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Abstract:

Plum (Prunus salicina L.) includes more than 20 species with morphological variations, a wide
genetic variety and nutrient qualities that are beneficial to human health. The properties of plum
fruit cultivars that are influenced by their genetic profile can be used for effective evaluation.
In order to identify chemical constituents and genetic relations among ten plum cultivars grown
in Egypt, studies were carried out on the chlorophyll in leaves, some physiological
characteristics of fruits, chloroplast (cpDNA) and mitochondrial DNA (mtDNA). Significant
differences were observed in chlorophyll a, chlorophyll b and carotenoids in plum leaves, as
well as total sugar, total soluble solids (TSS), pH and titratable acidity (TA) among plum
cultivars. Five cpDNA regions (trnL, trnL- trnF, trnH-psbA, matK and rbcL) and two mtDNA
regions (nad4 and nad9) were amplified. Among the loci, the PCR success rate varied greatly;
the locus nad4 in the mitochondria had the greatest success rate 100 % followed by the
chloroplast loci rbcL and matK 60%, then (trn L, trnL- trnF, trnH- psbA and nad9) with a
success amplified rate of 50%. This study supports the applicability of the coDNA and mtDNA
markers to detect and identify the cytoplasmic variation in plum trees. The study will contribute
to the knowledge about Prunus salicina cultivars and will be helpful in expanding the plum
gene pool, which can be utilized in future plant breeding programs for the improvement of
existing plum cultivars.

Keywords: Plum, Fruit quality, Genetic diversity, cpDNA, mtDNA.
1. Introduction

Plums (P. domestica and P. salicina) have been cultivated for over 2000 years all over
the world. It has colorful fruits that can be eaten in both fresh and processed versions. The
hexaploid European plum (Prunus domestica L.) and the diploid Japanese plum (Prunus
salicina L.) have the most significant commercial varieties. Plums belonging to the subgenus
Prunophora are considered important for Prunus evolution because they contain more than 20
species with wide range of morphological variations [1]. All irrigated regions of the world,

including Egypt, are suitable for cultivating plums. In Egypt, the overall area under cultivation
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for plums (mainly European cultivars) recorded an increase from 1056 hectares in 2016 to 1373
hectares in 2020 and the whole annual production raised from 12187 tonnes in 2016 to 17864
tonnes in 2020. Egypt ranks 42nd in terms of plum output in 2020 [2].

Furthermore, cultivars that have been introduced and are known for their fruit quality
primarily represent commercial production [3]. Most commercially important cultivars release
little amounts of volatile scent compounds [4], so sweetness and sourness contribute most to
plum flavors [5] and consumer acceptance [6]. Most genomic studies has increased to
characterize and analyze genetic diversity and the preservation of fruit species germplasm

resources using morphological traits and molecular markers [7, 8].

The nuclear DNA is typically utilized for evaluating the variation and relationships of
different species. Early diversity analysis used RAPD markers [9] also, SSR markers produced
in Japanese plum [10] and other Prunus species [11]. It is possible to estimate genetic
relationships because Japanese plum cultivars exhibit significant levels of variety.

Additionally, there are two uniparental inherited cytoplasmic genomes called the
chloroplast (cp) and mitochondrial (mt) genomes. As a result, they provide a potential supply
of markers for evolutionary and ecological studies [12]. The genome of Prunus species was
remarkably conserved throughout the evolutionary process, based on the genetic relationship
among both chloroplast and mitochondrial DNA. These results are critical for assessing the
diversity of chloroplast and mitochondrial genomes in different Prunus species and genotypes
to give in-depth understanding of the organelle DNA [13].

The chloroplast genome is highly conserved throughout all plant species due to the
absence of recombination. Several sequences will act as "repetitive” DNA in whole DNA
preparations because the cpDNA in the cell has a high copy number and makes up between
10% and 15% of the total DNA [14]. Chloroplast DNA is commonly used for molecular
identification today. For instance, three DNA barcodes, such as matK, rbcL, and the trnL-trnF
intergenic spacer have been used to molecularly identify plants [15, 16, 17, 18, 19].

The ribulose bisphosphate carboxylase large chains and maturase K are respectively
encoded by the rbcL and matK sequences, however the trnL-trnF intergenic spacer does not
encode any protein with solely functions as a spacer across two genes, such as the trnL and
trnF genes. The trnL-trnF intergenic spacer has a higher level of variation in plants than matK
and rbcL, making it easier to distinguish between different plant species [15]. Characterization
of the cytoplasm in plants depends on the assessment of chloroplast DNA (cpDNA) diversity.

Studies on cpDNA diversity are also essential for population genetics and
phylogeographic analysis of rare, endemic and endangered varieties [20]. Additionally,
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cpDNA's conserved structure and low nucleotide replacement rate are crucial for phylogenetic
investigations [21]. In addition to being the main site of ATP generation in plants, mitochondria
also play a significant role in nitrogen uptake, amino acid production, plant growth, yield,
fertility and resistance to disease [12].

Compared to chloroplast DNA, mitochondrial DNA has undergone less evolutionary
conservation throughout the plant kingdom. However, mtDNA gene sequences within a species
only sometimes undergo point mutations. This is most likely caused by the fact that DNA
recombination process exists in plant mitochondria, which enables mutant copy correction. In
both angiosperms and gymnosperms, mitochondria primarily display maternal inheritance,
while there are a few rare cases of paternal inheritance [22].

This DNA also behaves as ‘repetitive’ DNA component in total DNA preparations.

Mitochondrial genes are a potential alternative because they typically do not duplicate and
evolve generally faster than nuclear genomes [23, 24, 25]. In contrast, genes encoding for some
conserved protein genes may be simple to align and protected enough to infer ancient
phylogenetic relationships [23]. Nicotinamide adenine dinucleotide dehydrogenase (NADH)
has been hypothesized to be the most conserved group of Amoebozoa mitochondrial genes [26].

The present study used ten plum cultivars grown in Egypt to be characterized based on
their physiological traits and organelle genetics to evaluate biodiversity among the various
cultivars. The study will contribute to the knowledge about the Prunus salicina cultivars and
will be helpful in expanding the plum gene pool, which can be utilized in future plant breeding

programs for the improvement of existing plum cultivars.

2. Materials and methods
2.1 Sample collection
Ten plum cultivars (Prunus salicina L.) cultivated in Egypt were collected from El-
Kanater El-Khairia, Agriculture Research Center, Egypt and from private farms located in El-
Menofia governorate and Alexandria Desert Road, Egypt (Table 1, Fig. 1). For fruit sampling,
fruits of same size and same growth days for each cultivar that were free from any type of
diseases, pests or mechanical damage were selected. Figure 1 showed the variability in fruit

characteristics of plum cultivars such as fruit shape, skin and flesh color.
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Table (1): List of plum (Prunus salicina L.) cultivars analyzed.

No. | Accessions | Origin No. | Accessions | Origin
. . ) Brooks of Modesto, California
1 |Africanrose | ARC Infruitec, South Africa [27, 28]. 2 Hollywood 201
3 |Pioneer ARC Infruitec, South Africa [27, 30] 4 Santa Rosa | Burbank, USA [27, 31]
Golden ARC Infruitec, South Africa
5 Imported from Japan [27, 31 ] 6 Songold
Japan [27]
7 |Methley Burbank, USA [27, 31] 8 Kelsey Imported from Japan [27]
9 |Climax Burbank, USA 10 | Celebration | South Africa [[30, 32]

20 99 29
50 g8 00

Africanrose Hollywood Pioneer Santa Rosa Golden Japan
aeo . o9
o ‘“
. ’

Songold Methley Kelsey Climax Celebration

Figure (1): Variability in the phenotypic feature of ten plum cultivars' fruit showing fruit form, skin
and flesh color.
2.2.1 Photosynthetic pigments
Using the Lichtenthaler and Buschmann [33] technique, the amounts of carotenoid
and chlorophyll a and b were measured in fresh leaves. Fresh tissue was extracted in 80%
ethanol. Using a spectrophotometer, the optical density of the solution was measured at 664,
649 and 470 nm for chlorophyll a, b and carotenoids.
2.2.2. Fruit quality analysis.
Total sugar concentration was estimated as the protocol of Miller [34]. Fruit samples
(one gram) were extracted in five ml of 80% ethanol, followed by centrifugation at 2,000 g.
Then 0.5 ml of 1% 3, 5-dinitrosalicylic acid solution was added to the collected supernatants,
then mixture was incubated for five minutes in a boiling water bath. The mixture's absorbance

was measured at 515 nm colorimetrically by V-630 spectrophotometer.

-110 -



Hasnaa. H. Al-Agwany et al. J. Sci. Res. Sci., 2023, 40, (2): 107-133

Total soluble solids (TSS) concentration, titratable acidity (TA) and pH value were
evaluated by filtering the juice from a collective sample of three to five fruits. Digital pocket
Refractometer (model PAL-3; Atago, Bellevue, WA) was used to determine their (TSS)

concentrations.

Titratable acidity (TA) was estimated by a manual burette titration of fruit juice using
5 mL of the prepared juice sample. The manually burette technique uses standard (0.1 N)
sodium hydroxide and phenolphthalein as an indicator. Since malic acid (MA) is the main acid
contained in plums, titratable acidity was reported as a percentage of MA [35]. The following

equation was used to determine the percent MA:

Percent acid = (milliliters NaOH) x (0.1 NaOH) x (0.067) x (100) / milliliters of fruit juice

Ascorbic acid (vitamin c) was estimated by the technique of Mau et al. [36]. One gram
of fruit flesh was grinded in 6% oxalic acid and then filtered. Ten ml of filtrate was mixed with
45ml of 3% oxalic acid solution. Ten ml of this filtrate was taken in 50 ml conical flasks and
titrated with 2-6 dichlorophenol indophenol (DCPIP) dye and the amount of ascorbic acid was

calculated:

mg/100 gm sample = (milliliters DCPIP x 0.085 x Total volume (55) x100) / (wt. x volume taken (10))

2.3. Molecular analysis
Molecular studies were completed at the Laboratory of Biotechnology Research,
Horticulture Research Institute, ARC, Egypt, throughout the period of 2019-2021.

2.3.1. DNA isolation

Young, fresh leaves of adult ten different plum cultivars trees are chosen, ground in
liquid nitrogen then frozen at -20 °C for DNA extraction and amplification. Total genomic
DNA was isolated from 100 mg of leaf tissues using cetyltrimethylammonium bromide
(CTAB) method with some modifications [37]. The samples were examined using 1.8%
agarose gel electrophoresis in 1X TBE (10 mM Tris-base, pH 8; 2.75 g/L boric acid; 1 mM
EDTA, pH 8), stained with 0.5 mg/ml ethidium bromide, then seen under UV light. Using a 1
kb DNA ladder, the approximate size of the amplified fragments was calculated. The mtDNA
was obtained using the methodology described by Nunzia et al. [38], with slight modifications
according to Said [39] method. About 0.5 g was added to the homogenization buffer [100 mM
Tris-HCI (pH 8.0), 1.5 M NaCl, 25 mM EDTA (pH 8.0), 0.2% BSA, and 56 mM -
mercaptoethanol] and centrifuged to pellet the mitochondria. To eliminate the nuclear DNA,

resuspend the pellet in a cold DNase | buffer. Mitochondria were pelleted by centrifugation at
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12,000 g for 15 min, then lysed in buffer containing 5% SDS, 50 mM Tris-HCI, pH 8 and 25
mM EDTA-HCI, pH 8. Add Proteinase K to a final concentration of 25ug/ml and incubate at
37°C for 60 min with gentle shaking. After the addition of 0.1 volume of 2 M ammonium
acetate, the nucleic acids were extracted with an equal volume of TE (10 mM Tris-HCI (pH
8.0), 1 mM EDTA) and saturated phenol/chloroform (1:1). The supernatant was precipitated at
-20°C for 1 h with 2 volumes of cold 100% ethanol and centrifuged at 15,000 g for 15 min,
then washed and air dried. The mtDNA was suspended in TE buffer and stored at - 20°C until
further use. Samples were analyzed using 1.5% agarose gel electrophoreses in a 1X TBE and

visualized under UV light after staining with 0.5 mg/ml ethidium bromide.

Table (2): The cpDNA, mtDNA primer sequences and annealing temperature (T2°C) used for

PCR-amplification for ten plum cultivars.

Size
T R References
Marker Primers Sequence 5°-3’ C) ange
(bp)
C CGAAATCGGTAGACGCTACG
56 607 [40]
D GGGGATAGAGGGACTTGAAC
E GGTTCAAGTCCCTCTATCCC
56 | 407-429 [40]
- F ATTTGAACTGGTGACACGAG
)
c_g_ trnH-psbA F | CGCGCATGGTGGATTCACAATCC
S 54 | 370-483 [41]
o trnH-pshAR | GTTATGCATGAACGTAATGCTC
e
O rbcL F
ATTACTTGAATGCGACTGCG 54 551-662 [41]
rbcL R GCCAAACATGAATACCACCT
matK F CGTACAGTCCATCTGGAAATCTTGGTTC 42]
60 835 42
matkK R ACCCAGTCCATCTGGAAATCTTGGTTC
< nad4 F CAGTGGGTTGGTCTGGTATG
= 60 | 117 [43]
'g nad4 R TCATATGGGCTACTGAGGAG'
o
S nad9 F AGTAAGTCTATTTCCATCAGCCG’
2 56 | 140 [43]
S nad9 R CACTCAGAGGAAGGTCTTTTCG

2.3.2. Polymerase Chain Reaction (PCR)

The PCR amplification reactions 25ul contained 20 ng template DNA, 1X PCR buffer,
2.5 mM MgCly, 1 uM of each primer (Table 2), 200 M dNTP mix and 1.0 U of Tag DNA
polymerase (Promega Corporation). However, PCR amplifications were carried out using the
Techni (TC-512) PCR thermo-cycle, which consisted of an Initial denaturation at 95°C for 4
minutes, followed by 35 cycles of amplification with denaturation at 94°C for 1 minute,
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annealing at 54-60°C for 2 minutes, extension at 72°C for 2 minutes and a final extension at
72°C for 10 minutes. The amplified products were electrophoresed on a 1.5% agarose gel
containing ethidium bromide (0.5 g/ml) using 1X TBE buffer at 100 V for an hour. The
amplified products were synthesized using cpDNA and mtDNA primers. The gel
documentation device was used to visualize and photograph the DNA fragments under UV

illumination.

2.4. Statistical analysis

The statistical analysis was performed among the different cultivars using statistical
package for the social sciences (SPSS) for Windows ver. 20.0. Means and standard deviations
were calculated for the studied parameters. The differences among different cultivars were
treated statistically using one way analysis of variance (ANOVA-1) and the means were
compared using Dunkan test [44]. The distance matrix was shown as a phonogram using the
unweighted Pair Group Method with Arithmetic Averages (UPGMA), employing the SAHN
(Sequential, Agglomerative, Hierarchical and Nested clustering) from the NTSYS-PC
(Numerical Taxonomy and Multivariate Analysis System), version 2.1 (Applied Biostatistics)

program [45].

3. Results and discussion
3.1. Biochemical analysis

3.1.1. Photosynthetic pigment content:

The variation in photosynthetic pigment content in plum cultivars' leaves was shown in
(Table 3). The contents of chlorophyll a, b and carotenoids were significantly differ in plum
cultivar leaves, with a range from 0.620 in Africanrose to 0.175 in Pioneer for chlorophyll a,
0.134 in Africanrose to 0.048 in Kelsey for chlorophyll b and from 0.017 in Celebration to
0.002 in Pioneer for carotenoids content. Total chlorophyll was significantly different among
cultivars where the higher content was found in Africanrose but the lower was found in
Celebration, Pioneer and Kelsey respectively. Plant pigments have a great importance in both
plant and human biology. . In plants, pigments play important roles in photoprotection
(carotenoids), photosynthesis (chlorophylls) and defense against several abiotic stresses
(anthocyanins) [46]. The breakdown of the chloroplast composition and the destruction of the
protein complexes of pigment may have contributed to the decline in photosynthetic pigments
[47]. The total chlorophyll content (Chla+Chlb) in the plum leaves was varied to different
rootstock and different seasons [48]. Murti¢ et al. [49] investigated that these differences in
chlorophyll content in leaves between cultivars can occur for several different reasons, one of

these reasons is the effect of genetic potential of a particular cultivar.
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Table (3):- Mean performance of photosynthetic pigments of ten plum cultivars studied.

Cultivars Chlorophyll a Chlorophyll b Total chl. Carotenoids

Africanrose 0.620+0.030a 0.134+0.006a 0.75+0.04a 0.011+0.004bc
Hollywood 0.310+0.020ef 0.084+0.004b 0.39+0.02e 0.005+0.002de
Pioneer 0.175+0.005¢ 0.059+0.004cd 0.23+0.01g 0.002+0.001e

Santa Rosa 0.550+0.050b 0.120+0.010a 0.67+0.06b 0.008+0.003cd
Golden Japan 0.410+0.020d 0.096+0.006b 0.51+0.03d 0.007+0.002cd
Songold 0.280+0.030f 0.053+0.003cd 0.33+0.03f 0.006+0.002de
Methley 0.325+0.005e 0.067+0.007c 0.39+0.01e 0.008+0.002cd
Kelsey 0.320+0.020ef 0.048+0.003d 0.37+0.02¢f 0.011+0.001bc
Climax 0.455+0.005c¢ 0.085+0.005b 0.54+0.01cd 0.013+0.003ab
Celebration 0.460+0.010c 0.090+0.020b 0.55+0.03c 0.017+0.002a
F-Value 95.079™" 34.226™" 148.72" 9.976™"

Means £SD, n=3 Means with the same letters in the same column are not significant different (Duncan’s test).

***:P<0.001

3.1.2 Fruit quality analysis.

3.1.2.1. Total soluble Sugar

Total soluble sugar content is thought to be a key indicator of fruit quality [50]. The
sugar content of plum varieties (Fig. 2A) varied significantly, ranging from 33.56 % in Golden
Japan cultivar to 13.67 % in Kelsey cultivar, respectively. The hierarchy was as follows:
Golden Japan > Santa Rosa > Hollywood > Pioneer > Celebration > Climax > Methley >
Songold > Africanrose > Kelsey. Many mature fruits, like plums, have an abundance of soluble
sugars in their flesh and the amount of sugar to organic acid in a fruit's flesh greatly influences
how it tastes [51]. The sugar content of plums can alter significantly as they develop because
they are climacteric fruits as reported by Minas et al. [52]. Fruit quality depends on sugars
since they immediately affect tasting, which influences customer acceptability [53]. The
primary sugars found in the flesh of ripe plums are in soluble form [54, 55]. However, there is
a lot of diversity amongst plum cultivars in terms of the total amount of soluble carbohydrates
per gram of fresh weight of the flesh [56, 57]. Rezica et al. [58] reported that sugar content
ranges from 10.19 % to 11.89 % in cultivars, which is less than the values that were observed.
The amount also exceeds that which was previously reported by Dugalic et al. [59] in plum
fruits as 11.1% to 16.7%. Fruit ripening causes complex carbohydrates to break down into
sugars, decreases fruit hardness, changes in colour and titratable acidity while increasing
flavour and scent [60]. The mechanisms of sugar buildup and the level of sugar metabolism

enzyme activity in different cultivars can be attributed to regulated hormonal responses [61].
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Significant differences in sugar concentration among cultivars may have been caused by

genetic or phenotypic characteristics, as well as maturity/ripening stage [62]. In general,

cultivars with high total sugar content were chosen for further breeding to provide customers

with plums of superior nutritional value [63].
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Figure (2): Mean performance of fruit quality characteristics of ten plum cultivars; A- Total

sugars%, B- Total soluble solids%, C- pH value, D- Titratable acidity% and E-

Ascorbic acid (Vit.C) (mg100/g f.wt)

3.1.2.2. Total soluble solids (TSS)

Total soluble solids content of different plum cultivars are showed in (Fig. 2B).

Celebration cultivar showed the greatest TSS value (16.53 %), while the lowest value (10.13

%) was seen in Climax cultivar. The order of the hierarchy of total soluble solid was

Celebration> Hollywood> Kelsey> Santa Rosa> Africanrose> Pioneer> Methley> Golden

Japan> Songold> Climax. Numerous researches have revealed the genotypic heterogeneity in

-115-




Hasnaa. H. Al-Agwany et al. J. Sci. Res. Sci., 2023, 40, (2): 107-133

the total soluble solids concentration in various cultivars (Patel et al. [64] on cherry; Kaur et
al. [65] on guava). The variance may result from the morphological and genetic makeup of
some cultivars, which may have required food consumption and increased carbohydrate
absorption into the fruit, leading to the production of larger fruits with greater TSS [66]. The
present result was in agreement with Qiu et al.[67] who reported that TSS ranged from 9.63%
to 14.30% in different plum cultivars and Zezulov et al. [68] who found a range of 12.5% to
24.5% in different plum cultivars with different rootstocks. The values reported in this work
were quite similar to those reported by Hassan et al. [28] in different plum cultivars. The
previous reports of Kumar et al. [69] observed higher TSS content (21.1%) in different plum
cultivars. Where, Saridas et al. [61] stated that TSS varied between plum cultivars but declined
with advanced maturation.

3.1.2.3. Titratable acidity (TA) and pH

Total acid content (TA) was significantly varied between plum cultivars (Fig. 2D).
Generally, it ranged from 0.83 to 1.94 where Climax, Santa Rosa and Africanrose cultivar have
higher amount of (TA) but Celebration, Songold and Pioneer cultivars have lower amounts of
TA, respectively. All cultivars were found to have slightly high pH values (Fig. 2C).
Regardless of the cultivar, no significant difference between all cultivars which ranged from
3.42 t0 3.95. The genotypic variability in TA concentration in diverse plum cultivars, which is
a hereditary characteristic of each variety, has also been demonstrated by numerous
researchers, Giindiiz and Saracoglu [70] stated a significant difference in TA between
accessions and cultivars of plum (Prunus cerasifera). Zezulové et al. [68] reported that TA
ranged from 0.53 to 2.37 in different plum cultivars with different rootstocks. The outcomes
are consistent with earlier observations by Kumar et al. [69], who studied a cultivar of plum
and found a reduced TA content (0.69%). Higher acidity was found in a variety, which may be
related to the variety's genetics and environmental factors that favor an increase in acidity
content [69]. With the low TA level, all cultivars were found to have slightly high pH values
(Fig. 2C). Regardless of the cultivar, there was no significant difference between all cultivars
which ranged from 3.42 to 3.95. These results in agreement with those obtained by Kitzberger
et al.[71] who find that TA ranged from 0.62 to 2.47 % and pH ranged from 2.83 to 4.02.

3.1.2.4. Ascorbic acid (vitamin C)

In this study, Africanrose and Climax fruit had the highest ascorbic acid (AA) content
(12.50 mg/100 g FW), while Golden Japan fruit had the lowest (10.63 mg/100 g FW) (Fig. 2E)
but there is no significant difference between ascorbic acid content for plum cultivars. One of
the most vital substances for the human body is ascorbic acid, also known as vitamin C.

Compounds containing antioxidant properties, such as vitamin C which is an essential fruit
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component in terms of nutrition [72]. Ascorbic acid was present in significant levels in the
majority of the fruits [73]. The results disagreed with YU et al. [74] who found that the ascorbic
acid levels in the 13 selected cultivars varied significantly, demonstrating that plum cultivars
cultivated in subtropical climates have a higher ascorbic acid content than those grown in other
regions and Gundogdu et al. [75] who found a significant variance in the amount of ascorbic
acid in different apricot cultivars. In several crops, such the Japanese plum [76] and the apricot
[77], an increase in ascorbic acid was noted as the fruit ripened.
3.2. Molecular analysis
3.2.1. Amplification of chloroplast DNA (cpDNA)

Polymorphic coding and noncoding regions of the chloroplast DNA were investigated
in ten cultivars of Prunus salicina cultivated in Egypt. Primarily, cpDNA was amplified using
five sets of universal primers. The noncoding trnL- trnF region was successfully amplified in
ten plum cultivars. Two primer combinations were utilized separately since there was
sequencing difficulty in the entire trnL-trnF region. The (C+D) primers amplified the trnL
intron, whereas (E+F) primers amplified the partial trnL gene and trnL-trnF regions. (Fig. 3).

The PCR amplification of the (C+D) was successfully obtained for (Santa Rosa,
Songold, Methley, Kelsey and Climax) cultivars, but it was not successful for (Africanrose,
Hollywood, Pioneer, Golden Japan and Celebration) cultivars. The amplified trnL gene's length
was 607 bp. Further, the partial trnL gene and trnL-trnF regions, were amplified by PCR using
the (E+F) primer and were successfully obtained for cultivars (Golden Japan, Methley, Kelsey,
Climax and Celebration). Meanwhile, amplification was not successful for (Africanrose,
Hollywood, Pioneer, Santa Rosa and Songold) cultivars. The length of the amplified fragment
was ranged from 407-429 bp. The present PCR tests revealed that some of the study plum
cultivars had success amplifying the non-coding trnL-trnF region, whereas other cultivars had
less success. It has been observed that specific intron deletions have occurred in other
chloroplast genes [78, 79]. There is already evidence of group | and group Il intron loss in
plants, and mammals [80, 81]. Intron loss may also result from in-frame intron deletion and
simple genomic deletion [82]. The trnH- psbA intergenic region was successfully amplified by
PCR for (Africanrose, Hollywood, Kelsey, Climax and Celebration) cultivars. On the other
hand, the amplification was not successful for (Pioneer, Santa Rosa, Golden Japan, Songold
and Methley) plum cultivars. The samples contained a variety of PCR products, ranging from
370-483 bp. (Fig. 3). Nucleotide alterations as single-nucleotide substitutions may be the cause
of the failure of PCR amplification of the trnH- psb-A intergenic region for some cultivars [83].
Amplification of matK coding region was successful in all plum cultivars except (Pioneer,

Methley, Kelsey and Climax) at length of 835 bp, where amplification of rbcL coding region
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was successful in all cultivars except (Hollywood, Pioneer, Songold and Methley) cultivars
ranged from 551-662 bp length (Fig. 3).

trnH-PsbA primer mat-K primer

rbcl primer

Figure (3): Agarose gel showing PCR product of chloroplast noncoding trnL- trnF region (C-
D) and (E-F) primers, trnH-psbA intergenic region and coding matk, rbcL, regions for
ten plum cultivars. Lanl: Africanrose, 2: Hollywood, 3: Pioneer, 4: Santa Rosa, 5:
Golden Japan, 6: Songold, 7: Methley, 8: Kelsey, 9: Climax, 10: Celebration.

Figure (4): Agarose gel showing PCR product of mitochondrial coding nad4 and nad9 regions
for ten plum cultivars. Lanl: Africanrose, 2: Hollywood, 3: Pioneer, 4: Santa Rosa, 5:

Golden Japan, 6: Songold, 7: Methley, 8: Kelsey, 9: Climax, 10: Celebration.

-118 -




Hasnaa. H. Al-Agwany et al. J. Sci. Res. Sci., 2023, 40, (2): 107-133

3.2.2. Amplification of Mitochondrial DNA (mtDNA)

Amplification of nad4 coding region was successful in all plum cultivars at range
length of 117 bp, whereas amplification of nad9 coding region was successful in all cultivars
except (Santa Rosa, Songold, Methley, Kelsey and Climax) plum cultivars at a range length of
140 bp (Fig. 4).

All ten plum cultivars' DNA extracts were used in the PCR process. Among the loci,
the PCR success rate varied greatly; the locus nad4 in the mitochondria had the greatest success
rate, at 100%. The following-best PCR success rate was demonstrated in chloroplast loci rbcL
and matK at (60%) and success amplified rate at (50%) with other loci (trn L, trnF, trnH- psbA
and nad9) as dictated in (Fig. 5).
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80.00%  71.42% 71.42% 71.42% 71.42%
~ 70.00% . .
S 60.00% 57.14% 57.14%
S .
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Cultivars

Figure (5): Cultivar amplification ratio against cpDNA and mtDNA primers.

Mitochondria are abundant in cells so most taxa inherit via a maternal line of descent,
mtDNA is a great and helpful marker for rebuilding the systematic evaluation and
phylogenetics of species since evolution happens at a relatively faster rate [84]. Numerous
studies using various mtDNA genes have investigated the genetic variance of plum cultivars,
such as Mustapha et al. [85], which exhibit little intra-specific sequencing variation. In the
current study, we compared the genetic variations in the mtDNA, nad4 and nad9 genes in the
current study. The nad9 gene has higher genetic variation than the nad4 gene, indicating that
it is more variable and valuable for researching genetic diversity in the Prunus salicina L
species. Our results showed the importance of chloroplast markers in detecting polymorphisms
because mtDNA shows less variation than cpDNA. These results are in agreement with those
obtained for Tunisian plum cultivars [85]. Palmer [86] hypothesized that the slower rate of
nucleotide substitutions in mtDNA relative to cpDNA may be the cause of the low variety of

mtDNA. The fact that the evolutionary changes in mtDNA differ from those in cpDNA shows
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that the mitochondrial genome is conservative, and that the development of mitochondrial
organelle genomes proceeds slowly. This strongly suggests that the chloroplast genome is
highly diverse. The regulated presence or absence of a few restriction sequences is definitely
consistent with insertions or deletions [13].

In addition to an investigation of genetic diversity through the classification of variations,
molecular systematic information offers a richer understanding of genetic structure [87]. The
genetic variability of Prunus species has been investigated in earlier studies utilizing RAPD
[88], SSR technique [89], ISSR [90], cpDNA (trnL-trnF, atpB-rbcL and rps16-trnQ) regions
[91], internal transcribed spacer (ITS) region [92] and cpDNA trnL-F region [93]. Moon et al.
[94] show that polymorphisms in chloroplast DNA (cpDNA) have better resolution levels than
nuclear markers, making it a good alternative for comparative genomic information. Since non-
coding regions of cpDNA are less restricted in their functionality than coding regions, it has
been hypothesized that they will display higher variability levels in phylogenetic studies [95].
The trnL-F region of chloroplast DNA can be used to provide responses to questions about
relationships among related genera and species [96]. Similar studies utilized the genomes and
populations of important plant species, including olive (Olea europaea) [97], rice (Oryza

sativa) [98] and apple (Malus L.) genotypes [99].

3.2.3. Phylogenetic analysis

The genetic variability of Prunus genotypes was investigated using chloroplast and
mitochondrial markers. Phylogenetic relationships between ten plum cultivars were determined
based on chemical characters using UPGMA computer program. Phylogenetic tree
construction based on chemical characters classified the ten plum cultivars into two main
clusters (Fig. 6). The first cluster included Golden Japan cultivar whereas the second cluster
was separated into two sub-clusters; the first sub-cluster included Climax cultivar. The second
sub-cluster was separated into two groups; one of them contained only Kelsey cultivar but the
other group was divided into two major groups; one of them included Celebration and
Africanrose cultivars while the other major group was divided into two minor groups; one of
them included Santa Rosa cultivar where the other included Pioneer, Hollywood, Methley and
Songold cultivars. The greatest distance was recorded between golden Japan and Songold
cultivars, while the lowest one was between Songold and Methley. In addition, Climax, Kelsey,
Celebration, Africanrose, Santa Rosa, Pioneer and Hollywood cultivars were located between

them, respectively.
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Pioneer

Songold
Methley j—

Hollywood ]——

Santa Rosa

Africanrose

Celebration

Kelsey

Climax

Golden Japan

Figure (6): Phylogenetic tree performed from the ten plum cultivars tested using UPGMA

computer program based on Biochemical analysis of fruit.

Kelsey
Climax
Methley
Santa Rosa
Songold
Golden Japan
Celebration
Africanrose
Hollywood
Pioneer

Figure (7): Phylogenetic tree performed from the ten plum cultivars tested using UPGMA
computer program based on cpDNA and mtDNA primers analysis.

The genetic distances determined between the accessions ranged from 0.00 to 1.00; the

Kelsey and Climax cultivars had the lowest distance, indicating that they have the most genetic

similarities. A greater distance was observed between the Africanrose and the Methley

cultivars, reflecting their significant differences. Phylogenetic tree construction based on

chloroplast and mitochondrial markers classified the ten plum cultivars into two main clusters

(Fig. 7). The first cluster was separated into two sub-clusters, one of them included Pioneer

cultivar meanwhile the other sub-cluster was divided into two groups. The first group contained

Golden Japan and Celebration, while the second group contained Hollywood and Africanrose

cultivars. Two sub-clusters were produced from the second cluster; the first sub-cluster

included Santa Rosa and Songold cultivars and the second sub-cluster was separated into two
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groups; one of them contained only Methley cultivar but the other group included Kelsey and
Climax cultivars. The current findings were in agreement with Mustapha et al. [85] who used
a phylogenetic tree to distinguish 23 cultivars of Tunisian plums in two major clusters. The
first one included Prunus ‘Golden Japan’. The second cluster included Prunus cultivar Santa
Rosa. Meanwhile Guerrero et al. [27] distinguished Africanrose, Kelsey, Santa Rosa and

Methley in different groups.

Based on cpDNA and mtDNA primers polymorphisms, a proximity matrix was
developed by UPGMA computer program and the analysis was based on the number of bands
that were different between any given pair of cultivars (Table 4). The percentage of
dissimilarity between the studied cultivars revealed that, the maximum value is 1.00 observed
between Africanrose and Methley cultivars, whereas the minimum value is 0.00 observed
between Kelsey and Climax cultivars. Organelle genomes, cpDNA and mtDNA, have been
used for a long time as a source to explore the evolutionary relationships of species, mainly

due to their uniparental inheritance pattern and rapidly changing gene content [100].

Table (4): Proximity matrix among the ten plum cultivars tested based on cpDNA and

mtDNA primers analysis.

3 3 3 s

Cultivars 3 % 2 - S c gm g > % =
= = S c 23 £ = k% E ©
: £ & § 88 3 2 ¢ 5 8

Africanrose 0.00

Hollywood 0.167  0.00

Pioneer 0500 0.333  0.00

Santa Rosa 0500 0.667 0.667 0.00

Golden Japan | 0333 0500 0500 0500 0.0

Songold 0667 0500 0500 0.167 0.667  0.00

Methley 100 0833 0500 0500 0667 0333 0.00

Kelsey 0667 0.833 0833 0500 0.667 0667 0333 0.00

Climax 0667 0.833 0833 0500 0667 0.667 0333 000 0.00

Celebration 0167 0333 0667 0667 0167 0833 0833 0500 0500 0.00
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It is evident that the clustering based on polymorphisms in the cpDNA and mtDNA
primers differs from that based on biochemical markers. Whereas the morphology originated
from both parents and influenced by environment, the chloroplast and mitochondria were
mainly inherited by the female parent [101]. Chloroplast maternal inheritance can be used to
monitor interspecific introgression events, although it may result in incorrect species
relationships [102]. Some cpDNA sequences have evolved slowly and their significance in
determining phylogenetic relationships among a few angiosperm species that are closely
related, notably Prunus, has been reviewed by Small et al. [103] and Shaw et al. [104, 105].
Therefore, the biochemical marker clusters found in ten plum cultivars using cpDNA and
mtDNA clustering analysis did not match those found in mango by Kostermans and Bompard
[106]. The possibility of using the entire chloroplast genome sequences to comprehend
structural and functional evolution and resolve phylogenetic relationships at various taxonomic

levels has been documented in different reports [107, 108, 109].

Chloroplast DNA evolves at a slow rate, which helps scientists better understand the
relationships between various species. Because this organelle can be transferred through
interspecific hybridization, chloroplast-based phylogenies are constrained. Studying species
relationships becomes challenging because Prunus has been known to naturally produce
interspecific hybrids, which makes it difficult to identify species relationships using cpDNA-
based phylogenies [110]. Up to 15 different diploid Prunus species have hybridized with the
Japanese plum (Prunus salicina L.). Due to this high amount of introgression, the current crop
of cultivars exhibits a wide range of traits and agronomic behaviours [27]. lIdentification of
chloroplast regions that would give the most characters for low-level molecular phylogenetic
studies was the main goal of the study by Shaw et al. [105]. The genetic diversity was similar
to that of earlier researches such as [111, 112, 11, 113]. This might be a result of the extensive
analysis of breeding programs' enhanced selections of modern cultivars, which reveals a
bottlenecking role played by breeding system techniques. Because of their interspecific origin,
establishing genetic relationships among Japanese plum-type accessions is quite difficult,
although the parentage lines of commercial cultivars can provide support. However, certain of
the ancestors who are frequently employed in breeding operations don't have available
genomes [114]. Next-generation sequencing technologies (NGS), high-density SNP-based
genotyping, and the utilization of chloroplast markers (cpDNA) [115, 116], may provide
further information about the degree of hybrid Japanese plum diversity and the reconstruction

of each cultivar's pedigree.
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The maintenance of the indigenous Prunus germplasm utilized in early plum breeding
could contribute to preserving and enhancing the genetic variety in cultivars of Japanese plum-
like trees. Unfortunately, breeders can only currently choose from a small assortment of this
material [117]. The recognition of the genetic diversity among Japanese plum-type accessions
can help breeders choose parents in a more informed manner, preserve biodiversity through the
conservation of germplasm and identify genotype-phenotype association patterns that can be

used by agricultural producers and in genetic research.

5. Conclusion

The current study characterized ten plum cultivars growing in Egypt based on
physiological traits and organelle genetics to evaluate biodiversity among the cultivars. The
present finding supports the applicability of cpDNA and mtDNA for plum cultivar
identification and phylogenetic analysis. The study will contribute to knowledge about Prunus
salicina cultivars and will be helpful in broadening the plum gene pool, which can be utilized

in future plant breeding programs for the improvement of existing plum cultivars.

Declarations

Conflict of interest: The authors declare no conflict of interest
Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Relevant data applicable to this research are within the paper.

References

[1] W. R. Okie and J. H. Weinberger. "Plums, In: Temperate Fruit Crop Breeding" Vol. I: Tree
and tropical fruits. (J. Janick, J.N. Moore, Eds.), Wiley, New York, (1996): 437-
358.d0i:10.1007/978-1-4020-6907-9.

[2] FAOSTAT (2020) "Food and Agriculture Organization of the United Nations". FAO
Statistics Division. http://faostat.fao.org/beta/en/#data/QC

[3] C. H. Crisosto, D. Garner, G. M. Crisosto and E. Bowerman "Increasing ‘Blackamber’ plum
(Prunus salicina Lindell) consumer acceptance"”. Postharvest biology and technology,
34 (2004): 237-244. d0i.10.1016/j.postharvbio.2004.06.003

[4] E. GOmez, and C.A. Ledbetter "Comparative study of the aromatic profiles of two different
plum species™: Prunus salicina Lindl and Prunus simonii L. J. Sci. Food Agric., 65
(1994): 111-115. doi.org/10.1002/jsfa.2740650116

[5] C. H. Crisosto, G. Crisosto and E. Bowerman "Searching for consumer satisfaction: New
trends in the California peach industry" In: Marra, F., Sottile, F. (Eds.), Proceedings of
the First Mediterranean Peach Symposium. Agrigento, Italy, (2003): 113-118.
http://unipa.it/medpeach/proceedings/

- 124 -


http://faostat.fao.org/beta/en/#data/QC
https://doi.org/10.1016/j.postharvbio.2004.06.003
https://doi.org/10.1002/jsfa.2740650116
http://unipa.it/medpeach/proceedings/

Hasnaa. H. Al-Agwany et al. J. Sci. Res. Sci., 2023, 40, (2): 107-133

[6] S. P. Singh, and Z. Singh "Major flavor components in some commercial cultivars of
Japanese plum™. Journal of the American Pomological Society, 62 (2008): 185-190.
https://www.pubhort.org/aps/62/v62_n4_a6.htm

[7] E. G. Moghadam, and A. Khalighi "Relationship between vigor of Iranian Prunusmahaleb
L. selected dwarf rootstocks and some morphological characters”. Scientia Horticulturae
,111 (2007): 209-12. doi./10.1016/j.scienta.2006.10.028

[8] M. Abedian, M. Talebi, B-E. Sayed-Tabatabei and C. Ghobadi "Chloroplast microsatellite
diversity among and within Prunus mahaleb L. and P. avium L. species". Journal of
Agricultural Science, 4 (2012):191.doi:10.5539/jas.v4n5p191

[9] Y. S. Qiao, J.G. Fang, Y. Cong, J. Zhou and Z. Zhang "Analysis of genetic diversity of
Japanese plum cultivars based on RAPD, ISSR and SSR markers". Acta Horticulturae,
763 (2007): 177-183, doi:10.17660/actahortic.2007.763.23.

[10] M. Mnejja, J. Garcia-Mas, W. Howad, M. L. Badenes, and P. Ards"Simple-sequence
repeat (SSR) markers of Japanese plum (Prunus salicinaLindl.) are highly polymorphic
and transferable to peach and almond". Molecular Ecology Notes, 4 (2004): 163—
166,d0i:10.1111/j.1471-8286.2004.00603.x.

[11] R. Ahmad, D. Potter and S.M. Southwick "ldentification and characterization of plum and
pluot cultivars by microsatellite markers". Horticultural Science and Biotechnology, 79
(2016): 164-169, doi:10.1080/14620316.2004.11511743.

[12] A. H. Millar, A. Liddell and C. J. Leaver "Isolation and subfractionation of mitochondria
from plants”. Methods in Cell Biology, 80 (2007): 65-90. doi: 10.1016/S0091-
679X(06)80003-8.

[13] T. Pervaiz, X. Sun, Y. Zhang, R. Tao, J. Zhang, and J. Fang "Association between
Chloroplast and Mitochondrial DNA sequences in Chinese Prunus genotypes (Prunus
persica, Prunus domestica, and Prunus avium) . BMC Plant Biology, 15(1) (2015): 1-
10. doi.org/10.1186/s12870-014-0402-4

[14] K. Burg, "Molecular Markers for Genetic Diversity" Progress in Botany, (2017): 33-47.
doi 10.1007/124_2017_9

[15] W. J. Kress, and D. L. Erickson "A two-locus global DNA barcode for land plants: the
coding rbcL gene complements the non-coding trnH-psbA spacer region™. PloS
one, 2(6), (2007): e508. doi.org/10.1371/journal.pone.0000508

[16] CBOL Plant Working Group "A DNA barcode for land plants”. Proceed. Natl. Acad. Sci.
USA. 106 (2009): 12794-12797. doi:10.1073 /pnas.0905845106

[17] G. A. De Groot, H. J. During, J. W. Maas, H. Schneider, J. C. Vogel and R. H. J. Erkens,
"Use of rbcL and trnL-F as a two-locus DNA barcode for identification of NW-European
ferns" An ecological perspective. PLoS ONE 6(1) (2011): el16371.
doi:10.1371/journal.pone.0016371.

[18] D. I. Roslim, S. Khumairoh and H. Herman "Confirmation of tuntunangin (Elaeocarpus
floribundus) taxonomic status using matK and ITS sequences”. Biosaintifika: Journal of
Biology and Biology Education, 8(3), (2016): 392-399.
doi.org/10.15294/biosaintifika.v8i3.7406

[19] D. I. Roslim and H. Herman "Application of rps16 Intron and trnL-trnF Intergenic Spacer
Sequences to Identify Rengas clone Riau™: Biosaintifika Journal of Biology and Biology
Education, 9(2), (2017): 209-216. doi:10.15294/biosaintifika.v9i2.9108

[20] B. Sarin, J. P. Martin, B. C. Kaula and A. Mohanty "Chloroplast DNA variations in wild
Brassicas and their implication in Dbreeding and population genetics
studies™ Scientifica, (2015): 7 pages. doi.org/10.1155/2015/952395

[21] X. Wang, F. Cheng, D. Rohlsen, C. Bi, C. Wang, Y. Xu, S. Wei, Q. Ye, T. Yinand N. Ye
"Organellar genome assembly methods and comparative analysis of horticultural
plants". Horticulture Research, (2018) 5: 3. doi:10.1038/s41438-017-0002-1

[22] S. Faure, J. L. Noyer, F. Carreel, J. P. Horry, F. Bakry and C. Lanaud"Maternal inheritance
of chloroplast genome and paternal inheritance of mitochondrial genome in bananas

-125-


https://www.pubhort.org/aps/62/v62_n4_a6.htm
https://www.sciencedirect.com/journal/scientia-horticulturae
https://doi.org/10.1016/j.scienta.2006.10.028
https://www.researchgate.net/journal/Acta-Horticulturae-0567-7572
https://doi.org/10.1371/journal.pone.0000508
https://doi.org/10.15294/biosaintifika.v8i3.7406
https://www.researchgate.net/journal/Biosaintifika-Journal-of-Biology-Biology-Education-2085-191X
https://www.researchgate.net/journal/Biosaintifika-Journal-of-Biology-Biology-Education-2085-191X
http://dx.doi.org/10.15294/biosaintifika.v9i2.9108
https://doi.org/10.1155/2015/952395
https://www.researchgate.net/journal/Horticulture-Research-2052-7276
http://dx.doi.org/10.1038/s41438-017-0002-1

Hasnaa. H. Al-Agwany et al. J. Sci. Res. Sci., 2023, 40, (2): 107-133

(Musa  acuminata) ". Current  Genetics, 25 (1994): 265-269.
doi.org/10.1007/BF00357172

[23] K. Fucikova and D. J. G. Lahr "Uncovering Cryptic Diversity in Two Amoebozoan
Species Using Complete Mitochondrial Genome Sequences”, Journal of Eukaryotic
Microbiology, 63 (2016): 112-122. doi:10.1111/jeu.12253

[24] W. M. Brown, M. J. George and A. C. Wilson "Rapid evolution of animal mitochondrial
DNA". Proceedings of National Academy of Sciences of the USA, 76 (1979): 1967—
1971. doi:10.1073/pnas.76.4.1967

[25] M. Stoneking "Mitochondrial Genome": Evolution. John Wiley & Sons, Ltd, 2013. ISBN
9780470015902. pub3. (2013): 14- 19. d0i:10.1002/9780470015902.a0005074.

[26] A. J. Heidel and G. Glockner "Mitochondrial Genome Evolution in the Social
Amoebae", Molecular Biology and Evolution, 25, (7), (2008): 1440-
1450, doi.org/10.1093/molbev/msn088

[27] Guerrero, B. I.; Guerra, M. E.; Herrera, S.; Irisarri, P.; Pina, A. and Rodrigo, J. "Genetic
diversity and population structure of japanese plum-type (Hybrids of p. salicina)
accessions assessed by SSR markers". Agronomy, 11(9), (2021): 1-17.
doi.org/10.3390/agronomy11091748

[28] I. F. Hassan, M. S. Gaballah, H. M. El-Hoseiny, M. E. El-Sharnouby and S. M. Alam-
Eldein"Deficit irrigation to enhance fruit quality of the ‘african rose’ plum under the
egyptian semi-arid conditions”. Agronomy 11 (2021): 1-15, doi.org/10.3390/
agronomy11071405

[29] S. A. Assad "Effect of CPPU on fruit set, drop, yield and fruit quality of Hollywood and
Santarosa plum cultivars". Egyptian Journal of Horticulture, 40(2), (2013): 187 —
204. doi: 10.21608/ejoh.2013.1343

[30] M. F. Maklad "Studies on Self and Cross Compatibility of Pioneer and Celebration Plum
Cultivars Grown At El-Khatatba (Minufiya Governorate) Egypt". Egyptian Journal of
Desert Research, 69(2), (2019): 37-45. doi.org/10.21608/ejdr.2021.17801.1056

[31] A. Hamdani, J. Charafi, S. Bouda, L. Hssaini, A. Adiba and R. Razouk "Screening for
water stress tolerance in eleven plum (Prunus salicina L.) Cultivars using agronomic
and physiological traits". Scientia Horticulturae, 281(January), (2021): 109992.
doi.org/10.1016/j.scienta.2021.109992

[32] M. Ragaa and N. I. El-naggar "Anthocyanin Content, Peroxidase and Polyphenol Oxidase
Activities in Relation to Browning Potential of Celebration, Sapphire and Santa Rosa
Plum Fruits During Cold Storage"Alexandria Science Exchange Journal: An
International Quarterly Journal of Science Agricultural Environments, 31(JULY-
SEPTEMBER), (2010): 279-295. doi: 10.21608/asejaiqjsae.2010.2322.

[33] H. K. Lichtenthaler and C. Buschmann "Extraction of photosynthetic tissues: Chlorophylls
and carotenoids". In Current Protocols in Food Analytical Chemistry; John Wiley &
Sons, Ltd.: Hoboken, NJ, USA,; (2001): F4.3.1-F4.3.8.

[34] G. L. Miller "Use of dinitrosalicyclic acid reagent for determination of reducing sugar".
Analytical Chemistry, 31 (1972): 426-428. doi.org/10.1021/ac60147a030

[35] H. Bae, S. K. Yun, J. H. Jun, I. K.Yoon, E. Y. Nam and J. H. Kwon "Assessment of organic
acid and sugar composition in apricot, plumcot, plum, and peach during fruit
development™”. Journal of Applied Botany and Food Quality, 87(2014): 24-29.
doi:10.5073/JABFQ.2014.087.004

[36] J. L. Mau, S. Y. Tsai, Y. H. Tseng and S. J. Huang "Antioxidant properties of methanolic
extracts from Ganoderma tsugae”. Food Chem. 93 (4) (2005): 641- 649.
doi:10.1016/j.foodchem.2004.10.043

[37] J. J. Doyle and J. L. Doyle. "Isolation of plant DNA from fresh tissue". Focus 12
(1990):13-15.

-126 -


http://dx.doi.org/10.1073/pnas.76.4.1967
https://doi.org/10.1093/molbev/msn088
https://doi.org/10.1021/ac60147a030
https://doi.org/10.5073/JABFQ.2014.087.004
http://dx.doi.org/10.1016%2Fj.foodchem.2004.10.043

Hasnaa. H. Al-Agwany et al. J. Sci. Res. Sci., 2023, 40, (2): 107-133

[38] S. Nunzia, C. Teodoro and M. Laurence "Mitochondrial DNA and RNA Isolation from
Small Amounts of Potato Tissue". Plant Molecular Biology Reporter 19 (2001): 67a.
doi: 10.1007/BF02824080

[39] E. M. Said "Mitochondrial dna from small amounts of some fruit trees". Egyptian Journal
of Agricultural Research, 95(2) (2017): 821-830. doi:10.21608/ejar.2017.148781

[40] P. Taberlet, L. Gielly, G. Pautou and J. Bouvet "Universal primers for amplification of
three non-coding regions of chloroplast DNA". Plant Molecular Biology, 17(5) (1991):
1105-1109.doi.org/10.1007/BF00037152

[41] W. J. Kress, D. L. Erickson, F. A. Jones, N. G. Swenson, R. Perez, O. Sanjur and E.
Bermingham "Plant DNA Barcodes and a Community Phylogeny of a Tropical Forest
Dynamics Plot in Panama™. Proceedings of the National Academy of Sciences of the
United States of America 106(44) (2009):18621-26. doi: 10.1073/pnas.0909820106

[42] M. L. Kuzmina, K. L. Johnson, H. R. Barron and P. D.Hebert "ldentification of the
vascular plants of Churchill, Manitoba, using a DNA barcode library". BMC Ecology,
12 (2012): 25. doi.org/10.1186/1472-6785-12-25

[43] B. Demesure, N. Sodzi and R. J. Petit "A set of universal primers for amplification of
polymorphic non-coding regions of mitochondrial and chloroplast DNA in
plants”. Molecular  ecology, 4(1)  (1995): 129-131. doi.org/10.1111/j.1365-
294x.1995.tb00201.x

[44] SPSS. (2006). SPSS base 15.0 User’s guide. SPSS inc., Chicago, USA.

[45] F. J. Rohlf "NTSYS" Pc., Version 2.20U. Exeter Software, (2008), Setauket, New York.

[46] M. Landi, M. Tattini and K. S. Gould "Multiple functional roles of anthocyanins in plant-
environment interactions. Environmental and Experimental Botany"” 119 (2015): 4-17.
doi.org/10.1016/j.envexpbot.2015.05.012.

[47] M. Jamil, S. Bashir, S. Anwar, S. Bibi, A. Bangash, F. Ullah and E. S. Rha "Effect of
salinity on physiological and biochemical characteristics of different varieties of rice".
Pakistan Journal of Botany, 44 (2012): 7-13.
www.researchgate.net/publication/236661371

[48] V. Popova, N. Sergeeva, O. Yaroshenko and A. Kuznetsova "Physiological state of plants
and quality of plum fruits grafted on the rootstocks of various strength of growth
depending on the plant nutrition mode". Potravinarstvoslovak Journal of Food Sciences,
14 (2020):1075-1087. doi.Org/10.5219/1469

[49] S. Murti¢, H. Civié, M. Purié, G. Paunovi¢, G. Sekularac, F. Behmen and M.
Krsmanovi¢"The Content of Some Antioxidants in Apple Depends on the Type of
Fertilization" Polish Journal of Environmental Studies, 22(2) (2013):475-480. ISSN
1230-1485. (IF 0,600) (M23)

[50] L. Sun, J. Wang, L. Lian, J. Song, X. Du, W. Liu, W. Zhao, L. Yang, C. Li, Y. Qin and R.
Yang "Systematic analysis of the sugar accumulation mechanism in sucrose- and
hexose- accumulating cherry tomato fruits". BMC Plant Biol 22(1), (2022) 303.
doi.org/10.1186/s12870-022-03685-8

[51] R. P. Walker and F. Famiani "Organic acids in fruits: metabolism, functions and
contents”. Horticultural reviews, 45 (2018): 371-
430.doi.org/10.1002/9781119431077.ch8

[52] I. S. Minas, F. I. C. Forcada, G. S. Dangl, T. M. Gradziel, A. M. Dandekar and C. H.
Crisosto"Discovery of non-climacteric and suppressed climacteric bud sport mutations
originating from a  climacteric  Japanese  plum  cultivar  (Prunus
salicina Lindl.)" Frontiers in Plant Science. 6(2015): 316. doi: 10.3389/fpls.2015.00316

[53] S. Duran-Soria, D. M. Pott, S. Osorio and J. G. Vallarino "Sugar Signaling During Fruit
Ripening". Frontiers in Plant Science. 11 (2020): 564917. doi:
10.3389/fpls.2020.564917

[54] F. Famiani, D. Farinelli, S. Moscatello, A. Battistelli, R. C. Leegood and R. P. Walker

-127 -


https://www.researchgate.net/journal/Egyptian-Journal-of-Agricultural-Research-1110-6336
https://www.researchgate.net/journal/Egyptian-Journal-of-Agricultural-Research-1110-6336
http://dx.doi.org/10.21608/ejar.2017.148781
https://doi.org/10.1016/j.envexpbot.2015.05.012
http://www.researchgate.net/publication/236661371
https://www.researchgate.net/journal/Polish-Journal-of-Environmental-Studies-1230-1485
https://link.springer.com/article/10.1186/s12870-022-03685-8#auth-Lulu-Sun
https://link.springer.com/article/10.1186/s12870-022-03685-8#auth-Jianli-Wang
https://link.springer.com/article/10.1186/s12870-022-03685-8#auth-Liqiang-Lian
https://link.springer.com/article/10.1186/s12870-022-03685-8#auth-Jian-Song
https://link.springer.com/article/10.1186/s12870-022-03685-8#auth-Xueni-Du
https://link.springer.com/article/10.1186/s12870-022-03685-8#auth-Wenke-Liu
https://link.springer.com/article/10.1186/s12870-022-03685-8#auth-Wenchao-Zhao
https://link.springer.com/article/10.1186/s12870-022-03685-8#auth-Liu-Yang
https://link.springer.com/article/10.1186/s12870-022-03685-8#auth-Changbao-Li
https://link.springer.com/article/10.1186/s12870-022-03685-8#auth-Yong-Qin
https://link.springer.com/article/10.1186/s12870-022-03685-8#auth-Rui-Yang
https://link.springer.com/article/10.1186/s12870-022-03685-8#auth-Rui-Yang
https://doi.org/10.1002/9781119431077.ch8
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org/journals/plant-science

Hasnaa. H. Al-Agwany et al. J. Sci. Res. Sci., 2023, 40, (2): 107-133

"The contribution of stored malate and citrate to the substrate requirements of
metabolism of ripening peach (Prunus persica L. Batsch) flesh is negligible.
Implications for the occurrence of phosphoenolpyruvate carboxykinase and
gluconeogenesis” Plant Physiology and Biochemistry, 101(2016): 33-42.
doi.org/10.1016/j.plaphy.2016.01.007

[55] D. Montesano, L. Cossignani, L. Giua, E. Urbani, M. S. Simonetti, F.Blasi "A Simple
HPLC-ELSD Method for Sugar Analysis in Goji Berry". Journal of Chemistry, (2016):
5 pages, doi.org/10.1155/2016/6271808

[56] M. Cirilli, D. Bassi and A. Ciacciulli "Sugars in peach fruit: a breeding
perspective”. Horticulture Rsearch, 3 (2016): 15067. doi.org/10.1038/hortres.2015.67

[57] S. Moscatello, T. Frioni, F. Blasi, S. Proietti, L. Pollini, G. Verducci, A. Rosati, R. P.
Walker, A. Battistelli, L. Cossignani and F. Famiani*Changes in Absolute Contents of
Compounds Affecting the Taste and Nutritional Properties of the Flesh of Three Plum
Species Throughout Development”. Foods (Basel, Switzerland), 8(10) (2019): 486.
doi.org/10.3390/fo0ds8100486

[58] S. Rezica, Z. Jurkovi¢, K. Dugali¢, I. Tomac and V. Jurkovi¢"Sorbitol and Sugar
Composition of Plum Fruit during Ripening"”. Proceedings. 46th Croatian and 6th
International Symposium on Agriculture. Opatija. Croatia, (2011): 1067-
1071.www.researchgate.net/publication/258286530

[59] K. Dugalic, R. Sudar, M. Viljevac, M. Josipovic and T. Cupic"Sorbitol and sugar
composition in plum fruits influenced by climatic conditions". Journal of Agricultural
Science and Technology. 16 (2014): 1145-1155.
www.researchgate.net/publication/264710873

[60] H. J. Klee and J. J. Giovannoni "Genetics and Control of Tomato Fruit Ripening and
Quality Attributes”. The Annual Review of Genetics, 45 (2011): 41-59.
doi:10.1146/annurev-genet-110410-132507

[61] M. A. Saridas, N. E. Kafkas, M. Zarifkhosroshahi, O. Bozhaydar and S. P. Kargi "Quality
traits of green plums (Prunus cerasiferaEhrh.) at different maturity stages". Turkish
Journal of Agriculture and Forestry, For 40 (2016): 655-663. doi: 10.3906/tar-1603-45.

[62] M. Adrees, M. Younis, U. Farooq and K. Hussain "Nutritional quality evaluation of
different guava varieties"”, Pakistan Journal of Agricultural Research, 47 (1) (2010): 1-
4.

[63] S. Sahamishirazi, J. Moehring, W. Claupein and S. Graeff-Hoenninger"Quality
assessment of 178 cultivars of plum regarding phenolic, anthocyanin and sugar
content”. Food chemistry, 214 (2017): 694—701. doi.org/10.1016/j.foodchem.07.070

[64] P. R. Patel and T. V. R. Rao "Compositional changes in relation to growth and ripening
of Indian cherry (Cordia dichotoma Forst. f.), an underutilized fruit". International
Journal of Fruit Science. 11(1) (2011): 30-40. doi.org/10.1080/15538362.2011.554058

[65] N. Kaur, A. Kumar, P. K. Monga and P. K. Arora "Biochemical studies in fruits of guava
cultivars™, The Asian Journal of Horticulture, 6 (1) (2011): 122- 123.

[66] J. K. Marak and G. K. Mukunda "Studies on the performance of open pollinated seedling
progenies of guava cv. 'Apple colour™. Acta Horticulturae. 735 (2007): 79-84. doi:
10.17660/actahortic.2007.735.8

[67] X. Qiu, H. Zhang, H. Zhang, C. Duan, B. Xiong and Z. Wang "Fruit Textural
Characteristics of 23 Plum (Prunus salicinaLindl) Cultivars: Evaluation and Cluster
Analysis™ HortSciencehorts, 56(7) (2021): 816-
823. doi.org/10.21273/HORTSCI15828-21

[68] E. Zezulova, 1. Ondrasek, T. Kiss and T. Ne“cas "Qualitative and Nutritional
Characteristics of Plum Cultivars Grown on Different Rootstocks". Horticulturae, 8
(2022): 1123. doi.org/10.3390/ horticulturae

[69] D. Kumar, K. K. Srivastava and S. R. Singh "Morphological and horticultural diversity of
plum varieties evaluated under Kashmir conditions”. Tropical Plant Research, 5(1)

-128 -


https://www.nature.com/hortres
https://doi.org/10.3390/foods8100486
http://www.researchgate.net/publication/258286530
http://www.researchgate.net/publication/264710873
https://journals.tubitak.gov.tr/agriculture
https://journals.tubitak.gov.tr/agriculture
https://www.researchgate.net/journal/Pakistan-Journal-of-Agricultural-Research-2076-0906
https://doi.org/10.1080/15538362.2011.554058
https://connectjournals.com/ajh
https://doi.org/10.21273/HORTSCI15828-21

Hasnaa. H. Al-Agwany et al. J. Sci. Res. Sci., 2023, 40, (2): 107-133

(2018): 77-82. doi.org/10.22271/tpr.2018.v5.i1.011

[70] K. Gilinduz and O. Saracoglu"Variation in total phenolic content and antioxidant activity
of Prunus cerasiferaEhrh. selections from Mediterranean region of Turkey". Scientia
Horticulturae, 134 (2012): 88-92. doi: 10.1016/j.scienta.2011.11.003.

[71] C. S. G. Kitzberger, C. M. da Silva, M. B. Scholz, S. dos, M. I. Florentino Ferreira, . M.
Bauchrowitz, J. B. Eilert and J. dos S. Neto "Physico chemical and sensory
characteristics of plums accesses (Prunus salicina)". AIMS Agriculture and Food, 2(1)
(2017): 101-112. doi.org/10.3934/agrfood.2017.1.101

[72] D. Bertoldi, L. Cossignani, F. Blasi, M. Perini, A. Barbero, S. Pianezze and D. Montesano
"Characterisation and geographical traceability of Italian goji berries”. Food
chemistry, 275 (2019): 585-593. doi.org/10.1016/j.foodchem.2018.09.098

[73] T. Fang, Q. Zhen, L. Liao, A. Owiti, L. Zhao, S. S. Korban and Y. Han "Variation of
ascorbic acid concentration in fruits of cultivated and wild apples”. Food chemistry, 225
(2017): 132-137. doi.org/10.1016/j.foodchem.2017.01.014

[74] X. M. Yu, H. M. Rizwan, P. Li, S. X. Luo, I. Sherameti, W. F. Wu, J. Lin, S. X. Zheng,
R. Oelmuller and F. X. Chen "Comparative studies on the physiochemical properties,
phenolic compounds and antioxidant activities in 13 Japanese plum cultivars grown in
the subtropical region of China". Applied Ecology and Environmental Research, 18(2)
(2020): 3147-3159. doi.org/10.15666/aeer/1802_31473159

[75] M. Giindogdu, T. Kan and M. K. Gecer"Vitamins, flavonoids, and phenolic acid levels in
early-and late-ripening apricot (Prunus armeniaca L.) cultivars from Turkey".
HortScience. 48 (2013): 696-700. doi:10.21273/HORTSCI.48.6.696.

[76] A. R. M. Yousef, D. M. M. Ahmed and S. M. A. Sarrwy"Effect of different harvest dates
on the quality of beauty and japanese plum fruits after ripening". International Journal
of ChemTech Research. 9(7) (2016): 8-
17.www.researchgate.net/publication/307017801

[77] A. Hegediis, P. Pfeiffer, N. Papp, L. Abranko, A. Blazovics, A. Pedryc and E. Stefanovits-
Banyai"Accumulation of antioxidants in apricot fruit through ripening: Characterization
of a genotype with enhanced functional properties”. Biological Research. 44 (2011):
339-344. doi.org/10.4067/S0716-97602011000400004

[78] R. S. Wallace and J. H. Cota "An intron loss in the chloroplast generpoC1 supports a
monophyletic origin for the subfamily Cactoideae of the Cactaceae". Current
Genetics, 29 (1996): 275-281. doi.org/10.1007/BF02221558

[79] J. J. Jansen, G. George, F. A. Van den Bosch and H. W. VVolberda "Senior team attributes
and organizational ambidexterity: The moderating role of transformational leadership™.
Journal of Management Studies, 45(5) (2008): 982-1007. doi.org/10.1111/].1467-
6486.00775.x

[80] D. C. Jeffares, T. Mourier and D. Penny "The biology of intron gain and loss". Trends in
Genetics, 22(1) (2006): 16-22. doi.org/10.1016/j.tig.2005.10.006

[81] K. Hu "Intron exclusion and the mystery of intron loss". FEFS Letters, 580 (2006): 6361-
6465.doi.org/10.1016/j.febslet.2006.10.048

[82] D. K. Niu, W. R. Hou and S. W. Li "mRNA-mediated intron losses: evidence from
extraordinarily large exons”. Molecular Biology and Evolution, 22(6) (2005): 1475-
1481.doi.org/10.1093/molbev/msil38

[83] D. Bru, F. Martin-Laurent and L. Philippot"Quantification of the detrimental effect of a
single primer-template mismatch by real-time PCR using the 16S rRNA gene as an
example". Applied and environmental  microbiology, 74(5) (2008):  1660-
1663.doi.org/10.1128/AEM.02403-07

[84] M. I. Mohd-Shamsudin, M. Z. Fard, P. B. Mather, Z. Suleiman, R. Hassan, R. Y. Othman
and S. Bhassu "Molecular characterization of relatedness among colour variants of Asian
Arowana (Scleropagesformosus) ", Genetics, 490, (1-2) (2011): 47-53.
doi.org/10.1016/j.gene.2011.08.025.

-129 -


https://doi.org/10.15666/aeer/1802_31473159
http://www.researchgate.net/publication/307017801
http://www.scielo.cl/scielo.php?script=sci_serial&pid=0716-9760&lng=es&nrm=iso
https://doi.org/10.1111/j.1467-6486.2008.00775.x
https://doi.org/10.1111/j.1467-6486.2008.00775.x
https://doi.org/10.1016/j.febslet.2006.10.048
https://doi.org/10.1093/molbev/msi138
https://doi.org/10.1016/j.gene.2011.08.025

Hasnaa. H. Al-Agwany et al. J. Sci. Res. Sci., 2023, 40, (2): 107-133

[85] S. B. Mustapha, H. Ben Tamarzizt, G. Baraket, D. Abdalk and A. Salhi-Hannachi "
Cytoplasmic polymorphism and evolutionary history of plum cultivars: Insights from
chloroplast DNA sequence variation of trnL-trnF spacer and aggregated trnL intron &
trnL-trnF spacer”. Genetics and Molecular Research, 14(2) (2015): 3964-3979.
doi.org/10.4238/2015.April.27.11

[86] J. D. Palmer, D. Soltis and P. Soltis "Large size and complex structure of mitochondrial
DNA in two nonflowering land plants”. Current genetics, 21(2) (1992): 125-129.
doi.org/10.1007/BF00318471

[87] G. Kiani and M. Siahchehreh "Diversity in squash varieties assessed by ISSR markers".
International  Journal of Vegetable Science, 23(5) (2017): 430-437.
doi.org/10.1080/19315260.2017.1319005

[88] A. M. Casas, E. Igartua, G. Balaguer and M. A. Moreno "Genetic diversity of Prunus
rootstocks analyzed by RAPD markers". Euphytica 110 (1999): 139-149.
doi.org/10.1023/A:1003745311408

[89] V. Bakir, E. Herring, D. Miller and P. Robinson "Organized persuasive communication:
a conceptual framework". Critical Sociology, 45(3) (2019): 311-328. doi:
10.1177/0896920518764586

[90] M. Li, Z. Zhao and X. J. Miao "Genetic variability of wild apricot (Prunus armeniaca L.)
populations in the Ili Valley as revealed by ISSR markers". Genetic Resources and Crop
Evolution, 60(8) (2013): 2293-2302. doi.org/10.1007/s10722-013-9996-x

[91] M. A. Batnini, H. Bourguiba, N. Trifi-Farah and L. Krichen "Molecular diversity and
phylogeny of Tunisian Prunus armeniaca L. by evaluating three candidate barcodes of
the chloroplast genome". science horticulture, 245 (2019): 99-106. doi:
10.1016/j.scienta.2018.09.071.

[92] S. A. Gilani, R. A. Qureshi, A. M. Khan and D. Potter "A molecular phylogeny of selected
species of genus PrunusL. (Rosaceae) from Pakistan using the internal transcribed
spacer (ITS) spacer DNA". African Journal of Biotechnology, 9 (31) (2010): 4867—
4872. www.academicjournals.org/AJB

[93] S. A.Gilani, R. A. Qureshi, M. Khan, F. Ullah, Z. Nawaz, I. AhmadandD. Potter "A
molecular phylogeny of selected species of genus Prunus L. (Rosaceae) from Pakistan
using the trn-L & trn-F spacer DNA". African Journal of Biotechnology,10(22) (2011):
4550-4554. doi: 10.5897/AJB10.2323

[94] J.C. Moon, J. H. Kim and C. S. Jang "Development of multiplex PCR for species-specific
identification of the Poaceae family based on chloroplast gene, rpoC2". Applied
Biological Chemistry, 59(2016): 201-207. doi.org/10.1007/s13765-016-0155-x

[95] L. Gielly and P. Taberlet "The use of chloroplast DNA to resolve plant phylogenies:
noncoding versus rbcL sequences”. Molecular biology and evolution, 11(5) (1994):
769-777. doi.org/10.1093/oxfordjournals.molbev.a040157

[96] S. Choulak, K. Chatti, Z. Marzouk and N. Chatti "Genetic differentiation and gene flow
of some Tunisian pistachio (Pistacia vera L.) varieties using chloroplastic DNA".
Journal of Research in Biological Sciences, January, (2017): 35-41.
www.knowledgejournals.com

[97] E. Kaya, R. Vatansever and E. Filiz"Assessment of the genetic relationship of Turkish
olives (Olea europaea subsp. europaea) cultivars based on cpDNAtrnL-F regions". Acta
Botanica Croatica 77(1) (2018): 88-92. doi.org/10.1515/botcro-2017-0019

[98] E. Filiz, M. E. Uras, I. I. Ozyigit, U. Sen and H. Gungor'Genetic diversity and
phylogenetic analyses of Turkish rice varieties revealed by ISSR markers and
chloroplast trnl-F region™. Fresenius Environmental Bulletin 27(12) (2018): 8351-8358.
www.researchgate.net/publication/329035239

[99] E. Sevindik, Z. T. Murathan, S. Filiz and K. Yal¢in"Molecular characterization based on
chloroplast ~ (trnl-f) DNA  sequence of the apple genotypes in

-130 -


https://doi.org/10.4238/2015.April.27.11
https://doi.org/10.1007/s10722-013-9996-x
http://www.academicjournals.org/AJB
http://www.knowledgejournals.com/
http://www.researchgate.net/publication/329035239

Hasnaa. H. Al-Agwany et al. J. Sci. Res. Sci., 2023, 40, (2): 107-133

Ardahan/Turkey". Bangladesh Journal of Botany, 48(4) (2019): 1099-1106.
doi.org/10.3329/bjb.v48i4.49058

[100] G. A. U. R. A. V. Sablok, S. B. Mudunuri, S. U. J. A. N. Patnana, M. A.R. T. I. N. A.
Popova, M. A. Fares and N. L. Porta, "ChloroMitoSSRDB: open source repository of
perfect and imperfect repeats in organelle genomes for evolutionary genomics"”. DNA
research, 20(2) (2013): 127-133. doi.org/10.1093/dnares/dss038

[101] F. Fitmawati. "TinjauanJenis Mangifera laurina dan kerabatdekatnya". Floribunda 3
(2006): 49-56. doi.org/10.4308/hjb.17.1.9

[102] D. E. Soltis and P. S. Soltis "Choosing an Approach and an Appropriate Gene for
Phylogenetic Analysis”. In: Soltis, D.E., Soltis, P.S., Doyle, J.J. (eds) "Molecular
Systematics of Plants I1". Springer, Boston, MA. (1998). doi.org/10.1007/978-1-4615-
5419-6 1

[103] R. L. Small, J. A. Ryburn, R. C. Cronn, T. Seelanan and J. F. Wendel "The tortoise and
the hare: choosing between noncoding pl astome and nuclear Adh sequences for
phylogeny reconstruction in a recently diverged plant group”. American journal of
botany,85 (9) (1998): 1301-15. doi:10.2307/2446640

[104] J. Shaw, E. B. Lickey, J. T. Beck, S. B. Farmer, W. Liu, J. Miller, K. C. Siripun, C. T.
Winder, E. E. Schilling and R. L. Small "The tortoise and the hare I1: Relative utility of
21 noncoding chloroplast DNA sequences for phylogenetic analysis™. American Journal
of Botany, 92(1) (2005): 142-166. doi.org/10.3732/ajb.92.1.142

[105] J. Shaw, E. B. Lickey, E. E. Schilling and R. L. Small "Comparison of whole chloroplast
genome sequences to choose noncoding regions for phylogenetic studies in
angiosperms: The Tortoise and the hare I11". American Journal of Botany, 94(3) (2007):
275-288. doi.org/10.3732/ajb.94.3.275

[106] A. J. G. H. Kostermans and J. M. Bompard "The mangoes their botany, nomenclature
and utilization". London, Academic press. (1993): 223 pp.

[107] M. J. Moore, P. S. Soltis, C. D. Bell, J. G. Burleigh and D. E. Soltis "Phylogenetic
analysis of 83 plastid genes further resolves the early diversification of eudicots”.
Proceedings of the National Academy of Sciences.;107 (2010): 4623-8.
doi.org/10.1073/pnas.0907801107

[108] M. J. Moore, C. D. Bell, P. S. Soltis and D. E. Soltis "Using plastid genome-scale data
to resolve enigmatic relationships among basal angiosperms"”. Proc. Natl. Acad. Sci.
U.S.A. 104 (2007): 19363-19368.doi: 10.1073/pnas.0708072104

[109] R. K. Jansen, Z. Cai, L. A. Raubeson, H. Daniell, J. Leebens-Mack and K. F. Miiller
"Analysis of 81 genes from 64 plastid genomes resolves relationships in angiosperms
and identifies genome-scale evolutionary patterns”. Proceedings of the National
Academy of Sciences; 104 (2007): 19369-74. doi.org/10.1073/pnas.0709121104

[110] D. J. Chavez, T. G. Beckman and J. X. Chaparro "Identifying the North American Plum
Species Phylogenetic Signal Using Nuclear, Mitochondrial, and Chloroplast DNA
Markers", Journal of the American Society for Horticultural Science, 141(6) (2016):
623-644.doi:10.21273/JASHS03875-16

[111] M. H. Oz, H. Vurgun, M. Bakir, 1. Biyilk, C. Yiksel, H. M. Unli, K. Cukadar, B.
Karadogan, O. Kése and A. Ergiil"Molecular analysis of East Anatolian traditional plum
and cherry accessions using SSR markers"Genet. Mol. Res. 12 (2013): 5310-5320,
doi:10.4238/2013.November.7.6.

[112] G. H. F. Klabunde, M. A. Dalb6 and R.O. Nodari, "DNA fingerprinting of Japanese plum
(Prunus salicina) cultivars based on microsatellite markers"Crop Breed. Appl.
Biotechnol. 14 (2014): 139-145, d0i:10.1590/1984-70332014v14n3a21.

[113] H. A. Sayed, S. Mostafa, I. M. Haggag and N. A. Hassan "DNA Barcoding of Prunus
Species Collection Conserved in the National Gene Bank of Egypt". Molecular
Biotechnology, (2023): 0123456789. doi.org/10.1007/s12033-022-00530-z

-131-


https://doi.org/10.1093/dnares/dss038
https://doi.org/10.4308/hjb.17.1.9
https://doi.org/10.2307/2446640
https://doi.org/10.1073/pnas.0709121104
https://doi.org/10.1007/s12033-022-00530-z

Hasnaa. H. Al-Agwany et al. J. Sci. Res. Sci., 2023, 40, (2): 107-133

[114] T. MiloSevi¢ and N. MiloSevi¢. "Plum (Prunus spp.) breeding™ In Advances in Plant
Breeding Strategies:Fruits; Al-Khayri, J., Jain, S., J.D., Eds.; Springer. Cham,
Switzerland, 3, (2018):165-215, doi:10.1007/978-3-319-91944-7 5

[115] J. Mas-Gomez, C. M. Cantin, M. Moreno, A. S. Prudencio, M. Gémez-Abajo, L. Bianco,
M. Troggio, P. Martinez-Gomez, M. Rubio and P. J. Martinez-Garcia "Exploring
genome-wide diversity in the national peach (Prunus persica) germplasm collection at
CITA (Zaragoza, Spain) " Agronomy, (2021): 11,
481.doi.org/10.3390/agronomy11030481

[116] B. Garcia-Goémez, M. Razi, J. A. Salazar, A. S. Prudencio, D. Ruiz, L. Dondini, P.
Martinez-Gomez "Comparative analysis of SSR markers developed in exon, intron, and
intergenic regions and distributed in regions controlling fruit quality traits in Prunus
species: Genetic diversity and association studies™ Plant molecular biology reports, 36
(2018): 23-35. doi.org/10.1007/s11105-017-1058-7

[117] W. R. Okie "Introgression of Prunus species in plum”N. Y. Fruit Q., 14 (2006): 29-37.

-132 -


http://dx.doi.org/10.1007/978-3-319-91944-7_5
https://doi.org/10.3390/agronomy11030481

Hasnaa. H. Al-Agwany et al. J. Sci. Res. Sci., 2023, 40, (2): 107-133
L;'.U"J‘ uaild\

a4 & (Prunus salicina L.) @siud) ¢ ibial 8 pdal el 9 e gl oy o)
a8 ghall g o) pladd) oSl g g sill (aaad) cladle § Ao ol gacumdl) Lgilan ) Taliiu

Yy sallae daal i), e dLd LS Tas daaa Blal, VAl gaad) gdea sliva
Faall jean ) sean — BalAl — Guad Cpe Anala — Ay 5l 5 o slall g IS0 i) IS — Ll i
— 0l e ) )0 sanl) S e — Gl g dgae — LpnBAl) LSV 5 A 311 il 5 AeSW Ay 5 Csag and |
Al pasdy) sgen
cailadl) dliS g ol ¢y oSt g g AUAN JSEN b (i e 6 ¥ o (e ST (Prunus salicina L.) @ s
OBl Y A1 el Lgdley S A g (568 ) AgSU Cilial Lailad aladia) (Say 9 ladY) Aaual Baidal) A3
(A A ) Hall 568 ) e dilial B pdie (G A0 ) o) cilBMal) g Aibranl) il Sall Maad Ciagy g Jladl) anidit)
Ga J8 el paeally AS) Al Ao gl gl Gailadl) Gang @Y 2 Jdguslsh Lo clu e cyal
.(MtDNA) Lsiss sisall s (CPDNA) ) il Cladiadid)
. 5iaa IS 31 Y (B i g S g () SBaustsll g () auslsl (e IS (A B S DA i) < ekl
(G5Bl Ciliaal (s Adagantl da 0y ¢ (TSS) IS 4t L) a1 gall g ¢ 4080 iy Sl (Ll
O Glidhiag (rbel s matK s trnH-psbA s trnl- trnF s trnl) cpDNA (e (3hlbia (uad ddslaa o
< Nad4 gisall (gia g ¢ a8 Wil PCR glad Jre ¢pli « adlgal) o34 ¢y ¢ (NAd9 9 nad4) mtDNA
trn) as ¢ 7%+ dgudy matK 5 rbcl s padd) claiadld) adga 4y 7 4 v v Ay zlad Jara S i oS givall
Joo v Ly rlad Jua (nad9 9 trnH- psbA s trnL-trnF s L
5 CPDNA) Lt sS sisall g o) bl claiasdll (oa Sl (5 5580 (aanl) cladle Gaabai Ala) Al ) 038 o5
Adlaiall Glaglrall b Al agedinn 9 B8 Jladl B e Dhsliad) Gl yaady diLEISY ((MEDNA
Telr B Waladiad ey (Al g ¢ (348l e apand b aw gl &3Sy Prunus salicina L. @58 ilialy

Allal) Gl Cpaead Ja) (e Jalinal) B cililbadl) 4y 5

-133 -



