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Abstract

Genetic diversity of seven Turkish sweet cherry cultivars and eight commonly grown introduced cultivars were
assessed using 23 microsatellite (SSR) markers. Among the markers, nine primers produced polymorphic patterns
resulting in 56 informative alleles. The mean number of alleles per locus was 5.4 while the mean similarity over the
nine polymorphic loci averaged 0.463. UPGMA cluster analysis of the data separated cultivars and accessions into
two main groups. The results demonstrated that Turkish sweet cherry cultivars have less genetic variation and
more closely related to each other. These cultivars contained both Turkish germplasm as well as European and
American germplasm in their pedigree. In the present study, same SSR primers were also used to clarify the
genetic identity of registered cultivar, 0900Ziraat, which is highly grown in different nurseries all over Turkey but
confusingly referred to under different name by local growers due to certain pomological and morphological
differences observed among the trees. SSR analysis of seventeen individual tree samples from eight nurseries at
different locations, have revealed no genetic variation among samples. The phenotypic variations among the trees
were the most probably due to local adaptations to different locations and variations in rootstocks that were used in
nurseries rather than the genetic variations among the 0900Ziraat cultivars.
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1. Introduction

The sweet cherry was originated in the mountains of north easthern part of Turkey, near the Black Sea region,
from where it has spread in Roman times (Zohary & Hopf, 2000). Turkey is one of the leading countries in
production and export of sweet cherries (Faostat, 2011). Suitable climatic conditions and excellent export market
demand have resulted in continuous increase in annual production. Several different varieties of sweet cherry are
grown at different altitudes and latitudes in Turkey (Kaska et al., 1998). Superior cultivars were propagated by
grafting of cultivars using narrow genetic background (Kacar, 2001). Occasionally, new cultivars were also
emerged from seeds (Heinze, 1999). The combination of different cultivars planted at different elevations result
in a large harvest window. In Turkey, traditional cherry cultivation mainly involves maintenance of small
orchards by different owners; this creates confusion in naming cultivars to their trueness to type. Rather than the
use of registered names of the cultivars, sometimes the same cultivar is given different names or different
cultivars are given the same name indicative of the fruit shape or local growth area by orchard owners (Kacar,
2001; Kacar et al., 2005). The identification of the sweet cherry cultivars has long been performed by
pomological, and morphological traits which were easily influenced by environmental and agronomical factors
(Struss et al., 2001). Today, identification of economically valuable sweet cheery genotypes relay on fast and
reliable genetic approaches using molecular techniques. The studies on genetic diversity and phylogenetic
analysis on cherries frequently used chloroplast and nuclear markers due to their different mode of inheritance
and higher mutation rates. PCR based cpDNA-markers, (Mohanty et al., 2001; Turkec et al., 2006) and SSR
markers have been common approaches for DNA fingerprinting in most plant species including fruit trees
(Wunsch & Hormaza, 2004; Lacis et al., 2010) due to their high polymorphism, codominancy and
reproducibility. In Prunus species, most of the available SSR sequences have been developed from peach
(Cipriani et al., 1999; Testolin et al., 2000; Dirlewanger et al., 2002), sweet cherry (Sosinski et al., 2000;
Dirlewanger et al., 2002; Pederson, 2006) and sour cherry (Downey & Lezzoni 2000; Cantini et al., 2001; Lacis

134



www.ccsenet.org/jas Journal of Agricultural Science Vol. 4, No. 8; 2012

et al., 2009) species which were widely used over the last 10 years to assess the genetic diversity among
genotypes (Kacar et al., 2005; Guarino et al., 2010) as well as rootstocks (Turkoglu et al, 2010; Demir et al.,
2011) The objectives of the present study were (i) to analyze the genetic diversity of seven Turkish sweet cheery
cultivars/accessions and eight introduced foreign cultivars grown in Turkey using SSR markers developed for
peach, sweet cherry and sour cherry species, and (ii) to clarify the genetic identity of a registered cultivar,
“0900Ziraat”, which was observed to display different phenotypic characteristics such as fruit color, fruit shape
and leave structures and thus referred under different names in nurseries in different parts of Turkey.

2. Material and Methods
2.1 Plant Material

In the present study, two sets of plant material were used. The first set consisted of fifteen Prunus avium L.
genotypes which included eight foreign sweet cherry cultivars (Lapins, Sweet Heart, Northwunder, Bing, Canada
Giant, Regina, Stella, and Ferrovia) introduced in Turkey, one registered “0900Ziraat” cultivar, four accessions
(YLV900H, A900, 0904 and 0905), and two local cultivars (Malatyadalbasti and Kazancioglu). The second sets of
plant material included sixteen individual samples of the registered cultivar 0900Ziraat, which were collected
from different nurseries across Turkey (Lapseki, Canakkale; Kemalpasa, Izmir; Salihli, Izmir; Asagiyakacik,
Nazilli; Honaz, Denizli; Golpazari, Bilecik; Uluborlu, Isparta; Aksehir, Konya; Golcayir, Afyon; Sultandag,
Afyon and Yesilciflik, Afyon). Exact locations of the sampled trees in each nurseries were recorded to trace back
any inconsistencies.

2.2 DNA Isolation

Young leaves were collected from a single tree for each genotype and immediately frozen in liquid nitrogen and
stored at -80°C until used for DNA isolation. Total genomic DNA was extracted using the CTAB method (Doyle &
Doyle, 1987). Frozen buds and leaves were grinded in liquid nitrogen, containing autoclaved aquarium sand by
using mortar and pestle. Tissue homogenates were suspended in 800ml extraction buffer (0.25% SDS, 400mM
Tris-HCI pH:8.0, 60mM EDTA, 150mM NaCl, 10mM B-mercaptocthanol and 1.25M sodium acetate) and
incubated at 65°C for 30 min. Following the incubation, equal volume of phenol:chloroform:isoamylalcohol
(25:24:1) solution was added before centrifugation at 14000rpm for 20 min. Genomic DNA from the aqueous
phase was precipitated using 450 pl ice-cold isopropanol by centrifugation at 14000rpm for 20 min. The pellet was
gently washed with 1ml absolute ethanol and 1ml 70% ethanol respectively before the pellets were air dried.
Genomic DNA was dissolved in 50ul TE buffer (10mM Tris-HCI pH:8, ImM EDTA). Dissolved DNA was
treated with RNase (10mg ml™', Promega) according to the suppliers manual. Concentration and quality of DNA
were determined by spectrophotometry and 1% agarose gel electrophoresis respectively.

2.3 PCR Amplification and SSR Analysis

PCR reactions were performed in a total volume of 15 pl containing 25 ng of template DNA, 0.2 uM of each
primer (Table 1), 0.6 U of Tag DNA polymerase (Promega), 200 uM of dNTPs and 1X reaction buffer (20 mM
Tris-HCL, 50 mM KCI, 2 mM of MgCl,). A total of 23 previously developed SSR primers were used as listed in
Table 1. The PCR cycle was carried out in a GeneAmp 9600 thermal cycler (Perkin-Elmer Cetus) by initial
denaturation at 94 °C for 3 min. followed by 32 cycles of 94°C 30 s, 55 °C 30s (annealing temperatures were
optimized for each primer pairs) , 70 °C 45s , and followed by a final extension at 72 °C for 10 min. The PCR
products were run on a 6% polyacrylamide gel (BioRad Sequi-Gen® sequencer) containing 7.5 M of urea in 0.5 X
TBE buffer (90 mM Tris, 90 mM boric acid, 2 mM EDTA) for 2 h at 80 W. The visualization of the DNA bands
were performed by silver-staining according to the protocol described by Cho et al. (1996). The amplified
fragments were sized using 100-bp DNA ladder (Fermentas) and scored visually. SSR marker analyses for each
locus were repeated twice to check the consistency of the results obtained.

Table 1. SSR primers used in this study

SSR  primers Origin References

UDP-001, UDP-003, UDP-005, UDP-401, Peach genomic DNA Cipriani et al. (1999)
UDP-403, UDP-405,UDP-406, UDP-409, UDP-410 Testolin et al. ( 2000)
BPPCT-34, BPPCT-38, BPPCT-39, BPPCT-40 Peach genomic DNA Dirlewanger et al. (2002)
Pchgms3 Peach genomic DNA Sosinski et al. (2000)
PS12A02, PSOSE08 Sweet cherry genomic DNA  Sosinski et al. (2000)
PMS2, PMS3, PMS30, PMS40, PMS49 Sweet cherry genomic DNA  Struss et al. (2002)
PceGA25, PceGAS9 Sour cherry genomic DNA  Lezzoni et al. (1990)
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2.4 Data Analysis

SSR fragments obtained for each primer pairs were scored as present (1) or absent (0) for each genotype.
Dendrogram was produced by cluster analysis based on the Nei and Li similarity index using UPGMA (Nei & Li,
1979) with NTSYS-pc software, version 2.02i (Exeter Software, Stauket, New York, NY, USA).

3. Results
3.1 SSR Analysis

Twenty three SSR markers have been tested on 31 genotypes of Prunus avium. Fourteen of the SSR primer pairs
used was previously developed for peach, seven were developed for sweet cherries and two were developed for
sour cherries (Table 1). Of the 23 primer pairs used 18 (78%) generated amplification products. However, for the
first set of plant material, five of the primer pairs have been discarded, due to the fact that either the differences
among band sizes were too small to be accurately scored ( UDP96-001 and UDP96-005) or complex (BPPCT-038,
BPPCT-039) and inconsistent (UDP96-003) in band patterns. Four of the primer pairs were monomorphic
(Pchgms 3, UDP97-401, UDP97-405 and UDP98-409) for all plant samples of the first set. Nine of the primers
(50%) (UDP97-403, BPPCT-034, BPPTCT-40, PS12A02, PMS2, PMS3, PMS40, PceGA25 and PceGA59) were
created reproducible and clear polymorphic bands for total 56 loci (Table 2). The average of 6.3 alleles per locus
was observed and the lowest alleles per locus were obtained by PMS2 and PceGAS59, whereas the highest alleles
were obtained by PS12A02. Although most of the observed band sizes were in agreement with the expected size
ranges (Table 2), some of the primers however created additional bands with higher sizes in comparison to
expected band size ranges. For the second set of plant material, all eighteen of the primer pairs were tested on the
sixteen individual samples of 0900 Ziraat cultivar collected from nurseries of 8 different locations in Turkey. In
this analysis the accessions YLV900H, superior cultivar 0900Ziraat from Ataturk Central Horticultural Research
Institute of Yalova and A900 (Alara Ltd.) were also included. Monomorphic band patterns were obtained with all
the eighteen primer pairs among these samples.

Table 2. Microsatellite (SSR) code, expected and observed number of alleles per locus and allele size-range for
the first set of plant material

Amplification and polymorhism in Prunus species

No of Product size
SSR name No of . alleles range observed
Alleles Product size range expected (bp) Reference
observed  (bp)
expected
PMS2 3 140-148 Kacar et al. (2005) 2 120, 180*
11 118-180 Demir et al. (2011)
PMS3 16 152-200 Cantini et al. (2001) 3 114, 152, 222*
10 186-218 Lacis et al. (2009)
4 184-210 Kacar et al. (2005)
PMS40 4 95-110 Cantini et al. 2(001) 4 88, 96, 100, 108
PS12A02 10 160-200 Downey & Lezzoni 16 122, 150, 154,
(2000) 182, 186,244
10 181-226 Cantini et al. (2001) 258, 270, 290,
300, 330 350
4 140-190 Hormaza (2002) 412, 426, 440, 450
20 159-165 Wauncsh (2009)
PceGA25 14 145-198 Cantini et al. (2001) 5 144, 170,200,314, 364
5 158-207 Kacar et al. (2005)
9 154-212 Lacis et al. (2009)
PceGAS9 10 181-226 Cantini et al. (2001) 2 176, 208
UDP-403 3 155-159 Cipriani et al. (1999) 5 134, 138, 146, 166, 170
5 146-154 Testolin et al. (2000)
BPPCT34 6 224-258 Dirlewanger et al. 5 204, 220, 240, 262, 300
(2002)
7 222-260 Holtken & Gregorius
(2006)
BPPCT40 6 122-146 Dirlewanger et al. (2002) 9 130, 134, 138,
144, 152, 166
5 116-142 Holtken & Gregorius 174, 196, 202
(2006)

*: Not used in cluster analyses
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3.2 Genetic Diversity of the First Set of the Plant Material

Nine of the polymorphic SSR primers were used for the first set of plant materials to perform genetic diversity
analysis. Based on the 56 polymorphic loci, 54 of them were used to create a dendrogram (Figure 1) which
separated the genotypes of the first set into two main clusters. The first cluster consisted of eight genotypes
(Lapins, Sweetheart, Ferrovia, Northwunder, Bing, Canada Giant, Yalova905, and Yalova904) mostly included
the foreign varieties introduced in Turkey, whereas the second cluster consisted of seven genotypes (Regina,
A900, YLV900H, Malatyadalbasti, 0900Ziraat, Kazancioglu and Stella) which included the local cultivars and
accessions except Stella and Regina (Figure 1). Among the first cluster members, the highest similarity value of
0.839 was observed between “Bing” and Northwunder and the lowest similarity value of 0.200 was observed
between Sweetheart and Yalova905 (Table 3). Similarly in the second cluster, the highest similarity value was
determined as 0.973 between 0900Ziraat and Kazancioglu genotypes, and the lowest similarity value of 0.486 in
this cluster was shared between Regina and YLV0900H as well as A900. Also in this cluster due to the similarity
value of 1.0 between YLV0900H and A900, it was considered that these two sweet cherries were most likely the
same genotype (Table 3). The second set of plant materials included 17 individual samples from a registered
0900Ziraat cultivar from nurseries of 8 different locations. Despite of their pomological and morphological
differences, all the samples exhibited the same molecular pattern among them and also with YLV0900H, A900,
and 0900Ziraat of Agricultural Institute -Yalova indicating the lack of genetic diversity.

Stella

E Kazancioglu
0800Zraat

IMalatyadalbast
TLWVI00H
Alara®00
Regina
TalovaS04

. Talova%05

I CanadaCiant
L e
MNerthwunder
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[ Sweetheart
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0.28 0.4 0.52 0.64 0.76 088 1

Figure 1. Dendogram of the 15 sweet cherry cultivars and accessions based on UPGMA analysis with nine pairs
of microsatellite primers

Table 3. The similarity matrix of the first set sweet cherry plant material

5 El . = a
£ F F £ » ¥ &2 : £ 52 : § £ & s
s & &5 2 & & & Z2 g & g g F 2 2
Lanins 1.000
Sweet Heart 0750  1.000
Ferrovia 0323 0276  1.000
Northwunder 0.467 0357 0444 1.000
Bing 0629 0424 0500 0839  1.000
Canada Giant 0313 0467 0345 0714 0727 1000
Regina 0242 0258 0533 0345 0412 0323 1.000
Alara 0900 0316 0500 0229 0235 0308 0444 048  1.000
YLV0900H 0316 0500 0229 0235 0308 0444 048 1000  1.000
MalatvaDalbasti 0300 0474 0324 0278 0341 0474 0564 0909 0909  1.000
0900 Ziraat 0333 0529 0364 0313 0378 0529 0629 0800 0800 0905  1.000
Kazancioglu 0286 0485 0313 0258 0333 0485 0588 0769 0769 0878 0973  1.000
Yalova 0905 0375 0200 0414 0500 0606 0400 0387 0167 0167 0263 0294 0303  1.000
Yalova 0904 0378 0229 0412 0424 0474 0343 0278 0488 0488 0558 0410 0421 0514  1.000
_ Stella 0216 0400 0294 0242 0316 0457 0556 0683 0683 0791 0872 0895 0343 0400 _ 1.000

4. Discussion

In the present study, two sets of plant material covering 31 sweet cherry genotypes were characterized with 23 SSR
markers initially developed for peach, sour and sweet cherry. Nine out of 23 primer pairs (BPPCT-034,
BPPCT-040, PceGA25, PceGAS59, PMS2, PMS3, PMS40, PS12A02, UDP97-403) produced polymorphic bands
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and it was possible to explicitly discriminate the cultivars and accessions studied. These markers have been
reported polymorphic in a wider sample of Prunus species (Dirlewanger et al., 2002; Wunsch & Hormaza 2004)
and demonstrated their cross species transferability in previous studies (Cipriani et al., 1999; Downey & lezzoni,
2000; Lacis et al., 2009). The PS12A02 was the most informative primer pair used in our study. Similar numbers
of putative alleles were previously identified with the same primer pair in sweet cherries (Downey & Lezzoni,
2000; Kacar et al., 2005). The PMS2, PMS3 and PceGAS59 were less informative primer pairs, however these
primer pairs were previously reported most informative by Demir et al. (2011). This could be due to the difference
in the number of genotypes that were used and also the difference in polyploidy level. When higher number of
genotypes (44) were used as in the study of Demir et al. (2011), the PMS2 and PMS3 primer pairs have created 11
and 8 alleles per locus respectively, however produced only 2 and 3 alleles per locus respectively when we used
them with 15 genotypes in our study. The sour cherry is a tetraploid species whereas the sweet cherry is diploid.
When the PMS2, PMS3 and PceGAS59 primer pairs were tested on tetraploid sour cherries by Cantini et al. (2001),
they have created the highest number of alleles per locus. Additionally, variation in allele numbers per locus for
some primer pairs in sweet cherry genotypes were reported by several studies. For example, the excess amounts of
alleles were observed for BPPCT 40 primer pairs in our study when compared to the study of Dirlewanger et al.
(2002) and Holtken & Gregorius (2006). However the PMS2, PMS3 and PceGA25 primer pairs created very low
number of alleles in contrast to the observed allele numbers reported in other studies for sweet cherry genotypes
(Lacis et al., 2009; Demir et al., 2011) (Table 2). Such discrepancies among different studies in allele numbers for
the same primer pairs could also be the result of incorrect fragment size determinations on polyacrylamide gel
electrophoresis (SDS-PAGE) method which is known to create ladder-like stutter band patterns (Wiinsch &
Hormaza, 2002). When Lacis et al. (2010) compared the PceGA25 and PMS3 primer efficiencies on detection of
genetic diversity using both the PAGE and automated capillary electrophoresis methods, they have observed
almost twice amounts of alleles for each primer in PAGE method. They have indicated that such putative allelic
differences were due to the differences in manual band pattern scoring as well as gel running environmental
conditions when PAGE method were applied by various laboratories which might be easily avoided if more
sensitive and precise automated capillary electrophesis systems were used (Lacis et al., 2010). A similarity matrix
for the 54 polymorphic loci was generated using Nei & Li coefficient (Nei & Li, 1979) (Table 3). The dendrogram
constructed by UPGMA analysis of the first set of plant material generated two main clusters (Figure 1). The first
main cluster consisted of majorly foreign cultivars introduced in Turkey except two accessions Yalova904 and
Yalova905. The foreign cultivars in this cluster contains all North American registered types except Ferrovia from
Southern Europe (Italy) (Wunsch & Hormoza, 2002). There were very high genetic diversity among North
American cultivars with similarity values ranging from 30 to 70%, although the Turkish accessions Yalova904 and
Yalova905 were also grouped together with them. These accessions were more similar (40-60%) to each other as
well as to the southern European originated Ferrovia and the North American originated Bing in the same cluster.
Interestingly, despite the fact that Bing is a North American registered cultivar, it was suspected to carry central
European germplasm (most probably a seedling of Napoleon) in its pedigree (Wiinsch & Hormaza, 2002).
Therefore these results suggest the possibility that Turkish accessions were most probably derived from European
germplasm cultivars. Grouping of other Turkish cultivars and accessions in the second main cluster with only two
foreign cultivars namely Regina, from Northern Europe and Stella, from north America (the first self compatible
commercial cultivar with both American and European germplasm (Lapins, 1971) have further strengthened this
possibility. In the second main cluster, the similarity values among the two accessions (YLV0900H and A900) and
the two local cultivars (Malatyadalbasti and Kazancioglu) were extremely high, ranging from 77 to 97%. They
were also highly similar to “Stella” (68-89%) and “Regina” (49-59%). Close genetic as well as morphological
similarities among the second main cluster genotypes were also confirmed by other scientists (Kacar et al., 2005;
Pedersen, 2006) who suggested that they must have been driven from a very narrow European genetic pool. The
accession YLVO900OH is a hybrid of Stella x 0900Ziraat (Mahsun Burak personal comm.) which has shown
identical allele profiles with A900 and 91% genetic similarity to Malatyadalbasti and 77% similarity to
Kazancioglu in this study. With the knowledge of this hybrid pedigree we could suggest that the accessions
(A0900 and YLV0900H) and the local cultivars (Malatyadalbasti and Kazancioglu) were most probably the clones
of each other which were propagated at different locations of Turkey.

5. Conclusion

In general, the dendrogram results (Figure 1) reflected that Turkish sweet cherry cultivars were more closely
related to each other, thus contained very low genetic variations. Moreover, these cultivars were also observed to
be enriched with European and American germplasm. In this study, the second set of plant materials which were
collected from eight different locations of Turkey were long considered as different local cultivars and misnamed,
due to certain variations in pomological and morphological characteristics among the trees. Thus frequently they
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were referred with different names by growers such as Allahdiyen, Aksehir Napoleon and Salihli cherries (Kacar,
2001; Kacar et al., 2005) emphasizing the locations of their growth area rather than the actual registered cultivar
name. Our study using SSR markers have shown no genetic difference among these samples and the original
0900Ziraat cultivar indicating their identity as 0900Ziraat cultivar. In fruit tree propagations, scions are grafted on
rootstocks which substantially influence the agricultural features of the grafted tree (Dozier et al., 1984; Jime nez
et al., 2007). The eight different nurseries where the second set of plant samples were collected in our study may
have used different rootstocks for 0900Ziraat scions, which may well be the reason of morphological and
pomological variations observed in locally adapted trees grown in those nurseries.
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