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Identification of Egyptian Mangrove species based
on DNA barcoding

Abstract

Aims: Mangroves are woody trees or shrubs that grow in the intertidal zone and are distributed along
tropical and subtropical coasts. These plants are resilient to various environmental challenges; they are
also one of the most efficient terrestrial and coastal ecosystem for carbon fixation and storage. In recent
years, mangrove reforestation has attracted much attention as a strategy tosreduce the effects of
climate change. In Egypt, there are two types of mangroves, Rhizophora mucronata and Avicennia
marina, between 30°N and 30°S of the equator. Mangrove management presents a difficult task,
particularly when it comes to managing molecular mangroves for long-term sustainability. With the
impact of human activity on mangrove ecosystems increasing each year, molecular research on
mangrove correlates remains to be conducted. For this reason, using DNA barcoding technology to
quickly identify species, mangrove ecosystems may be protected:

Methodology: In this work, the two Egyptian mangrove species were assessed through morphological,
cytological, and molecular approaches. Two universal DNA-barcodes, rbcL and ITS, were examined to
identify their efficacy for Egyptian mangrove species identification and.phylogenetic reconstruction.
Results:According to pairwise alignments, the rbcL region had the highestlevel of variability (73.2%),
whereas the ITS region was the least variable (11.96%). The selected.Egyptian mangrove species can
potentially be distinguished by barcoding loci rbcL and ITS due to the existence of distinctive variable
sites.
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1. INTRODUCTION

Mangroves are woody trees or shrubs that grow in the intertidal zone and are distributed along tropical
and subtropical coasts (Poungparn:et al. 2012). The word "mangrove” is used to describe 70 species of
trees and plants from 20 different families that flourish in areas with high water springs and high tidal
levels, according.to-Jones (2002)..These plants are resilient to various environmental challenges,
including high salt content, coastal flooding, strong winds, heat, and solar radiation (Spalding et al.
2010). Their capacity to expand in these conditions is associated with morphological and physiological
adaptations, such, as stagnation, aerial roots, secondary metabolites and salt excretion mechanisms.
Mangreve forests cover approximately 137,760 km2 worldwide, of which approximately half are located
in Asia alone (Giriet al. 2011). Mangrove vegetation contributes to biodiversity conservation, erosion
control, and:protection from storms and floods along the coast (Bashir et al. 2019). They provide
shelter,;coastal protection, habitat, nurseries, and breeding grounds for many fish, crustaceans, and
other marine_and terrestrial animals (Alongi et al. 2004). It is also one of the most efficient terrestrial
and coastal ecosystemsforcarbon (C) fixation and storage (Donato et al. 2011; Kristensen et al. 2008).
An acre of growing mangroves can absorb between 50 and 220 metric tonnes of carbon three or four
times the amount absorbed by regular forests. However, mangrove forest area worldwide decreases by
1% to 2% annually,due to oil spills and deforestation (FAO, 2003). In recent years, mangrove
reforestation and afforestation have attracted much attention as a strategy to reduce the effects of
climate change (Sacristan et al. 2022). In Egypt, mangroves cover around 525 hectares, which are
spread out over 28 locations along the country's Red Sea beaches (Zahran & Willis 2009). A large,
unconnected runway along the Gulf of Agaba in the Nabq Protected Area and a small runway in the far
south of the Gulf of Suez in the Ras Mohammed National Park (Zahran & Willis 2009). In Egypt, there
are two types of mangroves: the red mangrove (Rhizophora mucronata) family Rhizophoraceae and the
black or grey mangrove (Avicennia marina) family Acanthaceae. Between 30°N and 30°S of the



equator, mangrove forests can be found in tropical climates. The mangrove forests of Egypt are mostly
monoecious, including just Avicennia marinaexcept for a few sites near the Sudanese port area of Deir
al-Masry where Rhizophora mucronata coexists alongside A. marina (Persga 2004). Geographically,
Egyptian mangroves can be divided into the Sinai mangrove and the Egyptian-African mangroves that
grow on the Red Sea coast (Persga 2004). A. Marina is relatively more tolerant and adapted to salinity,
lower precipitation, and extreme temperature conditions, than R. mucronata. This explains the larger
global and local distribution (in Egypt) of A. marina compared to R. mucronata. In Egypt, R.Mucronata
is only found in a few locations near the Egyptian-Sudanese border (most notably in Marsa al-Shaab
and Marsa Abu Fassi). However, there are four different environmental factors that affect mangrove
development in Egypt: the climate, the geomorphology of Red Sea lagoons, bays, islands, the qualities
of the water, and man-made changes. The main dangers to Egypt's mangroves are human
firewood,camel feed, and timber harvesting; pollution, which causes a substantial decline in mangrove

biodiversity; and mangrove exploitation for coastal development.

Mangrove management presents a difficult task, particularly when it comes te. managing molecular
mangroves for long-term sustainability. With the impact of human activity on mangrove ecosystems
increasing each year, molecular research on mangrove correlates remains to be conducted. With
conventional classification techniques, it is challenging to comprehend the evolutionary relationship
among mangrove species. DNA barcoding is atechnique that employs short, variable, and standardized
DNA regions to assess and classify species. It utilizes a small nucleotide difference at a specific
genomic locus of many distinct organisms as a key to classifying many different species (Savolainen et
al. 2005). DNA barcoding is presently gaining popularity due to its;ease ‘of use and high precision
compared to the difficulty and partiality involved with morphology-based taxonomic identification (Kress
2017). By enabling quick species identification, DNA barcoding technology may help safeguard
mangrove habitats.ribulose-1,5-bisphosphate carboxylase (rbcL), and-internal transcription spacer (ITS)
markers are useful for recognizing mangroves, but they have not been demonstrated as markers for
genetic variations within a species (Xiaomeng_ et-al. 2021 ). There are still few research articles on DNA
barcoding in the mangrove area. For more extensive DNA barcoding applications in ecological research
on mangrove vegetation, the rbcL and ITS markers provide early evaluation data that will be helpful.
Tropical and subtropical forests have been the primary focus of previous research on plant DNA
barcoding (Kress et al, 2010, Kress et al. 2014). Additionally, the reconstruction of the phylogenetic
relationships of particular biological ‘groups using the DNA barcode fragment sequences has emerged
in recent years as a new area of study (Liao and Zhang 2014, Newmaster et al. 2006, Saddeet al.
2016). Our knowledge of evolutionary biology and other related fields is improved by this research,

which encourages-the combination of barcoding technology, ecology,and phylogenetic analysis.

In the present study, two:Egyptian mangrove species wereassessed through morphological, cytological,
and molecular approaches. To evaluate a genetic relationship between studied mangrove species and
their relationship to database seguences, two universal DNA barcodes, rbcL and ITS, were examined to
identify their efficacy forthe identification and phylogenetic reconstruction of Egyptian mangrove
species.

2.MATERIALS AND METHODS

Study Area: This investigation was carried out during the years (2022 and 2023) in a small mangrove
stand grows in a sheltered area interspersed in South Safaga located between the longitudes 26°00°'N -
38°00'N, and the latitudes 33°00’E - 59°00’E, with mud flats about 55 feddan in size (44 feddan planted
with Avicennia marina (Elshora or grey or black mangrove) and about 11 feddan planted with
Rhizophora mucronata (EI Quendel or red mangrove), Fig (1). The area recorded 11.4 °C during
January for the mean minimum temperature and 38.7 °C overall.

Growth Measurements: The vegetative growth parameters, including total height (cm)and stem
diameter (root collar diameter) (cm), were recorded at ages (6 months, 1, 3, and 5 years) from planting
in the field. Anatomical studies were also recorded on the main stem. Aiming to study the differences
between mangrove forest species that grow along the Red Sea and on the South-eastern tip of the
Sinai Peninsula.



Soil analysis: Soil chemical properties and some nutrients availability in soil weremeasured according
to Cottenie et al. (1982), Table (1&2).

Table 1. Chemical analysis of soil

Soluble cations (meg/l) Soluble anions (meq/l) SP EC PH
(ds/m) | 1:2.5

K'] Na [Mg™[Ca™| sO, Cl| HCO;s | COy5
2259190 | 59.5| 775 | 95.15| 1285 7.5| - 30.0 23.12 7.91

Table 2. Determination of some nutrient availability macro and microelements in soil

Nutrient availability elements (mg/kg)

N K P Cu Fe Mn Zn

93.0 100.0 9.18 0.05 4.87 174 1.08

Histological studies:Stem sections from one yearof A. marina andR. muctonata specieswere washed
and kept in F.A.A solution for fixation. A series of butanol and ethanol alcohel mixes at varying
concentrations were used to induce dehydration. Then, paraffin wax:.was infused into the dehydrated
stem tissues at 50°C for ten days. They were then cut into 15 p:sections using a rotary microtome, dyed
with safranin and quick green, and mounted in Canada balsam according to the procedures of Sass
(1964).
Experiment design and statistical analysis: A completely. randomized design was performed for the
experiment. The Student's t-test (*p 0.05) in GraphPad Prism 9 for Windows (GraphPad Software, San
Diego, CA, United States) was used to establish the statistical significance of the means. An analysis of
covariance (ANCOVA) was conducted after a logarithmic. linear regression analysis for microscopic
tests.
DNA extraction and PCR reactions
Three typical samples of each A. marina,and,R. mucronata from fresh, young leaves were used to
extract the complete genomic DNA«Using.the DNeasy plant mini kit (Qiagen). The purity and quantity of
the DNA were assessed using spectrophotometry (NanoDrop 2000); Thermo Scientific). The reaction
was performed in triplicate using PCR (Polymerase chain reaction) analyses in a TI00TM Thermal
Cycler (Bio-Rad) with a final volume of 25 pl.,100 ng of genomic DNA, 0.2 mM dNTP, 1x DreamTaq
buffer, 1 U of DreamTaq DNA polymerase, and 0.1 M of each primer were used in the PCR
amplification process. The DNA sequences identified in the GenBank database were used to generate
the primer pairs employed-in this study, i.e: rbcL F: 5-ATTACTTGAATGCGACTGCG -3' and rbcL R: 5'-
GCCAAACATGAATACCACCT-3vand ITS F: 5 -ATGCGATACTTGGTGTGAAT- 3’ and ITS R: 5" -
TCCTCCGCTIATTGATATGC- 3'(Fig 2). The two genes were amplified using the PCR procedure
outlined below: after a preliminary denaturation at 95 °C for five minutes, there were 35 cycles that each
contained a denaturation step at 94 °C for 45 seconds, an annealing step at 48 °C for 30s, an
elongation step at 72 °C for 1.30 minutes, and a final extension step at 72 °C for 10 minutes. The
reaction was. finally put to an end by keeping the temperature at 4 °C. The PCR products were
examined using electrophoresis in 1.8% agarose gel with ethidium bromide and a TBE solution (pH
8.0), (Fig'5). The gel was inspected and kept using the Molecular Imager® GelDocTMXR software.

PCR Purification and Sequencing

PCR products were electrophoresed on a gel and cleaned with a PCR clean-up kit. (Promega, USA). At
the GATC Company in the USA, purified PCR products were directly sequenced from one direction
using the ABI 3730xl automated DNA sequencer (Applied Biosystems). The sequences presented in
this paper have accession numbers that have been entered into the GenBank database of nucleotide

sequences (Table3).

DNA Barcoding of rbcL and ITSGenes
First, the forward sequences were modified using the Basic Local Alignment Tool program, and
consensus sequences were obtained (Fig. 6&7). The (ClustalW) programme was used to perform



multiple sequence alignments. Inferring the evolutionary history was done using the neighbour-joining
method(Thompson et al. 2003). The evolutionary history of the taxa under investigation is thought to be
represented by the bootstrap consensus tree generated from 1000 replicates (Saitou and Nei 1987).
Branches connected to partitions that had less than 50% of the bootstrap replicates replicate them are
collapsed. The percentage of duplicate trees in which related taxa clustered together is shown next to
the branches in the bootstrap test (1000 repetitions).The Jukes-Cantor method was used to calculate
the evolutionary distances, which are measured in base substitutions per site (Felsenstein 1985). The
number of segregation sites and nucleotide diversity value, which gauges the average number of
nucleotide differences per site between two sequences chosen at random, were determined forrbcL
and ITSusing DnaSP v5 (Theodoridis et al. 2012). There were four nucleotide sequences in this
analysis. All unclear positions for each sequence were deleted. (Pairwise deletion option). Evolutionary

analyses wereperformed with MEGA11 (Tamura et al. 2021).

Table 3. The Accession numbers of Egyptian Mangrove species applied for rbcLand. ITSgenes

Species rbcL ITS
Accession number Accession number
Avicennia marina LC752949 00198465
Rhizophora mucronata LC752799 0Q390141

Fig 1.The figure above shows the distribution of mangroves globally mapped by Giri et al. (2010).
Below, Map of Egypt showingthedistribution sites of Mangrove species.
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Fig 2: The structure of a chloroplast rbcLand nuclease ITS genes and annealing positions of primers
used.

3. RESULTS

In this work, the growth parameters of Avicennia marina and Rhizophora mucronata,specieswere
evaluated to study the growth differences between the two species, which can withstand and grow well
in the arid conditions of the Red Sea. Data in Fig (3) indicated that the total height of EI Quendel or red
mangrove (Rhizophora mucronata)significantly increased (39.33, 59.33, 84.00, and 136.67 cm) after 6
months, one year, three years, and five years from planting, respectively, as compared with Elshora or
grey or black mangrove (Avicennia marina) (19.67, 35.67, 59.33, and 103.33 cm) after six months, one
year, three and five years from planting, respectively. Thus, R. mucronata recorded the highest value of
root collar diameter (1.39, 1.83, 2.67, and 5.96 cm) after ages of six months, one, three, and five years
from planting, respectively, as compared with the other mangrove species. While: A, marina had the
smallest root collar diameter (0.40, 0.90, 1.70, and 4.24 cm) after 6 months, one.year, three years, and
five years, respectively. The results show that R. mucronata was superior in.growth parameters (total

height and stem diameters) as comparedwith A. marina.
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Fig 3.The growth parameters among Mangroves species in Egypt, a: Total height, b: Stem diameter
(Root collar diameter-cm). Asterisks (*) indicate statistically significant differences based on Student's t-
test (p < 0.05)

Two mangrove species, Avicennia marina and Rhizophora mucronata, were processed for histological
examinations::Transverse section of A. marina stem demonstrating the stem's single layer of epidermis
and thick cuticle and trichomes covering it, Fig (4 a). The cortex is divided into two regions. The outer
section is made up of collenchyma, which has a small and thick cell wall, while the inner part consists of
parenchyma. The collateral bundles are arranged in concentric rings on the eustele stele. Endarch is
the Xylem. Circular parenchyma and sclerieds make up the broad pith (Fig 4a). Transverse sections of
R. mucronata stem demonstrate that the epidermis reveals a conical appearance made up of variably
shaped cells (Fig 4b). Although the epidermis typically has many layers, a genuine hypodermis with
three to seven layers is also typical. The primary cortex is lacunar. Sclerenchymatous idioblasts in the
shape of H are visible. Cortex cells have pitted walls and a lot of tannin and oil. Crystals of calcium
oxalate are also observed. The vascular bundles are endarch, open, conjoint, and collateral.
Rhizophora mucronata has rays that are 2-3 cells wide that travel into the xylem. The vessels have

perforated plates with scalar form shapes.
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Fig 4. Transverse section of stem of a:A. marina, b: R. mucronata showing Vascular bundle, scl:
scleried,xy: xylem,coll: collenchyma, Pi: wide pith, Ct: the cortex E: epidermis

DNA Barcoding of rbcL and ITSGenes

The amplification products produced by PCR using the two barceding regions (rbcL and ITS) for
mangrove species, A. marina and R. mucronata, yielded a single band for_each loci (Fig. 5). The PCR
product was purified and sequenced, then aligned. The alignment's results are displayed in Figs(6&7),
and listed in (Table 4). The accession numbers for each of the hew sequences have been deposited in
GenBank (Table 3).

Table 4. Molecular characteristics of rbcL and ITSloci evaluated,for two mangrove species, A. marina
and R. mucronata

Barcode Total No. of No. of No. of No. of Nucleotide | No. of
Alignment | monomorphic 4 polymorphic | singleton | Haplotypes | diversity Indel
Length sites sites variable (Pi) sites
(bp.) sites
rbcL 359 96 263 263 2 0.732 30
ITS 301 265 36 36 2 0.119 86

rbcL (ribulose-1,5-bisphosphate carboxylase) sequences
For the two examined species, rbcL loci amplification via PCR was successful. The amplified fragments
of 389 and 359 bp. for A. marina and R. mucronata respectively, were obtained with GC contents of
42.41 and 42.89% (Fig. 5). The results of the alignment of thetwo species are shown in Fig (6). The
similarity between the two species was 95.7%, and the gaps were 2.6%. rbcL sequences yielded 359
bp. long-sequences after curation with a number of Indel sites (30) and a nucleotide diversity (Pi) =
0.73, which could differentiate the two Egyptian mangrove species from each other. The two mangrove
species' sequences for rbcL showed 263 variable sites with 73.2% polymorphism percentages and 96
monomorphic  sites with 26.74% polymorphic percentages (Table4). Therefore, there were 263
singleton variable sites, and two haplotypes (Table 4). Based on the rbcL sequence, themaximum
likelihood (ML) phylogenetic treesclades of the examined mangrove species with a 100% bootstrap
value (Fig. 8).



Internal transcription spacer (ITS) sequences

Successful PCR amplification of the ITS loci was obtained for the A. marina and R. mucronata species,
with amplified fragments of 366 and 387 bp, respectively (Fig. 5). The average GC content was 64.75%
and 64.02%, respectively. The results of Pairwise Sequence Alignment for two species areshown in Fig
(7). The similarity between the two species was 66.9%, and the gaps were 13.8%. After curation, ITS
sequences produced 301 bp-long sequences with a number of Indel sites (86). Within the sequences of
the two mangrove species, the ITS loci variable sites were 36 sites with 11.96% polymorphic
percentages, while the monomorphic sites were 265 and represented 88.03% (Table 4). The number of
Pi (nucleotide diversity) = 0.73 and the number of singleton variable sites was 36; hence, two
haplotypes were observed (Table 4). These findings demonstrated the effectiveness of the two DNA
barcoding techniques in recreating phylogenetic relationships among the mangrove species studied.

A. marina R. mucronara
bp_
I'Ts rbcl
400
300
200

Fig 5. Agarose gel showingrbcL and ITS barcoding primers.amplification for A. marina andR.
mucronata species. Lane M: 1kb.
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Fig 6. Sequence alignment of rbcL barcoding of studied two mangrove A. marina andR. mucronata,
showing identity regions.
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Fig 7. Sequence alignment of ITSbarcoding of studied two. mangrove A. marina andR. mucronata,
showing identity regions

Two nucleotide sequences for the loci rbcL and ITS were examined. According to pairwise
alignments.The highest level of variability (73.2%) was found in the rbcL region, whereas the ITS region
was the least variable (11.96%) (Table 4, Fig6,7). The aligned sequences of the ITS and chloroplast
rbcL loci were examined and compared with those.in the NCBI databaseto identify the characteristic
sequences that would be used as a useful barcode to distinguish Egyptian mangrove species from
other mangrove species. (Table 4, Fig. 6&7).

Phylogenetic analyses using database sequences

The individual and combined, sequences from the rbcL and ITS loci were used to estimate trees using
the maximum likelihood (ML) algorithm (Figs. 8, 9, and 10). It was shown that the tree constructed
based on sequences obtained from tbcL loci separated the two Egyptian mangrove species that
weregathered in one cluster and grouped with the clade made up of MT012822Avicennia marina and
KF848224 Avicennia officinalis voucher (Fig. 8). Meanwhile, Avicennia marina was placed in a clade
with another¢Avicennia marina spp. in genebank species (KT004471 Avicennia officinalis voucher,
KT004470._Avicennia marina voucher, OK638118 Avicennia marina subsp. eucalyptifolia isolate, and
OK637483 Avicennia marina isolate) that had the highest average node 100% in the tree created using
the sequences from ITS loci among the two investigated mangrove species (Fig. 9). Meanwhile,
separate another studied species, R. mucronata, into an aclade composed of Rhizophora spp. in the
genebank with the average node at 71% (OK637993 Rhizophora stylosa isolate, MZ735368
Rhizophora mucronata voucher, and MZ735367 Rhizophora mucronata voucher. A combined analysis
of the twouloci, rbcL and ITS, was compared with data in genebank. This analysis involved 18
nucleotide sequences. All ambiguous positions were removed for each sequence pair (pairwise deletion
option). There were a total of 793 positions in the final dataset; evolutionary analyses were conducted
in MEGA11 ( Tamura et al. 2021). The tree was constructed using a combined analysis of rbcLand ITS
loci, which separated the two Egyptian mangrove species into two clades. The first clade groups the
Egyptian Avicennia marina sp. with MT012822 Avicennia marina,KF848224 Avicennia officinalis
voucher, MZ735367 Rhizophora mucronata voucher, OK637990 Rhizophora stylosa isolate and
OK637993 Rhizophora stylosa isolate,where the second clade groups R. mucronata Egyptian species
with OK637482 Avicennia marina isolate,OK637482 Avicennia marina isolate,OK638117 Avicennia
marina subsp. eucalyptifolia isolate, OK638118 Avicennia marina subsp. eucalyptifolia
isolate,OK637476 Avicennia marina isolates, and KT004471 Avicennia officinalis voucher (Fig.10).
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Fig 8. Phylogenetic tree of A. marina andR. mucronata speciesbased on rbcL sequences. The
branches' numbers are bootstrap values, red typos represent the Egyptian mangrove species.
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Fig 9.Phylogenetic tree of A. marina andR. mucronata speciesbased on ITS sequences. The branches'
numbers are bootstrap values, red typos represent the Egyptian mangrove species.
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Fig 10: Cladogram of the Neighbor Joining Tree (NJ). of Egyptian mangrove speciesassumed using a
combined dataset of the sequences of rbcL and ITS loci;red typos represent the Egyptian mangrove
species.

4. DISCUSSION

The preservation of the existing mangrove ecosystems is crucial. It is essential to protect existing
mangroves while guiding the expansion of their range to support nature-based approaches to climate
mitigation and improve the resilience and functionality of these crucial coastal marine ecosystems.
Mangroves struggle to grow in the.arid environment of the Red Sea. The bulk of tropical areas have
less mangrove coverage; however, forests along the Red Sea coast have reportedly grown by 12%
over the past forty years. Mangrove development may be hampered by causes like human
development, coastal pollution, and camel overgrazing (Almahasheer et al. 2016). In contrast to
Rhizophora mucronata Lam,Avicennia marina (Forssk.) Vierh predominates in the Red Sea mangroves
(Almahasheer et;al. 2017). The distribution and growth of mangrove communities are known to be
influenced by environmental factors such as temperature, precipitation, substrate, and salinity (Liao et
al. 2014). The movement of coastal species is hampered by both physical and environmental
constraints (Charrua 2020). The distribution of mangroves in the Red Sea was only 8.9% generally
explained by environmental causes. Despite this, among the environmental factors taken into account,
the mean diurnal temperature range and the mean sea surface salinity had the greatest effects on the
distribution of mangroves. Air temperature and relative humidity can change stomatal conductance and
evapotranspiration, which can have an indirect impact on the physiological development of mangroves
(Quisthoudt et al. 2012). Salinity is still one of the most significant factors affecting mangrove forests,
even though A. marina has been discovered to be a species that is extremely resistant to it (Burchett et
al. 1989). Precipitation is one of the major factors affecting the number of mangrove forests and has an
impact on the physiology and growth of mangroves as well (Osland et al 2017). The conservation and
use of biodiversity depend on mangrove species identification, which is hindered by taxonomic
knowledge. From morphological to molecular identification, the process of identifying live species has

changed over time (Hebert et al. 2003).
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Our study investigated the mangrove species Rhizophora mucronata and Avicennia marina, which grow
along the Red Sea and in South Sinai using DNA barcoding technology. In this work, the effectiveness
of DNA barcoding was assessed in terms of primer universality, success rate, and phylogenetic tree
construction. The rbcL and ITS core barcodes of mangrove DNA samples were successfully amplified
by PCR and sequenced at 100% success rates. The universality and success rates of our findings were
higher than those of Pei (2012) with ranges from 90% to 100% in tropical and subtropical forest plant
groups. According to earlier research, including that of Tripathi et al. (2013), 62.0% of the ITS
sequences of Indian tropical forest species were successfully sequenced. The success percentage of
ITS sequencing in the tropical cloud forests of Hainan was 47.20%and 5.76%, according to Kang et al.

(2017).

Burgess et al. (2011) revealed that the barcode could successfully identify 93% of the species in the
Canadian flora's temperate zone, while de Vere et al. (2012) discovered that rbcL +
matKcouldrecognize 69.4%-74.1% of the blooming plants in Wales, UK. (Kress et al..2009) examined
296 woody species in Panama and discovered that matK + rbcL had a 98% success rate-in identifying
the species. rbcL or ITS had a higher identification rate of mangroves this is consistent with: previous
research results suggested by Li et al. ( 2011) and Sass et al. (2007), which suggest the inclusion of
ITS into the core barcode of plant DNA. Additionally, compared to the:chloroplast genes, the nuclear
genome's ITS region can offer more genetic information from the parents. It'has also been shown that
specific sections of the chloroplast genome can serve as DNA barcodes in a variety of plant species (Li
et al., 2015; Wu et al. 2019). Recent research has shown thatITS and rbcl are efficient barcodes for
many plant species, either individually or in combination (Hollingsworth et al. 2009; de Melo Moura et
al. 2019). Our rbcL and ITS locus sequencing results were censistent with those published in CBOL
(CBOL 2009). In the current investigation, the rbcL loci were discovered to have more varied
sequences than ITS. Between the two loci, there.was a considerable difference in the number of
singleton variable sites, with rbcl having the most (263) and the fewest (30) Indel sites. ThelTSon the
other hand, had the fewest singleton variable sites (36)-and the most indel sites (86). The largenumber
of segregation sites and subsequent significant nucleotide diversity observed in the studied species are
caused by the abundance of species in this genus, and the current data are consistent with earlier
observations of this phenomenon in many tropical plant species (de Melo Moura et al. 2019). For
greater plant group resolution, it is interesting to note that numerous scientists have suggested merging
different barcoding sites or entire chloroplast genome sequences (Girma et al. 2016, Gogoi et al. 2020).
Several authors have demonstrated the utility of single barcoding loci to differentiate between plant
species, including conifers (Pham et al. 2021) and bamboo (Dev et al. 2020), wild cherry (Unsal et al.
2019), and zingiber (Saha et al. 2020). The results showed that each individual and combination of loci
raised the level of discrimination between selected mangrove species. In conclusion, the ITS and rbcL
fragment are suggested for the amplification and sequencing of mangrove plants. We created a
phylogenetic tree by comparing rbcL and ITS sequences from the examined species with those in
GenBank (Figs. 8, 9&10). Using similar species from a genebank as the outgroup a phylogenetic tree
was built to clarify the evolutionary relationship. The phylogenetic tree constructed using rbcL loci made
it evident that the examined species differed from the outgroupand that all Egyptian species descended
from one common ancestor (Fig. 8). Meanwhile, the tree constructed using ITS loci separated A.
marina into a clade composed of another A. marina spp. in genebank with the highest average node of
100%. In addition, separate R. mucronata in aclade composed of Rhizophora spp. in the genebank with
the average node at 71%. In various locations, including Barro Colorado Island (Kress et al. 2009), the
Dinghu mountain forest (Pei, 2012), the Ailao mountain forest (Lu et al. 2013), and tropical cloud forests
in Hainan (Kang et al. 2017), ITS and rbcL fragments were used for constructing phylogenetic trees.
According to the results of the present investigation, it may be possible to enhance the resolution of
Egyptian mangrove species by combining and using the individual molecular barcodes obtained from
rbcL and ITS sequences (Figs. 8, 9, and 10). The rbcL and ITS potential barcode markers in our study
all meet the DNA barcoding criteria outlined by Hollingsworth et al. (2011). Due to their appropriateness
in terms of sequence variability, they canbe utilized to distinguish the studied Egyptian mangrove

species

5. CONCLUSION
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Our study investigated the mangrove species Rhizophora mucronata and Avicennia marina, which grow
along the Red Sea and in South Sinai using DNA barcoding technology. In this study, the success rate,
primer universality, and phylogenetic tree construction were used to evaluate the efficiency of DNA
barcoding utilizing the rbcL and ITS loci.
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