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ABSTRACT

Although Azerbaijan is a center of natural distribution and diversity of genus Quercus around the world, less published
data can be found about PCR-based genetic diversity in prevalent oak accessions. The present study aims at finding
molecular variation among the Quercus species using RAPD markers. In this study, genomic fingerprinting in five
Azerbaijan oak species (Quercus spp.) was carried out using 10 RAPD markers. The result showed that a total of 113
DNA fragments were amplified, of those, 91 bands were polymorphic. The highest PIC, EMR and MI values was
observed in the primers OPD-05, OPB-01 and OPB-03. The genetic similarity among the genotypes examined ranged
from 0.333 to 0.818 with an average of 0.498. Species-specific DNA fragments were found in all species examined.
Based on the cluster analysis using UPGMA method and Jaccard’s similarity index, all the examined oak species fell
into three main groups and principal coordinate analysis (PCoA) supported the clustering result. High genetic diversity
was found in the tested genetic germplasm of oak species. The results of this study would be very useful for oak
improvement program.
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INTRODUCTION

Quercus is an expansive genus consisting of over 500 species from all corners of the globe. Oaks have long been
considered among the strongest and noblest of all woody plants, and exhibit an impressive range of ecological,
industrial and horticultural merit (Dosmann & Aiello 2013). Since Darwinian time, botanists have used oaks as a model
genus for studying evolutionary processes and speciation. Oaks have characteristics such as high levels of phenotypic
plasticity, interspecific gene flow and genetic variation, which significantly contributed to the genesis of several
hundreds of species, subspecies and ecotypes (Neophytou et al. 2010). Indeed, these characteristics influence the
biological success of the genus Quercus. However, these properties also pose difficulties in classification of this genus,
estimating genetic differentiation among species and genetic architecture of populations (Ardi et al. 2012).

The Republic of Azerbaijan has a very rich flora and over 4,500 species of higher plants have been registered in the
country. Due to the unique climate in Azerbaijan, the flora is much richer in the number of species than the flora of
the other republics of the South Caucasus and around 65% of the Caucasus’ plant diversity, including approximately
200 endemics of Azerbaijan and 950 endemics of Caucasus were recorded in Azerbaijan (Solomon et al. 2014).
Quercus is one of the most important woody genera of the Northern hemisphere and considered as one of the main
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forest tree species in Azerbaijan (Menitsky 2005). The oak tree has a special symbolic, ecological and economical
value in Azerbaijan.

It is generally recognized that plant genetic diversity changes in time and space. The extent and distribution of genetic
diversity in a plant species depends on its evolution and breeding system, ecological and geographical factors, past
bottlenecks, and often by many human factors (Arekhi et al. 2010; Larsary et al. 2021). Much of the large amount of
diversity of a species may be found within individual populations, or partitioned among a number of different
populations (Ramanatha Rao & Hodgkin 2002).

Protection and conservation of high value forest genetic resources requires information on the patterns of genetic
variation among and within populations (Saenz-Romero et al. 2003; Ostadhashemi et al. 2014; Attarod et al. 2017).
This aim can be achieved by molecular genetic markers that have provided a powerful and reliable new tool for
breeders to search for new sources of genetic diversity, polymorphisms and relationship of populations of different
origins (Baig et al. 2008). The assessment of genetic diversity is one of the key steps in any plant breeding program as
the classical methods become less efficient for the identification of different varieties. Molecular as well as
morphological characterization need to be conducted to clarify the relationships between genotypes. These data should
then be applied as inputs to the breeding process of the desired traits (Zeinali et al. 2009). Molecular approaches
collectively represent a potential gold mine of important information that can be applied as an efficient tool for effective
characterization of germplasm (Kumar et al. 2018). DNA fingerprinting techniques have been widely used to analyze
the genetic variation and to differentiate of species or populations in plant conservation management (Abdessemed et
al. 2015; Miyashita et al. 2015; Patel et al. 2018; Kumar & Agrawal 2019). RAPD is a relatively recent technique and
has been widely used for the estimation of molecular diversity in various crops due to its low cost, rapid and easy
assay, and needs a small amount of plant material with prior sequence information (Hamouda 2019). The RAPD has
been used with success to identify and determine relationships at the species, population, and cultivar levels in many
plant species (Naik et al. 2010; Singh et al. 2019; Samaha et al. 2019; Anti¢ et al. 2020).

There is a lack of information on the genetic diversity and population structure of the Quercus species in Azerbaijan.
So, the present study was carried out using RAPD markers to find molecular variation among oak species collected
from some regions of Azerbaijan Republic. In the present study, the RAPD fingerprinting technique was employed to
understand the population genetic structure of Azerbaijan Quercus species. It is a part of a larger study on the
ecological, morphological, and molecular characterization of these five species in Azerbaijan (Aliyeva et al. 2020 a,
b; Aliyeva et al. 2021; Aliyeva 2021).

MATERIALS AND METHODS

Plant sampling

Six genotypes from four species which distributed in the flora of Azerbaijan (Q. pedunculiflora (Baku), Q.
pedunculiflora (Absheron), Q. macrhantera (Goygol), Q. iberica (Ismailli), Q. castaneifolia (Absheron), Q.
castaneifolia (Lankaran) and a genotype from a species introduced in the Azerbaijan flora, i.e. Q. ilex (Absheron)
were selected for the isolating DNA (Fig. 1). Each tree was originated from seed, with 50 to 120 years of age. For each
tree, three to five young intact leaves were collected for the molecular analysis. The leaves were immediately frozen
in liquid nitrogen and then transferred to a -80°C freezer until further analyses.

Total genomic DNA isolation

DNA extraction was performed by the CTAB method with some modifications (Murray & Thompson 1980). Fresh
plant tissue in a leaf fragment form was grinded in liquid nitrogen and suspended in 1000 pL CTAB extraction buffer
(100 mM Tris-HCI, pH 8.0; 20 mM EDTA, pH 8.0; 1.4 mM NaCl; 40 mM [B-mercaptoethanol), preheated in a water
bath to 60 °C. Homogenization was completed by intense shaking in vortex. Then 400 pL chloroform (99.8%) was
added to each tube and the contents were gently mixed. Thereafter, the test tubes were placed in a water bath and
incubated for 10 min at 60 °C. After incubation, the tubes were centrifuged in a tabletop Eppendorf type centrifuge
(15000 g) for 10 min at room temperature. Then the supernatant was carefully isolated (taking care not to capture the
particles of precipitate) and transferred to a clean Eppendorf-type 1.5 mL-test tubes and 600 pL cold isopropanol was
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added to it, mixed well and left at room temperature for 3-5 min. At this stage the disperse DNA precipitate can be
observed. The tube contents were centrifuged at room temperature in a tabletop Eppendorf-type centrifuge (15000 g)
for 10 min. The precipitate was washed several times with 70% ethanol, dried in a thermostat at 56 °C for 5 min and
dissolved in TE buffer (10 mM Tris-HCI, pH 8; 1 mM EDTA). Samples were left overnight in a refrigerator at 4 °C to
completely dissolve the DNA in the buffer.

Determination of DNA concentration

After dissolution of the DNA, its concentration was determined by optical density (OD) at A = 260 nm using the
ULTROSPEC 3300 PRO (“AMERSHAM?”, USA) spectrophotometer. Purity of genomic DNA was determined by
A260/A280 absorbance ratio. Quality of the DNA was verified by activity of extracted DNA samples in a 0.8% agarose
gel stained with 10 mg mL™ ethidium bromide in 1 x TBE buffer (Tris base, Boric acid, EDTA). The gel was developed
and photographed under UV light using Gel Documentation System (UVITEK, UK).

CASPIAN

~Legend~

Roads Sea and Lakes.
Rad

P 1 contimetor oquats 26 kiometers
s

Fig. 1. Oak samples collected areas: Baku, Absheron, Lankaran, Goygol, Qabala and Ismayilli.

DNA amplification

Polymerase chain reaction (PCR) using RAPD markers was performed by Williams method (Williams et al., 1990).
DNA amplification was performed in a reaction mix of 25 pL volume containing 10 x buffer, 20 ng genomic DNA,
0.2 uM primer, 200 uM each: dATP, dCTP, dGTP and dTTP, 2.5 mM MgCl,, and 0.2 unit Tag-polymerase in
incubation buffer. 10 oligonucleotide primers were used for RAPD analysis. Nucleotide sequences of the primers are
shown in Table 1. PCR was performed in the Applied Biosystems 2720 Thermal Cycler (Singapore) thermocycler in
the following conditions: 1cycle: 4 min at 94 °C; 10 cycles: 1 min at 94 °C, 1 min at 36 °C and 1 min at 72 °C; 35
cycles: 1 min at 94 °C, 1 min at 36°C, 1 min at 72 °C; the final elongation cycle was performed at 72°C for 15 min and
stored at 4°C.

The reaction products were separated by electrophoresis in a 1.5% agarose gel in the HR-2025-High Resolution (1B
SCIENTIFIC, USA) horizontal electrophoresis device with addition of ethidium bromide. Gels were documnted using
Gel Documentation System (UVITEK). A 100 to 3000 bp DNA ladder was included in all gels as a reference, to
estimate the size of the amplified fragments. To assess the reproducibility of PCR products, the DNA from each species
was first amplified independently three times with each primer, and the presence/absence of each band was then scored
in all individuals.
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Data scoring and statistical analysis

Out of the twenty ISSR and twenty-two SCoT primers tested, eight ISSR and nine SCoT primers produced clear and
polymorphic bands, then were chosen for further analysis. Banding patterns produced by eight ISSR and nine SCoT
markers were scored for absence (0) and presence (1) of bands. Initially, by observing the banding patterns produced
by different ISSR and SCoT primers, total number of bands, polymorphic bands and percentage polymorphism were
obtained. Further, potential of these molecular markers for estimation of genetic variability was assessed by measuring
polymorphism information content (PIC), effective multiplex ratio (EMR), marker index (M) and resolving power
(RP). PIC values were calculated using the formula PIC = 1- Y'pi?, where pi is the frequency of the i allele (Smith et
al. 1997). Marker index (MI) is the primer capacity to detect polymorphic loci among different genotypes and was
calculated as EMR X PIC, where, EMR is the product of number of polymorphic loci and fraction of polymorphic loci.

Table 1. List of the RAPD primers used in the present study.

Primer Sequence C+G (%)

OPB-015-GTTTCGCTCC-3 60

OPB-02 5"-TGATCCCTGG-3" 60

OPB-03 5"-CATCCCCCTG-3" 70

OPB-045"-GGACTGGAGT-3 60

OPB-05 5"-TGCGCCCTTC-3 70

OPD-055-TGAGCGGACA-3 60

OPD-085-GTGTGCCCCA-3 70

OPD-115"-AGCGCCATTG-3 60

OPA-035"-AGTCAGCCAC-3” 60

OPA-045"-AATCGGGCTG-3 60

RESULTS AND DISCUSSION

Polymorphism level and marker efficiency

The greater the genetic diversity of a species and more complex its genetic background, the stronger its evolutionary
potential and ability to withstand adversity, and the more easily it will expand its distribution range and adapt to new
environments (Zhao et al. 2014). Therefore, the knowledge of the genetic diversity estimated from different genetic
marker systems provides useful information to address breeding programs and germplasm resource management.
Molecular markers are indispensable tools for measuring the diversity of plant species. Low assay cost, affordable
hardware, throughput, convenience and ease of assay development and automation are important factors when
choosing a technology (Arif et al., 2010). By developing modern biotechnology, many experiments have been
successfully used for the evaluation of genetic diversity, identification, and phylogeny analyses of plant species by
many different authors in molecular level (Ojaghi & Akhundova 2010; Patzak et al. 2012; Chen et al. 2013; Alikhani
et al. 2014; Luo et al. 2014; Sorkheh et al. 2016; Gircan et al. 2016; Salayeva et al. 2016; Luo et al. 2019).

So far there has been no report on the comparison of genetic diversity and phylogenetic analysis of Quercus spp. using
molecular markers in Azerbaijan. However, several experiments have been run throughout the world by authors on
oaks species by molecular marker systems in genome level (Lopez-Aljorna et al. 2007; Khadivi-Khub et al. 2015;
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Neophytou et al. 2015; Shi et al. 2017; Ashley et al. 2018; Degen et al. 2019). RAPD is one of the common genetic
markers, used for population genetic analysis, pedigree analysis and taxonomic discrimination (Volis et al. 2001;
Subramanyam et al. 2009; Yeasmin et al. 2015). Several authors have demonstrated that the RAPD-PCR method is a
powerful tool in the assessment of discriminating differences at intra- and inter-population levels in oaks species
(YYakovlev & Kleinschmidt 2002; Schiller et al. 2004; Fernandes et al., 2011; Aykut et al. 2013; Jurksiené et al. 2019).
In the present study fifteen RAPD primers were tested with three oak genotypes as DNA templates. All primers
produced amplification products, and only primers showing clear and reproducible band patterns were selected for
further analyses. Thus, only ten primers were chosen for species identification and phylogenetic analyses (Table 2).
We used a total of 7 Quercus species from different region of Azerbaijan. The banding patterns and polymorphism of
primer OPB-02 are shown in Fig. 2. RAPD-PCR analyses showed that 10 random primers generated 113 distinct bands
and 91 of them were polymorphic (Table 1). The main area of distribution of fragments was located in the range of
250-3500 bp (Fig. 2). The total number of amplified DNA bands for each individual ranged from 7 (OPA-04 and OPB-
05) to 16 (OPD-11) with the average number of 11.3 bands per primer. The highest number of polymorphic bands was
obtained by primer OPB-02, while the minimum number by OPB-05. On average, 9.1 polymorphic bands were
obtained. The highest level of polymorphism (92.31%) was found by primer OPD-05, while the lowest polymorphism
(57.14%) by OPB-05.

In the present study, high PIC value was observed for OPD-05, OPB-03 and OPB-01 at 0.96, 0.952 and 0.948,
respectively. The low PIC value (0.48) was obtained by primer OPB-05, with an average of 0.752 per primer. High
level of genetic diversity obtained in the collection and proved to be sufficiently genetically diverse and therefore the
studied Azerbaijan oak genotypes would be useful to breeders for the development of new variety. Alikhani et al.
(2014) reported that the average polymorphism information content for ISSR, IRAP and SCoT markers were 0.30,
0.32 and 0.38, respectively. PIC is considered as the better parameter for measuring genetic diversity than the number
of alleles, taking into account the relative frequencies of each allele (Laborda et al. 2005). The highest effective
multiplex ratio (EMR) and marker index (MI) were observed by OPD-05, OPB-01 and OPB-03. However, the lowest
was observed by OPB-05, with an average EMR of 8.39 and an average MI of 6.66 per primer. The obtained high
EMR and MI values in this study, indicated that the used RAPD markers are useful for the assessment of genetic
variation and phylogenetic analysis among oak populations.

Species-Specific Markers

Several amplified RAPD bands showed fixed frequencies in a particular species and these can be used as species-
specific markers. These unique DNA fragments can be developed into the sequence characterized amplified region
(SCAR) marker after cloning and sequencing. Therefore, the SCAR marker can be used for marker-assisted selection
program as a quick, efficient and reliable tool to identify among oak species. In the present study, 22 RAPD fragments
were identified as species-specific markers between the examined 10 primers in all the oak species. However, we did
not detect any species-specific fragments by OPB-04 and OPD-08. The maximum number of unique bands with 5 was
revealed by primer OPD-11 in three oak species. Species-specific RAPD markers were also reported by Golan-
Goldhirsh et al. (2004) in Pistacia, Dnyaneshwar et al. (2006) in Phyllanthus emblica, Sen et al. (2010) in Piperaceae,
and Patel et al. (2015) in Ocimum. The details of species-specific bands detected in all oak species are shown in Table
3.

Similarity matrices based on RAPD markers

The binary data matrix generated by the amplified fragments of oak species in the RAPD-PCR analyses was used for
the computations of Jaccard similarity index for every pairwise comparison of the genotypes (Table 4). The estimated
similarity ranged from 0.333 to 0.818. Alikhani et al. (2014) in assessment of genetic diversity of Quercus brantii
based on combining of SCoT, IRAP and ISSR data reported the Jaccard genetic similarity in the range of 0.23 and
0.76. In the present study, the results revealed that Q. pedunculiflora (Baku) and Q. pedunculiflora (Absheron)
genotypes were closely related, having the highest genetic identity (0.818), while he lowest values belonged to Q.
ilex (Absheron) and Q. castaneifolia (Absheron) with 0.333, then with 0.364 belonged to Q. pedunculiflora (Baku) Q.
castaneifolia (Absheron), Q. pedunculiflora (Absheron) and Q. castaneifolia (Absheron), Q. iberica (Ismayilli) and Q.
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ilex (Absheron), which were the most distant genotypes. The average similarity across all the oak species was found
out to be 0.498, showing that all genotypes were highly diverse to each other. These results suggest that efficiency of
markers with these values can be employed in a breeding program such that the genotypes with the lowest genetic
similarities could be selected as parents to improve the oak genotype.

Genetic relationships among genotypes
Development of desired genotypes requires assessment of genetic variability as the basis of breeding. Hybridization
among selected genotypes may create a new gene pool with specific traits (Talas Ogras et al. 2017). Hybridization
can be carried out among the genotypes that belong to distance clusters. Thus, a wide range of segregants could be
obtained for desired characters (Aminul Islam et al. 2016). It is known that the crossing of highly statistically distant
genotypes from the clusters leads to variations among the segregants (Talas Ogras et al. 2017).

Table 2. Details of RAPD primers and band details in Quercus spp.

Primer Sequence (5°-3°) TAB NPB PPB PIC EMR Ml
OPA-03 AGTCAGCCAC 8 5 62.50 0.62 5.9 3.66
OPA-04 AATCGGGCTG 7 6 85.71 0.76 8.7 6.61
OPB-01 GTTTCGCTCC 10 9 90.00 0948 114 10.81
OPB-02 TGATCCCTGG 15 13 86.67 0.79 9.8 7.74
OPB-03 CATCCCCCTG 11 10 90.90 0952 108 10.28
OPB-04 GGACTGGAGT 12 9 75.00 0.69 6.8 4.69
OPB-05 TGCGCCCTTC 7 4 57.14 048 4.8 2.30
OPD-05 TGAGCGGACA 13 12 9231 0.96 11.8 11.32
OPD-08 GTGTGCCCCA 14 11 78.57 0.68 7.8 5.31
OPD-11 AGCGCCATTG 16 12 75.00 0.64 6.1 3.90
Total - 113 91 - - - -
Minimum - 7 4 57.14 0.48 4.8 2.30
Maximum - 16 13 92.31 0.96 11.8 11.32
Mean - 11.3 9.1 7938 0.752 8.39 6.66

TAB: Total amplified bands; NPB: Number of polymorphic bands; PPB: Percentage of polymorphic bands; PIC:
multiplex ratio; MI; Marker index.

Polymorphism information content; EMR: Effective

Fig. 2. RAPD pattern of different species of oaks by primer OPB-02. Lane 1: Q. pedunculiflora (Baku), lane 2: Q.
pedunculiflora (Absheron), lane 3: Q. macrhantera (Goygol), lane 4: Q. iberica (Ismayilli), lane 5: Q. ilex (Absheron), lane 6: Q.
castaneifolia (Absheron), lane 7: Q. castaneifolia (Hirkan) and M-molecular weight marker.
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Cluster analysis is a powerful and useful method for the evaluation of genetic relationships and phylogenetic studies
(Randi & Lucchini 2002). In the present study, the dendrogram of the seven oak species by RAPD markers data was

constructed based on Jaccard similarity coefficient using the UPGMA method (Fig. 3).

Table 3. Species-specific RAPD markers in each oak species.

Primer  Fragment No. Size (bp) Species
OPA-03 4 1200 Q. macrhantera
6 650 Q. macrhantera
OPA-04 3 950 Q. castaneifolia
5 750 Q. castaneifolia
7 500 Q. iberica
OoBP-01 2 2500 Q. macrhantera
4 700 Q. pedunculiflora
8 600 Q. pedunculiflora
10 350 Q. ilex
OPB-02 14 450 Q. iberica
OPB-03 2 1500 Q. castaneifolia
4 950 Q. ilex
OPB-05 7 450 Q. macrhantera
OPD-05 3 2500 Q. iberica
5 1500 Q. castaneifolia
10 550 Q. iberica
12 450 Q. macrhantera
OPD-11 3 2000 Q. pedunculiflora
7 950 Q. iberica
9 750 Q. macrhantera
13 450 Q. iberica
15 350 Q. pedunculiflora

The results of the dendrogram showed that the examined Quercus species could be completely divided into three main
groups based on the values of the similarity coefficient from 0.333 to 0.818. The first cluster includes only Q.
castaneifolia from Absheron region of Azerbaijan, which indicate genetically distinct from other examined Quercus
species. The second cluster consist of Q. iberica from Ismayilli, Q. pedunculiflora belonged to Absheron region, Q.
castaneifolia from Hirkan region and Q. pedunculiflora from Baku region. In this group the lowest similarity was
found between Q. iberica and Q. castaneifolia with 0.521 value. However, the highest similarity was revealed among
Q. pedunculiflora from Absheron and Baku regions with 0.818 similarity index. In this clustering Q. ilex (Absheron)
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and Q. macrhantera (Goygol) are resided in the third cluster with similarity of 0.625. Clustering of Quercus species
suggests that all the species examined are distinctively differentiated. Several authors have reported clear cut clustering
in dendrograms based on RAPD investigates, demonstrating variations among different species (Ramanayake et al.
2007; Arghavani et al. 2010; Thomas et al. 2010; Mohammed et al. 2012). In our study, the cophenetic correlation
coefficient between the similarity matrix and the UPGMA dendrogram was r = 0.861. The cophenetic values higher
than 0.80 indicate a strong fit of dendrograms (Rohlf 2000).

Table 4. Jaccard similarity index of the oak species based on RAPD markers
No. G1 G2 G3 G4 G5 G6 G7

Gl 1

G2 0818 1

G3 0.600 0.455 1

G4 0636 0636 0.556 1

G5 0545 0545 0625 0.364 1

G6 0364 0364 0571 0625 0.333 1

G7 0560 0560 0476 0522 0571 0381 1

Genetic relationships among oak species were also investigated by principal coordinate analysis (PCoA). The data
generated from RAPD markers were subjected to PCoA performed based on Jaccard coefficient of similarity. In the
2D plot of PCoA derived from the RAPD genotyping data, it can be observed that main three groups were formed on
the plot (Fig. 4). The PCoA revealed the first two most informative coordinates with eigenvalues 0.328 and 0.222,
respectively, which together accounted for 73.48% of the total genetic variation. The results of the PCoA confirmed
the results of UPGMA clustering. According to results of PCoA and cluster analysis, it may be concluded that RAPD
analysis revealed substantial polymorphism in the examined Azerbaijan oak species. The technique may be used to
obtain reasonably precise information on the genetic relationship among genotypes. Such information may be useful
for selecting the diverse parents and monitoring the genetic diversity periodically in the breeder’s working collection
of oak species.

Q. pedunculiflora (Absheron) Q. castaneifolia (Hirkan) Q. ilex (Absheron)
0. castaneifolia (Absheron) Q. iberica (Ismayilli) Q. peduncudifiora (Balka) Q. macrhantera (Goygol)
0.9754
0.900
0.825
0.750
E p67s1
0.600
0.525 ——_——————————————————l—————————————————
Clusrer I Cluster 2 Cluster 3
0.450

Fig. 3. UPGMA dendrogram of RAPD analyses of Quercus species based on Jaccard coefficient.

Caspian J. Environ. Sci. VVol. 19 No. 3 pp. 457~468 Received: April 01. 2021 Accepted: June 22. 2021
DOI: 10.22124/CJES.2021.4932 Article type: Research
©Copyright by University of Guilan, Printed in L.R. Iran


https://www.sciencedirect.com/science/article/abs/pii/S1055790310002071#!

Aliyeva et al. 465

L]
0. pedunculiflora (Absheron)

0. pedimeuliflora (Baku)

Q. castaneifolia (Hirkan) o154

-030 015 015 030 045

Coordinate 2

0157

Q. castaneifolia (Absheron)

-0.301
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Fig. 4. Principal coordinate analysis (PCoA) showing Jaccard genetic similarity among studied oak species.

CONCLUSION

The present study reveals that the PCR-based fingerprinting technique by RAPD markers is informative for estimating
the extent of genetic diversity as well as to determine the pattern of genetic relationships between different species of
Quercus, with polymorphism levels sufficient to establish informative fingerprints with relatively fewer primer sets.
We obtained high level of genetic diversity among Azerbaijan oak species from various regions. The information
obtained from the present study could be of practical use for mapping the oak genome as well as for classical breeding.
This study will help for future investigation aimed at defining the level of intra- and inter-specific genetic diversity
and distinguishing hybrids among species. We hope the result of this study can provide an important input into
determining efficient management strategies for conservation of valuable gene pool of Quercus in Caucasus.
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