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Abstract: Genetic diversity can be improved using the gamma ray irradiation to obtain the resistant plants 

to the disease. The Changes occur can be analyzed at the beginning of plant growth using molecular analysis; 

RAPD technique (Random Amplified Polymorfism DNA). This study aims to determine the genetic diversity 

produced by gamma rays irradiated and given the poly ethilene glycol given in plantlets to increase 

chrysanthemum resistance to Medium plain. The study used four primers tested on four treatments that 

were not irradiated plantlets and induced the poly ethilene glycol, gamma rays irradiated 25 gray un 

induced poly ethilene glycol, irradiated and induced the poly ethilene glycol 15 and 30%.The results 

showed a decrease of control diversity of genetic 0.20 to 0.30 in 25 gray irradiation treatment with given 

the poly ethilene glycol 15%.The use of the RAPD technique to determine genetic diversity resulting from 

gamma ray irradiation on the level of plantlets. Gamma ray irradiation treatment causing mutations in all 

treatments tested. Plantlets of 25 gray irradiation induced with 15%poly ethylene glycol / l showed changes 

in DNA structure.  
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1. Introduction 

Chrysanthemums come from subtropical countries will grow best when planted in areas that have a 

height of 900 m above sea level. The quality of chrysanthemum flowers will decrease if the plant cultivated 

in the plains of medium to low [1], [2]. Observations in Hargobinangun which have a height of 700 m 

showed that the condition of crops is not fertile, mostly plant disease (rust, fusarium wilt, etc.), flowers are 

small and the color is no longer as bright as the original. We suspect the decline in quality of plant growth 

due to genetically engineered crops has changed. It happened because the farmers use seeds from the low 

quality of parent tree or even replant the same crop repeatedly. In addition, the seed that had been planted 

by farmers is specific to the highlands (above 900 m above sea level), so when It is planted in plain medium 

(700 m asl) will tend to degrade [3], [4]. Flowers are dull, pale and faded other than that. 

PEG (Polyethylene Glycol) can be used to obtain the resistant plants to drought and high temperatures, in 

the field or in tissue culture. Research conducted by [5] has succeeded in doing the selection of upland rice 

using PEG 15%. PEG is a solution of high temperature stress simulation considering taking water or 

imbibition will be disrupted, resulting in stunted germination [6]-[8]. PEG containing two cell adhesion 

activity and other properties may interfere with or disrupt the phospholipid bilayer of the membrane layer 

International Journal of Bioscience, Biochemistry and Bioinformatics

139 Volume 6, Number 4, October 2016

mailto:ariewijayani@yahoo.com


  

that is holding the adhesion, then it’s reorganized until the perfect fusion occurs. Here the activity of PEG is 

as an intermediary molecule in enhancing the activity of two kinds of plasmolemma or protoplasts. The use 

of PEG needs special attention because these compounds can act as sito-toxicity to the cells of the plant [5], 

[9], [10]. 

2. Methodology 

The study was conducted in the net work culture laboratory of the Faculty of Agriculture UPN "Veteran" 

Yogyakarta in two stages. Phase I 25 gray gamma ray Irradiation. While phase II is the chrysanthemum 

tolerance test against PEG (Polyethylene Glycol). In the tolerance test of chrysanthemum against PEG 

performed on plantlets growth was good after gamma irradiation, which is still green, then moved into the 

test medium. Research using laboratory experiments completely randomized design (CRD) of the factors 

that PEG formulations, namely: 0% is equivalent to an osmotic potential of 0 MPa, 15% is equivalent to an 

osmotic potential -2.01 MPa and 30%, or -4 osmotic potential, 02 Mpa. Of these factors is repeated 6 times 

with each treatment consisting of 10 bottles, and each bottle contains 2 explants. 

Implementation study begins by planting the plantlets results of phase I study further grown in medium 

supplemented with appropriate PEG treatment. Four weeks after the subculture plantlets will show 

different conditions, resistant plantlets will remain green while the plantlets that cannot stand black and 

die. Criteria resistant plantlets is if more than ½  part of plantlets were treated live or embryonic. Explants 

were put into culture bottles and then sealed with aluminum foil and then stored in room temperature 

incubation 24 C. With irradiation intensity of 16 hours per day. Maintenance is done until the plants are 8 

weeks old. DNA analysis is done to look for resistance to high temperatures with RAPD. 

3. Results and Discussion 

3.1. Tolerance Test with PEG 

During the incubation period since the explants planted until the end of the study observed various 

changes in the explant. These changes include the presence of several explants that are not growing, the 

emergence of buds on explants were planted as well as the change in color and shape of the explants. Initial 

response that occurs in most of the explants after planting is the swelling of tissue explants. According [1], 

changes in the explant is linked to the level of osmolarity of the media used. [4] states that the swelling of 

the tissue due to the influence of nutrients and the addition of growth regulators. 

 
Table 1. Effect of PEG on the Percentage of Life and Conditions of the Plantlets Treatment Percentage of Life 

Treatment 
Life procentage 

(%) 
Diameter callus (cm) 

Conditions of the 

plantlets 

PEG 0% 75.00 0.5 Fresh Green 

PEG 15% 50.23 2.33 Light Green 

PEG 30% 49.98 1.00 Pale Green 

 
In Table 1 we can see that in the media with PEG 0%, 15% and 30% indicates the percentage grew by 

75%, 50.23% and 49.98%. it is Showed that plants at a concentration of PEG 15-30% still survive in the 

sense tolerant to high temperatures. Ref. [5], [11] suggest that the lack of water will suppress the vegetative 

growth of the plants, as reflected in smaller leaves, reduced stem diameter and plant dry weight. And is also 

seen from the decline in the rate of plant growth and relative growth rate as a result of decreased efficiency 

of photosynthesis is visible from the reduction in net assimilation rate. The increase of the running 

photosynthesis to reduce crop yield components and both quality and quantity. Ref. [5] examined the rice 

plants through tissue culture in MS medium added PEG - 6000 with a combination of 0-20% in a study 
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stating that the 0% PEG equivalent to the potential osmotic 0 MPa, 10% is equivalent to -, 43 MPa and 20% 

equivalent to - 0.81 Mpa. The plant showed that the concentration of PEG 20% still survive within the 

meaning of drought tolerant. 

The growth shown by the increment size cannot be returned. The growth reflects increased plant size 

protoplasm that occur both cell size and in the number of cells. Plant growth is supported by the availability 

of water, nutrients in the growth medium [1], [12]. The Water availability will lead to slow growth plantlets. 

Drought stress also affects the growth and yield, the magnitude of the effect depends on the degree of 

dryness and the growth phase when the water shortage. 

Plant resistance to water shortage between species and varieties with the most susceptible to the level of 

the most resistant. The response of plants to the environment, usually due to changes in metabolism. If the 

changes are severe enough to be cause tissue damage, and even death. The limits of endurance caused by 

atrophy and tissue death, loss of turgor, the leaves fall until the plant dies. In drought stress plants adapt to 

survive to become plants that are tolerant to drought, while drought tolerance [1]: growth will be 

dominated in the stem and leaf growth, leaf area will be smaller mean number of stomata will be little, 

evaporation will run slower, increase in ABA at the plant will increase / lotespecially on the leaves, the 

amount of grain in panicle less, the plant roots will penetrate the ground deeper, to find more water. 

The use of PEG 6000 on the cultivation of the cells may help cells to better withstand NaCl compared with 

cells that are not selected. Ref. [5] stated PEG 6000 can help stress in the cell cultivation medium, so that the 

cells are resistant in this medium will be resistant to stress. Stress to temperature changes which cannot 

change the contents of cell fluid. Plantlets growth inhibited at each concentration showed the growth 

inhibition. This is due to disruption of metabolic mechanisms and binding of water molecules by plant roots 

[6], [11]. [12] examined the cells cultured tomatoes in medium MS added PEG 6000 to 20% were eventually 

obtained crops that are resistant to drought stress. 

3.2. The Observations of Molecular 

Genetic diversity can be observed morphologically and molecularly. This occurs because of changes in the 

segment or segments of their inserts on other chromosomes cannot be observed with the use of 

microscopes. The genetic diversity caused by a mutation can be detected at a molecular level by using the 

technique of DNA fingerprinting existence of bands ofDNA amplification with all primary likely due to their 

complementary sequences on the DNA strand or contained (strand) containing sequences complementary 

to the primer.  

 
Table 2. Primary (Production Operon Technologies) Were Used to Screen for Resistance to the High 

Temperatures with Impact of 
NO Primer  sequences (5 '-3') 

1 OPA 1 CAGGCCCTTC 

2 OPA 2 TGCCGAGCTG 

3 OPA 19 CAAACGTCGG 

4 OPA 20 GTTGCGATCC 

 
Annealing and amplification of a DNA loci due to complementary base pairing nukleitida primers used in 

the DNA strand. Appears least a locus on a sample of the plant can be caused by differences in the 

composition of nukleitida bases in DNA samples so that the same primer cannot be attached and therefore 

cannot amplify loci. This difference is known as polymorphism. With RAPD technique can be seen 

polymorphism found in chrysanthemum plants which are not irradiated as a positive control (F0) with 

chrysanthemum irradiated gamma rays 25 gray (F1) and irradiated in the impact of PEG 15% (F2) and PEG 

30% (F3 ) is shown in Fig. 1. 
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Fig. 1. Results of the callus amplification chrysanthemum irradiated with 25 gray impact of PEG at different 

doses. 

 

The arrow indicates the addition and subtraction tape that does not exist in another population 

Analysis of genetic diversity based on Nei's gene diversity GenAlEx6.1 is done with the program shown in 

Table 3. Diversity is calculated based on allele frequencies (1 and 0) and the number of polymorphic loci, 

which shows genetic diversity in populations of plants irradiated with Co-60 gamma rays. This causes 

coefficient value diversity in line with the value of the percentage of polymorphic loci, e.g the higher the 

percentage of polymorphic loci were higher coefficient of diversity that arise. Polymorphisms that occur 

from RAPD analysis shown with the formation of the DNA bands in the individual one while the other 

individual is not formed in ribbon on the position or the same size. With the primary polymorphism will 

show the level of genetic diversity. In all primers tested DNA bands were formed between 100 to 1200 bp. 

 
Table 3. The Genetic Diversity Caused by Gamma Ray Irradiation 25 Gray and PEG Impact 

Pop  N Na Ne I h uh %polimorfism 

F0 Mean 3.000 1.280 1.416 0.331 0.231 0.347 52.00% 

 SE 0.000 0.169 0.082 0.065 0.045 0.068  

F1 Mean 3.000 1.080 1.256 0.204 0.142 0.213 32.00% 

 SE 0.000 0.152 0.076 0.061 0.042 0.063  

F2 Mean 3.000 1.200 1.320 0.255 0.178 0.267 40.00% 

 SE 0.000 0.153 0.080 0.064 0.044 0.067  

F3 Mean 3.000 0.960 1.224 0.178 0.124 0.187 28.00% 

 SE 0.000 0.158 0.073 0.058 0.041 0.061  

Total Mean 3.000 1.130 1.304 0.242 0.169 0.253 38.00% 

 SE 0.000 0.079 0.039 0.031 0.022 0.033 5.29% 

 
Remark :N = Number of alel; Na = Number of different alel, Ne = Number of effective alel, I = Shannon 

index, h = The genetic diversity; uh = Diversity is not biased and the percentage of polymorphic F0: A 

positive control is not irradiated and scanned with PEGF1: irradiated Planlet 25 gray gamma rays do not 

impact with PEGF2:irradiatedPlanlet 25 gray of gamma rays and induced with PEG 15%F3: irradiated 

Planlet with gamma rays 25 gray and induced with PEG 30%. 

Table 3 shows a decrease of genetic diversity in the irradiated plantlets 25 gray of gamma rays that from 

0231 into 0142 and 0178 padaF1 on the F2 and F3 0124. So also with the percentage of polymorphisms 

that occur 52% of the positive control decreased to 28% in treatment by PEG 30% it can be caused There is 
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change gene's ability to withstand stress conditions PEG. Plants are able to survive the stress of PEG can be 

said to be resistant to high temperatures but very little resistance genes can be derived. Changes occur after 

treatment showed the changes of phylogenetic tree, into 2 main clusters irradiated and Top of Form. 

 

 
Fig. 2. Dendrogram population plantlets positive control treatment based on molecular character matrix 

inequality RAPD. 

 

 

In vitro selection is more efficient due to the condition of selection can be made homogeneous, relatively 

little space is required, and the effectiveness of the high selection. Therefore, the combination of the 

induction of somaclonal variation and selection in vitro is an alternative technology that is effective in 

producing individuals with specific characters [13]. The use of in vitro techniques will produce a population 

of cells through the selection of variants on the appropriate medium. Selection intensity can be 

strengthened and made more homogenous.Populasi tissue or plant cells can be selected in the selection 

media will increase the frequency variants with the desired properties [16], [17]. 

4. Conclusion 

Gamma ray irradiation dose 25 gray works best for mutation induction chrysanthemum. Gamma rays as a 

mutagen in the induction of mutations has provided physical changes in chrysanthemum callus, the callus is 

still green. Chrysanthemum plantlets were simulated with Polyethylene Glycol to obtain varieties tolerant to 

temperatures in the plains of medium to demonstrate its ability to survive in the administration of PEG 15%, 

plantlets look fresh, green leaves with life percentage reached 50.23%. Using RAPD molecular test results 

also showed that irradiated plants 25 gray of gamma rays resistant to temperature stress in vitro. 
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