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Abstract 

Plantago major  is a short stemmed annual herb belongs to Plantaginaceae family which is important because of 

its wide use in pharmaceutical, medical, healthcare and industrial purposes. The present study was conducted to 

evaluate the the somaclonal variations within Plantago major callus culture using inter simple sequence repeats 

markers. Callus induction was optimized using leaf and root as explants and MS medium containing various 

concentrations of 2,4-D and Kin. Moreover the effect of number of subcultures was considered in assessing 

genetic variability. Eighteen callus samples derived  from different explants, media and subcultures were selected 

and their genomic DNA were extracted using CTAB method with some modifications. Six ISSR primers  were 

used to estimate genetic diversity among 18 callus samples. The comparison of Banding patterns derived from 6 

ISSR primers showed that the calli exhibited conspicuous somaclonal variation that could be eventually exploited 

for in vitro selection systems. 
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Introduction 

Plantago major, is one of the most important 

medicinal plants belonging to the the Plantaginaceae 

family. P. major originated in Eurasia and is well 

known as  a natural source of mucilage  that cultivated 

for their medicinal compounds. It has a short, stout 

and erect herbaceous stem. Leaves from basal rosette 

and grow up to 30 cm long (Sagar and Harper, 1964). 

Fruit of P. major is a capsule, which is 5 mm long. 

Large number of capsules are produced on a spike. 

Seeds are produced in capsules and the number of 

seeds per capsule is 4-15. It is wind pollinated self 

compatible and highly inbreeding species with very low 

outcrossing rate. (Kuiper and Bos, 1992). P. major has 

numerous phytochemicals in its leaves, seeds and 

roots, which apparently have medicinal properties and 

also can be used as taxonomic markers (Samulsen, 

2000). Phytochemical investigations of P. major 

revealed the presence of various chemical constituents 

such as Flavnoids, Caffeoyl phenylethanoind 

gulocosides, Iridoid glocosides, Polyphenolic 

compounds (Zubair et al., 2010). Polyphenols 

extracted from leaves and seeds of P. major have been 

reported to have bioactive effects especially on wound 

healing and to have antiulcergenic, antiflammatory, 

antioxidant, anticarcinogenic and antiviral activity. 

Considering the presence of many secondary 

metabolites in P. major  and the need of 

pharmaceutical and cosmetic industries, propagation 

of this plant in large scale using in vitro culture 

techniques is important. Various studies have been 

carried out to widen the genetic makeup of Plantago 

including the induction of somaclonal variations and 

different environmental stresses (Li et al., 2005). One 

of the methods for widening the genetic bases of the 

crop is to induce somaclonal variability in in vitro 

culture. Callus induction from hypocotyls explants of 

plantago species and regeneration of callus derived 

from root cultures using MS medium supplemented 

with IAA ( Indole acetic acid) and Kinetin has been 

reported previously (Wakhlu and Barna, 1989). 

Somaclonal variation has been related to growth 

regulators, cultivar variability, age of cultivars in 

culture, ploidy level, explant source, and another 

culture conditions   (Skirvin et al., 1994). Somaclona 

variation result from different mutations including 

point mutations, chromosomal rearrangements, 

inversion, insertion, deletion and polyploidy. 

Somaclonal variation, a common phenomenon in plant 

cell cultures, includes all types of variations among 

plants or cells and derives from all kinds of tissue 

cultures (Skirvin et al., 1993). Considering somaclonal 

variation occurs mainly as the result of mutations, 

appropriate techniques should be served for detection 

of occurred mutations in in vitro culture procedures. 

Although there are many techniques for detection of 

occurred variations, molecular markers are considered 

as one of the most appropriate tools due to their high 

accuracy and low performing time for evaluation of 

many samples (Martinez et al., 2004). In this respect, 

ISSR markers, which are considered as PCR-based 

markers, are suitable for evaluation of somaclonal 

variations. Inter simple sequence repeat (ISSR) 

technique is a PCR based technique, reported by 

Ztetkiewicz  et al, (1994), which involves amplification 

of DNA segments between two identical microsatellite 

repeat regions ‘oriented in opposite direction using 

primers designed from microsatellite core regions. It 

has been revealed that extend of genetic variations is 

related to the number of performed subcultures and 

also hormonal composition of culture medium 

(Poorjabar et al., 2009). It has been shown that PCR-

based molecular markers have been effective for 

detection of occurred somaclonal variations. In the 

present investigation, we show different banding 

patterns for calli generated in various concenteration of 

2,4-D and Kin and different subcultures and explants, 

based on ISSR markers.  

 

Materials and methods 

Callus induction  

In this study, the mature seeds were treated with 70% 

ethyl alcohol for 1 min, then rinsed with sterile water. 

The seeds were then surface sterilized in 2.5% sodium 

hypochlorite solution for 20 min and was followed by 

three washes in succession with sterile water. The 

sterile seeds were cultured on MS ( Murashige and 

skoog, 1962) medium. The cultures were used as a 
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source of plant material for establishment of explants. 

The leaves and roots explants from 30 days old 

seedlings were cultured on sterile MS medium 

supplemented with 3% w/v sucrose, 7% w/v agar and 

containing different concentrations of plant 

hormones 2,4-D and KIN (Table 1). To study the 

effect of subculture on somaclonal variation, calli 

obtained from both explants were subcultured each 

30 days. After 3 times subcultures, 18 calli from 

different explants (leaf and root) and three types of 

hormonal compositions, were selected (Table 2) and 

subjected to DNA extraction. 

 

Table 1. Structure of testing media for callus 

induction of P.mjor. 

Media code 2,4-D Kin 

A 1 0.1 
B 0.8 0.1 
C 2.5 0.01 

2,4-D: 2,4-Dichlorophenoxyacetic acid; Kin: Kinetin. 

 

Table 2. Type of explants, the number of subculture, 

media culture used in callusing stage of P.major. 

Media 
No. of 

subculture 
Explants Samples 

- - - 1 
A 1 root 2 
A 1 leaf 3 

A 2 root 4 
A 2 leaf 5 
A 3 root 6 
A 3 leaf 7 
B 1 root 8 

B 1 leaf 9 
B 2 root 10 
B 2 leaf 11 
B 3 root 12 

B 3 leaf 13 
C 1 root 14 
C 1 leaf 15 
C 2 root 16 
C 2 leaf 17 

C 3 root 18 
C 3 leaf 19 

 

Table 3. The sequences (5’-3’) of primers used for 

ISSR analysis. 

Sequence (5' – 3') Primers 
CACACACACACACACAG IS6 

GGATGGATGGATGGAT IS15 

ACACACACACACACACC IS11 

DBDACACACACACACACA IS16 
ACACACACACACACACyA IS1 

CACACACACACACACARG UBC-848 

DNA extraction 

Genomic DNA were isolated from one normal plant 

and 18 calli, by CTAB method (Saghai-Maroof et 

al.,1984) with some modifications. The quality and 

quantity of extracted DNA were tested on 0.8% 

agarose gel electrophoresis. 

 

ISSR analysis 

A set of six ISSR primers was used to amplify the 

genomic DNA of all 19 samples. PCR amplifications 

were performed in 20 µl reaction volume containing: 

2 µl of  genomic DNA, 1.2  µl of primer, 0.4 µl dNTPs 

Mix, 1.5 µl Mgcl2, 0.3 µl Taq DNA polymerase (5 unit/ 

µl), 2 µl PCR buffer and 12.6 µl double distilled water. 

PCR amplification was carried out with 4 min initial 

denaturing (to activate TaqDNA polymerase), 

followed by 35 cycles of denaturing at 94°C for 30 s, 

annealing (considering Tm of primers)  for 45s and 

extension at 72°C for 2 min. This was followed by a 

final extension stage for 7 min at 72°C. Amplification 

reaction products were separated on1.5% agarose gels 

at 100 V until the loading dye reached to the bottom 

of the gel. After electrophoresis, staining performed 

by ethidium bromide and photographed with gel 

documentation. 

 

Band scoring and data analysis 

Since ISSR markers are dominant, amplified 

fragments were constructed by scoring 0 and 1 for 

absence and presence of bands, respectively. The 

generated data matrixes were subjected to statistical 

analysis using the DARwin computer software 

(Perrier et al., 2003).  Genetic similarity estimates 

were calculated and relationships of the genotypes 

were estimated from the markers data using the 

UPGMA clustering method based on Nei’s, (1978) 

unbiased genetic distance(Nei, 1978). The 

polymorphism information content (PIC) was used to 

characterize the efficiency of each primer to reveal 

polymorphic loci. The PIC index was calculated as: 

PIC=1- ∑P2
i, 

 

where P  represent band frequency and q represent 

no-band frequency. 
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Results and discussion 

The six ISSR primers generated 60 clear and scorable 

bands across 19 sampels. Analysis of banding patterns 

revealed 59 polymorphic bands with an average of 9.8 

fragments per primer.  The highest and the lowest 

number of polymorphic bands per assay were 13 and 

7 bands, respectively (Table 4). The results showed 

genetic variation among different samples of  

Plantago major.  Since our experiment was 

performed starting from a single individual plant or 

gynotype, the polymorphism in banding pattern 

reveal conspicuous somaclonal variation in samples. 

 

To assess the genetic variation among the samples, 

the UPGMA dendrogram of 19 samples of P.major 

was constructed based on Nei’s genetic distance 

matrix. The cluster, which included all the P.major 

samples, was subdivided into five groups. Somsclonal 

variation in the calli obtained from different culture 

conditions and subcultures using ISSR markers 

revealed different banding patterns among samples 

from explants of one plant in different culture and 

subculture conditions.  

 

Table 4. Primers used for ISSR amplification with the  number of bands, PIC and MI  per primer. 

Primer 

code 

Primer sequences 

(5' – 3') 

bands 

scored 

polymorphic 

bands 
PIC MI 

IS15 GGATGGATGGATGGAT 7 7 0.36 2.52 

IS6 CACACACACACACACAG 12 12 0.38 4.56 

IS16 DBDACACACACACACACA 12 11 0.35 3.85 

IS1 ACACACACACACACACYA 7 7 0.39 2.73 

IS11 ACACACACACACACACC 13 13 0.34 4.42 

UBC-848 CACACACACACACACARG 9 9 0.25 2.25 

Sum  60 59 - - 

Average 

 

 10 9.83 0.34 3.38 
       

The average of PIC index was 0.34, that showed 

efficiency of primers to separate individuals, but Some 

primers were more efficient in differentiating between 

individuals than others. For example the maximum 

PIC (0.39) was observed for the primer IS-1 and the 

minimum PIC (0.25) was obtained with UBC-848. 

Marker index (MI) was calculated  for  all primers, with 

an average of 3.38. The MI values for ISSR primers 

ranged between 1.92 and 4.29. This feature has been 

used to evaluate the discriminatory power of molecular 

marker systems in some plant species e.g. apricot 

(ISSR, MI = 3.74) (Kumar et al., 2009).  

 

 

Fig. 1. ISSR banding profile generated by primer IS16.    
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In vitro tissue culture techniques are well known to be 

an important tool in the induction of variation leading 

to the development of new plant genotypes (Kuksova 

et al., 1997; Larkin and Scowcroft, 1981). This source 

of variability is considered as a useful tool for 

geneticists and plant breeders (Amzad et al.,  2003). 

Pramanik et al, (1995) developed callus from 

hypocotyl of P. ovata in MS basal medium with 

different concentrations of 2,4-D/kinetin and 

NAA/BAP and subsequently regenerated the 

shootlets (Pramanik et al.,1995). In another study, in 

vitro culture of Plantago major by using MS medium 

supplemented with 0.2 mg L-1 of IAA and 1.0 mg L-

1of TDZ has been reported (Li et al., 2005). RAPD 

analysis has been used to detect the somaclonal 

variations (Jin et al., 2008). The process of 

somaclonal variation is believed to require multiple 

genetic and/or epigenetic events which affect patterns 

of expression, or result in mutational alteration of 

genes. Various molecular mechanisms may be 

responsible for the DNA mutation and genetic 

instability leading to the development of variations. 

Such molecular mechanisms would include DNA 

damage and mutation, alteration of cell ability to 

repair  damaged or mutated  DNA,  alteration of 

genes for cell-cycle control mechanisms, DNA 

methylation (Merlo et al., 1995).  Mutations  detected  

by  microsatellites  primers  suggest several possible 

alterations in the genome rapidly accessible by  ISSR. 

Researches  based  on  this model may  be  used  to 

assess  the genotoxic effects of various compounds  

such as herbicides. With a same approach, genomic 

DNA would be subjected  to  analysis  by  restriction  

enzymes  to  detect,  for example,  methylation  status;  

moreover,  the  whole  gene could  be  analysed  

through  the  development  of  amplified consensus 

gene markers . It is reported that tissue culture 

procedure leading to great cellular reprogramming 

level may be a consequence of increased somaclonal 

variations (Morcillo et al., 2006). Various somaclonal 

variations in transgenic Arabidopsis thaliana plants 

resulted from callus formation has been reported 

(Labra et al., 2004). According to previous studies 

somaclonal genetic variation results from 

micropropagated plant cultures (Kaeppler et al., 

2000).  In plant tissue culture system the rate of 

somaclonal variation enhances with the increase of 

subcultures in micropropagation protocols (Gaafar 

and Saker, 2006).  

 

This study clearly revealed that ISSR techniques can 

be used to detect somaclonal variation in P.major. 
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Fig. 2. Dendrograms generated with hierarchical 

UPGMA cluster analysis based on ISSR data. 
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Fig. 3. Principal coordinate analysis (PCO) of the 

nineteen samples based on genetic distances 

calculated with ISSR markers.    
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