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ABSTRACT

Abstract
This thesis describes the genetic composition of indigenous oak populations in the
Netherlands using two different molecular marker techniques, AFLP and
microsatellites. No diagnosticAFLP marker wasfound that could differentiate between
Q. roburand Q.petraea,but five species-indicative AFLP markers were observed. This
indicates that the two oak species are closely related. AFLP and microsatellite analysis
of an ancient woodland described large Q. roburand Q. petraea clones with diameters
up to 5.8 m. Such large clones are an indication for the old age of such woodlands that
have a history of coppicing and grazing. As indigenous oak populations in the
Netherlands suffered from large scale deforestation and have been coppiced and grazed
for centuries, it was expected that the genetic variation of such populations would be
low. However, the genetic variation observed for two indigenous Q. robur populations
was as high as for unmanaged French and German Q. robur populations. Molecular
markers that are closely linked to quantitative trait loci (QTLs) controlling ecophysiological and morphological traits can be used in ecology and forestry. Therefore,
a genetic linkage map of Q. robur was constructed and QTLs controlling ecophysiological and morphological traits were located.
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General introduction

The genetic composition of indigenous QuercusroburL. and Q.petraea (Matt.) Liebl.
populations
Indigenous or autochthonous - both words are used as synonyms - populations of
Quercus robur L. (pedunculate oak) and Q. petraea (Matt.) Liebl. (sessile oak) are
populations that have occurred in an area since their establishment after the last ice age
(14,000 years B.P.). About 8,000 years ago Q. robur and Q. petraea established
themselves in the Netherlands. Such populations are assumed to be valuable as they are
expected to be adapted to the local environmental and climatic conditions. Moreover,
the disappearance of indigenous populations will always be a genetic loss (Maes 1993).
For that reason, interest grew in conservation and propagation of indigenous Q. robur
and Q. petraea trees. However, knowledge about indigenous Q. robur and Q. petraea
populations has so far been poor, especially for populations in the Netherlands. So far,
indigenous populations in the Netherlands have been recognized based on a few
guidelines determined by Maes (1993): 1. Cultivars can never be indigenous. 2. Trees
must be old or there must be old coppices present. 3.The trees or shrubs do not seem
to be planted (no clear rows). 4.The area lies within the natural range of dispersion of
the species. 5. The area was covered with forest on maps of 1830-1850. 6. The area
shows ecological characteristics of the natural area of prevalence of the species.7. There
are indicator species indicative for old forest (undisturbed soils) growing in the area. 8.
In the surroundings the species grows on several similar areas. Besides, for the
Netherlands it is known that Q. petraea has almost never been planted during the
course of history. Therefore Dutch Q. petraea populations can be stated with more
certainty to be autochthonous than Q. robur populations. So far, based on Maes'
(1993) indications, several Q. roburand Q.petraeapopulations in the Netherlands have
been pointed out as indigenous populations. However, asMaes' (1993) method for the
identification of indigenous populations only gives indications, it is necessary to
analyze these presumed autochthonous populations with other (objective) tools in
order to analyze them for their autochthonicity, history, age, structure, and quality.
This implies that ecological studies only will not be sufficient. There is a need to study
the genetic composition of these populations. The best way to study this genetic
composition is by means of molecular DNA markers.
Studies of indigenous populations of Q. robur and Q. petraea in several
European countries using molecular markers have revealed information about
postglacial recolonization routes (Petit et al. 1993; Dumolin-Lapègue et al. 1997; Petit
et al. 1997), genetic variation and structure (Kremer et al. 1991; Petit et al. 1993;
Moreau et al. 1994; Zanetto et al. 1994; Samuel et al. 1995; Zanetto & Kremer 1995;
Bodénès et al. 1997a,b; Streiff et al. 1998; Degen et al. 1999), and differentiation
8
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between Q. robur and Q.petraea (Kremer et al. 1991; Petit et al. 1993; Zanetto et al.
1994; Moreau et al. 1994; Bacilieri et al. 1995; Kleinschmit et al. 1995; Samuel et al.
1995; Barreneche et al. 1996; Bodénès et al. 1997a,b; Streiff et al. 1998; Muir et al.
2000).
However, for indigenous populations of Q. robur and Q. petraea in the
Netherlands no such studies have been done so far. As the situation of indigenous
populations in the Netherlands might be different as compared to other European
countries it is not possible to extrapolate the results for those studies to the Dutch
populations. Moreover, molecular markers need to confirm that the assumed
autochthonous populations are truly indigenous. First indications about
autochthonicity of Dutch populations were obtained after chloroplast DNA (cpDNA)
analysis of 13 populations that were selected based on the guidelines of Maes (1993)
by Van Dam & De Vries (1998) and Konig et al. {inpress}. This thesis will continue
from this point onwards and aims to describe the genetic composition of indigenous
Q. roburand Q.petraea populations in the Netherlands.

Taxonomy
Quercus robur L. (pedunculate oak) and Q. petraea (Matt.) Liebl. (sessile oak)
(Fagaceae) belong to a species-rich genus consisting of between 300 and 600
(depending of the authors) oak species spread over the northern hemisphere (Europe,
Africa, North America, and Asia) from boreal zones to semi-arid areas (Camus 1954;
Schwarz 1964). The white oak section (Lepidobalanus), to which Q. robur and Q.
petraea belong, is the most species-rich section of the genus consisting of more than
150 species spread over Europe, Africa, North America, and Asia. In the Netherlands
only Q. roburand Q.petraeaoccur naturally. However, in arboreta (e.g. in Wageningen
and Rotterdam) a high variety of Quercus species can be observed. The American
northern red oak (also called eastern red oak or greyoak; black oaks) Q. rubraL. isvery
popular for road plantations. Until recently, these oaks were also popular for forest
plantations.
Q. roburand Q. petraeaare widespread throughout whole Europe. Q. robur and
Q. petraea are two closely related sympatric species occupying different ecological
niches (Rushton 1979; Grandjean & Sigaud 1987). Q. roburoccurs on awide range of
soils, whereas Q. petraea prevails on elevated, drier soils. The two oak species can be
recognized based on their leaf and fruit morphology (Rushton 1978, 1979; Van der
Meijden 1990; Fig. 1.1). The two species are similar in their wood anatomy, however,
significant differences between the two species have been found for the surface
proportion of earlywood vessels, the number of earlywood vessels, and the size and
surface proportion of fiber zones (Feuillat et al. 1997).
Q. roburand Q.petraea are diploid species (2n=2x=24) with a genome size of ±
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Figure 1.1
Q.roburand Q.petraealeaves (left and right leaf, respectively) differ in several morphological
traits, (photo Alterra)

870 Mb (1.88 pg/2C) (Bennett & Leitch 1995; Favre & Arnould 1996; Favre &
Brown 1996).They are obligatory outcrossing, wind pollinated, long-lived tree species.
Both Q. robur and Q. petraea are monoecious species containing separate male and
female flowers (Fig. 1.2). Reproduction takes place only by seeds, as the species do not
vegetatively reproduce either by stem cuttings or by apomixis (Asker & Jerling 1992).
Fruits are transported by blue jays (large distances) and rodents (small distances). In
general the seeds that fall down the tree do not develop into trees, as seedlings cannot
survive under a closed canopy (Oosterbaan & Van Hees 1989). The next generation of
Q. roburand Q.petraea trees will establish itself in open areas.Therefore the long and
short distance transport by animals isvery important for the survival of the species. The
chance of development of anext generation of Q. roburand Q.petraeaisgreatest when
the fruit production isvery high. This is the case when there is a mast year. Mast years
occur on a regular basis with intervals of several years.
Quercus species are known for their ability to hybridize in many combinations,
which has resulted in the existence of intermediate zones between species (Grant 1971;
Whittemore & Schaal 1991). Hybridization between Q. roburand Q.petraeain natural
populations has been reported (Streiff 1999) and controlled crosses between the two
10
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Figure 1.2
A. Male and B.female inflorescence of Q. robur.

species were successful (Steinhof 1993; Kleinschmit et al. 1995). Hybrids in natural
populations are not easily recognized, as there is much confusion about the hybrid
status of trees with intermediate characteristics (Gardiner 1970; Rushton 1978, 1979;
Ietswaart & Feij 1989; Kleinschmit et al. 1995). Knowledge about hybridization and
introgression in indigenous populations may be useful for a proper management and
conservation of these populations. In forestry a clear identification of species and
hybrids is required for wood and seed certification purposes.

History
After the last glaciation Q. robur and Q. petraea migrated northward and established
themselves in the Netherlands from 8,000 B.P.onwards, as was found based on pollen
records in the soil (Huntley & Birks 1983). Analyses of cpDNA haplotypes revealed
the recolonization routes of Q. roburand Q.petraea for whole Europe since the last ice
age (Petit et al. 1993; Dumolin-Lapègue et al. 1997; Petit et al. 1997). Oaks migrated
from different réfugia in the south of Europe northward. For the different réfugia
different cpDNA haplotypes were found. In the Netherlands the Atlantic haplotypes
originating from southern Spain and a middle European haplotype originating from
11

