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ABSTRACT

The present study was conducted to determine the molecular profile of hazelnut cultivars and accessions grown in
Turkey, and to assess their genetic relationships. Fifteen Turkish hazelnut cultivars and twelve hazelnut accessions were
used as plant materials. Genetic relationships of 27 hazelnut cultivars and accessions were assessed using 22 Random
Amplified Polymorphic DNA (RAPD) primers. Thirteen of the 22 primers produced polymorphic patterns resulting in
29 informative aleles. The best polymorphism was obtained from OPAD-02 (5 polymorphic bands) primer.
Reproducible and clear 29 polymorphic fragments were used calculating similarity matrix and constructing dendrogram
with UPGMA cluster analysis of MV SP 3.13 software. The mean number of alleles per locus was 2.23 while the
similarity over the 13 polymorphic loci averaged 0.697. UPGMA cluster analysis of the data separated the 27 genotypes
into two main groups. Most of the hazelnut cultivars were settled on the first group while ‘Kalinkara’, ‘incekara’ and
‘Mincane’ cultivars and ‘FAE-190" accession were placed on the second group. Depending on the genotypes, similarity
ratios ranged from 0.364 to 0.974, with a mean value of 0.697. Overall, the results demonstrate a high level of
polymorphism among hazelnut cultivars and accessionsin Turkey.
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INTRODUCTION phenotypic characters are generaly influenced by

environmental factors and the growth stage of the plants.

The genus Corylus includes a large array of N fruit trees, this requires a lengthy and expensive
species, originated mainly in the Northern hemisphere ~ €vauation during the whole vegetative growth. On the
and widely represented in Anatolia, Northern Caucasia, ~ Other hand, the relatively narrow range of variation of
Chines, Himalayas and some parts of Europe (Arikan, morphological traits limits cultivar identification, and

1960; Kasaphgil, 1972; Ozbek, 1978). Although Corylus ~ thus methods based on molecular markers should be
genus includes many species, cultivated hazelnut used. Identification of the hazelnut genotypes will help in
varieties are placed at Corylus avellana L. which isone ~ ¢hoosing appropriate cultivars and the preservation of
of the great Corylus species (Thompson et al., 1996; natural resources required for breeding studiesin Turkey.

Rovira, 1997; Erdogan and Mehlenbacher, 2000; Koksal, Initial molecular studiesin hazelnut were carried
2002). out using isozymes to characterize and determine genetic

Turkey potentially has a very rich source of ~ Vaiability (Ahmad et al., 1987, Rovira, 1997; Solar et

hazelnut germplasm (Corylus avellana L.). Hazelnut is & 1997) and using restriction fragment Iength
clearly native to Turkey. Turkey isthe leading country in ~ Polymorphism  (RFLP) ~ markers  (Malusa,  1994).
the production [600 million tons per year (70% of the ~ Successively, random amplified polymorphic DNA
total world production)] and export (75% of the total (RAPD) markers have been used to identify hazelnut
world production) of hazelnuts (FAO, 2012).The Black ~ cultivars (Redicati et al., 1997, Galderisi et al., 1999;
Sea Region has the appropriate climatic conditionsfor the ~ Miaja et al., 2001; Valentini e al., 2001; Kafkas et al.,
cultivation of hazelnuts. Thisregionisthe mostimportant ~ 2009;  Erdogan et al,, 2010), determine self-
hazelnut production center. Several different cultivars ~ incompaibility alleles (Pomper et al., 1996; Pomper et
and varieties of hazelnut are grown at this region in al., 1998; Bassil and Azarenko, 2001), |dent|fy a marker

Turkey (Demir and Beyhan, 2000). linked to Eastern Filbert Blight (Davis and
Traditionally, cultivar identification has relied Mehlenbacher, 1997; Lunde et al., 2000), and construct a

on morphological, pomological and agronomic  linkage map (Mehlenbacher et al., 20068 Gokirmak,
characteristics of plant materials. It is difficult to ~ 2005). Recently SSRs and SNPs are used for both

distinguish cultivars on their external morphology alone. cultivar identification and genetic map construction
Since this requires a very long period, it is difficult to ~ (Gurcan etal. 2010). _
determine morphologic, pomologic and agronomic The aims of our study were to determine the

characteristics in nuts and fruit trees. Further, these ~ Molecular profile and genetic relationships of hazelnut
cultivars and accessions grown in Turkey.
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MATERIALSAND METHODS

Plant material: In this study, fifteen Turkish hazelnut
cultivars and twelve hazelnut accessions [four hybrids
(‘Tombul” x ‘Kargalak’) and eight selections] were used
as plant material. Plant materials and obtained locations
and their pedigree are listed in Table 1.

DNA extraction: For DNA isolation, young leaves were
collected from a single plant for each accession; they
were frozen in liquid nitrogen and stored at -80 °C.
Genomic DNA was isolated from the leaves using the
DNeasy Plant Mini Kit (QIAGEN, GmbH, Germany)
according to the manufacturer’s instructions. DNA
concentrations were measured using a spectrophotometer.
DNA was diluted in water to a final concentration of 50
ng/pl and stored at -20 °C.

RAPD analysis RAPD analysis was performed
according to (Williams et al., 1990) with minor
modifications. Totally, 22 decamer oligonucleotide
primer (Operon Technologies) were used for PCR
amplification. DNA amplification was performed in a
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volume of 25 pl, containing 20 ng of template DNA, 15
pmol dekamer RAPD primer (Operon Technologies),
12.5 pl Promega M7502 PCR Mix 2X (50 mM Tris-HCI
pH 9.0, 50 mM NaCl, 3 mM MgCl,, 400 uM dATP,
dGTP, dCTP, dTTP, 50 unit/ml Tag DNA polymerase),
1.0 yl 25 mM MgCl,, 0.5 unit Tag DNA polymerase

(Promega), and 4.9 pul ddH,O (nuclease-free).
Amplifications were performed a  Eppendorf
Mastercycler Gradient (Eppendorf Scientific, Inc.

Westbury, NY, USA) programmed for 4 min at 94 °C
initial denaturation, then 45 cycles of 1 min at 94 °C
denaturation, 1 min at 36 °C annealing and 1 min at 72 °C
extension, and then 7 min at 72 °C fina extension.
Amplified products were stored a 4 °C for
electrophoresis. The amplified products were separated in
a 1.5% agarose gel electrophoresis using 1X TAE buffer,
and stained with ethidium bromide. The stained gels were
photographed under UV light. The molecular sizes of the
amplification products were estimated using 1 kb DNA
Ladder (Promega G5711). PCR reactions were repeated
two times to control reproducibility.

Table 1. Hazelnut cultivarsused in RAPD analysis, production area, pomological group and husk aspect*

No  Genotype Production Area Pomological Group Husk Aspect
1 Tombul Giresun, Ordu, Samsun Round Long tubular
2 Palaz Ordu, Samsun Flattened Round Medium Tubular
3 Cakildak Ordu, Samsun, Sakarya Round Long Tubular
4 Fosa Trabzon, Duzce Round Medium Tubular
5 Mincane Trabzon Round Medium Tubular
6 Uzunmusa Ordu Round Short Tubular
7 Kargalak Trabzon Flattened Round Long Tubular
8 Kan Giresun Round Medium Tubular
9 Kalinkara Giresun, Ordu Round Long Tubular
10 incekara Giresun Pointed Long Tubular
11 Sivri Giresun, Trabzon Pointed Long Tubular
12 Acl Ordu Pointed Short Vase
13 Yuvarlak Badem Sakarya, izmit Tubular Long Long Vase
14 Yassl Badem Sakarya, izmit Flattened Long Long Vase
15 Allahverdi Giresun Round Medium Tubular
16 K1/1 Hazelnut Res. Inst. Giresun Round Medium Tubular
17 K19/6 Hazelnut Res. Inst. Giresun Round Medium Tubular
18 K24/2 Hazelnut Res. Inst. Giresun Round Medium Tubular
19 K26/3 Hazelnut Res. Inst. Giresun Round Long Tubular
20 FAE-190 Hazelnut Res. Inst. Giresun Round Medium Tubular
21 FAE-260 Hazelnut Res. Inst. Giresun Round Medium Tubular
22 FAE-580 Hazelnut Res. Inst. Giresun Round Long Tubular
23 Yerli Azmani Selected from Ordu Round Medium Tubular
24 Yerli Selected from Samsun Round Medium Tubular
25 Sandik Findig Selected from Ordu Round Long Tubular
26 Erkenci Selected from Ordu Round Long Tubular
27 Hanimfindig Selected from Samsun Flattened Long Short Vase

" 1-15 Turkish standard cultivars; 16-19 Promising hybrids from Kargalak x Tombul; 20-22 Selections of Tombul; (Plant materias
were taken from collection orchard at Hazelnut Research Institute, Giresun-Turkey); 23-27 Promising selections from Turkey

germplasm.

L(Ayfer, et al., 1986; Caliskan, 1995; Beyhan & Demir, 2001; Koksal, 2002; Demir, 2004)
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Data analysis. For each primer, RAPD fragments were
scored as present (1) or absent (0). Genetic similarity
values were calculated by Dice coefficients (Nei and Li,
1979). Unweighted Pair Group Method Analysis
(UPGMA) was performed to generate a dendrogram with
MV SP 3.13 software (MV SP 3.13p 2007).

RESULTSAND DISCUSSION

RAPD analysis: In the present study, two sets of plant
material covering 15 hazelnut cultivars and 12 accessions
were characterized with 22 RAPD primers. All of the
primers produced amplification. Thirteen of 22 primers
(OPA08, OPA10, OPA17, OPADO2, OPH17, OPMOS5,
OPM11, OPO18, OPS07, OPU09, OPU11 and OPU12)
produced reproducible bands and it was possible to
clearly discriminate the hazelnut cultivars and accessions
studied. These primers have been reported polymorphic
in a wider sample of Corylus species in previous studies
(Demir, 2004; Galderisi et al., 1999; Pomper et al., 1996;
Pomper et al., 1998; Radicati et al., 1997; Vaentini, et
al., 2001; Miga, et al., 2001). The OPADO2 was the most
informative primer (5 polymorphic bands) used in this
study. Six putative alleles were previously identified with
the same primer in 18 hazelnut cultivars and 22 clones
(Demir, 2004). The OPU12 was the least informative

Table 2. Band profiles obtained from primers
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primer in this study. Two primers (OPAD17 and OPUQ7)
produced only monomorphic bands in this study.
However, OPAD17 primer has been reported
polymorphic in hazelnut cultivars and clones in previous
studies (Demir, 2004). In total 115 bands were obtained
of which 100 bands (87.0%) were polymorphic and 15
bands (13.0%) were monomorphic. Twenty-nine (25.2%)
reproducible and clear polymorphic bands (markers) were
used for analysis (Table 2). Band sizes varied from 90 to
1860 bp, and band numbers varied from 4 to 14. We
observed band sizes ranging from 200 to 2700 bp and
band numbers ranging from 4 to 15 with the same
primers in a previous research (Demir, 2004). Average
markers were 2.23 per primer in this research. Similarly,
in previous studies, it had been stated as 2.17 markers per
primer with 12 primers in 19 hazelnut genotypes
(Radicati et al., 1997), 1.5 markers per primer with 30
primersin 19 hazelnut cultivars (Migja et al., 2001), 2.91
markers per primer with 33 primers in 18 standard
Turkish cultivars and 22 clones (Demir, 2004), 3.84
markers per primer with 25 primers in 18 hazelnut
cultivars (Kafkas et al., 2009), 5.7 markers per primer
with 43 primers in 19 hazelnut cultivars (Erdodan et al.,
2010). In the studies stated above, the difference in the
number of markers is due to the number of genotypes or
primers.

Primers 5, 3 Polymor phic bands (Markers) (bp) Monomor phic
bands (bp)

OPA-08 GTGACGTAGG 90, 215, 260, 330, 410, 450, 540, 620, 700, 750, 850, 950, 1100 -

, 1350
OPA-10 GTGATCGCA G 330, 375, 480, 590, 710, 870, 1110, 1500 420
OPA-17 GACCGCTTGT 340, 420, 460, 550, 600, 850, 980, 1200, 1300, 1450, 1500, 700

1600
OPAD-02 CTGAACCGCT 670, 770, 870, 1100, 1300 -
OPH-17 CACTCTCCTC 270, 325, 460, 550, 575, 620, 1550 400, 900, 1250
OPH-19 CTGACCAGCC 270, 540, 630, 720, 950, 1350 800, 900
OPM-05 GGGAACGTGT 300, 480, 550, 600, 650, 700, 1300 200, 380, 450,

1200

OPM-11 GTCCACTGT G 270, 330, 390, 525, 600, 680, 850, 1090, 1480, 1660, 1860 450
OPO-18 CTCGCTATCC 400, 500, 670, 900 -
OPSs-07 TCC GAT GCT G 200, 295, 310, 660, 1200 -
OPU-09 CCACATCGGT 130, 350, 480, 560, 650, 1000, 1200, 1400 -
OPU-11 AGA CCCAGA G 210, 280, 355, 420, 470, 525, 825, 930, 1500 620
OPU-12 TCA CCA GCCA 350, 1300 550, 900

UnderTined bands are clear and reproducible polymorphic markers used for construction dendrogram.

Genetic similarity relationships among hazelnut
cultivars and accessions: A similarity matrix (Table 3)
was generated for 29 fragments using Dice coefficients of
Nei and Li (1979). All of the studied hazelnut cultivars
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were differentiated by RAPD markers, and genetic
similarity relationships among the cultivars were
assessed. The dendrogram constructed by UPGMA
cluster analysisisillustrated in Figure 1.
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Table 3. Genetic similarity ratios among the 27 hazelnut genotypes with 29 markersusing by Dice measurements (Nei and Li, 1979)
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K26/3 o8 08 05 06 05 07 O7 O7 O6 O5 O6 06 06 05 05 O5 07 07 10
24 48 81 8 60 8 5 65 67/ 2 15 43 67/ 81 93 8 27 50 00
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Figure 1. Constructed dendrogram among the 27 hazelnut genotypes with 29 markers using by Dice

measurements (Nei and Li, 1979).

In dendrogram, the genotypes were separated
into two main clusters with a similarity value of 0.600.
The majority of the cultivars and accessions were
included in the first cluster (A), while the ‘Kalinkara’,
‘incekara’, ‘Mincane’ and ‘FAE-190’ were included in
the second cluster (B).

The genotypes in the first cluster (A) were
divided into four sub-groups. ‘Tombul’, ‘FAE-580’,
‘Palaz’, ‘K24/2’, ‘Kargalak’, ‘K19/6’ and ‘K1/1’ have
taken place in the first sub-group (1); ‘Erkenci’, ‘Yerli’,
‘Fosa’, ‘Kan’, ‘Uzunmusa’, ‘Hanimfindi§i’, ‘FAE-260’,
‘Yerli Azmani’, ‘Cakildak’, “Yassi Badem’ in the second
sub-group (I1); ‘Sandik Findigi” and ‘K26/3’ in the third
sub-group (I11); ‘Acr’, ‘Sivri’, “Yuvarlak Badem’ and
‘Allahverdi’ in the fourth sub-group (1V).

As expected, the ‘K1/1’, ‘K19/6’ and ‘K24/2’
hybrids, with the exception of ‘K26/3’, were included in
the same sub-group (1) with their parents: ‘“Tombul’ and
‘Kargalak’. Similarity between the four hybrids and the
male parent “Tombul’ were higher (0.800, 0.872, 0.895
and 0.824 respectively) than female parent ‘Kargalak’
(0.737, 0.865, 0.778 and 0.750 respectively). In a
previous research, it was reported that ‘K24/2° has
relatively low similarity ratio to “Tombul’ (0.630) and
‘Kargalak’ (0.682) (Erdogan et al., 2010). ‘Palaz’ and
‘FAE-580" accessions were placed in this sub-group with
higher similarities. The accession ‘K26/3’ was placed
together with ‘Sandik Findi§i” in the sub-group III,
showing a similarity of 0.769. Their similarity to first
sub-group was 0.704. The cultivars and accessions placed
in these sub-groups have similar pomological
characteristics, with the exception of ‘Kargalak’ and
‘Palaz’. These two cultivars have flattened round nut
shape and similar husk traits. But, ‘Kargalak’ has the
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biggest nuts among the Turkish hazelnut cultivars
(Caliskan, 1995; Demir, 2004).

It was stated that “Tombul’, ‘Sivri’ and ‘Palaz’
cultivars are located in the C. pontica botanical group
(Mehlenbacher, 1991). In this study, ‘Tombul’ and
‘Palaz’ cultivars are placed in same sub-group (I) with
higher (0.923) similarity ratios. In a previous study, it
was stated that similarity ratio is 0.656 between “Tombul’
and ‘Palaz’ (Erdogan et al., 2010). On the contrary,
‘Sivri’ is placed in the sub-group IV with mean similarity
of 0.617. This cultivar shows relatively moderate genetic
relationships to investigated cultivars and accessions.
There is 0.688 similarity ratio between ‘Tombul’ and
‘Sivri’ that are compatible with that reported by Erdogan
et al. (2010). On the other hand, it was stated that
‘Tombul” is closely related (0.85) to ‘Sivri’, in another
research (Kafkas et al., 2009).

In this study, the cultivar ‘Kan’ was placed in
the sub-group Il with mean similarity of 0.759. Among
the investigated genotypes, this cultivar has the highest
similarity ratio (0.974) with ‘Uzunmusa’. Similarly, it
was reported that these two cultivars were closely related
in previous studies (Kafkas et al., 2009; Erdogan et al.,
2010; Gurcan et al., 2010). ‘Kan’ also has a high
similarity ratio (0.850) with the leading Turkish cultivar
‘Tombul’. It was stated that ‘Kan’ is located in the C.
maxima Gill. (Corylus tubulosa Will) species (Ozbek,
1978). On the other hand, in another study, it is claimed
that ‘“Kan’ cultivar (leaves and kernel color is purple red)
is located in the C. avellana var. pontica group (Ayfer et
al., 1986). Ozbek (1978) suggested that Turkish hazelnut
cultivars are hybrids of C. avellana and C. maxima. In
our opinion, the results show that ‘Kan’ and other
Turkish cultivars are placed in the same species as
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reported in a previous research (Rovira, 1997). Also

‘Hanimfindigi’, ‘FAE-260" and “Yerli Azmani’
accessions were placed in this group with high similarity
ratios (0.960, 0.877 and 0.829 respectively).

‘Hanimfindig1” is different from these cultivars and
accession in terms of pomological traits (Table 1).

In the first main cluster, the similarity values
among some cultivars (‘Uzunmusa’ and ‘Kan’, 0.974
similarity ratio; ‘Hanimfindigi” and ‘Uzunmusa’, 0.973
similarity ratio; ‘Tombul’ and ‘FAE-580°, 0.947
similarity ratio) were extremely high. However, in terms
of morphological and pomological characteristics (nut,
leaf and husk), these cultivars are quite different (Ayfer et
al. 1986; Koksal, 2002; Beyhan and Demir, 2001; Demir,
2004). Only ‘FAE-580’ that was collected from Turkey
germplasm can be a clone of ‘Tombul’ cultivar. They
were highly similar to the cultivars and accessions in the
first sub-cluster. Interestingly aleged the selection of
“Tombul’, ‘FAE-190" was placed in the second cluster
(B). So this accession has low similarity (0.667) with
‘Tombul’. This study revealed the results which are
comparable with the previous reports (Erdogan et al.
2010).

The accessions ‘Yerli’ and ‘Erkenci’ were
placed together in the sub-group 11 of the cluster A with a
similarity of 0.903. Also ‘Fosa’ is placed in this group
with a similarity of 0.836. Although these accessions
were grouped together, they were similar in terms of
pomological characteristics and not in terms of nut
maturation time. ‘Erkenci’ is a promising selection from
Turkey germplasm (Demir, unpublished results) that is
absolutely different from “Yerli’, which is a local cultivar
(Beyhan and Demir, 2001), and other investigated
cultivars and accessions in terms of nut maturation time.
‘Erkenci’ has the earliest nut maturation time. ‘Erkenci’
and “Yerli’ may be more closely related accessions than
anticipated.

Interestingly, ‘Cakildak’ and “Yassi Badem’ are
connected each other with a high similarity ratio (0.824).
These two cultivars were different in terms of
pomological traits such as nut shape and husk properties
(Table 1). Besides, while ‘Cakildak’ is a cultivar for late
season, ‘Yassl Badem’ is for early season.

‘Aci’,  ‘Sivri’,  “Yuvarlak Badem’ and
‘Allahverdi’ were placed in the same cluster with lower
similarities (Figure 1, Table 3). Similar results were
reported in previous researches (Kafkas et al. 2009;
Erdogan et al. 2010; Demir, 2004). These cultivars were
different from each other in terms of pomological traits
(Table 1). In contrast to our results, ‘Allahverdi’ and
“Tombul’ are much more similar in previous researches
(Demir, 2004; Erdogan et al. 2010).

In the second main cluster (B), the ‘FAE-190’
and ‘Kalinkara’ are connected to each other with a
similarity of 0.846. ‘incekara’ is connected to this group
with a similarity of 0.682, and then ‘Mincane’ is

826

J. Anim. Plant Sci. 24(3):2014

connected to this group with 0.644 similarity ratio.
‘Kalinkara’ and ‘incekara’ cultivars have both long
tubular husk and higher double kernel ratio (Ayfer et al.
1986; Demir, 2004) which has a high heritability (84%),
according to previous studies (Mehlenbacher et al.
2006b). Similarly, it was reported that ‘Kalinkara’ and
‘incekara’ were closely related in previous researches
(Demir, 2004; Kafkas et al. 2009; Erdogan et al. 2010;
Gurcan et al., 2010). ‘Mincane’ was placed in this cluster
with a similarity of 0.644. This result was compatible
with a previous study (Demir, 2004) and not compatible
with some other studies (Kafkas et al. 2009; Erdogan et
al. 2010). Interestingly, ‘FAE-190’ has higher similarity
ratio with ‘Kalinkara’ in this cluster. It was reported that
this accession is a clone of ‘“Tombul’ (Cetiner et al.
1984). ‘incekara’ is the most distant cultivar among the
investigated genotypes in this research. This cultivar has
the lowest similarity ratio (0.364) with ‘Allahverdi’ and
the highest similarity ratio (0.727) with ‘FAE-190’.

In general, the mean genetic similarity among
the investigated hazelnut cultivars and accessions differ
from 0.506 (‘incekara’) to 0.784 (“Tombul’) with a mean
value of 0.697. The highest genetic similarity was 0.974
(between ‘Uzunmusa’ and ‘Kan’), the lowest genetic
similarity was determined as 0.364 (between ‘incekara’
and ‘Allahverdi’) (Table 3). Then, the results obtained
show that an obvious inter-varietal variations among the
investigated hazelnut cultivars and accessions exists, to
exception of a few cultivars and accessions. Suitably it
was reported that all of the deciduous hazelnut cultivars
belong to C. avellana L. which is very big and
polymorphic species (Rovira, 1997). However, it is
emphasized that there is a significant variation among the
clones of some important hazelnut cultivars (Caliskan
1995; Demir and Beyhan, 2000).

Conclusion: In conclusion, the results obtained
demonstrate a high level of polymorphism among
hazelnut cultivars and accessions in Turkey. In general,
The Turkish hazelnut cultivars and accessions were
clearly segregated to each other with high genetic
variations. Moreover, these cultivars were also observed
to be Turkish germplasm. We verified that the genetic
information, observed will assist the effective protection
and sustainable utilization of hazelnut resources in
Turkey.
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