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ABSTRACT KEYWORDS

In this study, phylogenetic analysis of some Turkish Prunus armeniaca Prunus armeniaca L.; RAPD;
L. genotypes was conducted based on RAPD-PCR, ISSR-PCR, and chloroplast ISSR; trnL-F; phylogenetic
DNA (trnL-F) sequence analyses. Prunus armeniaca genotypes were obtained analysis

from Malatya province, and brought to the laboratory for genomic DNA

isolation. Eleven RAPD and fifteen ISSR primers were used to determine

molecular characterization of Prunus armeniaca genotypes. For the amplifi-

cation of the trnL-F region, trne and trnf primers were used in Polymerase

Chain Reaction (PCR). A total of 46 and 95 bands were obtained with RAPD

and ISSR analysis, respectively. The trnL-F sequences varied from 398 to 403

nucleotides. Average nucleotide composition of trnL-F sequences was 31.0%

T, 144% C, 37.4% A and 17.2% G. The genetic distance between the five

apricot genotypes is 0.00. A maximum likelihood tree was generated to

determine genetic relationships among Prunus armeniaca genotypes.

Analysis of Prunus armeniaca genotypes based on RAPD, ISSR, and

trnL-F sequences revealed that the rate of polymorphism obtained using

RAPD and ISSR were higher than those obtained through the

trnL-F sequences.

Introduction

The Rosaceae family is a large family of woody trees, shrubs, climbers and herbaceous plants, and
members of the family are spread all over the world (Hiirkul and Koroglu, 2019). The Rosaceae
family, consisting of more than 100 genera and 3000 species, is the third most economically
important family of plants in temperate regions (Zarei et al, 2017). The vast majority of the
economically important fruits of the temperate regions are produced by members of this family,
including Malus, Pyrus, Prunus, Rubus, and Fragaria species (Potter et al., 2002). The genus Prunus
contains 400 species of trees and shrubs, covering some of the economically important temperate
stone fruit species (Abbasi et al., 2019; Batnini et al., 2019). Prunus armeniaca L. (apricot), an
economically important fruit species, is grown worldwide with a large number of varieties, mostly in
temperate regions, the Mediterranean Basin, North America, and Asia (Hagen et al., 2004; Giircan
et al.,, 2019; Zhang et al., 2019a). Apricot is among the most commonly cultivated stone fruits in the
world (Yilmaz et al.,, 2012). Although Turkey is not the place of origin of apricots, the country has
an important role in apricot production in the world. Turkey is the leader in apricot production in
the world with 846.606 tons (in 2019) which meets the 18-23% of the world production (TUIK,
2020). The most important apricot growing region in Turkey is Eastern Anatolia (Ozbek, 1978).
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Malatya is located in this region, and it is Turkey’s most important apricot production center (Asma
et al., 2007). Malatya has favorable conditions for apricot cultivation due to the cold-hot climate in
the winter and the calcareous soils. The majority of apricot production in Malatya consists of
genotypes suitable for drying. These genotypes consists of 63% (‘Hacihaliloglu,” 32% ‘Kabaasi,” and
5% are other apricot genotypes ‘Soganci,” ‘Hasanbey,” ‘Cataloglu,” and “Zerdali’) (Asma, 2011). In
2019, fresh apricot production in Malatya was 391,801 tons (TUIK, 2020). Apricot is also vital for
human health. It is rich in potassium, phytochemicals, vitamin A and carotene, which makes it
a crucial nutrient in human diet. Dietary fiber is one of the most essential compounds of dried
apricots. Apricot involved functional nutrients that support the defense mechanisms against free
radical damage, delay aging and prevent diseases, which in sum, can be recommended for a healthy
life (Ozdemir and Gur, 2018; Zhang et al., 2019a). In addition, the endocarp of this fruit is usually
highly lignified, hence it provides nutrients to matured seeds and prevents damage due to insects
and diseases. Furthermore, endocarp plays an important role in sustaining the development of the
emerging seeds (Zhang et al., 2019b).

Morphological, biochemical, and DNA-based markers are used to determine the genetic
diversity of plants (Jafari et al., 2019). But today, DNA-based markers are widely used thanks to
their advantages compared to traditional morphochemical markers (Ipek et al., 2019). Genetic
markers have wide-ranging potential applications in identifying varieties and revealing genetic
diversity between germplasms (Mekapogu et al., 2020). RAPD and ISSR, among various markers,
are mostly preferred due to their sensitivity, simplicity, and cost-effectiveness (Kala et al., 2017).
RAPD markers offer many advantages such as higher polymorphism frequency, fast results,
simplicity, low amount DNA requirement, and no prior knowledge of DNA sequence (Ruzi-
Chutan et al., 2019). ISSR is one of the simplest and most widely used PCR-based marker
techniques that amplifies DNA segments between two identical microsatellite repeat regions
(Marimuthu Somasundaram et al., 2019). However, among molecular markers, ISSR markers
have some advantages comparing to low reproducibility of RAPD markers, high cost of the
AFLP markers and the limitations of the complex SSR markers (Ramzan et al., 2018). The
chloroplast is an important organelle for green plants where photosynthesis and carbon fixation
take place (Zhou et al., 2019). The chloroplast genome is a circular multiple copy DNA molecule
(Liang et al., 2019) containing four segments as follows: a large single-copy (LSC) segment, a small
single-copy (SSC) segment, and two inverted repeats (IRs) segment (Deng et al., 2020).
Chloroplast DNA (cpDNA) sequences are widely used as a tool in plant phylogenetics and genome
development studies (Hao et al., 2010). Non-coding sequences of the chloroplast genome are the
primary data source for molecular systematic and population genetic studies of plants (Shaw et al.,
2007). The trnLVA_FGAY) intergenic spacer (Figure 1) which encodes transfer RNAs for leucine
and phenylalanine, is commonly used for taxonomic and phylogenetic comparisons (Filiz et al.,
2018). In this study, we performed a genetic diversity analysis using RAPD, ISSR, and cpDNA
(trnL-F region) markers for some Prunus armeniaca genotypes grown in the Malatya region
of Turkey.
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Figure 1. cpDNA tmL-F region and primer e and primer f (Taberlet et al, 1991).



51654 (&) E.SEVINDIKET AL.

Materials and Methods
Plant Materials, Genomic DNA Isolation and PCR

The leaf samples of five cultivars (belonging to Prunus armeniaca (Apricot)) genotypes used in this
study were collected from Malatya/Turkey. The collected leaf samples were brought to the laboratory
and prepared for genomic DNA isolation. A commercial kit (GeneMark) was used for the genomic
DNA isolation of the plants. The obtained gDNA samples were stored at —20°C. RAPD and ISSR-PCR
amplifications and cpDNA trnL-F region PCR amplifications using trnLe and truLf primers are
presented in Tables 1-3, respectively. A Gradient Thermocycler device was used for PCR applications.
Both RAPD and ISSR-PCR amplifications in PCR tubes that contained 2 puL genomic DNA (20--
100 ng), 10 uM primer 5 pL master mix (Cat. No: RP02-1I-400, RP02-11-2000, 0.75 U of Taq DNA
polymerase, reaction buffer, 2 mM MgCl,, 250 uM dNTPs, and enzyme stabilizer) and 17 pL ddH,
O. For (cpDNA) trnLF regions were amplified in PCR tubes that contained 2 uL genomic DNA
(20-100 ng), 10 uM primers, trne and trnf primers, 5 uL master mix (Cat. No: RP02-1I-400, RP02-II
-2000, 0.75 U of Taq DNA polymerase, reaction buffer, 2 mM MgCl,, 250 uM dNTPs and enzyme

Table 1. Primers used in the RAPD-PCR reactions and their Tm degrees.

RAPD Primers DNA Sekansi (5’-3") Tm PCR Amplification
OPA-15 5 -TTCCGAACCC-3’ 32°C

OPA-20 5 -GTTGCGATCC-3’ 32°C

OPA-02 5 - TGCCGAGCTG-3' 34 °C 94°C/2 min

OPA-13 5 - CAGCACCCAC-3' 34°C 94°C/1 min 35 cycles
OPE-08 5 -TCACCACGGT-3' 32°C 32-34°C/1 min

OPA-18 5 -AGGTGACCGT-3 32°C 72°C/1 min

OPA-05 5 -AGGGGTCTTG-3' 32°C 72°C/10 min.

OPA-16 5 -AGCCAGCGAA-3' 32°C

OPA-03 5 -AGTCAGCCAC-3' 32°C

OPA-07 5 -GAAACGGGTG-3’ 32°C

OPA-01 5 -TGCCGAGCTC-3’ 34 °C

Table 2. Primers used in the ISSR-PCR reactions and their Tm degrees.

ISSR Primers DNA Sequences(5'-3') Tm PCR Amplification
UBC-831 5'-CTCTCTCTCTCTCTCTT-3' 50 °C

UBC-830 5-TGTGTGTGTGTGTGTGG-3' 52°C

UBC-807 5'-AGAGAGAGAGAGAGAGT-3’ 50 °C

UBC-819 5" - GTGTGTGTGTGTGTGTA -3 50 °C 94°C/1 min

UBC-808 5'-AGAGAGAGAGAGAGAGC-3' 52°C 94°C/1 min 35 cycles
UBC-836 5-AGAGAGAGAGAGAGAGYA-3’ 52°C 48-53°C/1 min

UBC-856 5'-ACACACACACACACACYA-3’ 52°C 72°C/1 min

UBC-853 5" - TCTCTCTCTCTCTCTCRT -3’ 52°C

UBC-892 5'- TAGATCTGATATCTGAAT-3’ 52°C 72°C/10 min.

UBC-855 5'-ACACACACACACACACYT-3' 52°C

UBC-810 5" -GAGAGAGAGAGAGAGAT-3' 50 °C

UBC-826 5'-ACACACACACACACACC-3’ 52°C

UBC-811 5'-GAGAGAGAGAGAGAGAC-3' 53 °C

UBC-834 5'-AGAGAGAGAGAGAGAYT-3’ 52°C

UBC-873 5'-GACAGACAGACAGACA-3' 48 °C

Table 3. cpDNA trnL-F primers sequences and PCR reactions.

Primers DNA Sequences(5'-3') References PCR Amplification

trnLe (Forward) 5'-GGTTCAAGTCCCTCTATCCC-3' Taberlet et al. (1991) 94°C/4 min
94°C/1 min 35 cycles
50°C/1 min
72°C/1 min

trnFf (Reverse) 5'-ATTTGAACTGGTGACACGAG-3' Taberlet et al. (1991) 72°C/10 min.
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Figure 2. Gel image of RAPD-PCR bands amplified with OPA-13.

Figure 3. Gel image of ISSR-PCR bands amplified with UBC-853.

88

Figure 4. Gel image of cpDNA tmL-F region bands.

stabilizer) and 16 pL ddH,O. PCR products were analyzed by electrophoresis on 1% agarose gel and
the amplified products were detected after staining with ethidium bromide. Some gel pictures of
RAPD, ISSR markers and trnL-F region shown in Figures 2-4.

RAPD and ISSR Analyses

Following the RAPD and ISSR-PCR analyses, DNA bands were scored as ‘1’ in the presence of DNA, 0’
in the absence of DNA and a ¥ for missing data. The genetic relationship of the local Prunus
armeniaca genotypes used in the research was analyzed using the PAUP 4.0b10 (Swofford, 2001)
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and UPGMA (unweighted pair group method with arithmetic mean) phylogenetic tree using the same
software was constructed based on the arithmetic mean of the family trees.

cpDNA trnL-F Sequences

BioEdit (Hall, 1999) and Finch TV programs were used to process the sequences of the trnL-F gene
region to be in ABI3430XL prism format. Contigs from forward and reverse sequences of each type
were constructed, but only that of trnf was obtained for some samples. Some bases that were read
incorrectly by the device performing the sequencing reactions, were visually corrected by hand using
BioEdit and FinchTV programs based on the strength and cleanness of the signals (peaks) in the
chromatogram. Finally, the contig sequences were confirmed manually. Maximum likelihood phylo-
genetic tree was generated by using MEGA 6.0 program (Tamura et al., 2013) to infer the phylogenetic
relationships among Prunus armeniaca genotypes, sequences of which were obtained. Also, the genetic
distance matrix between the genotypes was also performed using the same software.

Results and Discussion

Molecular marker techniques are effective tools used to analyze genetic diversity among plants (Wu
et al,, 2019). Molecular systematic information provides deeper insight into genetic structure in
addition to analysis of genetic diversity through the classification of varieties (Kiani and
Siahchehreh, 2017). In previous studies, genetic diversity of Prunus species has been analyzed using
cpDNA (atpB-rbcL, trnL-trnF and rps16-trnQ) region (Batnini et al., 2019), internal transcribed spacer
(ITS) region (Gilani et al., 2010), cpDNA trnL-F region (Gilani et al., 2011), ISSR (Li et al., 2013) and
RAPD (Casas et al., 1999), SSR technique (Bakir et al., 2019).

RAPD and ISSR Analysis

In the RAPD-PCR analysis, eleven primers were used and a total of 46 bands were obtained. Among
these, 18 were polymorphic and the rate of polymorphism was around 39.13%. In the study, the
highest number of bands was obtained from OPA-07 primer. According to the PAUP analysis, the
closest genetic distance was found between ‘Cataloglu’ and ‘Hasanbey’ genotypes with a value of 0.10,
and the farthest genetic distance were between ‘Kabaas’ and ‘Huday1,” ‘Hudayi,” and ‘Hacthaliloglu,’
‘Hasanbey,” and ‘Hudayr’ genotypes with a value of 0.26 (Table 4). UPGMA tree constructed via PAUP
4.0b10 phylogenetic analysis program yielded 2 groups. Group 1 consisted of subgroups; Subgroup
A consist of ‘Kabaasi’ and ‘Hacihaliloglu’ genotypes, while subgroup B consisted of ‘Cataloglu’ and
‘Hasanbey’ genotypes. Group 2 only consist of ‘Hudayr’ genotype (Figure 5). In ISSR-PCR analysis,
a total of 95 bands were obtained. Of these, 41 were polymorphic and the rate of polymorphism was
about 43.15%. According to PAUP analysis, the closest genetic distance was 0.15, while the farthest
genetic distance was 0.28 (Table 5). The UPGMA tree constructed using PAUP 4.0b10 phylogenetic
analysis program consisted of 2 groups (Figure 6). Group 1 consisted of ‘Kabaasi,” ‘Hacihaliloglu,” and
‘Cataloglu’ genotypes. Group 2 consisted of ‘Hasanbey,” and ‘Huday1’ genotypes were related to this
subgroup. In past studies; Ercisli et al. (2009) used RAPD-PCR to determine genetic relationships
among 23 apricot varieties cultivated in Turkey. In this study, 12 RAPD primers revealed

Table 4. Pairwise genetic distance matrix obtained from RAPD primers.

Genotypes Kabaasi Gataloglu Hacihaliloglu Hudayi Hasanbey
Kabaasi - 0.15 0.13 0.26 0.13
Cataloglu 7 - 0.15 0.15 0.10
Hacihaliloglu 6 7 - 0.26 0.13

Hudayi 12 7 12 - 0.26
Hasanbey 6 5 6 12 -




INTERNATIONAL JOURNAL OF FRUIT SCIENCE . S1657

A Kabaas:
Group 1 Hacihaliloglu
B Cataloglu
Hasanbey
_Group 2 Hudayi

Figure 5. The UPGMA tree generated using RAPD data.

Table 5. Pairwise genetic distance matrix obtained from ISSR primers.

Genotypes Kabaasi Gataloglu Hacihaliloglu Hudayi Hasanbey
Kabaasi - 0.17 0.21 0.27 0.28
Cataloglu 17 - 0.15 0.21 0.20
Hacihaliloglu 20 15 — 0.25 0.19
Hudayi 25 20 23 - 0.18
Hasanbey 26 19 18 17 -
Kabaas:
Croup | Cataloglu
Hacihaliloglu
Group 2 Hudayi
Hasanbey

Figure 6. The UPGMA tree generated tree using ISSR data.

polymorphism, 121 bands were obtained in total, and 118 of them were found polymorphic. In the
UPGMA phylogenetic tree obtained in this study, ‘Hacihaliloglu’ and ‘Kabaasi’ genotypes were
detected in a group. While ‘Hasanbey’ genotype was found in the same group with ‘Sekerpare’ and
‘Ethem Bey’ genotypes, ‘Cataloglu’ genotype was found in a different group with ‘Ismailaga,’” ‘Haci
Kiz,” and ‘Cologlu” genotypes. In the present RAPD study, ‘Hacihaliloglu,” ‘Kabaasi,” ‘Cataloglu,” and
‘Hasanbey’ genotypes were found in group 1. In ISSR analysis, on the other hand, while the ‘Kabaagr’
and ‘Cataloglu’ genotypes were found in a group 1, the and ‘Hasanbey’ genotype was found in a group
2. In general, RAPD and ISSR results were found partially compatible. The ISSR technique is based on
determining the random distribution of DNA nucleotides in plant genomes, independent of chromo-
some regions. Compared to RAPD technique, it is much more sensitive and reproducible (Giingor
et al., 2020). Yilmaz et al. (2012) investigated morphological diversity among genotypes using 57
morphological and 13 pomological characters of 93 apricot genotypes located in different regions of
Turkey. ‘Hacthaliloglu,” ‘Cataloglu,” ‘Kabaasi,” and ‘Hasanbey’ genotypes were found in the same group
in the UPGMA tree obtained with morphological and pomological characters. In the RAPD analysis
conducted within the scope of the present study, ‘Hacihaliloglu,” ‘Kabaas1,” ‘Cataloglu,” and ‘Hasanbey’
genotypes were found in group 1. In the ISSR analysis, ‘Hacihaliloglu,” ‘Cataloglu,” and ‘Kabaast” were
found in the same group while the ‘Hasanbey’ genotype was found in a different group. Bakir et al.
(2019) selected 44 genotypes in Kapadokya Nevsehir (Turkey) having superior characteristics such as:
Flowering later than wild apricots, resistant to late spring frosts, having large fruits, and delayed fruit
ripening. Genetic relationship between the selected wild apricot genotypes were investigated with 13
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SSR primers and they found that genetic similarity values among wild apricot genotypes ranged from
12% to 96%. Li et al. (2013) investigated the genetic variability of 14 wild Prunus armeniaca popula-
tions using ISSR markers. In the study, 15 ISSR primers were used, and 155 bands corresponding to an
average of 10.3 bands per primer were detected and obtained 147 polymorphic loci from them.
Polymorphism rate (94.84%) was found in the study.

cpDNA trnL-F Sequences Analysis

For cpDNA trnL-F sequences, the average base length ranged from 398 to 403 nucleotides among five
Prunus armeniaca genotypes. Genetic distance based on trnL-F set was performed with MEGA 6.0
software. The genetic distance between the five apricot genotypes is 0.00 (Table 6). Average nucleotide
composition of trnL-F was 31.0% T, 14.4% C, 37.4% A and 17.2% G. The maximum likelihood tree
formed based on trnL-F sequences of five apricot genotypes could not be resolved. The
trnL-F sequence analysis was not efficient in revealing the genetic relationship among Prunus
armeniaca genotypes. The cpDNA has uniparental mode of inheritance and low mutation rate of
construction and sequence (Hu et al, 2014). Additional information of Prunus fasciculata
(JX414446.1), Prunus domestica (HQ244023.1), Prunus grayana (HQ244032.1), Prunus avium
(HQ243988.1), Prunus x yedoensis (AF429927.1), Prunus serotina (AY864829.1), Prunus serrulata
var. lannesiana (AF318659.1), Prunus persica (AF429937.1), Prunus salicina (AF429946.1) and Prunus
virginiana (AF318695.1) received from NCBI database. The phylogenetic tree was generated using the
maximum likelihood method by taking the cpDNA trnL-F sequences of the genotypes. The phyloge-
netic tree indicating Prunus armeniaca genotypes distribution in Turkey was supported by a 64%
bootstrap value to be monophyletic (Figure 7). Batnini et al. (2019) evaluated the genetic diversity and
phylogenetic structure of 42 Tunisian Prunus armeniaca genotypes using three regions of the cpDNA
(atpB-rbcL, trnL-trnF, and rps16-trnQ). As a result of their work, they obtained a total of 2333 cpDNA
sequences and found that in general, the rps16-trnQ region was the most appropriate candidate to be
a barcode for the analysis of the data set and yielded a general variation at the cross-species level. Gilani
et al. (2011) revealed the phylogenetic relationship between species by looking at the cpDNA
trnL-F sequence polymorphism of 12 Prunus species found in Pakistan. In the study, 541 constant,
25 parsimony uninformative, and 18 parsimony informative characters of 584 characters from the
aligned sequences were identified. Gilani et al. (2010) determined the phylogenetic relationship
between the species by looking at the nrtDNA ITS sequence polymorphism of 23 Prunus species
found in different regions of Pakistan. From the sequences aligned in the study, they detected 124
parsimony uninformative and 87 parsimony informative characters from 716 characters. In the strict
consensus tree they created based on sequence results, P. armeniaca species was in the same group as
P. mume and P. mexicana species. Chloroplast DNA has small genome size and slow mutation in

Table 6. Pairwise genetic distance matrix obtained from cpDNA trnL-F sequences.

Cataloglu -

Hachaliloglu 0,000

Hasanbey 0,000 0,000

Hudayi 0,000 0,000 0,000

Kabaasi 0,000 0,000 0,000 0,000

P.fasciculata 0,006 0,006 0,006 0,006 0,006

P.domestica 0,006 0,006 0,006 0,006 0,006 0,006

P.grayana 0,044 0,044 0,044 0,044 0,044 0,044 0,044

P.avium 0,009 0,009 0,009 0,009 0,009 0,009 0,009 0,047

P.yedoensis 0,022 0,022 0,022 0,022 0,022 0,022 0,022 0,060 0,012

P. serotina 0,040 0,040 0,040 0,040 0,040 0,040 0,040 0,003 0,044 0,057

P.serrulata var.lannesiana 0,012 0,012 0,012 0,012 0,012 0,012 0,012 0,050 0,003 0,015 0,047
P.persica 0,009 0,009 0,009 0,009 0,009 0,009 0,009 0,047 0,012 0,025 0,044 0,015
P.salicina 0,012 0,012 0,012 0,012 0,012 0,012 0,012 0,050 0,015 0,028 0,047 0,018 0,015

P.virginiana 0,040 0,040 0,040 0,040 0,040 0,040 0,040 0,003 0,044 0,057 0,000 0,047 0,044 0,047
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Huday1

20 Huday1
18 Kabaas1 4 Kabaas
Hasinh Prunus armeniaca
Hasanbey 7
’ Hacihaliloglu Hachaliloglu
Cataloglu Catalogln
Prunus fasciculata
t——— Prunus domestica
Prunus persica
9 Prunus salicina
Prunus x yedoensis
84| Prunus avium
32\— Prunus serrulata var.lannesiana
Prunus grayana

| Prunus erotina

0.005 Prunus virginiana

Figure 7. The maximum likelihood tree generated using cpDNA tmL-F sequences Prunus armeniaca genotypes and other Prunus
species sequences retrieved from NCBI.

plants, and it has been proven by scientists to be very useful in understanding plant phylogenetic
studies and clearer taxonomic levels (Liang et al., 2020). Chloroplast DNA trnL-F region can be used to
address related questions between closely related species and genera (Choulak et al., 2017). There have
been similar studies in the past with sequences and populations of important plant species, trnL-F such
as; Turkish Olea europaea subsp. europaea (Kaya et al., 2018), Turkish rice (Oryza sativa) (Filiz et al.,
2018), Turkish cotton (Gossypium hirsutum L.) (Hocaoglu-Ozyigit et al., 2020), Turkish apple (Malus
L.) genotypes (Sevindik et al., 2019), Laurus nobilis populations from Turkey (Sevindik and Okan,
2019), Turkish some Centaurea L. (Kalmer and Tekpinar, 2017), Turkish Urtica ssp. (Koléren and
Eker, 2018), Fritillaria were collected from different regions of Turkey (Tirktas et al., 2012). Orchis
Species from Turkey (Dizkirici et al., 2016).

Conclusion

Approximately 39.13% and 43.15% polymorphism were detected among Prunus armeniaca genotypes
based on RAPD and ISSR analyses, respectively. However, trnL-F sequence analyses were not found
efficient in revealing the genetic relationship among Prunus armeniaca genotypes. Overall, the out-
comes of this research, which aimed to analyze the genetic diversity of Prunus armeniaca genotypes
through RAPD, ISSR, and trnL-F sequence comparisons, will be used for the development of more
efficient new varieties particularly for breeding, through the association with many different specific
characters of Prunus armeniaca genotypes.
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