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ABSTRACT

Yield performance and berry sensory attributes in 10 grape cultivars were studied under Assiut
conditions. In addition, the genetic variability and relationships among these cultivars were determined
based on RAPD and SRAP molecular markers. Genetic variations were observed between the tested
cultivars in all studied traits of yield and yield components as well as in berry sensory attributes. 100 sites
of grape genome were amplified by RAPD and SRAP primers and used to study the interrelationships
between 10 grape cultivars. The highest interrelationships were found between “Black Muscat and
Provano”, “Palomino and Bez El-Naka”, and between ‘“Palomino and Ruby Seedless”. The lowest
relatedness was found between Beauty Seedless and the other nine grape cultivars. The phenotypic data
and molecular markers were effective in estimating the genetic variability between grape cultivars. The
study indicated the presence of abundant genetic variability among some of the important commercial
grape cultivars. Significant positive correlation was found between the phenotypic and genotypic distance
indicated that the studied RAPD and SRAP markers were able to bind to effective regions in the genome.
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INTRODUCTION

Grapes are among the most important horticultural
crops in the world as well as in Egypt, so there are many
grape varieties and clones in the country. During the last
years, many cultivars of grapes were introduced to Egypt
and the cultivated area for these new varieties and it
increased rapidly. According to statistics of the Ministry of
Agriculture (2017), the total area allocated for grapes in
Egypt was (186,157) feddans, with a production of
(1734,424) tons. To improve grapevine production, we need
a wide knowledge about the genetic variability in yield
components and fruit quality as well as the interrelationships
between grape genotypes. The study of genetic diversity and
relationships between genotypes will provide new insights
into crop breeding and improvement (Henderson, and Salt,
2017).

Genetic variability and interrelationships between
plant genotypes is one of the main factors for improvement
of many crop plants including grapes and can be evaluated
from morphological traits, pedigree analysis or using
molecular markers (Pejicet al., 1998). Estimates of genetic
interrelationships based on morphological traits suffer from
the drawback that these traits are limited in number and
influenced by the environment (Maric et al., 2004).
Molecular markers are useful tools for determining the
genetic variability and interrelationships between plant
genotypes because they are unaffected by the environment
and do not require prior pedigree information.

Among  these molecular  markers, random-
amplified-polymorphic-DNA  (RAPD) which introduced
by Williams et al.(1990). RAPD-PCR is easy to use,
required a very small amount of template DNA and displays
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informative results (Atienzar etal., 2000). RAPD-PCR has
become a useful tool to complement morphological,
agronomic, and physiological characterization to improve
assessment of genetic diversity and interrelationships
between genotypes. RAPD-PCR analysis has been used by
several researchers to determine the genetic distances and
interrelationships among grape varieties (Qu and
Lamikanra, 1996; This et al., 1997; Vidal et al.,1999 and
Su-Lan et al, 2001). In addition, Sequence-related
amplified polymorphism (SRAP) markers are employed in
several studies to genetic variability and interrelationships
among  plant genotypes. SRAP markers were first
developed by Li and Quiros (2001), in Brassica, with
amplifying open reading frames (ORFs) using SRAP
primers on the basis of variation in introns and conservation
in exons. SRAP has been used to study genetic variations
and relationships in a number of plants, including grape
cultivars (Guo et al., 2012 and Zhang et al., 2018).

The present investigation aimed to study the yield
performance and berry sensory attributes in ten grape
cultivars under Assiut conditions. In addition, the genetic
variability and relationships among these cultivars were
studied based on RAPD and SRAP molecular markers.

MATERIALS AND METHODS

Plant materials: The evaluation included ten grape
cultivars which are grown in the orchard of Pomology
Department at the Faculty of Agriculture, Assiut University
during two successive grape seasons growing of 2017 and
2018.These cultivars were Red Roomy, Ruby Seedless
(KingRuby), Thomson Seedless, Provano, Black Muscat,
Palomino, Rich Baba, Bez El- Anza, Bez El -Naka and
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Beauty Seedless. The experiment was conducted on five
replicates of each cultivar. Five grapevines from each
cultivar were selected, therefore the whole experiment
Consisted of 50 grapevines.

This experiment was arranged in a complete
randomized design to study the yield performance and berry
sensory attributes in 10 grape cultivars. The Following
measurements were executed on each vine.

Performance of the grape cultivars:
1- Initial fruit set (IFS), flower drop, and berry drop:

Initial fruit set (IFS) was calculated according to El-
Sese et al. (1988). Two clusters from each vine were sacked
with sacks of white cheesecloth 10 days before fruit set.
After two weeks of fruit set, the clusters were detached from
the vines with their sacks. In the laboratory, the clusters were
drawn out from the sacks on white paper sheet and they were
well shacked off on it. The flowers and berries were divided
into: (1 normal berries ,2) dropped berries ,3 flowers that did
not set. Then the percentage of initial fruit set was calculated
according to following equation: -

IFS% — Total No. berries/cl uster *

Total No. flowers/cl uster *

*Number of normal berries + dropped berries.
* Number of flowers + total number of berries (normal+ dropped)

2- Number of setting berries

3- Cluster number/shoot was calculated on each selected
shoot.

4-Yield components [Yield weight (kg)-
number/vine - Cluster weight (g)].

5- The L/W ratio: Cluster Length (L)/width (W) ratio
was calculated.

Berry sensory attributes:

1- Total Soluble Solids (%) (TSS) using hand refractometer.

2-Titratable acidity (%) using titration by NaOH at 0.1 N and
phenolphthalein as an indicator then expressed as grams
tartaric acid per 100 g juice.

3- TSS/Acid ratio was then calculated.

4-Reducing sugars% were determined according to Lane and
Eynom Volumetric method.

Molecular markers:

DNA extraction: Genomic DNAs were extracted from fresh

leaves of 10 grape cultivars using the CTAB protocol (Lodhi

et al. 1994). The quality and concentration of the extracted

DNA which will be used in PCR reactions were determined

using a 0.8 % agarose gel and a spectrophotometer according

to Sambrook et al., (1989). DNA dilutions were made to

detect the optimum concentration for RAPD and SRAP-PCR

analysis.

RAPD and SRAP analysis: RAPD and SRAP assays were

based on the Polymerase Chain Reaction (PCR) amplification

of random sites spread all over the genomic DNA. The used

DNA amplification protocol was performed as described by

Williams et al. (1990) with some modifications.

RAPD-PCR analysis: Seven RAPD primers (Table 1)

obtained from (Metabion International AG), were tested in

this experiment to amplify the template DNA. The reaction

conditions were optimized and the amplification mixture (25

ul total volume) was composed of 3.0 ul 10X reaction buffer,

0.3 plTag DNA polymerase, 3.0 pl dNTP's mix, 2.0 pl primer,

1.0 pl Template DNA, 4.0 ul MgCl, and 11.0 ul dH,O.

Amplification condition were carried out in a TECHNE

x100

Cluster

thermocycler (Model FTGEN5D, TECHNE, Cambridge Ltd,
Duxford, and Cambridge, U.K) with the following
parameters: denaturation at 94°C for 3 min, followed by 40
cycles of 92°C for 1 min., 33°C for 1 min, 72 °C for 2 min,
and a final extension at 72 °C for 10 min., then a final hold at
4°C.,

SRAP-PCR analysis: Seven SRAP primer combinations
(Table 1) were used to study band polymorphism among the
10 grape cultivars. The SRAP-PCR reaction was carried out
in 25 pL reaction mixtures which consisted of 2.5 pL of 10 x
reaction buffer, 2.0 uL of 25 mM Mg?, 2.0 uL of 2.5 mM
dNTPs, 0.5 pL of each 10 uM primer, 0.2 pL of 5 U Tag DNA
polymerase and 2.0 uL of 20 ng-pL genomic DNA. All PCR
reactions were carried out using a TECHNE thermocycler
with the following parameters: denaturing at 94 °C for 5 min,
followed by the first five cycles of 94 °C for 1 min, 36 °C for
1 min, 72 °C for 1 min and then 35 cycles of 94 °C for 1 min,
50°C for 1 min, 72 °C for 1 min and a final extension at 72 °C
for 10 min.

The amplified products were separated on 1.5 %
agarose gels in 1 x TAE buffer at 120 V constant voltages for
50 min. The 100 bp (Fermentas, Lithuania) DNA ladder were
used to estimate the approximate molecular size of
amplification DNA products. The gels were stained with
ethidium bromide (EB) solution and photographed.

Data analyses:

The RAPD and SRAP molecular markers were
visually recorded using the MVSP software package
(Multivariate Statistical Package) and the DNA bands were
recorded as being present (1) or absent (0). Paired
comparisons between the tested samples were used to
compute the genetic similarity matrix (GS) coefficient
according to Nei and Li (1979). The dendrogram cluster
analysis was presented as based on the GS estimates using the
UPGMA (Unweighted Pair-Group with Arithmetic Mean)
method.

Table 1. RAPD and SRAP primers used in the present

study.
PCR . rimer sequence ™m
analysis Primers P 5’ tog’ (°C)
OPY-05 GGC TGC GACA 36
OPC-18 TGG GGG ACTC 36
OPA-02 TGCCGAGCTG 36
RAPD OPA-15 AGATCCAGCC 36
OPY-06 AAG GCTCACC 36
OPW-12 TGG GCAGAAG 36
OPI-05 TGT TCC ACG G 36
ME1 FLTGAGTCCAAACCGGAAA 50
ME4  F2:TAG GTC CAAACCGGAAT 50
ME3  F3:TAG GTCCAAACCGGAAG 50
SRAP ME2 F4.TAG GTC CAAACCGGAAC 50
ME5 F5.TAG GTC CAAACCGGACA 50
EM3 R3:GAC TGC GTACGAATT AAG 50
EM2 R2:GACTGC GTACGAATTAAC 50
RESULTS AND DISCUSSION
Results

Performance of the grape cultivars:

The mean performance of 10 grape cultivars grown in
Assiut, Egypt during two successive seasons of 2017 and 2018
are summarized in Table 2. Black Muscat, Red Roomy and
Rich Baba grape (1.60) displayed the highest cluster

376



J. of Agricultural Chemistry and Biotechnology, Mansoura Univ., Vol 11 (12), December, 2020

number/shoot (bud fertility), while Bez-El-Anza showed the
lowest value (0.60).

Number of setting berries/cluster was the highest in
Ruby Seedless (394.3) followed by Beauty Seedless (339.7)
and Thompson Seedless (327.2), while Black Muscat (79.2)

The highest percentage of initial fruit set (IFS%) was
recorded in Rich Baba (25.92%) followed by Bez El-Anza
(22.81%) and Bez El-Naka (21.05%), however, the lowest
IFS% was found in Thompson Seedless (13.55%) and Ruby
Seedless (13.28%) cultivars.

recorded the lowest value.

Table 2. Mean values of 2017 and 2018 grape growing seasons for cluster number/shoot, number of setting berries,
IFSP%, cluster number/vine, cluster weight (g), cluster length/weight (L/W) and yield weight (Kg.) of the
studied grape cultivars.

Cultivars Cluster Number of IFSP Cluster Cluster weight  Cluster  Yield weight
number/shoot setting berries % number/vine @ L/W (kg)

Beauty Seedless 1.00C 339.70 A 18.842 CD 4380 A 226.72 EF 1.905 A 10.06 C
Thompson Seedless 1.00C 327.20A 13550 E 39.60 A 257.60 DE 184 A 10C
Rich Baba 1.60 A 127.80 CD 25923 A 19.60C 335.80 BC 1.62CB 6.46 DE
Ruby Seedless 1.40 AB 39430 A 13.276 F 39A 380.15B 1.43CD 15.48B
Palomino 1.20BC 132.80CD  19.678 BCD 2250BC 453 A 146C 10.11C
Provano 1.20BC 196 BC 17.286 DE 4340 A 44955 A 146C 1934 A
Bez EL-Naka 1.00C 101.20D 21.051BC 11.10D 253.15 DE 159C 271F
Bez EL-Anza 0.60D 104.80 D 22.810 AB 850D 272 DE 128D 2.33F
Red Roomy 160 A 251.30B 15.278 EF 2590B 29295CD  1.799 AB 7.70CD
Black Muscat 1.60 A 79.20D 15.227 23.60 BC 186.30 EF 1.63BC 4.42 EF

Data in Table 2 revealed wide differences between the
studied grape cultivars in cluster number/vine, cluster weight
(9) and yield weight (kg/vine). The highest number of clusters
per vine was obtained by Beauty Seedless (43.8), Provano
(43.4) and Thompson Seedless (39.6) grape -cultivars.
Meanwhile, very low number of clusters per vine was
produced by Bez El-Anza (8.5) and Bez El-Naka (11.1).

The heaviest cluster was obtained from Palomino
(453.00g.) and Provano (449.55g.) followed by Rich Baba
(335.80) and Ruby Seedless (380.50g). While Black Muscat
grape recorded the lowest value of cluster weight (186.30 g).
However, the rest of cultivars showed intermediate values of
cluster weight ranged from 226.72 g in Beauty Seedless to
292.95 g in Red Roomy cultivar.

Data concerning L/W ratio revealed that Beauty
Seedless, Thompson Seedless and Red Roomy tend to be
more elongate, as compared with the other studied grape
cultivars.

The highest yield weight was obtained by Provano
cultivar (19.34 kg/vine) followed by Ruby Seedless (15.48
kglvine). Meanwhile, Bez El-Anza (2.33 kg/vine), Bez El-
Naka (2.71) and Black Muscat (2.71) produced the lowest
yield weight. In the other cultivars, grape yield ranged from
6.46 Kg/vine in Rich Baba to 10.11 Kg/vine in Palomino.
Berry sensory attributes:

Sensory attributes include total soluble solids
percentage (TSS%), total acidity percentage (%), TSS/acid
ratio and reducing sugars. Data of these characteristics are
presented in Table 3.

The highest TSS% were 21.10; 20.42 and 20.14% in
Beauty Seedless, Black Muscat and Thompson Seedless,
respectively. While the lowest TSS% was recorded in Bez El-
Anza (16.26%) and Bez El-Naka (16.30%). Total acidity
percentage was highest in Provano (0.535%) and Beauty
Seedless (0.531) and Thompson Seedless (0.403%) while it
lowest in Bez EI-Naka (0.203%) and Bez El-Anza (0.217%).
The other cultivars showed moderate acidity percentages
ranged from 0.285% in Palomino to 0.376% in Black Muscat
cultivar.

Bez-El-Naka (90.0); Red Roomy (87.72) and BezEI-
Anza (80.62) displayed the highest TSS/acidity ratio while,

Beauty Seedless (40.98) and Provano (45.1) showed the
lowest ratio for the same trait.

Black Muscat (18.0%); Beauty Seedless (17.6) and
Thompson Seedless (17.26) revealed the highest percentage of
reducing sugars, however, Palomino (12.57%) was the lowest
cultivar.

Table 3. Mean values of 2017 and 2018 grape growing
seasons for TSS%o; total acidity%; TSS \ acid
ratio and reducing sugars% of the ten studied
grape cultivars.

: TSS Total TSS\acid Reducing
Cultivars % acidity%o ratio sugars%o
Beauty Seedless 21.10A 0531 A 4098E 17.60 AB
Thompson Seedless 20.14 A 0.403B 5541 DE 18A
Rich Baba 17.34C 0.374BC 52.37DE 14.70 DE
Ruby Seedless 1890B 0.277CD 7466C 16.45BC
Palomino 1920B 0.258D 76.77BC 1257F
Provano 16.30D 0535A 4510E 1421 E
Bez EL-Naka 18.10C 0.203D 90.00A 17.26 AB
Bez EL-Anza 1626 D 0.217D 8062ABC 14.67DE
Red Roomy 1790C 0.280D 87.72AB 15.60CD
Black Muscat 2042 A 0376 BC  61.26D 18 A

Diversity analysis

RAPD analysis: The seven tested RAPD primers amplified a
total of 48 DNA fragments from the ten grape cultivars with
an average of 6.86 bands per primer (Table 4 and Figure 1).
Only 9 (18.75%) of these bands were conserved among all
grape cultivars which considered as species specific DNA
fragments, while 39 bands were polymorphic with percentage
of 81.25%. All bands generated by the primer OPC-18 were
polymorphic while OPY-06 generated the lowest percentage
of polymorphic bands (50%). The other primers showed high
percentage of polymorphism ranged from 75.0% (OPA-02) to
85.7% (OPW-12 and OPI-05). OPC-18 amplified a maximum
of 9 bands followed by OPA-02 (8 bands) while OPY-05
amplified the minimum number of DNA fragments (5 bands).
The number of RAPD markers detected in grape cultivars
ranged from 31 bands in Ruby Seedless to 21 bands in Beauty
Seedless.

SRAP analysis: The seven SRAP primer combinations
amplified a total of 52 DNA fragments from the ten grape
cultivars with an average of 7.4 bands per primer (Table 5 and
Figure 2). Only 16 (30.77%) of these bands were conserved
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among all grape cultivars which considered as species specific
DNA fragments, while 36 bands (69.23%) were polymorphic.
The percentage of polymorphism ranged from 57.14% in
MEL/EM3 to 80.0% in ME3/EM2 and ME4/EM2. The primer
combinations ME3/EM2 and ME4/EM2 generated the highest
number of amplified (10 bands, each) and polymorphic (8

M1234 56788910 M123456788910

bands, each) DNA bands. While ME2/EM2 and ME3/EM2
generated the lowest number of amplified (5 bands, each) and
polymorphic (3 bands, each) bands. The number of SRAP
markers detected in grape cultivars ranged from 21 bands in
Beauty Seedless to 39 bands in Ruby Seedless and Black
Muscat.

M1 2 34 567 8910

M1 2 34 56 7 89 10
»

tog €t

Fig. 1. Agarose gel electrophoresis of RAPD profiles in ten grape cultivars obtained by 7 primers; M= DNA Ladder;
(1): Red Roomy; (2): Thompson Seedless, (3): Ruby Seedless; (4): Bez El-Naka; (5): Bez EI-Anza; (6): Beauty
Seedless; (7): Palomino; (8): Rich Baba; (9): Provano and (10): Black Muscat.

Table 4. Number of amplified and polymorphic DNA-fragments (loci), and percentage of polymorphic bands generated

from ten grape cultivars by seven RAPD primers.

. ... Polymorphic
- Red Thompson Ruby Bez Bez  Beauty . Rich Black Amplified

Primers Roomy Seedless Seedless El-Naka El-Anza Seedless Palomina Baba Provano Muscat  bands ﬁ PIC
OPY05 4 4 2 4 2 2 2 2 2 3 5 4 800 031
OPC18 7 4 5 4 4 4 7 7 4 3 9 9 1000 0.37
OPAO2 2 5 5 7 3 3 7 5 4 5 8 6 750 026
OPA15 2 2 5 4 4 2 4 1 4 4 6 5 833 027
OPY06 3 3 3 3 3 4 3 3 3 6 6 3 500 029
OoPW12 2 4 5 4 2 3 2 6 4 2 7 6 857 011
OPIO05 3 5 6 4 4 3 3 4 6 7 7 6 857 033
Total

bands 23 27 31 30 22 21 28 28 27 30 48 39 812 028

M1 2 3 456 7 8 9210 . - =
M 12 345678 910

ME3/EM2 ME4/EM2

920] 1 2 3456 78 910M
ME3/EM3

M1 234]567[{!]910
ME2/EM2

ME2/EM3

«88c0-0-a0

Fig. 2. Agarose gel electrophoresis of SRAP profiles in ten grape cultivars obtained by seven primer combinations,
M= DNA Ladder; (1): Red Roomy; (2): Thompson Seedless; (3): Ruby Seedless; (4): Bez EI-Naka, (5): Bez
El-Anza; (6): Beauty Seedless; (7): Palomino; (8): Rich Baba; (9): Provano and (10): Black Muscat.
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Table 5. Number of amplified and polymorphic DNA-fragments (loci), and percentage of polymorphic bands
generated from ten grape cultivars by seven SRAP primer combinations.

Red Thompson Ruby Bez Bez

Beauty Palomina

Polymorphic

Rich Black Amplified

Primers Roomy Seedless Seedless El-Naka El-Anza Seedless Baba """ Muscat  bands %PIC
ME3/ EM2 6 6 6 5 3 5 6 3 4 4 10 8 80.0 029
ME4/ EM2 2 3 5 4 6 4 4 7 7 8 10 8 80.0 030
ME2/ EM2 2 5 4 4 3 2 4 2 4 4 5 3 600 025
ME1/EM3 5 4 6 7 6 3 7 6 7 6 7 4 5714 021
ME4/EM3 4 3 8 3 5 3 3 5 6 7 9 6 66.67 0.26
ME3/ EM3 4 4 6 3 2 2 5 2 2 6 6 4 66.67 0.29
ME3/ EM2 2 4 4 3 4 2 5 2 4 4 5 3 600 022
Total bands 25 29 39 29 29 21 34 27 34 39 52 36 69.23 0.26

RAPD and SRAP combined data: In the present
investigation, two types of molecular markers, RAPD &
SRAP, were used to study and determine the
interrelationships between 10 cultivars of grape vine. A total
of 100 DNA sites/alleles were amplified and tested in the
grape cultivars with an average of 7.1 sites/primer (Table 6).
Only 25 of these sites were conserved in the tested cultivars

which considered as species specific DNA fragments. While
the other sites showed polymorphism with a percentage of
75%. The highest number of DNA fragments was amplified
from Ruby Seedless (70 fragments) followed by Black
Muscat (69 bands), while the lowest number obtained from
Beauty Seedless (42 fragments).

Table 6. Total numbers of amplified and polymorphic DNA-fragments (loci), and percentage of polymorphic bands
generated from ten grape cultivars by seven RAPD primers and seven SRAP primer combinations.

. ... . Polymorphic

Red Thompson Ruby Bez Bez Beauty . Rich Black Amplified
Markers Roomy  Seedless Seedless EI-Naka EI-Anza Seedless Palomino Baba Provano Muscat bands 7ngands%
RAPD 23 27 31 30 22 21 28 28 27 30 48 39 81.25
SRAP 25 29 39 29 29 21 34 27 34 39 52 36 69.23
Grand total 48 56 70 59 51 42 62 55 61 69 100 75 75.0

PIC value: The polymorphism information content (PIC)
values of the studied markers were calculated and presented
in Tables (4 and 5). In this study, PIC values for the 7 RAPD
primers varied from 0.11 in OPW12 to 0.37 in OPC18 with
an average of 0.28 (Table 4). The PIC values for the 7 SRAP
primer combinations ranged from 0.21 in ME1/EM3t0 0.30
in ME4/ EM2 with an average of 0.26 (Table 5).

Genetic similarity and UPGMA analyses:

The highest genetic similarity (GS) for RAPD
markers was found between Bez El-Anza and each of Bez
El-Naka (0.73) and Beauty Seedless (0.72), while the lowest
GS was found between Black Muscat and each of Rich Baba
(0.35) and Red Roomy (0.39) (Table 7, above diagonal).
The dendrogram grouped the 10 cultivars into four main
clusters within a branched-off 0.472 GS (Fig. 3A). Red
Roomy and Thompson Seedless were grouped together in
the 1% cluster within 0.613 GS. In the 2™ cluster, Bez El-
Naka and Bez El-Anza grouped together firstly with 0.733
GS and then with Palomino at 0.686 GS and Ruby Seedless
within a branched-off 0.664 GS. The 3cluster included
Rich Baba and Beauty Seedless within a branched-off 0.633
GS. Provano and Black Muscat were grouped together in
the 4" cluster at 0.629 GS.

Based on SRAP data, the highest GS was between
Bez El-Anza and Rich Baba (0.806) and the lowest GS was
between Ruby Seedless and Beauty Seedless (0.395) (Table
7, below diagonal). On Dendrogram, the cluster analysis
separated the tested grape cultivars into four main clusters
and one branch within a branched-off 0.498 GS (Fig. 3B).
Beauty Seedless was separated from the other cultivars in a
single branch. Red Roomy and Thompson Seedless were
grouped together in the 1% cluster within 0.742 GS. In the
2" cluster, Bez El-Naka and Palomino grouped together at
0.733 GS. Provano and Black Muscat found in the 3 cluster
at 0.78 GS and then grouped with Ruby Seedless at 0.677
GS. Bez El-Anza and Rich Baba found in the 4™ cluster
at0.806si GS.

The interrelationships between the ten grape
cultivars based on the combined data of RAPD and SRAP
markers are more reliable than single marker and illustrated
in the UPGMA clustering analysis (Fig. 4A). The
dendrogram grouped the 10 cultivars into four main clusters
and one branch within a branched-off 0.533 genetic
similarity.

Table 7. Similarity percent of SRAP (below diagonal) and RAPD (above diagonal) markers among 10 grape

cultivars.

Cultivars 1 2 3 4 5 6 7 8 9 10

1- Red Roomy -- 0.61 0.50 0.61 0.61 0.57 0.59 0.59 0.43 0.39
2- Thompson seedless 0.742 - 0.66 0.68 0.58 0.55 0.53 0.57 0.50 0.46
3- Ruby Seedless 0.561 0.619 -- 0.65 0.66 0.53 0.69 0.64 0.57 0.53
4- Bez EI-Naka 0.636  0.706  0.619 - 0.73 0.59 0.71 0.61 0.50 0.46
5- Bez El-Anza 0.543 0.568 0.659 0.611 -- 0.72 0.67 0.56 0.58 0.49
6- Beauty Seedless 0.586 0.515 0.395 0.515 0.515 -- 0.58 0.63 041 0.42
7- Palomina 0639 0703 0659 0703 0537 0.528 - 0.65 0.53 0.45
8- Rich Baba 0.625 0.514 0.571 0.600 0.806 0.548 0.525 -- 0.49 0.35
9- Provano 0513 0615 0659 0615 0703 0447 0619 0.649 -- 0.63
10- Black Muscat 0.524 0.619 0.696 0.545 0.581 0.429 0.622 0.571 0.780 --
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Fig. 3. Dendrograms demonstrating the relationships
among ten grape cultivars based on data
recorded from (A) seven RAPD primers and (B):
seven SRAP primer combinations.

Red Roomy and Thompson seedless were grouped
together in the 1% cluster within 0.677 GS. In the 2" cluster,
Bez EI-Naka and Palomino grouped together firstly with 0.704
GS and then with Ruby Seedless at branched-off 0.652 GS.
The 39 cluster included Bez EI-Anza and Rich Baba within a
branched-off 0.683 GS. All cultivars in these three clusters
showed an overall 0.600 GS and Beauty Seedless found in a
single branch and joined these clusters at this similarity. Both
Provano and Black Muscat were grouped together in the 4"
cluster at 0.711 GS.

Association between RAPD, SRAP and yield traits:

The correlation (r) and the Mantel test statistic were
calculated to measure the degree of relationship between the
similarity matrices obtained with RAPD, SRAP and all
agronomical-chemical traits data. Insignificant correlation
(0.231, P > 0.05) was found between RAPD and SRAP data.
On the other hand, significant but low to moderate correlations
were found between the dissimilarity matrix generated from
the yield traits (yield & chemical) data and each of RAPD (r =
0.5504, P < 0.05), SRAP markers (r = 0.316, P < 0.05) and
combined RAPD-SRAP data (r = 0.447, P < 0.05). These
results will be evident when comparing a dendrogram based
on all studied traits (yield and chemicals) with the dendrogram
based on combined data of both RAPD and SRAP markers
(Fig 4A&B). In the two dendrograms, some cultivars like
Tomson Seedless and Beauty Seedless are found in the same
cluster while other cultivars showed diffenent distribution.
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Fig. 4. Dendrograms demonstrating the relationships
among ten grape cultivars based on data
recorded from (A) all RAPD and SRAP markers
and (B): all studied traits (yield & chemical
traits).

Discussion
The results revealed that there are great differences

between the studied grape cultivars in all the studied traits
including yield components and berry sensory attributes,
which can be used as distinct characteristics between them.
Aziz (1984) found great variations in grape yield
components and its quality attributes. Shellie (2007)
reported that, grape cultivars differed in yield components,
vegetative vigor, TSS, TA and pH and vary by genotype and
environments. Thakur et al. (2008) and Shellie et al., (2014)
demonstrated that the variability identified between grape
cultivars for phenology, cluster attributes, yield and berry
quality provide a useful guide for cultivar selection. Sharma
et al. (2018) suggested that, various factors affect quality
parameters of different grape cultivars consists of external
and internal factors. Performance of germplasm in relation
to yield and quality parameters has own importance. Total
yield, grape juice and its quality is affected by various
external factors (environmental conditions) and internal
factors (genetic makeup) along with manipulation in
growing conditions result in yield and juice quality.

In the present investigation, seven RAPD primers
and seven SRAP primer pairs were used to study the genetic
differences and interrelationships among 10 grape cultivars.
A total of 100 reproducible bands were amplified using all
tested primers with an average of 7.14 bands per primer.
Forty-eight of these bands were generated by RAPD primers
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while the rest (52 bands) obtained by SRAP primer
combinations. Liu et al. (2012) used SSR and SRAP
markers to analyze the genetic diversity of 26 grape
genotypes and obtained a total of 223 bands by 12 SRAP
primer pairs of which 208 bands were polymorphic (93.3%).
Vidal et al. (1999) used RAPD technique to assess genetic
relationships among 32 white grapevine cultivars and
obtained 204 DNA bands by 33 primers. Zhang et al. (2018)
used SRAP markers to assess genetic relationships among
39 grape genotypes and obtained 135 bands by 25 primer
combinations, with an average of 5.52 bands per primer pair.

Further, RAPD markers showed % of polymorphic
bands (81.25%) higher than SRAP markers (69.23%) with
an overall average of 75.0%. These results were in
agreement with those obtained by Zhang et al. (2018) who
reported a polymorphism efficiency of 79 % using SRAP
markers.The high polymorphism existing among the 10
grape cultivars indicating that the tested RAPD and SRAP
markers were able to reveal genetic diversity in grapes
(Zhang et al., 2018).This polymorphism level is higher than
in some earlier studies with grape (Su-Lan et al., 2001)
(RAPD, 68.7%) and (ErgiL et al., 2004) (AFLP, 33.7 %).
While using12 SRAP primer pairs with 26 grape genotypes,
Liu et al. (2012) found the % of polymorphism was 93.3%.

Generally, it was  reported  that cultivars
polymorphism can arise from the changes in nucleotide
order that prevent amplification by mismatch at one
priming site; or priming site deletion; insertions that make
the priming site too distant to support amplification.
Insertions or deletions changed the size of the amplified
product (Powell et al., 1996). Polymorphism also
considered as a useful selection tool in monitoring alien
genome introgression in plant breeding programs.

The PIC values of markers indicate the utility of
DNA markers for molecular breeding, gene mapping and
evaluation of the germplasm (Peng and Lapitan, 2005). In
this study, the average PIC value was 0.28 in RAPD markers
and was 0.26 in SRAP markers. These moderate values of
PIC for the RAPD and SRAP markers could be attributed to
the diverse nature of grape genotypes and/or highly
informative RAPD and SRAP markers. Similar results and
conclusion were obtained by Nagaty et al. (2011) in wheat.

The highest similarity in RAPD markers were found
between Bez El-Anza and each of Bez El-Naka (0.73) and
Beauty Seedless (0.72). While, based on SRAP markers the
highest similarity was between Bez El-Anza and Rich Baba
(0.806). This was expected since the two systems of markers
tested different sites of the genome, in which RAPD primers
amplified random sites (Williams et al. 1990) while SRAP
primer pairs amplified the open reading frames (ORFs) (Li
and Quiros 2001).

The lowest similarity was observed between Black
Muscat and each of Rich Baba (0.35) and Red Roomy (0.39)
using RAPD markers, and between Ruby Seedless and
Beauty Seedless (0.395) using SRAP markers. Zhang et al.
(2018) reported that the similarity coefficients of SRAP
polymorphism varied from 0.463 to 0.981 among 39 grape
genotypes analysed.

More reliable results could be obtained from the
combined analysis of RAPD and SRAP data. In the present
study, 100 sites of grape genome were amplified by RAPD
and SRAP primers and used to study the interrelationships

between 10 grape cultivars. The highest interrelationships
were found between Black Muscat and Provano (0.711) and
between Palomino and each of Bez El-Naka (0.704) and
Ruby Seedless (0.652). Bez El-Anza and Rich Baba also
showed a relatively high interrelationship (0.683) followed
by Red Roomy and Thompson Seedless (0.677). The lowest
relatedness was found between Beauty Seedless and the
other grape cultivars. Powell et al. (1996) reported that
several factors might affect the estimates of genetic
relationships between individuals i.e., number of markers
used, distribution of markers in the genome (genome
coverage) and the nature of evolutionary mechanisms
underlying the variation measured. Guo et al. (2012) used
SRAP to analyse genetic relationships among eight species
of Chinese wild grapes. Using 25 SRAP primer pairs, Zhang
et al. (2018) found that the dendrogram classified the 39
grape accessions in 21 clades of 3 main clusters.

The results also revealed insignificant correlation
between RAPD and SRAP data. The main reason for the
difference between RAPD and SRAP results is that the two
markers targeted different parts of the genome
(Souframanien and Gopalakrishna, 2004). Meanwhile, the
significant correlations between the dissimilarity matrix of
yield traits (yield & chemical) data and each of RAPD,
SRAP markers and combined RAPD-SRAP data results
indicating that the studied RAPD and SRAP markers were
able to bind to effective regions in the genome. This finding
supported that the studied RAPD and SRAP markers as well
as the studied yield traits were found to be useful for the
assessment of genetic diversity in grape, and the
characterization based on yield traits and molecular markers
will be a useful tool to the breeders to choose genotypes with
appropriate traits. Similar conclusion was reached by Zarkti
et al. (2010). Vidal et al. (1999) reported that the UPGMA
cluster analysis based on RAPD markers classified the 32
white grapevine cultivars according to their common
cultivation area and ampelographic characters. Liu et al.
(2012) found that the UPGMA dendrogram obtained using
SRAP data was almost consistent with conventional
morphological classification.

CONCLUSION

The phenotypic data and molecular markers were
effective in estimating the genetic variability between grape
cultivars. The study indicated the presence of abundant
genetic variability among some of the important
commercial cultivars. Significant positive correlation found
between the phenotypic and genotypic distance indicated
that the studied RAPD and SRAP markers were able to bind
to effective regions in the genome.

REFERENCES

Atienzar, F. A.; B. Cordi; M. E. Donkin; A. J. Evenden;, A. N. Jha
and M. H. Depledge (2000). Comparison of ultraviolet-
induced genotoxicity detected by random amplified
polymorphic DNA with chlorophyll fluorescence and
growth in a marine macroalgae, Palmaria palmata.
Aquatic Toxicology, 50: 1-12

Aziz, I. (1984). Fruitful buds of the grape (Vitis vinifera) cultivars
Mavro (Cyprus Black), Xynisteri (Aspro) and
Verigo. Miscellaneous Reports (Cyprus)13:1-5.

381



Amein, K. A.etal.

El-Sese, A. M.; S. Z. EI-Agamy and M. A. Hussein (1988). Effect
of potassium applications on the yield and fruit quality of
table banati grapes (Vitis vinifera L.) [Egypt]. Assiut
Journal of Agricultural Sciences, 19(2): 247-258

Ergil, A.; M. Tirkoglu and G. Soylemezoglu (2004). Genetic
identification of Amasya (Vitis vinifera L.) genotypes based
on AFLP markers. Biotechnol Biotec Eqg, 18(3):
39-43.

Guo, D.; J. Zhang; C. Liu; G. Zhang; M. Li and Q. Zhang (2012).
Genetic variability and relationships between and within
grape cultivated cultivars and wild species based on
SRAP markers. Tree genetics & genomes, 8(4): 789-800.

Henderson, and D.E. Salt (2017). Natural genetic variation and
hybridization in plants. J. of Experimental Botany 68(20):
5415-5417.

Li, G.; and C. F. Quiros (2001). Sequence-related amplified
polymorphism (SRAP), a new marker system based on a
simple PCR reaction: its application to mapping and gene
tagging in  Brassica. Theoretical and  applied
genetics, 103(2-3): 455-461.

Liu, C.; X. Fan; J. Jiang; D. Guo; H. Sun; Y. Zhang and J. Feng
(2012). Genetic diversity of Chinese wild grape species
by SSR and SRAP markers. Biotechnology &
Biotechnological Equipment, 26(2): 2899-2903.

Lodhi M.A.; Ye Guang-Ning; N.F. Weeden, and B.l. Reisch
(1994). A simple and efficient method for DNA
extraction from grapevine cultivars and Vitis species.
Plant Molecular Biology Reporter 12(1):6-13

Mari¢, S.; S. Bolari¢; J. Martingi¢; 1. Peji¢ and V. Kozumplik (2004).
Genetic diversity of hexaploid wheat cultivars estimated by
RAPD markers, morphological traits and coefficients of
parentage. Plant breeding, 123(4): 366-369.

Nagaty, AM.; and S. E. El-Assal (2011). Molecular
characterization and genetic relationships among some
grape (Vitis vinifera L.) cultivars as revealed by RAPD
markers. Eur. J. Exp. Bio., 1 (1): 71-82

Nei, M.; and W. H. Li (1979). Mathematical model for studying
genetic  variation in  terms  of  restriction
endonucleases. Proceedings of the National Academy of
Sciences, 76(10): 5269-5273.

Pejic, I.; P. Ajmone-Marsan; M. Morgante; V. Kozumplick; P.
Castiglioni; G. Taramino and M. Motto (1998).
Comparative analysis of genetic similarity among maize
inbred lines detected by RFLPs, RAPDs, SSRs, and
AFLPs. Theoretical and  Applied genetics, 97(8):
1248-1255.

Peng J.H.; and N.L.V. Lapitan (2005). Characterization of EST-
derived microsatellites in the wheat genome and
development of SSR markers. Functional & Integrative
Genomics 5: 80-96

Powell, W.; M. Morgante; C. Andre; M. Hanafey; J. VVogel; S.
Tingey and A. Rafalski (1996). The comparison of RFLP,
RAPD, AFLP and SSR (microsatellite) markers for
germplasm analysis. Molecular breeding, 2(3): 225-238.

Qu, X.; J. Lu and O. Lamikanra (1996). Genetic diversity in
Muscadine and American bunch grapes based on
randomly amplified polymorphic DNA (RAPD)
analysis. Journal of the American Society for
Horticultural Science, 121(6): 1020-1023.

Sambrook J.; E.F. Fritsch and T. Maniatis (1989). A laboratory
manual. 2nd ed. Cold Spring Harbor, NY: Cold Spring
Harbor Laboratory Press.

Sharma, A. K;; R. G. Somkuwar; M. A. Bhange and R. R.
Samarth (2018). Evaluation of grape cultivars for juice
quality under tropical conditions of Pune
region. Proceedings of the National Academy of Sciences,
India Section B: Biological Sciences, 88(4): 1517-1521.

Shellie, K. C. (2007). Viticultural performance of red and white
wine grape cultivars in southwestern Idaho. Hort.
Technology, 17(4): 595-603.

Shellie, K.; J. Cragin and M. Serpe (2014). Performance of
alternative European wine grape cultivars in southwestern
Idaho: Cold hardiness, berry maturity, and yield. Hort.
Technology, 24(1): 138-147.

Souframanien, J.; and T. Gopalakrishna (2004). A comparative
analysis of genetic diversity in blackgram genotypes
using RAPD and ISSR markers. Theor. Appl. Genet. 109:
1687-1693.

Su-Lan, L. U. O.; H. E. Pu-Chao; Z. H. E. N. G.Xue-Qin and Z.
H. O. U. Peng (2001). Genetic diversity in wild grapes
native to China based on randomly amplified
polymorphic DNA (RAPD) analysis. Journal of
Integrative Plant Biology, 43(2):158-163.

Thakur, A.; N. K. Arora and S. P. Singh (2008). Evaluation of
some grape cultivars in the arid irrigated region of
northwest India. Acta Horticulturae, 785: 79-83.

This, P.; C. Cuisset and J. M. Boursiquot (1997). Development of
stable RAPD markers for the identification of grapevine
rootstocks and the analysis of  genetic
relationships. American  Journal of Enology and
Viticulture, 48(4): 492-501.

Vidal, J. R.; M. Coarer and A. Defontaine (1999). Genetic
relationships among grapevine cultivars grown in
different French and Spanish regions based on RAPD
markers. Euphytica, 109(3): 161-172.

Williams, J. G.; A. R. Kubelik; K. J.Livak; J. A. Rafalski and S.
V. Tingey (1990). DNA polymorphisms amplified by
arbitrary primers are useful as genetic markers. Nucleic
acids research, 18(22): 6531-6535.

Zarkti, H.; H. Ouabbou; A. Hilali and S.M. Udupa (2010).
Detection of genetic diversity in Moroccan durum wheat
accessions using agro-morphological traits and
microsatellite markers. Afr. J. Agr. Res. 5:1837-1844.

Zhang, X.; P. Gong; Y. Shi; Y. Wang and C. Zhang (2018).
Genetic inter-relationships among Chinese wild grapes
based on SRAP marker analyses. Vitis, 57(4): 151-157.

o gl Asdlaay A g all gﬁi@dﬁmiﬁﬂﬁ@é\eﬂ‘h&&&m\gdﬂ‘ s1a) g At Jad) Clad ¢l
23aa) JlaS Cpadl 9 culh daa) el 2l T odaa Jlida 2ol ) Gla ol e AL A eysal padl) 1 o )8

saa — b g — o gad Aol s 31 A A ) 6l) andl
raa — b gl — Ja gl dzala -As 3N AlS LAgsIAl fu.uéz

Ay gl CHaMEAY) apa At eelld ) el b gl ddaslaal Al Cag plal) Cant Cainll (e Cilial 5 pdie 8 Colial) 83 ga Ciliia g J geanall elal Al Caa
il psen (35 il Cilial 5 pall e 480 5 5 CABER) 3 g5 il s sl SRAP s RAPD sy jal laws ol e 2y CilialY) o3 (e 4l il a0 clidle
M\)ﬂ\g\ﬂ)&@\_}ﬂmm\}SRAP}RAPDQ&JM&LM\}M\P)&L)A;&&}A 100 axdaal 2 uLn.“aaﬁuhgdﬁjﬂﬁﬁjd}mﬂ\w‘\u})w\
A.\.\;_,AJ\)&A;)JJ&\ ”U“h"“‘g;‘}) s_,.u.q}l "Qudl..\sjs‘\éu\‘)a}).\u}x "L').u4"}4\3}}«.}\5&:}A;ﬂ)\4”0ﬂ¢\4\)ﬂ&.\\&1\5&5\&.\.\;} g_u:d‘wt._el_ua\o_)ucbhu
M\)ﬂ\d;n M\uﬂ\u\.\m\wmb,ﬂu\ﬁ)&mmdu‘_g‘ﬂ\.dé\.m_);]\u@\j\;ﬂ)&u‘uh.anuh\.uuls &}Y\M\qﬁm‘)udm‘f}umuu
)M\u_\ad\ubm‘)]@)@lad\u\sml\}@bjnAa.:l\uuu_\;}adjm.hh.:)\h} MML@J\M)\AJ\uhm\]\uauw).\ﬁ@\)}&}u_\};}é\mbﬂ\u_\)l.u\
ejaaﬂ\@dwdbhmbu)yl‘_;c DJJHHISMJJQA“SRAP)RAPDH\—«-&‘JQ‘Q“-LSNLM

382



