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Abstract Viola jaubertiana Marès & Vigin. is a narrow

endemic violet of the Balearic Islands, restricted to small,

fragmented, and scattered populations living in inaccessi-

ble rocky places and calcareous overhangs. V. jaubertiana

is entirely glabrous and morphologically very uniform.

However, several authors have reported hairy individuals

collected at the type locality, suggesting that these rupi-

colous, pubescent plants are putative hybrids with V. alba

Bess. subsp. dehnhardtii (Ten.) W. Becker, a woodland

violet growing in the area. Ribosomal ITS sequences of the

putative hybrids analysed showed additive species-specific

sites of V. alba subsp. dehnhardtii and V. jaubertiana,

strongly supporting its hybrid origin from these progeni-

tors. CpDNA sequences of all putative hybrids were

uniform, and identical to those present in V. jaubertiana

accessions. This suggests that the gene flow between V.

alba subsp. dehnhardtii and V. jaubertiana is unidirectional

and identifies the endemic V. jaubertiana as the unique

ovule donor. The additivity of the ITS sequences, together

with the pollen and ovule sterility, suggests that the sam-

pled individuals are primary F1 hybrids, whereas no trace

of introgressive hybridization or hybrid zone has been

evidenced by the nuclear and plastid markers used. Judging

from herbarium sheets, hybridization between V. alba

subsp. dehnhardtii and V. jaubertiana is recurrent and dates

back from the XIXth century. Hybrids between these

species are not linked to disturbed environments. In fact,

they have been always reported in rupicolous habitats,

where the maternal species is restricted.

Keywords Mediterranean flora � Phylogeny �
Rupicolous taxa � Endemic species � ITS sequences �
trnT-trnL spacer

Introduction

Hybridization is a relatively common feature of plant

vascular species and it is an evolutionary key force shaping

speciation through processes of homoploid hybrid specia-

tion, introgression, and allopolyploidy (Grant 1981; Abbott

1992; Arnold 1997; Rieseberg 1995). Rapid karyotypic and

genomic changes (including elimination of specific

sequences, chromosome segments, or entire chromo-

somes), as well as epigenetic changes (such as differential

DNA methylation, gene-dosage compensation, or gene

silencing) can occur in the hybrids (and the allopolyploid

derivatives) after relatively very few generations (Ungerer

et al. 1998; Nasrallah et al. 2000; Lai et al. 2006). These

changes demonstrate that extensive genetic diversity can be

generated in hybrid derivatives in a short period of time

after their formation, contributing to the success and

diversification of many plants lineages (Arnold 2006).

In contrast with its creative role in plant evolution,

hybridization may contribute to the demise of rare species

through demographic swamping and genetic assimilation

by widespread congeners (Levin et al. 1996; Buerkle

et al. 2003). Anthropogenic disturbance promotes

hybridization by fostering joint colonization by normally

allopatric species, creating opportunities for interspecific

gene flow and suitable habitats for the survival of hybrids
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(Arnold 1997). The presence of hybrids could cause new

competition with parental species and could be a threat to

either of them by crowding them out. Therefore, hybrid-

ization is one of the biotic interactions promoting

extinction that increases threats to rare species whose

ecological barriers are being disrupted by human activities

(Rhymer and Simberloff 1996). This can be particularly

relevant in islands that are typically rich in endemic

species showing ecological diversification (Brochmann

1984; Levin 2000).

Viola jaubertiana Marès & Vigin. is a narrow endemic

violet of the Balearic Islands (Majorca island). It is

restricted to small, fragmented, and scattered populations

of northern mountains, where the more distant populations

are located only 24 km apart. Viola jaubertiana is a sep-

arate and well-defined species that can be clearly

distinguished from other European violets on morpholog-

ical grounds. Further, isozyme analysis has revealed that V.

jaubertiana is also quite distinct from other species of

Viola subsection Viola (Marcussen and Borgen 2000).

Available evidence concurs that V. jaubertiana is a relict

and isolated lineage among European violets (Tchourina

1909; Schmidt 1961; Marcussen and Borgen 2000). The

ecological requirements of V. jaubertiana are unique

among European violets since it is the only species that is

strictly rupicolous and lives in inaccessible rocky places

and calcareous overhangs.

Viola jaubertiana is entirely glabrous and morphologi-

cally very uniform. However, several authors have reported

that individuals collected at the type locality (Gorg Blau;

Rosselló and Sáez 2001) were also hairy (Burnat and

Barbey 1882; Chodat 1924; Schmidt 1961; Mus et al.

2000). It has been suggested that these rupicolous, pubes-

cent plants resembling V. jaubertiana are putative hybrids

with V. alba Bess. subsp. dehnhardtii (Ten.) W. Becker, a

hairy violet growing in the area (Chodat 1924; Schmidt

1961; Mus et al. 2000). The latter is a Mediterranean

woodland species growing at Gorg Blau in the slopes of

evergreen-oak forests, in shady environments.

Circumstantial evidence supports the hybrid origin of

the hairy plants (called V. x balearica by Rosselló et al.

1991), like their low pollen and ovule fertility (Chodat

1924), their (usual) sterility (Rosselló unpublished data),

their irregular meiotic behaviour (Schmidt 1961), and the

somewhat mixed morphological features of V. jaubertiana

and V. alba subsp. dehnhardtii they present (Table 1).

However, other alternatives to the hybridization scenario

are likely and should be evaluated. First, pubescent speci-

mens related to V. jaubertiana could merely represent

infraspecific polymorphisms of labile characters (hairs) that

are also present in other species of subsection Viola. Sec-

ond, it could be argued that V. jaubertiana and V. alba are

sister species, and that these individuals showing interme-

diate morphology are the result of incomplete primary

divergence. Also, other evidence does not favour the

hybridization hypothesis. Violets show a reproductive sys-

tem involving showy chasmogamous flowers visited by

pollinators (insects), and self-pollinated flowers resembling

small buds (Culley 2002). Marès and Vigineix (1880), when

describing V. jaubertiana, reported that chasmogamous

flowers were sterile and only cleistogamous ones were

fertile. If these observations are correct (this is probably a

misinterpretation of the fact that chasmogamous flowers

frequently do not get pollinated and fail to set fruit), they

compromise the hybrid status of the deviating pubescent

plants, since there could not be a chance for pollen flow

between cleistogamous and chasmogamous flowers.

Hybridization is not a rare event among violet species.

However, most of the reported hybrids occur on ecotones,

disturbed and artificial habitats. Neuffer et al. (1999)

reported the presence of introgressive hybrids between V.

riviniana and V. reichenbachiana in non human-disturbed

Table 1 Diagnostic

morphological features between

V. jaubertiana, V. alba subsp.

dehnhardtii (Balearic

accessions) and the putative

hybrid (V. x balearica)

V. alba subsp. dehnhardtii V. x balearica V. jaubertiana

Leaf

Consistence Not coriaceous Not coriaceous ±Coriaceous

Lamina Dull, dark green Dull, pale green Glossy, dark green

Indument Hairy Hairy Glabrous

Stipules

Shape Linear-lanceolate Lanceolate Triangular

Fimbria Without glands With glands With glands

Sepals

Apex Obtuse Obtuse Acute

Indument Hairy Hairy Glabrous

Carpel

Indument Glabrous or hairy Hairy Glabrous
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habitats (pine forests) but suffering from air pollution.

Interestingly, the spread of violet hybrid populations was

correlated with the impact of pollution on habitat condi-

tions (Neuffer et al. 1999).

In contrast with these observations, putative hybrids of

V. jaubertiana and V. alba subsp. dehnhardtii occur in the

singular rupicolous and pristine habitats of V. jaubertiana.

Given these uncertainties it seemed appropriate to

examine the status of the pubescent violets resembling the

narrow endemic V. jaubertiana from the perspective of

molecular systematics. Molecular markers have been suc-

cessfully used to address taxonomic and evolutionary

questions at lower taxonomic ranks among a wide array of

organisms (Avise 1994). In this paper, we present an anal-

ysis of the internal transcribed spacers region (ITS) from the

nuclear 45S ribosomal cistron, and a non-coding chloroplast

region (trnT-trnL) from Balearic Viola accessions.

The aims of the study were, (1) to evaluate whether the

morphological polymorphisms detected in V. jaubertiana

are due to hybridization between this species and V. alba

subsp. dehnhardtii, and (2) to explore the phylogenetic

relationships of V. jaubertiana using ITS sequences.

Materials and methods

Plant sampling

Flowering specimens of V. jaubertiana (n = 15), V. alba

subsp. dehnhardtii (n = 16), and putative hybrids (n = 4)

were sampled from Gorg Blau site (Table 2). A single

accession of the putative hybrid collected from Gorg Blau

was also available from the living collections of the

Botanical Garden of Sóller (Majorca). Reference specimens

of V. jaubertiana and V. alba subsp. dehnhardtii were

sampled from distant sites from Gorg Blau, at populations

where no other species of subsection Viola do occur. A wild

collection of V. odorata from Minorca, the other species

from subsection Viola growing in the Balearic Islands, was

used for comparative purposes. For each individual, healthy

young leaves were placed in polyethylene bags filled with

silica gel. Voucher herbarium specimens are kept at the

herbarium of the University of the Balearic Islands (UIB).

DNA extraction

Total DNA of all specimens was extracted from dried

leaves using the CTAB protocol (Doyle and Doyle 1987),

scaled down to perform the process in 1.5 ml microfuge

tubes.

Nuclear ribosomal ITS sequences

ITS-1, 5.8S and ITS-2 sequences were generated for the

reference specimens of V. jaubertiana, V. alba subsp.

dehnhardtii, V. odorata, and putative hybrids. The whole

ITS region was amplified using the primer pair ITS-1/ITS-4

(White et al. 1990). PCR reactions were performed in a

20-ll solution, containing 75 mM Tris-HCl (pH 9.0), 5 mM

KCl, 20 mM (NH4)2SO4, 0.0001% BSA, 2 mM MgCl2,

Table 2 Nuclear and

chloroplast species-specific sites

in taxa of Viola subsect

Viola from the Balearic Islands,

and in putative hybrids between

V. alba subsp. dehnhardtii and

V. jaubertiana. Sequence

ambiguities follow IUPAC

codes: R denotes A or G, Y

denotes C or T, W denotes A or

T. The superindex indicates the

base with strongest signal in the

electrophoretograms

Population (sample size) ITS TrnT-TrnL GenBank

103 168 183 449 117 151 376

V. alba subsp.

dehnhardtii
Gorg Blau (n = 16) A C A T T A11 – EU430656,

EU434926

Puig Major (n = 1) A C A T T A11 – EU430657,

EU434925

V. jaubertiana Gorg Blau (n = 15) A T G A A A10 GAAAA EU430660,

EU434923

Mortitx (n = 1) A T G A A A10 GAAAA EU430659,

EU434922

Putative hybrids Gorg Blau -H1 A Y RA WT A A10 GAAAA EU430661,

EU434927

Gorg Blau -H2 A Y R WA A A10 GAAAA EU430662,

EU434928

Gorg Blau -H3 A YT RG WA A A10 GAAAA EU430663,

EU434929

Gorg Blau -H4 A YC R W A A10 GAAAA EU430664,

EU434930

Gorg Blau -H5 (from

botanical garden of Sóller)

A YC RA WA A A10 GAAAA EU430665,

EU434931

V. odorata Algendar (n = 1) G C A A T A12 GAAAA EU430658,

EU434924
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200 lM of each dATP, dCTP, dGTP and dTTP, 0.15 lM

of each primer, 5% DMSO, approximately 50–100 ng of

genomic DNA and 0.3 units of Netzime� DNA polymerase

from Thermus thermophilus. Amplification comprised an

initial denaturalization step of 3 min at 94�C, and 40 cycles

of 30 s at 94�C, 30 s at 57�C and 1 min at 72�C, and a final

extension step of 5 min at 72�C, in a Px2 thermal cycler

(Thermo Electron Corporation, Milford, MA, USA). The

PCR products were separated on 1.0% agarose gels and

purified using the High Pure PCR Product Purification Kit

(Roche Diagnostics). For sequencing, purified PCR

products were reacted with BigDye Terminator Cycle

Sequencing Ready Reaction (Perkin–Elmer, Applied Bio-

systems) using both amplification primers. The boundaries

of the ITS sequences and ribosomal coding regions were

determined by comparison with published sequences of

Viola species (Ballard et al. 1999).

Phylogenetic analysis

Phylogenetic reconstructions were performed using ITS

sequences from Balearic accessions of V. alba subsp.

dehnhardtii, V. jaubertiana, V. odorata, and sequences of

Viola subsection Viola obtained from several studies

(Ballard et al. 1999; Yockteng et al. 2003; Yoo et al.

2005; Malécot et al. 2007) and sequences available from

GenBank (Table 3). V. scandens (sect. Leptidium) was

used as the outgroup based on a previous ITS phylogeny

(Ballard et al. 1999). Phylogenetic reconstructions were

obtained by using a matrix of ITS sequences aligned with

Clustal X 1.81, after manual adjustment of sequences, and

implementing PAUP*4.0b10 (Swofford 2002). Phyloge-

netic analyses using heuristic searches were conducted

using Fitch parsimony with equal weighting of all char-

acters; polymorphic states were considered as

uncertainties, and indels were treated as missing data.

Support for monophyletic groups was assessed by fast

bootstrapping (1,000 resamplings) using the heuristic

search strategy. In addition, phylogenetic reconstructions

were also performed by distance-based methods. The

Kimura two-parameter distance model (Kimura 1980) and

the Neighbour-Joining method (Saitou and Nei 1987)

were used to construct a bootstrapped tree (1,000

resamplings).

Table 3 Species, provenances,

and codes of the GenBank

accessions used in the

phylogenetic analysis of Viola
subsect. Viola

Origin (code) GenBank References

V. alba Bess. subsp.

alba
Greece (GRE1) DQ358846, DQ358823 Malécot et al. (2007)

Cyprus (CYP1) DQ358847, DQ358824 Malécot et al. (2007)

Greece (GRE2) DQ358850, DQ358827 Malécot et al. (2007)

Cyprus (CYP2) DQ358848, DQ358825 Malécot et al. (2007)

Not reported (UNK) DQ358849, DQ358826 Malécot et al. (2007)

V. alba subsp. cretica
(Boiss.& Heldren)

Marcussen

Greece DQ358851, DQ358828 Malécot et al. (2007)

V. alba Bess. subsp.

dehnhardtii (Ten.) W.

Becker

Majorca (MAJ) EU430657 This study

Spain (SPA1) DQ358855, DQ358832 Malécot et al. (2007)

Spain (SPA2) DQ358854, DQ358831 Malécot et al. (2007)

France (FRA) DQ358853, DQ358830 Malécot et al. (2007)

Greece (GRE) DQ358852, DQ358829 Malécot et al. (2007)

V. sintenisii, W. Becker Not reported DQ358859, DQ358836 Malécot et al. (2007)

V. hirta L. Not reported DQ358856, DQ358833 Malécot et al. (2007)

V. hondoensis W.

Becker & H. Boissieu

Korea (KOR1) AY928296 Yoo et al. (2005)

Korea (KOR2) AY928272 Yoo et al. (2005)

V. jaubertiana, Marès &

Vigin.

Majorca EU430659 This study

V. odorata L. Minorca (MIN) EU430658 This study

Germany (GER) AF097250, AF097296 Ballard et al. (1999)

Not reported (UNK) AY148238, AY148258 Yockteng et al. 2003

EEUU (USA) AF097249, AF097295 Ballard et al. (1999)

V. suavis M. Bieb Not reported (UNK1) DQ358861, DQ358838 Malécot et al. (2007)

Not reported (UNK2) DQ358860, DQ358837 Malécot et al. (2007)

V. scandens Willd. Costa Rica AF097221, AF097267 Ballard et al. (1999)

172 Plant Syst Evol (2008) 273:169–177

123



CpDNA sequences

The trnT-trnL region of V. jaubertiana, V. alba subsp.

dehnhardtii, and V. odorata was amplified using the

primers a and b given in Taberlet et al. (1991). PCR

reactions were performed as above, except that DMSO was

not used, and the PCR program was set at an initial

denaturalization step of 3 min at 94�C, and 40 cycles of

50 s at 94�C, 50 sec at 53�C and 1 min 30 s at 72�C, with a

final extension step of 3 min at 72�C in a Primus 25

thermal cycler (MGW AG Biotech, Ebersberg, Germany).

Purified PCR products were sequenced as above.

Results

ITS and cpDNA species-specific markers in Balearic

Viola

Nuclear ribosomal ITS sequences were highly similar in the

three Balearic species belonging to subsect. Viola. ITS

sequences showed the same length (612 bp) and no indels

were hypothesized when they were aligned. Viola alba

subsp. dehnhardtii and V. jaubertiana differed by three

nucleotides in the reference accessions analyzed (Table 2).

Viola alba subsp. dehnhardtii and V. odorata could be dis-

tinguished by only two site mutations, whereas three

mutations discriminated V. jaubertiana and V. odorata.

Thus, species-specific markers were identified for the three

species of Viola. The T at the site 449 characterized V. alba

subsp. subsp. dehnhardtii, the T and G at sites 168 and 183

were diagnostic for V. jaubertiana, and the G at site 103

identified V. odorata. Sequences of the trnT-trnL cpDNA

spacer of V. alba subsp. dehnhardtii, V. jaubertiana and V.

odorata differed (Table 2) by a single site mutation, by the

variable length of a microsatellite (poly-A) motif, and by a 5-

bp indel (GAAAA). Lack of the GAAAA motif and the 11-

bp length of the microsatellite characterized V. alba subsp.

dehnhardtii. V. jaubertiana showed a species-specific point

mutation and a 10-bp length of the poly-A microsatellite,

whereas the 12-bp length of the microsatellite was the single

molecular marker singularising V. odorata.

Nuclear and cpDNA genotyping of Viola accessions

at the Gorg Blau site

ITS and trnT-trnL sequences of all V. alba subsp. de-

hnhardtii (n = 16) and V. jaubertiana accessions (n = 15)

were identical to those retrieved from the Balearic reference

individuals of both species. The ribosomal sequences of the

five putative hybrids showed additive nucleotides at the three

sites polymorphic for the pair V. alba subsp. dehnhardtii-V.

jaubertiana as estimated from direct sequencing (Table 2).

This is interpreted as the result of amplification of copies

inherited from both progenitors. No evidence for concerted

evolution was found at any of the three polymorphic sites.

However, putative hybrids differed by the equimolecular

amounts of progenitor repeats present in the direct electro-

phoretograms. CpDNA sequences of all putative hybrids

were uniform, and identical to those present in V. jaubertiana

accessions. No nuclear and chloroplast species-specific

markers of V. odorata, or other unrelated Viola, was detected

in any V. alba subsp. dehnhardtii, V. jaubertiana, and the

putative hybrid accessions at Gorg Blau. This agrees with

morphological observations indicating that only two species

of subsection Viola were present at the Gorg Blau site, and

involved in the hybridization scenario.

The phylogenetic relationships of V. jaubertiana

Phylogenetic analyses of Viola subsection Viola using

parsimony and distance methods were highly congruent and

only conflicted in the resolution of few terminal clades.

Parsimony analysis yielded 1,620 trees of 172 steps

(CI = 0.89, RI = 0.86, and RC = 0.77, including

V. alba subsp. dehnhardtii (SPA1)

V. alba subsp. dehnhardtii (SPA2)

V. alba subsp. dehnhardtii (FRA)

V. alba subsp.dehnhardtii (MAJ)

V. odorata (USA)

V. odorata (UNK)

V. odorata (GER)

V. odorata (MIN)

V. jaubertiana

V. hondoensis (KOR2)

V. suavis (UNK1)

V. suavis (UNK2)

V. hirta

V. sintenisii

V. alba subsp. cretica

V. alba subsp. dehnhardtii (GRE)

V. alba subsp. alba (GRE1)

V. alba subsp. alba (CYP1)

V. alba subsp. alba (GRE2)

V. alba subsp. alba (CYP2)

V. alba subsp. alba (UNK)

V. hondoensis (KOR1)

V. scandens

100
63/69

100
95/96

100
66/80

100
62/70

100

91/97
100

99/99

80
55/ -

100
90/92

54

100
52/68

Fig. 1 50% majority-rule consensus tree of 1,620 most parsimonious

trees of 172 steps from the analysis of members of Viola subsection

Viola (CI = 0.89, RI = 0.86, RC = 0.77). Viola scandens served as

the outgroup based on previous analyses (Ballard et al. 1999).

Combinable components appearing over 50% in the consensus tree

are shown above branches. Significant bootstrapping values obtained

in parsimony and distance (Kimura-two parameter and NJ) recon-

structions are shown below branches
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uninformative characters) and the 50% majority-rule con-

sensus tree is shown in Fig. 1. Viola hondoensis (from

Korea) appears as paraphyletic. One accession is sister to all

other species (except V. scandens) and the other sample is

part of the large polytomy including the remaining violet

ingroup. Further resolution was not recovered and a basal

polytomy including three highly supported clades was

shown in all analyses (Fig. 1). A first clade (BS = 95%)

included V. jaubertiana, V. odorata and all Western Med-

iterranean accessions of V. alba subsp. dehnhardtii samples.

However, the sister relationships of these three taxa were

not resolved using distance-based phylogenetic recon-

structions. The monophyly of V. alba subsp. dehnhardtii

and V. odorata was only moderately supported in (63 and

62% BS, respectively, in each case). A second clade

(BS = 92%) comprising members of the V. alba complex

(V. alba subsp. alba, V. alba subsp. cretica) plus an Eastern

Mediterranean accession of V. alba subsp. dehnhardtii, and

V. sintenisii. V. alba subsp. cretica and V. sintenisii

appeared as sister taxa, but this relationship was weakly

supported (BS = 55%), and was not supported in the NJ

tree. The third clade included monophyletic V. suavis

(BS = 99%) samples.

Discussion

Hybridization between V. jaubertiana and V. alba

subsp. dehnhardtii

The evaluation of the nuclear and chloroplast DNA

markers shown by the rupicolous, hairy individuals

resembling V. jaubertiana refute the hypotheses that they

are (1) morphological variants of the latter, (2) the result of

incomplete primary divergence between V. jaubertiana and

V. alba subsp. dehnhardtii, (3) another undetected violet

species from subsection Viola. On the contrary, available

evidence strongly suggests that these individuals are

hybrids generated by the cross between the Balearic

endemic V. jaubertiana and the Mediterranean V. alba

subsp. dehnhardtii.

Violets usually have weak barriers to interspecific gene

flow. Accordingly, hybridization has been frequently

reported among species (e.g. Valentine 1949, 1958, 1975;

Schmidt 1961; Krahulcova et al. 1996; Neuffer et al. 1999),

and it has been credited with an important role in hybrid-

ization and introgression in past and present evolution

within subsection Viola (Marcussen and Borgen 2000). In

fact, the presence of many duplications in genes encoding

isozymes in members of subsection Viola led to the sug-

gestion that this subsection, and the entire section Viola, is

paleotetraploid and of allopolyploid origin (Marcussen and

Borgen 2000).

In Viola, the identification of hybrids has been mainly

based on the evaluation of morphological, cytogenetic, and

embryological features (e.g. Schmidt 1961; Erben 1996;

Siuta et al. 2005). In sharp contrast, the use of molecular

markers to identify reticulation in violets has been to date

scarce. Only a few studies using isozyme (Marcussen and

Borgen 2000; Marcussen et al. 2001) and RAPD (Oh et al.

1998; Neuffer et al. 1999) markers have documented (1)

primary- and later-generation wild hybrids between

homoploid species in Viola (V. alba, V. chaerophylloides,

V. collina, V. hirta, V. mandshurica, V. odorata, V. patrini,

and V. variegata), and (2) recurrent hybridization and

backcrossing between diploid and tetraploid species

(V. reichenbachiana and V. riviniana).

The ribosomal region, composed by the 18S, 5.8S, and

25S genes, two internal spacers (ITS-1 and ITS-2) and the

intergenic spacer (IGS), is formed by hundreds to thou-

sands of tandem copies that are located in one or, more

usually, several ribosomal loci. Due to functional con-

straints the ribosomal multigene family usually evolves in

concert (Arnheim 1983) and all copies within and among

ribosomal loci are expected to be homogenized throughout

genomic mechanisms of turnover like gene conversion and

unequal crossing over (Dover 1994).

These mechanisms of concerted evolution tend to

homogenize sequences in genomic nrDNA arrays in a pro-

cess that operates within whole reproductive groups.

However, this process is not always operating or found

completed. When different ITS repeats belonging to ho-

meologous loci are merged within a single genome via

hybridization (including allopolyploidy) or introgression, the

speed and direction of homogenization cannot be predicted

and are not consistent across different descendant lineages

(Álvarez and Wendel 2003). F1 hybrids typically show ITS

additivity, but biased fast homogenization towards a parental

ribosomal sequence is already detectable in artificial F2

hybrids in Armeria (Fuertes-Aguilar et al. 1999). Thus, the

positive identification of parental lineages in hybrid deriva-

tives depends on whether the different ITS repeats are

maintained without recombination or homogenization (e.g.

Soltis and Soltis 1991; Ritland et al. 1993). When the dif-

ferent repeats undergo some degree of homogenization

giving rise to chimeric sequences (e.g. Buckler et al. 1997;

Nieto-Feliner et al. 2004), or one of the parental repeats

becomes dominant within the new genome (Wendel et al.

1995), the identification of plant hybrids and their progeni-

tors using these ribosomal markers remains elusive.

The presence of two divergent ITS repeats in the hairy

specimens of V. jaubertiana, showing the additive pattern

of V. alba subsp. dehnhardtii and V. jaubertiana, strongly

supports its hybrid origin from these progenitors, as pre-

viously hypothesized on morphological and cytogenetic

evidence (Chodat 1924; Schmidt 1961).
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The cpDNA is of maternal transmission in Viola (Harris

and Ingram 1991), but this inheritance has been only

checked in a single species, V. tricolor. If this maternal

inheritance is proven to be the rule in the genus, then

cpDNA data suggest that the gene flow between V. alba

subsp. dehnhardtii and V. jaubertiana is unidirectional and

identifies the endemic V. jaubertiana as the unique ovule

donor.

The additivity of the ITS sequences, together with the

pollen and ovule sterility, suggests that the sampled indi-

viduals are primary F1 hybrids, whereas no trace of

introgressive hybridization or hybrid zone has been evi-

denced by the nuclear and plastidial markers used. Low

hybrid fertility is apparently the most important constraint

in allowing introgression with V. alba subsp. dehnhardtii

and V. jaubertiana. This contrasts greatly with other

studies reporting introgressive hybrids of V. riviniana and

V. reichenbachiana, two species differing in ploidy level

but sharing one genome (Neuffer et al. 1999).

Hybridization processes at Gorg Blau affecting V. alba

subsp. dehnhardtii and V. jaubertiana are certainly not of

recent origin. In fact, herbarium specimens identified

morphologically as hybrids of the two species were col-

lected at this site as early as the XIXth century, dating back

to about 125 years ago (Gorg Blau, 4 june 1881, Barbey,

G). Collected dates from herbarium sheets indicate that,

since then, the hybrid was at least present in 1904 (Mus

et al. 2000), 1924, and 1947 (unpublished data). These

dates do not necessarily indicate simply an occasional

presence of hybrids as individuals have been observed

yearly since 1991 at Gorg Blau (Mayol, Mus, and Rosselló,

unpublished data).

What should be stressed is that all literature reports, field

observations, and labels of herbarium specimens, agree that

the hybrid plants are always rupicolous, and grow near V.

jaubertiana individuals. Both V. alba subsp. dehnhardtii

and V. jaubertiana show secondary dispersal via myr-

mecochory (Beattie and Lyons 1975), because the seeds

have an elaiosome that attracts ants that collect the seeds

and may disperse them a few meters away from the source

plant. This strongly suggests that successful gene flow

between both species is probably unidirectional, and that

all hybrid individuals have been originated from V. jau-

bertiana mother plants, in accordance with the results

presented here for extant hybrid individuals. However, the

occurrence of hybridization in the opposite direction can-

not be completely discarded. In this case, the hybrid could

be a weak competitor and therefore not persistent in the

habitat of V. alba subsp. dehnhardtii, with more dense

vegetation. The biological reasons behind this apparent

unidirectional gene flow are by no means evident. In fact,

asymmetric hybridization has been postulated for the pair

of diploids V. hirta and V. collina and it has been assumed

that V. collina alleles are more easily introgressed into

V. hirta than the contrary. (Marcussen et al. 2001). How-

ever, introgression takes place in both parental populations

(diploid V. reichenbachiana and tetraploid V. riviniana) of

hybrid swarms in Central Germany (Neuffer et al. 1999).

Members of subsection Viola live in habitats that are

often disturbed, and at least some European species seem

to be favoured by direct or collateral human activity

(Marcussen and Nordal 1998). Our study has shown that in

violets, hybridization is not restricted to either ecotones,

disturbed and artificial habitats, as usually reported. In fact,

hybrids between V. alba subsp. dehnhardtii and V. jau-

bertiana are present in pristine habitats and are restricted to

one of the parental environments (calcareous cliffs).

The phylogenetic relationships of V. jaubertiana

The Balearic endemic violet shows no strong morpholog-

ical affinity with any species of subsection Viola

(Marcussen and Borgen 2000; Mus and Rosselló unpub-

lished data). Several authors have postulated, on

morphological (Schmidt 1961) and isozyme grounds

(Marcussen and Borgen 2000) that V. jaubertiana repre-

sents a relict and isolated lineage among members of

subsection Viola. Interestingly, the phylogenetic analyses

of ITS sequences from available members of this subsec-

tion refute this view. The Balearic endemic never stands in

an ancestral position in the phylogenetic analyses. Rather,

it forms a well-supported (terminal) clade with the sym-

patric V. odorata and V. alba subsp. dehnhardtii. However,

further resolution between these three taxa is not possible

due to the high sequence similarity shared, and thus the

identification of the sister taxa of the Balearic taxa remains

elusive. The choice of other molecular markers showing

faster mutation rates are needed to solve this issue.

Evolutionary changes leading to contrasting morpho-

logical divergences could obscure sister relationships if not

properly analysed, as demonstrated in some species

showing a high level of morphological change (e.g. Sytsma

and Smith 1992). The endemic flora of the Balearic

archipelago is believed to contain a large number of old

lineages (palaeoendemic species, Contandriopoulos and

Cardona 1984). However, phylogenetic analyses of some

genera including several seminal species has revealed that

their stenochory is a consequence of a recent origin and no

hypotheses relating them to relict lineages could be sup-

ported (e.g. Hypericum balearicum L., Crockett et al. 2004;

Helichrysum crassifolium (L.) G. Don, Galbany-Casals

et al. 2004; Lysimachia minoricensis J.J. Rodr., Rosselló

unpublished data). Available data suggest that the same

also holds true for V. jaubertiana.

This species is restricted to chasmophytic habitats,

including step-crevices, vertical cliffs, overhangs and
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step-slopes. These environments are usually characterized

by singular plant communities of very limited distribution

(e.g. Simmons et al. 1998). These escarpment biotopes are

exceptional areas of species richness, hotspots of ende-

mism and refuge centres for relict taxa. As a rule, exclusive

chasmophytes tend to be suffruticose chamaephytes,

apparently adapted to insect pollination, with wind being

the prevalent method of dissemination of seeds and fruits

(Davis 1951). However, this biological syndrome does not

apply to V. jaubertiana. It is likely that the speciation

events leading to this endemic lineage were linked to

concomitant habitat shifts, from a woodland habitat typical

of the related V. alba subsp. dehnhardtii and V. odorata to

cliff environments. Thus, species boundaries could be later

reinforced by the acquisition of sterility barriers restricting,

but not annulling, interspecific gene flow among these

close relatives.
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ı̂les Baléares et dans la province de Valence (Espagne). Mai–

Juin, 1881. H. George, Genève and Bâle
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Malécot V, Marcussen T, Munzinger J, Yockteng R, Henry M (2007)

On the origin of the sweet-smelling Parma violet cultivars

(Violaceae): wide intraspecific hybridization, sterility, and

sexual reproduction. Amer J Bot 94:29–41

Marcussen T, Borgen L (2000) Allozymic variation and relationships

within Viola subsection Viola (Violaceae). Pl Syst Evol 223:29–

57

Marcussen T, Nordal I (1998) Viola suavis, a new species in the

Nordic flora, with analyses of the relation to other species in

subsection Viola (Violaceae). Nordic J Bot 18:221–237

Marcussen T, Borgen L, Nordal I (2001) Viola hirta and its relatives

in Norway. Nordic J Bot 21:5–17

Marès P, Vigineix G (1880) Catalogue raisonné des plantes vascul-
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