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Abstract

Random Amplified Polymophic DNA (RAPD) was used to
identify 89 Populus tremula trees sampled from different
Spanish origins. The combination of four primers provided a
set of four banding patterns that permitted the identification of
all genotypes with a high discrimination capacity. Some trees
located in the same stand or in near places showed the same
fingerprint, probably due to clonal propagation.

Multidimensional scaling analysis of the amplification bands
showed low genetic variability between different Spanish
origins, but two different groups could be distinguished. The
first one formed by individuals from the Northwest (León,
Lugo, Orense and Zamora) and Huesca; and the second one by
Huesca, Segovia and Navarra. Huesca province (near the
Pyrenees, in Northeast Spain) contained both groups, showing
high variability between individuals of the same origin. Anal-
ysis of the RAPD fingerprints from different origins showed
that Huesca had the greatest number of banding patterns in
common with others origins, suggesting a genetic flow from the
Northeast to the rest of the Iberian Peninsula.

Key words: DNA fingerprinting, PCR, RAPD markers, Populus Aspen.

Introduction

Interest in the culture of fast growing trees such as Populus
species for wood, fuel and fiber plantations has been developed
in the last few decades (ZSUFFA et al., 1984). Furthermore,
European aspen (P. tremula) may also be used for restoration
or creation of permanent forests. This species does not form
extended forests in Spain but appears in small groups dis-
persed in other main species forests (HUNTLEY and BIRKS,
1983). It has been suspected by foresters that these groups are
not formed by seedlings but by ramets vegetatively propagated
by root suckers. Thus, it is important to find a tool for identifi-
cation at the genetic level, especially if large scale plant pro-
duction by tissue culture is going to be used for reforestation
(BUENO et al., 1993).

Progress in Molecular Biology has permitted the develop-
ment of new analytical tools for taxonomic classification and
identification. RFLP have been used for clone differentiation in
poplars (KEIM et al., 1989; D`OVIDIO et al., 1991; FAIVRE-
RAMPANT et al., 1992). Nevertheless RFLP is time consuming
and expensive (CASTIGLIONE et al., 1993). Polymerase Chain
Reaction (PCR) (SAIKI et al., 1988) can be applied to different
techniques, for instance in PCR-RFLPs (AKOPYANZ et al., 1992).
This technique has been applied to Populus nigra (HEINZ,
1998). SSRs (HEARNE et al., 1992), have been isolated recently
in P. tremuloides (DAYANANDAN et al., 1998; RAHMAN et al. 1999).
AFLPs (ZABEAU and VOS, 1992) were used to study the genetic
diversity in P. nigra (WINFIELD et al., 1998). RAPD screening
(WILLIAMS et al., 1990; ERLICH et al., 1991) has some advan-
tages, e.g., only DNA nanograms are needed, it is rapid, less
expensive and there is no need DNA sequencing. RAPD mark-
ers have been used for DNA fingerprinting and for the study of
genetic and taxonomic relationships among poplar clones
(CASTIGLIONE et al., 1993; LIN et al., 1994; SIGURDSSON et al.,
1997; RANI et al., 1995).

In our study, DNA fingerprints by RAPD markers have been
used for identification of trees from European aspen popula-
tions of Spain. Sample size has been chosen proportionally to
the abundance of European aspen in each region. Collected
individuals have been micropropagated for reforestation pur-
poses.

A statistical multidimensional analysis of the banding
pattern obtained by PCR amplification of four selected primers
was performed. Also, a study of the genetic relationship
between populations was based on the presence of the different
fingerprints found. Fingerprinting with molecular markers will
be applied to conservation of genetic resources and breeding
programs.

Materials and Methods

Plant material

Plant material collection in the field was performed in eight
Spanish provinces. Two located in the Central Mountain
Range: Madrid (M) and Segovia (S); two near the Pyrenees
(Northeast): Huesca (H) and Navarra (N); and four in the
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Figure 1. – Map of  Spain with the sampling locations (•) of P. tremula
trees and  the different regions of origin studied (�). Approximate situa-
tion of  mountain-range connections is indicated. Coordinates are indi-
cated in the UTM system.

Figure 2. – RAPD fingerprints obtained by PCR amplification. Fig. 2A: primer OPA01, fig. 2B: OPA10, fig. 2C. OPA02 and
fig. 2D: OPP03. Each fingerprint has been identified by a letter placed in the upper margin of the corresponding lane. Bands
of the same size have been allocated a digit, which has been placed near the band for easier recognition of coincident bands
between fingerprints. λ PstI: λ DNA digested by PstI enzyme. Left margin digits indicate band molecular weight (kb).

Northwest: Lugo (L), Orense (O), Zamora (Z) and León (LE).
Sampling location Spain is represented in figure 1.

Root sucker leaves from 27 adult were collected in the
Central Mountain Range (Madrid and Segovia provinces).
Distance between samples locations range from 13 km to 63

km. In Pyrenean group, 35 adult trees located in Huesca and
Navarra provinces were analysed, with distances from 5 km to
55 km between sampling locations. In the third group
(Northwestern Spain) 27 adult trees were collected in León,
Lugo, Orense and Zamora (LE-L-O-Z) provinces. All four
provinces are considered a single region of origin, due to the
vicinity of sampling locations. Distances between samples
ranged from 2 km to 30 km (Tab. 2).

DNA extraction and amplification

Genomic DNA was extracted from 0.02 g leaf tissue following
the method described by DOYLE and DOYLE (1990). The sample
was macerated in a microcentrifuge tube with a sterile tip
before and after addition of the extraction buffer. DNA was
stored at 4°C for immediate use or at –20°C for longer preserva-
tion.

As concentration of extracted DNA is a limiting factor for
amplification, serial dilutions of DNA were tested. The DNA
concentration which gave a reliable band pattern for all
samples was selected (SÁNCHEZ et al., 1998).

Twenty six primers from Operon Technologies Inc. were used
for PCR amplification. The sequences of these primers are
given in table 1. The amplification reaction was performed in
12.5 µl, containing 10 mM of Tris-ClH (pH 8.3), 1.5 mM MgCl2
200 µM each of dATP, dCTP, dGTP and dTTP (Boehringer
Mannheim or Pharmacia), 0.5 units of Taq DNA polymerase
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(Boehringer Mannheim or Pharmacia), 0.2µM primer (Operon
technologies, Inc.) and 0.5 to 1 ng/µl of DNA. The mixture was
performed at 0°C and the reaction mix was overlaid with a
drop of mineral oil.

DNA amplification was performed in a ”Personal Cycler“
(Biometra) thermal controller programmed as follows: first
denaturation of 5 s at 95°C and 1 min 55 s at 92°C followed by
44 cycles, each of 5 s at 92°C, 55 s at 92°C, 1 min at 34°C and
2 min at 72°C, followed by one final extension cycle of 7 min at
72°C. The amplification products were stored at –20°C.

Amplifications were repeated in the same conditions with
Taq DNA polymerase from both Pharmacia and Boehringer
Mannheim brands, corroborating that banding patterns obtain-
ed with both enzymes were identical.

In this study of RAPD markers there is not information on
the mode of inheritance.

Electrophoresis in agarose gel

The amplification products were size-separated by gel
electrophoresis in 1% agarose with TAE buffer and run at 80 V
for 2 h. Gels were stained with 1 µg/ml of ethidium bromide.

Statistical analysis

A statistical analysis of the banding pattern has been per-
formed using the software packages, Statistical for Windows
Release 4.5 A. Statsoft, inc. (1993); and Population genetic
analysis (Pop gene Version 1.2, 1997). Cluster and Multidimen-
sional scaling analysis are performed using the dissimilarities
matrix of the NEI’s genetic distance (NEI, 1978) product on the
basis of presence or absence of bands by all four primers tested
in P. tremula individuals.

Results and Discussion

DNA concentration for PCR amplification appeared to be
critical for the perfect performance of further steps. The use of
a DNA concentration between 0.5 ng/µl and 1 ng/µl gave the
best results in reliability and repeatability of banding patterns
in gel electrophoresis (SÁNCHEZ et al., 1998). Higher concentra-
tions of the same DNA sample carried higher amounts of
phenolic compounds from the plant tissue that altered amplifi-
cation.

Four primers (OPA01, OPA02, OPA10 and OPP03) were
chosen, out of the 26 tested (Table 1), on the basis of the
number and frequency of polymorphisms produced among the
samples. The different banding patterns obtained by PCR
amplification (Figure 2) with the four primers mentioned
separated European aspen genotypes and could be used for
their characterization (Table 2).

In this study, each fingerprint has been identified by a letter
(Figure 2, Table 2). Five clones have been identified with a
single primer: No. 15 by a “V”, with primer OPA01 (Figure 2A
and Table 2); No. 17 by a “K” and No. 32 by a “T,” with primer
OPA10 (Figure 2B and Table 2); No. 12 by a “n” and No. 64 by a
“q”, with primer OPP03 (Figure 2D and Table 2). 

In the case of OPP03, the absence of bands has been consider-
ed a different pattern, named 0. the rationale for this is first
because patterns l, m and n of this primer have only one or two
characteristic bands but not several, as it is the case in other
primers studied. Second, the relatively high frequency (0.21) of
pattern 0 (no band) cannot be atributed exclusively to a tech-
nical failure. Therefore, it can be assumed that, at least in this
case, the no-amplification pattern is due to a variation in the
sequence where other individuals show amplification.

Other individuals can only be distinguished by the combina-
tion of all four banding patterns corresponding to the four
primers used (Table 2).

KLOOSTERMAN et al. (1993) defined the power of discrimina-
tion (PD) as: PD=1-Σ(Pi)

2 where Pi represents the frequency of
each genotype. In our study the indices i represent different
and independent fingerprints of a certain primer. Σ (Pi)2 for
primer OPA01 is 0.28, for OPA10 is 0.2, for OPA02 is 0.14 and
for OPP03 is 0.39. The probability of two individuals having
the same fours primers is: p = 0.28 x 0.2 x 0.14 x 0.39 = 0.003.
Therefore, the PD of this primer combination is: 1- 0.003 =
0.997. This mean that 324 individuals in a set of 325 may be
identified.

LIU and FURNIER (1993) found a single primer that discrim-
inated between 110 individuals of trembling aspen (P.
tremuloides) but this is probably due to the fact that these
trees were sampled in a bigger area (Michigan, Minnesota and
Wisconsin), therefore collecting individuals at longer distances,
thus showing a low consanguinity. The same authors found two
adjacent trees of P. grandidentata that had identical RAPD
genotypes for all four primers tested, suggesting that they were
members of the same clone.

36% of the trees from the same stand have the same band-
ing pattern for all the primers tested (Table 2). Again, this
suggests that these trees from the same stand are actually
ramets of a single clone propagated by root suckers that have
been extended through the stand (HEYBROEK, 1984). The other
64%, showed RAPD pattern differences between individuals of
the same stand, due to sexual reproduction.

In a few near stands, equal banding patterns have been
obtained, e.g., Balsaín stands 5 and 6 (trees No. 5 and 7)
separated at distances of 1 km. These relatively short distances
suggest a high degree of consanguinity, as shown in the similar
RAPD patterns. Even clonal propagation cannot be discarded,
since cases have been described of a single trembling aspen
clone that was extended throughout 80 ha by root suckers
(HEYBROEK, 1984). In the case of both Riaza stands 31 and 32
(Table 2: trees No. 29 and 30), equal banding patterns are
probably due to former intensive artificial plantations.

A high frequency of individuals from the same stand (36%)
had the same banding pattern for all four primers tested. We
considered them ramets of the same clone because the
probability of two individuals with different genome having the
same banding pattern is 1/325.

Cluster analysis (Figure 3) based in NEI’s genetic distance
matrix (NEI, 1978) distinguished six subgroups at 0.5 distance:
Two marginal subgroups and four major subgroups, three of
them (No. 3, 4, 5) composed by individuals from León-L-O-Z
and Huesca; and the fourth one (No. 6) from Navarra, Segovia

Table 1. – Primers used for PCR reaction; (+) means amplification, and
(–) no amplification. Primers and the corresponding code are from
Operon Technologies Inc.
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Table 2. – Fingerprints obtained by RAPD amplification with primers OPA01, OPA02, OPA10 and OPP03, in European aspen (Populus tremula)
individuals from different regions of origin. No.: number assigned to each sample; Stand/tree: the first alphanumeric character is the stand and the
second is the individual; Orig: origin, where the first letter is the province: H., Huesca; L., Lugo; LE., León; M., Madrid; N., Navarra; O., Orense; S.,
Segovia, and Z., Zamora. The second letter is the locality: Ai,  Aisa; Ast, Astorga; Ba, Balsaín; Bi, Biguezal;  Bo, Borau ;  Bu, Burgui; Ca, Canencia;
Cab, Cabrillanes; Cf, Canfranc; Cas, Castrocontrigo; Col, Coloma de Somoza; Cu, Cuellar; Fa, Fanlo; Is, Isaba; Ja, Jaca; Jus, Justel; La, La Jarosa;
Luy, Luyego;  Mag, Magaz de Cepeda; Na, Navafría; Ped, Pedralba de la  Pedrería; Por, Porto; Pu, Puente de la Reina de Panplona; Qui, Quintana
del Castillo; Q.C., Quintana y Congosto; Ri, Riaza; Sa, Sallent de Gallego; Sl, Saldaña; So, Somosierra; Via, Viana del Bollo; Vi, Villanua; and Vil,
Villagatón. A01, A10, A02  and P03, primers from Operon Technologies Inc. which show polymorphic banding patterns; Sm: symbol assigned to
clones which do not show differences. The letters in columns (under primer symbols) represent the different DNA fingerprints observed for each
primer. Bold letters indicate clones identified with a single primer; (–), not determined.

and Huesca. Similar results were also obtained by Multidimen-
sional Scaling analysis of the NEI’s distance matrix, with two
well delimited groups (Figure 4). The group integrated by trees
from Huesca, Segovia and Navarra origin showed small genetic
distances, in contrast to the other group León-L-O-Z and Hues-
ca. Local populations from Huesca show the highest variability.
Some P. tremula individuals of the same locality belong to the
groups and show high variability but in very different geo-

graphic origins the variability is low, as occurs in other forests
and cultivated species (LANHAM et al., 1998).

A schematic representation of clustered local populations
having at least three fingerprints in common is shown in
figure 5. Two main trends of genotypic relationship have been
observed, deriving from Huesca, as in the statistical analysis.
This suggests that the Northwestern population has maintain-
ed a genetic contact exclusively with the Pyrenean populations
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Figure 3. – Cluster analysis (dendrogram) based on the presence or absence of bands by all four
primers tested in P. tremula individuals, using NEI’s genetic distance. The geographic origin, was
designated by the sample number and the Province (H., Huesca; L., Lugo; LE., León; M., Madrid; N.,
Navarra; O., Orense; S., Segovia; Z., Zamora). Number 1, 2, 3 ,4 , 5 and 6 are subgroups at 0.5 linkage
distance.

Figure 4. – Multidimensional scaling analysis based on the presence or absence of bands by all
four primers tested in P. tremula individuals, using the dissimilarities matrix of the NEI’s genetic
distance. Groups represent genetic similarity. The geographic origin was designated by the
sample number and Province (H., Huesca; L., Lugo; LE., León; M., Madrid; N., Navarra; O.,
Orense; S., Segovia; Z., Zamora).

Figure 5. – Genetic flow. Geographic origins (province) containing more
than two fingerprints in common are united by a line. Huesca has the
greatest number of fingerprints in common with other origins. The
genetic flow follows the geographic position of mountain-ranges in
Northern Spain (Fig. 1). Province: H., Huesca; L., Lugo; LE., León; M.,
Madrid; N., Navarra; O., Orense; S., Segovia; Z., Zamora.

through the Cantabrian mountain-range, and has been isolated
from the Central population by the central plateau during the
wamer post-glacial period. The other trend of genetic flow has

been conserved between the Central population (Segovia and
Madrid) and that of the Pyrenees (Huesca and Navarra) trough
the mountain ranges (Figure 1). Furthermore, the higher ge-
netic diversity in the Huesca province is probably due to ge-
netic interchange with populations from Central Europe. After
the mid Holocene, the Northern margin of aspen distribution
area in Europe was displaced South, as a result of climatic
deterioration, and the range in the Alps increased (HUNTLEY

and BIRKS, 1983), probably as well as in the Pyrenees and the
rest of the mountains in the Iberian Peninsula.

A close relationship between the Northwestern population
and that from the Pyrenees has been found, and also between
the population from the Central mountain range and that from
the Pyrenees but not between Northwestern and Central popu-
lations. The pyrenean population showed the highest variability. 

Nevertheless, a deeper knowledge of European aspen genetic
structure through molecular markers may be helpful not only
for variability and improvement studies but also for identifica-
tion of clones and legal implications.
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Summary

The major objective of this paper was to provide basically
information about genetic variation within a 17 years old P.
strobus x P. peuce F1 hybrid population. The progeny trial
involved factorial mating among 5 female x 5 male parents.
The 25 families and the 2 parent species controls were artifi-
cially inoculated at age 2, 3 and 4, by using leaves of Ribes
nigrum L. heavily infected by the Cronartium ribicola. At age
6, the families were planted out at 3 m x 3 m spacing using a
randomized complete block design with 10 trees row-plot in
each of the three blocks. Eleven traits (blister-rust resistance
and growth traits among them) were assessed at age 17 and
the major results are presented here. (1). Highly significant
(p<0.01; p<0.001) differences among hybrid families for all but

one trait were found; (2) The male, female and male x female
effects were highly significant (p<0.01; p<0.001) for both
blister-rust resistance and growth traits; (3) The high parent
heterosis was negative whereas the mid-parent heterosis was
positive for all but one trait; mid-parent heterosis accounted for
27.3% for blister-rust resistance and 27.7% for volume growth;
(4) Tree survivors accounted for 86% for hybrid, 93% for
Balkan pine and only 21% for eastern white pine; (5) Good
general combiners, not only for growth, but for blister-rust
resistance, too, were found among eastern white pine parents
as four of 10 parents had positive significant gca effects for
blister-rust resistance and six for volume growth; (6) Highly
significant positive correlations were found among growth
traits, but no significant correlations between any growth trait
and blister-rust resistance; (7) A genetic gain of 11.5% in
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