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Abstract  

The genetic diversity is one of the most important factors for crop improvement. On the other 
hand, for micropropagation or genetic transformation the most crucial aspect is to retain genetic 
integrity with respect to the mother plants. In order to select genotypes with in vitro stability or 
instability we evaluate the regeneration ability of the 30 Romanian genotypes, (lines and cultivars) 
and genetic diversity of the regenerants using ISSR markers. 3 out of 30 genotypes tested had 
regeneration ability with a frequency of 1 %. Five pairs of primer amplified fragments with the size 
ranged from 130 bp to 2420 bp. The total number of clear bands obtained from each primer ranged 
from 10 to 26. There were differences between genotypes regarding the number of polymorphic 
bands obtained with the same primer. With one of the primer used (A12), the number of polymorphic 
bands ranged from 6, at Sigma variety, to 17, at F105-90/17 line. To date, few studies have been 
conducted to assess the level of variation among somaclones of Medicago sativa using DNA 
polymorphism. 
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Introduction 
 

Tissue culture is a mutagenic technique causes cytogenetic, genetic and epigenetic 
variation collectively referred to as tissue culture - induced or somaclonal variation [1, 2]. For 
this reason, plant regeneration from alfalfa cells cultivated in vitro may be a source of useful 
variation [3]. However, when in vitro techniques are used for plant propagation and/or genetic 
modification the most crucial aspect is to retain genetic integrity with respect to mother 
plants.  

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, 
7, 8, 9, 10]. RFLP (restriction fragment length polymorphism) and RAPD (random amplified 
polymorphic DNA) analysis have been applied widely in the analysis of somaclonal variation. 
Piccioni et al [6] reported the incidence of molecular variation in 9 out of 39 (23%) 
‘Rangelander’ alfalfa genotype derived from somatic embryogenesis. RAPD based similarity 
was calculated, and ranged from 72 to 97%. These authors attributed the differences to 
somaclonal variation. Gagliardi et al [11] used both RAPD and AFLP to evaluate the genetic 
stability of in vitro plants originated from cotyledons and embryo axes of Arachis retusa. 
Amplified fragment length polymorphism (AFLP) analysis of in vitro regenerated plants was 
performed in order to evaluate the somaclonal variation in Asparagus officinalis cv. 
Argenteuil [12] and Secale cereale [13]. 
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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 template concentrations, make them 
superior to other readily available marker systems in investigations of genetic variation [14, 
15]. 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 appropriate genotype for the different task of the breeding program. 
 
Materials and Methods 
 
Plant materials 

30 lines and cultivars obtained in department working in alfalfa breeding from 
I.N.C.D.A. Fundulea were used: Satelit, F 1109-99, F105- 90, Granat, Cosmina, Sigma, 
F1615-04, F1206-00, F1306-01, F1822-06, Super, F270-91, F1413-02, F1310-01, F1111-99, 
Pastoral, Magnat, Alina, Selena, Stolo-13, Mf 42-96, Viking, Cristal, F219-91, Coral, Dorina, 
Saturn, Opal, Venus, F907-97. 
 Induction of somatic embryogenesis 

For the assessment of regeneration ability, 10 individuals from each cultivar were 
used. For plant regeneration was used methods described elsewhere [16]. 

The plantlets regenerated were maintained in aseptic conditions for further growth. For 
DNA extraction young leaves from in vitro growing plants were sampled. All in vitro cultures 
were maintained at 24°C, with a 16 h light regime. 
 
ISSR analysis.  

DNA extraction. Total genomic DNA from 39 regenerants and from mother 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 9 primers were screen for detection of the 
genetic polymorphism among regenerated and mother plants: A2, A3, A7, A10, A12, A13, 
A17, A21, UBC818 with following sequences: (ACTG)5, (GACA)5, (AG)10T, (CT)10T, 
(GA)6CC, (GT)6CC, (GTG)3GC, (CA)6AC, (CA)7G [17]. These were based on either di- or 
multi-nucleotide repeats that were complementary to microsatellite. 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 (3V cm-1), which run with 1xTAE buffer. Photo 
documentation was performed under UV light using a photo imaging system. Number of 
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bands generated by different pairs of primers used was scored and the frequency of 
polymorphism was calculated. 

 
Results and Discussions 
 

Almost all cultivars tested produced embryogenic calli but embryos failed to develop. 
3 out of 30 genotypes tested have regeneration ability. The frequency of plants with 
regeneration ability was 1% in the population of all three cultivars selected for this trait. The 
results obtained are presented as follow: F105-90 genotype produced 15 regenerants, Sigma - 15 
regenerants and Selena, 9 regenerants. 

In Medicago sativa regeneration is genotype specific and only a few genotypes in 
some cultivars have been isolated for their ability to regenerate plants from explants-derived 
calli. The ability of alfalfa culture to regenerate plants is under genetic control and occurs 
with a frequency of 1 to 10% in most cultivars [18]. The variable response within a cultivar 
reflects the facts that alfalfa is an open-pollinated species and each cultivar is actually a 
heterogeneous mixture of genotypes. 

The 9 primers were screened for their ability to generate ISSR polymorphic DNA 
bands using the accessions total DNA. Only 5 produced reproducible fragments. The data 
revealed that the di- and tri-nucleotide repeats are more informative than tetra-nucleotides. 
The number of total bands, their polymorphism and the percentage of polymorphism are 
presented in table 1.  

 
Table 1. ISSR primers used and number of bands detected at individuals analyzed from each genotype 

No. of bands per primer No. of polymorphic markers per 
primer 

Percentage (%) of polymorphism  
Genotype/ 
Individual 
no. 

A12 A13 A17 A21 UBC 
818 

A12 A13 A17 A21 UBC 
818 

A12 A13 A17 A21 UBC 
818 

Average 
of  %  of 
polymor- 
phism/ 
genotype 

F105-90/ 
17 

26 21 17 12 15 17 14 2 2 7 65,38 66,66 11,76 16,6 46,66 41,41 

Sigma/ 
15 

10 13 11 13 13 6 5 0 0 1 60 38,46 0 0 7,69 21,23 

Selena/ 
10  

16 19 13 14 19 12 12 1 1 9 75 63,15 7,69 7,14 47,36 25,06 

Average of % of polymorphism per primer 66,79 56,09 6,48 5,57 33,9  

 
 The total number of clear bands obtained from each primer ranged from 10 (Sigma 
genotype-A12 primer) to 26 (F105-90 genotype-A12 primer). The number of polymorphic 
bands ranged from 0 (Sigma genotype-A17, A21 primers) to 17 (F105-90 genotype-A12 
primer). In the present investigation, the average rate of polymorphism per genotype revealed 
that the genetic diversity of Sigma regenerants is lower than other two genotypes taken into 
this study. The frequency polymorphism obtained with ISSR primers ranged from 5,57% 
(A21) to 66,79% (A12). 

Amplification of the ISSR markers performed with 5 primer pairs produced 222 
reproducible fragments, 89 of which were polymorphic. Amplified fragments ranged from 
139 to 2420 bp in size. Among the primer pairs produced polymorphic banding patterns, A12 
produced the maximum number and A17 and A21, the minimum. For Sigma genotype, with 
A17 and A21 primers, ISSR fingerprints of the mother and the regenerated plants were 
identical. Primer A12 detected seventeen polymorphic loci among individuals from F105-90 
genotype (figure 1). 
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Figure 1. ISSR patterns generated by primer A12 at F105-90 genotype. Lane 1- F105-90 genotype donor of the 

explants; Lanes 2 - 15 – regenerants; M – pGEM DNA markers from Promega (2645-36 bp) 
 
Conclusions 
 

Experimental results obtained evidenced that ISSR markers allowed us to estimate the 
overall genetic diversity of the in vitro regenerated alfalfa plants. The number of polymorphic 
bands ranged from 0 (Sigma genotype amplified with A17, A21 primers) to 17 (F105-90 
genotype amplified with A12 primer).The lowest polymorphism was reveled by A21 primer 
(5, 57%) and the highest, with A12 primer (66,79%). The genetic diversity of Sigma’s 
regenerants being lower means that this cultivar is less prone to instability in vitro than other 
two cultivar studied.  
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