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ABSTRACT

This research was conducted for two consecutive seasons (2017 and 2018) in a private vineyard
located at El-Sadat city, Menofia governorate to describe and evaluate three grape seedless cultivars
namely: Early Sweet, Prime and Star light grape cultivars under Egyptian conditions. The results revealed
that Early Sweet grape cultivar was the earliest cultivars concerning the phenological dates include bud
burst, full bloom, fruit set, veraison and physiological ripening followed by Prime grape cultivar, whereas
Star light grape cultivar was the latest in this respect through the two seasons of the study. All the studied
cultivars succeeded under Egyptian conditions and characterized by high quality of bunch and berries.
Genetic diversity among the three cultivars was assessed using SCoT and ISSR molecular marker
techniques. Cluster analysis showed molecular and phenotypic variation among cultivars, which divided
into three groups, each group was contained one cultivar. These cultivars were distinguished by 36
molecular markers 27 out of them were from SCoT markers which proved successful to target generic
regions across the grape genome. These markers after deciphering their structure may help to evolve
reliable molecular markers to select desirable traits in these cultivars. So, we recommend expansion in the
cultivation of these cultivars under Egyptian conditions and benefit of our molecular results to elicit reliable
molecular markers characterizing desirable traits in these cultivars to use in Egyptian grape cultivars
improving programs.
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INTRODUCTION

Grape is the one of most important fruit crops in the
world and it ranked in Egypt after Citrus. According to the
latest Ministry of Agriculture statistics (2018), Egypt's total
grape area reached 202655 feddans, with a production of
1892993 tons. Forty years ago, most vineyards were
occupied by two major cultivars namely Thompson
Seedless and Roumi Ahmer in addition to a small area
cultivated with some native cultivars. After the 1981 season,
some new table grape cultivars were introduced, which were
cultivated in various cultivation areas in the desert and delta
regions; various morphological characteristics and bunch
performance were recognized in these cultivars.

Ampelography is a well-established scientific
method for characterizing grapevine genotypes based on the
description of various morphological, phonological, and
pomological characteristics. Many scientists have
standardized and extended this approach in order to provide
a more rational and reliable identification of Vitis material
(Alleweldt and Dettweiler, 1986; Dettweiler, 1991;
Soylemezoglu et al., 2001 and Santiago et al., 2007).

However, the obtained results often including the
environmental effects too (Kumar, 1999). Therefore, in
recent years, molecular markers have been used as premium
tools for genetic diversity identification. They are neutral,
feasible, do not depend on age and tissue type, and also are
not influenced by environmental conditions. (Zietkiewicz et
al., 1994). Among these molecular markers, Inter Simple
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Sequence Repeats (ISSRs) and Start Codon Targeted
polymorphism (SCoT) are used efficiently for genetic
diversity assessment of plants (Etminan et al., 2016). Many
studies found that SCoT is might be more effective than
other dominant DNA molecular markers like RAPD and
ISSR because it is gene-targeted (Gupta et al., 2018). Also,
SCoT is superior over these markers in higher
polymorphism and better marker resolvability (Gorji et al.,
2011). Moreover, SCoT can generate co-dominant markers
caused by insertions and deletions, as well as they can
generate dominant markers caused by sequence variations
like RAPD and ISSR (Aswathy et al., 2017). However,
using ISSR and SCoT markers together gives very effective,
reliable, and more superior results in genetic diversity study
than the use of single markers (Mao et al., 2018).

Previous studies were focused on describing and
evaluating grape cultivars (Brooks and Olmo 1972; Watt,
1983; Walker and Boursiquote, 1992; Abd El-Kawi and El-
Yam, 1992 a, b and c; Abd El-Fattah and Kastor, 1993 a and
b; Morrison, 1994; Tourky et al., 1995; El-Sharkawy 1995;
Fawzy 1998; Marwad, 2002 a and b; Gaser, 2006; Girgis
2007; Sabry et al., 2009; Abd El-Rahman, 2016; Mohamed
and Tarbia, 2017 and EI-Morsy et al., 2017). Recently, some
studies have used SCoT and ISSR markers successfully
together successfully in the molecular diversity assessment
of grape varieties, such as Abdel-Hameed et al. (2020) and
Bashandy et al. (2020). Whereas they explain that both
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methods were effectively efficient for studying the genetic
diversity in grape until between closely related cultivars.

Therefore, the main objective of this investigation is
to describe and evaluate three grape cultivars namely: Early
Sweet, Prime and Star light grape cultivars were studied
under Egyptian conditions, with stress on some special
morphological characteristics and molecular diversity
assessment, which may serve in distinguishing these
cultivars.

MATERIALS AND METHODS

This research was conducted for two consecutive
seasons (2017 and 2018) in a private vineyard located at El-
Sadat city, Menofia governorate to description and
evaluation three grape seedless cultivars namely: Early
Sweet, Prime and Star light grape cultivars under Egyptian
conditions. The selected vines were five years old, grown in
a sandy loam soil, irrigated by the drip system and spaced at
2 X 3 meters apart. The vines were cane pruned during the
fourth week of December with maintain a load of 72
buds/vine (10 canes x 6buds) plus (6spurs x 2buds) and
trellised by the Spanish Parron system. Four replicates for
each cultivar were taken where each replicate consisted of
SiX vines.

Botanical characteristics:
The following characteristics were studied:
1) Phenological dates

Phenological dates include bud burst, full bloom,
fruit set, veraison and physiological ripening; the last date
was harvested when the TSS reaches 16-17% in accordance
with Tourky et al. (1995).

2) Descriptive measurements

The morphological studies were carried out
according to the International Amelographic Registered
Schedule (Dalmasso and Cosmo, 1952 and Cosmo et al.,
1958).

The following assessments were classified in
accordance with many authors (Bioletti, 1938; Singh &
Singh, 1940; Kolenati, 1946; Kolenati 1946; Breider, 1950;
Rodrigues, 1959 and Watt 1983) and focused on the
growing tip (hairs and colour), the tendril sequence and tip
shape), the leaf (size, shape, surface, colour, thickness,
pubescence, number of lobes, sinuses, margin and petiole),
the bunch (weight, length, shape, density and peduncle) and
the berry (weight, size, shape and colour).

3) Bunch physical characteristics

Average bunch weight (g), bunch dimensions (cm)
and shot berries (%) were determined.
4) Berry physical characteristics

Average berry weight (g), berry size (cm3), berry
dimensions (cm) and berry shape index were determined.
5) Berry chemical characteristics

Total soluble solids in berry juice (T.S.S.) (%) by
hand refractometer, total titratable acidity as tartaric acid (%)
(A.O.A.C. 1985) and TSS/acid ratio were calculated.
Experimental design and statistical analysis

The completely randomized design was adopted for
the experiment. The statistical analysis of the present data
was carried out according to Snedecor and Cochran (1980).
Averages were compared using the new L.S.D. values at 5%
level (Steel and Torrie, 1980).

Phenotypic distance

Based on quantitative data of studied characteristics,
Phenotypic distances PD were calculated and agglomerative
hierarchical clustering (AHC) dendrogram was drawn by
Euclidian method using XLSTAT.7 software statistical
approach according to Abd El-Aziz et al. (2019).

Molecular diversity assessment: -

Genomic DNA was isolated from juvenile grape
leaves using a DNeasy plant mini kit (bio basic). The purity
and concentration were measured by UV spectrophotometer.
The PCR reaction was carried out using isolated genomic
DNA from each cultivar as a template for PCR
amplification using seven ISSR primers and nine SCoT
primers (Table 1) according to Abd El-Aziz et al. (2019).
PCR products for each primer were loaded on a 1.3 %
agarose gel mixed with ethidium bromide and
electrophoresed against a DNA ladder (0.1 to 3.0 kbp). The
run was performed at 100 V for about 30 min in BioRad
mini-submarine gel.

DNA banding patterns were photographed using a
UV light on the Bio-1D Gel Documentation system. All
photos were analyzed by GelAnalyzer 3 software. Also,
cluster analysis was carried out agglomerative hierarchical
clustering (AHC) according to Abd EI-Aziz et al. (2019)
using XLSTAT.7 software. Polymorphic Information
Content (PIC) and DI (Diversity Index) were calculated
according (Gorji et al., 2011). Also, from binary data, the
Resolving power (Rp) values were calculated as described
in Prevost & Wilkinson (1999). Molecular distances MD
were calculated by Dice coefficient (Nei and Li, 1979).

To verify the nature of the relationships between
molecular distances (MDissr, scot and A1) and Phenotypic
distances (PD), simple correlation coefficients were
estimated using the computational software Minitab 17 (EI-
Zanaty et al., 2013).

Table 1. List of all ISSR and SCoT Primers used in the

study.
SCoT Primers ISSR-Primers
Sequence Sequence
Name 5'—3) Name 5'—3)
SCoT-1 CAACAATGGCTACCACCA 14A (CT)TG
SCoT-2 CAACAATGGCTACCACCC 44B (CT)sGC
SCoT-3 CAACAATGGCTACCACCG HB-09 (GT)sGC
SCoT-4 CAACAATGGCTACCACCT HB-10 (GA)CC
SCoT-6 CAACAATGGCTACCACGC HB-11 (GT)sCC
SCoT-8 CAACAATGGCTACCACGT HB-12 (CAC):GC
SCoT-10 CAACAATGGCTACCAGCC HB-15 (GTG)sGC
SCoT-11 AAGCAATGGCTACCACCA
SCoT-12 ACGACATGGCTACCAACG

The underlines of ATG codon in the primer sequence were fixed.

RESULTS AND DISCUSSION

Botanical description and evaluation:
1) Phenological dates
Early Sweet grape cultivar was the earliest cultivars
with regard to the phenological dates represented in bud
burst, full bloom, fruit set and grape maturity followed by
Prime grape cultivar, whereas Star light grape cultivar was
the latest in this respect through the two seasons Table (2).
These findings are consistent with those recorded by
Abd El-Fattah and Kasstor (1993a) on Beauty Seedless and
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Black Monukka grape cultivars; Abd El-Fattah and Kasstor
(1993b) on Black Rose and Ribier grape cultivars; Marwad
(2002a) on Black Rose and Ribier grape cultivars; Marwad
(2002b) on Beauty Seedless and Black Monukka grape

cultivars; Abd EI-Rahman, (2016) on Princess and Autumn
Royal grape cultivars and Mohamed and Tarbia (2017) on
Sable, Midnight Beauty and Desert Red grape cultivars.

Table 2. Dates of bud burst, full bloom, fruit set and maturity of Early Sweet, Prime and Star light grape cultivars

in 2017 & 2018 seasons
Cultivar 50% bud burst date 70% full bloom date Fruit set date Maturity date
2017 2018 2017 2018 2017 2018 2017 2018
Early Sweet 11-Mar 14-Mar 6-Apr 8-Apr 21-Apr 24-Apr 31-May 3-Jun
Prime 14-Mar 16-Mar 9-Apr 12-Apr 23-Apr 27-Apr 6-Jun 11-Jun
Star light 19-Mar 22-Mar 17-Apr 19-Apr 29-Apr 1-May 15-Jun 19-Jun

2) Descriptive measurements

The data related to the evaluation and morphological
description of the studied items are shown in Table (3) and
illustrated in Figure (1).
¢ Growing tip:

- Hairs and colour:

All studied grape cultivars were cob-webby hairs
with green colour with the exception of the Star light grape
cultivar, which was green with purple.

e Tendrils:
- Sequence and tip shape

The sequence of tendrils was intermittent with di-tri-
fid shape in all studied grape cultivars.
o Leaf:

- Leaf size and shape:

All studied grape cultivars were large leaf area (more
than 125 cm?) with Orbicular shape.
- Leaf surface and colour:

All studied grape cultivars were smooth leaf surface
with green colour.

- Leaf thickness and pubescence:

All studied grape cultivars were medium leaf
thickness with Cob-webby.
- Leaf lobes:

Number of leaf lobes was five in all studied grape
cultivars.

- Leaf sinuses:

Regarding depth of leaf sinuses, it was shallow in
depth, when folding the lobe, the sinus reached less than one
third of the way to petiole in all studied grape cultivars. As
for the form of sinuses, it was narrow in all studied grape
cultivars.

- Leaf margin:

With respect to the types of margin, it was dentate in
all studied grape cultivars. Concerning teeth size, it was
medium i.e. breadth was equal to length in all studied grape
cultivars. As for the apical tooth, it was pointed in Early
Sweet grape cultivar, whereas Prime and Star light grape
cultivars were convex. Regarding number of teeth, it noticed
that Early Sweet, Prime and Star light grape cultivars were
medium (58, 54 and 66) respectively.

Table 3. Description and evaluation of Early Sweet, Prime and Star light grape cultivars

Early Sweet Prime Star light
- Hairs Cob-webby Cob-webby Cob-webby
Growing tip Colour Green Green Green with purple
Tendrils Sequence Intermittent Intermittent Intermittent
Tip shape Di-tri-fid Di-tri-fid Di-tri-fid
Size Large(179.4cm?) cm2) Large (187.1 cm?) Large(174.9cm?) cm2)
Shape Orbicular Orbicular Orbicular
Surface Smooth Smooth Smooth
Colour Green Green Green
Thickness Medium Medium Medium
Pubescence Cob-webby Cob-webby Cob-webby
Number of lobes 5 5 5
Leaf sinuses
Depth Shallow Shallow Shallow
Form Narrow Narrow Narrow
Leaf Leaf margin
Type Dentate Dentate Dentate
Teeth size Medium Medium Medium
Apical tooth Pointed Convex Convex
Number of teeth Medium (58) Medium (54) Medium (66)
Petiole
Shape U -shaped U-shaped U -shaped
Sinus Wide Wide Wide
Petiole length (P) 6.6 9.3 8.4
Leaf length (L) 8.1 9.8 111
Petiole P/L 0.81 (Long) 0.95 (Long) 0.76 (Medium)
Weight Medium (440.8g) (440.8g) Big (557.5g) Big (601.99)
Length Medium (16.5) Long (19.7) Medium (17.0)
Bunch Shape Shouldered Winged Conical
Density Well-filled Well-filled Compact
Peduncle Medium (3.1cm) Medium (3.4cm) Medium (2.6cm)
Weight Big (4.87g) Big (4.900) Big (4.950)
Ber Size Large (4.82cm®) Large (4.87 cm®) Large (4.91cmd)
ry Shape Ovoid Ovoid Oblate
Colour Yellowish green Yellowish green Bright red
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¥

Early Sweet

Prime

Star Light

Figure 1. Leaf, bunch and berry of some grape
cultivars
- Petiole:

With regard to petiole shape, it was U-shaped in all
studied grape cultivars. As for petiole sinus, all studied grape
cultivars had wide. Concerning the ratio between petiole
length to leaf length P/L, Early Sweet and Prime grape
cultivars were long, while it was medium in Star light grape
cultivar.

e Bunch:

With regard to bunch weight, it is clear that Early
Sweet grape cultivar was medium (251-500g), whereas
Prime and Star light grape cultivars were big (501-1000g).

As for bunch length, it was found that in Prime grape
cultivar was long (18-24cm), while Early Sweet and Star
light grape cultivars were medium (12-18cm).

Concerning the bunch shape, it was noticed that
Early Sweet grape cultivar was shouldered, Prime grape

cultivar was winged and Star light grape cultivar was conical.

As for bunch density, it was found that Early Sweet
and Prime grape cultivars were well-filled, while Star light
grape cultivar was compact.

With respect to peduncle of bunches, it was noticed
that all studied grape cultivars were medium (2.5-3.5 cm).
o Berries:

As for berry weight, all studied grape cultivars were
big (3.3-7.09).

Concerning berry size, all studied grape cultivars
were large (3.3-7.0 cm?®).

With regard to berry shape, it was noticed that Early
Sweet and Prime grape cultivars were ovoid, while Star light
grape cultivar was oblate.

With respect to berry colour, it is clear that Early
Sweet and Prime grape cultivars were yellowish green,
while Star light grape cultivar was bright red.

The findings obtained are in accordance with those of many
investigators working on different cultivars (Ismail, 1989,
Tourky et al., 1995; Fawzy, 1998; Marwad 2002 a and b;
Mohamed and Tarbia, 2017 and EI-Morsy et al., 2017).

3) Bunch physical characteristics

As shown in Table (4), data concerning bunch
physical characteristics of Early Sweet, Prime and Star light
grape cultivars in both seasons was record.

With respect to bunch weight, it was noticed that
Star light grape cultivar had significantly the highest values
followed by Prime, while Early Sweet grape cultivar
resulted in the least values in both seasons.

As for bunch dimensions, it was found that Prime
grape cultivar significantly attained the highest values of
bunch length and width, whereas Early Sweet and Star light
grape cultivars had the lowest values of these ones, which
insignificant differences between them in both seasons.

With respect to shot berries percentage, Early Sweet
grape cultivar had significantly the highest percentage
followed by Prime grape cultivar, whereas Star light grape
cultivar did not contain shot berries in both seasons.

Table 4. Bunch physical characteristics of Early Sweet,
Prime and Star light grape cultivars in 2017 &

2018 seasons

Bunch Bunch Bunch Shot

Cultivars weight length width berries
@ (cm) (cm) (%)

First season
Early Sweet 437.9 16.23 19.41 22.61
Prime 553.6 19.57 21.17 13.17
Star light 596.5 16.74 19.54 0
New LSD (5%) 31.9 143 117 7.54
Second season
Early Sweet 443.7 16.81 19.76 21.43
Prime 561.3 19.92 21.29 14.68
Star light 607.2 17.36 19.83 0
New LSD (5%) 374 151 124 5.92

4) Berry physical characteristics

Data presented in Table (5) revealed that Early
Sweet, Prime and Star light grape cultivars were differing
among them concerning berry physical characteristics in
both seasons.

As for average berry weight and size, no significant
differences were observed among Early Sweet, Prime and
Star light grape cultivars of these ones in both seasons.

With regard to berry length, Early Sweet grape
cultivar had significantly the highest values, followed by
Star light grape cultivar with no significant differences were
noticed between them, whereas Prime grape cultivar
resulted in the least values in both seasons of the study.

As for average berry diameter, Star light grape
cultivar attained significantly the highest values followed by
Prime, grape cultivar, while Early Sweet grape cultivar
resulted in the least values in both seasons of the study.
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Regarding berry shape index; Early Sweet grape
cultivar had significantly the highest values (more
elongation) followed by Prime grape cultivar, whereas Star
light grape cultivar resulted in the least values in both
Seasons.

Table 5. Berry physical characteristics of Early Sweet,
Prime and Star light grape cultivars in 2017 &

2018 seasons

Berry Berry Berry Berry Berry

Cultivars weight Size length diameter Shape
(9 (cm® (cm) (cm) index

First season
Early Sweet 484 479 241 191 1.26
Prime 488 4.85 235 194 121
Star light 493 4.89 2.39 2.05 1.17
New LSD (5%) N.S. N.S. 0.03 0.04 0.03
Second season
Early Sweet 489 485 243 1.93 1.26
Prime 491 488 2.36 1.95 121
Star light 497 493 242 2.08 1.16
New LSD (5%) N.S. N.S. 0.02 0.03 0.02

5) Berry chemical characteristics

As shown in Table (6), data concerning berry
chemical characteristics of Early Sweet, Prime and Star light
grape cultivars in both seasons was record.
With respect to total soluble solids in berry juice,
insignificant differences was observed among Early Sweet,
Prime and Star light grape cultivars of this parameter in both
seasons.

Regarding acidity in berry juice, it was noticed that
Star light grape cultivar had significantly the least
percentages followed in an ascending order by Prime grape
cultivar, whereas Early Sweet grape cultivar resulted in the
highest percentages in both seasons.

SRR

o |

HB-12.

Concerning berry TSS/acid ratio, the highest significant
values of this parameter were attained by Star light grape
cultivar followed by Prime grape cultivar, while Early
Sweet grape cultivar had the least values in both seasons.

The findings obtained are in accordance with those
of many investigators working on different cultivars (El-
Sharkawy 1995; Fawzy 1998; Marwad, 2002 a and b; Gaser,
2006; Girgis, 2007; Sabry et al., 2009; Mohamed and Tarbia,
2017 and EI-Morsy et al., 2017).

Table 6. Berry chemical characteristics of Early Sweet,
Prime and Star light grape cultivars in 2017 &

2018 seasons

. TSS Acidity TSS/acid
Cultivars (%) (%) ratio
First season
Early Sweet 16.7 0.49 34.1
Prime 16.5 0.48 344
Star light 16.4 0.46 35.7
New LSD (5%) N.S. 0.02 0.7
Second season
Early Sweet 16.9 0.48 35.2
Prime 16.6 0.45 36.9
Star light 16.5 0.44 375
New LSD (5%) N.S. 0.01 0.4

Molecular assessment

To assess the genetic diversity among Early Sweet,
Prime and Star light grape cultivars, banding patterns and
DNA profile (Figures. 2: 4) of seven ISSR and nine SCoT
primers were screened to investigate the genetic diversity.
Except for HB-12, the other primers revealed polymorphic
patterns and illustrated them to be valid with an acceptable
degree in discriminating among these cultivars.

TR

HB-11

HB-13

Figure 2. ISSR banding patterns of Early Sweet, Prime and Star light grape cultivars, for nine primers. L, ladder
(0.1: 3 kbp) and lanes 2 to 4 represent the three cultivars.
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Figure 3. SCoT banding patterns of Early Sweet, Prime and Star light grape cultivars, for nine primers. L, ladder
(0.1: 3 kbp) and lanes 2 to 4 represent the three cultivars.
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Positive unigue marker

Figure 4. DNA-profile representation of ISSR & SCoT fingerprints of Early Sweet, Prime and Star light grape
cultivars based on 108 amplicons, 36 of them were positive marker loci.

From ISSR banding patterns, the molecular data
were estimated (Table 7) detected that the 14A & 44B
primers which contain the repetitive motif (CT) showed the

contribution in generating reliable markers in grape.
Moreover, these primers showed the highest Rp values were
3.33 and 2.67 with polymorphism % and PIC of (83.33,

highest number of polymorphic amplicons 5 & 4 with 25.7 % 0.370) and (57.14, 0.254), respectively. Suggesting the high

from all ISSR amplicons. Also, these primers targeted
generating 6 unique amplicons with 66.67% from all ISSR
unique amplicons. Indicating that this microsatellite is more

discriminatory potential of these primers compared to other
ISSR primers used in this study according to Prevost &
Wilkinson (1999).

Table 7. Molecular data of ISSR molecular marker technique.

Amplicons Polymorphic
Primer Molecular Polymorphic Polymorphism index Resolving
Name - Monomorphic  Without . Total % content  power Rp
size range . Unique
unique (PIC)
14A 185:996 1 2 3 6 83.33 0.370 3.333
44B 335:597 3 1 3 7 57.14 0.254 2.665
HB-09 245:517 2 2 0 4 50.00 0.222 1.332
HB-10 245:738 2 2 1 5 60.00 0.267 1.998
HB-11 262:329 2 1 0 3 33.33 0.148 0.666
HB-12 228:434 5 0 0 5 0.00 0.000 0.000
HB-15 309:952 2 1 2 5 60.00 0.267 1.998

On the other hand, Table 8 illustrated molecular data
of SCoT primers used in this study. All these primers were
from the Dataset-1 type which targets highly expressed
genes in plant tissues as described by Sawant et al. (1999).
The first seven SCoT primers targeted generating of a total
of 38 polymorphic amplicons. These primers were similar
in the last five nucleotides at the 5’end and different in the

last three nucleotides at the 3’end. These primers targeted
generating of a total of 25 from 27 unique amplicons with
92.6 %. Where, the SCoT-4, SCoT-10 and SCoT-2 primers
which differ only in one out of the last three nucleotides at
the 3"end showed the highest Rp values were 5.99, 5.33 and
4.66 with polymorphism % and PIC of (69.23, 0.342),
(80.00, 0.355), and (58.33, 0.222) respectively. Indicating
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the high discriminatory potential for this type of SCoT reliable markers in grape as previously indicated by Prevost
markers and which may be more successful in generating & Wilkinson (1999).

Table 8. Molecular data of SCoT molecular marker technigue.
Amplicons

Primer Name Molecular Polymorphic Polymorphism iFr’lgiz(n::%mg:& Resolving
size range Monomorphic V&/:]tlzzit Unique Total % (PIC) power Rp
SCoT-1 224:887 3 2 2 7 57.14 0.254 2.664
SCoT-2 269:1973 5 3 4 12 58.33 0.222 4.662
SCoT-3 310:1472 3 0 5 8 62.50 0.278 3.330
SCoT-4 259:1699 4 3 6 13 69.23 0.342 5.994
SCoT-6 359:724 4 1 3 8 50.00 0.22 2.664
SCoT-8 353:531 4 1 0 5 20.00 0.089 0.666
SCoT-10 310:905 2 3 5 10 80.00 0.355 5.328
SCoT-11 382:536 3 0 2 5 40.00 0.178 1.332
SCoT-12 314:640 2 3 0 5 60.00 0.267 1.998

In comparison between combined molecular data for by P%, UM%, DI, and Rp values which were 55.24, 37.0,
both SCoT and ISSR primers, it is evident from Table 9 that ~ 0.25 and 3.18 respectively, compared with the same values
the total number of scorable ISSR amplicons was 35 withan  for ISSR-technique which were 49.11, 25.7. 0.22 and 1.71,
average of 5.0 amplicons/primer, with a product size ranged  respectively. This indicates the high discriminatory potential
from185 and 996 bp. While the total number of scorable  of using SCoT primers compared with ISSR primers. Where,
SCoT amplicons was 75 with an average of 8.3 SCoT markers were more discriminating, provided more
amplicons/primer, with a product size ranged from 224 and  informative data. Also, confirms that it can be relying on the
1973 bp. Also, through better discrimination capabilities  SCoT technique to evaluate the genetic diversity among the
compared with ISSR, SCoT primers targeted generating 43  grape cultivars better than ISSR markers. More importantly,
polymorphic amplicons with an average of 4.8/primer and ~ SCoT marker is generated from the functional region of the
27 unique markers with an average of 3.0/primer. While  genome, so genetic analyses such as genetic diversity,
ISSR primers except HB-12 targeted generating 18  genotype identification, construction of linkage maps and
polymorphic amplicons with an average of 2.6 /primer and  QTL mapping using this marker would be more useful
9 unique markers with an average of 1.3 /primer. This  (Hajibarat et al., 2015).
discrimination capability for the SCoT technique confirmed

Table 9. Comparison of discriminating capacity between ISSR and SCoT Molecular markers techniques.

. SA PA UA
[0) [0)
Technique MS Total Mean Total Mean Total Mean P9 UM % DI Rp
ISSR 185:996 35 5.0 18 26 9 13 49.11 25.7 0.22 171
SCoT 224: 1973 73 8.3 43 4.8 27 3.0 55.24 37.0 0.25 3.18

MS: Molecular size; SA: Scorable Amplicons; PA: Polymorphic Amplicons; UA: Unique Amplicons; P%: Polymorphism % ; UM%: Unique
Marker %; DI: Diversity Index; Rp: Resolving power.

This result agrees with Gorji et al. (2011) in Potato  characteristics respectively (Table 10). These data exhibited
and Etminan et al. (2016) in durum wheat, Abdel-Hameed  that the highest MD & PD were between Early Sweet and
et al. (2020), and Bashandy et al. (2020) in grape. They  Star light grape cultivars. Whereas the lowest PD was
found that the SCoT marker was more informative and  between Prime and Early Sweet strain cultivars, the other
effective than the ISSR marker to estimate the genetic  molecular distances between Prime with Early Sweet or Star
diversity and perform fingerprinting in these plants. While  light cultivars were very close.
this result disagrees with Ramadan et al. (2019), who found
that the ISSR marker is more discriminating and provides
more informative data than SCoT in fennel cultivars.

While Baghizadeha and Dehghan (2018), and other
researchers, recommend that it is preferable to use these
molecular marker techniques in combination with each

Table 10. Distances matrix between Early Sweet, Prime
and Star light grape cultivars based on
combined molecular data and Phenotypic
(physical and Chemical characteristics) data.

Distances matrix Star light Prime

other for distinctive fingerprinting. Also, indicated that Prime Combined mo!ecular data  0.260

. - Phenotypic data 202.5
cluster analysis based on ISSR and SCoT data obviously Combined molecular data0.284 0263
discriminated among the Iranian pistachio cultivars. This  Early Sweet Phenotypic data 280.0 804

was confirmed by Abd El-Aziz et al. (2019), who reported
that the combined data of ISSR and SCoT molecular marker Also, from this matrix, the dendrograms of cluster
techniques were suitable and more informative for assessing  analysis were performed using molecular and phenotypic
the genetic relationships and genetic diversity among  distances (Figure 5). These dendrograms are divided into
apricot strains. three groups according to the truncated line at a coefficient
Genetic distances estimation and cluster analysis of dissimilarity= 0.13 & 40.18, respectively. Whereas each
Genetic distances were estimated as Molecular and  group was contained one cultivar in the two AHC
Phenotypic distances (MD & PD) based on the combined  dendrograms.
molecular data and quantitative data of studied
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AHC-Dendrogram
Combined Molecular data

—

0.25 +

0.20

0.15 +

MD

0.10 +

0.05 +

Early Sweet
Star light
Prime

AHC-Dendrogram
Phenotypic Data

PD
=
3

arly Sweet
Prime
Star light

Figure 5. Agglomerative hierarchical clustering (AHC) dendrograms derived by UPGMA method using combined

molecular data and phenotypic data of Early Sweet, Prime and Star light grape cultivars.
Legend: TL represents truncated lines at a coefficient of dissimilarity or distance for molecular combined data of =0.13 & 40.18, respectively.

Association  between  molecular markers and
distinguishing traits

Finally, by calculating the correlation coefficient
between combined MD and PD, positive correlation with
coefficient r=0.708 was found. This indicates that the unique
markers which were most of them from SCoT markers (27
out of 36) can be associated with the distinguished traits of
each cultivar as shown in Table 11 according to Abd El-
Azizetal. (2019). This is evidenced by Ibrahim et al. (2016),

who explained that the SCoT markers were plausibly proved

successful to target generic regions across the grape genome,
suggesting future studies are needed to decipher the
structure of markers which shown in Table 11. These
markers after deciphering their structure may help to evolve
more reliable molecular markers for the selection of the
desirable traits in these cultivars. considering the results of
the molecular techniques a distinctive genetic fingerprint for
each cultivar. Hence the results of the molecular techniques
especially SCoT can be considered a distinctive genetic
fingerprint for these cultivars.

Table 11. The relationship between molecular markers and distinguished traits for each cultivar.

Unique markers

Distinguished traits

Cultivars

Technigue Primer Molecular size bp Total Trait Mean performance
ISSR HB-15 417 1
SCoT 1 541
SCoT 2 956 )
Bunch shape Conical
. SCoT 3 767,1472
Star light SCoT SCoT 4 317, 720, 991 n 2 B Sh‘"’l‘pe B(')brll?te ;
SCoT 6 493,724 erry color ngntre
SCoT 10 517
SCoT 11 427
14A 485,652,996
ISSR 44B 362, 567 5
SCoT 1 451
Prime SCoT 3 815,1076 13 Bunch shape Winged
SCoT SCoT 4 574,1466 8
SCoT 6 512
SCoT 10 310, 555
44B 335
ISSR HB-10 738 3
:C%_'I%Sz 403,1‘21(2)? 1973 Maturity o_Iate Early (15‘ week of June)
Early Sweet 11 Shot berries High (22.61%)
SCoT 3 481 Bunch shape Shouldered
SCoT SCoT 4 811 8
SCoT 10 507,517
SCoT 11 444

In conclusion, it is clear from the results that the
Early Sweet, Prime and Star light grape cultivars succeeded
under Egyptian conditions, which characterized by the high
quality of bunch and berries. SCoT markers were more
discriminating, provided more informative data, and
evaluated the genetic diversity among the grape cultivars
better than ISSR markers. So, we recommend expansion in
the cultivation of these cultivars under Egyptian conditions
and benefit from the results of the molecular techniques
applied in this study to elicit reliable molecular markers
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characterizing desirable traits in these cultivars to use in

Egyptian grape cultivars improving programs.
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