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Abstract 

The present study employed FAMEs and RAPD to investigate the patterns of biochemical and 
genetic variation among and within three different populations of Vicia canescens L. Fourteen primers 
were used for the RAPD and polymorphic bands were obtained with eight primers. Biochemical and 
genetic distances were calculated and dendrograms were obtained for all studied populations using 
both RAPD and FAMEs methods. The results of our RAPD analysis suggest that the highest percentage 
of polymorphic loci (63.7%) was recorded in pine population, which was followed by the campus 
(60.8%) and colonizing (43.1%) populations. A UPGMA analysis was carried out using Jaccard’s 
index of similarity for 45 individuals in the three populations, which produced a dendrogram. The index 
revealed that the campus and colonizing populations are the closest ones, while pine and campus 
populations are the farthest.  
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Introduction 

 
Vicia is a large genus of about 150 species of flowering plants in the Fabaceae family. 

They are native to Europe, Asia and Africa. This genus is divided into two subgenera, namely 
Vicia and Vicilla [13]. Vicia species are also spread throughout Turkey, where there are 59 
species, 22 subspecies, and 18 varieties belonging to six sections. Five species and three 
subspecies are endemic to Turkey [7]. Vicia canescens Labill, a member of the Cracca section 
in the Fabaceae, is distinguished by certain characteristics such as flower color, grain size, 
pubescent  state, vegetative organs, stem structure, and growing type, with numerous 
variations from other species belonging to the section [6]. This species is commonly found on 
sides of highways as a ruderal plant and naturally grows in meadows and pasture, particularly 
as weed in wheat fields of Eastern Anatolia [6]. It has large and small populations spreading 
from the east to the west and in every part of Erzurum Plain [4, 6]. Furthermore, the habitats 
of these populations are generally located in or near agricultural areas. Many molecular 
techniques are available to identify the genotypic differences within this species.  

In particular, neutral molecular markers such as the random amplified polymorphic 
DNA (RAPD) are well-established in population genetics and have proven to be useful tools 
for the detection of plant population variability and differentiation [15]. RAPD analysis often 
reveals great variations both at population and species levels [16]. Moreover, RAPD uses 
arbitrary primers that provide a large number of multilocus markers, and can be applied to 
analyze almost any organism, even those for which no previous genetic or molecular 
information is available, as is the case for Vicia canescens. Previous studies used isozymes to 
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determine the genetic relationship within and among V. canescens populations. Yet, isosymes 
have sometimes proven to be insufficiently variable for assessing genetic diversity within and 
among populations because of the limited number of markers available [9]. Moreover, 
isozymes are less sensitive to genomic changes than DNA markers because they sample 
functional enzymes in coding regions that are relatively conserved evolutionarily. DNA 
fingerprinting techniques can be employed to determine how closely related populations may 
be, as well as to identify the individuals. DNA fingerprinting provides better resolution of 
genetic relationships than isozymes because more loci are considered when directly assaying 
the genome [2]. 

In addition to genetic differences, it is also important to recognize the phenotypic 
characterization of species as well. Fatty acids (FAs) are the major constituents of lipids in 
biological membranes, as phospholipids, glycolipids and/or lipo-polysaccharides. It has been 
well documented that the concentration and composition (profiles) of these constituents in 
certain tissues from closely related organisms are similar and remain constant as long as they 
live or grow under standard conditions (Sherlock Microbial Identification System (version 
4.0), MIS Operating Manual, 145 pp., MIDI, Inc., Newark, DE, U.S.A.). Therefore, fatty acid 
methyl esters (FAMEs) analyses have been utilized to determine the phylogenetic 
relationships within and among plant species, as well as morphological qualities since 1990s 
[1,3]. After all, the FAMEs technique is not sufficiently used in population genetics studies as 
in the case of Vicia canescens. 

Our study has two objectives. The first is to determine whether there is genetic 
variation within and among the collected V. canescens populations using RAPD markers. The 
second objective is to determine whether there is any phenotypic variation within this species 
by using the FAMEs technique. This paper aims to clearly amplify RAPD and FAME 
fragments to examine the variations within and among the populations of Vicia canescens L. 
 
Materials and methods 
  
 Sample collection 

Three populations of Vicia canescens Lab. were collected at flowering stage from 
different locations in the vicinity of Erzurum. These populations are situated at least 20 km 
apart on three different regions. Two of these, called “Natural” are growing in natural land 
shape, protected from destructions. One of them is named pine population while the second is 
campus population. The rest of them are growing in habitats which have been subjected to 
distributions, modifications or alterations at various degrees by the landscape management 
activities during last decade. These are called “colonizing populations”. In each of the 3 
populations, a random sample of 15-20 plants spaced at least 5m apart was collected. About 
2-10g fresh leaves per plant was collected and immediately stored in sealed plastic bags with 
about 50g of silica gel. 
 Extraction and analysis of FAMEs 

Preparation and analysis of FAMEs from whole cell fatty acids in plant samples were 
performed according to the method described in the manufacturing manual (Sherlock 
Microbial Identification System version 4.5, MIDI ,inc., Newark, DE). Plant leaves were 
powdered after lyophilization in liquid nitrogen.  Approximately 40 mg of powdered leaf 
material from each samples was added to 1 ml 1.2M NaOH in 50% aqueous methanol with 5 
glass beads (3 mm diam.) in a screw cap tube, then incubated at 100°C for 30 min in a water 
bath. After the saponified samples were cooled at room temperature for 25 min, they were 
acidified and methylated by adding 2 ml 54% 6 N HCl in 46% aqueous methanol and 
incubated at 80°C for 10 min in a water bath. After rapid cooling, methylated fatty acids were 
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extracted with 1.25 ml 50% methyl-tert butyl ether (MTBE) in hexane. Each sample was 
mixed for 10 min and the bottom phase was removed with a Pasteur pipette. The top phase 
was washed with 3 ml of 0.3 M NaOH. After mixing for 5 min then the top phase was 
removed for analysis. Following the base wash step, the extract (FAMEs) is cleaned in 
anhydrous sodium sulfate and then transferred into a GC sample vial for analysis. 

FAMEs were separated by gas chromatography (HP6890, Hewlett Packard, Palo Alto, 
CA) with a fused-silica capillary column (25m by 0.2mm) with cross-linked 5% phenyl 
methyl silicone. The operating parameters for the study were set and controlled automatically 
by computer program. The chromatograms with peak retention times and areas were produced 
on the recording integrator and were electronically transferred to the computer for analysis, 
storage and report generation. Peak naming and column performance was achieved through 
the use of Eukary calibration standard mix (Microbial ID 1201-A) containing nC9-nC30 
saturated and 2&3 hydroxy fatty acids. Cellular fatty acids were identified on the basis of 
equivalent chain length data. FAME profiles of each plant species tested were identified by 
comparing the commercial databases (Eukary) with the MIS software package. 

DNA extraction 
Genomic DNA was extracted from powdered plant materials using a method described 

by  G. Agar et al., 2006 [1]. The purity and quantity genomic DNA was determined 
spectrophotometrically and confirmed using %0.8 agarose gel electrophoresis against know 
concentrations of unrestricted lambda DNA. 
            RAPD 
           Samples were screened for RAPD variation using standard 10-base primers supplied 
by Operon (Operon Technologies Inc., Alameda, CA, USA). Thirty μl of reaction cocktail 
was prepared as follows: 10x Buffer 3.0 μl, dNTPs (10mM) 1.2 μl, magnesium chloride 
(25mM) 1.2 μl, primer (5μM) 2.0 μl, taq polymerase (5unit) 0.4 μl, water 19.2 μl sample 
DNA 3.0 μl (100ng/ μl). Fourteen oligonucleotide primers were screened, and among them, 8 
primers were selected and used further studies (Table 1).  
          The thermal cycle was: 2 min at 95°C; 2cycles of 30 sec. at 95°C, 1 minute at 37°C, 2 
minute at 72°C; 2 cycles of 30 sec. at 95°C, 1 minute at 35°C, 2 minute at 72°C; 41 cycles of 
30 sec at 94°C, 1 minute at 35°C, 2 minute at 72°C; followed by a final 5 minute extension at 
72°C then brought down to 4°C. 
Table 1. Primers employed with the number of RAPD markers obtained, their sequence, the size of the 
fragments, and the percentage of polymorphic markers (P) for each primer. 

Primer code Sequence 5’ 3’ Polymorphic 
Bands 

Total 
Bands 

 

Campus 
population

 

Pine  
population 

 

 Colonizing 
 population 

 
OPK04 CCGCCCAAAC 13 13 6 10 5 
OPK06 CACCTTTCCC 12 12 7 8 6 
OPK09 CCCTACCGAC 11 11 5 5 5 
OPK13 GGTTGTACCC 10 10 8 7 − 
OPK19 CACAGGCGGA 14 14 8 7 8 

OPL09 TGCGAGAGTC 11 11 8 6 1 
OPL14 GTGACAGGCT 15 15 13 10 9 
OPL15 AAGAGAGGGG 16 16 7 12 10 
Total % 
polymorphism 

   60.8 63.7 43.1 
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 Electrophoresis 
           The PCR products (27 μl) were mixed with 6xgel loading buffer (3 μl ) and loaded 
onto an agarose (1.5% w/v) gel electrophoresis in 0.5XTBE (Tris-Borate- EDTA) buffer at 70 
V for 150 min. Amplification products separated by gel were stained in ethidium bromide 
solution (2 μl Etbr/100ml 1xTBE buffer) for 40 min. The amplified DNA product was 
detected by using the Bio Doc Image Analysis System with Uvisoft analysis package 
(Cambrige, UK). 
 Data analysis 
           PCR products were scored as presence (1) and absence (0) of band for each population 
and analyzed. Only reproducible bands were scored. For FAMEs analysis, fatty acids of each 
plant species were scored as presence (0.1-100%) and absence (0%).  Data were used to 
calculate a Jaccard (1908) similarity index from which a UPGMA dendrogram was 
constructed. All of the experiments in this study are repeated at least twice. 
 
Results and discussion 

 
A total of 14 decamer oligonucleotide primers were used to investigate all the 

genotypes belonging to Vicia canescens L. Table 1 summarizes the results of the RAPD 
analysis. OPA11 (CAATCGCCGT), OPC05 (GATGACCGCC), OPC15 (GACGGATCAG), 
OPD03 (GTCGCCGTCA), OPD07 (TTGGCACGGG), OPD08 (GTGTGCCCCA) primers 
did not amplify with V. canescens populations.  
          A total of 102 bands were generated from 45 individuals in three populations using 8 
primers (from the initial 14 primers, eight were selected due to polymorphism and high band 
intensity). All of the 102 bands were polymorphic. The size of the amplified fragments ranged 
from 200 to 3000 bp. The highest number of bands was obtained from primer OPL15 (16 
bands) and the lowest number of bands from OPL13 (10 bands). The highest percentage of 
polymorphic loci (63.7%) was recorded in the pine population, which was followed by the 
campus (60.8%) and colonizing (43.1%) populations, respectively (Table 1).   

The eight random primers generated a total of 62 RAPD bands in the campus 
population: OPK04, OPK06, OPK09, OPK13, OPK19, OPL09, OPL14 produced 6, 7, 5, 8, 8, 
8, 13, 7 polymorphic bands, respectively, in the campus population (Table 1). The size of the 
amplified fragments ranged from 200 to 3000 bp. Primers OPL14 and OPK09 gave the 
highest and lowest number of RAPD products, respectively. In total, 60.8% of the bands were 
polymorphic.  
    The eight random primers generated a total of 65 RAPD bands in the pine population: 
OPK04, OPK06, OPK09, OPK13, OPK19, OPL09, OPL14, OPL15 produced 10, 8, 5, 7, 7, 6, 
10, 12 polymorphic bands, respectively (Table 1). Primers OPL15 and OPK09 gave the 
highest and lowest number of RAPD products, respectively, in the pine population. The size 
of the amplified fragments ranged from 200 to 1700 bp. In total, 63.7 % of the bands were 
polymorphic. 
  The eight random primers generated a total of 44 RAPD bands in the colonizing 
population: OPK04, OPK06, OPK09, OPK19, OPL09, OPL14, OPL15 produced 5, 6, 5, 8, 1, 
9, and 10 polymorphic bands, respectively (Table 1). OPK13 did not amplify with colonizing 
population. Primers OPL15 and OPL09 gave the highest and lowest number of RAPD 
products, respectively. The size of the amplified fragments ranged from 250 to 2000 bp. In 
total, 43.1% of the bands were polymorphic. 
            Among the populations, the pine and campus populations exhibited high levels of 
variability, whereas the colonizing population exhibited a low level of variability. A UPGMA 
analysis was carried out using Jaccard’s index of similarity for 45 individuals in the three 
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populations, which produced a dendrogram. The index revealed that the campus and 
colonizing populations are the closest ones, while pine and campus populations are the 
farthest (Table 2). 
Table 2. Distance matrix values based on RAPD between populations  

 Populations 

  campus pine  colonizing 
campus 0.000   
pine  1295.000 0.000  
colonizing 1024.000 1125.000 0.000 

 
The percentage fatty acid content of Vicia canescens from campus population is 

presented in Table 3.  
Table 3.Composition of fatty acid campus population  
Fatty acids 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

14:0 - - - 0.88 - - - - - - - - - 0.80 - 

15:0iso 2OH - - - 1.16 - 0.98 1.52 - - - - - - 1.11 - 

16:0 15.15 10.26 11.82 14.15 13.57 12.28 11.69 12.33 11.59 12.37 - 11.93 10.61 14.05 13.75

18:0 1.22 - - 1.11 - 0.93 - 1.01 1.00 0.87 - 1.06 - 1.09 - 

18:0 2OH - - - - - - - - - - - 1.68 - - - 

20:0 iso - - - 0.83 - - 1.40 - - - - - - 0.75 - 

21:0 iso 2.50 2.01  1.46 1.62 1.91 3.13 1.05 2.35 1.26 - 2.99 2.02 1.45 1.73 

22PrimaryAlcohol - - - - - - - - - - - 0.67 - - - 

24:0 2OH - - - - - - - - - - - 0.52 - - - 

24:0 3OH 4.37 2.91 - 4.93 7.92 6.70 5.94 1.19 4.70 4.50 - 5.93 - 5.05 8.04 

25 N Alcohol 1.04 1.21 1.09 0.69 0.48 0.60 0.95 0.75 0.68 0.23 53.27 0.92 2.00 0.50 0.92 

16:1cis7DMA(ω9) 1.66 2.31 - 2.05 1.78 1.53 2.49 1.37 1.35 1.55 - 2.37 3.02 2.00 1.81 

18:1:ω8c 47.76 - - 45.79 - 53.66 - 58.01 54.39 58.87 - 43.64 - 45.90 - 

18:1:ω9c DMA 1.63 - - 1.32 1.71 1.69 - 2.01 1.63 1.96 - - - 1.28 2.05 

18:1:ω9t Alcohol - 2.70 2.86 2.71 3.50 - 3.02 3.31 - 2.81 - 2.56 2.66 2.68 3.46 

18:2:ω6c 21.37 12.78 11.65 16.96 17.88 14.96 13.39 16.63 16.96 12.79 - 18.67 13.45 16.90 17.82

18:3:w3c - 61.98 67.20 - 48.21 - 47.93 - - - - - 56.23 - 47.03

19:1:w8t 3.29 3.85 5.37 4.19 3.33 3.78 5.64 2.34 4.33 2.79 - 5.58 3.48 4.03 3.39 

20:5: ω3c - - - 0.69 - - 1.50 - - - - - - 0.65 - 

21.252’C’ - - - 1.08 - - 1.41 - 1.03 - - 1.47 - 1.76 - 

25.052 - - - - - - - - - - 46.73 - - - - 

 
As seen in the table, the campus population has 21 kinds of fatty acids and their fatty 

acid contents ranged from 0.23% (25 N alcohol) to 67.20% (linolenic acid). All individuals 
had 25 N alcohol with rates ranging between 0.23% and 53.27%. Only one individual had a 
higher alcohol content (53.27%) when compared to others and was distinguishable for (?) 
containing 25.052. 14:0, 15:0, 20:0 and 20:5:w3c are rarely seen and found in low 
concentrations. 22 primary alcohol and 24:0:2OH was found to be low only in the 12th 
individual. Likewise, 16:0, 21:0 and 16:1 are rarely encountered among the population. Oleic 
(18:1; 43.64 to 58.87 % within population), linoleic (18:2; 11.65 to 21.37 % within 
population) and linolenic (18:3; 47.039 to 67.20 % within population) acids form the bulk of 
the total fatty acids found. Biochemical similarity index amongst the individuals of the 
campus population ranged between 0.059 and 0.909. 



GULERAY AGAR, OZKAN AKSAKAL, SEDAT BOZARI, SERAP SUNAR,  
FILIZ AYGUN ERTURK, NALAN YILDIRIM, SEVGI SEVSAY 

 

Romanian Biotechnological Letters, Vol. 15, No. 4, 2010                       5389 

Table 4. Composition of fatty acid pine population  
Fatty acids 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

12:0 - 1.19 - 1.53 - 0.87 1.23 - - - 2.74 - - 1.71 - 
14:0 - 1.67 - 1.84 - 1.35 1.62 - - - 1.69 - - 1.57 - 
15:0iso 2OH - 2.01 - 4.08 2.62 2.15 2.03 - - - 2.45 - 3.00 2.15 - 
16:0 - 13.82 - 10.28 13.20 11.71 10.50 9.94 10.53 12.97 14.55 - 13.30 10.65 12.95
18:0 - 1.23 - - - 1.49 - - - - - - - - - 
21:0 iso - 1.45 - 2.45 2.31 1.71 1.89 2.62 - - - - 2.69 1.78 - 
24:0 3OH 100 5.08 100 12.85 7.34 5.48 8.57 11.02 12.72 20.05 9.06 100 7.30 8.55 20.13
25 N Alcohol - 0.93 - - - 0.75 1.21 1.37 - - - - - 1.29 - 
16:1cis DMA 
(ω9) - 2.30 - 3.04 2.49 2.77 2.96 2.58 3.87 - 2.83 - 2.36 2.70 - 

17:1 iso G - - - - 2.89 - - 3.08 - - - - 2.82 - - 
18:1:ω8c - 50.42 - - - 49.70 - - - - - - - - - 
18:1:ω9c 
DMA 

- 1.49 - - - 1.37 - - - - - - - - - 

18:1:ω9t 
Alcohol - - - 2.36 2.82 - 2.37 2.45 2.93 - 3.77 - 2.79 2.35 - 

18:2:ω6c - 10.48 - 8.24 12.18 11.74 10.33 15.49 12.22 12.65 10.50 - 12.00 10.37 12.63
18:3:w3c - - - 43.52 46.15 - 49.35 41.04 48.73 51.14 46.05 - 45.89 48.98 50.92
19:1:w8t - 6.41 - 7.46 7.99 6.15 6.47 6.93 9.00 - 6.36 - 7.85 6.47 - 
20.343 “D” - - - - - 1.23 - - - - - - - - - 
21.252’C’ - 1.53 - 2.36 - 1.53 1.45 - - - - - - 1.43 - 
25:0 2OH - - - - - - - 3.47 - 3.20 - - - - 3.37 

   
Table 4 presents the percent fatty acid content of the pine population. The population 

contains 19 different fatty acids in a range of 0.75% (25 N Alcohol) to 100% (24:0:3OH). All 
individuals had a 24:0:3OH content that ranged between 5.08 and 100 %. The fact that only 
three individuals (1st, 3rd and 12th) contain 100% 24:0:3OH points out to the similarity among 
these individuals and their difference from the rest (Table 4). 12:0, 14:0, 15:0, 25 N Alcohol, 
16:1, 18:1:ω9t, 19:1:ω8t and 21.252 ‘C’ are relatively lower in individuals with similar rates. 
Linoleic acid is found with a rate of 15.49-8.24% in individuals, and linolenic acid with a rate 
of 51.14-41.04%; 18:1:ω8c is found only in two individuals in the range of 50.42-49.70%. 
The same individuals contain relatively close rates of 18:1:ω9t, which shows their similarity. 
Differing from the campus population, some individuals were detected to contain 12:0, 
17:1:isoG, and rarely 20:343 ‘D’ and 25:0. According to fatty acid contents 10 and 15, 7 and 
14, 5 and 13 individuals are similar. Biochemical similarity index amongst the individuals in 
the pine population ranged between 0.067 and 0.933.  

Table 5 presents the percent of fatty acid content in colonizing population. The 
population contains 13 fatty acids in the range of 0.87% (25 N Alcohol) and 100% 
(24:0:3OH) (Table 5). 16:0, 16:1 cis 7 DMA, 17:1:isoG, 18:1: ω9t, 18:2: ω6c, 18:3: ω3c and 
19:1: ω8t fatty acids are found in similar rates except for a few individuals. 
Table 5. Composition of fatty acid colonizing population  
Fatty 
acids 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

15:0iso 
2OH            - - - 2.06 - - - 2.15 - - - - - 2.04 2.11 
16:0 13.08 - - 9.88 - 13.01 7.76 7.99 5.87 9.34 10.25 - 10.15 9.85 8.00 
21:0 iso - - - 2.79 - - - - - 2.18 1.79 - 1.75 2.74 - 
24:0 3OH 6.00 98.5 100.0 10.2 96.0 - - - - 10.48 8.44 94.00 8.42 10.88 - 

 25NAlcohol - - - 1.06 - - - - - - 0.87 - 1.19 1.03 - 
16:1 w3c - - - - - - 1.66 2.22 - - - - - - 2.18 

16:1 cis 7 
DMA(ω9) 3.00 - - 3.22 - 3.93 2.34 2.62 - 2.41 2.65 - 2.68 3.16 2.60 
17:1 iso G - - - 2.68 - 3.96 2.38 2.71 - - - - - 2.61 2.69 
18:1:ω9t 
Alcohol 2.97 1.5 - 2.01 4.00 2.82 1.60 1.47 - 1.77 2.96 6.00 2.94 2.00 1.86 
18:2:ω6c 15.78 - - 10.09 - - - - - 14.23 11.30 - 11.22 10.00 - 
18:3:w3c 54.06 - - 48.17 - 69.37 46.71 38.70 28.93 54.86 55.84 - 55.81 48.01 38.65
19:1:w8t 5.09 - - 7.74 - 6.91 5.22 5.70 5.25 4.72 5.90 - 5.84 7.68 5.55 
21:1 w6c - - - - - - 32.33 36.43 59.95 - - - - - 36.36
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Linolenic acid, a characteristic of Leguminose plants, is found in the range of 69.37-
28.93%. The 3rd individual containing 100% 24:0:3OH is distinguished from others with 
lower concentrations of the same fatty acid (Table 6). 21:1:ω6c has a rate ranging between 
59.95-32.33%.  
Table 6. Distance matrix values based on FAMEs between populations 
  
 
 
 

 
 

 
 
Palmitoleic acid (16:1) is found only in three individuals (7th, 8th and 15th) of the 

population in rates ranging from 1.66 to 2.22 %. Biochemical similarity index amongst 
individuals of the colonizing population ranged between 0.000 and 0.889. According to 
Jaccard’s similarity index, the campus and colonizing populations are the farthest ones, while 
the pine and colonizing populations are the closest (Table 6). 

RAPD markers along with appropriate statistical procedures are suitable for genetic 
variation analyses at both intra- and inter-population levels. In our study, RAPD markers 
proved to provide a powerful method for the evaluation of genetic variation in V. canescens. 
The number of polymorphic markers generated by total primers in the present study was 
63.7% for pine population, 60.8% for campus population, and 43.1% for colonizing 
population. Life form, fertilization system, seed dispersal, ecological and climatic factors are 
decisive factors for determining the level of genetic variation and its partitioning among and 
within populations. Among them, the breeding system is the most valid for V. Canensens and 
in these populations the gene flow is very slow, because of the unreliability of pollination 
vector affected by the climate of the region.  

Sexual reproduction is a factor that reduces the genetic variation of a population since 
some species have predominant out-crossing systems. Such systems should help protect the 
variation of populations. The differences amongst these populations were observed much 
more than those of self crossing species [18]. 

It is known that the population of V.canescens has a very limited out-crossing, very 
short pollens and seed distribution range, and genetic activity range that cannot exceed 20m2, 
the reasons that explain well why the variation is high among these populations [5]. 
Generally, the habitats which lose their natural qualities for various reasons are called 
marginal habitats and the populations living in these habitats are termed as marginal 
populations. The colonizing populations constitute a marginal population of the V. canescens 
due to their habitat marginality. Marginal habitats resulting from different disruptions cause 
more effective stress on the population they harbor. As a result, they have greater selection 
pressure. Therefore, a reduction of both genetic and morphological variation characteristics is 
expected [10, 14]. This is confirmed by RAPD results and the shortness in the variations of 
colonizing populations. The RAPD results suggest that numerous genetic differences among 
the V. canescens populations can be explained by their reproductive vegetative capabilities, 
which usually stems from the genetic drift in these populations, limited external fertilization, 
and gene flow frequency, which protects the available variation models by a normalization 
selection.  

In general, it is known that chemical diversity arises from ecological diversity. 
However, the cause of chemical differences in some species is genetic diversity rather than 
ecologic diversity [8]. In such species, the differences in the quantity of essential oils are 

 populations 

  campus pine  colonizing 
campus 0.000   
pine  417.000 0.000  
colonizing 625.000 286.000 0.000 
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attributed to the different genetic codes of product among these individuals [17]. However, 
we observed that the genetic and biochemical data do not support each other (except for 
colonizing populations with marginal quality). Therefore, to identify the source of the 
chemical differences among V. canescens populations, there is a need to review the 
interactions between genes and environmental conditions. The reason for the change can be 
microclimate or the forcing of specific selection which has been well adapted to local 
environment. To provide a complete correlation between chemical and genetic differences, 
the homozygous plants must be sampled and the population size should be increased. 
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