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ABSTRACT 

Riparian vegetation in temperate zones holds great environmental importance and thus 

its conservation should be a priority. Among riverine tree species, genus Populus 

stands out, being also a model organism in research. In this work, we present our 

results on the hybrid P. x canescens and its parent species P. alba and P. tremula, with 

special emphasis in P. alba with which backcrosses frequently occur. 

This study is limited to the river Douro basin (Spain) where the presence of hybrids has 

been previously reported. Nuclear microsatellite markers and Bayesian statistical 

analysis have been used for the detection of hybrids and purebred stands. The 

presence of individuals genetically close to ornamental cultivars is reported for the first 

time. This methodology has also made possible the study of clonality in the taxonomic 

continuum P. alba – P. x canescens. Our results highlight the existence of a small 

number of genotypes, one of them with triple alleles at several loci, accounting for most 

of the individual trees and stands. Possible causes leading to this situation are 

discussed in the text. Finally, concern about the present situation of P. alba genetic 

resources is brought up. 

RESUMEN 

La vegetación de ribera en zonas templadas tiene una gran importancia ambiental y su 

conservación es prioritaria. Entre las diversas especies arbóreas riparias, destaca el 

género Populus que, además, es un modelo de investigación científica. Aquí 

presentamos los resultados centrados en el híbrido P. x canescens y sus especies 

progenitoras, P. tremula y P. alba, con especial atención a esta última con quien suele 

retrocuzarse. 

El estudio se limita a la cuenca española del río Duero, donde previamente se había 

citado la presencia de híbridos. El uso de microsatélites nucleares y el posterior 

análisis de la información mediante estadística Bayesiana han permitido la detección 

de individuos híbridos así como de poblaciones parentales puras. También se informa, 

por primera vez, de la presencia de individuos genéticamente próximos a cultivares 

ornamentales, en condiciones naturales. Esta metodología también se ha aplicado al 

estudio de la clonalidad en el continuo taxonómico P. alba - P. x canescens. El estudio 

ha puesto de manifiesto la existencia de un reducido número de genotipos, uno de 

ellos presentando alelos triples en varios loci, que suponen la mayoría de los efectivos 

del grupo. En el texto se discuten las causas que puedan explicar este patrón y por 

último, se advierte del estado precario de los recursos genéticos de P. alba.  
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I INTRODUCTION 

Spanish riverine ecosystems have been drastically reduced by past human 

development. For example, in the Spanish Douro basin (78.952 km2), only 2.900 ha 

remain (Padró, 1992), many of them still endangered. Riparian vegetation provides a 

corridor for movement of biota, and is related to important ecological processes like 

provision of food, moderation of water temperature by evapotranspiration and shading, 

sediment filtration and nutrient control, and stabilization of riverbanks (Richardson et 

al., 2007). Riverine forests are mainly made up by willows and poplars (Salicaceae), 

and thus research on these species’ population genetics and dynamics holds great 

interest for conservation and restoration of native ecosystems. 

Populus is the most important model tree system for plant genomics (Sjödin et al., 

2006) and its choose early highlighted -Pauley called it the “guinea-pig” for forest-tree 

breeding, (Pauley, 1949)- responds to several advantages: small genome size, large 

number of molecular genetic maps, ease of genetic transformation, rapid growth, 

vegetative propagation ability and steady hybridization among several species within 

the genus (Taylor, 2002; Tuskan et al., 2006). Therefore, a wealth of knowledge and 

tools are nowadays available for researchers. 

The genus Populus belongs to the Salicaceae family and it has been divided into six 

sections (Eckenwalder, 1996) comprising ca. 29 species. Steady interspecific 

crossability is reported between species of a section as well as between species of the 

sections Aigeiros and Tacamahaca (Stettler et al., 1996) being also possible between 

other sections under artificial conditions. Populus alba L., white poplar, and Populus 

tremula L., European aspen, together with P. tremuloides, quaking aspen, and P. 

davidiana belong to the section Leuce which is the oldest of the genus (Cervera et al., 

2005). P. alba is placed in the Albidae subsection while P. tremula is placed in the 

Trepidae subsection. Interspecific crosses between P. alba and P. tremula, Populus x 

canescens (Ait.) Sm (grey poplar) occur naturally and are frequently found in Europe 

(Eckenwalder, 1996) living in sympatry with its backcross P. alba (Rajora & Dancik, 

1992; Fossati et al., 2004; Lexer et al., 2005; Van Loo et al., 2008).  

In the northern mid part of the Iberian Peninsula, where the river Douro basin is placed, 

three different Populus species can be found (P. nigra, P. alba and P. tremula) together 

with the hybrid P. x canescens. Here we will focus on the two latter species and mainly 

in their interspecific hybrid because of the scarcity of their natural populations and the 

need to gather reliable information prior to other conservation measures. 
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Populus alba, white poplar, is distributed in southern European watersheds, as well as 

in northern Africa and central Asia. It can be found close to the river banks and in the 

active zone of floodplain (Lexer et al., 2005). Indigenous status of this species was in 

doubt, thought to be introduced by the Romans throughout Europe. However, Roiron et 

al. (2004) recently reported the findings of leaf imprints in travertines in the South of 

France, dating from the Early Holocene (ca. 9000 BP). Unfortunately, specific citations 

of white poplar after the last glacial maximum in the study zone are missing although 

palinological data exist about the presence of unidentified Populus species, revealing 

its presence 8500 BP and from 4500 BP to present days (Franco Múgica et al., 2001).  

White poplar was included in the European Program of Forest Genetic Resources 

(EUFORGEN) although later to P. nigra (IV EUFORGEN Populus nigra meeting). It 

was supposed to be vulnerable because of habitat loss, but several countries (Austria, 

France, Russia, Belgium), reported it to be abundant in some cases, and not under 

major threats, contrarily to P. nigra. Thus, little information about extant genetic 

resources and genetic structure of wild populations exist 

(www.biodiversityinternational.org). Some exceptions are provided by Sabatti et al. 

(2001) who used RAPD to assess geographic variation in open-pollinated progenies 

from thirteen provenances and by Alba (2000) who used isozymes to characterize 

white poplar families, collected from seed, from east and south Spain. This last work 

did not include Douro basin. Both former studies found high levels of diversity within 

and between provenances, showing a geographical genetic structure. In Spain, the 

studies in this species have been aimed at breeding for salinity and drought resistance 

and unfortunately, no numeric information about summary genetic indexes is available. 

Recently, Brundu et al. (2008) published their findings about clonal P. alba diversity 

and structure in Sardinia (Italy). Genetic diversity as assessed by nuclear and 

chloroplast microsatellites, revealed a low number of genets (i.e. genotypes coming 

from sexual reproduction events), all of them multiramet genets, unique haplotypes and 

average nuclear genetic diversity (compared to other collections and a natural 

population in Italian Peninsula). Their work was preceded (Zapelli et al., 2005) by a 

survey in the same study zone, where only three widespread genotypes were found.  

Lastly, Lexer et al. (2005) analysed two more populations in Austria and in Romania, 

and later Van Loo et al. (2008) broadened the survey in Austria. However, results were 

not deeply discussed from a genetic structure point of view as the study was aimed at 

detecting P. x canescens. 
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Despite the scarcity of population genetics studies in this species it is well known as a 

drought, salinity and flooding tolerant species (see Sixto et al., 2006) and several 

countries keep white poplar genotypes for breeding purposes. Indeed, the main interest 

of this species at the EUFORGEN program was its use for breeding programmes and 

for reforestation. Contrarily to P. nigra, no threats have been considered dealing with 

hybridization between white poplar and cultivated clones, despite the widespread use 

of ornamental P. alba clones such as P. alba var. pyramidalis and the lack of 

information about effective population sizes in this species. 

Populus tremula, European aspen, can be found all over Europe, north of Africa and 

north-western Asia. It thrives in Atlantic and boreal mixed forests, and behaves as a 

pioneer species after disturbances (i.e. forest fires, landslides or avalanches). 

American aspen, Populus tremuloides is a close species that has been suggested to 

be merged with P. tremula (Eckenwalder, 1996). Although common elsewhere in 

northern Europe, Spanish populations of this species are valuable since they represent 

the south-western limit of its distribution. Historical documents several centuries old, 

show that trembling aspen was a common species in mountain areas in North Spain 

but, nowadays it is not a well-known species among foresters and populations are 

decaying (del-Peso et al., 2003). Valuable information about Spanish trembling aspen 

populations can be found in Sierra de Grado (2003). 

As well as white poplar, European aspen can steadily reproduce asexually, and stands 

are commonly made up of several genotypes (Suvanto & Latva-Karjanmaa, 2005). In 

America, clonality in P. tremuloides has been deeply studied (Namroud et al., 2005), 

with the clone “Pando”, claimed to be the biggest organism on Earth, starring some 

interesting research (de-Woody et al., 2008) particularly related to the possible link 

between triploidy or aneuploidy and extended clone size (Mock et al., 2008). 

Populus x canescens has been reported to occur throughout Europe (Amaral Franco, 

1964), and in Spain it can be found mainly in the Douro and Ebro basins and in the SE 

(Soriano, 1993). Similarly to P. alba and P. tremula it has been propagated by man and 

also occurs in the nearby of some human settlements in the Douro basin. Interestingly, 

in the same area, Populus x cerratensis hyb. nov., Castilian aspen, has been 

morphologically described as a backcross between P. x canescens and P. tremula 

(Oria de Rueda, 2003) similar to P. x hybrida Bieb. (P. x canescens x P. tremula).   

Similarly to P. alba, European countries taking part in EUFORGEN have focused in its 

interest for breeding but did not pay much attention to the conservation of extant 
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genetic resources. Oppositely, scientific studies highlight the importance of Populus 

hybrid zones because every hybrid zone can be regarded as an independent natural 

experiment (Lexer et al., 2005) allowing for a deeper insight into species formation, 

barriers between species and ecologic adaptation (Lexer et al., 2006). Other works 

have also studied P. x canescens and its hybrid status using isozymes, (Rajora & 

Dancik, 1992), AFLPs and a limited number of microsatellites (Fossatti et al., 2004) or 

chloroplast DNA AFLP and a high number of microsatellites (Lexer et al., 2005; Van 

Loo et al., 2008). They all confirmed the hybrid status of P. x canescens and observed 

many backcrosses towards P. alba but not or only a few backcrosses toward P. 

tremula. Van Loo et al. (2008) focused on the spatial genetic structure of both P. x 

canescens and P. alba. They found a stronger spatial genetic structure in the former, 

suggesting assortative mating and enhanced clonality in hybrids as the main causes. 

Traditionally, all P. x canescens citations in Spain have been based on morphological 

traits since this hybrid is reported to have mixed phenotypic characteristics from its 

parent species (e.g. leaves grey-tomentose beneath (P. alba) and suborbicular to ovate 

shape (P. tremula) (Oria de Rueda, 2002)). However, it is particularly difficult in any 

species to distinguish hybrids from pure-breds after several generations of 

backcrossing (Field et al. 2009; Valbuena-Carabaña, 2007; Lexer et al., 2005) and 

therefore more powerful methods should be used in order to detect introgression 

(Fossati et al., 2004). More robust hybrid detection methods are needed, for example, 

in selection of individuals for conservation or breeding programmes. Hybrid detection is 

also basic when conducting ecological studies of the parent species or the hybrid itself. 

During the last years, software based on Bayesian statistics has been developed and 

used for the reliable detection of hybrids (Vähä & Primmer, 2006). These methods can 

provide information about the hybrid status of the sample analysed when they use the 

information provided by highly polymorphic markers such as microsatellites. (Pritchard 

et al., 2000; Anderson & Thompson, 2002). 

 

II OBJECTIVES 

Despite its widespread distribution in Spain, Populus alba and Populus hybrid taxa are 

not well known and many populations are threatened (Sierra de Grado, 2003). This 

lack of reliable information is worrying for scientific reasons as stated above, as well as 

for environmental ones because white and grey poplar comprise valuable genetic 

resources, as it is shown by its wide ecological plasticity (Oria de Rueda, 2003). 
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Therefore in this study regarding the Douro basin P. x canescens hybrid zone, the 

following questions are issued: 

(i)  Can the hybrid status of previously selected stands be confirmed? 

(ii)  Has every stand been generated by independent hybridization events or have 

they been vegetatively propagated? 

(iii)  What can be said about the genetic composition of Populus x cerratensis hyb. 

nov.? 

(iv)  What can be said about genetic variation of white poplar in the Douro basin? 

(v)  Can white poplar ornamental clones be threat for natural populations? 

 

III MATERIAL AND METHODS 

III.1 Study site 

River Douro basin spans 97.290 km2 in northern Spain and Portugal, being the largest 

basin in the Iberian Peninsula. Surrounded by mountain ranges with heights above 

2.000 m.a.s.l., occupies a high plateau (most territories above 600 m.a.s.l.), tilt 

westwards. Approximate mean temperatures and waterfall along the course are 10.6ºC 

(Soria), 12.3ºC across the mid zone (Valladolid) and 12.7ºC (Zamora) in the lowest 

zone within Spain. This area contains many transitional boundaries between 

Mediterranean climate, convenient for P. alba, and Atlantic climate, preferred by P. 

tremula.  

This situation has probably provided several contact zones between both species. 

Accordingly, the presence of hybrids (Populus x canescens) in Douro basin has been 

reported at many different places across the whole watershed. Habitat description of P. 

x canescens in the study site is largely coincident with that of P. alba but also overlaps 

with isolated P. tremula stands at the eastern part. Interestingly, in that area, it has also 

been suggested the existence of backcrosses towards P. tremula (P. tremula x P. x 

canescens) (Oria de Rueda, 2003). 

White and grey poplars live in sympatry along riverine forests and are also commonly 

found in the close proximity of human settlements in formations known as “alamedas”. 

Most of grey poplar stands correspond to these human influenced areas while white 

poplar populations are represented to a higher extent in river banks. There, several 
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hundred meters long stretches of putative white poplar, are found intermittently along 

the mid and low parts of water courses. Typically, these stands along rivers are 

remarkably uniform: they share the same sex, show synchronized phenology, and no 

major phenotypic differences in leave shape, branching pattern or bark colour are 

found. All this evidence points to a clonal origin of many stands. 

Nowadays, traditional “alamedas” planted with local white or grey poplars, are being 

substituted by ornamental cultivars, mainly by P. alba var pyramidalis. Hybridization 

between these cultivars and local genotypes seems likely due to the proximity of local 

and foreign trees, compatibility between them and similar phenology, but all that has 

not been studied so far, and the consequences of such hybridization events are largely 

unknown. In order to detect such hybrids, two different common cultivars of P. alba 

were included in our analysis. 

III.2 Plant material sampling  

Plant material consisted of 111 samples of Populus x canescens-like, Populus alba-like 

and Populus tremula individual trees (Table S1 in supplementary data). Stands were 

selected on the basis of published data and our own field research in order to span a 

comprehensive area of the river Duero basin hybrid zone. Table 1 summarizes the 

information about the plant material used in this study. 

 

Table  1. Plant material analised in this study. N,  number of samples. 

Collector Putative species N Criteria for identification 
 

 

Villamediana & Sierra 2006 

 

 

P x canescens 

 

 

75 

 

 

Morphology and published data 

Escudero & Sierra 2009 P. tremula 9 Morphology and published data 

Santos, this work P. alba (ornamental) 2 Planted in public parks 

Santos, this work P. alba 8 

Castilla y León Regional 

catalogue for plant material 

reproduction (2007) 

Santos, this work P. alba-P. x canescens 17 Morphology 

 

In total, P. alba-like and P. x canescens-like trees were sampled from 11 different 

areas corresponding to tributaries or different stretches of the main river Douro. P. 

tremula samples were chosen from those stands growing in the closest proximity to the 
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hybrids to be determined. Figure 1 shows the situation of the 111 sampled points 

grouped according to tributaries of Douro river.  

As stated previously, the patchy distribution of these species, together with human 

influence and ease of asexual reproduction, point to a clonal composition of most of the 

existing stands. Therefore, only one sample from each stand was genotyped, trying to 

maximize diversity. When many trees grew together in a stand, they were visually 

inspected looking for differences in sex, catkin colour, leaf shape or bark colour. If 

differences where found, samples of each differing phenotype were analysed.  

III.3 Collection of genetic data 

Total genomic DNA was isolated from young leaves, buds or cambium either fresh or 

preserved at -80ºC after harvesting. Extraction was carried out according to Doyle & 

Doyle (1990) method, modified by Torres et al. (1993). No differences in DNA yield or 

amplification success were found depending on the plant material or preservation 

method used. DNA samples were amplified at 11 independent microsatellite loci with 

10 markers developed by Tuskan et al. (2004) and Van der Schoot et al. (2000), 

available at International Populus Genome Consortium website: 

http://www.ornl.gov/sci/ipgc/ssr_resource.htm. All markers had been previously 

assayed in Populus species of the Leuce section (Lexer et al., 2005; Fossati et al., 

2004; Mock et al., 2008). PCR amplification was accomplished in 10� l final volume 

containing 5-20 ng template DNA, 200� M of each dNTP, 0.1� M of each primer (one 

primer of each pair was fluorescently labeled with either HEX, 6-FAM or NED 

fluorescent dyes) 2.5 mM MgCl2 and  0.2 U Taq DNA polymerase in 1X reaction buffer 

(Applied Biosystems, Foster City, CA). Thermocycling conditions varied depending on 

the marker or set of multiplexed markers. Loci ORPM 30a (Linkage group, LG, I), 

ORPM 30b (LG III), PMGC 433 (LG VIII), PMGC 2852 (LG I), WPMS 5 (LG XII, XV), 

WPMS 12 (LG VI), WPMS 14 (LG V) and WPMS 20 (LG XIII) were amplified following 

Van der Schoot et al. (2000), setting 55ºC as annealing temperature. ORPM30a, 

ORPM30b, PMGC 2852 and WPMS 5 were multiplexed together as well as PMGC 

433, WPMS 14 and WPMS 20. Locus ORPM 127 (LG IV) was amplified following 

Tuskan et al. (2004) (50ºC annealing temperature) and for loci ORPM 220 (LG not 

available) and ORPM 344 (LG X) we used a touchdown protocol modified from Burke 

et al. (2002) with annealing temperatures decreasing from 55ºC to 50ºC for the first and 

from 60ºC to 55ºC for the second locus. 
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Amplification products were analyzed with an ABI Prism 310 (Applied Biosystems, 

Foster City, CA) after adding 20 � l formamide and 0.4 � l DNA size standard (ROX 500) 

to 2� l of amplified sample and denaturing at 95ºC for 3 minutes. When possible, more 

than one microsatellite was scored in multiplexed runs. Allele sizes were scored with 

GeneScan 3.7 software (Applied Biosystems, Foster City, CA) and binned as referred 

by Li et al. (2001).  

III.4 Data analysis and genet assignment 

In order to assign unique multilocus genotypes (MLGs) to individual sexual 

reproduction events we followed a method simplified from that of Mock et al. (2008). 

Unique MLG may be different because of somatic mutations, scoring errors or by 

sexual reproduction and it is important to discern them because of its impact in genetic 

diversity estimators and hybrid detection strategies. This method was only used for 

Populus alba and Populus x canescens samples among which many identical or close 

to identical MLG were found. It was not necessary for P. tremula since genotypes from 

the different chosen stands showed greater genetic distances with no identical 

genotypes. Graphs were built displaying the frequency distribution of pair-wise linear 

genetic distance between ramets (Peakall & Smouse, 2006). Lowest values of distance 

correspond to identical genotypes or close to identical genotypes assumed to be due to 

somatic mutations or scoring errors. On the other hand, highest values of distance 

correspond to reproductive events. The threshold value of distance for considering any 

MLG belonging to a particular genet was the lowest frequency value found between 

asexual and sexual distribution modes.  

Once every ramet was classified either as a single genotype or as belonging to a 

widespread genet, a map was drawn showing their distribution in the Douro basin 

(Figure 1). Because of the nature of our sampling strategy (i.e. one sample per stand), 

it is not possible to refer to single ramet genets. Instead, the supposition is made that 

all stands are made up of multiple ramets. Therefore we refer to “widespread genets” 

as those found in more than one independent stand. 

Several genetic parameters were estimated for the genets of each taxon and each 

allele per taxon in order to evaluate their differences and the contribution of each allele 

to describe diversity: alleles per locus (A), expected (He) and observed heterozygosity 

(Ho), minimum and maximum allele size, standard deviation for allele size, probability 

of genotype (Pgen) and probability of identity (PID). In some cases, triploid loci were 
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found for particular samples. For those few cases, only the two first alleles of triploid 

loci were considered having this no effects on their hybrid status. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Map showing the distribution of the genets sampled according to different zones 
within the basin. Diamonds represent P. alba, squar es P. tremula and triangles P. x 
canescens. Different colours have been chosen to de pict independent MLG except for P. 
tremula. 

 

We also provide information for both P. alba and P. x canescens about number of 

ramets, number of genets, number of widespread genets, size measured by the 

number and the maximum distance found between ramets belonging to a same genet. 

All parameters were calculated with GelAlEx software (Peakall & Smouse, 2006). 

Finally, Fst values between all possible taxon combinations were also estimated using 

SpaGeDi (Hardy & Vekemans, 2002). 
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III.5 Hybrid detection and taxon assignment 

Two different approaches, Bayesian and likelihood, were used to classify individuals as 

either pure breds or hybrids.  

STRUCTURE (Pritchard et al., 2000; Falush et al., 2003) and NEW HYBRIDS 

(Anderson & Thompson, 2002) are two Bayesian-based methods aimed to identify 

hybrid individuals making use of two different approaches. They differ in that 

STRUCTURE takes the nuclear admixture proportions (Q) for every sample as a 

continuum under the admixture model. That is, it assigns probabilities to have recent 

ancestry from a predefined number (K) of purebred populations, while NEW HYBRIDS 

estimates the probability of individuals to belong to a predefined set of hybrid or 

purebred classes (purebred parent species 1 or 2, F1, F2, backcross towards parent 

species 1 or towards parent species 2).   

STRUCTURE was also used to detect any sample with close genetic similarities with 

ornamental Populus alba cultivars. All runs were made under the assumption of 

correlated allele frequencies (i.e. linked loci due to admixture linkage disequilibrium, 

Falush et al. (2003)). A first batch of ten runs in which K was set to 3 made possible to 

remove them from the pool of data and then set K to 2. Estimating the number of 

clusters in the data, that is, choosing an optimal K, was not pursued because one of 

the assumptions of the program is Hardy-Weinberg equilibrium among individuals. Ten 

independent runs were repeated for K = 2 and then averaged with CLUMPP 

(Jakobsson & Rosenberg, 2006) software. Individual samples were assigned to 

purebred genetic pools whenever their Q was > 0.95 or < 0.05. Complementarily, 

individuals were considered as having mixed ancestry if their Q was between 0.05 and 

0.95. This threshold value was chosen after Lexer et al. (2005) who also tested this 

software for detecting P. x canescens hybrids. STRUCURE is widely used for detecting 

hybrids and, commonly, an arbitrary threshold of 0.9 is being used. However, as 

described in previous works (Rajora & Dancik, 1992; Fossati et al., 2004; Lexer et al. 

2005) P. x canescens hybrid zones are composed of a few early generation hybrids 

and more numerous backcrosses with P. alba. This situation makes inherently difficult 

the detection of late generation hybrids because the genome of P. alba is usually 

overrepresented (Lexer et al., 2005). That is why the threshold Q-values was set to 

0.05 and also why exceptions were to be made depending on the results of the 

likelihood method of assignment. No prior information of reference samples was used 

because the program performs similarly with and without prior information (Vähä & 
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Primmer, 2006) and because of inconsistencies of morphological classification for 

putative P. alba and P. x canescens samples are common. 

We also used the same samples with NEW HYBRIDS, with a predefined set of the six 

possible different classes. The program was run starting from several different points 

and checking for the convergence of results among runs as recommended by 

developers. For both Bayesian approaches, results were scored after a burn-in period 

of 10.000 and then 100.000 MCMC (Monte Carlo Markov Chains) runs. 

Finally, a simple likelihood assignment test as implemented in GenAlEx (Peakall & 

Smouse, 2006) was used to confirm the results given by Bayesian methods. A two 

dimensional graph was then made to visually inspect the given likelihood values. 

 

IV RESULTS 

IV.1 Genet assignment 

Frequency distributions of genetic distance for the P. alba – P. x canescens taxonomic 

continuum as showed by Figure 2 allowed to distinguish two local maxima and a lowest 

frequency distance class between them. That value was taken as a threshold for 

assigning individual multilocus genotypes (MLGs) to widespread genets. (Mock et al., 

2008) Consequently, one mismatch between samples was allowed. This although 

useful in this case, it is influenced by our sampling strategy and by the presence of 

widespread genets that account for more than one half of the analysed samples. 

Genetic distances between the two largest clones, increased the frequency of the 

classes of distance existing between them, making sharper the distribution of genetic 

distances due to sexual reproduction. 

Five different widespread genets were found in the data pool. They were found in 39, 

20, 13, 7 and 4 independent stands and were geographically clustered except in one 

case. Four different MLGs were detected in the largest P. x canescens (see next 

section for taxon assignment) genet and three in the largest P. alba one. All of them 

could be explained by a single mutational step. MLGs belonging to a widespread genet 

could also be explained by a scoring error due either to non amplification of single 

alleles or to non specific amplification of a microsatellite locus. Only one sample per 

genet was used for hybrid status and taxon assignment. 
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Fig. 2. Frequency distribution of distances between  P. alba-P. x canescens sample pairs. 
Y axis representing relative frequencies for each d istance class in X axis. 

IV.2 Hybrid status and taxon assignment 

All genets were included in a first screening aimed at detecting exotic genotypes 

corresponding to ornamental cultivars or their crosses with endemic individuals as 

showed by Figure 3. A 0.15 threshold for Q values corresponding to commercial 

samples group was chosen because no late generation backcrosses were expected. 

Six genets were classified as “non endemic”, including the two ornamental samples. 

Two further samples seemed to be first generation “ornamental x endemic” hybrids and 

were also removed from the pool for subsequent analysis. One of the removed genets 

(E2) corresponded to the widespread genet with no clustered geographical distribution 

mentioned above, including a single MLG 

 

Fig. 3. Bar plot of Bayesian clustering for K = 3. Red colour stands for P. tremula, blue for 
P. alba and green for Exotic genotypes.Y axis repre sents the Q of genotypes found in X 
axis.  
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The probability of identity (PID) calculated over 26 selected genets was 3 x 10-10 (Table 

2) and the Pgen values of the widespread genets located in the study zone ranged from 

2.6 x 10-6 to 4.8 x 10-13. Given the limited number of samples analysed, the markers we 

used proved to be suitable for studies at the individual and clone level. 

A final analysis aimed at detecting P. x canescens, shown in Figure 4, revealed the 

presence of seven hybrid genotypes with varying nuclear admixture proportions 

(0.268– 0.944), three putative F1 (C1, C5 and C6) and four backcrosses towards P. 

alba (C2, C3, C4 and C7). However the sample with the highest Q (0.944) did not allow 

confidence in classification, thus further evidence from likelihood assignments was 

needed.  

No sample previously classified as P. tremula (T1-9) showed evidence of introgression. 

Finally, all ten P. alba genotypes (10-19) now classified as pure, were at first 

ambiguously determined as P. x canescens or P. alba depending on subjective 

morphological criteria. 

Fig. 4. Bar plot of Bayesian clustering for K = 2. Red colour stands for P. Tremula and 
blue for P. alba Y axis represents the Q of genotyp es found in X axis.  

Likelihood assignments largely agreed with Bayesian assignments in taxon and hybrid 

status determination. Figure 5 shows the close grouping of P. alba and P. tremula 

genotypes while P. x canescens genotypes spread from F1 (C1 and C5 in this case) 

towards P. alba.  
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Figure 5. Simple likelihood assignment (positive va lues) of microsatellite-based 
genotypes. X axis: P. alba, Y axis: P. tremula. Previous taxon classification  was based on 
Bayesian admixture analysis. Blue diamonds: P. alba , green triangles: P. x canescens 
and red squares: P. tremula. 
 

Two samples deserved special attention for their classification. First, C5 had a slightly 

higher Q than expected for a F1, but this likelihood assignment, as well as visual 

inspection of genotypes, strongly points to a first generation hybrid. Second, C2 

genotype, previously classified as backcrossed hybrid, remained closer to other P. x 

canescens genotypes than to P. alba genotypes and was thus finally considered as a 

backcrossed P. x canescens. 

IV.3 Variability at microsatellite loci 

All 11 nuclear loci were polymorphic for P. tremula and P. x canescens while only 8 

were so for Populus alba. Globally 71 different alleles were detected, from which 26 

were private alleles, 17 of them found in P. tremula individuals. Conversely, P. x 

canescens showed only three private alleles. Most polymorphic loci across taxa were 

PMGC2852, ORPM30b and WMPS14, being ORPM30a the least variable displaying 

just two alleles. Observed (Ho) and expected (He) heterozygosities were highly 

variable among loci and also across taxa for a particular locus. Maximum values 

reached 100% observed heterozygosity in P. tremula for PMGC2852 and lowest values 

showed fixed alleles for P. alba at loci ORPM30a, ORPM127 and ORPM220. All 
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samples from the most widespread P. alba genet (A1) and only one sample (Tordomar) 

for the second most widespread one (A7) showed three alleles at some loci. For those 

loci only the two shortest alleles were considered in order to make easier the 

calculation of genetic diversity indexes.  

Table 2. Summary statistics for each species and mi crosatellite locus. A: number of 
alleles, Var: variance in allele size, Ho: observed  heterozygosity, He: expected 
heterozygosity, P ID: probability of identity. 

 P. tremula P. alba P. x canescens Total  

Locus A Var Ho He A Var Ho He A Var Ho He PID 

PMGC2852 8 54,1 1,000 0,796 4 27,9 0,700 0,595 6 42,4 1,000 0,776 4,9E-2 
ORPM30a 2 0,2 0,111 0,105 1 0,0 0,000 0,000 2 0,3 0,143 0,133 8,6E-1 
ORPM30b 8 29,9 0,889 0,833 3 27,4 0,600 0,585 6 69,3 0,500 0,694 4,9E-2 
WPMS5 3 65,5 0,111 0,438 4 37,7 0,700 0,695 4 6,9 0,143 0,684 6,3E-2 

ORPM127 4 26,1 0,333 0,599 1 0,0 0,000 0,000 3 20,0 0,429 0,357 4,4E-1 
ORPM220 3 9,7 0,778 0,586 1 0,0 0,000 0,000 4 1,0 0,333 0,514 1,8E-1 
ORPM344 4 28,2 0,889 0,611 2 0,9 0,667 0,444 3 8,5 0,714 0,541 1,6E-1 
WPMS14 3 9,0 0,333 0,290 5 38,7 0,700 0,645 7 69,1 0,571 0,765 1,8E-1 
PMGC433 3 22,8 0,444 0,364 3 3,3 0,700 0,585 3 22,6 0,714 0,602 1,3E-1 

WPMS20 5 23,5 0,556 0,710 3 11,6 0,400 0,445 3 31,4 0,714 0,520 1,5E-1 

WPMS12 7 41,4 0,333 0,772 6 40,8 0,800 0,750 6 8,1 1,000 0,724 5,1E-2 

Sum 50    33    47     

Overall 4,5 28,2 0,525 0,555 3,0 17,1 0,479 0,431 4,3 25,4 0,569 0,574 3,0E-10 

SD 2,2 19,5 0,319 0,231 1,7 17,4 0,323 0,291 1,7 25,2 0,296 0,194  

 

Fst values between P. x canescens and its parent species was, as expected, smaller 

than the displayed between the parent species themselves (P.alba - P. x canescens,  

Fst = 0.10, P. tremula-P. x canescens, Fst = 0.18, P. alba-P. Tremula, Fst = 0.33). Fst 

values also showed the closer relationship between P. alba and P. x canescens.  

IV.4 Geographical distribution of genets 

Hybrid stands were grouped in a much smaller area than reported, placed upstream 

the Douro basin, together with a further stand placed in the mid part. Two widespread 

genets, both of them supposed to be F1, were found (Clone C6 and C5). C6 (dark 

green triangles in Fig. 1) was found only along Arlanza riverside at four locations with 

the two most distant stands 50 km apart from each other. Clone C5 (pale green 

triangles in Fig. 1) had a wider distribution and was found in 13 locations. Most of the 

C6 stands were clustered at “El Cerrato” region. Remaining C5 stands were found 

many kilometers apart, one of them close to Douro river (Roa) and three more in a hilly 

area, 150 km distant from “El Cerrato” region.  
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White poplar genet distribution revealed two contrasting patterns. First, most (9/10) 

genets were found clustered at the eastern part of the study site and all but one were 

found at single stands (magenta diamonds in Fig. 1). Second, the center and west 

parts of the basin were exclusively occupied by two widespread white poplar genets 

(Clones A7, magenta diamonds and A1, blue diamonds). Clone A7 (20 stands) was 

intermingled, at a broad scale, with other white poplar genets at its eastern-most 

distribution, but occupied exclusively long stretches (> 50 km) of Pisuerga and Douro 

rivers. Stands from Pisuerga river plus a southern one, differed from others from the 

same clone at locus WPMS5 (297/297 vs. 297/299 allele pairs). River Pisuerga stands 

were unambiguously classified as P. alba while some of the remaining stands (e.g. 

Husillos), had been classified as P. x canescens as they showed intermediate leaf 

features between those of white poplar and European aspen. Clone A1 (39 stands) 

was found to be in contact with A7 stands but remained the only genet found in Tera, 

Esla, Sequillo and Valderaduey rivers as well as downstream Douro. 

Table 3. Number of ramets, genets, widespread genet s and maximum recorded distance 
between ramets of a single widespread genet. 

Taxon Ramets Genets  Widespread Genets Max distance (km) 
P. tremula 9 9 - - 
P. alba 68 10 2 148 
P. x canescens 22 7 2 150 

 

V DISCUSSION 

V.1 Presence of P. x canescens in the river Douro b asin 

Both Bayesian and simple likelihood analysis confirmed the presence of P. x 

canescens in the river Douro basin. As also reported in various European hybrid zones, 

F1 individuals and backcrosses with P. alba were inferred (Fossatti et al., 2004; Lexer 

et al., 2005; Van Loo et al., 2008). Nonetheless, the Douro Populus hybrid zone differs 

in that the number of first generation hybrids equals the number of late generation ones 

while in the Danube, Austria (the most extensively studied Populus hybrid zone) grow a 

few early generation hybrids, and a large number of individuals with nuclear admixture 

proportions close to P. alba (Lexer et al., 2006; Van Loo et al., 2008). Also the clonality 

patterns for this taxon are contrasting: Van Loo et al. (2008) reported 24 % multiramet 

genets with a maximum distance between ramets of a clone of 186 m in the Danube, 

while in our case all genets were supposed to form monoclonal stands (through visual 

inspection) and the most distant ramets from a single clone were found 150 km apart. 
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Typical Populus hybrid zones are reported to be the result of few first hybridization 

events (F1) and more numerous backcrosses towards one of the parent species 

(Stettler et al., 1996). The possibility that the low number of hybrid genotypes and the 

low number of backcrosses found are due to a lack of power in hybrid detection seems 

unlikely. The power provided by the 11 loci used in this study has been proven 

accurate and the Fst = 0.33 found between parent species, also allows an efficient 

detection of hybrids given the number of markers (Vähä & Pimmer, 2006). To that 

respect, our results seem closer to those observed by Fossati et al. (2004), in Northern 

Italy were they surveyed a Populus hybrid zone and found a majority of early 

generation hybrids. However, the number of hybrid genets sampled by them was 

higher (15) than in our study despite the lower sampling effort (50 samples along        

30 km). 

Most of P. x canescens stands and genotypes were located in an area named “El 

Cerrato” where no important rivers flow and where poplars tend to be found close to 

villages. Only one sample was found close to main river Douro and four further 

samples were collected in a hilly area named “Ayllón.” This uneven distribution pattern 

is hard to explain attending to the actual scarcity of riparian forests in “El Cerrato” and 

the low rainfall (<600 mm/year), that prevents the existence of these trees far from 

damp soils. However, this might not be the situation time ago. Palynological studies 

from a basic peatland found in El Cerrato reveal the presence of Populus species 

intermittently since at least 4500 years (Franco Múgica et al., 2001). Despite Populus 

pollen was not studied at the species level, because fossil pollen of Populus is usually 

present in very low quantities in sediment cores (Li et al., 2005) and because it is not 

possible to distinguish the pollen of P. nigra from that of P. alba and P. tremula 

(Baghwat & Willis, 2008) other genus found at the same levels like Fagus or Betula, 

indicate the possible existence of P. tremula in recent times because they are both 

Eurosiberian species. Present-day existence of P. x canescens could have arisen by 

the past coexistence of its parent species in this particular area. This has also been 

pointed out by Oria de Rueda (2003) when trying to explain the presence of what was 

described as backcrosses towards P. tremula (named Populus cerratensis hyb. nov.). 

Similarly, in “Ayllón” it can be nowadays found P. tremula and P. alba growing in close 

proximity. A deeper survey in that area looking for new hybrid stands might therefore 

be successful. 
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V.2 Presence of backcrosses towards P. tremula. 

As stated previously, the presence of backcrossed F1s towards P. tremula had been 

described for “El Cerrato” region on the basis of morphological features, showing these 

trees many similarities with P. tremula. Some other authors even considered these 

trees as purebred trembling aspens (Oria de Rueda, 2003). Contrarily, our results 

based on molecular markers and Bayesian analysis, do not support those hypotheses. 

Among the 19 stands classified as P. x cerratensis, three different genets were found. 

Two of them assigned to F1 and another one, the most widespread hybrid clone, with a 

nuclear admixture proportion closer to P. tremula. This last genet, however, was finally 

classified as F1 after a likelihood assignment and visual inspection of data. In order to 

assign this genet with greater confidence, but also to detect lower levels of 

introgression, a higher number of both P. alba and P. tremula genets as well as of 

molecular markers will be needed. It would be also advisable to generate simulated 

hybrid genotypes from parental purebred populations to calculate a confidence interval 

of Q for different hybrid categories. 

Anyway, on the basis of our data, the classification of those trees as P. cerratensis o P. 

hybrida seems to be polemic. Indeed, backcrosses towards P. tremula are extremely 

rare in nature as revealed by Van Loo et al. (2008). On one side, we found no evidence 

of such backcrossed status, further from phenotypic traits. And on the other side, most 

of what has been commonly classified as P. cerratensis turns out to be a massively 

spread clone. This wide distribution of a single genet could have created the delusion 

of watching closely related individuals of an endemic hybrid cross. 

V.3 P. alba genetic diversity and clonality  

Heterozygosity values in white poplar, seems to be highly variable. Brundu et al. (2008) 

studied two populations in Italy, the first one found in Sardinia (Ho 0.7) and the second 

one in Ticino, northern Italy (Ho 0.55) while Lexer et al. (2005) found lower values for 

two different populations, one in Romania (Ho 0.341) and another one in Austria      

(Ho 0.419). Italian populations were contrasting in their clonal distribution. No repeated 

genotypes were found in Ticino while in Sardinia almost half were multiramet genets. 

Our results (Ho 0.479) lay closer to those from Austria and Ticino, but are far from the 

Sadinian population.  

The scarce presence of different genets found in this study is clearly biased by our 

sampling strategy. Populus clonal growth follows a “guerrilla” strategy, with different 
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genotypes growing intermingled at a single stand (Ally et al., 2008), thus many small 

clones or single ramet genets could have been neglected. On the other hand, P. alba in 

Spain shows a great diversity in its phenotypic traits (Alba & Agúndez, 2000) allowing, 

to some extent, to distinguish between intermingled genets. In the eastern area of 

study, where most genotypes were found, a more thorough sampling should be carried 

out in order to better estimate genetic diversity which was not the aim of the present 

study. Sampling along riverbanks at given distances and looking for phenotypically 

divergent individuals among the stand could account for more reliable results. 

However, this sampling strategy is likely to be time and resource consuming because a 

high number of identical MLGs are expected to be found.  

On the other hand, the center and west parts of the basin were only occupied by two 

widespread white poplar genets. This is in sharp contrast with the high diversity 

reported for this species in Spain by Alba & Agúndez (2000), who studied Spanish 

white poplar populations from different river systems than us. Furthermore, the Iberian 

Peninsula seem to have acted, as molecular data suggest, as a glacial refugium for 

many tree species, including Populus nigra (Cottrell et al. 2005; Smulders et al. 2008). 

It is probable that the Iberian Peninsula had acted also as a glacial refugium for P. alba 

and thus high diversity values were expected to be found.  

V.4 Widespread genets distribution 

The maximum distance found between ramets from a genet (A1) was 150 km. To our 

knowledge, this is the most widespread Populus genet found in nature. Reports also 

exist about large (ca. 80 km) white poplar clones in Sardinia (Brundu et al., 2008) as 

well as for other Populus species, being a Populus tremuloides clone named “Pando” 

the most well known and studied example. Other Populus species that can reproduce 

clonally are P. euphratica, P. tremula and P. nigra. (Fay et al. 1999; Bruelheide et al., 

2004; Suvanto & Latva-Karjanmaa, 2005; Legionnet et al., 1996). Asexual reproduction 

in Populus seems to be highly dependent on local conditions (Frey et al., 2003) and it 

is enhanced in marginal habitats like southern prairies in the USA where P. tremuloides 

forms large clonal patches (Mock et al., 2008). 

The extremely low genet diversity compared to other parts of Spain, and compared to 

what one should expect from a survey close to a glacial refugium, remains hard to 

explain but can be related to the presence of widespread genets. The shielded 

situation of Douro basin together with a high mean altitude, since it flows across a 

plateau, can have prevented the open entrance of P. alba into it after last ice age and 
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until recent times. Those two white poplar widespread clones could have been among 

the first to come, finding no competence and spreading clonally along catchments.  

The present-day distribution of these two clones is also striking because they cover 

different river systems. A similar situation has been found in Sardinia with a clone 

spanning a vast area. There, both natural and human-mediated expansion were 

thought as most reliable (Brundu et al., 2008). 

The historic and even present scarcity of female P. alba could also have eased the 

appearance of P. x canescens clones in ancient times. The widespread grey poplar 

clones could be explained from a cross between abundant P. tremula and newly 

arrived P. alba. The present greater genetic diversity described for P. tremula, 

compared to that of P. alba and P. x canescens, is probably derived from an ancient 

wider distribution at lowlands together with other eurosiberian species (e.g. Pinus 

sylvestris or P. nigra or from criptic refugia like those described for Pinus pinaster by 

de-Lucas et al. (2009). 

Once first hybrid trees were germinated, clonal reproduction took place. Sexual 

reproduction, however, seems to have been a rare event given the low number of both 

white and grey poplar genotypes found. It has been reported an increased clonal 

reproduction ability for Populus F1 hybrids in Populus fremontii x P. angustifolia 

producing up to 4-fold more suckers than one parent species (Schweitzer et al., 2002). 

Also in the Danube valley P. x canescens clones were found to spread through slightly 

longer distances than P. alba, although many uncontrolled factors such as 

disturbances could account for those differences (Van Loo et al., 2008). 

Explaining why those particular white poplar clones were so successful is also a hard 

task and we can just suggest some hypotheses. Some triploid cultivated poplar clones 

are known for their good performance (e.g. Triplo). Similarly, a study on Populus 

tremuloides clonal structure revealed that among the biggest clones, there was a high 

prevalence of triple alleles (Mock et al., 2008). In our case, for clone A1 samples, we 

found three loci with triple alleles. Surprisingly, only one sample from 20 stand of A7 

clone also revealed triple alleles being advisable resampling that stand to discard 

cross-contamination as a possible cause for the results found. However, there is also a 

natural explanation for this finding. Addition of extra chromosomes or duplication of 

chromosome segments from breakage and merging can derive in increased number of 

alleles for a given marker as Rahman & Rajora (2001) suggested when found 

somaclonal variation in micropropagated P. tremuloides. On the other hand, white 
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poplar A1 clone can either show aneuploidy or triploidy explained by partial or complete 

non disjunction during gametogenesis (Bradshaw & Stettler, 1993). A cariogram study 

as well as controlled crosses and analysis of offspring or flow citometry measurements 

could shed light on the issue.  

It is interesting to point out that genus Populus has a polyploidy origin through a 

duplication of its genome as revealed by the sequence of P. trichocarpa genome 

(Tuskan et al., 2006). Soltis & Soltis (2000) reviewed the possible explanations for 

success of polyploids, like increased levels of heterozygosity and improved colonizing 

ability. Superior features of this clone, supposedly provided by its triploidy, could on 

one side make easier its colonization of the basin by natural means but also it has 

surely been helped by man. In fact some samples corresponding to A1 clone, were 

collected at traditional white poplar plantations.  

V.5 Exotic genotypes and introgression 

Including two different Populus alba garden cultivars in our analysis, allowed us to test 

the existence of natural-like stands closely related to them. Following this criteria, five 

genotypes were removed from the data pool. Despite their genotype did not match at 

every locus, the Bayesian clustering method implemented in STRUCTURE showed 

high confidence for this reclassification with no nuclear admixture from other inferred 

groups (Q > 0.95) in the purebred genotypes. Also the highly scattered distribution 

found for one of these genets, contrasting with the clustered distribution of P. alba and 

P. x canescens widespread genets, and the absence of somatic mutations, point to the 

hypothesis of the recent and exotic origin of those samples. 

Exotic P. alba cultivars are nonetheless very common and popular nowadays. They are 

extensively used in urban gardens but also in open air areas for environmental 

restoration purposes, in many cases outnumbering or substituting local genotypes. To 

the best of our knowledge, the extent of the presence of P. alba exotic genotypes has 

not been studied before despite the awareness for conservation of its sister species, P. 

nigra. 

P. nigra has been pointed out as the most endangered tree species of the floodplain in 

temperate zones (Lefèvre et al., 2001) because of habitat loss, population 

fragmentation and hybridization with cultivated clones. Many studies have been 

published reporting the presence of hybrids between cultivated poplars and wild P. 

nigra throughout Europe (see Vaden Broeck et al., 2005 for a review). 
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However, local populations of P. alba could be even more endangered than P. nigra in 

the study zone because of the extremely low effective population size according to 

number of different genotypes found in vast areas. The main reason found for the wide 

distribution of some genotypes is the ease for clonal propagation together with the lack 

of suitable conditions for seedling establishment after perturbations.  

 

VI CONCLUSSION 

1. The use of microsatellite markers allowed us to confirm the existence of a 

Populus hybrid zone in the Douro basin. 

2. This hybrid zone is located in a smaller area than expected. We found no 

evidence of nuclear admixture in most of the stands previously classified as hybrids. 

3. P. x canescens morphological identification performed poorly with our data. 

4. The number of hybrid genotypes found was rather low due to the existence of 

two widespread clones. 

5. Despite its similarity with P. tremula, hybrid trees classified as P. x cerratensis, 

seem to be an F1 rather than a backcross. 

6. Also, the number of P. alba genotypes was very low, influenced by the 

presence of two clones widely spread through the center and west of the basin. 

7. This diversity patterns were not expected for a temperate species, and they are 

in sharp contrast with other Spanish and European populations. 

8. One of the widespread clones shows triploidy or aneuploidy evidence, and this 

can have influenced its ability to spread clonally. The widespread clones found here 

deserve a deeper research to unveil their supposedly superior features. 

9. The lack of genetic variability across extensive areas of the basin, can be 

related to a recent colonization by asexual reproduction. 

10. At the study zone, P. alba can be considered an endangered species in the long 

term due to the scarcity of genotypes, the use of ornamental cultivars and eradication 

of natural stands or traditional “alamedas”.  

11. A more systematic survey will be needed to confirm these preliminary results. 
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Table S1. Sampled stands, tagged with location name  and arranged by collector 
and genotype. 

Stand  Collector  Genoype  
Junquera Villamediana & Sierra 2006 A1 
Valencia Villamediana & Sierra 2006 A1 
Abraveses Villamediana & Sierra 2006 A1 
Alija Villamediana & Sierra 2006 A1 
Becilla Villamediana & Sierra 2006 A1 
Benamariel Villamediana & Sierra 2006 A1 
Boadilla Villamediana & Sierra 2006 A1 
Calzadilla Villamediana & Sierra 2006 A1 
Castromonte Villamediana & Sierra 2006 A1 
Castroverde Villamediana & Sierra 2006 A1 
Florencia Villamediana & Sierra 2006 A1 
Frechilla Villamediana & Sierra 2006 A1 
Mayorga Villamediana & Sierra 2006 A1 
Micereces Villamediana & Sierra 2006 A1 
Mojados Villamediana & Sierra 2006 A1 
Pumarejo Villamediana & Sierra 2006 A1 
Toro Villamediana & Sierra 2006 A1 
Valdunquillo Villamediana & Sierra 2006 A1 
Venialbo Villamediana & Sierra 2006 A1 
VillSal Villamediana & Sierra 2006 A1 
Villalobar Villamediana & Sierra 2006 A1 
Villaroañe Villamediana & Sierra 2006 A1 
Villaseco1 Villamediana & Sierra 2006 A1 
Villaseco2 Villamediana & Sierra 2006 A1 
Hornillos3 Villamediana & Sierra 2006 A1 
Husillos Villamediana & Sierra 2006 A1 
Gema Villamediana & Sierra 2006 A1 
Villada Villamediana & Sierra 2006 A1 
Ardón Villamediana & Sierra 2006 A1 
ElPiñero Villamediana & Sierra 2006 A1 
Madridanos Villamediana & Sierra 2006 A1 
Matapozuelos1 Villamediana & Sierra 2006 A1 
Morales Villamediana & Sierra 2006 A1 
Zamora Villamediana & Sierra 2006 A1 
Boadilla2 Villamediana & Sierra 2006 A1 
Gomeznarro Santos Catalogo A1 
Torrelobatón Santos Catálogo A1 
Ampudia Santos A1 
Palencia Harinera Santos A1 
CevicoNav Villamediana & Sierra 2006 A2 
Fresnillo Villamediana & Sierra 2006 A3 
LaHorra Villamediana & Sierra 2006 A4 
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Milagros Villamediana & Sierra 2006 A5 
SMartRubiales Villamediana & Sierra 2006 A6 
Campillo Villamediana & Sierra 2006 A7 
Fuentespina Villamediana & Sierra 2006 A7 
Peñafiel Villamediana & Sierra 2006 A7 
Sardón Villamediana & Sierra 2006 A7 
Hornillos2 Villamediana & Sierra 2006 A7 
Matapozuelos2 Villamediana & Sierra 2006 A7 
Melida Villamediana & Sierra 2006 A7 
Husillos2 Villamediana & Sierra 2006 A7 
Tordomar Villamediana & Sierra 2006 A7 

Dueñas-estación Santos A7 
Tudela-autovía Santos A7 

Cobos Santos 1 Santos A7 

Valladolid-Cabildo Santos A7 

Reinoso Santos A7 

Santovenia Santos A7 

San Martín Valvení Santos A7 

Valoria Santos Catálogo A7 

Serrada-masc Santos Catálogo A7 

Peñaflor de Hornija Santos Catálogo A7 
Villanueva Santos Catálogo A7 
Zuzones Villamediana & Sierra 2006 A8 
Langa Villamediana & Sierra 2006 A9 
Baltanás Villamediana & Sierra 2006 A10 
CevBal Villamediana & Sierra 2006 C1 

Viana Villamediana & Sierra 2006 C2 
Villaumbrales Villamediana & Sierra 2006 C3 
Hornillos1 Villamediana & Sierra 2006 C4 
Valdecañas Villamediana & Sierra 2006 C5 
Roa Villamediana & Sierra 2006 C5 
Royuela Villamediana & Sierra 2006 C5 
Antigüedad1 Villamediana & Sierra 2006 C5 
Antigüedad2 Villamediana & Sierra 2006 C5 
Antigüedad3 Villamediana & Sierra 2006 C5 
Cobos2 Villamediana & Sierra 2006 C5 
Cuevas Villamediana & Sierra 2006 C5 
Villajimena Villamediana & Sierra 2006 C5 
CevicoTorre Villamediana & Sierra 2006 C5 
Losana Villamediana & Sierra 2006 C5 
Retortillo Villamediana & Sierra 2006 C5 

Cobos Santos 3 Santos C5 
Cobos1 Villamediana & Sierra 2006 C6 
BarbadilloMercado Villamediana & Sierra 2006 C6 
Cobos3 Villamediana & Sierra 2006 C6 
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Covarrubias Villamediana & Sierra 2006 C6 
Castro Villamediana & Sierra 2006 C7 

Alq9 Escudero & Sierra 2009 T1 
Paj1 Escudero & Sierra 2009 T2 
Hue1 Escudero & Sierra 2009 T3 
GomCI Escudero & Sierra 2009 T4 
Sal3 Escudero & Sierra 2009 T5 
RiaCI Escudero & Sierra 2009 T6 
PueCI Escudero & Sierra 2009 T7 
Man6 Escudero & Sierra 2009 T8 
Col2 Escudero & Sierra 2009 T9 
Lpa29OrnamentalVA Santos ornamental O1 
LpaB2 Santos ornamental O2 
Palencia-Huerta Santos E1 
Guaza Villamediana & Sierra 2006 E2 
NavSal Villamediana & Sierra 2006 E2 
Canal Ribas Santos E2 
Ampudia páramo Santos E2 
Merindad Sotoscueva Santos E2 
Tordesillas Santos Catálogo E2 
Serrada fem Santos Catálogo E2 
Lpa30Esgueva Santos E3 
Lpa32Briviesca Santos E4 
Lpa33PalenciaSur Santos E5 
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Figure S1. Allele frequencies by taxon over loci .
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Table S2. Nuclear admixture proportions per genotyp es given two clusters, as 
calculated by STRUCTURE software in ten independent  runs and averaged with 
CLUMPP software. 

 

Genotype  Q P. alba Q P. tremula  

T1 0.0060 0.9940 
T2 0.0208 0.9792 
T3 0.0159 0.9841 
T4 0.0236 0.9764 
T5 0.0110 0.9890 
T6 0.0195 0.9805 
T7 0.0107 0.9893 
T8 0.0093 0.9907 
T9 0.0088 0.9912 
A1 0.9855 0.0145 
A2 0.9795 0.0205 
A3 0.9918 0.0082 
A4 0.9873 0.0127 
A5 0.9915 0.0085 
A6 0.9920 0.0080 
A7 0.9846 0.0154 
A8 0.9921 0.0079 
A9 0.9924 0.0076 
A10 0.9880 0.0120 
C1 0.4162 0.5838 
C2 0.9444 0.0556 
C3 0.9182 0.0818 
C4 0.8673 0.1327 
C5 0.2679 0.7321 
C6 0.5056 0.4944 
C7 0.9072 0.0928 
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Table S3. Nuclear admixture proportions per genotyp es given three clusters, as 
calculated by STRUCTURE software in ten independent  runs and averaged with 
CLUMPP software. 

 

Genotype  
 

Q P. alba 
 

Q P. tremula  
 

Q Ornamental  
 

T1 0.0069 0.9891 0.0040 
T2 0.0064 0.9714 0.0222 
T3 0.0083 0.9774 0.0143 
T4 0.0144 0.9675 0.0181 
T5 0.0074 0.9846 0.0080 
T6 0.0180 0.9679 0.0141 
T7 0.0050 0.9893 0.0057 
T8 0.0064 0.9878 0.0058 
T9 0.0072 0.9868 0.0060 
A1 0.0208 0.0112 0.9680 
A2 0.1157 0.0149 0.8694 
A3 0.0064 0.0049 0.9887 
A4 0.0096 0.0067 0.9837 
A5 0.0096 0.0049 0.9855 
A6 0.0060 0.0041 0.9899 
A7 0.0070 0.0060 0.9870 
A8 0.0108 0.0050 0.9842 
A9 0.0069 0.0040 0.9891 
A10 0.0753 0.0060 0.9187 
C1 0.0362 0.5321 0.4317 
C2 0.0518 0.0417 0.9065 
C3 0.0366 0.0839 0.8795 
C4 0.0421 0.0936 0.8643 
C5 0.0469 0.8132 0.1399 
C6 0.0108 0.4333 0.5559 
C7 0.0138 0.0288 0.9574 
O1 0.9897 0.0042 0.0061 
O2 0.4257 0.3776 0.1967 
E1 0.9564 0.0084 0.0352 
E2 0.9855 0.0040 0.0105 
E3 0.9822 0.0099 0.0079 
E4 0.9622 0.0289 0.0089 
E5 0.3695 0.1242 0.5063 
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Table S4. Log likelihoods (shown as positive) for t he assignment of genotypes to 
predefined groups as calculated by GenAlEx software . 

 

Genotype  P. alba P. tremula  P. x canescens 

 
 A1 9,020 21,921 9,971 

A2 9,158 24,809 15,181 
A3 5,091 23,615 12,878 
A4 5,560 22,933 12,114 
A5 7,610 25,712 10,272 
A6 5,383 22,648 10,142 
A7 6,386 21,013 11,191 
A8 5,552 24,377 11,285 
A9 5,439 25,712 10,966 

A10 9,996 29,581 14,925 
T1 34,699 16,626 20,351 
T2 25,775 10,281 16,404 
T3 29,842 18,023 23,695 
T4 23,641 9,166 14,249 
T5 27,398 9,259 16,936 
T6 24,967 10,156 16,404 
T7 29,121 9,448 18,219 
T8 31,671 16,890 21,963 
T9 30,477 11,104 16,952 
C1 19,708 16,099 7,762 
C2 14,532 23,194 7,473 
C3 12,884 18,892 9,808 
C4 11,486 17,000 7,362 
C5 21,684 17,390 15,921 
C6 15,441 19,562 19,377 
C7 13,248 25,389 19,764 

 


