma ray doses had 
already been reported by Sarada et al., (2015) on coriander plant; Monica and Seetharman (2016) on 
garden bean, Telem (2015) on chrysanthemum plant, Fardous et al., (2013) on Moluccella, El-
Khateeb et al. (2016) on Philodendron scaiandens and Taheri et al. (2016) on Curcuma alismatifolia 
plant. 

 
Table 1: Effect of gamma radiation on some vegetative growth and flowering characters of Helichrysum 

bracteatmum L. plant during the M1- and M2 (2014/15 and 2015/16). 
 Vegetative growth                 Flowering 

Characters Plant height (cm) Branches number /plant 
Days from planting to 

flowering (DPF) 
Flowers number / plant 

Treatments    M1              M2      M                M2    M1               M2    M1               M2 
Cont. 138.90bc        153.33 b   17.55 a          20.33 bc   129.33h        118.66 f  21.66bc           23.00 b 
5 Gy 163.33a          170.83 a    19.22 a          23.50 a  129.67h          122.33 e 24.00a             25.33 a 
10 Gy 142.77b          153.33 b    18.55 a          22.00 ab  132.00g          123.00 e 21.66b             22.55 b 
15 Gy 134.00de        151.66b    17.42 a          20.16 bc  135.33 f           123.33 e 21.33 bc          22.66 b 
20 Gy 130.00e          138.33c    13.10 b          12.50 d  138.33 e          129.00 d 20.66 bc          22.99 b 
25 Gy 124.99f          126.66 d    9.99 cd          11.33 d  144.00 d          132.33 c 17.33 d           20.99 bc 
30 Gy 122.20f           124.16 d    11.33 bc        11.00 d  151.33 c          135.33 b 19.81 c           22.22 bc 
35 Gy 137.55cd        127.50 d    13.22 b          18.50 c  155.67 b          137.00 a 20.44 bc         18.10 d 
40 Gy 99.33g            109.33 e   10.44 d           9.33 d  157.33 a          138.00 a 16.66 d           17.96 d 

Values followed by the same letter are not significantly different according to Duncan’s multiple range test (P < 
0.05). 
 

Effect of gamma radiation on number of days to flowering and number of flowers:  
 
1. Days from planting to flowering (DPF): 

Data in (Table 1) mentioned that the number of the days to flowering in both generations varied 
with different mutagenic concentrations and the doses of gamma rays caused significant effects on 
flowering date. The dose of 40 Gy produced progressive delay in flowering by (21.65% and 16.29%) 
in the M1 and M2, respectively, compared with untreated plants. 
 
2. Number of flowers: 

The effect of gamma rays at different doses on number of flowers (Table 1) revealed that treating 
plants with 5 Gy dose significantly increased No. of flower to maximum value (24.00) in M1 and 
(25.33) in M2, while the lowest values of number of flowers obtained with the highest gamma dose 
(40 Gy) and the decrements were 23.08% in M1 and 21.91% in M2 compared with gamma control. 
The obtained results are in agreement with those obtained by Telem (2015) on Chrysanthemum, 
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Kainthura and Srivastava (2015) on Polianthes tuberosa L., Patil et al., (2015) on the chrysanthemum 
plant, Kolar et al., (2011) on Delphinium plant and Kapadiya et al., (2014) on Chrysanthemum plant. 
 
Plant abnormalities of H. bracteatum L. as affected by different doses of gamma rays 
 
The abnormal phenotypes of M1 and M2 generations, caused by different doses of gamma rays treatments: 

No. Dose Abnormal phenotype No. Dose Abnormal phenotype 
1 
2 

Control 
15 Gy 

Normal  plant (original color) (a) 
Flower color and variegated plant Flower (b, h) 

3 
4 

20 Gy 
25 Gy 

Flower color (c) 
Flower color (d, e, f, g) 

 
The obtained mutants in flowers color (b, c, d, e, f , g) may be due to a mutation in the 

biosynthetic pathway of structural or regulatory genes may cause a change in flower color, Nakatsuka, 
et al., (2005). When the blockage occurs at the early stages of anthocyanin synthesis, white flowers 
will result, while a blockage at later stages leads to different flower colors due to the accumulation of 
particular anthocyanins, Mato, et al., (2000). (h, variegated plant may cause by genetic change in 
chloroplast DNA and gene and /or plastid changes (Preil 1985). Chloroplasts were extremely sensitive 
to gamma radiation compared to other cell organelles (Wi et al., 2007). 

 

 
Fig. 1: Showing the plant abnormalities of H. bracteatum L. as affected by different doses of gamma rays on 

inflorescence color and variegated plant in M1 and M2 generations:  
(a) in M1 and M2, (original color) yellow color of control plants. (b) in M2, yellow color inside and 

orange color outside of petals as a resulted of 15 Gy. (c) in M1 and M2, deep rose or lightly red color inside and 
orange color outside of petals as a resulted of 20 Gy. (d) in M1 and M2, orange color as a resulted of 25 Gy. (e) 
in M1 and M2, white color as a resulted of 25 Gy. (f) in M2, white color inside and lightly violet color outside 
of petals as a resulted of 25 Gy.  (g) in M2, lightly violet color or purple white as a resulted of 25 Gy. (h) in M1, 
variegated plant as a resulted of 15 Gy. 

 

RAPD and ISSR loci of mutant plants: 
 

Five RAPD and four ISSR primers were tested; out of which seven RAPD and ten ISSR primers 
respectively, were selected finally depend on their ability to detect of DNA polymorphism among 
mutants and the corresponding control. Other primers did not yield amplicons. 
 
RAPD-PCR assay: 
 

The five decamer RAPD primers were performed for all the genomic DNA of H. bracteatum 
L.plants irradiated with the different eight doses of gamma radiation and the control. The results 
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indicated that, irradiated individuals have variations in the banding patterns compared with the control 
ones (Fig. 2 and Table 2). A total number of five RAPD primers scored 55 loci ranged in size from 80 
to 1500 bp, with an average of 11 bands per primer. Twenty-two out of 55 amplicons were 
polymorphic (40%); the other 33 were monomorphic bands (60%). The number of loci for each 
primer varied from eight (RAPD-2) to 14 (RAPD-5). RAPD-1scored the highest polymorphic 
percentage (nine loci; 69.23%), while RAPD-5 exhibited the lowest polymorphism (two bands; 
14.29%) (Table 2). The percentage of polymorphism in the RAPD assay in the genomes of mutant 
individuals is shown in (Table 2).The results RAPD revealed that mutants with gamma radiation 
induced new loci or the absence of bands compared with the control individuals. Using RAPD-1, the 
dose 5 Gy of gamma irradiation induced one positive marker with molecular size +820 bp. On the 
contrary, 40 Gy dose led to disappearance of some bands of-422, -495bpusing RAPD-4 (Table 2). 
 
Table 2: Primer sequencea total number of bands, polymorphism % and unique loci determined by RAPD-PCR 

in γ-irradiated H. bracteatum L. plants in M2. 
Primer 
name 

Primer 
sequence 

Size range of 
the scorable 
alleles  (bp) 

Total  
alleles 

No. of 
monomorp-
hic  alleles 

No. of 
polymer

-phic  
alleles 

Polymorp-
hism % 

Unique 
loci 

Molecul
-ar size 

of 
markers 

(bp) 
RAPD-1 AACGCGCAAC 80-1100 13 4 9 69.23 1 +820 
RAPD-2 GGACGGCGTT 160-720 8 3 5 62.50 0 - 
RAPD-3 AAGCCCGAGG 90-730 9 6 3 33.33 0 - 
RAPD-4 AAGGCGGCAG 150-600 11 8 3 27.27 2 -422,  

-495 

RAPD-5 GGACGGCGTT 243-1500 14 12 2 14.29 0 - 
Total  80-1500 55 33 (60%) 22 40% 3(5.45

%) 
 

 
ISSR analysis:  

 
Changes in genomic DNA of the mutant H. bracteatum L. plants by gamma radiation were 

detected by ISSR profiles using four primers comparing with the control (Fig. 3 and Table 3).A 
number total of 37 alleles ranged from 150 to 1250 bp were scored, of which 13 bands were 
polymorphic (35.14%) and 24 alleles were monomorphic (64.86%) (Table 3). The number of alleles 
generated per primer varied from six (ISSR-3) to 11 (ISSR-2).To characterize the capacity of each 
marker to reveal polymorphic loci among the mutant individuals, we used the four ISSR primers 
(Table 3), which revealed that primer ISSR-4 gave the maximum polymorphism (six bands; 60%), 
followed by ISSR-1(three amplicons; 30%) and ISSR-2 (three loci; 27.27%), while primer ISSR-3 
record the minimum polymorphism (one allele; 16.67%) (Table 3). The ISSR locus results appeared 
that exposing of H. bracteatum L. plants to gamma radiation induced new bands or the absence of 
amplified products compared with the control. Using ISSR-3, the low dose of gamma irradiation (5 
Gy) induced one unique locus with molecular size +1105 bp. On the contrary, amplified fragments 
disappeared in the control and revealed in all irradiated individuals such as two negative markers with 
-730 and -591 bp using ISSR-1 and unique locus of -750 bp using primer ISSR-2 (Table 3). 
 
The Cluster analysis: 

 
The genetic variations among the irradiated and control (non-irradiated) H. bracteatum L. 

individuals were determined by Jaccard’s genetic similarity coefficients, ranged from 0.77 and 
0.97depend on RAPD and ISSR combined. The UPGMA cluster analysis of the Jaccard’s similarity 
coefficients produced a dendrogram (Fig. 4) which showed the genetic relationship among the 
irradiated and control individuals. The analysis illustrated that , γ-irradiated H. bracteatum individuals 
and the control fell into two main clusters. The first main cluster I:(similarity range 0.85 to 0.96) 
composed of the control, 5 and10 Gy-irradiated individuals, while the second cluster II :involved 
three groups: the first group (A): (similarity range 0.77 to 0.97) comprised all 20 and 25 Gy irradiated 
individuals. The second group (B): (similarity range 0.80 to 0.95) involved into 15, 30 and 35 Gy 
irradiated individuals. The third group (C): (similarity range 0.82 to 0.95) consisted of 40 Gy 
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irradiated H. bracteatum L. individuals. It turned out to be the most distinct but linked with the two 
groups A and B (Fig.4). 
 
Table 3: Primer sequence, a total number of bands, polymorphism % and unique loci determined by ISSR-PCR in γ-

irradiated H.  bracteatum L.plants in M2. 

Primer 
name 

Primer 
sequence 

Size range of 
the scorable  
alleles  (bp) 

Total 
 

alleles
 

No. of 
monomor

phic  
alleles 

No. of 
polymorphic 

 alleles  

% 
 Polymorphism 

Unique 
loci  

Molecular 
size of 

markers 
(bp) 

ISSR-1 AC6(CA) 200-1250 10 7 3 30 2 -730 - 591 
ISSR-2 GC8 (CT) 215-900 11 8 3 27.27 1 750 -  
ISSR-3  CC6(GA) 200-1105 6 5 1 16.67  1 +1105 
ISSR-4 GC8(CA) 150-1000 10 4 6 60  0 - 

Total  150-1250 37 
24 

(64.86%)  
13 35.14%  

4 
(10.81%) 

 

 
γ-Radiation are a class of ionizing rays, which separate the atoms from H2o molecules to 

generate free radicals H+ and OH–in the plant cells. These radicals produce secondary reactive oxygen 
species (ROS). The most crucial ROS is H2O2 (Lee et al., 2009).These free radicals react with 
genomic DNA and remove electrons from them and cause damage to DNA and biological activity. In 
addition to, these radicals can change important constituents of the plant cells. Consequently, affect 
the morphological properties of the plants. These modifications are depending on the radiation dose 
(Gaafar et al., 2016).In this study, the effect of different doses eight of γ-radiation (5-40 Gy) at the 
DNA level of H. bracteatum L.plants was determined by RAPD and ISSR loci to detect of DNA 
polymorphism among the irradiated and control plants. Traditional assays for detection of mutated 
plants based on a morphological marker are less reproducible ascribable the effect of environmental 
conditions. Hence, methods depend on molecular marker saremore reliable and reproducible in 
selection of mutants (Khan et al., 2009; Mahfouze et al., 2012; Hamideldin and Eliwa 2015). The 
disappearance of amplicons in the mutant plants may be related to DNA damage (single or double 
strand breaks, bulky adducts, oxidized bases and modified bases site), point mutations, DNA-protein 
cross links and complex chromosomal rearrangements caused by γ- rays (Ginchner et al., 2008). High 
doses of γ-radiation caused mutations in Chrysanthemum plants (Yamaguchi et al., 2008). As the γ-
radiation doses were increased, the nuclear DNA content was reduced in all the cultivars studied 
(Kahrizi et al., 2012). The highest decrease in the nuclear DNA content was recorded in plants treated 
with 90 Gy of γ-radiation. Appearance or disappearance of loci under γ-ray s might be considered 
molecular markers for radiation actions (Hussein, 2012).  

Genetic analysis of H. bracteatum L. mutant genomes depends on RAPD and ISSR profiles 
found that of polymorphism in γ- rays radiated H. bracteatum L. seeds was (40%) by RAPD and 
(35.14%)using ISSR analysis compared with the corresponding control. Besides, some of RAPD and 
ISSR loci newly revealed in specific γ-radiation induced mutant H. bracteatum L. individuals. On the 
contrary, other amplicons were found in the control and disappeared in some mutant H. bracteatum L. 
individuals. These results are in agreement with Wendt et al., (2001) who applied the ISSR analysis to 
study the effect of γ-rays on the Solanum tuberosum.  Furthermore, Mudibu et al., (2011) detected of 
changes in the DNA bands in γ- rays irradiated soybean plants using ISSR assay by appearance or 
disappearance of some loci. It has been suggested that, these changes due to structural rearrangements 
in the genomic DNA caused by various kinds of DNA damages (Selvi et al., 2007). In this study, 
three unique RAPD and four ISSR markers varying in molecular sizes (+820; -422 and -495 bp); (-
730; -591; -750 and +1105 bp), respectively were found to be linked with the mutant H. bracteatum 
L. plants which is flower color. These markers can be used as marker assisted selection (MAS) of the 
flowering color. 

The dendrogram constructed depending on UPGMA analysis of RAPD and ISSR combined data 
is one of the most efficient techniques in the numerical computation (Zhiyi and Haowen 2004; 
Mahfouze and Heba 2016). Hence, it was applied to find the genetic relationship among the mutant H. 
bracteatum L. plants and control. Accordingly, the dendrogram constructed using RAPD and ISSR 
profiles grouped the control, 5 and 10 Gy individuals in the same cluster. However, (15 to 40 Gy) 
were separated in another cluster. Jaccard’s genetic similarity coefficients, ranged from 0.77 and 0.97 
depend on RAPD and ISSR combined.  It was found that, the most genetic distance from the control 



Middle East J. Agric. Res., 6(2): 282-293, 2017 
ISSN: 2077-4605 

289 

(0.77) was observed between 20 Gy irradiated H. bracteatum L. and the control individuals. From this 
study showed that, the 20 Gy dose of γ-rays induced more genetic variation in the H. bracteatum L. 
plants. These results were agree with those obtained by Taheri et al., (2013) found that the 20-Gy 
dose of gamma radiation caused more genetic variation in the Curcuma alismatifolia individuals. We 
suggest that RAPD and ISSR markers are sensitive to detect of genetic diversity at the DNA level 
(Fig. 4 and Table 4). 
 
Table 4: Average genetic similarity matrix of Nei and Li coefficient depend on ISSR and RAPD combined in H. bracteatum 

L.plants exposed for different eight gamma radiation doses. 
Radiation 
dose 

Control 5 Gy 10 Gy 15 Gy 20 Gy 25 Gy 30 Gy 35 Gy 40 Gy 

Control 1.00         
5 Gy 0.85 1.00        
10 Gy 0.89 0.96 1.00       
15 Gy 0.85 0.83 0.86 1.00      
20 Gy 0.77 0.77 0.77 0.91 1.00     
25 Gy 0.79 0.78 0.79 0.91 0.97 1.00    
30 Gy 0.83 0.80 0.81 0.92 0.91 0.91 1.00   
35 Gy 0.85 0.82 0.83 0.92 0.86 0.88 0.95 1.00  
40 Gy 0.83 0.82 0.83 0.90 0.83 0.86 0.90 0.95 1.00 

 

 
 

 
Fig. 2: RAPD-PCR assay of H. bracteatum plants irradiated with different eight doses of gamma rays using five 

primers. 
Lane M: DNA ladder 100 bp, lane C: Control, lanes1-8:Amplicons from mutants.  
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Fig. 3: ISSR-PCR assay of H. bracteatum L.plants irradiated with different eight doses of gamma rays using 

four primers. 
Lane M: DNA ladder 100 bp, lane C: Control, lanes1-8:PCR products from mutants.  

 
Fig. 4: Dendrogram of gamma irradiated H. bracteatum plants based on RAPD and ISSR combined by UPGMA 

algorithm using Jaccard's similarity coefficient. 
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Conclusion 
 
The results of the experiments indicated that, the high doses of gamma radiation of seeds caused 

some morphological variations, higher dosage of gamma radiation reduced plant height, No of 
branches, No. of flower and days from planting to flowering (DPF). Also, treatments of radiation 
caused a simulative effect in most characters. There were much of mutagens in the color of leaves and 
flowers recorded in plants treated at doses 15, 20 and 25 Gy. This is the first report on molecular 
characterization of induced mutagenesis using γ- rays by RAPD and ISSR assays in H. bracteatum L. 
plants. Hence, H. bracteatum plants exposed to different doses of γ- radiation ranged from 5 to 40 Gy 
induced genetic changes at the DNA level. Generally, the 20Gy dose was the most effective in 
influencing the H. bracteatum L. genome. Our results showed that the RAPD and ISSR techniques are 
more reliable in the detection of DNA polymorphism among γ-radiation treated individuals and the 
control.  
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