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EREIN, the biochemical and molecular genetic variability among some Ficus species

collected from four locations (Shafa, Baha, Hawia, and Hada) in Saudi Arabia were
studied using protein, isozyme profiles, and random amplified polymorphic DNA from PCR
(RAPD) analysis. Results revealed significant variations among Ficus species. A significant
level of polymorphism (96.5%) was recorded at the protein level. For all isozymes, high
polymorphism, between 67% and 100%, was detected. The dendrogram, generated using pooled
data from SDS-PAGE and isozyme studies, divided species into a main cluster including all
accessions except a single species, F. ingens (Shafa), found in another cluster forming a separate
operational taxonomic unit (OTU). The main cluster was subdivided into subclusters reflecting
the high variability among Ficus species or accessions collected from various locations. The
RAPD-PCR fingerprints for four Ficus species were created using five primers. Among the 35
RAPD bands detected, 18 were polymorphic and 17 unique bands. The dendrogram resulting
from unweighted pair group method with arithmetic average analysis clustered the four species
into one primary cluster except Ficus ingens that agreed with the previous dendrogram. SDS-
PAGE, isozymes, and RAPD-PCR techniques helped revealing geographical effects on the
genetic diversity of Ficus species. The preliminary information here generated can be used
for taxonomical grouping, breeding, genetic improvement, local germplasm conservation, and
management of Saudi fig genetic resources.

Keywords: Ficus, Genetic diversity, SDS-PAGE, Isozyme, RAPD.

Introduction medicinal plants in the Kingdom (Rahman et al.,

2004), and their use to treat a variety of human

The Kingdom of Saudi Arabia is known for having
a variety of natural sites with high biological
diversity and production; these sites are vital to
the ecosystems’ synergy (Abuzinada et al., 2005).
Changes in water resources, climate conditions,
edaphic variables, and anthropogenic pressures
along the elevation gradient may have influenced
the vegetational distribution in different parts of the
country. Saudi Arabia’s climate can be described
as arid (Hegazy et al., 2007). There are diverse

maladies dates back thousands of years. They
are still available among tribal, local people, and
traditional healers.

Ficus L., also known as ‘Fig,” is a keystone plant
in tropical rain forests because its fruits are eaten by
birds, insects, animals and human throughout the
year, making it an important role of the ecosystem.
It is one of the largest angiosperm genera with over
750 species. The genus is distributed throughout the

“Corresponding author email:yalsodany@yahoo.com; yalsodany@sci.kfs.edu.eg, Tel. 00201093534541; Orcid: https:/

orcid.org/0000-0002-8417-9129
Received 21 /12/2021; Accepted 08/06 /2022
DOI: 10.21608/ejb0.2022.108098.1846

Edited by: Prof. Dr. Abdelfattah Badr, Faculty of Science, Helwan University, Cairo, Egypt.
©2022 National Information and Documentation Center (NIDOC)



918 SHAWKAT M. AHMED et al.

world especially in tropical and subtropical regions
(Berg & Corner, 2005). Their species concentrated
in Asian-Australian region with about 500
species which is about 66% of the world species.
Although, the great majority of the species grow
in lowlands but some of them reach up to about
2,000m altitudes (Chaudhary et al., 2012). Several
Ficus species, including F. glabrata, F. racemosa,
E platyphylla, F. bengalensis, F. insipid, F.
sycomorus, F. asperifolia, F. capensis, F. glomerata,
F bengalensis, F. religiosa, F. exasperate, F. hirta,
FE chlamydocarpa, and F. gnaphalocarpa have
been shown to exhibit biological functions (Hubert
etal., 2011). F. cordata Thunb is a 10 m tall savana
tree native to Senegal, Angola, South Africa, and
Cameroon (Sabatie, 1985). Its leaves are used to
treat hyperesthesia, ataxia, muscle tremor, and
padding motions in heifers, and they can kill them
48 h after intake (Poumale et al., 2008). Additional
ethnopharmacological research revealed that some
western Cameroonian traditional healers utilize
its stem bark to cure jaundice and to treat some
liver diseases. The fig (Ficus carica L.) is one of
the Mediterranean’s oldest cultivated fruit crops.
Figs have recently garnered interest for culinary
purposes due to their nutritional, pharmacological,
and decorative characteristics (Flaishman et
al., 2008), and become widely distributed
over the world. Mulberry (genus: Morus) is an
economically important plant in sericulture as it is
the only food supply for the domesticated silkworm
Bombyxmori. Morus can be found in Asia, Europe,
North and South America, and Africa, and it is
commonly cultivated for silk production in East,
Central, and South Asia. Mulberries are also valued
for their edible fruit (M. alba and M. laevigata) and
wood (M. laevigata and M. serrata) (Weiguo et al.,
2005).

For years, morphological markers were used
to identify and characterize genotypes. Caliskan
& Polat (2012), Mohamed et al. (2017), and
Abdelsalam et al. (2019) reported high variations
based on leaf morphological characters of 21
accessions of fig collected from Turkey, Libya, and
Egypt. Isozymes are helpful in studying genetic
variation within and among plant and animal
populations. Isozymes were used in genetics,
taxonomy, ecological and evolutionary, research,
as well as cultivar and line identification (Peirce &
Brewbaker, 1973; Mondini et al., 2009). Isozyme
electrophoresis has been utilized to detect clones
and investigate the clonal organization of plant
populations with great effectiveness (Johanson et
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al., 1996; Lehmann, 1997).

Due to the arbitrary primer sequence, random
amplified polymorphic DNA from PCR (RAPD)
is relatively quick and easy to use as DNA-
based identifier (Welsh & McClelland, 1990;
Williams et al., 1990). Thus, RAPD has been
widely applied to study genetic relations between
diverse accessions of various plant species
(Khan et al., 2009). In 2019, Ahmed and Fadl
used morphological characterization and DNA
barcoding to differentiate between Fircus carica,
Ficus cordata subsp. Salicifolia and Ficus palmata
in Taif highlands (Saudi Arabia). Mostafa et al.
(2020) distinguished among 17 Ficus species
based on leaf morphological and AFLP markers
in Egypt. However, the limitations of phenotype-
based genetic markers led to the creation of DNA-
based markers, which are now widely used, due
to advantages such as being detectable and stable
in all tissues regardless of the cell’s growth,
differentiation, development, or defensive status.
Furthermore, DNA markers are unaffected by
environmental, pleiotropic, or epistatic effects
(Agarwal et al., 2008). The diversity and genetic
relations has been examined in the figs (Khadari
et al., 1995; Achtak et al., 2009, Abou-Ellail et al.,
2014; Akin et al., 2020).

The present work aims at studying the
relationship between geography and biochemical
genetic variability of the Ficus species found in
four locations in Saudi Arabia, with biochemical
(isozyme and protein electrophoresis) and
molecular markers (RAPD analysis).

Materials and Methods

The study area

Saudi Arabia extends over approximately 16°
of latitude, from 16° 22’ at the Yemen border in
the south; to 32° 14’ at the Jordanian border in the
north, and from 34° 29’ in the Red Sea to 55° 40’
E in the East (Fig. 1). The Taif region is located in
the middle of the western mountains at an altitude
of up to 2500m. Many wild species, including
medicinal plants, disappeared as vast tracts of
virgin lands were converted to agricultural regions.
The climate in the area is tropical and arid with a
total monthly mean of 23.2°C+5.1°C and a yearly
amount of rainfall from 83.3mm yr' to 3312mm
yr' (Al-Sodany et al., 2016). Four locations:
Shafa, Baha, Hawia, and Hada were selected for
this study (Fig. 1).
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Fig. 1. Map showing the study area and sampled sites

Sample collection

Seeds and fresh leaves (young and matured)
of 32 individuals belonging to the genus Ficus,
family Moraceae, ranging from 2 to 4, were
collected from the four sites. Table 1 shows how
the gathered natural materials were recognized
as indicated by Collenette (1999) and Chaudhary
(2001).

Protein electrophoresis

Protein  extraction was conducted by

homogenizing 1 g fresh leaves in 1mL extraction
buffer (0.5M Tris buffer pH 6.8) using a mortar
and pestle. The extract was then transferred into
clean Eppendorf tube and centrifuged for Smin at
10000rpm. The supernatants were moved to clean
Eppendorf tube and stored at —20°C until use.
The Laemmli method was used to perform SDS-
polyacrylamide gel electrophoresis (Laemmli,
1970). Gel analyzer 3 software was used to
photograph, scan, and analyze the results.

TABLE 1. Names and sources of the studied species of the family Moraceae

Height Leaf sh
Species Chorotype Source ‘(3:1%) (Lon;ax :vi?izecm) Fruit
Fi dat bsp. .
1c.us. c?r ata Subsp TR Shafa, Hada  8-15 Lanceolate; (5-20 x 1-6) Orange to red when ripe
salicifolia
F ingens TR Shafa 2-10 Ovate or lanceolate, (12- White at first, becoming pink, red
16 x 5-8) or purple when ripe
Shafa, Baha, Broad ovate, (13-27 x  Syconoid, varying from deep violet
F pal Z 6-10
patmata S Hawia, Hada 14-24) 0 black
Baha, Hawi Yellow t t le to b
F. carica MEHT e B8WE 5 g Cordate, (11-27 x 9-23) o O [0 Breen To purpie fo bronze
Hada on the outside
F. palmata var. virgata 1-3 Broadly ovate, cordate ~ Glabrous at maturity, yellow or
SZ Baha at base, purple when ripe

(5-12.5 x 5-12)

Egypt. J. Bot. 62, No. 3 (2022)



920 SHAWKAT M. AHMED et al.

Isozyme electrophoresis

Tofindisozymedifferences across Ficus species,
native-polyacrylamide gel electrophoresis (Native-
PAGE) was used. Acid phosphatase (Acph), alcohol
dehydrogenase (Adh), aldehyde oxidase (Ao), a,
b- Esterase (EST), malate dehydrogenase (Mdh),
malic enzyme (Mal), and peroxidase (Px) were the
isozymes selected for analysis. According to the
protocol, these isozymes were separated on 10%
polyacrylamide gel electrophoresis (Stegemann et
al., 1985). Acph gels were stained using Wendell &
Weeden (1989) procedures, while Adh gels, Mdh,
Mal, and Ao were stained following Jonathan &
Wendell (1990). Scandalios (1964) method was
used for a, b-EST, and Heldt (2005) for Px.

RAPD analysis

Genomic DNA was extracted from fresh and
young leaf tissues of four species as indicated
in Table 6 according to Dellaporta et al. (1983).
For RAPD analysis, five primers (Table 5) were
added to a 25pL reaction volume containing 2.5uL
from the primer, 2.3uL genomic DNA, 12.5puL 2
x Ready Mix RED 7ag PCR Reaction mix., and
7.7uL ddH,O. The Perkin Elmer Gene Amp PCR
thermocycler 2400 was utilized for amplification.
The ideal PCR amplification settings were as
follows: a denaturation step for 2min at 94°C,
followed by 40 cycles of 2min at 94°C, 1.5min at
36.5°C, and 2min at 72°C, with an extension step
for 12min at 72°C. DNA was visualized using 12uL.
PCR product on 1.5% agarose in TBE buffer with
ethidium bromide at 100 V for 1 h and photographed
by the Gel Documentation system (GelDoc BioRad
2000) under UV transillumination.

Data analysis

The relationship between the analyzed
accessions was quantified using protein, isozyme,
and RAPD fingerprinting differences in 12 samples
and in 4 samples for RAPD fingerprinting. The
presence or absence of each protein, isozyme,
and RAPD band was treated as a binary character
in a data matrix to detect genetic similarities and
generate a dendrogram among the investigated
samples (coded 1 and 0, respectively). Isozymes
data, SDS-PAGE, and RAPD-PCR data were
utilized to generate a binary matrix for cluster
analysis. The genetic similarities between species
were calculated according to the Dice similarity
coefficient (Dice, 1945), and used for generating
a dendrogram using the unweighted pair group
method with arithmetic average (UPGMA) in the
SPSS-20 program (SPSS, 2011).

Results

Protein analysis

In the protein profile of leaves of Ficus
species, a significant level of polymorphism
(96.5%) was recorded (Table 2, Fig. 2). Only one
monomorphic band of 125.2kDa was detected
and 28 polymorphic bands, among which 10 were
unique, were identified; one in Ficus cordata
subsp. Salicifolia (Hada) at about 51.6kDa. A
band at about 66.7kDa was recorded only in £
palmata, and F. carica collected from Hada.
Moreover, three bands at 19.8, 16.4, and 15.2kDa
distinguished Ficus cordata subsp. Salicifolia
collected from Hada.

TABLE 2. Number and types of bands as well as the percentage of the polymorphism generated by the SDS-PAGE
and isozymes in 12 accessions of the family Moraceae

Polymorphic bands

Parameter Monomorphic Non-uni Total bands Polymorphism

bands que Unique bands %

bands

SDS-PAGE 1 18 10 29 9.5
Ach - 4 3 7 100
Adh - - 3 3 100
Ao - 1 1 2 100
a-Est 1 4 2 7 36
P-Est ) 4 2 6 100
Mdh 1 1 1 3 67
Mal - 5 2 7 100
Px - 5 4 9 100
Total 3 42 28 73 96

Egypt. J. Bot. 62, No. 3 (2022)
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Lane No. Species Source
1-4 F. cordata subsp. salicifolia
5-7 F. ingens
8-9 F. palmata Shafa
10 F. carica
11-13 F. carica
14-16  F. palmata Baha
17-19  F. palmata var. virgata
20-21 F. palmata .
Hawia

22-24 F. carica

25-27  F. palmata

27-29 F. cordata subsp. salicifolia ~ Hada
30-32  F. carica

Fig. 2. Photograph (A) and diagram (B) representing SDS-protein banding pattern of accessions of the genus Ficus

[M= Marker]

Isozyme analysis

For all isozymes, significant levels of
polymorphism were detected, ranging between
67% and 100%, with 18 unique bands in all
enzymes as indicated in Table 2. The absence/
presence of isoforms for all isozymes is shown
in Table 3 and Fig. 3.

Acid phosphatase

Seven bands were scored and considered as
polymorphic (100% polymorphism percentage).
The isoforms at Rf of 0.201 and 0.352
discriminated F. cordata subsp. Salicifolia
collected from Shafa and seemed as specific
bands (positive marker). The band at Rf of
0.061 was present in all species but for F. ingens
collected from Shafa (negative marker for this
species). The band at Rf of 0.106 disappeared
in all Shafa species (negative marker for
this location) and appeared in the other three
locations.

Alcohol dehydrogenase

The analysis revealed three polymorphic
bands (100% polymorphism percentage). As a
negative marker, the band at Rf of 0.054 was
absent in F. ingens but detected in all other
species. The bands at Rfs of 0.142 and 0.372
discriminated F. cordata subsp. Salicifolia and
F. palmata collected from Shafa, respectively;
and were considered specific bands.

Aldehyde oxidase

The Ao enzyme was found as two isoforms.
One negative marker at Rf of 0.054 was found
for F. ingens, whereas a band at Rf of 0.14
discriminated F. palmate and F. carica from
Hawia from other species; it can be considered a
marker for this location.

o- Esterase

The a- EST profile showed seven isoforms
with two unique bands and 86% polymorphism
(Tables 2 and 3). As a common marker for this
family, the band at Rf of 0.041was found in all
accessions. The band at Rf of 0.232 was absent
in F. ingens and considered a negative marker.
In contrast, bands at 0.635 and 0.896 Rf were
expressed in F. palmate and F. cordata subsp.
Salicifolia collected from Hada and considered
species-specific bands.

f- Esterase

The B-EST pattern showed the presence of
six polymorphic bands (100% polymorphism
percentage). The band at an Rf of 0.033 was
scored in all accessions and absent in F. ingens;
thus, it was considered a negative marker for
that species. A band at an Rf of 0.065 was absent
in all accessions of Shafa (negative marker)
and present in those of other locations. The
band at 0.907 discriminated F. cordata subsp.
Salicifolia from Hada from other accessions and
was considered a species-specific band.

Egypt. J. Bot. 62, No. 3 (2022)



SHAWKAT M. AHMED et al.

922

- - + + + - - - - - === - - e - - - - - - - - L060
- - - - - - - - + + + + + o+ 4+ 4+ o+ o+ + + + o+ - - + - + - 8790
+ + - - - +  + o+ - - - - - - - - - - - - - - - - - - - - LEVO
+ + - - - + + + + + + + + + 4+ 4+ o+ 4+ + + + + - - - - - - 8SI0
R O S S S S S 1
+ + 4+ 4+ + 4+ + + + + + + + + + + 4+ o+ O+ + + + + - - + + + + €00

IseI9)S9-¢

NEREEEEEEE K - - 1
- - - - -+ o+ + - -+ o+ + + + o+ -t T - 6850
- - - - - - - + 4+ + + + - - - - - + - - -t T - 6150
+ + + + + + o+ 4+ o+ + + + + o+ + 4+ 4+ 4+ + + + o+ S - CET0
+ + + + + + 4+ 4+ o+ o+ + + + + + + + o+ + + - - -+ 4+ 4+ + $0T°0
R S S S S S S S S S S S S S SO S S S S S S S S S S S S St 1

ISEII)ISI-D

T E e e e T o

+ + + + + + 4+ 4+ 4+ o+ + + + + + + + 4+ + + + o+ - + + + +  +S00
ISBPIXO IPAYIPIYV

- - e - R - - - - - -+ TWIo

+ + + + + + 4+ 4+ 4+ o+ + + + + + + + 4+ + + + o+ - + + + +  +S0°0
ISBUIZOIPAYIP [0Y0I[V

- - - - - - - + + + + + - -+ o+ + + - + - - - - - 0980
- - o T T S S - - - - - - - - LE90
- - S R S - - - - - + 4+ - - TSE0
- - - - + + o+ o+ + + + + o+ o+ o+ + + + o+ - - - T T YLTO0
R S - - - - N 0o
+ + 4+ 4+ + + + + + o+ o+ + + + + + + + 4+ + + + o+ - + + + + 1900

asejeydsoyd proy

€ 1€0€6C 8 LT 9T ST ve € T It 07 61 8I LI 91 SI VI 11 01 6 8 L 9 vy € T 1

(PH) émwmma (PH) vwupd (uH) (M) (eq@) w3ua (eg) viwupg (eg) vormd us) (us) E@.§ s
DILIDD DILIDD dsqns

i ‘dsqns K’ i ‘od 3 uva d 3 K’ o vppuppd 2] suasul i opao?) o

vIDpLO) ]

*SNIL] SNUJIS JO SUOISSIIIE UI SSWAZUI § Ul Spue( Jo (-) dudsqe pue (+) Quasdxd 3y [, ‘¢ A19VL

Egypt. J. Bot. 62, No. 3 (2022)



923

BIOCHEMICAL AND MOLECULAR MARKERS DIFFERENTIATE FICUS SPECIES ...

epeH:(PH) eIMEH (MH) eyed:(eq) ejeys :(Us)

R S e e A R R S A1 X
- - - - - - - - -+ + 4+ 4+ + 4+ + + + + 4+ + + + 4+ - - - - - - - T6V0
S R R S S S A A S e SR S S S ot X ()

- - - - - - -+ 4+ 4+ 4+ 4+ + + +++ 4+ + + ++ 4+ + s s+ 4+ 4+ 0500

ISBPIX0.Id g
+ +  + o+ + + 4+ o+ o+ +  + o+ + 4+ + + + 4+ 4+ o+ o+ o+ - - - - - - - - - 6990
- - - - - - - - - + + + - - + - - - - + - + - - - - - - - T 15€°0
+ o+ o+ - - - - -+ 4+ 4+ + + - - - - - - - R R 2 A
- - - - - - - - . - - - - - - - - - - - - - - - e 1 A )
S T () M)
+  + o+ - + - +  + o+ - - - - - - - - - - - - - - - e £ ]
+ + + 4+ 4+ + + o+ + + 4+ 4+ 4+ o+ 4+ o+ + + 4+ + + o+ 4+ o+ -5 -+ o+ 4+ PE00
QWAZUI JBIA
+ + + o+ o+ 4+ o+ 4+ + O+ o+ o+ o+ O+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ s s s 16270
- - - - - - - - - - - - - - - - - - - - - - T T T T T T 080°0
9%0°0
3SeUIF0IPAYIp Ne[eIA
€ 1€ 0¢€ 6T 8¢ LT 9T ST vT € T IT 0T e6I 8I LI 91 €SI ¥#I €1 ¢ I O 6 8 L 9 S ¥ ¢ T 1
L D R (T T Y GO Cmoung  emown s G SOIU gy
o : — o o ‘od o vpSaia uva d o i vppuppd o suasui oy pao’

Ju0d € HTdV.L

Egypt. J. Bot. 62, No. 3 (2022)



924 SHAWKAT M. AHMED et al.

1234 5678 9MO0111213141516 17181920 212223 24 2526 27 2829 30 3132
| /A ot g ot

Fig. 3. Photographs; (A) Acid phosphatase, (B) Alcohol dehydrogenase and (C) Aldehyde oxidase, (D) a-esterase,
(E) B-esterase, (F) Malate dehydrogenase, (G) Malic enzyme and (H) Peroxidase, representing banding
patterns of accessions of the genus Ficus [Lanes number indicated in Fig. 2]
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Malate dehydrogenase

The pattern showed one monomorphic band
at 0.046 Rf and two polymorphic ones (67%
polymorphism percentage). As with o-EST, a
common marker for this family was scored at Rf
of 0.046 in all accessions. The F. cordata subsp.
Salicifolia from Hada was discriminated by a
band at 0.080; therefore, it could be a specific
band for this species.

Malic enzyme

Table 3 illustrates the absence and presence
of Mal isoforms with seven polymorphic bands
(100% polymorphism percentage). Two markers
were detected; one negative at Rf of 0.034 in F.
ingens and another positive at Rf of 0.189 in F.
palmata from Hada. The band at Rf of 0.061 was
only present in accessions from Hada (positive
marker for this location).

Peroxidase

The pattern revealed the highest number (9)
of polymorphic bands (100% polymorphism
percentage). The band at 0.028 distinguished the
three species of the Ficus genus from Hada and

F. ingens was discriminated by an apparently
specific band at an Rf of 0.702.

Genetic similarity and UPGMA tree

The genetic distance among the 12
accessions of the genus Ficus family based on
SDS-PAGE and isozymes markers is indicated
in Fig. 4 by an UPGMA tree. The dendrogram
grouped accessions into a main cluster including
all accessions except a single species, F. ingens
(Shafa), found in another cluster forming a
separate operational taxonomic unit (OTU) at
a distance 25 (Fig. 4). The main cluster was
subdivided into two subclusters at distance 16,
the first included two accessions from Hada (F.
palmata and F. carica). In the second subcluster,
F. cordata subsp. salicifolia from Shafa split at
distance 11, F. carica (Hawia) and F. cordata
subsp. salicifolia (Hada) were differentiated.
Whereas at a distance 6, F. palmata from Shafa
was separated as single unit. F. palmata var.
virgata (Baha) and F. palmata (Hawia) were
differentiated at a distance about 3. F. carica
(Shafa), F carica (Baha), and F. palmata (Baha)
were near one another.

Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine

0 5 10 15 20 25
1 1 | 1 1

F.caricaSHAFA 4 |

F.caricaBAHA 5 —

F palmataBAHA 6

F pal.v.vir BAHA 7

F palmataHAVAIA 8 J

F palmataSHAFA 3

=

F.caricaHAWAIA 9

F.cordataHADA 11

F.cordataSHAFA 1

F palmataHADA 10

F.caricaHADA 12

F.ingensSHAFA 2

Fig. 4. UPGMA- phenogram based on pooled data obtained from SDS-PAGE and isozymes profiles of 12 accessions

of the genus Ficus
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RAPD fingerprinting

Four species” RAPD-PCR fingerprints were
created using five primers (Table 4). Thirty-
five RAPD bands were revealed, among which
18 polymorphic bands were recorded; 17 were
unique. The highest percentage of polymorphism
(60%) was recorded by two primers (OPO-8 and
OPO-10), while the lowest (40%) was recorded
by the primer OPO-11. Figure 5 demonstrates
the RAPD-PCR profiles of the studied species.
The amplified fragment size ranged from about
1666.9 to 150bp. Four monomorphic and 6
polymorphic bands were detected by the primer
OPO-08. Five of these are unique and all present
in F. cordata subsp. Salicifolia (Table 5 and Fig.
5-A); two are positive at 479.711 and 170.6bp
and three are negative at 428.4, 180.2 and 155.7
bp. These unique bands appeared to be specific
markers for F. cordata subsp. Salicifolia. The
primer OPO-09 produced three monomorphic
bands of 577.9, 512.5 and 370.3bp and three
unique bands. One positive marker at 428.0bp
was recorded in F. cordata subsp. Salicifolia
and two negative and positive markers at 709.4,
and 343.9bp, respectively, were recorded in
F. ingens. The lowest number of amplified
bands (5) was recorded by primers OPO-10
and OPO-11. The primer OPO-10 generated
three negative markers at 860.8, 772.8, 669.2bp
specific for F. ingens. Three monomorphic and
two polymorphic bands were revealed in OPO-
11’s primer profile (Fig. 5-D). Two negative
markers at 975.0 and 843.7 bp were revealed
in F. ingens. In the RAPD profile produced by
the primer OPO-13, five monomorphic and four
polymorphic bands were detected including one
positive unique band at 579.3 bp was considered
species-specific for F. cordata subsp. Salicifolia.
Three negative markers were revealed at 922.1,
636.5, and 430.2bp in F. ingens.

Genetic similarity and UPGMA tree

The dice similarity index value was used to
calculate the genetic similarity of four species
based on RAPD-PCR markers. F. palmata and
F. carica had the highest genetic closeness
(1.000), whereas F. ingens and F. cordata
subsp. Salicifolia had the lowest similarity
(0.667; Table 6). The UPGMA method was
performed to assess evolutionary relationships
among species using RAPD fingerprinting (Fig.
6). A dendrogram based on UPGMA analysis
revealed that all Ficus species were included
in a main cluster except F. ingens that agreed

Egypt. J. Bot. 62, No. 3 (2022)

with SDS-PAGE and isozymes dendrogram. The
closest species in the tree were F. palmata and
F. carica.

Discussion

The present results revealed significant
differences in all studied characters among
and within Ficus species collected from four
locations in Saudi Arabia. In the current study,
SDS-PAGE revealed a significant level of
polymorphism (96.5%) in the protein banding
leaf profiles of different Ficus species, in
agreement with Hirano (1982) who used 2D-gel
electrophoresis to show varietal differences
in the leaf protein profiles of 17 Morus spp.
Despite only eight isozymes being investigated
and the fact that isozyme research can only
reveal genetic alterations in coding regions
resulting in an altered amino—acid sequence,
our research could detect variability among
species of the Ficus in various sites in Saudi
Arabia, namely levels of polymorphism ranging
from 67% to 100%. These findings may be
explained by adaptations to local environmental
conditions linked to selection processes passed
down through generations, or by mutational
events affecting the performance of genes
encoding certain isozymes. This suggestion is
in accordance with Kannenberg & Gross (1999)
who used 10 isozyme systems to detect genetic
variation in Norway spruce populations from
central and southeastern Europe spruce regions
versus those from northern and north eastern
Europe. Moreover, Hassan et al. (2002) revealed
extensive genetic polymorphism by isozymes
(e.g. peroxidase and esterase) in 10 accessions
representing five Populus species from various
locations; in addition, high variations were
observed among samples of the same species
from different locations. Among 73 polymorphic
bands, 28 were unique bands and seemed to be
useful as genetic markers. Ten were recognized
in the protein pattern and 18 among isozyme
patterns. These results disagree with those of
Elisiario et al. (1998) and Cabrita et al. (2001)
who found identical zymograms for the MDH,
IDH, PGM, and PGI isozyme systems in all fig
clones (Sarilop and Sarizeybek), however, all
Sarilop clones had a monomorphic pattern for
GOT enzymes, as opposed to the heterozygous
pattern (three bands) demonstrated by the other
cultivar Sarizeybek.
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TABLE 4. The five primers and their sequence used in RAPD fingerprinting, the number and type of the amplified
bands, and the percentage of polymorphism in four species of genus Ficus

Polymorphic bands

Mono-
Primer Total Polymorphism
i Non- . Yy P
code Sequences morphic ¢ Unique bands %
bands unique
bands
bands
OPO-08 5-CCTCCAGTGT-3 4 1 5 10 60
OPO-09 5-TCCCACGCAA-3 3 - 3 6 50
OPO-10 5-TCAGAGCGCC-3 2 - 3 5 60
OPO-11 5-GACAGGAGGT-3 3 - 2 5 40
OPO-13 5-GTCAGAGTCC-3 5 - 4 9 44 4
Total 17 1 17 35 514

Fig. 5. RAPD fingerprinting in four species of the genus Ficus; 1: F. cordata subsp. salicifolia, 2: F. ingens, 3: F.
palmata, 4: F. carica; A: OPO-08, B: OPO-09, C: OPO-10, D: OPO-11, E: OPO-13 [M= Marker]

Egypt. J. Bot. 62, No. 3 (2022)



928 SHAWKAT M. AHMED et al.

TABLE 5. Number of positive (+) and negative (-) unique markers produced by RAPD primers in four species of

the genus Ficus

OPO-08 OPO-09 OPO-10 OPO-11 OPO-13
Genotype

+ - + - + - + - + -
F: cordata subsp. 5 3 1 0 0 0 0 0 1 0
salicifolia
F ingens 0
F. palmata 0
F carica 0

TABLE 6. Matrix of the genetic similarity estimates of RAPD analysis among four species of the genus Ficus.

Matrix
Genotype
P FE. cordata subsp. salicifolia , E E F
ingens palmata carica
F. cordata subsp. salicifolia 1.000
F ingens .667 1.000
F palmata .867 784 1.000
F. carica .867 784 1.000 1.000
o - 10 15
L L ) | i
F. palmata !
F. carica

F. cordata subsp.

salicifolia

F. ingens

Fig. 6. UPGMA- phenogram based on data obtained from RAPD analysis of four species of the genus Ficus

The dendrogram, generated from pooled
data derived from SDS-protein and isozymes
analyses belonging to Ficus species, separated
the studied species into one main cluster, while
a single accession, F ingens (Shafa), formed a
separate OTU. The main cluster was divided into
several subclusters reflecting the high variability
among Ficus species and accessions of the same
species sampled from different sites, except
F. carica (Shafa) that showed the maximum
genetic similarity (0.943) with F. carica (Baha).
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This result was similar to that of Abou-Ellail et
al. (2014) who performed UPGMA clustering
depending on PPO, POD isozymes, and SSR-
PCR combination and proposed a molecular key
for identification of seven fig cultivars. Dalkilig et
al. (2011) placed 43 different male Ficus carica
caprificus accessions in nine different groups in
a dendrogram drawn from a similarity matrix.
Although, Teoman et al. (2017) showed that fig
genotypes were not grouped based on their origin,
Caliskan & Polat (2012) and Simsek et al. (2020)
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reported that caprifig accessions from Turkey
were clustered to their geographic origin based on
SSR fingerprinting. Moreover, Basheer-Salimia
et al. (2012) created a dendrogram for nine fig
genotypes cultivated in Palestine’s Northern West
Bank. The dendrogram looks to be at odds with
the morphological descriptors, particularly for the
Swadi and Biadi genotypes (which are genetically
similar but physically distinct), which could be
owing to phenotypic alterations brought about by
environmental variances between locales.

RAPD analysis allows identifying relevant
genetic markers in both coding and non-coding
portions of the genome at various loci (Williams
et al., 1990). Thus, the RAPD technique allows
the examination of fine scale genetic differences
among individuals. The dominant character
of RAPD markers requires sampling of more
individuals and loci compared to co-dominant
markers like isozymes. Therefore, a combined
approach including both isozymes and RAPD
may be more appropriate for estimating
connections and genetic diversity than either
method alone (Chan & Sun, 1997). Five primers
were successful in generating polymorphic and
repeatable amplification products in the present
study. A significant level of polymorphism
ranging from 60% in primer OPO-13 to 100%
in primer OPO-10 was detected in the RAPD
profiles of six species of the genus Ficus.
Similar results were reported by Srivastava et
al. (2004) who employed 10 RAPD primers to
study the genetic link between 11 genotypes of
mulberry collected from Japan, India, and Italy,
and found 60.75% DNA polymorphism among
these genotypes. Chatti et al. (2010) could detect
considerable genetic diversity among Tunisian
fig tree cultivars using RAPD (60), ISSR (48),
RAMPO (63), and SSR (34) markers. Zolfaghari
et al. (2019) reported infraspecific genetic
variations among 14 populations of F. carica in
Iran using RAPD fingerprinting. Basheer-Salimia
et al. (2012) employed the PCR-RAPD method to
investigate the genetic diversity and relatedness
of nine fig genotypes cultivated in Palestine’s
Northern West Bank. In the present study only 9
of the 28 primers examined for the RAPD method
provided acceptable amplification results, with
70.2% of polymorphism. The high percentages
of differences obtained by the five primers in the
current study could be due to most variation being
found in repetitive DNA instead of coding DNA
within the studied Ficus species. Accordingly,

Irwin et al. (1998) reported that a great number
of Colocasia esculenta varieties might derive
from crosses or selection and propagation of
mutant accessions. RAPD markers also found in
areas with many repetitive sequences, and thus in
non-coding regions, which are more sensitive to
alterations than coding parts, according to those
authors. These results agree with Arnau et al.
(1994) and N’Goran et al. (1994), who suggested
that repeated sequences might be preferentially
amplified by RAPD analysis.

The five primers developed 17 unique bands
for Ficus species; they could be used as molecular
markers. F. ingens was differentiated by nine
negative and one positive marker and F. cordata
subsp. Salicifolia was differentiated by 4 positive
and 3 negative marker compared with other
Ficus species. The relevance of RAPD markers
in elucidating in part identification difficulties
and relationships between Ficus species was
demonstrated by these findings. The present
results are similar to those of Orhan et al. (2007),
Saleh (2013), and Abou-Ellail et al. (2014) that
detected 101 DNA markers by 16 RAPD primers
in 15 selected white mulberry species (Morus
alba L.). These RAPD markers revealed distinct
mean frequency patterns among white mulberry
species. Furthermore, Cabrita et al. (2001)
generated 14 polymorphic markers from 10
RAPD primers, which distinguished between two
fig clones (Sarizeybek and Sarilop). Furthermore,
one of these 10 primers, OPN 10, identified two
RAPD markers (OPN 10-650 and OPN 10-450)
that distinguish between Sarilop clones, splitting
them into two groups based on their similarities.
Using RAPD, Mohammed et al. (2014) discovered
significant genetic variability between 22 landrace
(Ficus carica L. sativa) and two wild form (Ficus
carica L. caprificus) fig accessions in Palestine.

RAPD-PCR markers could distinguish all
Ficus species through clustering. The accessions
were classified into the main cluster based on
UPGMA analysis, and a single accession, F
ingens in was differentiated in a subcluster away
from species of the genus Ficus. In the second
cluster that agreed with that found with SDS and
isozyme analysis, F. carica recorded high genetic
similarity with £ palmata (1.0). These results
agree with those of Ahmed & Fadl (2019) who
used matK, ITS markers to separate F. palmata
and F. carica, collected from the Taif highlands
(Saudi Arabia), together in one group and F
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cordata subsp. Salicifolia in a separate group;
however, the rbcL marker placed the three species
in one group and the trnH-psbA marker separated
F. carica alone. Seventeen Ficus species grown
in Egypt were successfully distinguished using
AFLP fingerprinting (Mostafa et al., 2020). Using
EST and ISSR-PCR, Abdelsalam et al. (2019)
discovered a wide diversity across 21 cultivated
fig (F. carica L.) accessions in Egypt and Libya.
Recently, 34 fig varieties from different countries
were differentiated using ISSR molecular markers
(Zhang et al., 2020). ISSR, RAPD, and SSR
markers demonstrated limited genetic diversity of
19 fig varieties and lines from Europe and Asia
(Ikegami et al., 2009).

Isozymes, RAPD, and SDS-PAGE markers
could genetically distinguish Ficus species with
high accuracy. However, the discriminative power
for each type molecular marker was variable.
Using SDS-PAGE and isozymes to differentiate
between fig accessions has been explained.
Furthermore, using the RAPD method, we
discovered polymorphic markers discriminating
across species belonging to the same genus. In a
breeding program, knowing the genetic similarity
(distance) between genotypes, individuals, or
populations allows more efficient germplasm
organization and genotype sampling (Hussein et
al., 2001; Prasad et al., 2000).

Conclusion

In conclusion, using SDS-PAGE, isozymes,
and RAPD-PCR techniques, we established
biochemical genetic and molecular markers to
characterize the geographical effect on genetic
diversity of fig species in the studied area in Saudi
Arabia. This study’s early findings can be helpful
for taxonomic categorization, breeding, genetic
improvement, local germplasm conservation, and
the management of Saudi fig genetic resources.
To accurately analyze differences and interactions
among fig species, extensive sampling, and
detection of new molecular markers are necessary.
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