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I ntroduction

Human impact on forests alters the genetic structure of tree species in several ways. An im
example concerns the movement of seed. Plantings with non-local seed may eliminate loce
patterns of variation and may influence adjacent, native stands by pollen and seed migratic
Because introduced stands are generally less well adapted to the site of introduction than r
stands, introductions may affect adaptive variation of native stands. These effects are expe
most important where intensive plantings were done with seed originating from regions tha
environmental conditions that are very different from those at the site of planting.

Norway spruceHRicea abies (L.) Karst.) is a prime example of an intensively planted tree spec
The species has been planted for several hundred years, and the introduction of foreign se
been common since the beginning of the nineteenth century (Schmidt-Vogt 1977). Long dis
seed movement has mainly occurred into northern Europe, where thousands of millions of
have been planted from seed that originated from central and southeastern Europe (Laikre
Ryman 1996).

In recent years, the identification of native stands has become an important issue, mainly ir
context of gene conservation. Native stands are generally considered to be valuable geneti
resources, and their conservation is incorporated into many national conventions. Tradition
methods, however, often do not allow to distinguish between non-native and native stands.
Therefore, alternative methods are needed. In this study, we used a mitochondrial DNA me
investigating the introduction of seed from central and southeastern Europe into northern E
Mitochondrial DNA is maternally inherited in Norway spruce and thus disperses only throuc
(Speriseret al. 1999). The spatial distribution of mitochondrial DNA variation therefore allow
direct inference on seed dispersal. The mitochondrial DNA fragment used in this study is th
second intron of theadl gene. This intron contains six mutations which separate trees of no
Europe from those of central and southeastern Europe (Sperreeh998).



Materialsand Methods

Eighty-seven samples were collected from clonal and plantation archives that were establis
16 old forests in Sweden located at sites where planting appeared unlikely. These gene coil
archives were established by the Swedish Forest Gene Conservation Programme. Two sar
were collected from a stand planted with seedlings from seeds originating from southeastel
Europe. 107 samples representing 18 provenances were collected from the International U
Forest Research Organization (IUFRO) 1964/68 provenance trial for Norway spruce. This t
an inventory character, and seed sources were sampled regardless of their native characte
(Krutzsch 1974). Our samples were collected in the Hungarian trial and were kindly provide
Eva Ujvéariné and Béla Dudéas. Total DNA was extracted as described (Ziegeshalgdi993) an
purified by using parts of the QIAamp blood kit (QIAGEN).

The second intron of the mitochondnnad1 gene was amplified using a set of primers matchir
thenadlb andnadlc exons of angiosperms (Demesaral. 1995). PCR-amplification was

performed using a PTC-100 thermal cycler (MJ Research) in a total volume of 25 pl contair
PCR buffer (Sigma), 1.6 mM Mg&10.1 mM each of dATP, dCTP, dGTP and dTTP (Promeg,

0.2 uM of each primer, 40 ng of template DNA, and 2.5 WagfDNA polymerase (Sigma) with
the following profile: 3 min denaturation at 94°C and 41 cycles of 1 min denaturation at 94°
min annealing at 57°C, 2 min extension at 72°C followed by a final extension at 72°C for 8 |
The PCR products were digested with the restriction enBsalego screen for one of the six
mutations which differentiate between Norway spruce of northern Europe versus Norway S|
central and southeastern EuroRsal digestion reveals a 33 bp insertion/deletion sequence. T
presence of this sequence is characteristic for Norway spruce of central and southeastern |
and its absence is characteristic for Norway spruce of northern Europe.

Results and Discussion

A total of 187 trees were screened for the presence/absence of the 33 bp sequence as rev
restriction enzyme analysis (Figure 1).
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Figure 1. Restriction fragment polymorphism of the second intron of the mitochomddalgene
of Norway spruce using the restriction enzyRsal. Central and southeastern European trees



contain a 33 bp sequence motif which is not present in northern European trees. Shown ar
of a IUFRO provenance of southern Sweden and samples of a native stand of southern Sw
which was used to establish a clonal archive. Lanes 1 and 22: 100-bp ladder.

All trees sampled from gene conservation archives did not show the 33 bp sequence and tt
conformed to the pattern we observed across northern Europe. The two trees of the stand |
with seedlings from seeds originating from southeastern Europe revealed the 33 bp sequer
origin of this stand thus could be confirmed. Of the 18 provenances analysed from the Non
spruce provenance trial, 15 did not show the 33 bp sequence, while the two remaining proy
revealed the 33 bp sequence. These two provenances are located in southern Sweden (Fig
most likely have been introduced from central or southeastern Europe. Natural immigration
central Europe to Sweden can be ruled out, because fossil pollen has been found neither ir
Denmark nor in the coastal area of southern Sweden.
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Figure 2: Polymorphism across northern Europe for the second intron oatliegene of Norway
spruce. Yellow symbols represent mitochondrial DNA containing the 33 bp sequence.

Mitochondrial DNA lacking this sequence is represented by blue symbols. Numbers give de
the samples analysed: 1, stands from which gene conservation archives were established;
provenances; 3, stand planted with seedlings from seeds originating from southeastern Eul

Our results demonstrate the utility of mitochondrial DNA for the identification of long distanc
seed movements in Norway spruce. In this study, a single mutation was analysed, and ass
of more variation will be required in order to detect seed movement over shorter distances.
intron we analysed contains two short tandem repeats which are highly polymorphic (Sseti:
1999). Their variation should prove useful for further subdividing the spatial pattern of the
mutations which differentiate between Norway spruce of northern Europe versus central an
southeastern Europe.

All the trees analysed from the gene conservation archives were of northern European orig
Several of these archives were established from forests in southern Sweden, where extens



planting of Norway spruce has occurred. Although old forests were selected at locations wt
planting appeared unlikely, one could not rule out that at least some trees were of central o
southeastern European origin. Our results indicate that at least a large portion of the trees |
gene conservation archives are of northern European origin.

Our marker allows to distinguish unequivocally between trees of northern European origin ¢
of central and southeastern European origin. The marker thus can be used to establish det
geographic maps of native and non-native stands in regions where long distance seed mo\
has occurred. Such maps will be useful not only for developing management strategies for
intensively managed forest areas but also for the conservation of genetic resources.
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