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ABSTRACT 

 

In higher plants in the plastid takes place the non-mevalonic acid pathway, which synthesizes 

among others the monoterpenoids, with specific roles in plant defense against biotic and 

abiotic stresses, or treated as signal molecules to attract the insects of pollination. Restriction 

analysis of cpDNA fragments amplified with universal primers has been used in a variety of 

plant species identification, genetic diversity and phylogenetic studies. In present study the 

genetic diversity of 43 genotypes of Salvia officinalis of Northern Albania were analyzed 

based on a methodology, which used the RFLP-PCR on the inter-genic region trnL-F of the 

cpDNA (Walker et al., 2004). PCR products were separately digested with two restriction 

enzymes (AluI and TaqI), which were used to cut the amplicons, and NTSYS software to 

build dendrograms of similarity among genotypes based on binary matrices (presence/non-

presence of restriction bands). Results show that 43 genotypes could be grouped in 6 main 

clusters, and that genotypes of Kruja and Torovec are quite distinctive from the rest. The 

most unique genotypes will be used to further study possible diversity of monoterpene 

synthase coding genes, which are located in the cpDNA. 

 

Keywords: cpDNA, monoterpene synthases, RFLP-PCR. 

 

INTRODUCTION 

 

Salvia L., composed of annual herbs evergreen or deciduous shrubs (Clebsch, 2003), is the 

largest genus in the Lamiaceae family with approximately 1000 species. It is mainly 

distributed in Central and South America (500 spp.); Central Asia/Mediterranean (250 spp.); 

and East Asia (90 spp.; Walker et al., 2004). Usually Salvia species produce various types of 

secondary metabolites, many of which have been subsequently exploited by humans for their 

beneficial roles in a diverse array of biological functions (Balandrin et al., 1985). The 

terpenoids, which constitute the largest class of natural products are extensively applied in the 

industrial sector as flavors, fragrances, spices and are also used in perfumery and cosmetics. 

Many terpenoids have biological activities (in plant defense against biotic and abiotic 

stresses, or they are treated as signal molecules to attract the insects of pollination (Bharat 

Singh and Ram A.Sharma, 2015), and are also used for medical purposes.  

 

This huge class of secondary metabolites in higher plants are produced through the 

conventional acetate-mevalonic acid pathway which, operates mainly in the cytosol and 

mitochondria and synthesizes sterols, sesquiterpenes and ubiquinones mainly. In the plastid, 

the non-mevalonic acid pathway takes place and synthesizes hemi-, mono-, sesqui-, and 

diterpenes along with carotenoids and phytol tail of chlorophyll (Bharat Singh and Ram 

A.Sharma, 2015). 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4362742/#CR19
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On the basis of the phylogeny, the gymnosperm terpene synthases have been subdivided into 

three distinct clades—TPS-d1 to TPS-d3. The TPS-d1 subclade are (−)-α/β-pinene synthases, 

(−)-linalool synthases and (E)-α-farnesene synthases; in TPS-d2 clade are longifoline 

synthase and in TPS-d3 clade are levopimaradiene/abietadiene synthases and isopimaradiene 

synthase (Martin et al., 2004). Many terpene synthase genes (TPSd) of terpenoid metabolism, 

appear to be expressed as single copy genes (Bohlmann et al., 1999). These primary 

metabolism terpene synthase genes are basal to the specialized metabolism genes and are the 

descendants of an ancestral plant diterpene synthase similar to the non-vascular plant as 

Physcomitrellapatens (Hayashi et al., 2006; Keeling et al., 2010, 2011; Bharat Singh and 

Ram A.Sharma, 2015). 

 

The monoterpenes are formed in plastids and the nucleus-encoded monoterpene synthases are 

targeted by N-terminal transit peptides of approximately 40–70 amino acids which reside 

upstream of the conserved RRx8W motif, and are cleaved during import from the nucleus 

(Williams et al., 1998; Turner et al., 1999; Bharat Singh and Ram A.Sharma, 2015). 

Chloroplast genomes as well as other organelle genomes evolve slower than nuclear genomes 

(Palmer, 1987).  

 

This conservation phenomenon of organelle was exploited to design universal primers that 

were capable of amplifying polymorphic non-coding regions of cpDNA of some algae, 

bryophytes, pteridophytes, gymnosperms and angiosperms (Taberlet et al., 1991; Ibrahim et 

al., 2012) non-coding regions of mitochondrial and cpDNA (Demesure et al., 1995), coding 

regions of cpDNA (Badenes and Parfit, 1995; Tsumura et al., 1996) as well as whole 

chloroplast genomes (Dhingra and Folta 2005; Ibrahim et al., 2007; Rashid et al., 2012). 

Currently restriction analysis of fragments amplified with universal primers has been used in 

a variety of species identification, genetic diversity and phylogenetic studies in different plant 

species (Gielly and Taberlet 1994; Badenes and Parfitt et al. 1995; Demesure et al., 1996; 

Tsumura et al., 1996; Parducci and Szmidt 1999; Huang and Sun 2000; Parani et al., 2000, 

2001; Wang et al., 2000; Xu et al., 2001). In the past few years, PCR amplication of 

particular cpDNA and mtDNA regions followed by subsequent restriction analyses (PCR-

RFLP) was also widely used to analyze the intra-specific organelle genome variation in some 

species (Boscherini et al., 1994; Dumolin et al., 1995; Vicario et al., 1995; Demesure et 

al.,1996; Parducci and Szmidt, 1999; Parani et al., 2000, 2001; Xu et al., 2001). 

 

Walker et al., 2004 used the inter-genic region trnL-F and rbcL gene sequences of the 

cpDNA to study Salvia and related genera, and Ibrahim et al., 2012; Ibrahim et al., 2006 

explored a 15kbp region of the cpDNA of Salvia. The nuclear ribosomal internal transcribed 

spacer region and three chloroplast regions (rbcL, matK and trnH-psbA) were used from Li et 

al., (2013) to describe the phylogenetic relationships among Salvia (Lamiaceae) in China. 

Possible monophylety of Salvia genus and its relations with other members of tribe Menthae 

were studied by Walker et al., 2004, who used cpDNA regions rbcl and trnL-F. Man Zhang et 

al., (2013), in a study that confirms the ecological role of terpenoids and provides new 

insights into their metabolic engineering in transgenic plants, characterized a novel nerol 

synthase gene located to chloroplasts at soybean.  

 

Populations of Salvia officinalis L. of Albania have been exploited for a long time for trade 

purposes mainly, and lately have been object of study of their genetic diversity (Bacu et al., 

2005; Bacu et al., 2011; etc). Present work considers the populations of Northern Albania, 

which display a lower morphological diversity, thus the best way to analyze their genetic 

diversity, remains the use of molecular tools. In order to define the most unique populations 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4362742/#CR162
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4362742/#CR34
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4362742/#CR95
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4362742/#CR127
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4362742/#CR128
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4362742/#CR267
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4362742/#CR251
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regarding the total genomic DNA, we used the RFLP-PCR on cpDNA templates. The results 

will be used to continue the work on the identification of novel monoterpene coding genes 

from the chosen genotypes. 

 

METHODOLOGY 

 

Plant material: Fresh young leaves from 43 genotypes of Salvia officinalis of Northern 

Albania were used to extract total genomic DNA. The complete list of genotypes is described 

at Table 1.  

 

Isolation of genomic DNA: Equal amounts (0.1 g) of leaf tissue were placed in a mortar 

chilled with liquid nitrogen and were ground to fine powder. Total genomic DNA was 

extracted as described by Doyle and Doyle (1987). Quality and quantity of DNA was 

measured according to Sambrook et al., 1989. 

 
Table 1. Sage genotypes of Northern Albania analyzed by PCR-RFLP 

Nr 

(acc to 

restriction 

with Alu1) 

Population Nr 

(acc to 

restriction 

with Taq1) 

Source 

1 Postriba 1 1 Lohe 1 

2 Postriba 2 2 Lohe 2 

3 Postriba 3 3 Lohe 3 

4 Postriba 4 4 Lohe 4 

5 Postriba 5 5 Lohe 5 

6 Rubik(A) 1 6 Balldren 1 

7 Rubik (A) 2 7 Balldren 2 

8 Rubik (A)3 8 Balldren 3 

9 Rubik (A) 4 9 Balldren 4 

10 Rubik (A) 5 10 Balldren 5 

11 F. Milot 1 11 Rubik(B) 1 

12 F. Milot 2 12 Rubik(B) 2 

13 F. Milot 3 13 Rubik(B) 3 

14 F. Milot 4 14 Rubik(B) 4 

15 F. Milot 5 15 Rubik(B) 5 

16 Lohe 1 16 Kruje 1 

17 Lohe 2 17 Kruje 2 

18 Lohe 3 18 Kruje 3 

19 Lohe 4 19 Kruje 4 

20 Lohe 5 20 Kruje 6 

21 Balldren 1 21 Kruje 8 

22 Balldren 2 22 Shkoder 4 

23 Balldren 3 23 Shkoder 5 

24 Balldren 4 24 F.Milot 5 

25 Balldren 5 25 Rubik(A) 1 

26 Rubik (B) 1 26 Rubik(A) 2 

27 Rubik (B) 2 27 Rubik(A) 3 

28 Rubik (B) 3 28 Rubik(A) 4 

29 Rubik (B) 4 29 Rubik(A) 5 

30 Rubik (B) 5 30 F.Milot 1 
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31 Kruje 1 31 F.Milot 2 

32 Kruje 2 32 F. Milot 3 

33 Kruje 3 33 F. Milot 4 

34 Kruje 4 34 Torovec 1 

35 Kruje 6 35 Torovec 2 

36 Kruje 8 36 Torovec 3 

37 Shkoder 4 37 Torovec 4 

38 Shkoder 5 38 Torovec 5 

39 Torovec 1 39 Postriba 1 

40 Torovec 2 40 Postriba 2 

41 Torovec 3 41 Postriba 3 

42 Torovec 4 42 Postriba 4 

43 Torovec 5 43 Postriba 5 

 

Isolation of genomic DNA: Equal amounts (0.1 g) of leaf tissue were placed in a mortar 

chilled with liquid nitrogen and were ground to fine powder. Total genomic DNA was 

extracted as described by Doyle and Doyle (1987). Quality and quantity of DNA was 

measured according to Sambrook et al., 1989. 

 

PCR amplification: The set of primers trnL-trnF was used to amplify the specific inter-genic 

region from the cpDNA of 43 individuals of Salvia officinalis (Table 2).  

The PCR amplifications were carried out in Veriti 96-Well Thermal Cycles (Applied 

Biosystem) in a total  volume of 25 µl containing  Master mix (Cinnagen) and 30 ng genomic 

DNA, according to Ibrahim et al. 2012. The PCR program started with an initial phase of 3 

minute at 94
o
C, followed by 35 cycles of 30 s at 94

o
C, 30 s at 54

o
C, 1 min at 72

o
C and 10 

min final elongation at 72
o
C (Wu Wei 2005).  

The success of each PCR reaction was verified by electrophoresis of the reaction products on 

1% agarose gels in 10X TBE buffer, stained with ethidium bromide (0.5µg/ml) and 

visualized under UV light.  

 
Table 2. DNA sequence of the primer pairs used to amplify the specific inter-genic region from the cpDNA. 

 

Primer pair  Sequence  Type References 

trnL-trnF 5’-CGAAATCGGTAGACGCTACG-3’ 

5’-ATTTGAACTGGTGACACGAG-3’ 

cpDNA Taberlet et al., 1991 

 

DNA digestion. After amplification, 15 µl of each PCR-cpDNA were separately digested (7 

µl for each enzyme), with two restriction enzymes Alu1 and Taq1 (Promega). Total volume 

of the reaction was 25µl each tube containing 2.5µl buffer, 0.2µl from each enzyme (Alu1; 

Taq1) and 15.3 µl ddH20 based on the manufacturer’s protocol for restriction enzymes 

(Promega). The samples were incubated in 37
0
C for 15 minutes and after that in 65

0
C for 20 

minutes. After that digestion products were separated with 1kb DNA marker by 

electrophoresis, in 2.5% agarose gel stained with Ethidium bromide in 10XTBE buffer for 2 

hours in a voltage of 50V. Gels were visualized and photographed under UV-illuminator.  

                                           

Data analysis.  

 

The digested DNA fragments were scored by presence (1) or absence (0) for each genotype. 

The binary matrix was used to build the dendrograms of similarity among the genotypes 
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using the unweighted pair-group method with arithmetic average (UPGMA) cluster analysis 

of NTSYS 2.1 software.  

 

RESULTS AND DISCUSSION 

 

The set of primers trnF-trnL used in the present study successfully amplified the 

corresponding cpDNA regions in all Salvia officinalis genotypes analyzed (Figure1). 

 

      

            
Figure 1. Amplified products of primer pairs trnL-trnF of genomic DNA from 35 out of 43 

Salvia genotypes of Northern Albania (1-35 indicate the number described at Table 1/column 

2 from left to right). 

 

Restriction analysis of PCR products 

 

Amplicons were digested in single reactions with restriction anzymes Taq1 and AluI. The 

first produced four major bands present at all genotypes, and two minor polymorphic bands 

(Figure 3A/3B).  

(A)  

       

               

          
 

 



European Journal of Biotechnology and Genetic Engineering  Vol. 3 No. 1, 2016 
  ISSN 2397-2076 

Progressive Academic Publishing, UK Page 70  www.idpublications.org 

 

Figure 3. (A) Amplified and digested products of primer/enzyme combination trnL-trnF/ 

TaqI of genomic DNA from 43 Salvia accessions. 1-43 indicate the number in Table 1, M 

indicates GeneRulerTM 100bp DNA Ladder marker.  

 

The second restriction enzyme produced four major bands, and three minor polymorphic 

bands (Figure 4). 

 

(A)                                                                                          (B) 

     

                   

 
 

Figure 4. (B) Amplified and digested products of primer/enzyme combination trnL-trnF/ 

AluI of genomic DNA from 43 Salvia accessions. 1-43 indicate the number in Table 1, M 

indicates GeneRulerTM 100bp DNA Ladder marker.  

 

The analysis of the RFLP-PCR data based on UPGMA cluster analysis produced the 

dendrograms of similarity displayed at Figures 5 and 6. Figure 5 makes clear than the AluI 

restriction of the amplicon from cpDNA can divide 43 Salvia genotypes into two main 

clusters which share 40% similarity, and distinguish genotypes 35 (Kruja6) and 33(Kruja3) of 

Kruja as quite distinct from the rest;  
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(A) 

 

The second cluster is subdivided into two branches (which share 65% similarity) from which 

one with a single genotype (no 39 of Torovec), and the other subdivided in four clusters of 

genotypes. Considering the above the total number of genotypes is six out of 43. 

 

(B) 

 

 
Figure 5 (A) Dendrogram of 43 Salvia accessions constructed from PCR-RFLP (restriction 

enzyme Alu1) marker-based genetic similarity. (B) Dendrogram of 43 Salvia accessions 

constructed from PCR-RFLP (restriction enzyme Taq1) marker-based genetic similarity.  
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Figure 5B groups the 43 genotypes in two clusters only, which share 80% similarity, being 

this way much more less informative than RFLP profiles produced by AluI (figure 5 A). 

Since the aim of the work was the use of cpDNA based PCR-RFLP profiles to discover 

possible genetic diversity among the main populations of sage of Northen Albania, the use of 

AluI profiles resulted much more informative than of TaqI. This result should be considered 

preliminary, and should be continued by implying other restriction enzymes.  

 

CONCLUSIONS 

 

 Salvia officinalis populations of Northern Albania display a low morphological 

diversity, thus the best way to analyze their genetic diversity, is the use of molecular 

tools.  

 In order to define the most unique populations regarding the total genomic DNA, we 

used the RFLP-PCR on cpDNA templates.  

 The set of primers trnF-trnL (Taberlet et al., 1991) amplified the target cpDNA region 

in all Salvia officinalis genotypes analyzed. 

 The analysis of the RFLP-PCR data (AluI and TaqI), based on UPGMA cluster 

analysis produced dendrograms of similarity, which distinguished six main genotypes 

out of 43 analyzed.  

 Since monoterpene coding genes are located in cpDNA, the results of this work will 

be used to continue the research on the identification of possible novel monoterpene 

coding genes from the chosen genotypes. 
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