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Molecular characterization of two natural hybrids from the Iberian
Peninsula: Ranunculus ×luizetii and R. ×peredae (Ranunculaceae)
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Abstract: Two nothospecies, Ranunculus ×luizetii and R. ×peredae (Ranunculaceae), were analyzed and discussed. For
this purpose, Amplified Fragment Length Polymorphism (AFLP) markers, nuclear rDNA sequences (ITS1, 5.8S and ITS2)
and pollen viability were conducted. The profiles of these hybrid samples were compared to their putative progenitors.
Several additive polymorphic sites detected in the ITS sequences of the hybrid samples (R. ×luizetii and R. ×peredae)
also confirmed their derived origins from ribotypes of their parental taxa (R. parnassiifolius subsp. parnassiifolius × R.
pyrenaeus; R. amplexicaulis × R. cabrerensis subsp. cabrerensis, respectively). Despite the lack of exclusive AFLP markers
reported in both hybrids, presumably due to effects of introgression, the concerted evolution of many rDNA polymorphisms
towards either of the parental ribotypes indicated their ancient origin. Pollen fertility estimation in R. ×luizetii presented a
mean value of 60.58%, which showed that hybrid samples are well established and fertile. However, a larger difference was
observed in R. ×peredae, where the mean value of pollen fertility was very low (18.91%).
Key words: Ranunculus amplexicaulis; R. cabrerensis; R. parnassiifolius; R. pyrenaeus; AFLP; hybrid; introgression; ITS;
pollen fertility

Introduction

Hybridisation is a well known natural phenomenon
and an important mechanism of evolution in plants
(e.g. Rieseberg 1995; Arnold 1997; Wissemann 2005).
However, the frequency of spontaneous hybridization
is not universal and differs between plant families
and genera, as demonstrated in multiple biosystem-
atics floras (Ellstrand et al. 1996). In natural habi-
tats, many spontaneous hybrids have been found in
the family Ranunculaceae, especially between species
of the genus Ranunculus (e.g. Hüber 1988). The ex-
traordinarily large hybridization potential of the but-
tercups has often been considered a result of the sym-
patric occurrence of different taxa, the overlap in flower-
ing periods, and the close phylogenetic relationships of
the parental taxa involved in each hybridization event.
Most of the hybrid combinations among Ranunculus
taxa are easily identified in the field, as show inter-
mediate morphologies compared to their sympatrically
parents.
Two hybrid taxa have been described in the sec-

tion Ranuncella of the genus Ranunculus: R. ×luizetii
Rouy (R. parnassiifolius subsp. parnassiifolius L. × R.
pyrenaeus L.) from the Pyrenees (Rouy 1893) and R.

×peredae M.Laínz (R. amplexicaulis L. × R. cabreren-
sis subsp. cabrerensis Rothm.) from the Cantabrian
Mountains (Laínz 1964; Cires & Fernández Prieto
2012). The occurrences of hybridization among those
species of Ranunculus have been suggested on the ba-
sis on morphological intermediacy of some individuals
found in the same habitat as their putative progenitors.
In spite of the molecular techniques, such as Ampli-
fied Fragment Length Polymorphism (AFLP) or Inter-
nal Transcribed Spacers of the ribosomal DNA (ITS),
that have made the detection of hybridization increas-
ingly easier and have many advantages over morpho-
logical data to reveal hybrids individuals (Allendorf et
al. 2001), only a few taxa of the genus Ranunculus have
been confirmed by molecular means (e.g. Hörandl et al.
2009).
In the present work, the hypothesis that morpho-

logical intermediate individuals have derived from nat-
ural hybridization in R. ×luizetii and R. ×peredae were
tested. For this purpose: 1) fertility of presumable hy-
brids was estimated, 2) nuclear rDNA (ITS) sequences
were analysed to verify additive profiles from both pu-
tative parents, and finally 3) AFLP analyses were used
to assess the relationship and genetic distinction or its
lack between the putative hybrids and their progenitors.
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Fig. 1. Morphological appearance and geographical distribution of Ranunculus ×luizetii and R. ×peredae.
Locality A (Ranunculus ×luizetii): Coll de la Creu de l’Eixol 2207 m (Espot, Lérida, Spain); 43◦10′35.4′′ N/4◦49′24.1′′ W; E. Cires
& J.A. Fernández Prieto; 31975 FCO.
Locality B (Ranunculus ×peredae): Portillo de las Yeguas, San Glorio 2095 m (Vega de Liébana, Cantabria, Spain); 43◦3′15.3′′
N/4◦44′21.2′′ W; A. Bueno & E. Cires 31976 FCO.

Material and methods

Plant material and DNA isolation
Fresh leaves from the specimens morphologically identified a
priori as putative hybrids Ranunculus ×luizetii,R. ×peredae
and presumable parental species were sampled from two lo-
calities in the Iberian Peninsula (Fig. 1). Hybrid identifica-
tion was based on the combination of parental morphologi-
cal characters (Fig. 1). Vouchers specimens were deposited
in the Herbarium of the University of Oviedo (FCO). Sam-
ples for molecular analyses were dried in silica gel and stored
prior to DNA isolation. DNA isolation was carried out using
the DNeasy Plant Minikit (Qiagen) following the manufac-
turer’s instructions.

AFLP analysis
AFLP analysis followed the protocol from Vos et al. (1995)
with minor modifications. DNA was isolated from silica gel-
dried material collected in the field, digested with restriction
enzymes EcoRI andMseI for 2 h at 37◦C and simultaneously
ligated to double-stranded EcoRI and MseI adapters. Pres-
elective amplifications were performed using primers with a
one base pair extension. In a second selective amplification,
the number of fragments was further reduced by primers
with a three base pair extension. For this second amplifica-
tion, 9 primer combinations were used: EcoRI-AAC / MseI-
CAT; EcoRI-ACG / MseI-CAT; EcoRI-ACT / MseI-CAT;
EcoRI-AAC /MseI-CTT; EcoRI-ACG /MseI-CTT; EcoRI-
ACT /MseI-CTT; EcoRI-AAC /MseI-CCAC; EcoRI-ACG
/MseI-CCAC and EcoRI-ACT /MseI-CCAC. Selective am-
plification products were sent to the Sequencing Services of
the University of Oviedo for fragment analysis: samples were
run on an automated DNA sequencer (ABI PRISM�3100,

Applied Biosystems) with an internal size standard GeneS-
can 500 (ROXTM, Applied Biosystems); and raw AFLP data
were collected and sized using the Genemapper 4.0 soft-
ware (Applied Biosystems). AFLP fragments were scored
as present (1) or absent (0), and used as a raw data ma-
trix Principal coordinates analysis (PCoA) was performed
on the Dice similarity matrix using Past 1.89 (Hammer et
al. 2001) to visualize the genetic relationships among all in-
dividual AFLP phenotypes.

Nuclear rDNA (ITS) amplification and sequencing
The ITS region (ITS1, 5.8S and ITS2) was amplified as a
single piece with primers 17SE and 26SE (Sun et al. 1994;
Hörandl et al. 2005). Amplification of selected regions was
carried out in 25 µL of reaction mixture (25 ng template
DNA, 2.5 µL of 10× PCR buffer, 2.5 mM MgCl2, 0.2 mM
dNTPs, 0.08 µM of each primer and 1 U of Taq DNA
polymerase, Invitrogen), in an Eppendorf Mastercycler Ep-
gradient S (Westbury, NY). After 5 min pre-treatment at
94◦C, PCR conditions were: 40 cycles of 1 min at 94◦C,
1 min at 56◦C, 1 min at 72◦C; plus a final extension of
10 min at 72◦C. All chromatograms were visually exam-
ined to correct possible misinterpretations of the computa-
tional routine. Sequenced data were assembled and edited
using ClustalW v.1.83 algorithm implemented in Geneious
Pro 5.3 (Biomatters, Auckland, New Zealand). IUPAC (In-
ternational Union of Pure and Applied Chemistry) sym-
bols were used to represent nucleotide ambiguities. All nu-
clear and plastid sequences have been deposited in GenBank
(JQ801610–JQ801633). Phylogenetic trees were constructed
using the MEGA v. 5.0 (Tamura et al. 2011) packages with
p-distances and the neighbour-joining (NJ) method (Saitou
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Fig. 2. Principal coordinates analysis (PCoA) from AFLP data and neighbor-joining (NJ) tree derived from ITS sequences for the
hybrids Ranunculus ×luizetii and R. ×peredae and their presumable parental species. A) Pyrenean population of R. ×luizetii (filled
diamonds: �), R. parnassiifolius (open squares: �) and R. pyrenaeus (open triangles: �). B) Cantabrian population of R. ×peredae
(open circles: ◦), R. amplexicaulis (filled triangles: �) and R. cabrerensis (filled squares: ).

& Nei 1987). Bootstrap values were calculated from 1000
replications using the MEGA program.

Pollen stainability
Pollen was obtained from several anthers from different flow-
ers of a single plant. Pollen was cleaned and dried on the
slide by the addition of ethyl alcohol (70 and 96%). Sub-
sequently, the pollen slides were prepared according to the
method of Wodehouse (Wodehouse 1935), using methylene
blue dye. The preparation was then covered with a cover
slip, and after that the slides were examined under a light
microscope. Pollen fertility, indicated by pollen stainabil-
ity, was estimated by counting 500 mature pollen grains:
darkly stained pollen grains were recorded as fertile and vi-
able, meanwhile unstained or very lightly stained ones were
considered as sterile or non-viable. Pollen fertility was cal-
culated by dividing the number of viable pollen grains by
the total number of grains counted in the field of view, and
averaging them for all plants in that species. Then, pollen
viability was expressed as percentage pollen fertility in each
plant species, and also pollen fertility range was recorded
by taking the lowest and highest values of pollen viability
percentage.

Results

PCoA analyses based on AFLP data (Fig. 2A-B) re-
vealed the genetic intermediateness of the hybrid sam-
ples (R. ×luizetii and R. ×peredae) with respect to
those of the parental taxa and the samples analysed
clustered into three separate groups in each of the hy-
brid populations. In the case of R. ×luizetii population,
the first and second axes explained 33.16 and 23.33%
of the total variation, respectively (13.71% in the case
of axis 3, not shown). On the other hand, the first and

second axes of R. ×peredae population explained 41.49
and 15.35% of the total variation respectively (axis 3 ex-
plained 10.78%, not shown). Concerning to the nuclear
rDNA (ITS), the main differentiating characters be-
tween the hybrid and its parents are summarized in Ta-
ble 1. The hybrid accessions of R. ×luizetii showed ad-
ditive polymorphisms at the 3 sites where both parents
differed in sequence meanwhile the hybrid R. ×peredae
showed 2 additive polymorphic sites. Pollen fertility re-
sults are given in Table 2.

Discussion

Natural hybridization occurs widely in plants and has
a significant role in their evolution (Arnold 1997) with
important consequences in conservation biology (Geno-
vart 2009). Our study has demonstrated the hybrid na-
ture of Ranunculus ×luizetii and R. ×peredae collected
from the Pyrenees and the Cantabrian Mountains, re-
spectively. In both cases, the intermediacy of morpho-
logical characters and the additive patterns of AFLP
bands in these hybrid samples allowed us to demon-
strate hybridization events between the two presumed
parents. The hybridization between these two taxa was
also confirmed in our study through the analysis of ITS
sequences that showed additive polymorphic sites as
well as the assessment of pollen fertility. The absence
of exclusive AFLP bands in the hybrid samples with
respect to their parents indicates that these taxa were
involved in the crosses that originated the hybrids and
that the hybridization events likely occurred in rela-
tively recent times. However, introgression effects seem
the most likely explanation for this phenomenon be-
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Table 1. Summary of the nucleotide site variation of the Internal Transcribed Spacers (ITS1 and ITS2) in the hybrids Ranunculus
×luizetii and R. ×peredae and their presumable parental species. Additive polymorphic sites are denoted using IUPAC ambiguity
symbols. For each sample, the GenBank accession number is indicated.

Nucleotide position ITS region
Taxon GenBank

0 0 0 1 1 2 4 4 4 5
7 8 8 3 4 1 3 3 6 9
3 0 1 4 2 3 3 4 1 0

R. parnassiifolius 1 JQ801610 T C G T T T C R C G
R. parnassiifolius 2 JQ801611 T C G T T T C R C G
R. parnassiifolius 3 JQ801612 T C G T T T C R C G
R. parnassiifolius 4 JQ801613 T C G T T T C R C G
R. ×luizetii 1 JQ801614 Y T G Y C C Y G T A
R. ×luizetii 2 JQ801615 Y T G Y C C Y G T A
R. ×luizetii 3 JQ801616 Y T G Y C C Y G T A
R. ×luizetii 4 JQ801617 Y T G Y C C Y G T A
R. pyrenaeus 1 JQ801618 C T R C C C T G Y A
R. pyrenaeus 2 JQ801619 C T R C C C T G Y A
R. pyrenaeus 3 JQ801620 C T A C C C T G C A
R. pyrenaeus 4 JQ801621 C T R C C C T G Y A

Nucleotide position ITS region
Taxon GenBank

0 0 0 1 1 1 2 4
4 6 9 0 3 6 0 1
2 9 2 9 1 6 6 6

R. amplexicaulis 1 JQ801622 – T C C A A G C
R. amplexicaulis 2 JQ801623 – T C C A A G C
R. amplexicaulis 3 JQ801624 – T C C A A G C
R. amplexicaulis 4 JQ801625 – T C C A A G C
R. ×peredae 1 JQ801626 A C T T G G K M
R. ×peredae 2 JQ801627 A C T T G G K M
R. ×peredae 3 JQ801628 A C T T G G K M
R. ×peredae 4 JQ801629 A C T T G G K M
R. cabrerensis 1 JQ801630 – C T T G G T A
R. cabrerensis 2 JQ801631 – C T T G G T A
R. cabrerensis 3 JQ801632 – C T T G G T A
R. cabrerensis 4 JQ801633 – C T T G G T A

Table 2. Comparison of pollen fertility in the hybrids Ranunculus
×luizetii and R. ×peredae and their putative parental species.
The values are given as range of values and means with standard
deviation of the mean (S.D.). n: number of examined plants.

Pollen fertility percentage
Taxa n

Range Mean ± S.D.

R. parnassiifolius 6 33.20–95.05 78.70 ± 24.12
R. ×luizetii 3 9.45–88.49 60.58 ± 44.34
R. pyrenaeus 4 40.78–93.04 76.60 ± 24.22
R. amplexicaulis 3 85.28–91.47 88.69 ± 3.14
R. ×peredae 4 8.53–29.69 18.91 ± 11.36
R. cabrerensis 3 75.18–94.79 87.64 ± 10.90

cause if we consider nuclear rDNA sequences (ITS1,
5.8S and ITS2), occur the expected biased concerted
evolution of the rDNA sequences towards one of the
parental genomes, characteristic of more ancient hy-
brids (Fuertes Aguilar et al. 1999; Nieto Feliner &
Rosselló 2007).
The Pyrenees and the Cantabrian Mountains have

been recognized as a secondary contact zone for hy-
brid swarms of several plant species (Hewitt 1996,
2000; Lihová et al. 2007), however we should noted
the scarcity of the hybrid individuals detected of R.

×luizetii (around 20 individuals in the study popula-
tion; without data about the number of populations in
the Pyrenees) and R. ×peredae (a single known pop-
ulation with about 7 individuals). Consequently, these
hybrids should be considered as naturally very rare and
included in National catalogues of endangered taxa and
Red Lists. Despite this rarity, the conservation of the
hybrids R. ×luizetii and R. ×peredae may not pose se-
rious problems because they benefit from conservation
policies devoted to its coexisting parent R. parnassi-
ifolius subsp. parnassiifolius and R. cabrerensis subsp.
cabrerensis.
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