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Abstract       In this paper the Cymbidium sp. was studied, one of the most 
popular winter and spring blooming orchids, belonging to the Orchidaceae. 
The in vitro cultures were induced and the regenerants were analyzed based 
on Random amplified polymorphic DNA markers, to evaluate their variability. 
Studies on somaclonal variation are important for its control and possible 
suppression when the aim is to produce identical plants or it can be use as a 
tool to produce genetic variability. The average number of fragments per 
primer was 8.75. The average diversity generated by all of 8 studied markers 
had the value of 0.3  Thus, the obtained molecular fingerprints pointed out a 
high variability induced by tissue culture which can be used for genetic 
improvement.   
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Micropropagation is a reliable technology applied 

commercially worldwide for large-scale plant 

multiplication, germplasm conservation, pathogen 

elimination, genetic manipulations and supply of 

selected plants (Thorpe, 2007). 

 Nowadays in vitro cultures and regeneration 

systems have been developed and the obtained plants 

were studied in terms of morphological, physiological, 

biochemical, cytogenetic and molecular traits to 

determine the somaclonal variation.  Studies on 

somaclonal variation are important for its control and 

possible suppression when the aim is to produce 

identical plants or it can be use as a tool to produce 

genetic variability useful for genetic improvement 

(Leva et al., 2012). 

 Somaclonal variation has been extensively 

studied, the involved factors being pointed out: type of 

tissue, explant source, media components and the 

duration of the culture cycle (Skirvin et. al., 1994). 

Currently, different analytic techniques are 

used to emphasize somaclonal variation in tissue 

culture and in regenerants of different species. DNA 

markers provide an opportunity to characterize 

genotypes and to measure genetic relationships more 

precisely than other markers (Soller and Beckmann, 

1983; Helentjaris et al., 1986). Randomly amplified 

polymorphic DNA (RAPD), amplified fragment length 

polymorphism (AFLP), simple sequence repeat (SSR) 

and inter-simple sequence repeat (ISSR) markers have 

been used to study the genetic fidelity or genetic 

variability in micropropagated plants. 

 In this paper the Cymbidium sp. was studied, 

one of the most popular winter and spring blooming 

orchids, belonging to the Orchidaceae. Tissue cultures 

were produced, because it is an effective procedure  for 

studying the rapid propagation of plants, like orchids, 

which grow and multiply slowly, because of its 

advantages, such as large propagation coefficient, short 

reproductive cycle, whole-year production and supply, 

etc (Tao et al., 2011).  

The in vitro cultures were induced and the 

regenerants were analyzed based on Random amplified 

polymorphic DNA markers, described by Williams et 

al. (1990). These markers were used because they offer 

a simple and inexpensive technique and allow the 

variability evaluation based on genome information. 

 

Materials and Methods 

 
Biologic material  

The biological material consisted of 14 plants 

of Cymbidium obtained by in vitro culture. The plants 

were chosen among regenerants obtained by direct 

somatic embryogenesis from a single mother plant and 

subculturing in the same conditions for 4 weeks. 

 

PCR primers 

The molecular polymorphism was assessed by PCR 

based method, using RAPD molecular markers ( Table 

1).
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Table 1 

The sequences of the RAPD primers used for variability evaluation 

 

COD SECVENTA- ORIENTARE(5’-3’) 

P 1 AAG-CCT-CGT-C 

P 2 GTG-ACC-GAG-T 

P 3 GGA-AGC-TTG-G 

P 4 TCT-GTG-CTG-G 

P 5   TTC-AGG-GCA-C 

P 6 CTG-GAC-GTC-A 

P 7 ACC-CCG-CCA-A 

P 8 CCA-GAT-GCA-C 

 

 
Working  methods 

 

 Obtainig of vegetal material 

The biological material was obtained by 

micropropagation, inducing direct somatic 

embryogenesis. From the mother plant, located in 

growing conditions in vivo mature leaf tissue was 

collected, and in vitro inoculated Murashige- Skoog 

culture medium additionated with a phytohormone 

balance to favor direct somatic embryogenesis: NAA 

(1-Naphthaleneacetic acid), 0.5mg / l and BAP (6-

Benzylaminopurine) 1 mg / l was used. Four weeks 

after inoculation developed regenerants were 

transplanted on Murashige - Skoog additionated with 

1mg/ml NAA (1-Naphthaleneacetic acid) to promote 

rooting. The plantlets were grown for four weeks 

before the molecular analysis. 

 

Isolation of vegetal genomic DNA 

Total genomic DNA was extracted and 

purified from about 50 mg leaf tissue harvested from 

plantlets, using the CTAB method ((Mihacea et al., 

2005). 

 

DNA amplification by PCR  

PCR was carried out using Go Taq Green 

Master Mix 2X (Promega) amplification kit, in a final 

volume of 25 ul according to the manufacturer 

instructions, 20μM of each primer and 50 ng DNA. 

PCR program was: Initial denaturation of 94 ° C for 3 

minutes, followed by 45 cycles of 94° C -1 minutes, 55 

° C for 1 hour, 72 ° C for 1 hour, and final extension 72 

° C for 5 minutes. 

Amplicons were migrated on 1.5% agarose gel 

in TAE buffer for 30 minutes, at 120V and stained with 

ethidium bromide and photographed under UV light by 

using PHOTODOCUMENTATION SYSTEM Model: 

DP-001.FDC. The electrophoresis gels were analyzed 

using the Vilber Lourmat soft.  

  

Molecular polimorphism analysis 

 

The genomic DNA samples, extracted and 

purified from 14 regenerant plants were analysed with 

eight dominant markers- RAPD (Random Amplified 

Polymorphic DNA). In this case we assumed that each 

locus can be treated as a two-allele system, with only 

one of the alleles per locus being amplifiable by PCR. 

The null allele may fail to amplify either because of 

loss of a primer site or because an insertion has caused 

the distance between primer sites to exceed the 

capacity of the PCR. 

 In Figure 1 the image of a gel with a size 

marker on the right  (M) and 14 individuals analyzed 

with the dominant marker P3 (AAG-CCT-CGT-C) is 

shown. Seven loci were identified, all of them being 

polymorphics. In Table 1 the results of scoring bands 

per individual per locus are presented. Because we are 

dealing with a dominant marker, bands were scored as 

1 when present or 0 when absent. 
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Fig. 1 The agarose gel electrophoresis of  the products amplified with the primer  

 P1 (5 AAG-CCT-CGT-C3)  

 

Table 2 

The evaluation of the molecular diversity based on the analysis with the marker of the 14 regenerants obtained 

by in vitro cultivation 

Primer      Indiv. 

Locus 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

P 1 Locus 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 

Locus 2 1 1 0 0 0 0 0 0 0 0 1 1 0 0 

Locus 3 0 0 1 0 0 0 1 1 1 1 1 1 1 1 

Locus 4 1 1 0 1 1 1 0 0 0 0 0 0 0 0 

 Locus 5 1 1 1 0 0 1 1 1 1 1 1 1 1 1 

 Locus 6 0 0 0 1 1 0 0 0 0 0 0 0 0 1 

 Locus 7 0 1 0 1 1 1 0 0 1 1 1 1 0 0 

 

 

It was consider that for each allele the frequencies are p 

and q. Taking in account that the analyzed marker is a 

dominant one, the frequencies for the alleles AA and 

Aa is p
2 

+2pq and q
2
 for aa, for locus 1. For the 

analyzed primer the ratio of the AA and Aa alleles was 

0.14 (p2 +2pq=0.14) and the ratio for aa alleles was 

0.86 (q2 =0.86). Thus, the calculated  allele frequencies 

for locus 1 were p=0.07 and q=0.93. The intralocus 

gene diversity (hj) was calculated with the formula 

hj=(1-p2-q2), being 0.14. The intralocus diversity was 

calculated for all of the seven loci (Table 2). The 

average gene diversity (Hi) was calculated as an 

average of the intralocus gene diversities, being 0.31.

Table 3  

Calculating diversity with  the dominant molecular marker P1 (
5
 AAG-CCT-CGT-C

3
) 

Locus Analysis data Allele 

freq. 

hj= 

(1-p
2
-q

2
) 

  

 

 Genotype AA Aa aa Total p q hj=(1-p
2
-q

2
) 

 

Hj 

Gen. freq. (exp.) p
2
 2pq q

2 
1 

1 Individuals (no.) 2 12 14    0.31 

 Gen. freq. (obs.) 0.14 0.86  0.07 0.93 0.14 

2 Individuals (no.) 4 10 14    

 Gen. freq. (obs.) 0.29 0.71  0.15 0.85 0.26 

3 Individuals (no.) 9 5 14    

 Gen. freq. (obs.) 0.64 0.36  0.40 0.60 0.48 

4 Individuals (no.) 5 9 14    

 Gen. freq. (obs.) 0.36 0.64  0.20 0.80 0.32 

5 Individuals (no.) 12 2 14    

 Gen. freq. (obs.) 0.86 0.14  0.62 0.38 0.47 

6 Individuals (no.) 3 11 14    

 Gen. freq. (obs.) 0.21 0.79  0.11 0.89 0.20 

7 Individuals (no.) 6 8 14    

 Gen. freq. (obs.) 0.43 0.57  0.24 0.76 0.37 
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The same analysis were done with all of the other 

seven primers. For the primer 2,  nine loci were pointed 

out, all of them being polymorphics. The diversity for 

the loci 7 and 8 it was significant higher compared with 

the others (0.41 and 0.47 respectivelly). The average 

gene diversity for the primer 2 was Hi=0.31. 

 For the primer 3, nine polimorphic loci were 

determined. The diversity for the locus 4 had the 

highest value (0.47) and for loci 2 and 7 the value was 

0.41. The lowest diversity was for the locus 8, with a 

value of 0.07. The average diversity pointed ot for the 

primer 3 was  Hi=0.31. 

 For the primer P4 a maximum number of loci 

were pointed out - 12, all of them being polymorphic. 

The diversity for the loci 2, 3 and 4 was 0.37, highest 

compared with the other loci. The average diversity 

was 0.28. 

 The primer P5 analysis pointed out 7 loci, all of 

them being polymorphics. The diversity for the locus 5 

was higher compared with other loci diversity (0.5). 

The average diversity was 0.36, the highest value 

compared to the other analyzed markers. 

 For the primer P6, five polimorphic loci were 

determined. The diversities for the loci 2 and 4 was 

higher compared to other loci (0.5). The lowest 

diversity was pointed out for the locus 1 – 0.07. The 

average diversity was 0.36. 

 Analyzing the primer P7 a nimber of nine loci 

was pointed out, The diversity for the locus 5  was the 

highest (0.5), but high values were determined for the 

loci 1,2 and 9 ( 0.47- 0.48). The average diversity was 

Hi=0.26. 

 The analysis of the primer P8 pointed out 12 

loci, all of them polymorphics. The diversity for the 

locus 2 was highest, compared to the others. High 

variabilities were pointed out for the loci 5, 8, 10 and 

11 – variabilities between 0.37 – 0.41.  The lowest 

variability was seen for the locus 12 – 0.07. The 

average diversity for the primer P8 was Hi=0.29. 

 
Conclusions 

 
 Analysing  the regenerants fingerprints, 

generated based on RAPD markers, a number of 70 

polymorphic loci were emphasised. The average 

number of fragments per primer was 8.75. The average 

diversity generated by all of 8 studied markers had the 

value of 0.3. Taking in account that  the diversity is in 

the range between 0, when all of the individuals have 

the same band and 0.5, when 50% of the individuals 

have a specific band, the obtained 0.3 diversity have a 

high value. Thus, a high variability induced by tissue 

culture was pointed out which can be used for genetic 

improvement. 
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