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Abstract

Corylus avellana L. is one of the valuable nuts of the world, which grows wild in the natural forests of Fandoguloo in
Ardabil province of Iran and has a high diversity in this region. To evaluate the genetic diversity within and between
populations, 78 genotypes from different regions of Iran, including Ardabil, Arasbaran, and Miyaneh, were analyzed
using targeted start codon polymorphism (SCoT) method. Also, phytochemical traits of C. avellana, such as Ash,Taxol,
Total phenol, Palmitic acid, Fibre, Palmitoleic acid, carbohydrate, Stearic acid, flavonoid, Oleic acid, Linoleic acid, Fat,
Antioxidant compounds, and ethanolic phenol were evaluated. The result indicated that, from the 15 SCoT primrs used,
the genotypes contained 165 polymorphic bands with the highest and lowest Polymorphic Information Content related
to SC3 and SC21, respectively. The Marker index (MI) for the primer sets varied from 2.6 to 6.1. The highest allele
frequency was related to the Ardabil population. Also, 100% polymorphism rate was obtained from all primers studied.
The highest polymorphic rates corresponded to the primers SC21, SC20, SC5 (14 bands), with SC9 showing the most
uniformity (six bands) among the populations. The gene flow between and within populations was 0.4 and 0.7,
respectively, and the stabilization index was 0.4. The current research showed the effectiveness of the SCoT marker to
estimate the genetic diversity of C. avellana, which can be considered as a starting point for further study on the
population and evolutionary genetics of this economically important species.

1. Introduction

The common hazel (Corylus avellana) is a long-lived, monoecious, and multistemmed shrub. This wind-pollinated
species is distributed across the North-Africa (Mediterranean region), all over the Europe, and western asia (Leinemann
et al. 2013). it's not clear that European hazel (Corylus avellana L.) domesticated in which place and what time
although it was already cultivated by the Romans. based on chloroplast microsatellite investigation Hazelnut appears
to have been domesticated independently in three areas including of Mediterranean, Turkey, and Iran. (Boccacci and
Botta 2009).

Furthermore, it is regarded as an essential nut due to its rising production and consumption (Fideghelli and De Salvador
2008). Turkey has been the leading producer and exporter of this nut for several years, with 75% annual production,
followed by Italy (13%), the United States (4%), Azarbaijan, Spain, Georgia, and Iran (20% total). Due to favorable
climatic conditions, South Caucasus can be potentially turn to one of main growers, hence the genetic diversity of this
area's native hazelnut populations should be evaluated (Krél and Gantner 2020).

For crop and tree breeding, genetic diversity has been recognized as the most significant tool. Molecular techniques
with improved replicability are typically considered in marker research (Govindaraj et al. 2015). There are a variety of
molecular markers used to examine genetic variation in different plant species (Kumar et al. 2009). DNA markers,
including restriction fragment length polymorphism (RFLP) and randomly amplified polymorphic DNA (RAPD), are
potent tools for studying plant genetics (Garrido-Cardenas et al. 2018) that could be traditionally employed in genetic
mapping. In addition, DNA markers could help describe the contribution of various main genetic loci to complicated
growth processes (Sanghvi and Dave 2017). Representation of marker polymorphism is the main source of genotypic
diversity, both at the morphological and biochemical/ molecular levels (Bellemou et al. 2020).

A new procedure for producing DNA markers in plants is based on the short protected length near the ATG codon. In
this procedure, generally, single 18 bp primers are employed for polymerase chain reactions (PCR) at 50°C annealing
temperature (Barman and Kundu 2019) and PCR amplicons are visualized by standard agarose gel electrophoresis.
This procedure has been confirmed in rice using a diverse collection of genotypes and cross populations (Bertani et al.
2021). The SCoT markers can be used to assess the replicability of research using repeated samples and to perform
PCR across multiple days. SCoT markers are generally repeatable, although certain exceptions have revealed that
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primer length and annealing temperatures are not the only parameters that determine reproducibility (Gupta et al.
2019). It has been proposed that this method could be used for genetic analysis, separate bulk analysis, and
quantitative trait loci mapping (Jiang 2015; Wang et al. 2019).

The current breeding strategy based on the selection from wild species does not meet the increasing demand for
hazelnut crops (Kavas et al. 2020). Molecular markers are considered useful tools in the effort for the vast production
and proliferation of this crop (Gedil and Menkir 2019). According to (Bhattacharyya et al. 2013), EST-SSR markers can
define polymorphism and heterozygosity rates among Corylus species and also separate C. coluna from C. avellana
more properly. Accompanied by EST-SSR, SCoT markers system, which can be produced from the transcript sequences,
increases the number of markers for fingerprinting experiments and may be useful for identifying the marker-trait
associations and analyzing the genetic diversity (Bhattacharyya et al. 2013). SCoT markers is considered as powerful
marker to study genetic diversity and defining edible and toxic materials in various wild taxa and crops (Sorkheh et al.
2016). This marker has been successfully uncovered population structure in rose, orchids, Jatropha, grape, peanut etc.
(Agarwal et al. 2019; Mulpuri et al. 2013; Bhattacharyya et al., 2013; Guo et al. 2012; Gorji et al. 2011). Also, SCoT
benefits from the advantage of the combination of RAPD and ISSR, including the simplicity, inexpensiveness,
effectiveness, and high rate of replicability (Bhattacharyya et al. 2013).

Considering horticulture, the selection of hazelnut masses for such essential traits as fruit weight, nut to fruit ratio, and
fruit quality is of a great performance due to the fact that the fruiting of the hazelnut tree entails many years. The study
of molecular markers associated with hazelnut garden traits boosted by reproducibility and accessibility can play a
significant role in hazelnut breeding programs.

To date, the genetic diversity and polymorphism of the sequence near the start codon in the South Caucasus native
hazelnuts have not been explored, hence the aim of this study was to investigate the genetic diversity of the native
hazelnut in South Caucasus to develop programs for conservation and breeding.

2. Materials and methods
2.1. Plant material and DNA extraction

Seventy-eight different hazelnut genotypes were collected from the forests of Fandoghloo located in Ardabil province,
Arasbaran and Miyaneh region in Iran and were evaluated along with Fertile and Daviana genotypes (Fig. 1). These
genotypes were selected from 5 discrete areas, which were called subpopulations.

Geographical data of the Hazelnut habitates have been given in detail in Supplementary Table 1. Seeds of each
genotype were seeded in Murashige and Skoog (MS) medium with macro and micronutrients ratio of 4:1.The plants
were grown in optimum conditions in phytotron (16/8 hours light/darkness, 23 + 2 degrees Celsius). Fresh leaves of
each genotype were sampled for DNA extraction. Total genomic DNA from 0.1g leaf with trivial changes was isolated
by CTAB detergent (Baek et al., 2008). DNA quality was evaluated by gel agarose electrophoresis 0.8%.

2.2. Evaluation of Genotypes with the SCoT markers

15 SCoT primers (Table 1) were designed according to Collard and Mackill method (Collard and Mackill 2009). All
primers amplified remarkable polymorph bands. PCR reaction was performed in 30 pl as described earlier. PCR
reactions were amplified under the following conditions: primary denaturation at 95°C for 10 minutes followed by 38
periods of denaturation at 95°C for 1 minute, annealing at 45°C (for all primers) for 45 seconds and extension to 72°C
for 2 minutes followed by final extension at 72°C for 7 minutes PCR Program performed.

2.3.Phytochemical
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Total carbohydrates were evaluated by the Schlegel method (Sheligl 1986). To determine the concentration of taxol, an
HPLC device (Knauer, Germany) equipped with a c-18 column (um, 250 x 4.6mm Teknokrome, Germany Perfectsil
Target ODS3,5) was used with the help of taxol standard (SIGMA). To determine the profile of fatty acids, the oil was
extracted using Soxhlet and the profile of fatty acids was determined by gas chromatography. The amount of total
phenol was measured by the Folin Sieve Caltio method (Grillo et al. 2019) and the antioxidant capacity was measured
by the DPPH method (Sirivibulkovit et al. 2018). After extracting phosphorus by calorimetric method, calcium,
potassium, magnesium, iron and zinc elements were measured using an atomic absorption device (AS. A 2000-CTA)
and the amount of hazelnut kernel elements was expressed in mg/kg dry matter (Sujka et al. 2017).

Table 1
SCoT primers sequence used in this research.

Name Sequence Tm(c) GC content%

SC3 CAACAATGGCTACCACCG  55.2 55.60%
SC4 CAACAATGGCTACCACCT  583.5 50%
SC5 CAACAATGGCTACCACGA  54.0 50%
SC6 CAACAATGGCTACCACGC  55.9 55.60%
SC7 CAACAATGGCTACCACGG  55.2 55.60%
SC8 CAACAATGGCTACCACGT 543 50%
SC9 CAACAATGGCTACCAGCA 543 50%
SC11  AAGCAATGGCTACCACCA 554 50%
SC12  ACGACATGGCGACCAACG 59.8 61.10%
SC17  CATGGCTACCACCGGCCC 61.9 72.20%
SC18  ACCATGGCTACCACCGCG  61.5 66.70%
SC19  GCAACAATGGCTACCACC 554 55.60%
SC20  AACCATGGCTACCACCGC  59.1 61.10%
SC21 CACCATGGCTACCACCAT  55.6 55.60%
SC23  ACCATGGCTACCACGGGC  61.1 66.70%

2.4. Data collection and processing

All transparent polymorph bands in the profile (1) and SCoT (0) were calculated based on the existence and absence of
the bands. The differentiation potential of the used primers was evaluated via the data parameters. In order to
distinguish genetic diversity within and among the genotypes, molecular variance analysis (AMOVA) was carried out to
calculate the number of polymorphic bands (NPB), polymorphic phase boundary (PPB), polymorphism information
content (PIC), resolving power (Rp) and marker index (MI) (Angel 2002; Nayak and Prakash 2018). Also, genotypes
distributions were evaluated by principal coordinates analysis (PCoA) (Wang et al. 2022). This analysis was carried out
by GenAIEX version 6.5 (Caniglia et al., 2016). Seven indices of genetic variations including the number of observed
(Na) and effective (Ne) allele, genetic diversity Nei (H), Shannon data index (1), percentage of polymorph locus (PPL),
genetic differentiation among genotypes (Gst), and gene flow (Nm) were estimated by POPGENE version 1.31 (Warghat
et al. 2012) (Tang and Ma 2020) (Liang et al., 2008). Genetic dissimilarity was estimated based on the Jaccard
similarity coefficient by using the DARwin software version 6 (Odongo et al. 2015). UPGMA cluster analyses was
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performed on the basis of coefficients obtained from PCoA, and dendrogram were constructed using Wilks-Lambda
coefficients. Nearest neighbour dendrograms were presented to demonstrate relations among the different genotypes
(Ronikier and Zalewska-Gatosz 2014). Step-by-step multivariate regression method was used to investigate the alleles
affecting the diversity and changes of the studied traits (Mooney and Wilmot 2015).

3. Results

In this research, 78 genotypes were evaluated using the SCoT primers. All used primers showed clear and scalable
band patterns (Fig. 2). In total, 165 bands were detected, all of which were polymorphic at the genotypes level. The
number of bands varied from six bands for SC9 to 14 bands for SC21, SC12, and SC5.

The PIC index for each primer was determined across the genotypes investigated. The results shown in Table 2 showed
that SC3 and SC21 had the greatest and lowest PIC values, indicating that SC3 could better specify the genetic
distance of the examined genotypes than the others, and so might be deemed an acceptable primer for evaluating their
genetic diversity. The Ml index (Table 2) ranged between 2.6 and 6.1. The SC12 primer had the greatest Ml value,
indicating its high efficiency in detecting polymorphism in the studied genotypes, while SC3 had the lowest rate. Higher
RP values suggest that they are more effective in differentiating genotypes. SC21, SC12, and SC5 primers had the
greatest RP (28), indicating that they have a greater ability to detect genotypes differences compared to other markers.
Based on the 15 SCoT primers used on 78 hazelnut genotypes for estimating the SCoT efficiency,the PIC and RP values
were calculated to be 0.417 and 28, respectively.
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Table 2
Allele frequency and genetic diversity indices relating the SCoT markers.

Marker TB P P% PIC GD Mi Rp
Sc3 12 12 100 0.458251 0.352194 5.499 24
Sc4 10 10 100 0.381131 0.306215 3.811 20
Sc5 14 14 100 0.390509 0.308457 5.467 28
Sc6 9 9 100 0.407298 0.322158 3.665 18
Sc7 8 8 100 0.400764 0.317750 3.206 16
Sc8 9 9 100 0.415297 0.319346 3.737 18
Sc9 6 6 100 0.435404 0.338674 2.612 12
Sc11 11 11 100 0.409300 0.323852 4.502 22
Sc12 14 14 100 0.435733 0.334761 6.100 28
Sc17 11 11 100 0.430817 0.336974 4.733 22
Sc18 13 13 100 0.441056 0.342464 5.733 26
Sc19 11 11 100 0.410645 0.323300 4.517 22
Sc20 13 13 100 0.446847 0.344534 5.809 26
Sc21 14 14 100 0.355217 0.284998 4973 28
Sc23 10 10 100 0.446746 0.345946 4.467 20
Mean 11 11 100 0.417668 0.326775 4.589 22
TB: Total band, P: Polymorphism band, P%: polymorphism percentage, PIC: Polymorphic information content, GD:
Gene Diversity, MI: Marker Index, Rp: Resolving power

3.1. Genetic diversity indices and frequency of alleles in hazelnut
Genotypes

The number of genotypes in each subpopulation and the mean and standard deviation of the diversity coefficients for
each of them are calculated and shown in Table 3. Nei' genetic diversity index ranged from 1.26 + 0.02 to 1.69 +
0.02.The highest (1.69 + 02) and lowest (0.141 + 0.02) number of effective alleles belonged to the Essygran (B) and
Fandoghloo (A) genotypes, respectively. The highest Ni (0.388 + 0.01) and Shannon (0.564 + 0.02) indices were related
to the Essygran genotype indicating a favorable allelic frequency and the highest genetic diversity among the
genotypes. As for the estimated indices for the primers, the SC3 primer had the greatest PIC (0.45) and RP (0.35),
showing that it is superior to the others in terms of evaluating genetic diversity.
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Table 3

Allelic frequency and genetic diversity indices relating the hazelnut populations.

Sub Population h I N Ne PB PPL
Fandoghloo- Ardabil (A) 0.190+0.01 0.324+0.02 14 1.26+0.02 0 100%
Essygran- Ardabil g 0.388+0.01 0.564+0.02 14 1.69+0.02 0 100%
Abibighloo-Ardabil 0.370+0.01 0.544+0.02 14 1.64+0.02 0 100%
Miyaneh-Esat Azarbaijan 0.366 +0.01 0.534+0.02 14 1.64+0.02 1 100%
Arasbaran- East Azarbaijan (g 0.347+0.01 0.511+0.02 20 1.60+0.02 5 100%
Average 0.332+0.01 0.171+0.01 - 1.57£0.01 - 28.45%

h: Nei index, I: Shannon information index, N: sample number per population, Ne: effective allele number, PB:
specific band number, PPL: Polymorphism percentage

3.2. Polymorphism within the genotypes using the SCoT primers

The result of Polymorphism within the genotypes using the SCoT primers was showed that, the polymorphism
percentage at the genotypes level was 100%, and the highest polymorphic bands corresponded to SC12, SC5, and SC21
with 14 bands which indicate the lowest uniformity among the primers. The lowest band number was related to the
SC9 primer with six polymorphic bands indicating the most genotype-level uniformity (Table 4).

Table 4
Gene flow among the hazelnut populations.

Population Subpop.A  Subpop.B  Subpop.C Subpop.D Subpop.E
Fandoghloo- Ardabil (A) kkx 0.869 0.932 0.825 0.816
Essygran- Ardabil g 0.141 Feledck 0.964 0.923 0.930
Abibighloo-Ardabil ©) 0.070 0.037 Kk 0.922 0.912
Miyaneh-Esat Azarbaijan (p, 0.192 0.080 0.081 kdk 0.970
Arasbaran- East Azarbaijan g, 0.204 0.073 0.092 0.030 kK

A- Fandoghloo (Ardabil); B- Essygran (Ardabil); C- Abibigloo (Ardabil); D- Miyaneh (Esatern Azarbayjan); E- Arasbaran
(Esatern Azarbayjan); F- Astara (Gilan); G- Astara (Gilan).

3.3. Gene flow among the genotypes

Relations between the five genotypes were evaluated separately (Table 5). For this purpose, indices related to the
genetic structure of inter/intra genotypes were calculated. The maximum Nm and lowest fixation index (Fst) values
were 0.7 and 0.4, respectively. These revealed that, despite relatively high Nm values, there was some trait segregation,
which might be attributable to geographical and altitude factors.

Total heterozygosity (Ht) and heterozygosity within the studied subpopulations (Hs) were estimated to be 0.395 and
0.237, respectivelyt (Table 5). The rate of heterozygosity among genotypess (Dst) was calculated to be 0.158, showing
that there is less diversity between genotypes than there is within them.The Hs index showed higher (0.237) diversity
than the Dst index (0.158).
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Table 5

Similarity indices (above the diameter) and genetic distance (beneath the diameter) among the hazelnut populations
based on the Nei index.

Genotypes Genotype Total Heterozygosiy = Heterozygosity  Coefficient of Gene Fixation
Size heterozygosity = Within Between Genetic Flow
H Genotypes Genotypes Differentiation Nm Index
t
HS Dst (Gst) Fst
Index
Total 78 0.395 0.237 0.158 0.402 0.7 0.554
Genotypes

3.4. Molecular variance analysis within and among the population

The variance within and among sgenotypes was estimated to be 29.5 and 6.43, respectively (Table 6). Also, the
molecular variance within and among genotypes was calculated to be 82 and 18%, respectively (Fig. 3).

Table 6

Analysis of molecular variance of hazelnut populations by SCoT marker
Sources of Degree of sum of Average of Estimated Percentage of PhiPT P
variation Freedome squares squares variance variance
Between 4 506.854 126.713 6.430 18 179.0 0.01
Populations
Within 71 2100.463 29.854 29.584 82 - -
Population
Total 75 2607.289 - 36.014 100 - -

3.5. Genetic distance and Grouping the Subpopulations

The genetic distance and similarity among the Subpopulationss based on Nei (1978) have been depicted in Table 7.
The highest genetic distance (0.204) and the lowest similarity (0.816) corresponded to the A and E subpopulations. In
order to group hazelnut populations, various methods were employed. As for the highest cophenetic coefficient, the
UPGMA algorithm for the individual cluster was selected based on the Jaccard similarity coefficient (Table 7).

Table 7

Calculated cophenetic index for UPGMA algorithm and similarity indices
Simple matching, Dice, and Jaccard

Cophenetic Correlation Coefficient

Jaccard Dice Simple matching  Algorithm Similarity Coefficient

0.81 0.443 0412 UPGMA
3.6. Analysis of the principle components

Analysis intoprincipl components was done to group the studied genotypes, then it was grouped using independent z-
coefficients (cluster method). The results are listed in Fig. 4. According to the principal component analysis plot, and
the cluster analysis output the results of both analyses are in agreement. The evaluated genotypes were classified into
four different groups. This classification was somewhat consistent with the geographical distribution.

3.7. Analysis of alleles accounting the studied traits
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In order to analyze the role of each allele in phytochemical traits multiple regression (step by step) was run and the
results appeared to be as the following (Table 8). The trait of fruit ash 0.94 significantly accounts for alleles 83a, 264,
19a, 1464, and 135a. Taxol inside the leaves with six alleles including 165a, 1014, 22a, 96a, 148a, 55a was explained to
be 94 percent significant. Regarding total phenol, only the 117a allele was significantly represented by 31 percent.
Palmitic acid along with two alleles, namely 153a and 152a was significantly supplied by 59 percent and fiber content
was shown to be 77 percent significant with alleles 80a and 116a.

Palmitic acid was shown to be 94 percent significant through alleles 57a, 66a and 19a. 24 percent of carbohydrate was
significantly explained by allele 46a. 26 percent of total flavonoids and 30 percent of stearic acid were accounted for by
110a and 46a alleles, respectively. Following step-by-step multiple regression in linoleic acid, 68 percent was
represented by alleles 83a and 158a. However, considering the trait of linoleic acid, five dominant alleles including 83a,
4643, 663, 90a and 61a were significantly accounted for.

The phenolic ethanol was shown to be 86 percent significant with alleles 93a, 117a and 132a. When 72 percent of the
fruit content was fat, alleles 112a, 34a and 79a were outstanding. Alleles 40a, 92a, 1164, 112a, 34a, and 79a
significantly represented 98 percent of antioxidant compounds. From among the alleles, 83 alleles for three different
traits containing linoleic acid, oleic acid and ash; allele 19 for palmitic acid and ash traits; allele 66 for palmitic acid
and linoleic acid; allele 116 for two different traits of antioxidant compounds and fiber, and finally allele 146 accounted
for the two attributes of linoleic acid and ash. The remaining alleles were only characterized as describing one trait.
Allele 24a achieved greatest role of the allelic unit in the carbohydrate traits represented by 34 percent.

The role of SCoT alleles accounting traits related tc;rzﬁlyi:chemistry and medicinal substances of C. avellana
Trait Rf R2 Sig Number of effective Alleles  Accounting Alleles
Ash 0973 094 0.00 5 135a, 1464a, 19a,834a, 26a
Taxol 0.975 094 0.00 6 55a,148a,96a, 22a,101a, 165a
Total phenol 0.56 0.31 0.018 1 117a
Palmitic acid 0.772 059 0.002 2 152a,153a
Fibre 0.82 0.77 0.001 2 80a,116a
Palmitoleic acid 0975 094 0.00 3 19a ,66a, 57a
Carbohydrate 0.62 0.34 0.008 1 24a
Stearic acid 0.55 0.3 0.02 1 46a
Flavonoid 0.51 0.26 0.00 1 110a
Oleic acid 0.83 0.68 0.003 2 83a,158a
Linoleic acid 0.83 0.68 0.00 5 64a, 66a, 83a,90a, 146a
Fat 0.85 0.72 0.08 2 109a, 115a
Antioxidant compounds  0.99 0.98 0.00 6 34a, 40a, 793,923, 1133, 116a
ethanolic phenol% 0.93 0.86 0.019 2 10943, 115a

4. Discussion
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The SCoT markers used to analyze the genetic diversity of 78 hazelnut genotypes from in the natural forests of
Fandoguloo in Ardabil province of Iran exhibited substantial polymorphism, with six polymorphic bands belonging to
SC9 and 14 to SC21, SC12, and SC5 markers out of 165 polymorphic bands at the population level. Due to a large
number of genes in different loci of the genome, for each primer, various numbers of bands were obtained per genotype
(Collard and Mackill 2009). This has the advantage over other primers, which either act randomly or amplify nongenic
loci. The marker index (MI) varied from 2.6 to 6.1, indicating its high efficiency to detect the amount of polymorphism
across the examined populations. The SC21, SC12, and SC5 primers possessed the highest Ml values (28). The
resolving power index (RP) associated with the SCoT primers showed their efficiency in detecting the differentiation of
the populations. It has been mentioned by Bhattacharyya et al. (2013), that evaluated the genetic diversity of wild
orchid and supported the efficiency of 15 SCoT markers. Mulpuri and colleagues (2013) in their survey using SCoT
marker, revealed highe polymorphism in Jatropha curcas and confimed application of this marker in distinguishing the
toxic and edible genotypes (Mulpuri et al. 2013).

The highest Ne (0.02-1.69), Nei (0.01-0.388), and | (0.02-0.564) corresponded to the Essygran (Ardabil)
subpopulation, and the lowest one (0.02-1.141) was estimated for the subpopulation from Fandoghloo (Ardabil),
indicating the high allelic frequency and genetic diversity among the subpopulations. According to the calculated
indices for the primers, SC3 had the highest PIC (0.45) and RP (0.35) values. These findings also suggest that SC3
outperforms other primers in terms of assessing genetic diversity. The analysis of SCoT markers revealed 100%
polymorphism at the population level, and the SC12, SC5, and SC21 primers had the highest polymorphism with 14
bands, but the lowest uniformity when compared to other primers.

SC9 was allocated the lowest band number, with six polymorph bands reflecting the best population-level consistency.
Further, the greatest Nm (0.7) and lowest Fst (0.554) values across the groups corresponded to intra populations. This
illustrates that, despite relatively large Nm values, dispersion among populations can be observed to some extent that
possibly influenced by glacial-interglacial climatic changes in the area. Similar pattern of climatic-affected
differentiation in the ltalian hazel populations was also reported by Palme’and Vendramin (2002).

The evaluation of genetic diversity among geographic locations due to factors such as linkage, inbreeding, migration,
and differences associated with samples is of great importance (Mohammadi and Prasanna 2003). In other words, the
validity of such analyses highly depends on the number of individuals examined, the number of allelic loci, the allelic
and genotypic characteristics of the specimens, sample size, and the type of the intercross (Strauss et al. 1992). The Ht
and Hs parameters were calculated to be 0.395 and 0.237, respectively. According to the population analysis, the
amount of heterozygosity within subpopulations (Hs = 0.237) was higher than between subpopulations (Ds = 0.158).
Genetic differentiation may result from differences in genetic features caused by environmental changes and natural
selection (Bossdorf et al. 2005), as well as random events such as mutation, migration, and the degree of population
divergence, which could be evaluated using several parameters (Slatkin 1995). In the case of this study, our results
suggest that the isolation of hazel populations might be due to past climatic fluctuations during glacial periods that led
to fragmented populations in the studied area. This pattern has been also reported by several authors for different
entities in this area (Rajaei Sh et al. 2013; Ahmadzadeh et al. 2013; Rezazadeh et al. 2020).

Based on the combination of SCoT markers used, the variance within and among the subpopulations was estimated to
be 29.5 and 6.43, respectively, implying considerable demographic differentiation in the studied area. The highest
genetic distance (0.204) and the lowest similarity (0.816) among the subpopulations corresponded to the Fandoghloo
and Essygran subpopulations. Due to the non-random feature of the Jaccard indices, they have no definite statistical
distribution, which, in turn, makes it difficult to calculate sampling variance and, consequently, confidence intervals
(Lombard et al. 2000). However, bootstrapping techniques could tackle the problem (Tivang et al. 1994).
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Simple matching, Dice, and Jaccard were used to categorize the genotypes, with similar cophenetic indices indicating
the concordance between the grouping outcomes. The population grouping was found to be in harmony with
geographic locations, and this result was in accordance with the grouping based on the PCoA analysis; the
examination of the genetic structure of the examined populations devided to three main groups with distinct genetic
structures; 1- Ardabil (Fandoghloo, Essygran and Abibigloo subpopulations with less geographic distances), 2- Miyaneh
and 3- Arasbaran.

The rate of total heterozygosity and heterozygosity within the subpopulations was estimated to be 0.395 and 0.237,
respectively. However, the inter-subpopulation heterozygosity was estimated to be 0.157, showing that there is less
genetic variation among subpopulations than within subpopulations. This was determined by estimating the inter and
intra-subpopulation variances using the SCoT data from the Fandoghloo (Ardabil) and Arasbaran subpopulations. The
Nei distance between the subpopulations of Fandoghloo and Arasbaran was 0.204. The current geographic isolation of
these two subpopulations related to probable difficulty in gene flow, because these forests distributed in mountainous
areas, and southern Caucasus range and Sabalan mountains may act as natural barriers for pollination.

This work is first survey on the genetic diversity of C. avellana in Iran by applying SCoT marker as a powerful and
sensitive technique to identify low levels of genetic variations. The present study revealed higher genetic diversity
within-populations but moderate genetic diversity among-populations. It can be concluded that identification,
conservation and breeding programs of such genetically diverse wild germplasm from in the natural forests of
Fandoguloo in Ardabil province of Iran would be necessary for this economically important taxon. Our results revealed
a general trend for isolation by distance plus genetic differentiation between hazelnut populations of different
geographic areas. It may relate to existing of natural geographic barriers between isolated populations as well as
habitat degradation due to antropogenic activities, like livestock overgrazing and unsustainable utilization of forests.
The remarkable diversity was found within the populations in this study (specially Fandoghloo forest) provides
essential insights into maintanence and breeding programs of this valuable crop.
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Figure 1

Natural distribution area of Corylus avellana in Lesser Caucasia according to Germain1992; Leinmann et al. 2013. The
sampling locations in this study are related to the Iranian habitats of Hazelnut as follows: A- Fandaghlo (Ardebil). B-
Essygran (Ardebil); C- Abibigloo (Ardebil); D- Miyaneh (East Azerbaijan); E- Arsbaran (East Azerbaijan); F- Astara (Gilan);
and G- Astara (Gilan).

Figure 2
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Banding profile resulted by SCoT3 primers in genotypes of C. avellana.
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Allelic frequency and genetic diversity indices relating the hazelnut populations.
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Figure 4
PCoA two-dimensional diagram in 78 hazelnut genotypes
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