
Volume 14(3), 177-181, 2010 
JOURNAL of Horticulture, Forestry and Biotechnology 

Estimating alfalfa somaclonal variation by ISSR markers 
 
Petolescu Cerasela1*, Ciulca S.1, Lazar A.1 

 
1Banat’s University of Agricultural Sciences and Veterinary Medicine Timisoara, Faculty of Horticulture and 
Sylviculture – Romania;  
 
*Corresponding author. Email: cerapetolescu@yahoo.com 
 
Abstract       The main purpose of this study was to evaluate the genetic 
variation of the in vitro regenerated plantlets of Sigma alfalfa genotype using 
five ISSR primers. In order to fully exploit ISSR results for studies of the 
genetic structures of regenerants of Sigma genotype, it is necessary to use a 
method of data analysis that permits identification of variations within 
population. Genetic identity between the explant-donors and the in vitro 
derived plantlets was performed using simple matching coefficient, genetic 
similarity coefficient, polymorphic information content and polymorphic index. 
The variance analysis was used to estimate the polymorphism among the 
ISSR patterns. The results indicated that was significant genetic diversity 
among regenerated plantlets ranged from 11,53% to 28,24%. A medium level 
of genetic diversity was found between explant-donors and the in vitro derived 
plantlets ranged from 35% to 10%. The total polymorphism generated by a 
certain primer (PIC) recorded the biggest value (0.476) in the case of the A-12 
primer, significantly superior than the A-13 primer (0.173). The superior 
efficiency of the A-12 primer in polymorphism localization between the Sigma 
regenerants is confirmed also by the high discriminating index value, 
statistically assured (2.857). The polymorphic potential of the two primers is 
direct proportional with their discriminating power, considering that the 
number of the polymorphic bands generated is similar   
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Alfalfa is also one of the most frequently studied 

crops from the point of view of tissue culture-derived 
embryo production. Plant regeneration in lucerne 
(Medicago sativa) is highly genotype dependent and 
inspite of considerable information on in vitro 
regeneration in this species [3, 9]. It is also considered 
the species with the most advanced synthetic seed 
system, although its use for commercial propagation 
purposes is still under evaluation [8]. Medicago sativa 
is a leguminous plant species that originated in Asia 
and Iran. Alfalfa is the world’s main forage legume 
and, at the same time, it is a model culture for 
numerous genetic engineering studies. This plant 
species has been grown for a variety of purposes such 
as soil improvement, animal feed, medicinal uses and a 
suitable foliage [11]. Alfalfa is a plant with long 
history of use around the world as a livestock feed. 
Middle-Eastern cultures have long used alfalfa as 
fodder for horses claiming increased speed and 
strength of the animals. The fiber-rich alfalfa plant, like 
beans and peas, is a member of the legume family and 
can be found in modern dietary supplements as an 
ingredient targeted to lowering cholesterol, increasing 
energy levels and "detoxifying" the blood. 

Inter simple sequence repeats has recently been 
developed as an anonymous, RAPD – like approach 

that accesses variation in the numerous microsatellite 
regions dispersed throughout the various genomes and 
circumvents the challenge of characterizing individual 
loci that other molecular approaches require. They are 
characterized by mono-, di- or multi - nucleotide 
repeats that have 4 -10 repeat units side-by-side. 
Extremely high variability combined with greater 
robustness in repeatability experiments and less prone 
to changing band patterns with changes in constituent 
or DNA concentration template make them superior to 
other readily available marker systems in investigations 
of genetic variation [2, 7]. In the present study, we 
report the use of molecular marker such as ISSR, for 
the assessment of genetic diversity of the regenerants 
compared with mother plants in order to select the 
most apropiate genotype for the different task of the 
breeding program. Several strategies are available for 
detecting somaclonal variation including phenotypic 
identification, cytological analysis, and molecular 
methods. Several authors have used molecular markers 
to monitor genetic stability in in vitro culture-derived 
plants [4, 5, 6, 10, 12, 14]. 
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Material and Method 
 

Plant materials: 14 regenerated in vitro plantlets of 
Sigma genotype. This genotype is obtained in 
department working in alfalfa breeding from 
I.N.C.D.A. Fundulea. Alfalfa seeds were surface 
sterilized by immersion in 70% ethanol for 10 sec., and 
then in 0.1% (w/v) mercuric chloride (HgCl2) solution 
for 3 min, followed by four washes with sterile distilled 
water. Sterile seeds were inoculated on half-strength 
MS medium for germination. 

The explants (cotyledons, roots, petiole and 
leaflets) were prepared from plantlets obtained by seed 
germination in aseptic conditions, three weeks after 
culture initiation. For callus and embryogenesis 
induction was used Murashige and Skoog medium 
added with 2 mg/l 2,4 D and 0,5 mg/l kinetin, 3% 
sucrose and B5 vitamins, solidified with agar.  

Vigorously growing, light-yellow primary 
callus was transferred on the same basal medium 
supplemented with 3% (w/v) sucrose, B5 vitamins and 
solidified with agar for embryos development and plant 
regeneration. Embryos with cotyledon were transferred 
to half-strength MS medium added with 4 mg/l GA3 for 
germination. 
ISSR analysis.  

DNA extraction. Total genomic DNA from 14 
regenerants and from donor plants was extracted using 
Maxwell™ 16 Instrument from Promega. Purified 
concentrated products were obtained at high quality 
and high yield.  

Primers and ISSR-PCR assays. The 5 primers 
were screen for detection of the genetic polymorphism 
among regenerated plantlets and mother plants: A12, 
A13, A17, A21, UBC818 with following sequences: 
(GA)6CC, (GT)6CC, (GTG)3GC, (CA)6AC, (CA)7G 
[13]. The amplifications were carried out in a 25 μl 
PCR buffer containing: GoTaq® Green Master Mix 
ready-to-use solutions (GoTaq® DNA Polymerase, 
dNTP, MgCl2, and reactions buffers at optimal 
concentrations for efficient amplification of DNA 
templates), ISSR primers, DNA template and 
Nuclease-Free Water. GoTaq® Green Master Mix 
contains two dyes (blue and yellow) that allow 

monitoring of progress during eletrophoresis. DNA 
amplification was carried out using a Thermalcycler by 
Corbett and reactions were submitted to the following 
PCR program: preliminary DNA denaturation for 5 
min at 94°C, followed by 35 cycles consisting of 
denaturation (1 min, 94°C), primer annealing (1 min, 
46-51°C), and extension (3 min, 72°C). A final 
extension for 7 min at 72°C was included. The ISSR 
products were separated by 2% agarose gels 
electrophoresis, which run with 1xTAE buffer. Photo 
documentation was performed under UV light using a 
photo imaging system. Number of bands generated by 
different pairs of primers used was scored and the 
frequency of polymorphism was calculated. 
Data analysis. Data were analyzed by current 
statistical analysis methods [1]. The amplification 
bands were scored as (1) and (0) on band (allele) 
presence and absence, respectively. The frequencies of 
the RAPD fragments were estimated for each of 
individuals. Sizes amplification bands were estimated 
using PhotoCapt Molecular Weight System. 

 
Results obtained 

 
Results of evaluating the genetic variability of 

the 14 regenerats of Sigma genotype highlighted the 
fact that only two of the five used primers ISSR (A12, 
A13, A17, A21 and UBC 818) generated a 
polymorphism which allows an adequate analysis (fig. 
1 A, B, C). 

The results of the assessment of regenerants 
originating in explants derived from the Sigma variety 
showed that only A12 (60%) and A13 (38.46%) 
primers have generated a polymorphism rate that 
allowed the assessment of the genetic variability 
between the regenerants obtained by in vitro culture. 

In the population of Sigma regenerants, the A-
12 locus’ alleles expressed a higher genetic diversity 
(35.6%) than the donor plant, associated with high 
intrapopulational variability as well (28.24%). On the 
contrary, the alleles of the locus A-13 manifested a 
high genetic similarity (90%), on the background of a 
medium interindividual variability (table 1.). 

 
Table 1.  

Polymorphism rate for the regenarants of Sigma cultivar using  ISSR primers 
No. Primer Nucleotide Bands No.  Polymor- Bands PIC PI 
crt.  sequence Total Polymor ph (%)  (pb) xsx ±   
1 A-12 (GA)6CC 10 6 60,00 350-1150 0,476+0,067 2,857
2 A-13 (GT)6CC 13 5 38,46 350-750 0,173+0,041 0,867

 

No. Nucleotide Genetic similarity coef. 
crt. 

Primer 
sequence(5’-3’) xsx ±  s% 

1 A-12 (GA)6CC 0,644+0,049 28,24 
2 A-13 (GT)6CC 0,900+0,028 11,53 
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Fig. 1. Analysis of 2% agarose gel electrophoresis for amplified products  using A12 primer (A), A13 primer (B) 
Sigma genotype – M - molecular marker; 1-14 regenerants; 15 explant donor; 

 

Amplicons obtained with the two primers had 
sizes between 350-1150 bp for A-12 primer, and 350-
750 bp for A-13 primer. Minimum size difference 
between any two polymorphic bands generated by a 
primer was 80 bp for A-12 and 50 bp A-13.  

The total polymorphism generated by a 
certain primer (PIC) recorded the biggest value (0.476) 
in the case of the A-12 primer, significantly superior 
than the A-13 primer (0.173). The superior efficiency 
of the A-12 primer in polymorphism localization 

between the Sigma regenerants is confirmed also by 
the high discriminating index value, statistically 
assured (2.857). The polymorphic potential of the two 
primers is direct proportional with their discriminating 
power, considering that the number of the polymorphic 
bands generated is similar (figure 2). 

The results of variance analysis of the 
polymorphic bands obtained with A-12 and A13 
primer are presented in tables 2 and 3. 
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Fig. 2. Diagram of genetic similarity coefficient, polymorphic information content and polymorphic index for 
the regenarants of Sigma cultivars using  ISSR primers 
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Table 2. 
Analysis of variance for the polymorphic bands of the A-12 primer in regenarants of Sigma genotype 

No. Locus Between groups Within groups F Test 
crt.  SP GL SP GL  
1 A12-350 0,214 1 1,500 12 1,71 
2 A12-430 0,095 1 3,333 12 0,34 
3 A12-660 0,095 1 0,833 12 1,37 
4 A12-920 0,006 1 1,708 12 0,04 
5 A12-1030 3,429 1 0,000 12  
6 A12-1150 0,054 1 0,875 12 0,73 

Table 3.  
Analysis of variance for the polymorphic bands of the A-13 primer in regenarants of Sigma genotype 

No. Locus Between groups Within groups F Test 
crt.  SP GL SP GL  
1 A13-350 0,019 1 0,909 12 0,26 
2 A13-450 0,019 1 0,909 12 0,26 
3 A13-500 0,019 1 0,909 12 0,26 
4 A13-650 0,019 1 0,909 12 0,26 
5 A13-750 2,357 1 0,000 12  

 
The results presented in table 2, show that of 1030 

bp amplicon generated the greatest differences between 
the Sigma variety regenerants, contributing 
significantly to the total variability recorded by using 
primer A12. 

The lowest variability was observed in case of 920 
and 1150 bp fragments, and the highest heterozygosis 
was registered by alleles with 430 and 920 bp. 

The results presented in table 3 show that almost 
all polymorphic bands obtained with primer A-13, have 
the same contribution to total variability. An exception 
is the allele of 750 bp, which distinguishes the 
regenerants of this variety. 

 
Conclusions 

 
The results of polymorphism assessment at ADN 

level in somaclones and origin plants, with ISSR 
primers, showed lower genotypic differences; the 
Sigma cultivar manifested the highest stability in the in 
vitro culture.  

Of the five ISSR primers studied, two primers (A-
12, A-13) generated polymorphism in the somaclones 
derived from the somaclones of the Sigma cultivar.  

The variance analysis was used to estimate the 
polymorphism among the ISSR patterns. The results 
indicated that was significant genetic diversity among 
regenerated plantlets ranged from 11,53% to 28,24%. 
A medium level of genetic diversity was found 
between explant-donors and the in vitro derived 
plantlets ranged from 35% to 10%. The superior 
efficiency of the A-12 primer in polymorphism 
localization between the Sigma regenerants is 
confirmed also by the high discriminating index value. 
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