
226 

 

P-ISSN: 2305-6622; E-ISSN: 2306-3599 

International Journal of  

Agriculture and Biosciences 
www.ijagbio.com; editor@ijagbio.com  

Research Article 
 

Phylogenetic Relationships of Tamarix Species (Tamaricaceae) Based on I.T.S 

Sequences: A bioinformatic simulation for Algeria 
 

Mohammed Souddi1, 2* and Bahae-ddine “Ghezlaoui” Bendi Djelloul1 
 
1 Laboratory of Ecology and Management of the Natural Ecosystems, Faculty of Nature and life Sciences, and Earth and 
the Universe Sciences, Department of Ecology and Environment, University of Tlemcen, Algeria.  
2Department of Nature and Life Sciences, Faculty of sciences and technology, University of Adrar, Algeria 
*Corresponding author: Souddi01@hotmail.com 
 

Article History: Received: June 22, 2020 Revised: August 24, 2020 Accepted: October 08, 2020 

 

ABSTRACT 
 

Tamarix L is the largest genus within the family Tamaricaceae. In this study, we try to simulate the phylogenetic 
relationships of Tamarix species using the nuclear internal transcribed spacer (ITS) sequences and projecting them to 
Algeria. The internal transcribed spacer (ITS) sequences were obtained from the GenBank to identify the relationships 
among Tamarix taxa. The phylogenetic trees were constructed using Neighbour-Joining (NJ) and Maximum Parsimony 
(MP) inference methods and were found to have very identical topologies. The phylogenetic analyses divide the Tamarix 
species into two clades. The results of this study revealed that this genus constituted a monophyletic group. This study 
reveals that phylogenetic analysis of the Tamarix genus in Algeria is not based solely on molecular analyzes. The 
substitution of a bio-morphological analysis proves complementary in order to effectively distinguish the different 
species, especially hybrids. 
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INTRODUCTION 

 

Tamarix L. (Tamaricaceae) is a genus with about 50-

60 species throughout the world (Shagholi et al., 2020). 

The monograph of Baum accepted 54 species, a number 

that has increased to 62 by newly described species 

(Hernández-Ledesma et al., 2015; Villar et al., 2015b). The 

genus Tamarix is native to Europe, North and Southern 

Africa, Central Asia, and the Mediterranean Basin (Terzoli 

et al., 2013). The plants are very adaptable to stress, such 

as drought, saline-alkali soil, and extreme temperature; 

however, the possible effects of Tamarix on soil physical 

and chemical properties and the way it interacts with other 

plants are still controversial (Liu et al., 2017).  
Different authors in the world have studied Tamarix 

with its complex taxonomy. Species delimitation in this 
genus is very complex (Baum, 1978; Villar et al., 2014a). 
The genus is characterized by interspecific hybridization 
resulting in phenotypic variations that have rendered 
taxonomic classification (Baum, 1978; Ijbari et al., 2014). 
The taxonomical position of species of the genus Tamarix 
(Tamaricaceae) has been criticized because of their gross 
morphological similarities (such as slender, smooth and 
reddish-brown branches, grey-green foliage and scale 

leaves), and their systematic relationships remain unclear 
(Zhang et al., 2017). Most of the vegetative and 
reproductive morphological characters widely used for the 
taxonomical identification of the Tamarix taxa are rather 
variable among populations and even within a single 
individual (Villar et al., 2014b).  

Ten species of Tamarix occur in Algeria as reported by 

(Quézel and Santa, 1962-1963). These species inhabiting 

arid and semi-arid climates. Ecological and climatic 

differences may influence the morphological appearance of 

Tamarix but will not affect the identity of the species 

(Sheidai et al., 2018). They can tolerate an extreme range 

of environmental conditions (Al-Qudat and Quadir, 2011) 

and are resistant to high abiotic stresses those found in 

Algerian ecosystems. Tamarix spp. have already been used 

in desert areas for biomass production under saline soil 

conditions (Eshel et al., 2011), and can represent a tool for 

revegetation in environments subjected to abiotic stress 

conditions (Abou Jaoudé, 2014).  
The Tamaricaceae in Algeria consist of two genera: 

Tamarix and Reaumuria vermiculata L (Quézel and Santa, 
1962-1963). The genus Tamarix consists of ten species: T. 
aphylla, T. passerinoides, T. amplexicaulis, T. gallica, T. 
nilotica, T. parviflora, T. brachystylis, T. boveana, T. africana. 

 

 

Cite This Article as: Souddi M, and Bahae-ddine “Ghezlaoui” Bendi Djelloul, 2020. phylogenetic relationships of 

Tamarix species (Tamaricaceae) based on I.T.S sequences: A bioinformatic simulation for Algeria. Int J Agri Biosci, 9(5): 

226-231. www.ijagbio.com (©2020 IJAB. All rights reserved) 



Int J Agri Biosci, 2020, 9(5): 226-231. 
 

 227 

africana (Quézel and Santa, 1962-1963). Although they 

play a fundamental ecological role in dunes fixation and in 

inhabiting salinized areas. Tamarix species have limited 

benefits to humans but have been used as an ornamental 

plant in gardens or public plantations (Sheidai et al., 2019b). 

The systematic relationships among the species have 

been investigated with the use of non-morphological 

characters, such as phylogenetic relationships. 

Phylogenetic reconstruction is fundamental to study 

evolutionary biology and historical biogeography (Lu et 

al., 2014). Phylogenetic analyses of molecular data are thus 

not only useful to identify relatives but also instrumental to 

examine species limits, although this depends on practical 

taxonomic research with the availability of plants in 

collections or the possibility to encounter several 

populations in the field (Akhani et al., 2019). 
Molecular phylogeny based on the nuclear internal 

transcribed spacer (ITS) belongs to ribosomal DNA in the 
nuclear genome and is widely distributed in photosynthetic 
eukaryotic organisms (except ferns) (Kang et al., 2017). A 
large amount of data of this fragment has been accumulated 
in Gen Bank (Hollingsworth et al., 2016). Internal transcribed 
spacer (ITS) regions are located between the small subunit 
(16S-18S) and the 5.8S rRNA coding regions (ITS1) and 
between the 5.8S and large subunit (23S-28S) rRNA coding 
regions (ITS2) of the nuclear ribosomal DNA (nrDNA) 
(Sheidai et al., 2019a). The internal transcribed spacer (ITS) 
of the ribosomal DNA is generally used for phylogenetic 
analyses in the genus Tamarix (Gaskin and Schaal, 2003; 
Arianmanesh et al., 2015; Mayonde et al., 2015). 

In tree phylogenetic, ITS1 and ITS2 can be used for 
distantly related species whereas the 5.8S gene can be used 
for closely related species include plants and fungi (Thomy 
et al., 2018). The ITS sequence is commonly utilized to 
reconstruct phylogenetic relationships in plant species; 
therefore, in this study, we utilized the ITS sequences to 
reconstruct the phylogenetic relationships among 
Tamaricaceae. The fundamental sequence similarity of the 
coding region among all organisms has enabled the alignment 
of these sequences and the construction of phylogenetic trees 
(Hori and Osawa, 1987; Waminal et al., 2014). 

According to the various studies of Villar (2014a; 
2015b), the sequence of ITS of Tamarix types collected 
from each country was fewer differences than those 
collected from different countries. Sheidai et al. (2019a) 
obtained and compared ITS sequences with those available 
at GenBank for Tamarix species. All identified species had 
at least 95% homology with the reported ITS sequence for 
the same taxa in National Center for Biotechnology 
Information (NCBI) (Sheidai et al., 2019a). There has also 
been evidence that their genetic composition shows little 
variation in the ITS regions, as they form a single clade 
with very little resolution (Mayonde et al., 2015). 

The genetic proximity of Tamarix species to each other 
has contributed to this study. The aim of this study is to 
reconstruct the phylogenetic relationship of Tamarix 
species using ITS sequences available in GenBank and 
projecting them to Algeria. 

 

MATERIALS AND METHODS 

 

The ITS sequences from all species were downloaded 

from the National Center for Biotechnology Information 

(NCBI) in the FASTA format, a format which represents 

the nucleotide sequence (Tables 1). We also used the ITS 

sequence of Reaumuria vermiculata as an outgroup. 

The assembled sequences were aligned using the 

Clustal W algorithm (Thompson et al., 1994) in BioEdit 

version 7.2.5 software (Hall, 1999). Phylogenetic analyses 

were constructed using MEGA 6 software (Tamura et al., 

2013) with the Neighbor-Joining method (NJ) (Saitou and 

Nei, 1987) and Maximum Parsimony (MP) methods with 

1000 bootstrap replications. DNA sequences were 

analyzed based on Kimura 2-parameter model (Kimura, 

1980). All characters were unordered and equally 

weighted, and gaps were treated as missing data.  

The topology of the tree was constructed and evaluated 

by 1000 bootstrap replications (Felsenstein, 1985). 

Bootstrap values are shown on the corresponding clades of 

the strict consensus tree of the parsimony analysis. In 

addition, a neighbor-joining analysis for each of the 

datasets was conducted. While discussing the results, the 

support values were referred to as giving weak, moderate, 

good, or strong support. In this study, 40-50% was 

considered as weak support (as bootstrap values), moderate 

support as values in the range 50-65%, good support as 

values in the range 65-80%, and strong support as values 

>80% (Wahlberg et al, 2003; with minor modification). 

Note that Tamarix pauciovulata is currently considered a 

synonym of Tamarix passerinoides. Tamarix speciosa is 

considered a synonym of Tamarix africana. 

 

RESULTS  

 

The study of the genus Tamarix is extremely difficult. 

The various species are very similar to each other and are 

very polymorphic; the distinctive characters invoked are 

often simple details of the shape of the disc, the stamens 

and the style, and many of these characters appear 

inconstant. Ten species were described in Algeria by 

Quézel and Santa (1962-1963). The number of this genus 

was significantly increased in an excessive way it seems; 

because the total to which we arrive if we consider all these 

species as valid exceeds thirty, which is unusually high 

compared to the number of species described in other 

regions where the genus Tamarix is well developed, such 

as the Middle East. 

It did not seem useful here to take into account many 

of these "species" for the following reasons:  

1) Most of these have been described from an insufficient 

number of samples, often from a single foot or from a 

herbarium sample; however, it is known how the twigs of 

the same tree can be varied according to their position, their 

age, harvest time;  

2) Many forms thus described appear as simple 

intermediates between the main species; perhaps they are 

hybrids but most often they are simple local variations;  

3) The descriptions given are not always clear enough and 

do not sufficiently indicate the differences with the 

neighboring species previously described; moreover, they 

were never accompanied by figures. Apart from the case of 

T. articulata, we would look in vain for a single figure, 

even partial, or the slightest schema, in the whole of the 

botanical literature devoted by the authors of North Africa 

to the genus Tamarix;  

4) The North African species have not been sufficiently 

compared  with  those  of  other  regions:  it  is  certain  that  

https://www.sciencedirect.com/science/article/pii/S2287884X17300031#bib12
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/cladistics
https://www.sciencedirect.com/science/article/pii/S2287884X17300031#bib28
https://www.sciencedirect.com/science/article/pii/S2287884X17300031#bib28
https://www.sciencedirect.com/science/article/pii/S2287884X17300031#bib36
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Table 1: The accession numbers of ITS sequences of studied 

species received from GenBank (www.ncbi.nlm.nih.gov) 

Species Accession Numbers 

Tamarix aphylla AF484767 

Tamarix passerinoides KT809495 

Tamarix amplexicaulis KM242192 

Tamarix gallica AF484807 

Tamarix nilotica KJ004349 

Tamarix parviflora AF484810 

Tamarix africana AF484805 

Tamarix boveana MH626285 

Reaumuria vermiculata KJ729652 

 

 
 

Fig. 1: Phylogeny tree of Tamarix based on ITS sequences using 

the Neighbor-joining method with 1000 bootstrap replicates. 

Bootstrap values are shown on the tree. Reaumuria vermiculata 

was used as an outgroup.  

 

 
 
Fig. 2: Phylogenetic analysis based on Maximum Parsimony 

method for Tamarix based on ITS sequences. Bootstrap values 

were obtained by 1000 replicates; tree length, consistency index 

[CI] = 0.903614, retention index [RI] = 0.466667, rescaled 

consistency index [RCI] = 0.421687 
 

many synonyms would result from such a comparison that 

we have not unfortunately been able to make, for lack of 

sufficient material. Thus the T. pauciovulata and T. 

balansae, as well as the T. trabutii, which is exactly, 

intermediate between the two previous ones. They are often 

indistinguishable from each other and probably represent 

in our opinion only simple forms of the T. passerinoides 

from the East and Egypt, the latter has been observed in 

Fezzan, and its area is likely to continue to the West by 

species should therefore be subordinated to it as subspecies 

or even simple varieties (Ozenda, 2004). Similarly, the 

distinction between T. gallica and its many forms on the 

one hand. The T. nilotica on the other is not at all clear and 

this group would be entire to be reviewed. 

Taxonomic treatment: The taxonomic and morphological 

complexity of Tamarix makes the correct identification of 

the hybrid species remarkably difficult. Field observations 

and flora revisions carried out in Algeria identified samples 

that do not correspond to the formerly mentioned Tamarix 

taxa. Terzoli et al (2010) have highlighted the importance 

of a clear morphological identification of Tamarix species 

as the first step towards polyphasic taxonomy in order to 

obtain an accurate description of Tamarix genetic resources 

in natural populations. 

A dichotomous key is presented for the species of 

Tamarix reported for Algeria. The main morphological 

features are focused on the leaves, raceme length and its 

disposition, bract shape, size of the capsule. 

 

Dichotomous key for the identification of Tamarix 

species in Algeria 

1. Leaves forming a complete sheat……………………… 

………....................T. aphylla 

2. Leaves narrow or wide.................................................... 

2. Stamens apiculate double the number of petals, large 

seeds......................................................... T. passerinoides 

2. Large capsules, 7-9 mm long (5-7 mm only in some 

varieties), 6-10 stamens............................. T. pauciovulata 

2. Shorter capsules, 5-7 mm, 10 stamens...................... 

............................................. T. balansae (incl. T. trabutii) 

3. Small flowers, racemes 3-4 mm in diameter; apiculate 

anthers; expanded bracts at the base..................................3 

3. Racemes on the shoots of the year, very provided, giving 

tight fruit............................................................. T. gallica 

4. Racemes born on the shoots of the previous year; oval 

bracts………………………………………….…........….4 

4. Flowers tetramerous..……..…......………. T. parviflora 

5. Flowers large, Racemes 5-8 mm, bracts narrow, long 

style….…….…....……...………………..……………….5  

5. Pentamerous flowers; short racemes, ovoid capsule 5 X 

3 mm; white, pinked or red flowers....................T. africana 

(incl. T. macrostachys, T. anisomera, T. vesceritensis) 

5. Tetramerous flowers; long sheets; long capsules, 7X3 

mm; white flowers, rarely pink……….….....…T. boveana 

 

Phylogenetic treatment: In this study, ITS (ITS1 and 

ITS2) sequences were used to reconstruct the phylogenetic 

relationships of Tamarix species. The NJ tree obtained 

from the analysis of the ITS regions divided these species 

into two clades (Fig. 1, 2). The total lengths of the I.T.S 

regions of the examined populations 166 bp. 

The phylogenetic analysis results showed that the tree 

topologies generated by NJ using MEGA 6.0 software were 

almost congruent with those generated by MP.  

The NJ tree (Figure 1) obtained from the analysis of 

the I.T.S regions provided two major clades that were 

identified which have been given the name of (clade I) and 

(clade II).  

 

Clade I: included only one taxon, T. africana belongs to 

sect. Oligadenia.  

Clade II: constituted of seven species. The species 

grouping into three sub-clades (A, B, and C). Sub-clade A 

includes one species T. parviflora belongs to sect. 

Oligadenia. Sub-clade B included two species T. gallica 

and T. aphylla of sect. Tamarix with a bootstrap value of 

50 %. Sub-clade C included four species T. amplexicaulis, 

http://www.ncbi.nlm.nih.gov/
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T. boveana, T. nilotica, and T. passerinoides with a 

bootstrap value of 50%.  

The MP tree (Figure 2) obtained from the analysis of 

the ITS regions provided two major clades that were 

identified which have been given the name of (clade I) and 

(clade II).  

Clade I: included only one taxon, T. africana belongs to 

sect. Oligadenia. 

Clade II: with a bootstrap value of 39 %, constituted of 

seven species. The species grouping into three sub-clades 

(A, B, and C). Sub-clade A includes one species T. 

parviflora belongs to sect. Oligadenia. Sub-clade B 

included two species T. gallica and T. aphylla belongs to 

sect. Tamarix. Sub-clade C included four species T. 

boveana, T. amplexicaulis, T. nilotica, and T. 

passerinoides with a bootstrap value of 52%. 

 

DISCUSSION 

 

The morphological and ITS analyses of identified 

species were carried to reveal the species delimitation and 

relationship (Sheidai et al., 2013; Minaeifar et al., 2016). 

All the taxa examined were grouped within 2 clades of the 

phylogenetic tree obtained by NJ and MP analysis. There 

were no topological variations among the generated trees 

showing similar relationships in both the trees and yet 

connections in the trees probably due to the number of 

accessions. The topologies that we have attained in our 

analysis deviate from the morphological sections 

previously established by Baum (1978) and since to the 

best of our knowledge, there is not much work on the 

molecular side in Algeria, we do not find related supporting 

evidence to further illustrate our point. 

The presence of only one taxon, T. africana can be 

discussed by dissimilarity morphologic. T. africana is a 

tree or a bushy tree with black or dark purple bark, which 

thrives on canal and river banks or in sands along the 

coastline and, sometimes, it can be found on humid 

calcareous soils (Terzoli et al., 2014). This species belongs 

to the section Oligadenia and to the series Anisandrae 

(Baum, 1978). T. africana and T. gallica are far apart. The 

cause of this divergence may be related to the reproductive 

barrier and may be related to a different flowering period. 

T. africana usually thrives between March and May, while 

T. gallica blooms from April to September (Baum, 1978). 

T. africana and T. dalmatica have similar leaves, although 

those of T. africana are markedly auriculate, in both 

species, the longest leaves are shorter than 4 mm, whereas 

those of T. boveana can reach up to 7 mm (Villar et al., 

2012). The flowers of T. africana are usually pentamerous, 

whilst those of T. boveana and T. dalmatica are usually 

tetramerous (Villar et al., 2012).  

Tamarix africana and Tamarix gallica are difficult to 

distinguish from one another, especially if the collected 

plant contains only aestival floral forms (Baum, 1978). The 

use of leaf epidermis traits as a new tool for T. africana and 

T.gallica identification without further study of flower 

traits as well as useful indicators to characterize the most 

salt and drought-tolerant species (Abbruzzese, 2013). T. 

africana showed longer guard cells, and lower stomatal and 

salt gland density compared to T. gallica, these differences 

were more significant than intraspecific ones (Abbruzzese, 

2013). 

The species of T. parviflora belongs to section 

Oligadenia. Species of sect. Oligadenia have broader vernal 

racemes, some tetrandrous members, and disks with 

nectariferous lobes. The series within this section differ in 

bract length relative to pedicel length, petal shape and 

length, and raceme morphology (Arianmanesh et al., 2016).  

The relation between T. gallica and T. aphylla can be 

explained by l’emplacement in the same section of 

Tamarix. According to Baum (1978), T. gallica and T. 

aphylla were placed in the same section (Tamarix) but in 

different series (Gallicae) and (Vaginantes). Species of 

sect. Tamarix generally have racemes less than 5 mm 

broad, petals 1-2.25 mm long, and five antesepalous 

stamens. Series within this section differ in vegetative 

features such as the presence or absence of papillae and leaf 

morphology (Baum, 1978). 

Tamarix gallica is also a tree, but often it is also 

shrubby, with blackish-brown to deep purple bark, which 

inhabits mostly riverbanks and humid places near the 

seashore (Terzoli et al., 2014). This species is closely 

related to and commonly confused with T. canariensis 

Willd. because of their similar morphology, anatomy, and 

phenology (Villar et al., 2019). Hybridization is common 

in the genus Tamarix L., making the species delimitation of 

T. gallica not well resolved (Villar et al., 2019). T. gallica, 

T. africana, T. ramosissima are frequently used as 

ornamental plants for their feathery appearance and their 

catkin-like inflorescences (Sheidai et al., 2019b).  

Tamarix aphylla is native to North Africa and the 

Middle East (Baum, 1978). T. aphylla is easily 

distinguished from other species of Tamarix by its vaginate 

leaves (Sun et al., 2016). 

The major sub-clade constituted by four species (T. 

amplexicaulis, T. boveana, T. nilotica, and T. 

passerinoides). The relationships of the members of this 

genus remained moderate support.  

The relationship between Tamarix passernioides with 

Tamarix amplexicaulis may be based on their general 

habitat, global distribution, or from some morphological or 

molecular evidence that was to the best of our knowledge 

not reported earlier (Channa et al., 2018). Tamarix nilotica 

can be easily separated from other taxa by its subprolate 

pollen shape (Elkordy and Faried, 2017).  

Tamarix boveana and T. africana are the two species 

in the Iberian Peninsula that most resemble T. dalmatica. 

The latter species has often been confused with T. boveana 

due to some similarities in floral morphology, although in 

the field T. africana looks much closer to T. dalmatica 

(Villar et al., 2012). The racemes of T. boveana are longer 

and wider (up to 12 cm long and 13 mm wide) than those 

of T. dalmatica and T. africana (Villar et al., 2012).  

The results of data analysis indicated that the 

classification of the genus Tamarix into three sections 

based on some morphological characters by Baum (1978) 

is not supported by that molecular analyses as well as the 

classification of species according to the morphology of 

androecial disc, but the morphology of leaf and number of 

flower parts are useful for the classification and 

identification of Tamarix species. Both morphological 

characteristics and molecular data will be most effective to 

determine the evolution of the genus Tamarix. 

Morphological characters play an important role in 

taxonomy and to circumscribe taxa. DNA sequence data 
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are in part incongruent with morphological distinctions 

currently used to segregate taxa (Arianmanesh et al., 2015).  
In conclusion, this study has provided an insight into 

the phylogenetic relationship of the genus Tamarix using 
ITS sequences data available in Gen Bank. Based on this 
study, it can be said that the genus Tamarix in Algeria was 
determined as a monophyletic group.  

Finally, Data analysis indicates that the classification 
of Tamarix species according to androecial disc 
morphology so not true, but leaf morphology and a number 
of floral parts that have been considered are useful for the 

taxonomy of Tamarix species (Arianmanesh et al., 2015). 
A combination of both morphological and molecular 
results provides a more reliable and consistent method of 
identifying Tamarix species. 
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