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Abstract The critically endangered composite Sonchus
pustulatus Willk. despite being known from fewer than ten
locations in southern Spain and northern Africa, has never
been characterized in robust phylogenetic context. Here,
we report molecular evidence that strongly supports a
hybrid origin for S. pustulatus. Although parentage cannot
be identified with certainty, analysis of DNA sequence
variation from the internal transcribed spacer (ITS) region
of nuclear ribosomal DNA (nrDNA) supports a phyloge-
netic placement of S. pustulatus close to other species in
the poorly known section Pustulati, whereas examination
of chloroplast DNA (cpDNA) places S. pustulatus most
closely with species from the sections Sonchus and Asperi.
This is one of several instances of topological non-con-
cordance reported for the genus Sonchus. Monophyly of S.
pustulatus in both gene genealogies supports the null
hypothesis of a single origin, and the relatively large
amount of nucleotide substitutions is indicative of an origin
in the range of millions of years. A hypothesis of a northern
African origin of S. pustulatus followed by dispersal to the
Iberian Peninsula during the Messinian salinity crisis/later
Quaternary glaciations is proposed on the basis of
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Introduction

Hybridization and introgression have long been viewed as
important in plant evolution and speciation (Knobloch
1972; Grant 1981; Ellstrand et al. 1996; Arnold 1997;
Rieseberg et al. 2003; Mallet 2007). Hybridization
involving chromosome doubling (i.e., allopolyploidization)
is an especially well-established mode of speciation in
plants (Levin 2002; Mallet 2007). By contrast, recombi-
national hybrid speciation, in which the genome remains
diploid (i.e., homoploid hybrid speciation), can be harder to
define and more difficult to detect. Increasingly robust
methods of phylogenetic reconstruction are helping over-
come the challenges in detecting and discerning
allopolyploid and homoploid hybridization (e.g., Arnold
1997; Hegarty and Hiscock 2005). Several studies, in
particular, have recently shown how homoploid hybrid-
ization can promote plant evolution and speciation (e.g.,
Comes and Abbot 2001; Arnold et al. 2003; Rieseberg
et al. 2003).

Patterns of plant speciation in the Mediterranean Basin
have been prominently shaped by repeated episodes of
fragmentation, contraction and expansion of distribution
brought on by dramatic geological events, such as the Betic
crisis and Messinian salinity crisis, or severe shifts of cli-
mate occasioned by Quaternary glaciations (Thompson
2003; Veith et al. 2004; Ortiz et al. 2007). One important
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evolutionary consequence of these events was the extensive
opportunities for hybridization between otherwise geo-
graphically isolated species (e.g., Gutiérrez Larena et al.
2002; Thompson 2003). A recently suspected case of ho-
moploid hybridization in the Mediterranean Basin involves
Sonchus sect. Pustulati (Kim et al. 2007). According to
Boulos (1972, 1973), this section comprises four diploid
suffrutescent perennials from the western Mediterranean
Basin: S. pustulatus Willk., S. fragilis Ball, S. briquetianus
Gandoger, and S. masguindalii Pau and Font Quer. The
taxonomic status of S. briquetianus is somewhat question-
able, and it is probably a coastal form of the highly
polymorphic S. tenerrimus L. [José A. Mejias, unpublished
data; also see electronic supplementary materials (ESM)
Fig. S1]. A phylogenetic analysis of the subtribe Sonchinae
(Asteraceae: Cichorieae) has yielded topological incon-
gruence between nuclear and plastid trees with regard to
this group (Kim et al. 2007). According to the internal
transcribed spacer (ITS) phylogeny, section Pustulati
(S. briquetianus not being sampled) is a strongly supported
monophyletic group (100% bootstrap support and 15 syn-
apomorphic substitutions) with S. pustulatus being sister to
S. fragilis. The chloroplast DNA (cpDNA) phylogeny
suggests drastically different relationships, especially
regarding the phylogenetic position of S. pustulatus relative
to the remaining two species of section Pustulati. The marK
gene strict consensus tree suggest that S. pustulatus is
embedded within a clade containing species in sections
Sonchus L. and Asperi Boulos (i.e., S. tenerrimus,
S. bourgeaui, S. microcephalus, S. asper, S. oleraceus,
S. hydrophilus, and S. kirkii). This topological incongruence
between biparentally (nuclear) and uniparentally (plastid)
inherited genomes may indicate possible hybridization and
chloroplast capture during the origin of S. pustulatus (see
other examples in Rieseberg 1991; Soltis and Kuzoff 1995;
Wendel et al. 1995; Soltis et al. 1996; Nieto Feliner et al.
2002; Albadalejo et al. 2005; Okuyama et al. 2005;
McBreen and Lockhart 2006). Although the above evidence
was indicative of a hybrid origin of S. pustulatus, it could
only be preliminary, since it was based on just a few indi-
viduals from a single Moroccan population. It was likewise
insufficient sampling that was used to distinguish whether
S. pustulatus was hybrid-derived or if the pattern of
incongruence could be accounted for by recent and ongoing
gene flow from close populations of S. fragilis, a species
that does not occur in Spain.

In this study, we sampled extensively for the phyloge-
netic analysis of Sonchus section Pustulati in order to
investigate further the hybrid origin of S. pustulatus. We
first wanted to test the bi-phyletic ancestry of S. pustulatus
in the Iberian Peninsula and Morocco. We also wished
to determine the identity of the putative parents of
S. pustulatus and whether disjunct populations in the
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Iberian Peninsula and northern Africa represented single or
multiple origins.

Materials and methods
Study system and sampling

Currently, the genus Sonchus comprises 54 species and is
divided into three subgenera (Boulos 1972). Subgenus
Dendrosonchus (19 species) consists of woody plants
endemic to Macaronesia, and subgenus Origosonchus (14
species, herbaceous perennials) occurs exclusively in
Africa. Subgenus Sonchus comprises 21 species (annuals,
biennials, and perennials) and includes several cosmopol-
itan weedy species. Boulos (1972, 1973) designated
S. pustulatus as the type species of section Pustulati. This
section comprises four diploid, suffrutescent chamae-
phytes, 10-35 cm in height, with pinnatisect leaves and
achenes with thickened margins, narrowly endemic to low—
mid altitude (up to 700 m above sea level) calcareous and
other basic rocky cliffs in the western Mediterranean
Basin: S. pustulatus Willk., S. fragilis Ball, S. briquetianus
Gandoger, and S. masguindalii Pau and Font Quer (Boulos
1973; Fennane and Ibn Tattou 1988; Mejias 1988; Bafiares
et al. 2004). Chromosome numbers are identical, i.e. n = 9
and 2n = 18 (Stebbins et al. 1953; Roux and Boulos 1972;
Talavera et al. 1984; Mejias 1988; Mejias and Andrés
2004; José A. Mejias, unpublished data). Sonchus pustul-
atus is the most widely distributed member of sect.
Pustulati, with populations in both southern Spain and
northern Morocco and Algeria (ESM, Fig. S1). Recently
published surveys of the Iberian populations found only
three sites (Barranco del Caballar, Faro de San Telmo, and
Playa de la Parra, peripheral to the city of Almeria),
approximately 100 individuals (Bafares et al. 2004; Mota
et al. 2005). A careful survey has yielded one more pop-
ulation and ca. 900 individuals as a whole (J. A. Mejias,
unpublished data).

Previous phylogenetic study of the subtribe Sonchinae
(Kim et al. 2007) was with limited sampling in section
Pustulati. Only one Moroccan population from Oued Laou
valley (i.e., Chefchaouen, Talembote) of S. pustulatus was
sampled, and only two individuals from a single popula-
tion of both S. fragilis and S. masguindalii were included.
In this study, additional seeds from new accessions of
S. pustulatus were field collected and germinated in
greenhouses at the Universidad de Sevilla. Representa-
tives of S. pustulatus from Spain included five individuals
from three sub-populations located several hundred meters
apart at Barranco del Caballar (Almeria). Two individuals,
Spain-3 and Spain-4, are siblings. Six additional individ-
uals from Morocco [two from Talembote (Chefchaouen),
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and four siblings from Es-Sebt-de-Said] and two additional
individuals of S. fragilis and S. masguindalii were also
included in the analysis.

DNA extraction and sequencing

Methods of DNA isolation/sequencing followed those of
Lee et al. (2005) and Kim et al. (2007). Total genomic
DNA was isolated from fresh, dried, or herbarium leaf
tissue using DNeasy Plant Mini kits (QIAGEN, Valencia,
CA, USA). Polymerase chain reaction (PCR) products
were purified using a QiaQuick PCR purification kit
(QIAGEN) and direct sequencing of PCR products was
performed with an ABI PRISM BigDye Terminator v3.1
Ready Reaction Cycle Sequencing kit (Applied Biosys-
tems, Foster City, CA, USA). PCR and DNA sequencing
primers were the same as those described by Lee et al.
(2005) and Kim et al. (2007). Extension products were
purified and separated on an ABI377 automated sequencing
machine (Applied Biosystems).

Individuals of S. pustulatus from Morocco had been
shown to be highly polymorphic in a previous study (two
polymorphic sites in ITS1 and 11 in ITS2) (Kim et al.
2007). One of those individuals was subsequently cloned,
and eight clones were sequenced so that the different ITS
repeat types could be identified. An individual from Al-
meria which showed no polymorphisms was also cloned,
and four cloned sequences were generated as further con-
firmation of direct sequencing results. All cloning was
performed with the Zero Blunt TOPO PCR cloning kit
(Invitrogen, Carlsbad, CA, USA). Base calling and
sequence editing were performed with Sequencher 4.7
(Gene Codes, Ann Arbor, MI, USA).

Phylogenetic analysis

Aetheorhiza bulbosa was used as an outgroup for the ITS
and marK data, based on the previous phylogenetic study
(Kim et al. 2007). Ingroup taxa included representative
species of Sonchus sections Sonchus, Asperi, Maritimi, and
Arvenses, as well as newly sequenced additional individ-
uals of section Pustulati. The sampling of subgenus
Sonchus includes all but two species (S. macrocarpus, an
Egyptian endemic, and S. malaianus, an Indonesian ende-
mic), and the ITS and marK data matrices contain the same
species, with exceptions in two species (S. mauritanicus
and S. wightianus not represented in the marK data).
Phylogenetic analyses using Fitch parsimony were per-
formed with PAUP* (version 4.0; Swofford 2001), using
the heuristic search option (100 random additions) with
tree-bisection—reconnection (TBR) branch swapping and
the multiple parsimony (MULPARS) option on. Insertions
and deletions (indels) were treated as missing data. Support

for groups was examined by 1,000 bootstrap replicates
(Felsenstein 1985) using the heuristic search option from
the 100 random additions sequence with TBR branch
swapping. In addition, decay analysis (Bremer 1988) was
performed to assess the robustness of the monophyletic
groups. Pairwise sequence divergence was calculated,
using the Kimura 2-parameter method (Kimura 1980) and a
neighbor-joining (Saito and Nei 1987) tree was constructed
using PAUP*. Each data set was also analyzed, using
likelihood methods to determine the stability of the parsi-
mony results with an explicit model-based approach
(Felsenstein 1981). Optimal models of molecular evolution
were chosen, using the likelihood ratio test (Goldman
1993; Whelan and Goldman 1999) implemented in Mod-
elTest 3.7 (Posada and Crandall 1998). Model parameters
were then imported into PAUP*, and a heuristic search
(asis sequence addition, TBR branch swapping, and
MULPARS option on) was executed. Maximum likelihood
(ML) bootstrap analyses with 100 replicates were con-
ducted, using the same parameter values obtained from the
ModelTest and heuristic options.

Results
ITS phylogeny

Lengths of ITS1 and ITS2 are within the range of other
Sonchus species previously reported (Kim et al. 1996a, b,
2004, 2007; Lee et al. 2005). A total of nine individuals of
S. pustulatus from Morocco have identical ITS1 and ITS2
sequences with unusually high polymorphic sites (i.e., two
and 11 in ITS1 and ITS2, respectively). Thus, we cloned
one individual from Chefchaouen, Morocco-1, and
sequenced eight clones (ESM Appendix S1). The cloning
results revealed three different ITS repeat types (ribotype I,
clone-1,2,5,6,7,8; ribotype II, clone-3; ribotype III, clone-
4), and all the polymorphic sites by direct sequencing were
confirmed by additivity of base pairs among the three clone
sequences. All five individuals of the Almeria population
had identical ITS sequences. Cloned sequences of one
individual, Spain-1, were also identical to the five indi-
vidual ITS sequences, further confirming direct sequencing
results. Four individuals of S. fragilis had identical ITS
sequences, with no polymorphisms. Four individuals of S.
masguindalii from Al Hocelma had identical ITS sequen-
ces and differed from one accession cultivated at the
Botanical Garden La Orotava (Canary Island, Spain;
originally from Morocco) by four base pair changes and a
one base pair deletion in the ITS2 region.

A total of 485 characters for 50 accessions were used for
phylogenetic analyses. Of the 485 characters, 299 charac-
ters (62%) were constant, 44 variable characters (9.1%)
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were parsimony uninformative, and 142 characters (29%)
were parsimony informative between outgroup and
ingroup. The heuristic search found a total of 24 equally
parsimonious trees with a tree length (TL) of 305, a con-
sistency index (CI) of 0.7607 (excluding uninformative
characters, 0.7192), and a retention index (RI) of 0.9333.
The strict consensus tree is shown in Fig. 1. The neighbor-
joining (NJ) tree (not shown) was identical to the strict
consensus tree, except for the position of S. palustris.
Model test selected “general time reversible plus gamma”
(“GTR + G”) as the best-fit model based on the Akaike
information criterion (AIC), for the ITS data, and the ML
analysis found five trees, which were identical except in the
position of the direct sequencing results of Moroccan S.
pustulatus populations. The hierarchical likelihood ratio
tests (hLRTs) (TrN + G) also recovered two of the five
identical trees as the AIC. All three different optimality
criteria strongly suggested that the section Pustulati, which
includes three species, is monophyletic (100% bootstrap
and four decay value support) and that each species is

monophyletic (98%, 100%, and 76% bootstrap support for
S. masguindalii, S. fragilis, and S. pustulatus, respectively)
(Fig. 1). It also suggested that S. fragilis is most closely
related to S. pustulatus and that S. masguindalii is sister to
the two species.

matK phylogeny

A total of ten marK gene sequences were generated for
S. pustulatus: all individuals from Morocco, Morocco-1, -2,
-3, -5, -6, -7, and -8, had identical matK gene and flanking
sequences. Three individuals from Almeria also had iden-
tical matK gene sequences and differed from the Moroccan
populations by a one base pair change in the #rnK 3’ intron.
Based on the previous phylogenetic analysis of subtribe
Sonchinae, it became quite clear that S. pustulatus is dis-
tantly related to the other two species in the same section
Pustulati: S. fragilis and S. masguindalii are part of a
highly unresolved polytomy of two subgenera Sonchus L.
and Origosonchus Boulos, Aetheorhiza, and several Pacific
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Islands endemics, while S. pustulatus belongs to a well-
supported clade (clade III; Kim et al. 2007) containing two
sections of subgenus Sonchus, Sonchus and Asperi. On
average, pairwise sequence divergence between S. pustul-
atus and two other species was 0.28%, whereas, between S.
pustulatus and several closely related species in clade III, it
was 0.18%. When only S. pustulatus and S. tenerrimus
were considered, the pairwise sequence divergence was, on
average, 0.13%. Additional individuals from Morocco and
Almeria from this study further confirmed the previous
results (see later “Results”). Sonchus pustulatus shares one
five base pair tandem direct repeat (TATAA) insertion with
S. bourgeaui in the trnK 5’ intron.

A total of 2,882 aligned characters were used for phy-
logenetic analysis. Of these 2,882 characters, 2,757
characters (95.6%) were constant, 67 variable characters
(2.3%) were parsimony uninformative, and 58 characters
(2.0%) were parsimony informative between outgroup and
ingroup. Although more characters were sampled than for
nuclear DNA (2,882 vs 485), the number of parsimony

S. asper ssp. glaucescens®
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informative characters of cpDNA was much less than those
of nuclear DNA (2.0 vs 29%). Maximum parsimony (MP)
analysis found 51 equally parsimonious trees with a TL of
134, a CI of 0.9552, and an RI of 0.9721 (Fig. 2). An NJ
tree (not shown) was almost identical to the MP trees and
suggests that S. femerrimus is most closely related to
S. pustulatus (however, bootstrap support is less than 50%).
The ML analysis based on AIC (TIM + I) found one tree
(not shown) and is almost identical to the MP strict con-
sensus tree. The matK phylogeny further confirmed the
previous results and suggested that S. pustulatus is most
closely related to the species in subgenus Sonchus sections
Sonchus and Asperi, especially S. tenerrimus, S. micro-
cephalus, and S. bourgeaui (Fig. 2). Two other species in
the same section Pustulati, S. fragilis and S. masguindalii,
are part of a highly unresolved polytomy of section
Maritimi and the woody Sonchus alliance in the Macaro-
nesian islands. The MP analysis using indels as fifth
characters suggested that S. bourgeaui is sister to S. pu-
stulatus, and this is entirely supported by a total of five
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base pair tandem direct insertions shared by the two
species.

Discussion
Reticulate evolution of S. pustulatus

Topological incongruence between biparentally (nuclear)
and uniparentally (chloroplast) inherited genomes has
often been considered evidence of chloroplast capture via
interspecific hybridization, sometimes followed by back-
crossing (see other examples in Rieseberg 1991; Wendel
et al. 1995; Nieto Feliner et al. 2002; Fuertes Aguilar and
Nieto Feliner 2003; Doyle et al. 2004; Albadalejo et al.
2005; Okuyama 2005). However, topological incongruence
is also an expected pattern in the process of lineage sorting
of ancestral haplotypes. The deep evolutionary divergence
encompassed by the seven substitutions (four non-homo-
plasious and three homoplasious) that differentiate cpDNA
clades S. fragilis/S. masguindalii from S. pustulatus
strongly favors a hybridization-based hypothesis. It is
unlikely that convergent substitutions or lineage sorting of
ancestral polymorphisms could account for the incongruent
and distantly related positions of S. pustulatus. Our evi-
dence suggests that S. pustulatus is a one-time, homoploid
hybrid between S. fragilis, as a likely paternal contributor,
and a still unknown maternal donor from the root lineage of
sects. Sonchus and Asperi.

The designation of S. fragilis as the most probable
paternal parent is not only based on DNA sequence data
but is supported by independent evidence from biosyste-
matics, geography, morphology and cytology. No
statistically significant differences in fertility levels have
been detected between inter-specific and intra-specific
crosses from S. pustulatus and S. fragilis (J.A. Mejias,
unpublished data). These two species also resemble each
other morphologically, are sometimes sympatric, and share
highly similar karyotypes.

According to the analysis of plastid DNA, the haplo-
types of S. pustulatus are most similar to those of
S. tenerrimus, a highly polymorphic species with some
coastal forms morphologically quite similar to S. pustula-
tus. This suggests that S. tenerrimus is the most likely
maternal donor. Cytological evidence, however, contra-
dicts this interpretation (Fig. 2).
(n =7, 2n = 14) and other closely related taxa, such as
S. bourgeaui (n =38, 2n = 16) and S. microcephalus
(n = 15, 2n = 30), have chromosome numbers that are
different from those of S. pustulatus (n =9, 2n = 18;
Mejias 1988; Mejias and Andrés 2004). Furthermore,
several closely related species in other strongly supported
clades (Fig. 2), i.e., S. oleraceus (n =16, 2n = 32),

Sonchus tenerrimus
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S. hydrophilus (unknown, but autotetraploid was sug-
gested; Boulos 1973), and S. kirkii (2n = 36), S. asper
(n =9, 2n = 18) are tetraploids or amphidiploid and/or
are characterized by highly divergent morphology.
Therefore, it is highly unlikely that any extant species has
contributed as a maternal donor in the hybrid origin of
S. pustulatus. One plausible explanation is that a now
extinct common ancestor with an equivalent chromosome
number of 2n = 18 (n = 9) leading to the lineage of
sections Sonchus and Asperi was most likely the maternal
donor for S. pustulatus.

Moroccan origin

Western Mediterranean biogeography has been shaped
greatly since the Pliocene by Neogene tectonic dynamics
and repeated climatic oscillations. These events produced
ephemeral land bridges between northern Africa and Eur-
ope during the Betic crisis (15-16 Mya) and the Messinian
salinity crisis (6.5-5.5 Mya) (for details and geologic maps
see De Jong 1998; Veith et al. 2004, Barrén and Peyrot
2006) and lowered sea levels to approximately 120—150 m
during glacial maximum (Ortiz et al. 2007), allowing plant
populations to migrate temporarily between the two con-
tinents. As a consequence, some plant species found
refugia in northern Africa during unfavorable periods,
which has been shown in a phylogeographic study of
Hypochaeris salzmanniana (Ortiz et al. 2007), a close
relative of Sonchus. Since African populations of S. pu-
stulatus are (1) phylogenetically ancestral to those in
Iberia; (2) more widely distributed; (3) genetically more
variable, and (4) close to populations of S. fragilis in
Morocco, i.e., Tetouan, it is probable that S. pustulatus
originated in Morocco.

The evolutionary origin and subsequent trans-Mediter-
ranean dispersal of S. pustulatus can be roughly estimated
using available information on rates of diversification in
ITS sequences. Several different ITS substitution rates have
been calculated for angiosperms and closely related genera
in the Asteraceae: 3.94 £+ 0.10 x 1079/year (Dendroseris,
Sang et al. 1994); 3.62 x 1079/year (Curcubitaceae, Jobst
et al. 1998); 35 x 10~ '%year (herbaceous perennial
Astragalus, Wojciechowski et al. 1999); and 30 x 10719
year (the Hawaiian silversword alliance, Baldwin and
Sanderson 1998). The average of these is 0.725%/million
years. This average would suggest a split between S. pu-
stulatus/S. fragilis and S. masguindalii around 6.8 Mya
(average pairwise sequence divergence of 4.933%),
5.81 Mya for S. pustulatus and S. fragilis (4.213%), and
3 Mya for populations of S. pustulatus in Almeria and
Morocco (2.22%). These dates roughly correspond to the
Messinian salinity crises (5.5 Mya) (Pou 1988; Yokoyama
et al. 2000; Collina-Girard 2001; Cheddadi et al. 2005).
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[Similar divergence times were also estimated, based on the
Bayesian method using Multidivtime (Kim S.-C. et al.
unpublished data).] It is plausible that the origin and sub-
sequent trans-Mediterranean dispersal of S. pustulatus were,
perhaps, triggered by this dramatic geological event in the
Mediterranean region and the onset of the first glaciation
cycle, respectively (Thompson 2003).

Concluding remarks and future directions

Although the role of polyploidization in the evolution of
the genus Sonchus is suggested to be important, based on
the recurrence of polyploid species (ca. 30% of subgenus
Sonchus are either tetraploids or hexaploids), little in
contrast can be said about the potential impact of diploid
hybrid speciation. This study represents the first molecular
documentation of diploid hybrid speciation in the genus
Sonchus, notably in subgenus Sonchus. Several other cases
are suspected, based on current phylogenetic patterns.
Another system worthy of study is represented by the two
subgenera, Dendrosonchus and Origosonchus, both strictly
diploids and endemic to the Macaronesian Islands and
Africa, respectively.

The presence of only four populations with ca. 900
individuals (J. A. Mejias, unpublished data) shows that
S. pustulatus is a critically endangered species in the
Iberian Peninsula. These populations are, unfortunately,
in the vicinity of growing urban zones, and they are
exposed to anthropogenic threats such as nitrification
(Baiiares et al. 2004). We encourage that the undertaking
of detailed population genetic and demographic study be
mandated for the persistence of this species in the Iberian
Peninsula, and that similar studies also be required for
populations in Morocco, where S. pustulatus most likely
evolved.
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S2. Additional samples of species in section Pustulati used in the present study including
the locality, voucher and herbarium numbers, and GenBank accession numbers. SEV =
Herbarium Universidad de Sevilla. RNG = Herbarium the University of Reading.

Accession numbers with asterisks were reported previously in Kim et al. (2007)

Taxon; Geographic Origin and Voucher; Accession Nos.: ITS1, ITS2; marK.

Sonchus pustulatus Willk.; Spain-1, Almeria, Barranco del Caballar (SEV217577);
EUS526685, EU526712; EU529715. Spain-1, Clone 1; EU526690, EU526717; -. Spain-1,
Clone 2; EU526691, EU526718; -. Spain-1, Clone 3; EU526692, EU526719; -. Spain-1,
Clone 4; EU526693, EU526720; -. Spain-2, Almeria, Barranco del Caballar; EU526685,
EUS526713; -. Spain-3, Almeria, Barranco del Caballar; EU6687, EU526714; EU529716.
Spain-4, Almeria, Barranco del Caballar; EU526688, EU526715; EU529717. Spain-5,
Almeria, Barranco del Caballar; EU526689, EU526716; -. Morocco-1, Chefchaouen,
Talembote, Oued Laou (SEV215730); DQ507920*, DQ507970*; DQ507988%*. Morocco-
1, clonel; EU526677, EU526704; -. Morocco-1, clone2; EU526678, EU526705; -.
Morocco-1, clone3; EU526679, EU526706; -. Morocco-1, clone4; EU526680,
EU526707; -. Morocco-1, clone5; EU526681, EU526708; -. Morocco-1, clone6;
EU526682, EU526709; -. Morocco-1, clone7; EU526683, EU526710; -. Morocco-1,
clone8; EU526684, EU526711; -. Morocco-2, Chefchaouen, Talembote, Oued Laou
(SEV215731); DQ507921%*, DQ507971*; DQ507989*. Morocco-3, Chefchaouen, road to
Oued Laou from Chefchaouen, Taguesout (M. Ait Laflcih et al. RNG P0003353);

DQ507922%*, DQ507972%*; DQ507990*. Morocco-4, Chefchaouen, Talembote, Oued



Laou; EU526671, EU526698; -. Morocco-5, Chefchaouen, Talembote, Oued Laou;
EUS526672, EU526699; EU529711. Morocco-6, Rif Occidental, Entre Oued Laou y
Talembote, Es-Sebt-de-Said (SEV217395); EU526673, EU526700; EU529712.
Morocco-7, Rif Occidental, Entre Oued Laou y Talembote, Es-Sebt-de-Said
(SEV217396); EU526674, EU526701; EU529713. Morocco-8, Rif Occidental, Entre
Oued Laou y Talembote, Es-Sebt-de-Said (SEV217397); EU526675, EU526702;
529714. Morocco-9, Rif Occidental, Entre Oued Laou y Talembote, Es-Sebt-de-Said (J.

A. Mejias); EU526676, EU526703; -.

S. fragilis Ball; Morocco-1, Morocco, Tétouan, Mts Gorgues (SEV217382); DQ507926%*,
DQ507976*; DQ507991%*. Morocco-2, Tétouan, Mts Gorgues (SEV217383);
DQ507927*, DQ507977*; DQ507992*. Morocco-3, Tétouan, Mts Gorgues; EU526694,

EUS526721; -. Morocco-4, Tétouan, Mts Gorgues; EU526695, EU526722; -.

S. masguindalii Fau & Font Quer; Morocco-1, Nador, Al Hoceima (SEV217378);
DQ507924*, DQ507974%*; DQ507999*. Morocco-2, Nador, Al Hoceima (SEV217379);
DQ507925*, DQ507975*; DQ50800*. Morocco-3, Nador, Al Hoceima-3 (SEV217380);
EU526696, EU526723; -. Morocco-4, Nador, Al Hoceima-4 (SEV217381); EU526697,
EUS526724; -. Morocco-5, Botanic Garden La Orotava, Tenerife, Canary Islands, Spain

(A. Santos-Guerra 124-99); DQ507923*, DQ507973*; DQ507924*.



	Kimetal(JPR08).pdf
	Molecular confirmation of the hybrid origin of the critically endangered western Mediterranean endemic Sonchus pustulatus (Asteraceae: Sonchinae)
	Abstract
	Introduction
	Materials and methods
	Study system and sampling
	DNA extraction and sequencing
	Phylogenetic analysis 

	Results
	ITS phylogeny
	matK phylogeny

	Discussion
	Reticulate evolution of S. pustulatus
	Moroccan origin
	Concluding remarks and future directions

	Acknowledgments
	References


	10265_2008_166_MOESM2_ESM.pdf
	10265_2008_166_MOESM1_ESM.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


