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Abstract: Apricot (Prunus armeniaca L.) is an important fruit crop and member of the Prunus genus
of the Rosaceae family that is planted in many temperate regions worldwide. The quality of fruit is
assessed by many pomological parameters which can serve as a decisive factor in apricot breeding,
because the introduction of new cultivars is required. These parameters can differ with climate
conditions, geographical location or geographic ecological origin. Similarly, another biological
characteristic can be measured depending on these terms. The present study was conducted with the
aim of estimating pomological traits together with the nuclear DNA content of 35 apricot cultivars
with different geographical origins. Only CV values lower than 5% were considered in flow cytometry
analysis. All analyzed cultivars were diploid and the genome size value ranged from 0.587 to
0.644 pg/2C, where Turkish apricots reached the highest value (on average 0.628 pg/2C) followed
by the European group (on average 0.625 pg/2C). A Spearman-rank correlation was used and the
different correlation was found for specific geographical groups of apricot cultivars. The genome
size values of apricots and related botanical species P. mume, P. sibirica and P. ansu showed to be very
similar values.
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1. Introduction

The genus Prunus is divided into the five subgenera: Prunus (plums and apricots),
Amygdalus (almonds and peaches), Cerasus (sweet and sour cherries), Laurocerasus (bay-
cherries) and Padus (bird cherries) [1,2]. The genus has a considerable economic importance
mostly for fruit and seed production, but some species are also grown as ornamentals.
The apricot is one of the most popular fruit species planted in many temperate regions
worldwide [3]. Three different routes of entry into Europe are known from the Central
Asian area of origin. The first is the northern route from China to the Balkans, the second is
southern route from Armenia through Syria, Arabia, Greece, Italy and northern Africa and
the third is the middle route from the Danube Valley to Germany. Also, Roman soldiers
played a major role in apricot distribution in Europe [4]. The fruit with characteristic
properties is mainly consumed fresh, but it is also processed in food industry or preserved
by drying. In addition, the apricot is an interesting supplement to the human diet, due to
its high content of healthy substances as fibers, vitamins, minerals and an entire range of
bioactive substances with high antioxidant capacities [5,6]. The apricot quality features
that satisfy consumers are affected by many pomological traits [7]. The global world
yield of apricot in 2020 was 6613.6 kg/ha with a production area of 562 thousand ha [8].
Apricots are divided into six major eco-geographical groups: Central Asian, East Chinese,
North Chinese, Irano-Caucasian, European and Dzungar-Zailij [9]. Nevertheless, the

Horticulturae 2022, 8, 199. https:/ /doi.org/10.3390/horticulturae8030199

https:/ /www.mdpi.com/journal /horticulturae


https://doi.org/10.3390/horticulturae8030199
https://doi.org/10.3390/horticulturae8030199
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/horticulturae
https://www.mdpi.com
https://orcid.org/0000-0001-7787-1849
https://orcid.org/0000-0001-5781-2737
https://doi.org/10.3390/horticulturae8030199
https://www.mdpi.com/journal/horticulturae
https://www.mdpi.com/article/10.3390/horticulturae8030199?type=check_update&version=1

Horticulturae 2022, 8, 199

20f13

classification is becoming complicated due to the production of new cultivars derived from
crossing genotypes of different eco-geographical groups [10]. The breeding of the new
cultivars requires information about the available germplasm. In addition, morphological
and physiological properties improve the strategy of breeding and new variety selection.
Nowadays, researchers are focused on the improvement of germplasm of Prunus to enhance
their adaptability in production areas together with biotic and abiotic stresses [11].

Genome size is one of the important attributes of the genome. Knowledge of the
nuclear DNA content (2C) is crucial for basic and applied studies involving genome
organization, species relationship, gene expression analysis or germplasm improvement.
The genome size is nowadays determined at different fruit species, often for the purpose
of studying the correlations of the genome size and morphological characteristics [12],
origin [12-14] or as a supplemental data of genetic information [15,16]. Apricots are mostly
diploid (2n = 2x = 16), but cultivars with higher ploidy have been observed as well [17].
The nuclear DNA content of a diploid P. armeniaca has been previously estimated by to be
0.6 pg/2C [14,18,19], which corresponds to a genome size of 293.4 Mbp. It was proven that
genome size differs with the climatic condition, and correlations between genome size and
altitude, geographical situation, temperature, etc. were found [20]. However, these trends
differ for different plant species [14,21].

Over the years, different methods have been used to estimate genome sizes in plants
(e.g., Feulgen densitometry, reassociation kinetics, chemical extraction). However, flow
cytometry has become the method of choice because of the ease of sample preparation,
low cost, possibility to quickly analyze high numbers of particles and high accuracy and
resolution [22-26]. The method enables the analysis of the optical properties of individual
particles in suspension while they move in a narrow liquid stream through a beam of
light. Emitted and scattered light is then evaluated with an optical system. The size of
the genome is usually stated with a C value, which determines the DNA content of the
unreplicated haploid set of chromosomes [27].

This research is focused study of the variations in the genome sizes of 35 different
apricot cultivars and selected botanical species related to P. armeniaca with the aim to
investigate if an association exists between genome sizes and the geographical origin
and/or the pomological characteristics of the cultivars.

2. Materials and Methods
2.1. Plant Material

35 apricot cultivars growing in the experimental orchard of the Faculty of Horticulture
in Lednice Mendel University in Brno (localization 48.80° N/16.80° E, altitude of 172 m)
were used for the study. The selected cultivars were divided into five different groups based
on their geographical origin: American, Central Asian, East Asian, European and Turkish.
In addition, three botanical species related to Prunus armeniaca, P. mume (the Japanese
apricot), P. ansu (the Korean apricot), P. sibirica (the Siberian apricot), were analyzed.

2.2. Pomological Analysis

The pomological traits of the fruits were analyzed for four years (2018-2021) in their
optimum maturity, which was determined using a DA Meter®. The harvested fruits
were analyzed immediately. Average data were obtained from ten fruits of every cultivar
according to the “Klasifikator-Descriptor list for genus Armeniaca Mill” [28]. The weight
was determined using laboratory balances. The soluble solid content (°Rf) was carried out
with Abbé’s refractometer.

2.3. Genome Size Estimation

For the genome size evaluation, only intact and fully developed leaves of the selected
cultivars were collected and analyzed immediately. The average value was determined
from three trees for all cultivars. The kit 05-5022 CyStain PI Absolute P® was used for
the genome size estimation. Approximately 0.5 cm? of the leaf tissue of a sample and
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approximately 0.5 cm? of the leaf tissue of Raphanus sativus cv. Saxa (2C = 1.11 pg DNA) [29],
which served as the internal reference standard, were homogenized together in 1.5 mL of
Nuclei Extraction Buffer (pH = 1.8) using a razor blade. After 60 s, the prepared sample
was filtered through a 50 um membrane (Partec CellTrics®) and supplemented with 2 mL
of the solution of Staining Buffer (pH = 7.5), 12 uL of propidium iodide (PI) and 6 pL of
RNase. After 30 min of incubation in the dark at room temperature, the samples were
analyzed in a flow cytometer CyFlow Space-3 equipped with a 532 nm green laser. The
maximum acquisition rate was up to 25,000 signals/s and the scatter particle size was
0.1-100 pm. At least 5000 particles were analyzed for three replications of each sample.
The speed of flow was carried out at up to 50 particles per second. Only coefficient of
variation (CV) values lower than 5% were considered as reliable data [14,26]. The 2C nuclear
DNA content was calculated according to following formula: 2C (pg) = DNA content of
standard x (mean fluorescence value of sample/mean fluorescence value of standard). The
mean nuclear DNA content was then calculated for each genotype from three replications.
The results were also expressed as monoploid genome sizes (1Cx) (i.e., DNA content of
the non-replicated base set of chromosomes) according to following formula: 1Cx = 2C
genome size/ploidy level 0.978 x 10° bp [30].

2.4. Statistical Analysis

STATISTICA 12 was used for the calculation of the homogeneity of variance for
pomological traits and genome size of cultivars using the Pearson’s x? test with adjusted
degrees of freedom (df) using the Kolmogorov-Smirnov test, the average values, the
standard deviation and the Kruskal-Wallis test with a post-hoc test of multiple comparisons
of mean ranks for all groups of pomological traits.

The distribution of the data for pomological traits and genome size deviated signif-
icantly from the Normal distribution (Figure S1). The parameters of the Pearson x? test
are displayed in the Supplementary Materials (Tables S1 and S2). Based on the results of
the preliminary test, the Spearman-rank correlation (correlation coefficient, rs) method
was adopted to analyze the correlation between the genome size of the cultivars and the
pomological traits. The same correlation analyses were accomplished for genome size and
geographical origin.

3. Results
3.1. Pomological Traits

The pomological data of all analyzed cultivars are summarized in Tables 1 and 2. The
ripening date was analyzed only in 2021. The fruit of an East Asian cultivar ‘Liaoning,’
a Central Asian cultivar ‘Gvardejskij’ and three European cultivars ‘Pastyrikz” ‘Pozde
kvetouci” and “Wondercotz’ reached maturity early, in the third week of June. ‘Kechpsar,’
a cultivar from Central Asia, had the latest ripening date on 24 September. All the other
cultivars reached maturity during July. The weight of the fruits (Figure 1a) ranged from
22.6 g in the American cultivar ‘Scout’ to 99.9 g in the European cultivar ‘Pastyrik.” The
highest average fruit weight (62.3 g) was recorded in East Asian cultivars, followed by
the European cultivars (56.3 g), while the Central Asian cultivars had the lowest average
fruit weight (34.6 g). The color of the fruit varied within geographical groups of cultivars,
with the exception of Turkish cultivars, in which the yellow color of the skin prevailed.
The shape of the fruit had no specific trend. The size of the flesh ranged from 6.5 mm
(Scout) to 16.8 mm (Pastyrik). The average values for geographical groups ranged from 9.3
to 11.6 mm with an increasing size from Turkish, Central Asian, American, East Asian to
European cultivars. The color of the flesh was mostly light orange or orange. In case of
Turkish cultivars, a lighter color than in other geographical groups was determined. The
average weight of the stone among geographical groups corresponded with the average
fruit weight, ranging from 2.5 g in Central Asian cultivars to 3.9 g in East Asian cultivars.
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Table 1. The pomological traits of apricot cultivars. Data are displayed as the mean =+ standard deviation of ten replications in 2018-2021. In the columns, the
mean values followed by different letters are significantly different (p < 0.05) based on post-hoc analysis of the Kruskal-Wallis test by multiple comparison of mean
ranks for all groups (a ... p). * I—white, 2—cream beige, 3—yellow, 4—light orange, 5—orange, 7—deep orange; ** 1—deformed, 2—flat, 3—rounded, 4—oblong,
5—elliptical, 6—triangular, 7—cordate, 8—strongly elliptical; *** 1—white, 2—light beige yellow, 3—cream, 4—yellow, 5—light orange, 6—orange, 7—deep orange.

. Date of Maturity . . Colour of Shape of . Colour of . Soluble Solid Content Weight of

Genotype Origin (2021) Weight of Fruit (g) Fruit * Fruit ** Size of Flesh (mm) Flesh *** Weight of Stone (g) R Kernel (g)
Early Blush American 27.7 38.6 £  1.73bodefghijk 7 7 114 + 0.5 Mijkimn 5 27 £ 02fshiiklmne 153 4 0.4 8K 09 + 010
Goldrich American 15.7 50.5 + 3.18 4 5 103 +  04@bcdefghi] 6 39 =+ 0.2 0P 137 + 0.6 #bedebed 1.0 + 003
Harcot American 19.7 475 + 2,0 defehijkl 4 7/8 113 +  02fehijklmn 6 31 +  01shijklmno 133 4+ g5abedefghi 08 + 0.10
Harlayne American 19.7 454 + 2.5 defghij 5 8 109 + 0.5 efshiikl 6 34 =+ 0.1 tiklm 144 + 0.3 efehi 09 =+ 0.10
Orangered American 87 647 + 4.0 ¥k 4 5 149 + 03n 5 29 + 0.1 fahvijkl 131 + 0.4 abedetei 1.1 + 010
Scout American 19.7 226 + 1.1 @be 2 4 65 + 032 6 26 £ 0.19efghijk 121 +  042bedefsi 08 =+ 0.04
Stgéfgély American 157 195 + 3.3 8hiil 1 3 114 £ 038hijkimn 5 35 &  028mnop 144 & 06cdeishi 12 & 005
Stella American 19.7 48.0 + 2.2 fghijl 5 5 124 + 6 39 + 0.2 lmnop 130 £  043bodefsi 11 £ 007
Achrori C:;Zil 7.7 429 + 1.6 cdefshi 5 2/5 105 + 0.3 defghijk 5 27 + 0.1 efghijk 111 + 0.3 07 + 004
Gvardejskij (jf;;fl 28.6 262 + 082 3 8 81 =+ 0.2 2edesg 3 17 + 0.03 2c¢ 124 + 0.4 2bedef 06 =+ 001
Kechpsar C;;ggl 249 264 + 0420 4 2 83 =+ 0.2 2bedeg 5 27 £ 0.19efghiik 181 + 0.5 1k 09 + 003
Lagerdi Mashhad C{fg;rsl 19.7 343 + 1.4 2bedef 3 3 142 + 0.3 2cds 7 26 =+ 0.1 biiklm 143 + 0.5 efahi 0.8 =+ 0.10
Marena %;:ﬁl 27.7 314 + 1.3 2bcdef 5 3/4 71+ 0.42<8 6 31 +  01hbikimno 157 + 0.7 behij 09 + 010
Roxana Central 257 466 +  529elshijkl 7 2 104 £ pedermiiime 5 23 4 Qlshedefghii 120 +£  4shedefsi 06 + 003
Chuang Zhi Hong i;?n 27.7 701 + 447K 5 5 140 + 0.3 bmn 7 28 + 0.1 behijk 142 £  0.6Pedefshiik 09 £+ 010
Chuangxing E;Z; 15.7 83.6 + 27! 4 3 125 + 0.6/kimn 5 67 =+ 03P 127 + 0.8 abcdef 14 + 010
Inbeixing f;;; 9.7 55.7 + 1.8 hijkl 7 3 138 + 0.4 klmn 7 42+ 0.1 0P 115 + 0.3 2baf 13 + 020
Liaoning E;Ztn 21.6 702 + 3.2k 4 3 76 + 0.6™n 7 32 +  01%bedefghi 153 &+ (3bodefghi 1.0 £ 010
Saimaiti f;;; 15.7 319 + 1.4 abed 3 5 90 +  04abedeigh 5 26 +  01°%efshij 154 + 0.4 idk 08 + 020
Ananasova European 22.7 51.1 + 2.2 hijkl 7 2 9.1 =+ 0.6 ¥bedefgh 7 34 =+ 0.1 tikbmnop 142 + 0.3 bedetghi 1.0 + 004
Bohuticka Buropean 19.7 55.8 + 2.8 ikl 5 3 115 + 0.6 iklmn 6 44 + 0.1 7P 124 + 0.2 2bedef 14 + 010
Karola European 7.7 296 + 1.3 2bedefs 7 4 100 =+ a,b,c,d,&gh/i,j,k/l 5 20 +  01%bedefgh 138 & p5abedefghii 07+ 0.04
Pastyrik European 30.6 999 + 48! 7 4 168 + 05" 7 62 + 03° 120 + 07 2bedefsi 1.0 + 010
Pozde kvetouci  European 28.6 60.7 + 2.2 ikl 4 3/5 128 + 0.3 iiklmn 6 26 £  01bedefghij 135 &+ 4abedefsi 05 + 010
Pozdni chramova  European 27.7 58.3 =+ 2.3 bkl 4 5/8 10.1 + 0.5 cdefghi 5 40 + 0.1 kbmno 160 + 0.5 defghi 1.1+ 0.04
Velkopavlovicka ~ European 19.7 479 + 1.3 ebghijl 4 5 10.1 £ 0.5 ¥bedefghi 6 34 =+ 0.1 Wikbmnop 126 + 0.4 abedelei 09 <+ 004
Wondercot European 236 469 =+ 1.1 debghijl 4 8 124 + 0.2 iiklmn 6 22+ 0.1 2bcdety 135 + 0.9 abedefe 08 + 0.04
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Table 1. Cont.

Genotype Origin Date (()Zfol\z/lle;turlty Weight of Fruit (g) Cglr?llil,‘r *Of SF}; zli)te ;,tf Size of Flesh (mm) %J:s;: i,?*f Weight of Stone (g) Soluble ??11113 Content I‘;V: rl f:lt(;
Hacihaliloglu Turkish 27.7 320 + 1.4 2bed 3 3/5 83 =+ 0.3 2bcdes 4 24 =+ 0.1 bedefgh 182 + 1.20k 08 <+ 0.03
Hasanbey Turkish 27.7 438 + 1.1 defghi 3 5 104 +  0.29bodebghijk 5 32 + 0.1 Hkbmno 220 + 07k 09 =+ 004
Kabaasi Turkish 15.7 38.7 + 0.8 bedeleh 2 3 103 +  0.0bodedshij 5 40 =+ 0.1 mmop 123 + 0.4 abedef 16 + 020
Salak Turkish 19.7 465 = 2.4 defghi 3 8 99 =+ 0.3 #bedefghi 2 23 £ 0.1 #bedefgh 144 + 0.5 2bedefgi 08 £ 0.04
Sekerpare Turkish 27.7 248 + 142 3 5 84 &+ 0.2 2bcdes 3/4 21 =+ 0.1 abedef 26.1 + 0.6k 07 £ 0.04
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Table 2. The average pomological traits for the geographical groups of apricots. No significant
differences (p < 0.05) were detected within the pomological traits based on the Kruskal-Wallis test.
* 1—white, 2—cream beige, 3—yellow, 4—light orange, 5—orange, 7—deep orange; ** 1—deformed,
2—flat, 3—rounded, 4—oblong, 5—elliptical, 6—triangular, 7—cordate, 8—strongly elliptical;
*** 1—white, 2—light beige yellow, 3—cream, 4—yellow, 5—light orange, 6—orange, 7—deep orange.

Gro Date of Weight of Colour Shape of Size of Colour of Weight of Soluble Solid Weight of
up Maturity (2021) Fruit (g) of Fruit * Fruit ** Flesh (mm) Flesh *** Stone (g) Content (°Rf) Kernel (g)
American 17.7 458 £ 4.20 4 5 111 £ 0.80 5/6 33 =+ 020 137 =+ 040 1.0 &£ 0.10
C;;:;l 12.7 346 =+ 3.50 4/5 4 98 £ 1.00 5/6 25 £ 020 138 = 1.10 08 =+ 0.10
f;;; 17.7 623 + 880  4/5 4 13 £+ 130 6 39 + 080 138 + 080 11 =+ 010
European 14.7 563 + 710 5 4 116 £ 090 6 35 + 050 135 + 050 09 £ 010
Turkish 23.7 372 +  4.00 3 5 94 + 050 4 28 + 040 186 + 250 1.0 £+ 020
80 o 25
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Figure 1. (a) The average weight of fruit (g); (b) The average soluble solid content of the fruit (°Rf) in
the selected geographical groups of apricot cultivars.

From these results, the ratio of the weight of a stone to the whole fruit was calculated
and ranged from 6.2 to 7.5%. The values increased in order from the European, East Asian,
American and Central Asian to the Turkish geographical groups of cultivars.

The soluble solid content (°Rf) highly affects the taste of the fruit in sense of sweetness;
in other words, this parameter is an important qualitative indicator defining the sugar
content and affects the selection of the cultivar for the cultivation and use of fruits. Higher
values are required if the fruit is processed (e.g., drying or canning). The values of soluble
solid content ranged from 11.1 °Rf (Achrori) to 26.1 °Rf (Sekerpare). The average values of
the soluble solid content in the different geographical groups (Figure 1b) were very similar,
ranging from 13.5 to 13.8 °Rf. The only exception was the group of Turkish cultivars, which
highly exceeded the other groups with an average soluble solid content of 18.6 °Rf.

3.2. Genome Size Estimation

The genome sizes of all studied P. armeniaca cultivars and three botanical species
related to P. armeniaca were estimated after the flow cytometric analysis of propidium
iodide-stained nuclei. All analyses resulted in histograms of relative DNA content with
two dominant peaks corresponding to the G nuclei of apricots and Raphanus sativus, which
served as the internal reference standard (Figure 2), and a smaller peak of the G, nuclei
of apricots. The 2C nuclear DNA content was determined based on the ratio of G; peaks’
positions and ranged for P. armeniaca from 0.587 pg/2C in ‘Orangered’ to 0.644 pg/2C in
‘Bohuticka.” The average values of the genome sizes of the analyzed species are shown in
Table 3. No significant differences were observed in the geographical groups (Figure 3). The
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highest average genome size was observed in the Turkish geographical group of cultivars
(0.628 pg/2C). In comparison, the botanical species related to P. armeniaca reached values
in increasing order from P. mume (0.581 pg/2C) and P. ansu (0.608 pg/2C) to P. sibirica
(0.621 pg/2C), and the values were very similar to the nuclear content of P. armeniaca.

Table 3. The nuclear DNA content and monoploid genome sizes of the selected cultivars with
different geographical origins.

. . Average2C  Average 1Cx . . Average2C  Average 1Cx
Genotype Origin (pg DNA) (Mbp) Genotype Origin (pg DNA) (Mbp)
Early Blush American 0.610 4 0.001 298.5 Saimaiti East Asian 0.607 4 0.000 296.6
Goldrich American 0.605 4 0.002 296.0 Ananasova European 0.623 4= 0.004 304.7
Harcot American 0.608 £ 0.001 297.3 Bohuticka European 0.644 £ 0.002 314.8
Harlayne American 0.596 4 0.002 2914 Karola European 0.637 4= 0.001 311.4
Orangered American 0.587 4 0.002 286.9 Pastyrik European 0.615 4 0.001 300.7
Scout American  0.611 = 0.001 298.6 Pozde European  0.618 & 0.001 302.4
kvetouci
StarkBarly ) erican 0,632 + 0.001 309.0 Pozdni European  0.611 + 0.005 298.6
Orange chramova
Stella American 0.626 + 0.001 306.3 Velkopavlovicka European 0.631 + 0.001 308.3
Achrori C;;:SI 0.615 = 0.005 300.8 Wondercot European  0.614 + 0.001 300.0
. Central S .
Gvardejskij Asian 0.613 + 0.001 299.6 Hacihaliloglu Turkish 0.640 &+ 0.011 312.8
Central .
Kechpsar Asian 0.593 4+ 0.002 289.9 Hasanbey Turkish 0.630 4 0.001 308.1
Lagerdi Central 4 618 4 0.002 302.4 Kabaasi Turkish ~ 0.615 + 0.002 300.8
Mashhad Asian
Central .
Marena Asian 0.642 + 0.001 313.9 Salak Turkish 0.618 + 0.006 302.4
Roxana (f:;:;ﬂ 0.610 + 0.001 298.3 Sekerpare Turkish 0.636 + 0.000 311.0
Ch‘;?;‘fgzm East Asian  0.612 & 0.001 299.1 P. ansu 0.608 = 0.001 297.2
Chuangxing East Asian 0.623 4+ 0.004 304.6 P. mume 0.581 + 0.002 284.2
Inbeixing East Asian 0.596 £ 0.001 2914 P. sibirica 0.621 4 0.001 303.5
Liaoning East Asian 0.623 £ 0.001 304.9 Average 0.616 £ 0.015 301.3

3.3. Statistical Analysis

Some studies predicted that genome size variation could be changing together with
fruit size, similar to ploidy levels [12,31,32]. The obtained data were evaluated as possible
correlations between relative genome size and pomological traits. According to the results
of the Pearson x? test (Supplementary Material), the non-parametric statistical correlation
analysis was used to analyze the correlation between pomological traits, genome size and
the geographical origin of apricot cultivars.

The Spearman-rank correlation analysis showed no correlation between relative
genome size and weight of fruit (rs = —0.0623), between relative genome size and size
of flesh (rs = —0.2141) (Figure 4), between relative genome size and soluble solid content
(rs = 0.1750) or between relative genome size and weight of stone (rs = 0.0420).

In addition, a Spearman-rank correlation analysis was conducted of the weight of fruit
and the relative genome of the analyzed geographical groups (1—American, 2—European,
3—Turkish, 4—Central Asian, 5—East Asian). The normal distribution of the analyzed
data showed significant deviation (Table S1), which could be caused by a low number of
cultivars in each geographical group.

The Spearman-rank correlation analysis (Figure 4) of weight of fruit and relative genome
size showed low negative correlation for American cultivars (rs = —0.2857) and medium
correlation for at European cultivars (rs = —0.6786) and Turkish cultivars (rs = —0.7714). A
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high positive correlation was found for East Asian cultivars (rs = 0.8000) and no correlation
was found for Central Asian cultivars (rs = 0.0857). The Spearman-rank correlation analyses
showed that the genome size did not correlate with geographical origin (rs = 0.0369)
(Figure 5).

500

A B
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Prunus armeniaca cv. Harcot
Prunus armeniaca cv. Gvardejskij

Raphanus sativus cv. Saxa
Raphanus sativus cv. Saxa
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Figure 2. A histogram of the relative nuclear DNA content obtained after a flow cytometric anal-
ysis of propidium iodide-stained nuclei isolated from P. armeniaca ((A)—Harcot, (B)—Gvardejskij,
(C)—Kechpsar, (D)—Kabaasi) together with internal standard Raphanus sativus cv. Saxa.
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Figure 3. The average nuclear DNA content (2C) for the geographical groups of apricots. The vertical
lines refer to the standard deviation.
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Figure 4. The correlations between relative genome size and (a) weight of fruit, (b) size of flesh,
(c) soluble solid content and (d) weight of stone.
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Figure 5. The correlations between relative genome size and the weight of fruit of (a) American,
(b) European, (c) Turkish, (d) Central Asian and (e) East Asian apricot cultivars. (f) The correlation
between relative genome size and the geographical origin of apricot cultivars.
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4. Discussion

The study of pomological traits is important for the future breeding of fruit species, and
similar studies have been introduced worldwide [33-37]. The pomological traits may differ
with regard to different geographical conditions. Saridas et al. (2019) [34] analyzed cultivar
‘Harcot,” where the weight of the fruit was 69.0 g. Kumar et al. (2015) [35] found that the
weight of the fruit of "Harcot’ reached 51.73 g. In our study, the value was 47.5 g. Similarly,
the soluble solid content may be also affected by climatic conditions. Gottingerova and
Necas (2020) [38] measured the fruit soluble solid content in 16 apricot cultivars planted
in the Czech Republic in the range from 10.4 to 19 °Rf, while Gurrieri et al. (2001) [39]
determined the soluble solid content in mature apricots from 8.7 to 22.4 °Rf and Saridas
et al. (2019) [34] at Turkish apricots from 5.8 to 18.4 °Rf. In contrast, Gecer et al. (2020) [40]
measured Turkish apricots values of soluble solid content from 13.0 to 22.3 °Rf. In our
study, the values for soluble solids ranged from 11.1 to 26.1 °Rf and the highest values
were measured in the Turkish geographical group of apricots. Thus, our results of soluble
solid content were similar to previous studies. The Turkish cultivars exceeded the highest
average values with high standard deviations, and thanks to their traits, they are suitable
for fruit processing. In previous studies, the pomological traits were supplemented with
genome size analysis [41]. This fundamental parameter can be used in other genetic and
molecular biological studies [42]. In our study, 35 apricot cultivars were analyzed by flow
cytometry. According to Leitch (1998) [43], the relative genome size of P. armeniaca is very
small. The alternative method of genome size determination is genome sequencing [44], but
by this method, often only a part of genome is analyzed [3,44]. The information about the
genomes of specific varieties of apricots are limited so far. In flow cytometry, the measurable
value has to be related to a reference with a known genome size [30]. Arumuganathan and
Earle (1991) [18] measured by flow cytometry an average value of 0.61 pg/2C of apricot
cultivars with chicken red blood cell nuclei as internal standard. Li et al. (2020) [14] focused
on 124 apricot varieties from different geographical regions and used Medicago sativa L.
cv. Alfalfa queen as the internal standard. In our study, the internal standard Raphanus
sativus cv. Saxa was estimated as suitable to use because of the similar value of its genome
size. Similar to Li et al. (2020) [14], all analyzed apricot cultivars were diploid in this study.
The range of the apricot genome size was 0.597-0.673 pg/2C with an average value of
0.637 pg/2C in Li et al. (2020) [14]. The genome size of apricots in our study ranged from
0.581-0.644 pg/2C with an average value of 0.616 £ 0.008 pg/2C. Results showed that the
genome size tended to increase during evolution [45,46]. A great role in the domestication
of apricots has the Chinese origins [47]. The apricot cultivars with Asian origin reached
the lowest values of relative genome size in this study (0.615 pg/2C). We can compare
the value for Central Asian geographical groups, which Li et al. (2020) [14] determined as
0.640 pg/2C. In the opposite, Zhang et al. (2003) indicated the European Ecological Group
of apricot cultivars as the youngest ecological group. Li et al. (2020) [14] stated the highest
genome size values for the European geographical group of cultivars (0.661 pg/2C). In our
study, the European apricot cultivars reached the second highest average value of relative
genome size (0.625 pg/2C). The highest values of relative genome size were observed in the
Turkish geographic group of cultivars (0.628 pg/2C) which could be partly considered as
very related to the European geographical group. In comparison, the old botanical species
related to P. armeniaca reached values in increasing order from P. mume (0.581 pg/2C) to
P. ansu (0.608 pg/2C) to P. sibirica (0.621 pg/2C). Thus, our results confirmed the tendency
of an increasing genome size during evolution. The relative genome size of cultivar ‘Sai
mai ti” was 0.670 pg/2C in the study of Li et al. (2020) [14], while in our study, the genome
size reached 0.607 pg/2C. This high discrepancy in genome size of the same cultivar from
different studies might be due to the use of different internal standards in each study.
Raphanus sativus cv. Saxa was used in our study, while Li et al. (2020) [14] used Medicago
sativa L. cv. Alfalfa queen.

Kolano et al. (2012) [20] also mentioned a possible correlation between relative genome
size and geographical location (altitude, latitude), temperature and rainfall. Li et al.
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(2020) [14] found no correlation (very low negative) in wild genotypes of P. armeniaca
between genome size and longitude, altitude and latitude. We divided the analyzed apricot
cultivars into five groups according to their origin (American, European, Turkish, Central
Asian and East Asian), and no correlation between relative genome size and geographical
groups were found in this study (rs = 0.0369). The normal distribution of data proved
that more cultivars in each geographical group need to be analyzed in a more detailed
future study.

In addition, a correlation analysis was used to assess the correlations between the
weight of the fruit and genome size (r; = —0.06231) and the size of the flesh and relative
genome size (rs = —0.2141). The results indicate no (very low negative) correlation. After
dividing the cultivars into geographical groups, the correlation analysis was negative for
American, European and Turkish cultivars, and a highly positive correlation was found for
East Asian cultivars. The results indicated a difference in relationship between the size of
the fruit and the relative genome size with regard to the geographical origin of the apricot
cultivars. However, this indication needs to be supported with more detailed analyses.

5. Conclusions

Valuable data and information for a better understanding of pomological traits and
genome size variation within Prunus armeniaca cultivars were obtained in this study. The
genome size is measurable information used in breeding because of its utilization in studies
of the evolutionary relationship between plant species and their varieties. The results of
this study supplement the already available information of pomological traits and genome
size of known apricot varieties. We observed diversity in pomological traits between and
within different geographical groups of apricot cultivars using the Kruskal-Wallis test with
a post-hoc multiple comparison of mean ranks for all groups” analyses. In addition, the
correlation between pomological traits and relative genome sizes was analyzed using the
Spearman-rank correlation method (correlation coefficient, rs). The obtained values of
the relative genome sizes were lower than for cultivars planted in China, but the trend
of values was similar. This study can be useful in future research focused on the genetic
diversity of apricots.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
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all analysed apricot cultivars, Table S1: Parameters of Pearson x test used for all analysed apricot
cultivars, Table S2: Parameters of Pearson X2 test used for weight of fruit and relative genome size of
geographical groups of apricot cultivars (n indicates number of cultivars).
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