
Abstract Inter-simple sequence repeat (ISSR) amplifi-
cation was evaluated for its applicability as a genetic
marker system to establish relationships among ten
Diplotaxis species. ISSR amplification generated multi-
ple banding profiles with the 12 primers from all DNA
samples, with an average of 41.2 fragments per primer.
This average was clearly higher for the 5´ triple-
anchored primers than for other primers. The banding pro-
files were highly repeatable across separate PCR runs.
DNA mixing procedures were found to be appropriate
strategies to generate banding patterns representative of
each species studied. Similarity values were calculated
considering 494 ISSR bands, and a dendrogram was con-
structed based on the similarity matrix. The ten Diplo-
taxis species were clustered into two major groups. The
first group consists of five species, Diplotaxis tenuifolia
and Diplotaxis cretacea, and Diplotaxis muralis with
their putative parents (D. tenuifolia and Diplotaxis vi-
minea). In the second group three species are clustered
that are closely related (Diplotaxis virgata, Diplotaxis
catholica and Diplotaxis siettiana), in addition to Diplo-
taxis harra, and Diplotaxis erucoides, which has lowest
similarity values with the rest of the species studied. The
two groups defined in the present work may be concor-
dant with the idea suggested by several authors of a bi-
phyletic origin for Diplotaxis. The genetic relationships
among the ten Diplotaxis species estimated by the poly-
morphism of ISSR markers are in agreement with those
previously inferred by other morphological, biochemical
and molecular data, indicating the reliability of the ISSR
approach for this purpose.
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Introduction

The genus Diplotaxis DC. is native to the Mediterranean
region and comprises about 30 species (Gómez-Campo
1999), distributed in Central Europe and the Mediterra-
nean area, particularly from the Iberian peninsula and
northwestern Africa (with several endemic taxa). Some of
them extend eastward to India and Pakistan, five other
species are endemic to the Cape Verde Islands and anoth-
er one was described from western Nepal. Also, represen-
tative taxa of the genus are naturalised in the New World
(Al-Shehbaz 1985). Diplotaxis belongs to the tribe Bras-
siceae, subtribe Brassicinae (family: Brassicaceae), and
is considered to be a genus which exhibits nearly all the
primitive morphological characters of the tribe (Gómez-
Campo 1980). Although the genus has no economic im-
portance, however it is one of the nearest wild relatives of
the economically important genus Brassica. This close
relationship was reflected from a cytogenetical point of
view by Harberd (1972), and included several species of
Diplotaxis in the Brassica ”coenospecies”, defined as
wild taxa sufficiently related to the cultivated species of
Brassica and capable of experimental hybridization with
them. Therefore, Diplotaxis constitutes a potential genetic
resource for use in plant breeding programs (Gómez-
Campo 1980, 1999), and there are several reports where
wild relatives are used as a valuable source of genes for
crop improvement (Rao et al. 1994; Malik et al. 1999).
Within the genus, the gametic chromosome numbers are
7, 8, 9, 10, 11 and 13. Natural interspecific hybrids in
Diplotaxis are rare; however, based on morphological and
cytological data, the allopolyploid origin of Diplotaxis
muralis (L.) DC (n=21), derived from Diplotaxis tenuifo-
lia (L.) DC (n=11) and Diplotaxis viminea (L.) DC
(n=10), was presented by Harberd and McArthur (1972).

Studies of the characterisation of, as well as the estab-
lishment of taxonomic relationships between, species of
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the genus Diplotaxis have been realised using different
markers and methodologies including: morphological
traits (Martínez-Laborde 1991a, b; Gómez-Campo and
Martínez-Laborde 1998); biochemical markers as
flavonoids (Sánchez-Yélamo and Martínez-Laborde
1991; Sánchez-Yélamo 1994), seed proteins (Sánchez-
Yélamo et al. 1992) and seed isozymes (Sánchez-
Yélamo and Martínez-Laborde 1991); and molecular
markers using chloroplast and mitochondrial DNA (by
the RFLP technique; Pradhan et al. 1992; Warwick et al.
1992). However, the genetic relationships within the ge-
nus Diplotaxis have never been studied using nuclear
DNA markers.

Tandemly repetitive DNA sequences, such as mini-
and micro-satellites, are a major component of all eu-
karyotic genomes. Wang et al. (1994) found that dinucle-
otide microsatellites are prevalent in plants while mono-
tri- and tetra-nucleotide repeats are less common. Micro-
satellites or simple sequence repeat (SSR) can be detect-
ed by PCR (sequence-tagged microsatellite-site metho-
dology) and they provide co-dominant markers with a
high degree of allelic polymorphism. However, these
markers can only be obtained through a difficult and la-
bour-intensive procedure, principally because they re-
quire prior DNA sequence information for primer de-
sign. Recently, a relatively novel molecular technique
that permits the detection of polymorphisms in microsat-
ellite and inter-microsatellite loci without previous
knowledge of the DNA sequence has been described:
‘inter-simple sequence repeat PCR’ (ISSR-PCR, or
ISSR) (Zietkiewicz et al. 1994), also named ‘random
amplified microsatellite polymorphisms’ (RAMPs) by
Wu et al. (1994). This technique involves the use of a
single primer composed of a microsatellite sequence plus
a short arbitrary sequence (anchor), which targets a sub-
set of SSRs or microsatellites and amplifies the region
between two closely spaced and oppositely oriented sim-
ple sequence repeats. The production of large numbers
of fragments, reproducibility, and low cost are advanta-
ges of these ISSR markers (Salimath et al. 1995; Fang et
al. 1997; Moreno et al. 1998).

Wolfe and Liston (1998) reviewed the literature on
ISSR applications and found that the majority of ISSR
markers studies have been restricted to cultivated species
and at the intraspecific level. Consequently, this tech-
nique has been used widely for DNA fingerprinting and

assessing genetic diversity in closely related germplasm,
principally of cultivated plants such as oilseed rape
(Charters et al. 1996), trifoliate orange (Fang et al.
1997), grapevine (Moreno et al. 1998), lupin (Gilbert et
al. 1999), and rice (Blair et al. 1999). Likewise, the use
of these markers in natural plant populations have shown
their great potential for population-level and interspe-
cies-level studies (Wolfe and Liston 1998; Wolfe et al.
1998). This applicability of ISSR-PCR for genomic fin-
gerprinting at the interspecies-level and for inferring ge-
netic relationships among related species has previously
been indicated by Zietkiewicz et al. (1994). However,
the ISSR markers have been tested at subspecies or spe-
cies levels in only a few known examples namely: to dis-
tinguish between two subspecies of Plantago major
(Wolff and Morgan-Richards 1998); to study hybridiza-
tion in natural populations from the genera Fallopia
(Hollingsworth et al. 1998) and Penstemon (Wolfe et al.
1998); as a genetic marker system in diploid, tetraploid
and hexaploid wheat species (Nagaoka and Ogihara
1997); and to establish genetic relationships among spe-
cies in the genera Eleusine (Salimath et al. 1995) and
Citrus (Fang et al. 1998).

DNA mixing procedures can be effective strategies
for assessing large quantities of plant material or for de-
tecting genetic markers characterising different groups or
taxa (Charters et al. 1996; Furman et al. 1997; Gilbert et
al. 1999). This method of sampling provides a better rep-
resentation of a group or taxon than using DNA from a
single plant only (Virk et al. 1995).

The present study is the first report of the applicabili-
ty of the nuclear DNA marker ISSR-PCR in characteris-
ing genetic affinities at the interspecies level in the genus
Diplotaxis. Our results permit us to establish genetic re-
lationships among ten related species within the genus
Diplotaxis, and show that the ISSR approach is a inter-
esting tool for plant genome analysis.

Materials and methods

Plant material

Ten species of the genus Diplotaxis were analysed in this study
(Table 1). Five individuals per taxon were used. The Diplotaxis
species were not compared with an outgroup species since the pur-
pose of this investigation was to establish interspecific relation-

Table 1 Diplotaxis species
studied, gametic number and
origin of samples

Taxon Gametic number Accession numbera Originb

D. tenuifolia (L.) DC. 11 (–) Madrid, Spain
D. muralis (L.) DC. 21 990 BG Berlin, Germany
D. viminea (L.) DC. 10 2108 BG Munich, Germany
D. cretacea Kotov 11 4189 BG Moscow, Russia 
D. simplex (Viv.) Sprengel 11 1931 Ain Sefra, Algeria
D. harra (Forsk.) Boiss. 13 1939 Ain Sefra, Algeria
D. virgata (Cav.) DC. 9 (–) Madrid, Spain
D. catholica (L.) DC. 9 (–) Madrid, Spain
D. erucoides (L.) DC. 7 (–) Madrid, Spain
D. siettiana Maire 8 3025 Alboran Island, Spain

a At the germplasm bank of the
‘Departamento Biología Vege-
tal, E.T.S.I. Agrónomos de Ma-
drid, Spain’. (–) indicates plant
material collected in the natural
habitats
b BG=Botanic Garden
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ships and not strictly phylogenetic relationships. Fresh leaves were
collected from plants in the field or from seedlings grown from
seeds stored under long-term conservation conditions at the germ-
plasm bank of the ‘Departamento Biología Vegetal, E.T.S.I.
Agrónomos de Madrid, Spain’. These leaves were frozen and
transferred to the freezer at –80°C.

DNA extraction, amplification and electrophoresis

Genomic DNA was extracted from frozen young leaves of single
individuals following Torres et al. (1993). Extracted DNA was
quantified using a spectrophotometer, and comparing band intensi-
ties with know standards of lambda DNA on 1% agarose gels. A
working solution of DNA (10 ng/µl) was made with sterile double-
distilled water.

In a preliminary study, a total of 22 ISSR primers were chosen
from the 100 provided in primer set #9 of the University of British
Columbia Biotechnology Laboratory (UBC, Vancouver, Canada),
and were tested for a subset of four species (D. tenuifolia, D. mur-
alis, D. viminea and Diplotaxis erucoides). These primers were se-
lected by their different structure (core repeats and anchored nu-
cleotides): primers based on dinucleotide repeats anchored by one
nucleotide or by two partially degenerate nucleotides at the 3´ end,
or by three degenerate nucleotides at the 5´ end; and tri-, tetra- and
penta-nucleotides repeats without an anchor. Finally, we selected
12 primers (see Table 2), by their number and consistency of am-
plified fragments, for analysing all individuals of the ten species.

DNA amplifications were performed in a 20-µl reaction vol-
ume containing about 30 ng of template DNA, 0.5 µM of a single
primer (UBC, Vancouver, Canada), 200 µM of each dNTP and 0.5
units of BIOTAQ DNA polymerase in the buffer (10× with 25 mM
MgCl2) provided by the manufacturers of the enzyme (Bioprobe
systems). The reaction mix was overlaid with a drop of mineral
oil. Amplifications were performed in a PTC-100 thermal cycler
(MJ Research, Inc.) programmed for an initial step of 1 min at
94°C, followed by 35 cycles of 30 s at 94°C, 45 s at 52°C and
2 min at 72°C, and a final 5-min extension at 72°C.

From the 20 µl obtained after each amplification, aliquots of
8.5 µl were separated in 2% agarose (NuSieve 3:1, FMC BioProd-
ucts) gels, in 1X TBE buffer, at 3 V/cm for 4 h, and stained with
ethidium bromide (0.5 µg/ml). The gels were visualized and pho-
tographed under UV light. The molecular size of fragments was
estimated by reference to a 100-bp ladder (Pharmacia). At least
two PCR amplifications were done for each sample, and only re-
producible bands in several runs were considered for analysis.

For comparison we have used two DNA mixing strategies to
detect genetic patterns representative from each of the ten species
studied. In the template-mixing strategy, equal amounts of work-
ing solution DNAs from each five individuals of the same species
were pooled as the ‘species template DNA’ prior to the PCR reac-
tion. The product-mixing strategy consisted of mixing equal vol-
umes of separately generated PCR products from each five indi-
viduals of the same species prior to electrophoresis.

Data analysis

The banding patterns obtained with DNA mixing strategies were
analysed to estimate genetic relationships among the ten Diplotaxis
species using ISSR markers. In these species-patterns only the
fragments amplified at least in three of the five individuals used for
each species were considered. The ISSR bands were interpreted as
dominant markers and were scored as diallelic characters either as
1 (present) or 0 (absent). A pair-wise similarity matrix was calcu-
lated using the simple matching coefficient. This similarity matrix
was employed to construct a dendrogram by the unweighted pair
group method with arithmetical averages (UPGMA), using the
SAHN-clustering and TREE programs from the NTSYS-pc, ver-
sion 1.6 package (Rohlf 1992). A co-phenetic matrix was derived
from the similarity matrix to test the goodness of fit of the clusters
by comparing the two matrices using the Mantel matrix correspon-
dence test in the MXCOMP program of the NTSYS-pc package.

Results and discussion

ISSR analysis

ISSR amplifications using 12 primers generated a total
of 494 reliable fragments from the product-mixing pat-
terns of the ten Diplotaxis species. The size of these
fragments ranged between 230 and 1500 bp (Table 2).
Among the ten species of Diplotaxis analysed all 494
bands were polymorphic, and only one band was simul-
taneously present in nine species. Similarly, 96% of the
ISSR bands were polymorphic and only eight bands
were present in all the five Eleusine species analysed by
Salimath et al. (1995). The total number of bands pro-
duced by all analysed primers in the ten species ranged
between 71 in Diplotaxis virgata and 135 in D. muralis.
Two hundred and fifty bands (approximately 51%) were
found to be species-specific. Likewise, Wolff and
Morgan-Richards (1998) found that most polymorphic
RAPD and ISSR fragments were subspecies-specific in
P. major. Figure 1 shows the amplification patterns gen-
erated using primers UBC888 (a) and UBC891 (b)
across the ten species with the product-mixing strategy.

The minimum and maximum number of fragments
generated per primer in all the species studied were 16
(primer UBC868) and 70 (primer UBC890), respectively
(Table 2), with an average of 41.2 fragments. The aver-
age number of fragments per primer was higher for the
5´ triple-anchored primers (63.3) than for those with 3´
double-anchored primers (28.7) and 3´ single-anchored
primers (37.5). Though we did not carry out an extensive
comparison between 3´ double- and single-anchored and
5´ triple-anchored primers using the same core repeat,
similar to the studies of Zietkiewicz et al. (1994), More-
no et al. (1998) and Blair et al. (1999), our results indi-
cate that 5´-anchored primers were more non-specific
(lack selective nucleotides at the critical 3´ end) than the
others, thus generating a higher number of fragments.
With respect to the 3´-anchored primers, because of the

Table 2 List of ISSR primer sequences used, together with the
scorable and size range of fragments resulting from each primer

Primer No.of fragments Aprox. fragment
scored size range (bp)

Code Sequencea

UBC811 (GA)8C 47 1250–300
UBC818 (CA)8G 28 1300–320
UBC841 (GA)8YC 40 1140–250
UBC848 (CA)8RG 19 1125–420
UBC857 (AC)8YG 27 1350–330
UBC868 (GAA)6 16 900–230
UBC878 (GGAT)4 39 1090–260
UBC880 (GGAGA)3 25 1400–300
UBC888 BDB(CA)7 57 1260–250
UBC889 DBD(AC)7 66 1430–260
UBC890 VHV(GT)7 70 1350–240
UBC891 HVH(TG)7 60 1500–240

a R stands for puRine, Y for pYrimidine, B for non-A, D for non-
C, H for non-G, V for non-T residues
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more restrictive conditions we have obtained a lower
number of fragments in the double- than in the single-
anchored ones. These results may be useful for a prelimi-
nary selection of ISSR primers for other plant species.

Reproducibility is essential for a technique to be used
in fingerprinting. In the current experiment, we tested
the repeatability of ISSR markers by performing separate
PCR runs. The amplification of these markers was con-
sistent and no new differences were detected in different
experiments. Only very faint fragments were not repro-
ducible and, as a consequence, such fragments were not
scored in this study. This indicates that the ISSR ap-
proach is highly reproducible, which may be due to the
use of longer primers and higher annealing temperatures
(Nagaoka and Ogihara 1997; Moreno et al. 1998) com-
pared with those used normally for other DNA-amplifi-
cation-based techniques, such as the RAPD procedure
which shows problems of reliability and repeatability
(Ellsworth et al. 1993).

Upon comparing the template- and product-mixing
banding profiles obtained for all ten species with the 12
ISSR primers, only small differences were found in the
intensity of 20 bands; in addition, the template-mixing
patterns generated six new bands that were not observed
in the product-mixing patterns nor in any of the corre-
sponding individuals separately. A similar behaviour has
been observed by Davis et al. (1995), when they carried
out DNA mixing experiments (with template- as well as
product-mixing) to analyse RAPD markers. As in our
experiments, they were able to generate new non-paren-
tal bands by PCR template-mixing experiments (mixing
parental template DNAs in equal proportions prior to
PCR). A possible explanation for the presence of the
new bands in the template-mixing profiles may be the
phenomenon of artifactual, heteroduplex band formation,
which has been described by Ayliffe et al. (1994) for
RAPD markers. During PCR reactions there are condi-
tions causing denaturation/renaturation of co-amplified
products from different mixed individual DNAs. Re-
naturation of intra-individual homoduplex molecules is
accompanied by the formation of different possible inter-
individual heteroduplex molecules. These heteroduplex-
es, involving complementary inter-individual strands
with some differences in their sequence, would have ab-

normal secondary structures, and therefore a probable al-
teration of their electrophoretic mobilities compared to
intra-individual homoduplexes. Thus, the six new bands
in template-mixing patterns may be artifacts, in that they
can not consist of discrete PCR products.

Because of these results it was decided to analyse the
product-mixing banding profiles as representative of the
different species studied. However, taking into account
that in this study we have analysed 494 bands, and that
only six artifactuals bands were generated with the tem-
plate-mixing strategy, we propose that in such cases as
this it would be more simple to use a template-mixing
strategy, which is a less labour-intensive procedure than
the product-mixing strategy by reducing the need for in-
dividual genomes (Furman et al. 1997).

Genetic relationships among Diplotaxis species

The ISSR marker approach is particularly valuable in the
study of the genus Diplotaxis, where extensive genetic
characterisations of the nuclear genomes are lacking. We
employed the ISSR technique in the analysis of ten
Diplotaxis species to determine their genetic relatedness.
Our results indicated that these species could be easily
characterised by ISSR markers. The estimated similarity
coefficients (based on simple matching values) among
the ten Diplotaxis species ranged between 0.866 (D. ten-
uifolia/Diplotaxis cretacea) and 0.549 (D. erucoides/D.
muralis) (Table 3). The dendrogram obtained by the UP-
GMA method using the 494 ISSR markers scored in the
ten species clearly shows two defined groups, I and II, in
Fig. 2. The Mantel test revealed a good and significant
co-phenetic correlation (r=0.8; P=0.0005), which indi-
cates a good fit to the cluster analysis (Rohlf 1992).

Group I from the dendrogram contains the species
with gametic numbers of n=11 (D. tenuifolia, D. creta-
cea and Diplotaxis simplex), n=10 (D. viminea) and
n=21 for the putative amphidiploid D. muralis derived
from D. tenuifolia and D. viminea (Harberd and McAr-
thur 1972). Table 3 shows higher similarity values
among these group of species, especially between the
pairs D. tenuifolia/D. cretacea, D. viminea/D. muralis
and D. tenuifolia/D. muralis. This is due to the fact that

Fig. 1 Inter-simple sequence re-
peat (ISSR) banding profiles ob-
tained on 2% agarose gels for the
ten Diplotaxis species (using the
product-mixing strategy) with
the primers UBC888 (a) and
UBC891 (b). TE=D. tenuifolia,
MU=D. muralis, VM=D. vi-
minea, CR=D. cretacea, SX=D.
simplex, HA=D. harra, VG=D.
virgata, CA=D. catholica,
ER=D. erucoides, ST=D. sietti-
ana. M=molecular size marker
(100-bp ladder, Pharmacia)
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these taxa share a considerable number of markers (71
between D. tenuifolia/D. cretacea, 74 between D. vi-
minea/D. muralis, and 64 between D. tenuifolia/D. mur-
alis), indicating that these species form a close genetic
assemblage within the genus Diplotaxis. The dendro-
gram shows that D. tenuifolia and D. cretacea seem to
be the nearest, at a similarity level of 0.866; the other
n=11 species, D. simplex, is joined to this previous clus-
ter at a level of 0.733 (Fig. 2). This clustering is consis-
tent with both cytological and morphological traits (Har-
berd 1972; Martínez-Laborde 1991a). In the other
branch, D. viminea and the amphidiploid D. muralis also
exhibit a high value of similarity (0.820), which seems
reasonable since the former is the female parent of the
amphidiploid, as has been deduced by the polypeptide
composition of Rubisco subunits (Mummenhoff et al.
1993) and by using cpDNA markers (Warwick et al.
1992). The other putative partner, D. tenuifolia, also
manifests a high similarity (0.779) to the amphidiploid
(Table 3).

Different evidence has also demonstrated that these
five species from group I (D. tenuifolia, D. cretacea, D.
simplex. D. viminea and D. muralis) constitute a group
of closely related taxa. From a morphological point of
view, these taxa were considered as an infrageneric
group – Section Anocarpum DC. — by Prantl (1891),
and currently has been elevated to the rank of subgenus

Fig. 2 Dendrogram derived from a UPGMA cluster analysis, us-
ing the simple matching coefficient based on 494 ISSR bands,
showing the relatedness among ten Diplotaxis species. In brackets
is indicated the gametic number of each species
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by Martínez-Laborde (in Gómez-Campo and Martínez-
Laborde 1998) (see Table 4). Cytological data and stud-
ies based on the crossabilitiy of taxa (Harberd 1972;
Takahata and Hinata 1983) have also shown the high af-
finity among these five species. Apart from morphologi-
cal and cytological features, they share other characteris-
tics with respect to chemical factors such as the bad
odour due to the presence of glucosinolates. For exam-
ple, allylglucosinolate is the principal component of D.
muralis and D. tenuifolia, and high concentrations of 4-
metylthiobutylglucosinolate are present in D. viminea
(Al-Shehbaz 1985). Other studies with different method-
ologies have also revealed the close relationships exist-
ing among these five taxa including: flavonoid analyses
(Sánchez-Yélamo and Martínez-Laborde 1991; Sánchez-
Yélamo 1994), as well as seed proteins and seed isozyme
electrophoretic patterns (Sánchez-Yélamo and Martínez-
Laborde 1991; Sánchez-Yélamo et al. 1992), and other
molecular analyses using cpDNA (Warwick et al. 1992)
and cpDNA and mtDNA (Pradhan et al. 1992) [taking
into account that the taxon Diplotaxis pitardiana analy-
sed by these last authors is actually D. simplex due to a
misidentification of the sample kept in the original germ-
plasm bank (see Martínez-Laborde 1990).] The results
obtained in the present study using nuclear DNA mark-
ers are congruent with all those previously mentioned,
and support the above-mentioned assumption of Martí-
nez-Laborde’s (in Gómez-Campo and Martínez-Laborde
1998), reinforcing the taxonomic status of the group pro-
posed by these and earlier authors.

Especially noteworthy is the case of D. muralis, with
respect to its putative parents D. tenuifolia and D. vi-
minea (Harberd and McArthur 1972). In the previously
mentioned papers, the chromatographic flavonoid pro-
files of the amphidiploid, as well as the isozymatic and
protein patterns, were always exactly a summation of the
patterns of the putative parents (Sánchez-Yélamo and

Martínez-Laborde 1991; Sánchez-Yélamo et al. 1992;
Sánchez-Yélamo 1994); and the same was true when
Mummenhoff et al. (1993) carried out a study of the
polypeptide composition of Rubisco subunits. In the
present paper using ISSR markers, the hypothesis of nat-
ural hybridization is again reinforced since the pattern
exhibited by the amphidiploid, though it possesses its
own bands, shares most of DNA fragments with one or
both putative parents with respect to primers UBC888
and UBC891 (Fig. 1), and the same occurs for the other
primers studied (data not shown).

Group II includes the cluster constituted by D. virgata
and Diplotaxis catholica (both n=9), to which Diplotaxis
siettiana (n=8) is joined, followed by Diplotaxis harra
(n=13), while the last taxon of the group turns out to be
the only n=7 species of the genus, D. erucoides (Fig. 2).
In contrast to the species of group I, all the taxa of this
second group share the characteristic of being odourless,
probably due to the scarce amount of glucosinolates. D.
virgata and D. catholica are related morphologically, and
were included and maintained by different authors in the
Section Rynchocarpum Prantl (Prantl 1891; Schulz 1919;
Gómez-Campo and Martínez-Laborde 1998) (see Table
4). They constitute a cluster with a high genetic similari-
ty (0.769; Table 3), to which D. siettiana is joined at a
similarity level of 0.731 (Fig. 2). D. siettiana is an en-
demic taxon from the Spanish island Alborán, and origi-
nally has been subordinated to D. catholica, but morpho-
logical and chromosomal differences have resulted in its
elevation to specific rank (Gómez-Campo 1981). The
close relationships among these three taxa reflected in
the dendrogram generated by ISSR markers are concor-
dant with other molecular data obtained from cpDNA
and mtDNA analyses (Pradhan et al. 1992), and support
their specific status according to the most recent taxo-
nomic classification (Gómez-Campo and Martínez-
Laborde 1998): the three taxa belong to the subgenus

Table 4 Comparison among taxonomic classification of the studied Diplotaxis taxa and the clusters obtained with ISSR-PCR data

Taxonomical classification Clusters grouped 
in the present study

Prantl (1891) Schulz (1919) Martínez-Laborde (1998)a

Section Anocarpum Section Anocarpum Subgenus Diplotaxis Group I

D. tenuifolia, D. simplex, D. simplex D. viminea, D. tenuifolia, D. cretacea, D. tenuifolia, D. cretacea,
D. viminea, D.muralis D. muralis D. simplex, D. viminea, D. simplex, D. viminea,

D. muralis D. muralis

Subgenus Rynchocarpum Group II

Section Rynchocarpum Section Rynchocarpum Sect. Rynchocarpum

D. virgata, D. catholica, D. virgata, D. catholica, D. virgata, D. catholica D. virgata, D. catholica,
D. erucoides D. erucoides Sect. Heterocarpum D. siettiana, D. harra,

D. siettiana D. erucoides
Sect. Heteropetalum
D. erucoides

Section Catocarpum Section Catocarpum Subgenus Hesperidium

D. harra D. harra, D. tenuifolia, D. harra
D. cretacea

a In Gómez-Campo and Martínez-Laborde (1998)



Rynchocarpum, but D. virgata and D. catholica are in-
cluded in the Section Rynchocarpum and D. siettiana in
the Section Heterocarpum (see Table 4).

D. harra, formerly placed by Schulz (1919) in the
Section Catocarpum near to D. tenuifolia, demonstrates
a great plasticity with respect to its association with oth-
er taxa of the genus depending on their biological char-
acters, as has been demonstrated in different studies. For
example, using cpDNA markers, Pradhan et al. (1992)
and Warwick et al. (1992) found that D. harra was next
to D. tenuifolia. However, when seed proteins or leaf
flavonoids were analysed, this taxon appeared next to the
D. catholica group (Sánchez-Yélamo et al. 1992; Sán-
chez-Yélamo 1994). All these results are surprising from
a taxonomic point of view, since following the classifica-
tion of Schulz (1919) D. catholica is included in the Sec-
tion Rynchocarpum, and D. harra in the Section Cat-
ocarpum, or else into the subgenus Hesperidium accord-
ing to the most recent classification of Martínez-Laborde
(Gómez-Campo and Martínez Laborde 1998) (Table 4).
Also, these species are recognised in separate cytodemes
by Harberd (1972) and Takahata and Hinata (1983). Ob-
viously, D. harra shares a very important part of its gen-
ic pool with other species of the genus. In the present
work, using nuclear DNA markers, D. harra appears to
be the closest to the group constituted by D. catholica,
D. virgata and D. siettiana. This does not necessarily
mean that it is related to them directly, but considering
all the species studied, D. harra seems to be nearer to the
Group-II species than to the Group-I species. As was in-
dicated by Martínez-Laborde (1991b), this taxon shows a
considerable amount of variation in several characters,
even at the intrapopulation level, along its geographical
distribution (from West Mediterranean region to Middle
Orient), and has not been recognised as a different sub-
species but rather belongs to a single species. However,
in each one of the reports previously cited, different ge-
notypes of this taxon have been used, which perhaps
would have to be treated with the range of subspecies
from a taxonomic point of view.

D. erucoides presents the lowest values of similarity
with respect to the rest of species (Table 3), and this can
be explained by the fact that this taxon is the one which
presents the most distant genetic relationship compared
to the others. This species, the only white-flowered one,
possesses the lowest chromosome number of the genus
and, as a consequence, we could hypothesise that D. er-
ucoides would be related to a hypothetical ancestor in-
volved in the origin of this group (or even of the genus),
as it constitutes the taxon whose chromosome number is
the smallest in a continuous series of haploid numbers
ranging from 7 to 13 (with the exception of n=12, not
found, and n=21 from D. muralis, due to its amphidip-
loid origin).

Though all the taxa included in the genus Diplotaxis
have not been analysed here, the two groups defined in the
ten species studied may be concordant with the idea sug-
gested by several authors for a biphyletic origin of Diplo-
taxis (Gómez-Campo 1980; Warwick et al. 1992). In con-

clusion, we have demonstrated the high resolution in as-
sessing relationships among species using the nuclear
DNA marker ISSR-PCR. This approach clearly offers
great potential for characterising related Diplotaxis species
and can be applicable for similar use in other plant groups.
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