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Abstract. The family Asteraceae with about 25000 species is one of the two largest plant families. The systematic relationship
in Asteraceae at sub-familial and tribal levels are controversial, although almost all morphological and molecular classifications
have recognized two subfamilies Asteroideae and Lactucoideae. We investigated the applicability of Inter-Simple Sequence Repeats
(ISSRs) in inferring the sub-familial and tribal relationship in the Asteraceae by including 17 species belonging to 12 genera
representing 6 tribes, and compared the obtained results with data from morphological, nuclear DNA and cprbc/L sequences data.
The genetic distance between species pairs were measured based on Nei’s distance and a UPGMA (Unweighted Pair-Group Method
with Arithmetical Averages) dendrogram was generated based on the matrix of Nei’s. Out of 10 ISSRs primers examined, 6 primers
produced 107 polymorphic reproducible bands. Our results showed that there was no correlation between ISSRs-based genetic
distance and taxonomic relationship between species, e.g. the two species Achillea micrantha and Tanacetum polycephallum from
the same tribe showed highest genetic distance (0.50), while the taxonomically distant species Condrilla juncea and Crepis sancta
showed smallest distance (0.07). Moreover, the ISSRs analysis did not separate the taxa under study into two well-known sub-
families. The current work shows that due to high evolution rates, ISSRs are not reliable markers for studying the systematics of
plants at higher taxonomic levels such as intra-familial and inter-tribal levels.
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INTRODUCTION

The family Asteraceae with about 25000 species is
one of the two largest plant families [23]. The
systematic relationship within the Asteraceae is
controversial and has been the subject of long debate
[3, 5, 6, 11, 12, 41, 43] so that a symposium was long
ago allocated for investigation of the family taxonomy
[41]. Although the Asteraceae has been extensively
studied using diverse characteristics and different
taxonomic approaches, there is still huge incongruent
regarding its systematics at subfamilial and tribal levels
[41]. Consequently, to date, several completely
different systematic classifications have been suggested
for subfamilial and tribal relationship in the family [3,
6,7, 9,10, 22, 25, 40, 42]. Most of these classifications
have recognized the two subfamilies, Asteroideae and
Lactucoideae, despite disagreement in their boundaries
[41]. More recently, the systematic relationship of the
family was investigated using DNA sequences of
different nuclear and chloroplast genomes (e.g. [3, 17,
18, 25, 29]). All these studies have confirmed the
separation of the family into two subfamilies.

Inter-simple sequence repeats (ISSRs) is a PCR-
based technique and involves amplifications of DNA
segments between two microsatellite repeats oriented
in opposite directions using a single 16-25bp primer
complementary to microsatellite site [39]. ISSRs
overcomes the most limitations of the other DNA
markers e.g. low reproducibility of RAPDs, high cost
of AFLP, and preliminary knowledge on flanking
primers sites of SSRs [46]. ISSRs are stable across a
wide range of PCR parameters and highly informative
and reproducible [4, 31]. Since introducing of ISSRs in
1994 [46], these markers have been widely used in
different fields of plant sciences [14, 39] including
identification of cultivar, varieties and hybrids, and
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phylogenetic analysis at inter-generic, interspecific and
lower taxonomic levels e.g. intra-specific and cultivars
[3, 28, 35, 39, 44]. Delimitation of genera and species
in several plant families were successfully carried out
using ISSRs, such as Oryza [24], Lolium and Festuca
[34], Diplotaxis [30] and Dianthus [21]. Moreover,
ISSRs-based genetic variations were estimated at intra-
and interspecific levels in many crop species e.g.
Triticum [33], Plantago [45], Ipomoea [13] and Oryza
[24].

ISSRs have been also implemented in marker-
assisted selection for crop improvement due to closely
linked to agricultural traits e.g. recognition of fertility
restoration [2] and genic male sterility in rice [16],
Fusarium-wilt-resistant in chickpea [36], controlling
fructose/glucose ratio in tomatoes [27].

To our best knowledge, the application of ISSRs
technique has not been examined at higher taxonomic
levels e.g. intra-familial and inter-tribal levels. In the
current study the sub-familial and tribal relationship in
the Asteraceae were investigated among some
representative species using ISSRs (Inter Simple
Sequence Repeats) markers, and the obtained results
were compared with those results based on
morphological, nuclear DNA and cprbc/L sequences
data.

MATERIALS AND METHODS

17 species belonging to 12 genera representing 6
tribes were included in the study from the two
subfamilies (Asteroideae and Lactucoideae) of the
Asteraceae (Table 1). To broadly and inclusively
represent each speceis, a wide range of eco-
geograhically different genotypes of each speceis were
included in the study.
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DNA extraction, PCR profile, and ISSRs analysis

Nuclear DNA was extracted from the leaves
following [32] with minor modification of using
replacement of silver sand by liquid nitrogen. The
DNA samples of eco-geograhically different genotypes
of each speceis were mixed together in order to make
the species-specific sample. PCR reaction consisted of
13ul Master Mix (consisting of PCR buffer, MgCI2,
dNTP, Tag; bought from CinnaGen PCR MasterKit,
Cat. No. PR8251C), 1ul of 30ng/ul template DNA,
plus 1pl of 100pm/ul primer and 10pl deionized water.
PCR amplifications were performed in a Biometra
thermal cycler. PCR program for primer A, E and F
were as follow: the initial denaturation for 5 min at
94°C, followed by 35 cycles of 30 sec at 94°C (for
denaturation), annealing for 45sec at 50°C for primers
A and E, and 52°C for primer F, and 45sec at 72°C (for
synthesis), with final extension step of 72°C for 5min.
PCR program for primers H2, H3 and H4 were as
follow: initial denaturation at 94°C for 2min, followed
by 39 cycles of 30 sec at 94°C (denaturation), 60 sec at
52°C (annealing), and 30sec at 72°C (synthesis), with
final extension step of 72°C for 6min. The DNA
concentration was measured by spectrophotometry, and
adjusted at 10ng/ml. A number of 10 ISSRs primers
were examined, of which 6 primers which produced the
most polymorphic loci were selected for study. The
ISSRs amplifications were repeated three times to
insure the reproducibility of the banding patterns. The
ISSRs loci were scored as 1 for present and 0 for
absent. Consequently, the obtained dataset were
entered in a binary matrix for cluster analysis using the
NTSYS-pc (Numerical Taxonomy and Multivariate
Analysis System, ver. 2.02).

Table 1. Reprehensive species of Asteraceae used for systematic
relationship based on ISSRs markers

Subfamily Species Tribe

Tanacetum
polycephallum
Tanacetum chiliophyllum
Tanacetum parthaenium
Anthemis tinctoria
Anthemis triumfettii
Achillea micrantha
Achillea millefolium
Achillea tenuifolia

Anthemideae

Anthemideae
Anthemideae
Anthemideae
Anthemideae
Anthemideae
Anthemideae
Anthemideae

Asteroideae

Xanthium strumarium Heliantheae
Inula britanica Inuleae
Onopordon acanthium Cynareae
Cirsium haussknechtii Cynareae
Centaurea virgata Cynareae
Lactucoideae | Crepis sancta Cichorieae
Condrilla juncea Cichorieae
Cichorium intybus Cichorieae
Scorzonerara dicosa Lactuceae

The levels of genetic distance were measured
between pairs of species and also among tribes on the
basis of Nei’s distance. To study the genetic similarity
among the populations, the UPGMA (Unweighted
Pair-Group Method with Arithmetical Averages)
dendrogram was generated based on the matrix of
Nei’s distance through the SHAN (sequential,
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hierarchical, agglomerative and nested clustering of the
NTSYS-pc) with 100 bootstrap replications.

RESULTS

The ISSRs patterns were reproducible and clear for
scoring (Fig. 1). Applying 6 ISSRs primers produced a
number of 107 polymorphic loci (Table 2). The lowest
genetic distance (0.07) was detected between Condrilla
juncea and Crepis sancta, while the highest genetic
distance (0.50) was revealed between Achillea
micrantha and Tanacetum polycephallum (Table 3).
At tribal level, the lowest genetic distance (0.137) was
detected between two tribes of Cynareae and
Cichorieae, while the greatest distance (0.193) revealed
between Cichorieae and Anthemideae (Table 4).

In the UPGMA dendrogram all species belonging
to a given genus were grouped in its own cluster.
However, at tribal level, the genera of the two tribes
Cichoreae and Cynareae were well grouped in their
own clusters, whereas the three genera belonging to
tribe Anthemideae were grouped in three different
clusters. At subfamilial level, the dendrogram did no
separate the taxa into two different groups representing
two well-known subfamilies of the Asteraceae (Fig. 2).

DISCUSSION

In the current work ISSRs data did not infer the
taxonomy of Asteraceae at intra-familial and inter-
tribal levels. For example, the two species Achillea
micrantha and Tanacetum polycephallum from the
same tribe showed highest ISSRs-based genetic
distance, while the taxonomically distant species
Condrilla juncea and Crepis sancta belonging to
different tribes showed smallest genetic distance.
Furthermore, our data on systematic relationship in
Asteraceae did not separate the taxa under study to the
two well-known subfamilies of Asteroideae and
Lactucoideae, whereas classification of Asteraceae into
two subfamilies has been strongly supported by
different markers including morphological [3, 6] and
different DNA sequencing data [19, 20, 41]. The
morphological-based cladistic classification showed
that Asteroideae is monophyletic while Lactucoideae is
paraphyletic [3, 6]. However, our data disagree with
Bremer’s [6] classification by indicating both
subfamilies as non-monophyletic groups. Phylogenetic
studies of all currently recognized tribes in Asteraceae
based on 330 mutations of restriction sites showed that
Asteroideae is a monophyletic group [19, 20], while,
cpDNA data provided a weak support for monophyly
of Asteroideae [41].

This study is one of the very rare studies which
have used ISSRs markers in taxonomic investigation at
intra-familial levels. Similar to the results obtained in
the current study, using of ISSRs markers in taxonomic
revision of Iridaceae produced results, which were
inconsistent with morphological classification of this
family [38]. However, investigations at inter-familial
level on Chenopodiaceae and Amaranthaceae using
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ISSRs markers indicated the capability of ISSRs
markers in differentiating the members of these two
families [37].

Application of ISSRs at lower taxonomic levels
appears to be frequent. Reports on the use of ISSRs at
intra- and inter-generic levels appear to be conflicting,
since some studies showed successful taxonomic
revision at inter-generic level, while others did not. For
instance, the phylogenetic relationships among several
genera in Brassicaceae inferred from ISSRs data were
consistent with molecular data [13]. In addition, the
application of ISSRs in the genus Cassia L. (s.l.) has
strongly supported the separation of this genus into
three different genera of Chamaecrista Moench., Senna
P. Mill. and Cassia L. (s.s.), which later was confirmed
by other data [26]. Similarly, another investigation on
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the genus Cassia using ISSRs markers has resulted in
elevation of its position to a higher taxonomic level of
subtribe, named as Cassiinae [1]. However, other
studies cast doubt on the legitimacy of taxonomic
application of ISSRs at this level. For example,
Chennaoui-Kourda et al. [8] examining ISSRs markers
in differentiating species Hedysarum from those of
Sulla, have concluded that ISSRs are not useful
markers for inter-generic taxonomic studies. Whereas
application of ISSRs at higher taxonomic levels are
very controversial, these markers have been widely
successfully used in many different fields of studies at
lower taxonomic levels including population genetic
structures, cultivar recognition and interspecific
relationship [15, 39].

Figure 1. ISSR banding patterns obtained by primers H2 (A) and H4 (B) for 17 species representative of 12 genera of 6 tribes in Asteraceae. 1) T.
Chiliophyllum, 2) Tanacetum parthenium, 3) Tanacetum polycephallum, 4) Anthemis triumfetti, 5) Anthemistinctoria, 6) Achillea
micrantha, 7) Achillea tenuifolia, 8) Achillea millefollium, 9) Xanthium strumarium,10) Cirsium haussknechtii, 11) Centaurea virgata,12)
Onopordon acanthium, 13) Cichorium intybus, 14) Crepis sancta, 15) Condrilla juncea, 16) Inula britanica,17) Scorzonera radicosa.

Table 2. Primers sequences and the numbers of polymorphic loci produced in 17 species belonging to 12 genera representing 6 tribes in Asteraceae

. Primer sequence Prlimer_ No. of .
Primer Code (53 annealing time Polymorphic

(s) ISSRs loci

H2 (AC)s T 52 20

H3 (AC)s G 52 16

H4 (AC)s C 52 16

A (AG)1 C 50 22

E (CA)sGC 50 23

F (AG); C 50 10

Table 3. Matrix of Nei’s genetic distance among the reprehensive species of Asteraceae based on ISSRs variations

Tanacetum chiliophyllum 0.00
Tanacetum parthaenium 0.22 | 0.00
Tanacetum polycephallum 0.18 | 0.25 | 0.00
Anthemis tinctoria 0.33 | 0.31 | 0.36 | 0.00
Anthemis triumfettii 044 | 0.35 | 045 | 0.19 | 0.00
Achillea micrantha 041 | 041 | 050 | 042 | 0.42 | 0.00
Achillea tenuifolia 0.44 | 0.36 | 045 | 037 | 041 | 0.16 | 0.00
Achillea millefolium 036 | 0.32 | 044 | 031 | 035 | 0.21 | 0.21 | 0.00
Xanthium strumarium 034 | 0.28 | 042 | 029 | 035 | 043 | 0.36 | 0.30 | 0.00
Cirsium haussknechtii 036 | 0.33 | 041 | 036 | 0.41 | 040 | 0.36 | 0.23 | 0.23 | 0.00
Centaurea virgata 038 | 0.35 | 043 | 032 | 0.37 | 040 | 0.32 | 0.23 | 0.25 | 0.15 | 0.00
Onopordon acanthium 035 | 033 | 041 | 037 | 041 | 042 | 0.36 | 0.25 | 0.25 | 0.15 | 0.15 | 0.00
Cichorium intybus 035 | 031 | 0.39 | 0.28 | 0.36 | 040 | 0.36 | 0.25 | 0.20 | 0.21 | 0.21 | 0.24 | 0.00
Crepis sancta 037 | 0.36 | 042 | 029 | 0.36 | 041 | 0.36 | 0.28 | 0.21 | 0.23 | 0.23 | 0.23 | 0.10 | 0.00
Condrilla juncea 042 | 0.36 | 045 | 032 | 0.39 | 040 | 0.34 | 027 | 020 | 0.21 | 0.21 | 0.21 | 0.13 | 0.07 | 0.00
Inula britanica 038 | 0.31 | 041 | 030 | 0.36 | 040 | 0.37 | 0.27 | 0.18 | 0.22 | 0.24 | 0.22 | 0.17 | 0.18 | 0.19 | 0.00
Scorzonera radicosa 0.40 | 0.36 | 045 | 0.34 [ 041 [ 044 [ 039 | 031 | 027 [ 0.26 [ 0.30 [ 0.26 | 0.21 | 0.21 | 0.24 | 0.19 | 0.00 |
Table 4. Nei’s distance between pairs of three tribes in Asteraceae obtained from ISSRs variations
Tribes Anthemideae Cynareae Cichorieae
Anthemideae 0000
Cynareae 0.171 000
Cichorieae 0.193 0.137 000
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Figure 2. UPGMA dendrogram generated from matrix of Nei’s distance calculated from ISSRs variations among 17 representative species of
Asteraceae showing inter-subfamilial and tribal relationship (constructed by 100 bootstrap replicates)

To our best knowledge based on extensive search
on database citation sites, the current study is one of
two investigations on applicability of ISSRs variation
at familial level. Our data indicated that these markers
are not proper markers to study at higher taxonomic
levelsl. This study also implies that the evolution rates
of markers should correspond with the taxonomic
levels of taxa under study, and that evolution rate of
ISSRs is too high to apply to familial level.
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