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HE CARYOPHYLLACEAE are one of the most represented families with endemic

species in Sinai Peninsula, Egypt. rbcl-based DNA barcoding sequences for three species
of Caryophyllaceae endemic to Sinai Peninsula (Bufonia multiceps, Silene leucophylla and S.
oreosinaica) were developed for the first time. BLASTN for these sequences reflected 100%
Caryophyllaceae hits for rbel sequences. Phylogenetic tree constructed using the the newly
developed and mined sequences showed an ambiguous classification at both generic and tribal
levels. Results reflected that such species were introduced into Sinai Peninsula through two
colonization events. The first introduced S. leucophylla while the second introduced a common

ancestor for the remaining two species.
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Introduction

The term genres endemiques (endemic taxa) was
coined by De Candolle (1820) to describe species
restricted to a particular geographic region.
However, the term was not commonly employed
before the beginnings of the last century where
it appeared regularly in an innumerable scientific
publications (Hobohm & Tucker, 2014). Aiming
to explain endemism, two different models are
accepted. The refuge model (Gankin & Major,
1964) suggests that endemic plants are stress-
tolerant taxa confined to stressful environment
where interspecific competition is minimized
(Meyer et al., 1992). On the other hand, the
specialist model suggests adaptation of endemics
to the habitats they occupy (Meyer, 1986), but
not other habitats (Baskauf & Eickmeier, 1994;
Wilson, 1994 and Caley & Munday, 2003).

Today, endemism receives increasing attention
and is used for identification of biodiversity
hotspots (Orme et al., 2005 and Lamoreux et al.,
2006). Firstly, endemics are potentially threatened
due to their restricted distribution (Linder, 1995
and Gaston & Blackburn, 1996). Secondly,
limited resources hinder humans to protect all

species (Myers et al., 2000). Consequently,
centers of endemism are very important for
conservation planning due to presence of large
numbers of endemics in a relatively small land
area (Stattersfield et al., 1998 and Myers et al.,
2000).

Sinai Peninsula is a major phytogeographical
region in Egypt hosting 30 of the 37 taxa believed
to be endemic to Egypt in only 6.1% of the area of
Egypt (Hosni et al., 2013). It is a bridge between
Africa and Asia and hosts flora influenced by both
continental masses. Saint Catherine area encloses
most of the mountainous area of South Sinai; it
occupies about 4350km? including the country's
highest mountain, Mount Catherine (2641m,
asl). This area is of great biological interest: it
contains about 30% of Egypt's endemic taxa (EI
Hadidi, 2000). Many of such taxa are important
components of the Egyptian genetic, food,
heritage, and medicinal capabilities (Carlquist,
1974; Strid, 1986 and Shehata & Kamel, 2007).
Caryophyllaceae are one of the most represented
families among endemic species in Sinai
Peninsula. It contains the most represented genus,
Silene including six endemic taxa (Hosni et al.,
2013).
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Authentication of endemic species is
an important base for evolutionary and
phytogeographic studies as well as for
determination of conservation priorities (Ungricht,
2004; Ferreira & Boldrini, 2011 and Bacchetta
et al,, 2012). DNA barcoding is an authentic
cost-effective rapid tool for species recognition
employing DNA sequences as species internal
tags (Hebert et al., 2003 and Hebert & Gregory,
2005). Due to its high amplification success
rate, rbcl (ribulose bisphosphate carboxylase
large subunit) gene is the most published plastid
barcode (Newmaster et al., 2006 and Kang et al.,
2017). Unlike morphological identification, DNA
barcoding is free from subjective biases and does
not require taxonomic experience (Bafeel et al.,
2012). In addition, molecular techniques can be
used even with unrecognizable plant parts that
enable tracing of endangered species in illegal
trade affecting endemic as well as non-endemic
species (Hobohm & Tucker, 2014).

Therefore, the aim of this investigation is
to authenticate three endemic species to Sinai
Peninsula: Bufonia multiceps, Silene leucophylla
and S. oreosinaica (Caryophyllaceae) using rbcl-
based DNA barcoding.

Materials and Methods

Leaf samples (20mg each) for each species
were collected from three herbarium specimens
kept in Cairo University Herbarium (CAI) and
ground using a mortar and pestle with aid of
liquid nitrogen to produce fine powder. Extraction
of DNA was carried out using a Qiagen DNeasy
kit (Valencia, California, USA) according to
manufacturer’s protocol with some modifications
for herbarium samples. The APl buffer was
fortified with dithiothreitol (Melford Laboratories,
UK) and Proteinase K(Sigma) at 0.12 and 0.04
mg/ml, respectively (de Vere et al., 2012). rbcl
sequences were amplified in 50ul reaction mixture
containing 25ul PCR Master Mix (Bioline), 20-
50ng genomic DNA and 1ul of each specific
primer (5’-ATGTCACCACAAACAGAAAC-3’
and 5’-TCGCATGTACCTGCAGTAGC-3).
The amplification protocol was 95°C for 2min
followed by 34 cycles of 94°C for 1min, 55°C
for 30sec and 72°C for 1min, then final extension
for 7min at 72°C (CBOL Plant Working Group,
2009). PCR products were visualized under UV
light on 1.5% (m/v) agarose gel.
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After purification step using the QIAquick
PCR Purification Kit (Qiagen, Hilden, Germany),
amplification products were sequenced using
Big-dye terminator chemistry in 3130xI Genetic
Analyzer (Life Technologies, California, USA) by
following the standard manufacturer's protocol.
The resulted rbcl sequences were submitted to
the GenBank database under accession numbers
MH899451, MH899453 and MKO040533 for
Bufonia multiceps, Silene leucophylla and S.
oreosinaica, respectively. These sequences
were blasted against the available ones from
GenBank data base; the resulted sequences were
used to construct a phylogenetic tree (using
the taxonomically distant species Nicotiana
tabacum as outgroup for best resolution) and
pairwise distances calculations using Maximum
Likelihood (ML) method and Clustal W in MEGA
v. 6 (Tamura et al., 2013) based on the Kimura
2-parameter model (Kimura, 1980) with gamma
distribution. Significance was assessed using
1000 bootstrap replications (Felsenstein, 1985).

Results and Discussion

PCR amplifications for rbcl regions resulted
in 750 bp band in each species (Fig. 1 Suppl.).
Generally, a Product of 650-850bp resulted
following amplification of such region (Kress
et al., 2005 and Bafeel et al., 2011). Sequencing
for rbel regions of Bufonia multiceps, Silene
leucophylla and S. oreosinaica resulted in 471,
561 and 522 bp sequences, respectively (Fig. 2
Suppl.). BLASTN for these sequences reflected
100% Caryophyllaceae hits for rbcl sequences of
484-1408 bp length.

Sequences mined from GenBank included
eight tribes represented by 20 genera (Fig. 1),
with overall mean interspecific K2P distance of
0.025 and pairwise distances ranged from 0.00
to 0.102. Among mined sequences, estimates
of evolutionary divergence showed that
Psammophiliella muralis, Sagina nodosa and S.
procumbens were the closest taxa for Bufonia
multiceps with 0.028 intraspecific K2P distance
(Table 1). Smaller distance (0.002) was recorded
between Silene leucophylla and its closest species;
Atocion rupestre, Silene pygmaea, S. acaulis, S.
aprica and S. antirrhina. In contrast, Colobanthus
subulatus, Sagina nodosa and S. procumbens
(belonging to Saginae) were the closest species
to the Sileneae taxon, Silene oreosinaica, with
intraspecific K2P distance of 0.82.
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DQRO7765.1 Schiedea obovata
HG417049.1 Atocion rupestre
EF418560.1 Silene cretica
AY395549. 1 Silene flos-cuculi
EF418563.1 Silene schafta
—— MF668591.1 Silene schimperiana
KJ746296.1 Silene nutans
I: KJ595785.1 Silene lagunensis
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EF418557.1 Silene pygmaea
KC171366.1 Silene ofites
MHB99453 Silene leucophylla
EF418562 1 Silene laciniata Sileneae
JF944202 1 Silene baccifera
KM360981.1 Silene maritina
KT280159.1 Silene himalayensis
KJ595783.1 Silene bourgaei
HG417048.1 Silene dioica
KC171365.1 Silene diclinis
EF418566.1 Silene marizii
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Fig. 1. Phylogenetic tree using Maximum Likelihood method based on Kimura 2-parameter model for rbcl
sequences. Bootstrap values based on 1000 replications are listed as percentages at branching points
[Tribes following Stevens PF (2001)].

Egypt. J. Bot. 59 , No.2 (2019)



AUTHENTICATION OF THREE ENDEMIC SPECIES OF THE CARYOPHYLLACEAE... 487

TABLE 1. Estimates of evolutionary divergence between rbel sequences in B. multiceps, S. leucophylla and S.
oreosinaica and mined sequences based on the K2P model.

Mined Sequence Bufonia multiceps Silene leucophylla Silene oreosinaica
Bufonia multiceps 0.036 0.060
Silene leucophylla 0.036 0.093
Silene oreosinaica 0.060 0.093

Dianthus repens 0.033 0.023 0.093
Dianthus deltoides 0.033 0.023 0.093
Dianthus imereticus 0.033 0.023 0.096
Dianthus gratianopolitanus 0.036 0.025 0.093
Dianthus carthusianorum 0.033 0.023 0.093
Dianthus monspessulanus 0.033 0.023 0.093
Dianthus turkestanicus 0.036 0.025 0.093
Dianthus superbus 0.033 0.023 0.093
Dianthus plumarius 0.033 0.023 0.093
Dianthus caryophyllus 0.033 0.023 0.093
Dianthus kuschakewiczii 0.036 0.025 0.093
Dianthus chinensis 0.033 0.023 0.093
Dianthus seguieri 0.033 0.023 0.093
Dianthus armeria 0.033 0.023 0.093
Dianthus longicalyx 0.033 0.023 0.096
Dianthus namaensis 0.038 0.028 0.096
Dianthus sylvestris 0.036 0.025 0.088
Psammophiliella muralis 0.028 0.023 0.093
Petrorhagia saxifraga 0.033 0.023 0.090
Petrorhagia nanteuilii 0.030 0.020 0.090
Petrorhagia prolifera 0.030 0.020 0.099
Honckenya peploides 0.046 0.025 0.102
Schiedea trinervis 0.046 0.025 0.102
Schiedea obovata 0.046 0.025 0.093
Atocion rupestre 0.038 0.002 0.093
Spergula arvensis 0.041 0.028 0.096
Saponaria officinalis 0.041 0.030 0.090
Eremogone lychnidea 0.030 0.025 0.085
Arenaria ciliate 0.030 0.025 0.085
Sagina saginoides 0.031 0.025 0.085
Sagina nivalis 0.033 0.028 0.085
Colobanthus subulatus 0.033 0.028 0.082
Sagina nodosa 0.028 0.023 0.082
Sagina procumbens 0.028 0.023 0.082
Sagina subulata 0.031 0.025 0.085
Sagina apetala 0.031 0.025 0.085
Sagina maritime 0.033 0.028 0.099
Silene nutans 0.041 0.005 0.099
Silene lagunensis 0.041 0.005 0.093
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TABLE 1. Cont.

Mined Sequence Bufonia multiceps Silene leucophylla Silene oreosinaica
Silene otites 0.041 0.005 0.093
Silene pygmaea 0.038 0.002 0.093
Silene acaulis 0.038 0.002 0.093
Silene aprica 0.038 0.002 0.090
Silene schafta 0.036 0.005 0.090
Silene schimperiana 0.036 0.005 0.087
Silene antirrhina 0.033 0.002 0.090
Silene cretica 0.044 0.013 0.099
Silene flos-cuculi 0.046 0.015 0.102
Silene gallica 0.041 0.015 0.096
Silene armeria 0.041 0.010 0.093
Silene uniflora 0.033 0.007 0.090
Silene vulgaris 0.036 0.005 0.093
Silene drummondii 0.033 0.005 0.090
Silene laciniata 0.038 0.007 0.093
Silene delavayi 0.041 0.010 0.096
Silene himalayensis 0.038 0.007 0.090
Silene noctiflora 0.046 0.018 0.102
Silene maritima 0.038 0.007 0.093
Silene bourgaei 0.036 0.005 0.093
Silene conica 0.041 0.015 0.096
Silene baccifera 0.041 0.010 0.093
Silene marizii 0.041 0.010 0.096
Silene_dioica 0.041 0.010 0.096
Silene diclinis 0.041 0.010 0.093
Silene heuffelii 0.041 0.010 0.096
Silene latifolia 0.038 0.007 0.096
Psammosilene tunicoides 0.038 0.023 0.096
Pseudostellaria sierra 0.044 0.033 0.102
Pseudostellaria heterophylla 0.041 0.030 0.099
Pseudostellaria sylvatica 0.041 0.030 0.099
Pseudostellaria palibiniana 0.041 0.030 0.099
Pseudostellaria rupestris 0.041 0.030 0.099
Pseudostellaria tibetica 0.041 0.030 0.099
Pseudostellaria rigida 0.041 0.030 0.099
Polycarpon depressum 0.038 0.020 0.096
Polycarpon tetraphyllum 0.036 0.018 0.096
Drymaria cordata 0.038 0.023 0.096
Pycnophyllum spathulatum 0.036 0.020 0.096
Stipulicida setacea 0.038 0.023 0.096
Cardionema ramosissimum 0.044 0.028 0.102
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In phyllogenetic tree (Fig. 1), few Silene
species were clustered in 2 clades nested in a
grade of the remaining Silene taxa, including
Silene leucophylla. The tree showed a generally
ambiguous classification at both generic and
tribal levels. Silene grade was interrupted with
Atocion rupestre (an allied species in Sileneae) and
Sclerantheae clade. Similarly, Silene oreosinaica
and Bufonia multiceps formed a clade supported
with bootstrap value of 98% nested among
Caryophylleae species.

The paraphyly of Silene was recorded using
different molecular markers including ITS
(Oxelman & Lide'n, 1995 and Desfeux & Lejeune,
1996), rps16 (Oxelman et al., 1997), SIX1 and YI
(Rautenberg et al., 2008) and matk (Harbaugh et
al., 2010). It was also demonstrated by Greenberg
& Donoghue (2011) based on analysis of ITS,
trnL-trnF,  trnQrps16, trnS-trnfM, ndhF, and
matK sequences. However, the authors observed
monophyly of Sileneae using combination of the
same sequences. Paraphyly was also observed
in other genera of Caryophyllaceae including
Acanthophyllum (Pirani et al., 2014) and Arenaria
(Sadeghian et al., 2015) using ITS and plastid rps16
sequences. It may reflect a complex evolutionary
history; probably a combination of substitution rate
heterogeneity, star-like phylogenetic patterns, and
ancient chloroplast recombination (Orthia et al.,
2005 and Erixon & Oxelman, 2008).

Appearance of S. oreosinaica and B. multiceps
as sister species on highly bootstrap-supported
clade may be explained in light of the findings
of Harbaugh et al. (2010) who recorded Sagineae
and Sileneae in 2 sister clades. In addition, using
few Sagineae taxa in the present tree (due to the
insufficient rbel sequences of this tribe in the
GenBank database) may be responsible for the clade
carrying Silene oreosinaica and Bufonia multiceps.
Grouping of Silene spp. with Caryophyllaceae
taxa belonging to other genera was also recorded
by Smissen et al. (2002). The authors observed
grouping of Silene antirhina, Spergularia marina
and Scleranthus biflorus in ndhF-based tree
(Smissen et al., 2002).

Based on the present investigation, S.
leucophylla, S. oreosinaica and B. multiceps
were introduced into Sinai Peninsula through
two colonization events. The first introduced S.
leucophylla while the second introduced a common
ancestor for the remaining two species.

Conclusion

Results of this investigation reflect the potential use
of DNA barcoding in documentation of endemic
endangered species with some issues concerning
assigning to the proper taxonomic position. Such
issues may be resolved through comprehensive
revision of classical taxonomic attributes and
filling gaps in present DNA barcoding databases.
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