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Abstract: In this study, the molecular, biochemical and agro-morphological characterization of
genotypes belonging to hawthorn species collected from Bolu province of Turkey was performed.
Inter-priming binding sites (iPBS) markers based on retrotransposons were used for the first time
in the molecular properties of hawthorn genotypes in the world. The marker system provided
very useful information for revealing the genetic variation of the genotypes. Six iPBS markers
amplified 68 fragments, of which 65 were polymorphic (95.59%) with an average of 10.83 polymorphic
bands per primer. The polymorphism and resolving power per primers ranged from 0.12 to 0.42
and from 0.78 to 8.11 with the average being 0.32 and 5.95, respectively. Pomological properties
of Crataegus tanacetifolia, such as fruit pomology and core weight were determined to higher than
those of Crataegus monogyna. Citric acid was determined as the most predominant organic acid,
followed by malic and succinic acid in the genotypes of both species. The highest citric acid content
(26.745 mg 100 g−1) was noted for 14BL09 genotype. The vit. C content was recorded ranging from
2.681 to 9.621 mg 100 g−1. Catechin, chlorogenic, caffeic and rutin contents were varied between
4.140–51.393 mg, 2.254–42.361 mg, 0.624–4.407 mg, and 1.241–10.029 mg per 100 g of fruits, respectively.
As a result, it has been determined that twenty-five genotypes belonging to different hawthorn species
are important genetic resources to be evaluated in horticultural breeding studies in terms of their
physical and biochemical contents.
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1. Introduction

Wild edible fruits are, in general, naturally grown in rural areas throughout the world and
represent important dietary sources of rural peoples because they are rich in vitamins, minerals, dietary
fibers, etc. The stem, leaf, flowers, roots and the fruits of wild edible fruits have also a high potential
for traditional medicinal uses [1–5].

Hawthorn is taxonomically classified within the Rosaceae family, Maloidae subfamily, Crataegeae
section and Crataegus genus [6]. Among 50 species of hawthorn located in the northern hemisphere,
more than 20 hawthorn species have been reported to be grown in Turkey [7,8]. Crataegus monogyna
Jacq. subsp. azarelle (GRIS.) FRANCO is the most common naturally grown hawthorn species [9].
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Crataegus orientalis Pall. (M.Bieb.), Crataegus oxyacantha L., Crataegus tanacetifolia (Poir.) Pers., and
Crataegus aronia L. species are also relatively common species [9]. Due to their high adaptability and
resistance to hard climatic conditions, hawthorn trees have a wide-spreading area in many regions with
different climatic characteristics such as Europe, North Africa, China, North America, and Australia.
Hawthorn species grown naturally can easily be cultured [10,11].

Fruits and flowers of hawthorn are also used in plant-based medicines for human health because
of their valuable contents including plenty of vitamins, antioxidant flavonoids (flavanas), ether oil,
organic acids, saponin, and sugar. The fruits and flowers were reported as beneficial for cardiovascular
health and regulation of heart function. Flowers, leaves, and fruits of Crataegus monogyna trees have
high radical scavenging properties and their extracts have taken part in food supplements or easily
accessible natural antioxidant sources for the pharmaceutical industry [12,13].

Hawthorn species have unique pomological, morphological, and biochemical properties and
differ from each other. Each species has its own characteristics and these agro-morphologic properties
are the basic criteria used to define the species. In addition, genetic relationships of hawthorn species
have been evaluated widely by different molecular DNA markers such as Simple Sequence Repeats
(SSR), Randomly Amplified Polymorphic DNA (RAPD), Inter Simple Sequence Repeat (ISSR), and
Cleaved Amplified Polymorphic Sequences (CAPS) markers for possibilities to facilitate selection lines
in breeding programs [14–16].

Transposons are mobile DNA fragments that can move in the genome of eukaryotic organisms.
Retrotransposons, one of the two classes of transposons, are DNA sequences that can self-replicate
and jump from one position to another. Thus, they cause mutations and contribute to the physical
dimension of the genome, which can alter the expression levels of genes [17].

Transposons constitute a significant amount, even more than half of the genomes of the eukaryotic
organisms such as vertebrates and plants [18]. Transposons have been used extensively in genetic
studies due to their simple applicability [19–21] However, most transposon marker systems applied in
one species were specific to the species to be studied, and so they may not be effective to evaluate other
species. Kalendar et al. [22] developed Inter-Primer Binding Site (iPBS) marker system as “universal
retrotransposon markers” to overcome this bottleneck and declared that they could be used in all
eukaryotic species. This marker system has been used successfully in different eukaryotic organisms
to evaluate genetic variations [23].

In this study, biochemical, morphological, and molecular characterization of hawthorn genetic
resources that grow naturally in the flora of the Bolu province was determined. The results of the
current study allow the hawthorn breeders to improve knowledge of secondary metabolites contents,
organic acid contents, agro-morphological properties, and molecular characterization of hawthorn
species. This is the first study using iPBS markers based on retrotransposons for the molecular
characterization of hawthorn genotypes. Therefore, the study is unique in this aspect and will add
novelty to the literature on hawthorn. The final target of the current study is to obtain genotypes
having good agronomic properties, which can be integrated into breeding programs.

2. Materials and Methods

2.1. Plant Materials

Samples were collected from the area located between 30◦32′ and 32◦36′ E, 40◦06′ and 41◦01′ N
latitudes in Bolu provinces in Turkey. High mountainous and dense forest structure of the area has led
to the diversity of microclimate areas. Hawthorn species are widely wild-grown in this region.

The fruit and leaf samples taken from each hawthorn tree were labeled and put into boxes placed
in appropriate containers and immediately transferred to the laboratory. Fruit and leaf samples to
be used for biochemical analysis were kept in the ultra-low temperature chest freezers at −80 ◦C
until analysis.
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2.2. Extraction of Organic Acids

In this study, about 200 g of each sample was fragmented and 15 g from each fragmented sample
was transferred to a centrifuge tube, then diluted 1:3 with distilled water. Twenty-five mL of 0.009 N
H2SO4 was added to samples and then the samples were homogenized with a crusher (Heidolph Silent
Crusher M, Berlin, Germany) and mixed for an hour with a shaker (Heidolph Unimax 1010, Berlin,
Germany). After centrifugation at 15,000× g for 15 min, the supernatant was passed through coarse
filter paper, twice in 0.45 µm membrane filter (Millex-HV Hydrophilic PVDF, Millipore, Taufkirchen,
Germany), and last in the SEP-PAK C18 cartridge. The concentration of organic acids was determined
by HPLC using an Aminex column (HPX-87H, 300 mm × 7.8 mm, Bio-Rad) fitted on an 1100 series
HPLC (Agilent Technologies, Waldbronn, Germany). Organic acids were detected at both 254 nm
and 280 nm wavelengths. As the mobile phase, 0.009 N H2SO4 was passed through a 0.45 µm filter
membrane [24].

2.3. Extraction of Phenolics

About 10 g sample out of 200 g of fragmented sample for each sample was transferred to a
centrifuge tube, mixed homogeneously, then diluted 1:1 with distilled water and centrifuged at
15,000× g for 15 min. The supernatant was passed through a 0.45 µm Millex-HV Hydrophilic PVDF
membrane filter, then injected into the HPLC system (gradient). The chromatographic separation in
Agilent 1100 series HPLC took place in a DAD detector (Agilent, Waldbronn, Germany) with 250 mm
× 4.6 mm, 4 m ODS column (HiChrom, New Jersey, USA). The following solvents in water with a
flow rate of 1 mL/min and 20 µL injection volume was used for spectral measurements taken at both
254 nm and 280 nm: as mobile phase solvent A, methanol-acetic acid-water (10:2:88) and Solvent B,
methanol-acetic acid-water (90:2:8) [25].

2.4. Determination of Pomological Properties of Fruits

Some pomological properties of hawthorn genotypes were investigated. Average fruit weight
of 10 fruits taken randomly from each genotype (with 0.1 g sensitive scales), fruit height, fruit width
(with 0.01 mm sensitive caliper), seed weight, pH (with pH meter), soluble solid content (SSC) (by
hand refractometer), titratable acidity (TA) (titration method) and color values (with minolta color
meter) were determined.

2.5. Molecular Characterization

A modified version of the CTAB-based method as described in the DArT protocol [26] was
employed to extract the genomic DNA of the hawthorn genotypes. Approximately 100 mg of leaf tissue
of each genotype was ground with the help of a mortar and pestle in liquid nitrogen and immediately
transferred into a 1.5 mL microfuge tube. DNA extraction was completed with extraction-lysis buffer.
DNA (Agilent Technologies Inc., Waldbronn, Germany) was dissolved in 100 µL sterile ultra-pure
water. The DNA concentration was estimated by the DS-11 FX Series Spectrophotometer (Labgene
Scientific SA, Châtel-Saint-Denis, Switzerland) and adjusted to 20 ng/µL with sterile ultra-pure water
for PCR assays.

To evaluate genetic diversity among genotypes, the genomic DNA was subjected to PCR
amplification of all iPBS primers designed Kalendar et al. [22]. Annealing temperatures for iPBS
markers were performed as recommended by Kalendar et al. [22]. PCR products were subjected to
electrophoresis in 1.2% (w/v) agarose gel over 2 h and imagined by a G: Box F3 Gel Documentation
System after ethidium bromide staining (Syngene, Cambridge, UK).

All bands obtained by iPBS analyses were scored as the presence (1) or absence (0) at positions for
the construction of a binary data matrix. Each primer-sample combination was repeated at least two
different amplifications and only reproducible bands were evaluated. Neighbor-joining cluster analysis
was conducted using R [27] and MEGA7 [28] software. To evaluate the suitability of iPBS markers to
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molecular analysis of the genotypes, the performance of the markers was measured using resolving
power (RP) and the polymorphic information content (PIC) as proposed by Rolden-Ruiz et al. [29].

2.6. Statistical Analysis

Descriptive statistics, normal distribution tests, correlation analysis, and one-way variance analysis
were performed with the SAS 9.4 program (Statistical Analysis System, Raleigh, NC, USA). The Duncan
test was used as a multiple comparison test to express the differences between the averages. In R
software, the principal component analysis was used for all variables with the ggplot2 and factoextra
packages [30].

3. Results and Discussion

3.1. Organic Acid Contents

The contents of oxalic, citric, tartaric, malic, succinic, fumaric, and ascorbic have been varied over
a broad range, as shown in Table 1. The principal component analysis on the distribution of genotypes
according to their organic acid content revealed 67.8% variation (Figure 1). Sorkun [31] determined the
ranges of malic, citric, tartaric, and ascorbic acid contents as 641.61 (30-K1)–1132.86 mg 100 g−1 (30-M2),
320.64 (30-K1)–831.73 mg 100 g−1 (30-M2), 29.11 (30-M1)–392.89 mg 100 g−1 (30-S2), 7.25 (30-M1)–60.02
mg 100 g−1 (30-S1), respectively, which, similar in ranges of our determinations. Gündoğdu et al. [13]
studied many different hawthorn species, and determined the differences among species such as
their fruits’ contents, which were 2.650 g 100 g−1, 1.953 g 100 g−1, 0.780 g 100 g−1, 1.080 g 100 g−1,
0.027 g 100 g−1, 1.721 g 100 g−1 in Crataegus monogyna of oxalic, citric, tartaric, succinic, fumaric, and
malic values, respectively. The content values obtained in this study are higher when compared with
the findings of the other studies. Liu et al. [32] reported that malic acid and citric acid contents were
varied between 0.32–1.12 g 100 g−1 and 1.97–8.38 g 100 g−1 in different hawthorn species, respectively.
When the data presented by the researchers were compared with our findings, the amounts of malic
acid and citric acid were higher than those of other researchers. This situation may caused by climatic
factors, diversity in genetic factors, geographical location, day and night temperature difference,
precipitation amount and soil characteristics. When the organic acid contents of the recipients were
examined, difficulties became to compare due to the insufficiency of the studies on this subject. This
situation reveals the importance and novelty of our study.
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Table 1. Organic acid (g 100 g−1) and ascorbic acid (mg 100 g−1) contents of hawthorn genotypes.

Species Genotypes Malic Succinic Fumaric Ascorbic Oxalic Citric Tartaric

C. monogyna

14BL01 2.347 ± 0.028 n* 2.537 ± 0.012 h 0.106 ± 0.004 e 5.182 ± 0.006 ghı 1.429 ± 0.010 g 7.666 ± 0.015 j 1.131 ± 0.006 b
14BL02 6.265 ± 0.023 b 2.738 ± 0.007 f 0.095 ± 0.002 f 6.550 ± 0.001 cde 4.755 ± 0.042 a 23.458 ± 0.021 c 0.878 ± 0.002 f
14BL03 3.472 ± 0.007 ıj 2.510 ± 0.000 ı 0.143 ± 0.003 c 3.161 ± 0.006 lm 3.296 ± 0.028 c 5.132 ± 0.003 o 0.652 ± 0.003 j
14BL04 3.454 ± 0.024 j 1.466 ± 0.009 s 0.173 ± 0.006 b 9.379 ± 0.007 ab 0.512 ± 0.097 l 7.029 ± 0.006 kl 0.563 ± 0.003 k

C. tanacetifolia 14BL05 3.637 ± 0.024 h 2.043 ± 0.001 l 0.065 ± 0.004 hıjk 6.159 ± 0.004 efg 0.557 ± 0.000 kl 7.347 ± 0.002 jk 1.113 ± 0.003 b

C. monogyna
14BL06 3.944 ± 0.040 g 2.603 ± 0.003 g 0.098 ± 0.002 ef 4.183 ± 0.005 jk 1.877 ± 0.003 f 4.128 ± 0.007 qr 0.641 ± 0.006 j
14BL07 5.035 ± 0.008 c 3.224 ± 0.017 d 0.076 ± 0.003 gh 5.172 ± 0.003 ghı 3.343 ± 0.011 c 21.951 ± 0.045 d 0.974 ± 0.007 d
14BL08 2.123 ± 0.018 o 1.869 ± 0.005 m 0.046 ± 0.002 l 4.621 ± 0.006 ıjk 0.557 ± 0.005 kl 6.365 ± 0.484 m 0.648 ± 0.005 j

C. tanacetifolia 14BL09 4.550 ± 0.038 d 4.720 ± 0.009 b 0.090 ± 0.003 f 6.752 ± 0.004 cde 4.235 ± 0.005 b 26.745 ± 0.027 a 0.986 ± 0.003 d

C. monogyna 14BL10 4.230 ± 0.011 e 2.038 ± 0.005 l 0.063 ± 0.003 ıjk 9.621 ± 0.008 a 2.478 ± 0.001 e 4.519 ± 0.007 pq 0.510 ± 0.006 l

C. tanacetifolia

14BL11 3.531 ± 0.027 ı 2.974 ± 0.000 e 0.079 ± 0.004 g 7.349 ± 0.006 c 1.365 ± 0.003 g 14.275 ± 0.006 f 0.474 ±0.003 m
14BL12 2.891 ± 0.001 l 2.131 ± 0.008 k 0.094 ± 0.003 f 5.131 ± 0.005 hıj 0.496 ± 0.000 l 8.161 ± 0.025 ı 1.116 ± 0.014 b
14BL13 3.049 ± 0.028 k 2.614 ± 0.003 g 0.057 ± 0.002 k 3.754 ± 0.006 kl 0.588 ± 0.006 k 9.761 ± 0.007 g 0.979 ± 0.006 d
14BL14 3.055 ± 0.018 k 1.841 ± 0.005 n 0.062 ± 0.002 jk 6.138 ± 0.004 efg 0.819 ± 0.002 ıj 9.642 ± 0.010 g 0.649 ± 0.006 j
14BL15 1.362 ± 0.015 s 1.705 ± 0.000 p 0.191 ± 0.004 a 8.522 ± 0.003 b 0.315 ± 0.003 mn 3.711 ± 0.078 r 0.716 ± 0.005 ı
14BL16 6.482 ± 0.000 a 4.864 ± 0.005 a 0.132 ± 0.003 d 7.187 ± 0.010 cd 2.917 ± 0.002 d 24.782 ± 0.054 b 0.910 ± 0.007 e
14BL17 4.161 ± 0.022 f 4.161 ± 0.021 c 0.094 ± 0.002 f 4.163 ± 0.003 jk 1.126 ± 0.005 h 13.872 ± 0.004 f 1.057 ± 0.009 c

C. monogyna 14BL18 2.668 ± 0.029 m 1.574 ± 0.003 q 0.068 ± 0.004 ghıj 5.155 ± 0.006 ghı 0.558 ± 0.004 kl 18.941 ± 0.512 e 1.548 ± 0.011 a

C. tanacetifolia
14BL19 1.820 ± 0.019 p 0.780 ±0.003 v 0.073 ± 0.003 ghı 4.606 ± 0.006 ıjk 0.775 ± 0.007 j 8.663 ± 0.009 h 0.778 ± 0.008 h
14BL20 1.168 ± 0.009 u 1.436 ± 0.001 t 0.134 ± 0.005 cd 2.681 ± 0.006 m 0.844 ± 0.003 ı 8.137 ± 0.022 ı 0.472 ± 0.005 m
14BL21 1.642 ± 0.015 r 1.775 ± 0.011 o 0.069 ± 0.003 ghıj 5.968 ± 0.005 efgh 0.611 ± 0.001 k 6.737 ± 0.023 lm 0.417 ± 0.008 n

C. monogyna

14BL22 1.870 ± 0.003 p 1.130 ± 0.015 u 0.091 ± 0.001 f 6.158 ± 0.008 efg 0.592 ± 0.006 k 5.274 ± 0.020 o 0.649 ± 0.009 j
14BL23 1.163 ± 0.013 u 1.521 ± 0.001 r 0.044 ± 0.001 l 6.260 ± 1.506 def 0.258 ± 0.002 n 4.219 ±0.015 pq 0.822 ± 0.006 g
14BL24 1.248 ± 0.011 t 1.423 ± 0.015 t 0.062 ± 0.002 ıjk 3.180 ± 0.005 lm 0.375 ± 0.003 m 4.584 ± 0.016 p 0.636 ± 0.006 j
14BL25 1.728 ± 0.009 q 2.238 ± 0.003 j 0.097 ± 0.003 ef 5.456 ± 0.006 fghı 0.357 ± 0.008 m 5.754 ± 0.025 n 0.722 ± 0.011 ı

*: Different letters in same columns indicate significantly different values at p ≤ 0.05.
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Figure 1. Diversity of genotypes in terms of organic acid content by PCA (Principal Component
Analysis) analysis.

3.2. Phenolic Compound Contents

Phenolic substances are effective in most of the physiological events in fruits. Anthocyanins,
which are phenolic substances, play an important role in the formation of the unique colors of fruits and
vegetables. The variation rate of 48.9% was determined as a result of the principal component analysis
to determine the distribution of genotypes according to phenolic compound content (Figure 2). In this
study, broad ranges of concentrations of gallic, catechin, chlorogenic, caffeic, syringic, p-coumaric,
ferulic, o-coumaric, protocatechuic, vanilic, rutin, and quercetin were detected in fruits of hawthorn
genotypes (Table 2). Sorkun [31] reported that the average total phenolic content of all genotypes was
9391 µg GAE g−1, the highest value in terms of total phenolic content was found in the genotype 30-M2
(10991 µg GAE g−1) and mostly mahogany-black genotypes contain high amounts of total phenolic and
especially 30-M2, 30-M3, and 30-M5 genotypes had more total phenolics than other genotypes studied.
When the total phenolic content of hawthorn fruit is compared with other fruits and vegetables, it
has been found that hawthorn fruit contains a high amount of total phenolic substance [33]. In a
research conducted in China, 11 major phenolic compounds were determined in 22 hawthorn cultivars
and hyperoside (0.1–0.8 mg g−1 dry mass [DM]), isoquercitrin (0.1–0.3 mg/g−1 DM), chlorogenic
acid (0.2–1.6 mg g−1 DM), epicatechin (0.9–11.7 mg g−1 DM), PA B2 (0.7–12.4 mg g−1 DM), PA dimer
II (0.1–1.5 mg g−1 DM), PA trimer I (0.1–2.7 mg g−1 DM), PA trimer II (0.7–6.9 mg g−1 DM), PA
trimer III (0.01–1.2 mg g−1 DM) and a PA dimer-hexoside (trace-1.1 mg g−1 DM) were reported [34].
The differences between the findings of other researchers and our results might be caused by the
cultural practices (fertilization, pruning, etc.), climate and soil characteristics of studied areas.
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Table 2. Phenolic compound contents of hawthorn genotypes (mg 100 g−1).

Species Genotypes Gallic Protocatechuic Catechin Chlorogenic Vanillic Caffeic

C. monogyna

14BL01 0.264 ± 0.004 a* 0.280 ± 0.003 k 15.533 ± 0.009 j 11.535 ± 0.006 k 0.016 ± 0.000 jkl* 2.245 ± 0.005 b
14BL02 0.086 ± 0.000 f 0.592 ± 0.005 g 11.168 ± 0.008 l 14.626 ± 0.007 ı 0.012 ± 0.000 klm 1.637 ± 0.003 e
14BL03 0.088 ± 0.002 f 0.240 ± 0.004 l 22.443 ± 0.036 f 9.629 ± 0.008 o 0.023 ± 0.002 jk 1.913 ± 0.003 c
14BL04 0.130 ± 0.001 d 0.410 ± 0.008 ı 25.429 ± 0.066 d 10.180 ± 0.006 l 0.085 ± 0.003 h 4.407 ± 0.007 a

C. tanacetifolia 14BL05 0.217 ± 0.002 b 0.412 ± 0.004 ı 19.570 ± 0.015 h 16.059 ± 0.016 h 0.125 ± 0.005 g 0.773 ± 0.003 n

C. monogyna
14BL06 0.026 ± 0.000 jkl 0.233 ± 0.006 l 18.356 ± 0.030 ı 9.960 ± 0.004 m 0.005 ± 0.000 m 1.222 ± 0.002 g
14BL07 0.164 ± 0.005 c 1.022 ± 0.013 c 51.393 ± 0.062 a 11.621 ± 0.004 j 0.013 ± 0.001 klm 1.025 ± 0.005 k
14BL08 0.096 ± 0.000 f 0.637 ± 0.003 f 28.618 ± 0.030 c 5.844 ± 0.042 r 0.027 ± 0.000 j 0.754 ± 0.004 op

C. tanacetifolia 14BL09 0.132 ± 0.005 d 1.964 ± 0.011 a 11.530 ± 0.054 k 33.915 ± 0.012 b 0.138 ± 0.002 f 1.877 ± 0.007 d

C. monogyna 14BL10 0.037 ± 0.000 ıj 0.840 ± 0.008 d 41.539 ± 0.146 b 5.494 ± 0.002 t 0.019 ± 0.000 jkl 0.914 ± 0.013 m

C. tanacetifolia

14BL11 0.052 ± 0.001 h 0.340 ± 0.005 j 5.233 ± 0.017 u 19.161 ± 0.001 f 0.158 ± 0.005 e 0.761 ± 0.003 no
14BL12 0.032 ± 0.000 jk 0.762 ± 0.010 e 10.906 ± 0.048 m 29.558 ± 0.037 c 0.186 ± 0.001 d 0.644 ± 0.004 q
14BL13 0.030 ± 0.002 jk 0.135 ± 0.003 o 6.260 ± 0.035 t 7.544 ± 0.040 p 0.014 ± 0.000 klm 1.044 ± 0.004 j
14BL14 0.027 ± 0.001 jk 0.137 ± 0.005 o 8.733 ± 0.015 p 27.776 ± 0.010 d 0.164 ± 0.002 e 0.742 ± 0.004 p
14BL15 0.033 ± 0.001 jk 0.432 ± 0.004 h 5.169 ± 0.029 u 42.361 ± 0.033 a 0.160 ± 0.005 e 1.605 ± 0.005 f
14BL16 0.067 ± 0.003 g 0.192 ± 0.004 mn 21.316 ± 0.038 g 6.922 ± 0.004 q 0.290 ± 0.004 a 0.970 ± 0.005 l
14BL17 0.013 ± 0.010 m 0.064 ± 0.001 q 7.037 ± 0.026 r 3.768 ± 0.013 v 0.038 ± 0.000 ı 0.739 ± 0.003 p

C. monogyna 14BL18 0.012 ± 0.001 m 0.122 ± 0.004 o 28.506 ± 0.033 c 2.254 ± 0.013 x 0.013 ± 0.000 klm 1.206 ± 0.006 h

C. tanacetifolia
14BL19 0.016 ± 0.001 lm 0.084 ± 0.002 pq 10.346 ± 0.037 n 22.275 ± 0.008 e 0.168 ± 0.003 e 0.653 ± 0.004 q
14BL20 0.045 ± 0.001 hı 0.210 ± 0.004 m 6.630 ± 0.027 s 4.979 ± 0.007 u 0.256 ± 0.006 c 0.974 ± 0.004 l
14BL21 0.025 ± 0.000 kl 0.095 ± 0.002 p 9.846 ± 0.015 o 17.454 ± 0.026 g 0.270 ± 0.008 b 0.624 ± 0.004 r

C. monogyna

14BL22 0.026 ± 0.000 jkl 0.073 ± 0.003 q 4.140 ± 0.014 v 3.110 ± 0.005 w 0.012 ± 0.001 klm 1.184 ± 0.005 ı
14BL23 0.011 ± 0.000 m 1.264 ± 0.010 b 23.181 ± 0.017 e 5.508 ± 0.006 t 0.023 ± 0.000 jk 0.920 ± 0.005 m
14BL24 0.111 ± 0.006 e 0.856 ± 0.009 d 6.355 ± 0.010 t 9.845 ± 0.033 n 0.011 ± 0.000 lm 0.643 ± 0.003 q
14BL25 0.130 ± 0.002 d 0.180 ± 0.004 n 7.172 ± 0.012 q 5.765 ± 0.004 s 0.014 ± 0.001 klm 0.910 ± 0.005 m
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Table 2. Cont.

Species Genotypes Ferulic o-coumaric Rutin Quercetin p-coumaric Syringic

C. monogyna

14BL01 0.340 ± 0.006 e* 0.083 ± 0.001 c 3.733 ± 0.010 k 0.949 ± 0.007 e 0.369 ± 0.000 a 0.093 ± 0.004 b
14BL02 0.675 ± 0.009 b 0.054 ± 0.001 f 1.829 ± 0.013 n 0.622 ± 0.004 j 0.167 ± 0.002 c 0.062 ± 0.002 d
14BL03 0.112 ± 0.003 j 0.074 ± 0.004 d 1.241 ± 0.039 r 0.921 ± 0.006 f 0.046 ± 0.001 hı 0.023 ± 0.002 ghı
14BL04 0.063 ± 0.001 k 0.065 ± 0.002 e 1.670 ± 0.004 p 0.577 ± 0.001 k 0.072 ± 0.002 f 0.011 ± 0.000 l

C. tanacetifolia 14BL05 0.130 ± 0.002 ı 0.047 ± 0.001 g 4.735 ± 0.024 j 0.621 ± 0.002 j 0.051 ± 0.001 h 0.134 ± 0.003 a

C. monogyna
14BL06 0.076 ± 0.002 k 0.093 ± 0.003 b 2.346 ± 0.015 m 0.859 ± 0.004 g 0.238 ± 0.004 b 0.025 ± 0.000 gh
14BL07 0.434 ± 0.005 d 0.024 ± 0.000 jk 7.843 ± 0.030 g 1.022 ± 0.006 c 0.083 ± 0.002 e 0.017 ± 0.001 h–l
14BL08 0.074 ± 0.001 k 0.042 ± 0.000 g 2.318 ± 0.009 m 0.908 ± 0.007 f 0.037 ± 0.001 jk 0.015 ± 0.000 jkl

C. tanacetifolia 14BL09 1.068 ± 0.011 a 0.031 ± 0.001 hı 8.144 ± 0.006 e 1.823 ± 0.015 a 0.041 ± 0.001 ıj 0.035 ± 0.001 f

C. monogyna 14BL10 0.045 ± 0.004 l 0.150 ± 0.002 a 8.973 ± 0.002 d 0.445 ± 0.005 m 0.119 ± 0.005 d 0.023 ± 0.000 g–j

C. tanacetifolia

14BL11 0.238 ± 0.001 h 0.019 ± 0.001 klm 4.719 ± 0.004 j 0.981 ± 0.003 d 0.024 ± 0.001 lm 0.022 ± 0.002 g–k
14BL12 0.292 ± 0.006 f 0.046 ± 0.002 g 8.074 ± 0.011 f 0.678 ± 0.003 ı 0.041 ± 0.001 ıj 0.027 ± 0.000 g
14BL13 0.116 ± 0.003 ıj 0.029 ± 0.003 hıj 1.777 ± 0.010 o 0.759 ± 0.004 h 0.033 ± 0.001 k 0.078 ± 0.006 c
14BL14 0.572 ± 0.009 c 0.021 ± 0.001 kl 10.029 ± 0.004 a 0.464 ± 0.001 l 0.013 ± 0.000 o 0.011 ± 0.000 l
14BL15 0.272 ± 0.006 g 0.015 ± 0.001 mno 9.595 ± 0.003 c 0.925 ± 0.007 f 0.031 ± 0.002 k 0.014 ± 0.002 kl
14BL16 0.074 ± 0.002 k 0.021 ± 0.002 kl 4.706 ± 0.004 j 1.050 ± 0.009 b 0.030 ± 0.000 kl 0.027 ± 0.001 g
14BL17 0.014 ± 0.001 o 0.014 ± 0.001 mno 9.781 ± 0.009 b 0.365 ± 0.003 n 0.076 ± 0.002 f 0.012 ± 0.001 l

C. monogyna 14BL18 0.021 ± 0.004 no 0.011 ± 0.000 o 1.480 ± 0.004 q 0.762 ± 0.003 h 0.064 ± 0.004 g 0.022 ± 0.000 g–j

C. tanacetifolia
14BL19 0.076 ± 0.002 k 0.012 ± 0.002 no 5.881 ± 0.006 h 0.355 ± 0.004 n 0.014 ± 0.000 o 0.021 ± 0.002 g–k
14BL20 0.032 ± 0.001 lmn 0.016 ± 0.000 l–o 2.891 ± 0.006 l 0.108 ± 0.006 p 0.016 ± 0.000 no 0.053 ± 0.002 e
14BL21 0.075 ± 0.002 k 0.018 ± 0.002 k–n 4.922 ± 0.001 ı 0.633 ± 0.005 j 0.018 ± 0.001 mno 0.082 ± 0.003 c

C. monogyna

14BL22 0.023 ± 0.002 no 0.034 ± 0.001 h 1.843 ± 0.031 n 0.477 ± 0.006 l 0.021 ± 0.001 mn 0.025 ± 0.000 gh
14BL23 0.016 ± 0.000 o 0.018 ± 0.001 k–n 1.019 ± 0.002 t 0.188 ± 0.000 o 0.017 ± 0.001 mno 0.042 ± 0.002 f
14BL24 0.038 ± 0.000 lm 0.015 ± 0.000 l–o 1.777 ± 0.007 o 0.184 ± 0.001 o 0.035 ± 0.002 jk 0.016 ± 0.000 ı–l
14BL25 0.026 ± 0.000 mno 0.028 ± 0.002 j 1.130 ± 0.004 s 0.117 ± 0.003 p 0.023 ± 0.001 m 0.077 ± 0.004 c

*: Different letters in same columns indicate significantly different values at p ≤ 0.05.
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3.3. Agro-Morphological Properties

Some pomological and biochemical properties of Crataegus monogyna and Crataegus tanacetifolia
were determined. When genotypes were compared based on physical properties, genotype 14BL05 was
found to be superlative. The 14BL07 genotype was found to have lower values than other genotypes in
terms of pomological measurements of fruits (Table 3). The fruits of genotypes of Crataegus tanacetifolia
were superior due to their physical properties. The 14BL05, 14BL09, 14BL11,14BL12, and 14BL13
genotypes were found to be promising in terms of fruit weight, width, and height (Table 3). As shown
in Table 4, 14BL01, 14BL03, 14BL10, 14BL23, 14BL24, and 14BL25 genotypes have high values, as in
pH amount and SSC. According to the principal component analysis, the variation rate between the
genotypes in terms of pomological properties, pH, SSC, and acidity content was found to be 65.8%
(Figure 3). In this study, fruit weight, fruit width, fruit height, seed weight, fruit volume, fruit stalk
length, fruit stalk thickness, SSC ratio, pH amount and TA value varied over a wide range, as shown
in Tables 3 and 4. The darkest fruit color (L* = 58.111) was measured in the 14BL19 genotype while
the lightest color was measured in the 14BL10 (L* = 23.984) genotype (Table 5). The highest a* value
was found to be 41.939 in the 14BL02 genotype and the lowest a* value was −2.810 in the 14BL16
genotype. In the hawthorn genotypes examined, the highest b* value was found to be 46.566 for the
14BL12 genotype and the lowest b* value was 7.060 for the 14BL10 genotype. When investigating hue
value, the highest value among genotypes was determined to 94.483 for the 14BL16 genotype while
the lowest value was 13.541 for the 14BL10 genotype (Table 5).
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Table 3. Fruit weight (g), fruit width and length (mm), seed weight (g) and fruit volume (mL) of hawthorn genotypes.

Species Genotypes Fruit Weight Fruit Width Fruit Length Seed Weight Fruit Volume

C. monogyna

14BL01 0.733 ± 0.067 hıj* 9.456 ± 0.443 fgh 11.510 ± 0.734 ghı 0.133 ± 0.033 hı 1.167 ± 0.166 g
14BL02 0.430 ± 0.006 ıj 8.593 ± 0.484 ghı 9.946 ± 0.901ıj 0.100 ± 0.010 ı 1.000 ± 0.022 gh
14BL03 1.043 ± 0.077 ghı 11.030 ± 0.487 f 13.000 ± 0.226 efg 0.233 ± 0.067 h 0.500 ± 0.007 hı
14BL04 0.760 ± 0.055 hıj 10.316 ± 0.182 fgh 12.536 ± 0.599 efg 0.100 ± 0.010 ı 0.500 ± 0.007 hı

C. tanacetifolia 14BL05 4.203 ± 0.130 a 20.783 ± 0.632 a 17.580 ± 0.229 a 0.800 ± 0.010 cd 5.333 ± 0.167 a

C. monogyna
14BL06 0.969 ± 0.109 g-j 13.616 ± 1.817 de 14.903 ± 1.904 bcd 0.200 ± 0.058 hı 0.100 ± 0.010 ı
14BL07 0.293 ± 0.034 j 6.563 ± 0.933 ı 10.030 ± 0.495 ıj 0.100 ± 0.010 ı 0.300 ± 0.06 ı
14BL08 0.490 ± 0.026 ıj 8.850 ± 0.558 f-ı 12.086 ± 0.153 fgh 0.100 ± 0.010 ı 1.000 ± 0.011 gh

C. tanacetifolia 14BL09 1.943 ± 0.098 ef 15.703 ± 0.764 cd 15.516 ± 0.139 bcd 0.866 ± 0.145 c 1.833 ± 0.333 def

C. monogyna 14BL10 0.400 ± 0.031 ıj 7.940 ± 0.438 hı 11.820 ± 0.284 ghı 1.000 ± 0.020 b 1.300 ± 0.031 fg

C. tanacetifolia

14BL11 3.076 ± 0.038 b 17.760 ± 0.276 bc 16.656 ± 0.188 ab 0.800 ± 0.030 cd 4.867 ± 0.371 a
14BL12 4.210 ± 0.494 a 20.710 ± 1.222 a 16.550 ± 0.099 ab 1.200 ± 0.022 a 4.333 ± 0.667 b
14BL13 2.693 ± 0.353 bcd 16.956 ± 0.558 c 13.763 ± 0.261 def 1.000 ± 0.023 b 2.000 ± 0.023 de
14BL14 2.246 ±0.272 cde 15.970 ± 1.147 c 14.320 ± 0.117 cde 0.600 ± 0.032 ef 3.000 ± 0.025 c
14BL15 1.223 ± 0.094 gh 13.263 ± 0.452 e 11.973 ± 0.209 fgh 0.500 ± 0.045 fg 1.500 ± 0.028 efg
14BL16 0.923 ± 0.109 g-j 10.936 ± 0.470 fg 12.583 ± 0.381 efg 0.400 ± 0.056 g 1.000± 0.016 gh
14BL17 1.403 ± 0.097 fg 13.573 ± 0.223 de 14.363 ± 0.792 cde 0.600 ± 0.033 ef 1.000 ± 0.033 gh

C. monogyna 14BL18 0.673 ± 0.035 hıj 9.663 ± 0.409 fgh 11.113 ± 0.331 ghı 0.200 ± 0.021 hı 0.500 ± 0.012 hı

C. tanacetifolia
14BL19 3.810 ± 0.471 a* 19.616 ± 0.784 ab 15.993 ± 0.555 abc 0.800 ± 0.021 cd 0.500 ± 0.0561 hı
14BL20 2.770 ± 0.335 bc 17.086 ± 0.861 c 14.406 ± 0.694 cde 0.700 ± 0.010 de 2.333 ± 0.333 d
14BL21 2.143 ± 0.355 de 16.316 ± 1.011 c 14.436 ± 0.701 cde 0.500 ± 0.015 fg 2.000 ± 0.098 de

C. monogyna

14BL22 0.446 ± 0.063 ıj 7.920 ± 0.040 hı 10.270 ± 0.165 hı 1.000 ± 0.007 b 1.000 ± 0.077 gh
14BL23 0.696 ± 0.084 hıj 9.966 ± 0.677 fgh 12.256 ± 0.429 fg 0.100 ± 0.009 ı 0.500 ± 0.038 hı
14BL24 0.546 ± 0.012 ıj 8.830 ± 0.032 f-ı 11.256 ± 0.199 ghı 0.100 ± 0.009 ı 0.500 ± 0.038 hı
14BL25 0.383 ± 0.024 ıj 8.450 ± 0.306 hı 8.433 ± 0.199 j 1.000 ± 0.083 b 0.500 ± 0.012 hı

*: Different letters in same columns indicate significantly different values at p ≤ 0.05.
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Table 4. Stalk length and thickness (mm), soluble solid content (SSC) (% Brix), pH and titratable acidity (TA) (%) contents of hawthorn genotypes.

Species Genotypes SSC pH TA Stalk Length Stalk Thickness

C. monogyna

14BL01 32.000 ± 0.600 a* 4.800 ± 0.033 d 1.400 ± 0.012 l 14.430 ± 2.293 cde 0.613 ± 0.058 c
14BL02 18.000 ± 0.700 g 4.800 ± 0.048 d 1.200 ± 0.033 m 17.253 ± 2.052 a–d 0.420 ± 0.085 d
14BL03 18.000 ± 0.800 g 4.900 ± 0.028 c 1.600 ± 0.018 j 14.640 ± 1.323 cde 0.443 ± 0.047 d
14BL04 18.000 ± 0.500 g 4.600 ± 0.026 e 1.900 ± 0.020g 15.323 ± 2.116 bcd 0.500 ± 0.017 cd

C. tanacetifolia 14BL05 8.000 ± 0.400 k 3.800 ± 0.034 n 3.900 ± 0.023 a 15.203 ± 3.575 bcd 0.627 ± 0.052 c

C. monogyna
14BL06 20.000 ± 0.200 e 4.300 ± 0.019 h 2.300 ± 0.036 d 22.357 ± 1.835 ab 0.783 ± 0.065 b
14BL07 18.000 ± 0.100 g 4.600 ± 0.033 e 2.127 ± 0.018 e 21.723 ± 4.065 abc 0.483 ± 0.047 d
14BL08 22.000 ± 0.300 d 4.900 ± 0.030 c 1.200 ± 0.033 m 18.303 ± 2.885 a–d 0.550 ± 0.061 cd

C. tanacetifolia 14BL09 13.333 ± 0.882 ı 4.153 ± 0.034 j 1.653 ± 0.034 ıj 16.953 ± 1.840 a–d 0.310 ± 0.108 e

C. monogyna 14BL10 30.000 ± 0.600 b 4.900 ± 0.018 c 1.800 ± 0.018 h 18.653 ± 0.545 a–d 0.430 ± 0.099 d

C. tanacetifolia

14BL11 14.000 ± 0.400 h 4.100 ± 0.023 k 2.700 ± 0.026 c 15.790 ± 1.684 a–d 0.597 ± 0.059 cd
14BL12 10.000 ± 0.500 j 4.300 ± 0.015 h 1.700 ± 0.019 ı 22.223 ± 0.717 ab 0.467 ± 0.030 d
14BL13 10.000 ± 0.600 j 4.400 ± 0.056 g 1.700 ± 0.026 ı 21.730 ± 0.474 abc 0.973 ± 0.103 a
14BL14 18.000 ± 0.700 g 4.400 ± 0.048 g 2.000 ± 0.037 f 15.477 ± 1.682 bcd 0.985 ± 6.212 a
14BL15 10.000 ± 0.400 j 4.300 ± 0.042 h 1.500 ± 0.025 k 16.030 ± 0.190 a–d 0.627 ± 0.192 c
14BL16 13.333 ± 0.333 ı 4.190 ± 0.038 ı 1.433 ± 0.088 l 11.527 ± 1.078 de 0.873 ± 0.112 a
14BL17 22.000 ± 0.300 d 4.500 ± 0.016 f 1.400 ± 0.066 l 14.467 ± 2.449 cde 0.507 ± 0.080 cd

C. monogyna 14BL18 30.000 ± 0.400 b 4.800 ± 0.033 d 1.700 ± 0.071 ı 23.013 ± 3.058 a 0.367 ± 0.043 e

C. tanacetifolia
14BL19 18.000 ± 0.400 g 3.900 ± 0.026 m 3.500 ± 0.016 b 18.580 ± 3.194 a–d 0.443 ± 0.048 d
14BL20 28.000 ± 0.600 c 4.000 ± 0.033 l 1.800 ± 0.018 h 20.940 ± 1.849 abc 0.640 ± 0.021 c
14BL21 19.000 ± 0.500 f 4.300 ± 0.061 h 1.800 ± 0.023 h 15.920 ± 0.961 a–d 0.697 ± 0.023 c

C. monogyna

14BL22 18.000 ± 0.200 g 4.900 ± 0.029 c 1.000 ± 0.026 o 8.087 ± 0.411 e 0.670 ± 0.040 c
14BL23 20.000 ± 0.300 e 4.800 ± 0.033 d 1.100 ± 0.036 n 13.650 ± 0.602 de 0.650 ± 0.055 c
14BL24 18.000 ± 0.400 g 5.100 ± 0.041 b 0.600 ± 0.029 q 17.513 ± 2.457 a–d 0.653 ± 0.122 c
14BL25 13.000 ± 0.500 ı 5.200 ± 0.016 a 0.700 ± 0.011 p 17.790 ± 2.611 a–d 0.407 ± 0.057 d

*: Different letters in columns indicate significantly different values at p ≤ 0.05.
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Table 5. Fruit color values of hawthorn genotypes.

Species Genotypes L a b Chroma Hue

C. monogyna

14BL01 32.35 f* 40.552 ab 20.107 fg 45.331 bcd 26.211 fgh
14BL02 36.078 e 41.939 a 23.090 f 47.921 ab 28.665 f
14BL03 26.369 ıj 34.39 cde 12.590 ı 36.623 ghı 20.106 g–j
14BL04 27.909 ghı 33.784 cde 14.399 hı 36.734 ghı 23.094 f–ı

C. tanacetifolia 14BL05 57.095 a 7.546 kl 38.660 de 39.393 fgh 78.961 c

C. monogyna
14BL06 25.765 ıj 27.778 f 8.224 jk 28.995 k 16.349 ıj
14BL07 30.248 fg 35.859 bcd 18.125 gh 40.244 fg 26.755 fg
14BL08 28.027 ghı 35.801 bcd 14.807 hı 38.759 fgh 22.403 f–ı

C. tanacetifolia 14BL09 52.023 c 3.614 lm 40.714 cd 41.454 def 85.853 b

C. monogyna 14BL10 23.984 j 29.112 ef 7.060 k 29.966 jk 13.541 j

C. tanacetifolia

14BL11 56.635 a 13.526 g-j 44.792 ab 46.791 ab 73.199 cde
14BL12 54.971 abc 17.794 g 46.566 a 49.856 a 69.097 e
14BL13 53.175 bc 9.097 jk 43.214 abc 44.228 b–e 78.171 cd
14BL14 52.080 c 11.806 h-k 43.842 abc 45.480 bc 74.994 cde
14BL15 54.961 abc 9.767 ıjk 43.178 abc 44.503 b–e 77.559 cd
14BL16 47.303 d −2.810 n 35.840 e 35.951 hı 94.483 a
14BL17 56.651 a −4.683 mn 41.170 bcd 41.514 def 90.128 ab

C. monogyna 14BL18 25.546 ıj 31.433 def 10.974 ıj 33.335 ıj 19.104 hıj

C. tanacetifolia
14BL19 58.111 a 13.357 g-j 44.296 abc 46.267 ab 73.217 cde
14BL20 57.354 a 14.597 ghı 43.399 abc 45.793 bc 71.412 de
14BL21 55.873 ab 16.046 gh 44.600 abc 47.401 ab 70.217 e

C. monogyna

14BL22 30.259 fg 36.327 bcd 18.081 gh 40.582 efg 26.463 fgh
14BL23 29.646 fgh 38.050 abc 17.499 gh 41.890 c–f 24.692 fgh
14BL24 26.591 hıj 32.738 ± c-f 11.402 ıj 34.673 ı 19.167 hıj
14BL25 28.378 ghı 36.029 bcd 14.495 hı 38.890 fgh 21.633 f–ı

*: Different letters in same columns indicate significantly different values at p ≤ 0.05.
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Sorkun [31] determined that the L value was 20.09–21.00 in dark-colored mahogany-black
genotypes, 28.67 in red 30-K1 genotype, and 67.80–68.50 in the yellow fruited genotypes. The highest a
* value was also recorded as 31.95 in the 30-K1 genotype. The fruit weight, fruit width, fruit height,
seed weight, ratio of SSC, pH value, and TA contents of hawthorn genotypes located in Uşak province
of Turkey reportedly ranged from 4.03 g to 0.96 g, from 19.94 mm to 12.53 mm, from 17.43 mm to
10.48 mm, from 0.98 g to 0.23 g, from 17.40 to 9.12%, from 4.12 to 2.48 and from 2.85% to 0.58%,
respectively [35]. In some pomological and biochemical properties of hawthorn genotypes, studies
determined by different researchers show similarities with our results [36,37]. The slight differences in
results might be derived from genotype, geographical location, ecological factors, soil properties.

3.4. Molecular Characterization

In this study, the reproducible and evaluable band profiles were obtained with six primers
iPBS2074, iPBS2257, iPBS2388, iPBS2232, iPBS2239, and iPBS2415 (Table 6) and PCR studies of all
samples were performed with these primers. In total, 68 loci, out of which 65 were polymorphic
(95.59%), were obtained from PCR amplification with six iPBS markers for hawthorn genotypes. The
iPBS marker system produced divergent fragments, providing a considerable variability among the
genotypes belonging to different hawthorn species (Figure 4). The number of amplified fragments with
iPBS markers ranged from 6 (iPBS2257) to 14 (iPBS2074), providing a ratio of 11.3 bands per primer.

Table 6. List of iPBS primers used in the current study and their information.

Primers Primer Sequences (5′–3′) T (◦C) TB PB PPB (%) PIC RP

iPBS2074 GCTCTGATACCA 50 14 13 92.86 0.30 7.00
iPBS2257 CTCTCAATGAAAGCACCA 50 6 4 66.67 0.12 0.78
iPBS2388 TTGGAAGACCCA 51 13 13 100 0.35 6.67
iPBS2232 AGAGAGGCTCGGATACCA 55 12 12 100 0.37 7.00
iPBS2239 ACCTAGGCTCGGATGCCA 55 12 12 100 0.42 8.11
iPBS2415 ACGAAGGGACCA 60 11 11 100 0.37 6.11

Total 68 65

Avg./primer 11.33 10.83 95.59 0.32 5.95

T (◦C) annealing temperature; TB total band; PB polymorphic band; PPB (%) percentage polymorphic band (%); PIC
polymorphism information content; RP resolving power.
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MirAli et al. [15] examined the genetic relationship of hawthorn genotypes belonging to different
species (Crataegus monogyna, Crataegus sinaica, Crataegus aronia, and Crataegus azarolus) in Syria by
using ISSR and CAPS markers. In the phylogenetic tree based on 20 ISSR primers used in the study,
genotypes of Crataegus monogyna were collected in a cluster and the genotypes of the other species
were clustered in the second branch. CAPS primers were insufficient to differentiate between species
and genotypes. Keleş [38] performed a molecular analysis of 78 genotypes belonging to C. tanacetifolia,
C. orientalis subsp. orientalis, C. meyeri, and C. monogyna Jacq. var monogyna and found that 14 ISSR
primers produced 101 polymorphic bands with a polymorphism rate of 97.42%.

PIC and RP index values were estimated for iPBS marker systems as shown in Table 1. The highest
PIC value of 0.42 (iPBS2239) and the lowest PIC value 0.12 (iPBS2257) with a mean of PIC per primer
0.32 were obtained from iPBS markers. The mean of RP values, a parameter for the discriminatory
potential of the primers, was 5.95 for iPBS markers. iPBS2395 marker produced the highest RP value for
iPBS2239, while iPBS2257 marker yielded the lowest RP value recorded as 0.78. The genotypes on the
phylogenetic tree from neighbor-joining cluster analysis of iPBS markers data (Figure 5) were grouped
into two major clusters, which comprised the genotypes of each species based on genetic similarity.
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To date, several DNA marker methods such as SSR, ISSR, RAPD, and CAPS have been applied
to generate genetic polymorphism among hawthorn genotypes [14,15,39–41]. However, no record
of detection of genetic differences in hawthorn genotypes using iPBS retrotransposon markers was
found. This is the first study in which this marker system is used in the molecular characterization
of hawthorn genotypes. The analysis showed 100% polymorphism for many primers and it was
determined that markers based on retrotransposons showed better results in polymorphism formation
than previous studies.
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The results from molecular analyses showed that iPBS markers provide useful information for
generating genetic variation at the intra- and interspecies level in hawthorn genotypes which can be
used for breeding programs.

4. Conclusions

In this study, biochemical, agro-morphological and molecular characterization of 25 genotypes
belonging to two hawthorn species was performed. As a result of the research, the 14BL05 genotype
was prominent according to the physical properties of fruits. The 14BL01 and 14BL10 genotypes
have higher values of SSC than other genotypes. The 14BL05 genotype was determined as having
higher titratable acidity content than others. The 14BL09 and 14BL16 genotypes were advantageous
for organic acids while the 14BL09 and 14BL01 genotypes were advantageous for phenolic compounds.
The determined phenolic compounds in hawthorn fruits are important for both human health and
human nutrition. Moreover, these compounds are effective in plant physiology. Our results could add
some more information on specific phenolic compounds found in hawthorn fruits into the literature.
Molecular characterization of the genotypes belonging to two hawthorn species revealed that all
genotypes clustered into two groups and iPBS markers could be used for hawthorn genotypes to obtain
a high genetic variation. The results from molecular analyses showed that iPBS markers were useful
for hawthorn breeding, which requires genetic variation in hawthorn genotypes. As a result of this
research, it is suggested that these genotypes will be used in future breeding in terms of fruit breeding.
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