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Abstract: The mango (Mangifera indica L.) is a common tropical and subtropical fruit and the second main fruit
crop in Egypt. In this work, start codon targeted (SCoT) and inter simple sequence repeat (ISSR) markers were
employed to study the genetic relationship among twenty-three mango genotypes grown under the El-Giza district
conditions. These genotypes consist of four newly introduced cultivars, six new progenies and thirteen closely
related mango cultivars which were included as cultivar references for the best definition. Based on the overall
SCoT and ISSR data, a total of 52 bands were generated (18 for SCoT and 34 for ISSR) with a total polymorphic
percentage equal to 53.84% (44.44% for SCoT and 58.82% for ISSR). Based on the whole set of SCoT and ISSR
marker data, the genetic similarity coefficients ranged from 80 to 97% with a mean equal to 88.5% and the first two
principal axes explained about 31% of the total genetic variation among the mango accessions. The SCoT and ISSR
data revealed that the four newly introduced mango genotypes, namely ‘Aya, ‘Kasturi, ‘Maya’ and ‘Omer; are novel
genetic resources based on their genetic profiles, which can be used for future breeding programmes in Egypt.
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The mango (Mangifera indica L.) is the most
important fruit in Egypt belonging to the fam-
ily Anacardiaceae. In 2018, the mango production
was 880 875 tonnes produced from 117 192.04 hec-
tares cultivated by about 50 local and imported cul-
tivars with a mean production of 7.5 tonnes/hectares
according to the Ministry of Agriculture and Land
Reclamation, Egypt. New imported mango cultivars
are necessary for mango breeding to suit local and ex-
port market requirements. Also, the new genetic re-
sources of mangoes are important for crop improve-
ment programmes in different climate conditions.

Molecular markers are commonly used in plant
genetic relationships and diversity as they are not
affected by the environment. The advent of vari-
ous molecular techniques has led breeders, based
on the data produced by the markers, to estimate

the genetic diversity among species, genotypes, va-
rieties, cultivars, etc. Currently, many molecular
markers have been employed along different loci
of genomes that produce a high level of polymor-
phism, such as random amplification of polymor-
phic DNA (Mgendi et al. 2010; Abubakar et al. 2011),
inter simple sequence repeat (Crespel et al. 2009;
Verm, Rana 2011), simple sequence repeat (Zhang
et al. 2006; Crespel et al. 2009; Ganesan et al. 2014),
amplified fragment length polymorphism (Muluvi
et al. 1999; Yang et al. 2013), restriction fragment
length polymorphism (Eiadthong et al. 2000), se-
quence-related amplified polymorphism (Li, Qui-
ros 2001), target region amplification polymorphism
(Hu, Vick 2003), conserved region amplification pol-
ymorphism (Wang et al. 2009) and start codon tar-
geted polymorphism (Collard, Mackill 2009). Several
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studies have been reported on the application of dif-
ferent molecular markers with different mango gen-
otypes for genetic diversity analyses such as RAPD
(Schnell et al. 1995; Lopez-Valenzuela et al. 1997; Ku-
mar et al. 2001; Karihaloo et al. 2003; Rahman et al.
2007; Mansour et al 2008; Diaz-Matallana et al. 2009;
Mansour et al. 2014; Ahmedand, Mohamed 2015;
Rashed, Maklad 2016; Galal et al. 2017; El-Sayed
et al. 2018; He et al. 2021), AFLP (Kashkush et al.
2001; Yamanaka et al. 2006; Zhang et al. 2014; Wang
et al. 2015; Dang, Chen 2017) and SSR (Duval et al.
2005; Honsho et al. 2005; Singh et al. 2012; Tsai
et al. 2013; Azmat et al. 2016; Lal et al. 2017; Ajayi
et al. 2019; Razak et al. 2019; Yamanaka et al. 2019).
The start codon targeted (SCoT) polymorphism is
a simple and effective gene targeted marker tech-
nique based on the conserved region surrounding
the translation codon ATG (Collard, Mackill 2009).
The technique uses single primers designed to an-
neal the flanking regions of the ATG start codon on
both DNA strands. Like RAPDs, SCoT molecular
markers are dominant and could be used for genetic
analyses, quantitative trait loci (QTL) mapping and
bulk segregation analyses (Collard, Mackill 2009).
The SCoT molecular marker has been success-
fully used in a diverse set of plant species includ-
ing mangoes and other related horticultural species
for genetic diversity analyses (Gorji et al. 2011; Luo
etal. 2011; Xiongetal. 2011; Amirmoradi etal. 2012;
Bhattacharyya et al. 2013; Shahlaei et al. 2014).
In the last few years, a few researchers started us-
ing SCoT primers with mangoes and this proved
to be a reliable marker system that was able to pref-
erentially detect the polymorphisms in the coding
sequences (Luo et al. 2010, 2011, 2012; Gajera et al.
2014; Huang et al. 2014; Zhou et al. 2020). The SCoT
technique has been applied in the identification
of mango varieties in India (Gajera et al. 2014) and
China (Luo et al. 2010, 2011, 2012; Huang et al. 2014;
Zhou et al. 2020).

In several horticultural species, including
the mango, the ISSR technique has the benefit of be-
ing low cost and has been widely used to detect DNA
polymorphisms or to identify closely related culti-
vars (Gonzalez et al. 2002; Luo et al. 2011; Ariffin
et al. 2015; Dang, Chen 2017). The ISSR marker sys-
tem detects polymorphisms in inter-microsatellite
DNA regions without any prior sequence knowledge
(Zietkiewicz et al. 1994). Primers are based on a re-
peat sequence and amplify the sequence between
two micro-satellites resulting in many amplifica-
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tion products per primer being produced, offer-
ing good reproducibility at a low cost as well. ISSR
has been applied in the identification of mango
varieties in different regions including Australia
(Gonzaélez et al. 2002), China (He et al. 2005, 2007;
Luo et al. 2011; Dang, Chen 2017), Egypt (Man-
sour et al. 2008) and India (Pandit et al. 2007; Ga-
jera et al. 2011; Tomar et al. 2011; Damodaran
et al. 2012; Samal et al. 2012; Srivastava et al.
2012; Uddin et al. 2015). In Egypt, a limited num-
ber of researchers have used different molecular
markers to study the biodiversity and relationships
of different mango cultivars. For example, Mansour
et al. (2008) investigated the mango genomic vari-
ation within twelve cultivars using the RAPD and
ISSR molecular marker techniques. Also, ten man-
go genotypes were selected to assess the genetic
diversity and relatedness using the RAPD marker
system (Mansour et al. 2014; El-Sayed et al. 2018).
Moreover, the genetic divergence and phyloge-
netic relationships among eight mango genotypes
were assayed with RAPD markers to provide bases
for the marker-assisted selection of parents for hy-
bridisation and improvement of mango genotypes
(Galal et al. 2017).

Molecular characterisation is an important step
in tracking the success of any studied cultivars
which would help to introduce, select and improve
the existing mango varieties. Moreover, the ge-
netic evaluation of mango cultivars in various re-
gions is crucial for mango production, mainly due
to the great diversity of cultivars and hybrids avail-
able for planting. Hence, the main objective of the
present study was to assess the genetic variability
and relationships of 23 mango genotypes grown
in Egypt, including some newly introduced mango
cultivars and newly selected seedy progenies, using
two molecular marker systems.

MATERIAL AND METHODS

Plant materials. Fresh leaf samples of 17 mango
cultivars along with six newly selected open-polli-
nated progenies or hybrids of unknown parentage
(Table 1) were collected in April 2019 from a pri-
vate orchard located at the side of an desert road
in Alexandria (Cairo-Alexandria Road, 62 km long
from Cairo), Giza governorate. The collected leaf
samples were immediately stored in liquid nitrogen
until DNA extraction could be performed.
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Table 1. Mango genotypes included in this study for molecular evaluation

Code Cultivar Code Cultivar Code Cultivar

1 Zebda 9 Omer 17 Lily

2 Keitt 10 Maya 18 Kent

3 Naomi 11 Shenawy-02* 19 Shelly

4 Ewais 12 Shenawy-03* 20 Shenawy-06*
5 Haden 13 Seddek 21 Tommy-—Atkins
6 Shenawy-01* 14 Carrie 22 Heidi

7 Aya 15 Shenawy—04* 23 Valencia—Pride
8 Kasturi 16 Shenawy-05*

Genotypes in bold are new genetic resources to the Egyptian mango germplasm (Figure 1)

*indicates the new open-pollinated progenies included in this study

DNA extraction. The total DNA was isolated from
100 mg of the leaf tissue using the modified Cetyltri-
methylammonium bromide (CTAB) method (Doyle,
Doyle 1987) at the Biotechnology Lab, Cairo Uni-
versity Research Park, Faculty of Agriculture, Cairo
University. The DNA quality was checked by means
of the absorbance A, /A, ratios through a UV-
spectrophotometer where the DNA is pure with
an A, /A, ratio from 1.8-2.0. Moreover, a NA
qualitative check was undertaken using electropho-
resis in a 1% agarose gel with ethidium bromide.

SCoT and ISSR primers and polymerase chain
reaction (PCR) condition. A total of ten highly
polymorphic SCoT and ISSR were selected, five
primers of each, which were used to perform
the mango molecular analysis. The nomenclature
and sequences of the SCoT and ISSR primers were
obtained from (Collard, Mackill 2009; Luo et al.
2010) and (Mansour et al. 2008; Alansi et al. 2016),
respectively, as indicated in Table 2. The DNA am-
plifications were performed in an automated ther-

Table 2. List of the primer names and their nucleotide
sequences used in the study for the SCoT and ISSR pro-

cedures

Number Name Sequence (from 5’ to 3’)

1 SCoT-21 ACGACATGGCGACCCACA
2 SCoT-54 ACAATGCTACCACCAAGC
3 SCoT-55 ACAATGGCTACCACTACC
4 SCoT-65 ACCATGGCTACCACGGCA
5 SCoT-70 ACCATGGCTACCAGCGCG
6 ISSR-17899A CACACACACACAAG

7 ISSR-HB10 GAGAGAGAGAGACC

8 ISSR-HB-19B1 GTGTGTGTGTGTCC

9 ISSR-HB-12 CACCACCACGC

10 ISSR-HB-13 GAGGAGGAGC

mal cycle (Bibby Scientific™ Techne™ TC-512
Gradient Thermal Cycler, UK) programmed for one
cycle at 94 °C for 4 minutes followed by 45 cycles
of 1 min at 94 °C, 1 min at 57 °C, and 2 minutes
at 72 °C. The reaction was finally stored at 72 °C
for 10 min. Polymerase chain reaction (PCR)
was performed in 30-pL volume tubes according
to Williams et al. (1990) that contained the follow-
ing: Deoxyribonucleotide triphosphates (dNTPs)
(2.5 mM; 3.00 uL), MgCL, (25 mM; 3.00 pL), Buf-
fer (10 x; 3.00 pL), Primer (10 pmol; 2.00 pL), Taq
DNA polymerase (0.20 pL), Template DNA (25 ng;
2.00 pL) and H,O (d.w.; 16.80 pL). The DNA am-
plified product (15 pL) was loaded in pre-prepared
Agarose (1.50 g) with (100 ml) I x TBE (Tris-Borate-
Ethylenediaminetetraacetic acid) buffer. Ethid-
ium bromide (5 pL) was added to the melted gel
after the temperature was increased to 55 °C.
A DNA ladder (1Kbp) mix, with molecular weights
of 3 000, 1 500, 1 000, 900, 800, 700, 600, 500, 400,
300, 200 and 100 bp was used as the standard DNA
to control the fragment sizes and to control the run
of each primer on two separate gels as well. The run
was performed for about 30 min at 80 V in the mini
submarine gel BioRad (Hercules, CA, USA).

Data Analyses. Based on the electrophoresis re-
sults of the product amplified by SCoT and ISSR, “1”
was recorded for the presence or “0” was recorded
for the absence and “9” was recorded as missing
data. The similarity matrices were calculated based
on the UVP gel documentation system (Gel Works
ID advanced software, UVP, England). The relation-
ships among the genotypes, as revealed by the den-
drograms, were performed using the SPSS windows
(Version 10) program. The DICE computer package
was used to calculate the pairwise difference matrix
and plot the phenogram among the cultivars (Yang,
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Quiros 1993). A Principal Coordinate Analysis (PCA)
was conducted using NTSYS-pc2.02 (Rohlf 1998).

RESULTS AND DISCUSSION

Genetic and molecular analysis using SCoT and
ISSR markers for polymorphism identification.
DNA molecular markers are a new type of genetic
marker developed by investigating the polymor-
phisms present between the nucleotide sequences
of different individuals. Nineteen mango genotypes
were selected based on their phenotypic character-
istics to be run along with some newly introduced
mango cultivars for the best cultivar definition.
SCoT and ISSR based-PCR approaches were se-
lected. The genetic diversity of 17 mango cultivars
along with six new progenies was assessed us-
ing SCoT and ISSR markers, and a cluster analysis
was performed based on the genetic similarity coef-
ficient. The overall data (Figure 1 and Table 3) can
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be described as a total of 52 bands were produced,
out of which 28 (53.84%) were polymorphic bands.
Generally, the percent of polymorphism reported
here was similar to that reported earlier in mangoes
by Gitahi et al. (2016) and Hidayat et al. (2021), but
lower than that reported by Surapaneni et al. (2013),
Zhou et al. (2020), Anggraheni and Mulyaningsih
(2021), He et al. (2021) and Srivastav et al. (2021).
This polymorphism could be the result of replication
slippage (Powell et al. 1996) or it could be the result
of the low genetic stability and high variability of the
mango genome in the amplified non-coding regions
(Fatima et al. 2016).

From the Unweighted Pair Group Method with
Arithmetic Mean (UPGMA) cluster analysis (Fig-
ure 2), 17 mango cultivars and the six newly selected
progenies were classified into two major clusters
divided into seven groups with a similarity coeffi-
cient of 0.84. The first group primarily comprised
three mango cultivars (‘Keitt, ‘Omer’ and ‘Zebd?’).
The second group consisted of four mango cultivars
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Figure 1. (A) — SCoT-PCR profile of 23 mango genotypes generated by the five selected SCoT primers; (B) — ISSR-PCR

profile of 23 mango genotypes generated by the five selected I
1:23 represent mango samples as shown in order in Table 1.
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Table 3. Descriptive data of the SCoT and ISSR primers amplified results

Primer Name Total band Monomorphic band Polymorphic band Unique band Polymorphic (%)
SCoT-21 4 2 2 - 50.00
SCoT-54 3 2 1 - 33.33
SCoT-55 3 2 1 - 33.33
SCoT-65 3 2 1 - 33.33
SCoT-70 5 2 3 1 60.00
Total 18 10 8 1 44.44
ISSR-17899A 9 3 6 2 66.66
ISSR-HB-10 7 2 5 - 71.42
ISSR-HB-11 3 1 2 - 66.66
ISSR-HB-12 8 4 4 - 50.00
ISSR-HB-13 7 4 3 - 42.85
Total 34 14 20 58.82
SCoT + ISSR 52 24 28 3 53.84

including one of the new progenies (‘Aya, ‘Kasturi,
‘Shenawy—01" and ‘Naomi’).

Interestingly, six new closely related mango prog-
enies or hybrids of the ‘Shenawy’ group, selected
from open-pollinated hybrids of unknown par-
entage, were included in this analysis. The third
group comprised seven mango genotypes (‘Ewais]
‘Heidi, ‘Kent, ‘Maya;, ‘Shelly, ‘Shenawy-02’ and
‘Shenawy—-04’). The fourth group included two
mango cultivars (‘Seddek’ and ‘Valencia—Pride’).
The ‘Seddek’ mango cultivar, one of the main lo-
cal cultivars in Egypt, was separated and formed
a distinct group with the ‘Valencia-Pride’ cultivar
which shares a fruit peel colour with a nephrotic
fruit shape. These results agreed with Mansour
et al. (2008); Mansour et al. (2014); and Galal et al.
(2017). The fifth group comprised only one mango
progeny (‘Shenawy-03’). ‘Shenawy-03’ was the
most divergent and separated in a distinct group.
The sixth group consists of three mango genotypes
(‘Carrie, ‘Haden’ and ‘Shenawy—05’) and the last
group also comprised three mango genotypes (‘Lily;
‘Shenawy—06" and ‘Tommy-Atkins’). It should
be mentioned that the four newly introduced mango
cultivars, which were evaluated earlier from the ag-
ronomical and horticultural sides by Haseeb et al.
(2020), were found within three different groups.

Interestingly, the phenotypic traits within the gen-
otypes of each group confirmed the obtained results
of the genetic affinity. For example, the flowering,
fruiting and harvest time of the genotypes of the
first group (‘Keitt, ‘Omer’ and “Zebda’) are the same
which mostly occurs in March till September or Oc-

tober of each year (late cultivars). Also, ‘Aya, ‘Kas-
turi’ and ‘Shenawy—01" (group II) are early matur-
ing genotypes. Furthermore, the genotypes ‘Ewais;
‘Heidi, ‘Shenawy—02; and ‘Maya’ are all grouped to-
gether, and they all have high fruit quality in terms
of their flavour and sugar content. Moreover, the two
mangoes ‘Seddek’ and “Valencia-Pride’ cultivars are
genetically close with both having a red cheek with
a nephrotic fruit shape. The ‘Kent’ and ‘Shelly’ cul-
tivars are genetically similar, and their fruits have a
red peel. There are distinctions in the genetic traits
amongst different mango selections, such as high
or low vyield, very early or later maturity and fruit
quality. It is very essential to use the mango genetic
variety or diversity and ultimately preserve the vi-
tal germplasm of promising and threatened mango
varieties/cultivars to broaden the genetic resource
database (Litz 2004). The genetic diversity analysis
in Table 3 illustrated that the selected five SCoT
primers generated a total of 18 bands ranging from
3 to 5 with an average of 3.6 bands per primer. Eight
bands of which were polymorphic with a percent-
age of polymorphic bands of 44.44%. The SCoT-70
primer generated a unique band and gave the high-
est percentage of polymorphism equal to 60%. Con-
cerning the five selected ISSR primers, a total of 34
bands were produced with an average of 6.8 bands
per primer, out of which 20 (58.82%) were poly-
morphic bands. The primer ISSR-49A generated
two unique bands and gave 66.66% polymorphism,
while the ISSR-HB-10 primer recorded the high-
est percentage of polymorphism equal to 71.42%.
This study suggested that the ISSR technique is
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more powerful and efficient than the SCoT tech-
nique for the purpose of genetic identification and
discrimination of the mango genotypes. To obtain
more accurate genetic estimates, 52 bands based
on the combined SCoT and ISSR data set were in-
tegrated into one matrix to assess the genetic rela-
tionship among the 17 mango cultivars along with
the six new progenies. The genetic similarity coef-
ficients ranged from 80 to 97% with a mean equal
to 88.5% (Table 4). The polymorphism percentage
obtained in this study is consistent with the re-
sults from previous studies conducted on different
mango cultivars using SCoT and ISSR molecular
markers in Egypt (Mansour et al. 2008), Australia
(Gonzalez et al. 2000), China (He et al. 2005; 2007;
Luo et al. 2010, 2011, 2012; Huang et al. 2014; Zhou
et al. 2020) and India (Pandit et al. 2007; Gajera
et al. 2011; Tomar et al. 2011; Damodaran et al.
2012; Samal et al. 2012; Srivastava et al. 2012; Gajera
et al. 2014; Uddin et al. 2015). In this study, the use
of five SCoT and five ISSR primers allowed for the
screening of 52 (18 SCoT and 34 ISSR) fragments.
Of these, 28 (53.84%) were polymorphic. As iden-
tified, the unique SCoT/ISSR markers and unique
banding patterns created by different primer com-

binations, the high discrimination ability of these
markers, especially the ISSR markers, will be useful
for the management of a germplasm bank of man-
goes and provide the nursery industry with a useful
tool for certification of their plant material as well.
In general, this study verified that both SCoT and
ISSR markers are useful tools for mango varietal
identification, allowing all the examined cultivars
to be accurately characterised. This knowledge can
assist greatly in the selection of optimal varieties
and help to facilitate further progress in the strategy
of mango breeding. To further understand the ge-
netic relationship and diversity among the stud-
ied 17 mango cultivars and the six new progenies,
a principal coordinate analysis (PCA) based on
the genetic similarity matrix generated by the com-
bined SCoT and ISSR data was performed (Fig-
ure 3). The PCA generally produced similar results
obtained by the UPGMA. Based on the whole set
of SCoT and ISSR marker data, the first two prin-
cipal axes explained about 31% of the total genetic
variation among the mango accessions, of which
16.8% attributed to the first coordinate and 14.2%
to the second one.
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Figure 3. Principal coordinate analysis (PCA) of 23 mango genotypes based on the combined SCoT and ISSR data
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CONCLUSION

The use of SCoT and ISSR molecular markers
was valuable in studying the genetic diversity and ge-
netic relationships among all the mango genotypes.
Based on the results of the current study, it can be
concluded that the four newly introduced mango
cultivars (‘Aya; ‘Kasturi, ‘Maya’ and ‘Omer’) are par-
tially different based on their genetic profiles. The use
of five SCoT and five ISSR primers allowed for the
screening of 52 (18 SCoT and 34 ISSR) markers
specific to the different mango cultivars as identified
by the unique SCoT/ISSR markers and unique band-
ing patterns created by the different primer combi-
nations. The high discrimination ability of the SCoT
and ISSR markers will be useful for the management
of a germplasm bank and provide the nursery indus-
try with a useful tool for certification of their plant
material as well. This study verified that both SCoT
and ISSR markers are useful tools for mango vari-
etal identification, allowing all the examined culti-
vars to be accurately characterised. This knowledge
can greatly assist in the selection of optimal varieties
and help to facilitate further progress in the strategy
of mango breeding. The newly introduced genotypes
of mangoes in Egypt could be used as breeding mate-
rials to improve the Egyptian mango germplasm.
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