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Abstract

Grapevine is one of the major fruit trees in the Kingdom of Saudi Arabia. This study
aims to discriminate and assess the genetic diversity in three grapevine cultivars in Al-
Madinah through the combination of characterization using both classical ampelographic
as well as ampelometric studies with molecular markers using Randomly Amplified
Polymorphic DNA (RAPD), Inter Simple Sequence Repeat (ISSR) and Start Codon
Targeted Polymorphism (SCoT). For the ampelographic analysis, twelve OIV descriptors
were used, and for the ampelometric analysis, the fully expanded mature leaves area were
automatedly measured. The genetic distance among the three grapevines cultivars,
calculated using Jaccard's coefficient, ranged from 0.7577 (between AL Nakheel and
Banati) to 0.4501 (between AL Nakheel and Ahmer). The molecular analysis was based
on the use of thirty-one primers; ten RAPD primers, seven ISSR primers and fourteen
SCoT primers. RAPD primers generated the highest polymorphism (67%), while the
level of polymorphism with ISSR primers was 36% and with SCoT 44%. All of the three
markers generated similar dendrograms, and the genetic distance generated with RAPD
was higher compared with SCoT and ISSR. The three markers RAPD, ISSR and SCoT
were combined and amalgamated with the morphological data, and combined
dendrogram was generated and discussed. AL Nakheel and Ahmer cultivars were found
to be more closely related to each other than Banati which was separated in a different
cluster. Both methods were effectively efficient for complete identification of grapevine
and for studying the genetic diversity between closely related cultivars.

Introduction

Grapevine, Vitis vinifera L. under subfamily Ampelideae and family Vitaceae is widely
cultivated for its economically valuable fruits. It is native to southwestern Asia where wild grapes
still grow. Furthermore, this species is often divided into two major groups based on geographical
region: the Eurasian group and the American group, and they hugely differ in their agronomic
traits (Smith, 2010; Christenhusz and Byng 2016).

As a result of grapevine commercial globalization, the genetic diversity of grapevine has been
decreased dramatically due to the dominant of few elite cultivars that are often preferred by
consumers over the others; which lead to the spread of these cultivars worldwide and disappear of
the wild or local cultivars (Myles et al., 2011). Genetic erosion or the diversity loss is one of the
most serious problems at a global scale that demand considerable efforts to protect, evaluate and
select the most productive samples (Musayev and Akparov, 2013). Regardless, of the high number
of cultivars that exist now many of them uncommon or endangered (Portugal, 2010).
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Phenotyping characterization is a fundamental procedure for grapevine cultivars
identifications as well as for genetic diversity analysis. There are several methods for the analysis
either by a morphological description of grapevines vegetative and reproductive parts at different
phenological stages (ampelography); or by the morphometry which is based on the precise
measurement parameters of the plant parts (ampelometry, Rusjan, 2013).

Traditionally, the approved phenotyping study of identifying and evaluating the grapevine
cultivars has been assessed by using a set of morphological characteristics which is known as
ampelography (Tassie, 2010). Over the last decades, these studies have been enriched with using a
different type of molecular markers to overcome the limitation of a single methodology (Sabir
et al., 2009).

Ampelography studies are the first step in complete grapevine identifications. In fact, in the
past decades, it was the main approved scientific methodology that has been used for grapevine
description and identification (Garcia-Mufioz et al., 2011). It has been done based on a defined
ampelographic descriptor of cultivars, relying on some visual traits, and these descriptors have
been established a hundred years ago by pioneers ampelographers (Santiago et al., 2005).

The leaf morphological traits have a significant role in grapevine description and
identification. Grapevine leaves are a very distinctive characteristic, which also, have huge
diversity in comparison to other plants (Williams, 2016). There are about 50 biometric descriptors
for the leaf such as size, lobes, lamina, and shape of teeth, etc. that are recognized by the
intergovernmental organization OIV (2009). Moreover, these characterizations are useful to
provide a base of comparison between the cultivars (Bodor et al., 2014).

The use of ampelographic description and RAPD or ISSR markers have been successful to
evaluate genetic diversity in grapevine (Stavrakaki and Biniari, 2017; Zeinali et al., 2012), this
has been already documented by many countries and regions (Maleti¢ et al., 2015). In addition,
several studies have found that the use of a combination of different markers will provide more
comprehensive results (Marakli, 2018; Tian et al., 2018).

Moreover, according to Mao et al. (2018), study of genetic diversity with a combined markers
ISSR and SCoT found that the use of both markers give a very effective, reliable and more
superior results than the use of single markers. Also, other studies have found that SCoT is very
correlated with neutral markers like RAPD and ISSR, and as it is gene-targeted, it might be more
effective than the other markers (Gupta et al., 2018).

Biniari and Stavrakaki (2019) performed ampelographic and RAPD analysis to identify and
discriminate between forty-nine Greece grapevine varieties. For the ampelographic analysis,
twenty-two ampelographic characters were used. While for the RAPD molecular analysis, eight
polymorphic primers were used. The study’s findings revealed a high level of genetic
heterogeneity as well as the degree of genetic similarity among the varieties studied. They
concluded that the combination of the ampelographic analysis and molecular analysis RAPD is a
very efficient method in the identification and discrimination between grapevine cultivars.

Basheer-Salimia and Mujahed (2019) studied genetic diversity and characterized thirty-six of
local grapevine cultivars in Palestine by using seventeen primers of ISSR markers. A total of fifty-
seven loci were scored and then the genetic distance matrix based on Jacquard’s coefficient
formula result in the average distance range of between 0.05 and 0.76 and the UPGMA
dendrogram was conducted to show the variation between the thirty-six cultivars. Therefore, the
researcher concluded that the ISSR is a very efficient tool for grapevine identification and
characterizations.

Ibrahim et al. (2016) analyzed seven Egyptian grapevine varieties to assess genetic diversity
using SCoT and SSR markers. For the SCoT they use 24 primers and the bands that they have
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been generated seventy-seven polymorphic bands. In order to analyze the genetic similarity
between the seven varieties, they used dice coefficient and UPGMA. On one hand, SCoT analysis
was successfully characterized. On other hand, they use seven SSR primers and the genetic
relationship among the varieties was identified. Therefore, their results demonstrated that both
Scot and SSR markers have great potential to differentiate between the grapevines varieties. SCoT
technique can successfully target the generic regions across the grapevine genome, which can be
used for cultivar selection and identifications.

Seyedimoradi et al. (2012) conducted a test in twenty-one grapevine cultivars of the Iran to
study the genetic diversity between them. They study the morphological characters based on the
IPGRI descriptors and use two molecular markers systems ISSR and directly amplified
minisatellite DNA (DAMD). For the ISSR, ten primers were used and for DAMD seven primers
were used. The analysis for the ISSR and DAMD markers was calculated using Nei’s genetic
distance and based on that dendrogram contracted by UNJ (Un-weighted Neighbor-Joining)
method. They suggest that the combination of morphological and molecular markers is potential
tools to studies grapevine germplasm.

Upon the lack of the study on Al-Madinah grapevine cultivars, the scope of the present study
was to discriminate and assess the genetic diversity in three grapevine cultivars in Al-Madinah
through the combination of characterization using both classical ampelographic as well as
ampelometric studies with molecular markers using Randomly Amplified Polymorphic DNA
(RAPD), Inter Simple Sequence Repeat (ISSR) and Start Codon Targetted Polymorphism (SCoT).

Materials and Methods
Sampling

Three grapevine cultivars that are traditionally grown in Al-Madinah, Saudi Arabia (Al
Nakheel, Banati and Ahmer) were obtained from Bir Uthman farm (24°29°43.946” N,
39°34°49.608” E), in December 2018. The juvenile leaves (Fig. 1) were collected and kept in
aluminum foil. They were appropriately labeled, sealed in a plastic container and stored at -80°C
in order to maintain the integrity of the tissues until DNA extraction. For the ampelography
analysis, three replicates were used for each cultivar. While for the ampelometric analysis, four
fully expanded mature leaves were collected from every three replicates and stored in Ziploc bags
at 4°C until scanning.

A B C
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Fig.1. Samples of the measured leaves of the three grapevine cultivars from Al-Madinah, A: AL-Nakheel, B:
Banati and C: Ahmer.
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Morphological investigations

The ampelography analysis was done according to the latest OIV descriptors (OIV, 2009).
Twelve ampelographic characters used in this study are described in Tables 1-2. Every character
was marked by an OIV code and scored by a number. Three replicates were used for each studied
parameter.

Table 1. Morphological characters, their states and codes of cultivars under investigation.

Descrip-  OIV descriptors, states of descriptors and their codes. (absent 0, present 1)
tor code

1 Young shoot: Aperture of tip; closed (1), half open (3), fully open (5).

6 Shoot: Shoot attitude; erect (1), semi-erect (3), horizontal (5), semi-drooping (7), drooping
(9).

7 Shoot: Color of dorsal side of internodes; green (1), green and red (2), red (3)

8 Shoot: Color of ventral side of internodes; green (1), green and red (2), red (3)

51 Young leaf: Color of upper side of blade (4th leaf); green (1), yellow (2), bronz (3), copper-
reddish (4)

67 Mature leaf: Shape of blade; cordate (1), wedge-shaped (2), pentagonal (3), circular (4),
kidney-shaped (5)

68 Mature leaf: Number of lobes; one (1), three (2), five (3), seven (4), more than seven (5)

69 Mature leaf: Color of the upper side of blade; pale green (3), medium green (5), dark green (7)

74 Mature leaf: Profile of blade in cross section; flat (1), V-shaped (2), involute (3), revolute (4),
twisted (5)

76 Mature leaf: Shape of teeth; both sides concave (1), both sides straight (2), both sides convex

(3), one side concave and one side convex (4), mixture between both sides straight and both
sides convex (5)

79 Mature leaf: Degree of opening and overlapping of petiole sinus; very wide open (1), open
(3), closed (5), overlapped (7), strongly overlapped (9)
80 Mature leaf: Shape of base of petiole sinus; U-shaped (1), brace-shaped (2), V-shaped (3)

The ampelometric analysis was conducted to measure leaf area (LA), by using the fully
expanded mature leaves. The leaves were digitally scanned using HP 2950 scanner with 600 dpi
resolution, scans containing four leaves of the same cultivar were performed and replicated, and
the leaves were arranged to prevent the overlapping. Images were saved as JPEGs with a file name
indicating cultivar name and replicate number. The scanned images of twelve leaves for each
cultivar were used to obtain the automated measurements using Digimizer (Version 5.4- image
analysis software).

Molecular investigations

DNA was extracted from juvenile grapevine leaves using GenCatch Plant Genomic DNA
Purification Kit (Epoch Life Science), according to kit protocol. To determine the integrity of the
DNA, 5 pl of DNA with loading dye (Thermo Fisher Scientific) for each sample was
electrophoresed on a 1.2 % agarose gel. The purity and concentration were measured by using the
NanoDrop 2000/2000 Spectrophotometer (Thermo Fisher Scientific). DNA purity was determined
by calculating the absorbance at 260 and 280 nm. A part of the DNA stock was diluted with the
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appropriate amount of sterilized deionized water to yield a concentration of 10 ng/ul and then
stored at -20°C.

The PCR reaction was carried out in the Applied Biosystems Veriti Thermal Cycler. The
program was based on DreamTaq Green PCR Master Mix (2X) (Thermo Fisher Scientific)
instructions with some modifications.

For RAPD, ISSR and ScoT PCR analysis, reactions were carried out in 25 pl volume
containing 3pl of (30 ng) template DNA, 1 uM primer, 8.5 pl of nuclease-free water and 12.5 of
DreamTaqg Green PCR Master Mix (2X) (Thermo Fisher Scientific) which contained (DreamTaq
DNA Polymerase, 2X DreamTaq Green buffer, dNTPs, and 4 mM MgCl,), and 8.5 pl of nuclease-
free water.

For RAPD, the thermal cycler was programmed for a ‘hot start’ for 3 minutes at 95°C
followed by 1-minute denaturation at 94°C, 3 minutes annealing at 33°C and 2-minute extension
at 72°C. These steps were repeated for 34 cycles followed by a 10-minute final extension step at
72°C. Initial screening was done using the 10 RAPD primers (Operon Technologies) with the
DNA from the three grapevine cultivars.

Table 2. Ampelographic description of three grapevine cultivars from Al-Madinah using twelve OIV
descriptors of shoot and leaves (the data are the mean of the three replicates).

OIV descriptors Cultivar
AL Nakheel Banati Ahmer

1 Young shoot: Aperture of tip 1 1 1
6 Shoot: Shoot attitude 3 3 3
7 Shoot: Color of dorsal side of internodes 2 2 2
8 Shoot: Color of ventral side of internodes 2 2 2
51  Young leaf: Color of upper side of blade (4th leaf) 1 1 1
67  Mature leaf: Shape of blade 4 4 4
68  Mature leaf: Number of lobes 2 3 3
69  Mature leaf: Color of the upper side of blade 7 5 5
74 Mature leaf: Profile of blade in cross section 1 1 1
76  Mature leaf: Shape of teeth 3 3 3
79  Mature leaf: Degree of opening and overlapping 7 3 5
80  Mature leaf: Shape of base of petiole sinus 1 3 1

For ISSR analysis, thermocycler program for PCR was set to a ‘hot start” for 3:15 minutes at
94°C followed by 30 seconds denaturation at 94°C, 45 seconds annealing at 43-55°C, 2 minutes
extension at 72°C, the program was repeated for 30 cycles at 94°C and 7 minutes final extension
at 72°C. To choose appropriate ISSR primers from fourteen available primer (Table 3), an initial
screening was performed and only seven polymorphic ISSR primers out of fourteen were selected.
Those are: ISSR-5, ISSR-7, ISSR-12, ISSR-13, ISSR-14, ISSR-19 and ISSR-20.

For ScoT, PCR was programmed as follows: ‘hot start’ for 3 minutes at 94°C followed by 1-
minute denaturation at 94°C, 1-minute annealing at 50-59°C (the temperature is determined
according to GC% content of the primer), 2 minutes extension at 72°C. The program was repeated
for 35 cycles followed by a 5-minute final extension step at PCR was programmed as follows: ‘hot
start’ for 3 minutes at 94°C followed by 1 minute denaturation at 94°C, 1 minute annealing at 50-
59°C and 2 minute extension at 72°C. Fourteen ScoT primers were used for the analysis.
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All amplified products using the 3 molecular markers were loaded in 1.2% agarose gel and
electrophoresed against a 1 Kb Plus DNA ladder (Thermo Fisher Scientific). The gels were
documented using a UV light on the omniDOC gel documentation system (Cleaver Scientific).

Phenetic analysis

Ampelographic definitions were used according to the international descriptors (OIV, 2009).
Phenotypic similarity matrix, based on 12 OIV descriptors with 17 character states (Table 1) was
constructed.

Gel images from 31 primers of RAPD, ISSR and SCoT markers were manually scored into a
binary matrix, the presence of a band was scored as “1”, and absence of a band as “0”. The
intensity of polymorphic bands was not taken into account during the scoring. Each band was
considered as a locus.

The two sets of data (morphological and molecular) were amalgamated and used for
computations by aid of NTSYS (Numerical Taxonomy and Multivariate Analysis System)
Version 2.2 software (Rohlf, 2000). Genetic distance among the studied three grape cultivars was
estimated using SIMQUAL (Similarity for qualitative data) techniques. After that, a dendrogram
was constructed by SAHN (sequential, agglomerative hierarchical and nested clustering) using
UPGMA (Unweighted Pair Group Method with Arithmetic Average) method algorithm due to
(Sneath and Sokal, 1973).

Results and Discussion
Ampelography and ampelometry

The three grapevines cultivars AL Nakheel, Banati and Ahmer were analyzed using twelve
OIV descriptors (Table 2). Seven of those characters correspond to a mature leaf and the
remainder five to the shoot.

The different cultivars were distinguished based on these morphological characters.
Moreover, the results of the expression of features were defined by OIV descriptors indicating that
eight descriptors were scored identical in all cultivars, which includes the closed young shoot tip
(OlV 001), the semi-erect shoot attitude (OIV 006), the green and red color of dorsal side of
internodes (OIV 007), green and red color of ventral side of internodes (OIV 008), green color of
upper side of young leaf blade (4th leaf) (OIV 051), the circular mature leaf blade (OIV 067), the
flat mature leaf profile of blade in cross-section (OIV 074) and the convex sides of the teeth on the
leaf margin (OIV 076). While the others four descriptors were different, which were related
mainly to the mature leaves: number of lobes is three vs. five (OIV 068), color of the upper side of
mature leaf is dark green (OIV 069), and degree of opening and overlapping of mature leaf open,
closed and overlapped (OIV 079), while the shape of mature leaf base of petiole sinus was U-
shaped vs. V-shaped (OIV 080). Data obtained from the ampelometric measurements of the fully
expanded mature leaves area of the three grapevine cultivars are given in Table 3 and Fig. 1.

Molecular markers RAPD, ISSR, and SCoT

The results indicated that the used ten RAPD primers successfully amplified the template
DNAs of the three grapevine cultivars (Table 4, Fig. 2A & B). Seven ISSR primers were selected
out of fourteen, and they generated total forty-four amplified bands (Table 5, Fig. 3 A & B). In
addition, fourteen informative SCoT primers were used to assess the genetic diversity of the three
grapevine cultivars (Table 6, Fig. 4A, B & C).

Genetic diversity data of the three grapevines cultivars are summarized in Table 7. The data
were obtained by the combination of three molecular markers RAPD, ISSR, and SCoT, which
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were in total thirty-one primers and the total bands were 205. Among them, 81 bands were
polymorphic.

Table 3. Mean values of leaf area measurements of the three grapevine cultivars from
Al-Madinah, three replicate four-leaf for each cultivar.

Cultivars Mean (cm?) Standard deviation +
AL Nakheel 31 1.7
Banati 48 3.0
Ahmer 40 2.7
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Fig. 2. Gel electrophoresis (1.2 %) profile of the amplified DNA fragments of the three grapevine cultivars
that generated with RAPD primers. A. OPA-01, OPA-02, OPA-03, OPA-04 and OPA-05. B. OPA-06,
OPA-07, OPA-08, OPA-09 and OPA-10. M: 1 Kb DNA Ladder (Thermo Fisher Scientific).
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Fig. 3. Gel electrophoresis (1.2 %) profile of the amplified DNA fragments of the three grapevine cultivars
that generated with ISSR primers A. ISSR- 5, ISSR- 7 and ISSR- 12. B. ISSR- 13, ISSR- 14, ISSR- 19
and ISSR- 20 M: 1 Kb DNA Ladder (Thermo Fisher Scientific).

Table 4. RAPD analysis of the bands obtained from gel electrophoresis profile of the amplified DNA
from the three grapevine cultivars that generated with the ten RAPD primers, SD: standard

deviation.

Primer Total no. of  Monomorphic Unique bands Polymorphic Polymorphism  Size range
code bands (bp) bands (bp) (op) bands (bp) (%) (bp)
OPA-01 7 1 0 6 86 650-3,000
OPA-02 8 1 4 7 88 650-4,000
OPA-03 4 2 0 2 50 1000-3,000
OPA-04 6 2 2 4 67 850-3,000
OPA-05 4 1 1 3 75 400-4,000
OPA-06 2 1 1 1 50 1500-3,000
OPA-07 5 2 2 3 60 1,200-4,000
OPA-08 9 7 1 2 22 850-5,000
OPA-09 10 4 2 6 60 400-2,800
OPA-10 9 4 2 5 56 500-5,000
Total 69 27 15 42 - -
Mean 6.9 2.7 1.5 4.2 67 -

SD 2.6 2.0 1.2 2.0 19.4 -
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Fig. 4. Gel electrophoresis (1.2 %) profile of the amplified DNA fragments of the three grapevine cultivars
that generated with SCoT primers. A. SCoT -2, SCoT-3, SCoT-4, SCoT-5 and SCoT-11. B. SCoT-12,
SCoT-14, SCoT-16, SCoT-20 and SCoT-22. C. SCoT-28, SCoT-33, SCoT-35 and SCoT-36. M: 1 Kb
DNA Ladder (Thermo Fisher Scientific).
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Table 5. ISSR analysis of the bands obtained from the gel electrophoresis profile of the amplified DNA
of the three grapevine cultivars that generated with the seven ISSR primers, SD: standard

deviation.

Primer Total no. of Monomorphic  Unique bands  Polymorphic  Polymorphism  Size range
code bands (bp) bands (bp) (bp) bands (bp) (%) (bp)
ISSR-5 6 3 2 3 50 400-1,500
ISSR- 7 4 2 1 2 50 850-4,000
ISSR- 12 10 6 2 4 40 400-2,000
ISSR- 13 4 2 2 33 250-1,500
ISSR- 14 5 4 0 1 20 850-2,000
ISSR- 19 2 1 2 50 450-1,000
ISSR- 20 9 8 0 1 11 300-1,300
Total 44 29 8 15 - -
Mean 6.3 4.1 11 2.1 36 -

SD 2.4 2.2 0.9 11 15.8 -

Table 6. SCoT analysis of the bands obtained from gel electrophoresis profile of the amplified DNA of
the three grapevine cultivars that generated with the fourteen SCoT primers, SD: standard

deviation.
Primer Total no. of Monomorphic Unique bands Polymorphic  Polymorphism  Size range
code bands (bp) bands (bp) (bp) bands (bp) (%) (bp)
SCoT-2 8 6 1 2 25 400-2,800
SCoT-3 6 4 3 2 33 650-2500
SCoT-4 7 3 2 4 57 500-2,500
SCoT-5 5 2 0 3 60 750-3,000
SCoT-11 5 5 0 0 0 850-2,500
SCoT-12 12 9 1 3 25 600-4,000
SCoT-14 3 1 1 2 67 1,000-3,900
SCoT-16 0 0 2 100 1,000-1,500
SCoT-20 6 0 1 14 600-3,000
SCoT-22 12 3 3 9 75 400-3,000
SCoT-28 3 2 3 50 650-2,500
SCoT-33 4 0 0 0 2,500-850
SCoT-35 10 5 2 5 50 290-2,500
SCoT-36 5 2 2 3 60 650-1,300
Total 92 53 17 39 - -
Mean 6.6 3.8 1.2 2.9 44 -
SD 3.1 2.3 11 2.3 29.1 -
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Phenogram

The UPGMA phenogram (Fig. 5) produced upon the amalgamation of molecular analyses
with ampelographic and ampelometric studies shows clustering of the studied cultivars into two
major lineages, at a reference line of about 0.63, one includes AL Nakheel and Ahmer as sister
cultivars at similarity value 0.70, while the other has Banati cultivar.

Similarity
0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95
A I | A 1

1 Il 1

Ahmer

Al Nakheel

Banati

Fig. 5. Phenogram illustrating the genetic relationship among the three grapevine cultivars based on
morphological characters (ampelomorphic and ampelometric) and molecular markers (RAPD, ISSR and
SCoT) constructed by UPGMA with Jaccard’s coefficient.

Morphological analysis

Most of the grapevine growers in Al-Madinah identify the cultivars based on a few visible
morphological traits. In the present study, twelve OIV descriptors were evaluated and the reason
behind choosing this set of descriptors was to identify and study the genetic diversity between the
three grapevine cultivars. Therefore, two main distinctive characters of the grapevine were
selected (shoot and mature leaves). Also, the quantitatively measurable traits such as mature leaf
number of lobes and leaf area were studied.

Therefore, the most important characters that were able to discriminate between the cultivars
were: OIV 068, OlV 069, OlV 079 and OIV 080 (mature leaf; the number of lobes, the colour of
the upper side of the blade, the degree of opening and shape of the base of petiole sinus), while the
remaining eight descriptors revealed no significant difference between the cultivars.

In a similar study, (DIlli et al., 2014) studied fourteen grape cultivars using fifty-seven
ampelographic characteristics of shoot and leaf, inflorescence, berries and seeds, and their results
agree with the results generated in the present study where the differences were most relevant to
the mature leaves. This finding was also reported by Santiago et al. (2007); Ates et al. (2011),
where they found that the mature leaf was very informative in discriminating grapevine genotypes,
and also it was more stable and objective than other characters. Also, according to Bodor et al.,
(2014), description of the leaf has a great importance since it is different from the other
morphological characters where the characterization is not limited by a certain time through the
year.

The ampelometric results were also able to show the difference between the three cultivars
where AL Nakheel was the smallest and Ahmer in the middle then Banati was the largest. This
finding was also reported by many studies (Santiago et al., 2005; Soldavini et al., 2009) where
they also measured the ampelometric traits of grapevine cultivars using digital imaging which was
found to be a powerful tool, accurate and objective. Alba et al., (2014) stated that in recent years
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the ampelometric traits have been very useful in grapevine since they differentiate between the
genotypes based on metric scales of the characteristics of a mature leaf, which therefore can be
compared with other studies.

Overall, the present investigations support the observations of Sabir et al., (2009) who
suggested that classical morphological studies such as ampelographic and ampelometric ones are
considered important and useful methods for genetic diversity study and cultivars identification,
but still not dependable and therefore need to be used in combination with molecular studies.

Molecular analysis

In the present study, the level of genetic polymorphism between three traditionally grown
grapevine cultivars in Al-Madinah was estimated using a combination of three dominant genetic
molecular markers: RAPD, ISSR and SCoT. The collected data were used to compare the
similarity values obtained with these different marker techniques. The polymorphic bands
generated by these markers using thirty-one primers showed variance between the three grapevine
cultivars. As reported by This et al. (2006) the primers used in the study were found to differ in
the pattern of efficiency and reproducibility. Besides, they reported that primer selection is very
significant in cultivar identifications. In this study, the RAPD primer OPA-02 revealed a high
capacity for grapevine cultivar discrimination. The high number of polymorphic bands with the
average percentage 67% was comparable to the results of Castro et al. (2016). The average
polymorphism among local cultivars was found to be 65.49%, using twenty-five primers. The size
of the amplified bands obtained in this study ranged from 400 to 5,000 bp, which was a wider
interval than that obtained from the results of Basheer-Salimia and Mujahed (2019), which were
150 to 1,400 bp for different grapevine cultivars in Palestine. Several similar studies reported the
effectiveness of ISSR for grapevine cultivar discrimination (Zeinali et al., 2012; Basheer-Salimia
and Mujahed (2019). In this study, the total number of polymorphic bands generated by ISSR
using the seven primers was 15 and the average polymorphism was 36%. The amplified band size
ranged from 250 to 4,000 bp.

On the other hand, the 14 SCoT primers amplified 39 polymorphic bands where the average
polymorphism was 44% and the average number of bands per primer was 2.9. The bands ranged
from 290 to 4,000 bp. In a similar study, Ibrahim et al. (2016) used 24 SCoT primers to evaluate
seven grapevine varieties which generated 279 polymorphic bands with an average polymorphism
of 77%. The product sizes ranged between 140 and 2,150 bp.

Therefore, when comparing the results of present study with the previous studies, it must be
pointed out that the average polymorphism and the average number of bands per primer in this
study were lower than the previously determined polymorphism levels, although, the molecular
weight of the bands in this study were higher than the mentioned studies. A comparison of the
level of polymorphism of RAPD, ISSR and SCoT markers was presented in Table 7; the higher
polymorphism indicates a higher genetic diversity. Additionally, the discriminating power and the
efficiency of a marker technique depends on polymorphism value. The average number of
polymorphic bands of the used markers were largely differed. RAPD showed the highest average
polymorphism (67%) and this result is agreed with Kallamadi et al. (2015), where the RAPD level
of polymorphism was (54%) which was higher than that obtained with ISSR (38%) and SCoT
(21%). The average polymorphism obtained with ISSR was 36% and with SCoT 44%, the higher
level of polymorphism detected by RAPD markers than with SCoT and ISSR highlights the
discriminating capacity of the former. In addition, the average size of RAPD bands was larger than
that of ISSR as well as SCoT and the average band size of these two were nearly the same. The
possible explanation for these differences in polymorphism level, as already reported in the
literature, is that each marker technique targets different regions of the genome hence this results



GENETIC DIVERSITY OF GRAPEVINE (VITIS VINIFERA L.) CULTIVARS 125

in a different pattern of discrimination in genetic diversity. Kallamadi et al. (2015) explained that
SCoT low polymorphism might be due to the very low genetic difference in the conserved regions
of the genome.

Table 7. Comparison and total data generated from the three molecular markers RAPD, ISSR, and
SCoT markers.

Markers RAPD ISSR SCoT
Mean of the total number of bands 6.9 6.3 6.6
Mean of the total number of polymorphic bands 4.2 2.1 2.9
Percentage of polymorphism (%) 67 36 44

Phenetic analysis

The amalgamation of morphological and molecular traits gave a robust pheneogram that
clarified the close relationship between AL Nakheel and Ahmer rather than Banati. The
combination of the two data sets, morphological and molecular, was efficient and provided
more information, clear and accurate way to study the genetic diversity among the grapevine
cultivars, this is in accord with Seyedimoradi et al. (2012), as well as in other plants by
Sesli and Yegenoglu (2017).

It is concluded that, the present study highlights the necessity and importance of
morphological analysis (ampelographic and ampelometric) as the first step for characterization, in
addition to the molecular analyses (RAPD, ISSR, and SCoT), in order to carry a complete and
accurate characterization of the three grapevine cultivars traditionally grown in Al-Madinah Al-
Munawarah (Al Nakheel, Banati and Ahmer). Morphological characters, alone, might be
insufficient to differentiate the closely related cultivars and might be influenced by environmental
factors, thus the need for molecular markers is justified. Furthermore, the results demonstrate the
potential use of RAPD, ISSR and SCoT marker systems, which may reflect grapevine evolution
and reveal its specific characteristics. The selected primer sets of RAPD revealed the highest
polymorphism, whereas SCoT had an intermediate value and the ISSR were the lowest. According
to the combination of the three markers and morphological characteristics, genetic distance value
was minimum between Al Nakheel and Ahmer. Therefore, this valuable information on the
relationships among the three cultivars can be considered as a first step toward the identification
and characterization of Al-Madinah grapevine. These findings could be useful for grapevine
germplasm conservations and breeding programs.
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