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Abstract  
 
Norway spruce is one of two dominating species in Swedish forestry and the most 
economically important tree species in Sweden. In order to preserve the ability to adapt to a 
changing environment and to keep populations healthy, genetic diversity has to be preserved. 
When choosing a small number of individuals from a natural stand to establish a seed 
orchard the population size decrease. With only a small number of genetically different 
individuals the risk of inbreeding increase. Furthermore if many clones of the same tree are 
used in one seed orchard there is also an increased risk selfing. The aim of this study was 
therefore to investigate whether genetic diversity in Norway spruce differs between age 
groups and if this can be attributed to forestry practices. All sampling was done from a single 
location in Västerbotten, Sweden and the different age groups were chosen to represent 
stands not affected by the modern forest industry to recently planted forests. The chosen age 
groups are young (12-18 years), intermediate (30-45 years), and old (above 85 years). From 
each age group 150 individuals were sampled. With genomic microsatellite markers each 
individual was genotyped at eight simple sequence repeat (SSR) loci. Results show an overall 
high genetic diversity with an average expected heterozygosity (He) at 0.842 and low genetic 
differentiation with an average fixation index among populations (FST) of 0.003. The genetic 
diversity of each age group was also high (He 0.832 to 0.843) and the inbreeding coefficient 
ranged from 0.061 in the old group to 0.078 in the intermediate group. The pairwise FST 
value was highest between the old group and the young group but the differentiation was only 
0.005 (P=0.001). An analysis of molecular variance also showed that only 0.34% of the total 
genetic variance was explained by differences among age groups. This study found little 
evidence for a decrease in genetic diversity due to forestry practices and revealed high genetic 
diversity and low differentiation between the age groups, indicating a healthy population. 
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1 Introduction 

1.1 The importance of Norway spruce 
Norway spruce (Picea abies (L.) Karst.) is a gymnosperm tree that belongs to the biggest 
group of gymnosperms, the order Pinales, which also include the genus Pinus. The most 
common growth region for spruce is the temperate region of the northern hemisphere 
(Källman, 2009). In Swedish forestry, Norway spruce and Scots pine (Pinus sylvestris L.) 
dominate. For example, in 2005, 194 million Norway spruce seedlings and 125 million Scots 
pine seedlings were produced. In Sweden, the annual growth is larger for Norway spruce than 
Scots pine and the rotation time is shorter (Lindgren et al., 2007), which makes Norway 
spruce the most economically important tree species in Sweden (Lindgren, 2009). In 2013, 
Sweden was the third largest exporter of pulp, paper and sawn timber according to the 
Swedish Forest Industries’ Federation. The forest industry accounts for 9-12% of Swedish 
industry’s total employment, exports and sales, and the export value of forest industry 
products was estimated to 124 billion SEK in 2014 (Swedish Forest Industries’ Federation 
2015). 
 
The development of Swedish seed orchards can be roughly divided into three different 
rounds. During the first round, between 1949 and 1972, grafts were made from selected plus 
trees (trees that show the phenotypically desired qualities) from natural forests. During the 
second round (1981-1994) some breeding values from the first round started to become 
available. This knowledge was used in the second round together with a new selection of trees 
of both Swedish and foreign origin. The third round was established in 2004, and all material 
used is planned to be selected based on field testing.  At each round, the methods and 
selection of trees have been improved to maximize the genetic gain in form of value 
production, volume production, and a product of constant quality (Lindgren et al., 2007).  

1.2 Genetic diversity 
Genetic diversity is needed to preserve the ability to adapt to changing environmental 
conditions (Gregorius, 1991). When performing breeding in small populations inbreeding 
may increase due to the small number individuals that are genetically different (Ellstrand 
and Elam, 1993). When choosing a limited number of individuals from a natural stand to 
establish a seed orchard the population size decreases, and therefore the risk of inbreeding 
increases. In seed orchards there is also a further risk of increased selfing, since trees of the 
same clone may possibly pollinate each other (Muona and Harju, 1989). 
 
Norway spruce is wind pollinated and this creates gene flow that is one of the most important 
factors influencing the genetic structure of populations. High gene flow results in high 
genetic diversity within populations and reduces the difference between populations 
(Burczyk et al., 2004). Conifers have an overall high amount of pollen contamination from 
surrounding forests in seed orchards due to wind pollination. A review study done on six 
different conifer species gave an average contamination rate of 45% (Adams and Burczyk, 
2000). In studies done on Norway spruce seed orchards, high numbers of pollen 
contamination have been recorded. In a seed orchard in Finland, Pakkanen et al. (2000) 
found a pollen contamination rate of 69-71% and a study done on two orchards in Sweden 
reported 43% and 59% of pollen contamination (Paule et al., 1993). The high level of pollen 
contamination can affect both the seed orchards and the natural forest stands negatively. For 
the orchards, the contamination makes the quality of the seeds uneven because it can lower 
the expected genetic gain (Kang et al., 2001, Adams and Burczyk, 2000). If, on the other 
hand, gene flow from seed orchards to natural stands is large this can reduce the genetic 
diversity of surrounding populations and might also produce seeds that are less adapted to 
the local environment (Adams and Burczyk, 2000).  
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There are many methods available to determine genetic variation. One method is using 
biparentally inherited nuclear simple sequence repeat (SSR) markers to capture both the 
maternally and paternally inherited diversity. SSRs are widely used for assessing genetic 
diversity (Maghuly et al., 2006), primarily because their high variability provides high power 
to resolve individuals as well as the relatively simple laboratory work in scoring them, which 
makes the procedure replicable (Chambers and MacAvoy, 2000). 
 
There have been other studies comparing genetic diversity between managed and natural 
populations of spruce. Bergmann and Ruetz (1991) used isozyme gene markers and found no 
significant difference in gene diversity between their random sample and seed orchard clones 
from a forest district in Germany. They did, however, see a difference in the average 
heterozygosity which indicates that there is a slight difference in the genetic variance. 
Maghuly et al. (2006) performed a study in Austria, using a number of different markers to 
compare two age groups (6-10 years and 70-100 years) from three subpopulations. Their 
nuclear simple sequence repeat (SSR) markers showed a slightly higher genetic 
differentiation between the age groups than between the different subpopulations. This 
indicates that the young groups might have experienced genetic influence from other sources, 
either through a natural occurring gene flow or through planting.   
 
If the trees from seed orchards are more genetically similar than trees from natural stands, a 
comparison of differently aged stands should reveal a reduction in genetic diversity with 
decreasing stand age. Since Norway spruce is important for the Swedish economy, we have to 
make sure that populations are healthy and have sufficient genetic diversity to ensure an 
ongoing forest industry without damaging the forest. There has been little research done on 
the subject in Sweden and the Swedish National Board of Forestry wrote in a report from 
2012 that “there is a need to enhance the knowledge about genetic diversity within natural 
and domesticated populations for a majority of the forest trees” (Black-Samuelsson 2012). 
 

1.3 Aim with study 
The aim of this study is to examine if genetic diversity in stands of Norway spruce differs 
between age groups and if a possible difference can be related to forestry practices. The 
health status of Norway spruce populations will also be discussed based on the genetic 
findings. To evaluate the genetic diversity for different age groups, measurements of 
heterozygosity, F-statistics, and the number of rare alleles will be used.  
 
The main hypotheses of this study are: 

1) Due to the forest industry and their use of seed orchards consisting of clones there 
will be a decrease of the overall genetic diversity over time. 

2) As a result of a lower genetic diversity the proportion of heterozygotes will be lower in 
the younger age group.  

3) When choosing a few trees to make a seed orchard, the number of rare alleles will 
decrease and the common alleles will make up a bigger proportion of the total allele 
count. 

4) The youngest age group will be less healthy due to a decrease in genetic diversity 
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2 Material and methods 

2.1 Sampling 
All sampling were done in an area southwest of Mickelträsk in Västerbotten, Sweden that was 
deemed to accurately represent planted forest in Västerbotten (maps provided by Holmen 
Skog in appendix 1). Sampling was done from a single location in order to minimize the risk 
of difference due to longitudinal or latitudinal differences. Samples were collected from three 
different age groups of trees, 12-18 years (young), 30-45 years (intermediate) and above 85 
years (old). For each age group, five sites were sampled with 30 individuals for each site, 
adding up to a total of 450 different individuals of Norway spruce. From each tree, the top of 
a healthy looking twig was cut off and put into pre-labeled zip lock bags. The samples were 
stored in -20 ºC until the DNA extraction process.   

2.2 DNA extraction 
Prior to DNA extraction, 80-90 mg of needles from each tree were freeze-dried for at least 24 
hours. From the freeze-dried needles, genomic DNA was extracted using a NucleoSpin® 
Plant II kit for “Genomic DNA from plant” made by Macherey-Nagel. The standard protocol 
for genomic plant DNA mini was used with some exceptions. The incubation time during the 
cell lysis step was extended to 30 minutes. After cell lysis, the crude lysate was centrifuged for 
10 minutes at 16,000 x g and only the supernatant was used in the next step. The incubation 
time during the DNA elution step was also extended to 10 minutes. To evaluate the success of 
the extractions, samples were run on a gel electrophoresis system to visually assess the 
quality of the extracted DNA, and the DNA concentration was measured using a NanoDrop. 
The extracted DNA was stored in -20 ºC until further analyses.  

2.3 SSR genotyping 
Based on a previous study done on the genetic status of the Norway spruce by Androsiuk et 
al. (2013), eight dinucleotide or trinucleotide nuclear microsatellite (SSR) markers with high 
polymorphism were selected. All primer pairs had either the forward or reverse primer 
labelled with florescent dye (Cy5, CY5.5 or D2). The following SSR markers were used: 
SpAG2 and SpAGG3 (Pfeiffer et al., 1997), pgGB3 and pgGB5 (Besnard et al., 2003), 
EAC2C08 and EAC7H07 (Scotti et al., 2002b), EATC2G05 and EATC2B02 (Scotti et al., 
2002a). In table 1 the chosen SSR loci, their forward and reverse primers, and the touchdown 
temperature during the polymerase chain reaction (PCR) protocol is presented. 
 
Table 1: The primer pairs and touch down (TD) temperatures for each locus.  

Locus PCR TD 
temp  

Forward primer Reverse primer 

SpAG2 64-56 GCTCTTCACGTGTACTTGATC TTCGAAGATCCTCCAAGATAC 

SpAGG3 64-56 CTCCAACATTCCCATGTAGC AGCATGTTGTCCCATATAGACC 

paGB3 60-50 AGTGATTAAACTCCTGACCAC CACTGAATACACCCATTATCC 

EAC2C08 62-54 TGATTATGTCTATTTAAAGTTTG ATACAGATCTATAGCACACCC 

pgGB5 64-56 CCATTGCGGAGAACCCAGAG CGCAGAACAATGAATCTCCAC 

EAC7H07 62 GGTTCAAACCTCCCACCTAC ACCAACTAAGCCACAAGTGC 

EATC2G05 64-56 TGGAGCATGGGTAAATCG TACCTCACACCCGTGAGAAT 

EATC2B02 64-56 GATGGATCTATGTTGGTTCACC TTGGTCTCAAGGGAAGTTAATC 

 
Each locus was amplified using PCR. Each reaction was conducted in a total volume of 10 µl. 
The requirements for one reaction are shown in table 2. AmpliTaq, PCR buffer and MgCl2 are 
from Applied Biosystems, and dNTP from Thermo Scientific.   
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Table 2: Components and concentrations required for each PCR reaction. 

Components Concentration Reaction 
concentration 

Reaction 
volume (µl) 

ddH2O - - 2.4 

Buffer 10X 1X 1 

MgCl2 25 mM 2.5 1 

dNTP 2.5 mM 0.25 mM 1 

F Primer 10 µM 1 µM 1 

R Primer 10 µM 1 µM 1 

AmpliTaq 5U/µl 0.5 U 0.1 

DNA template 10-15 ng/µl 25-37.5 ng 2.5 

Total - - 10 

 
Loci SpAG2, SpAGG3, pgGB5, EATC2G05 and EATC2B02 were amplified using the following 
PCR protocol: an initial denaturation step at 94 ºC for 3 minutes, eight cycles of touchdown 
with 30 s at 94 ºC, 30 s at 64 ºC to 56 ºC with 1 ºC decreasement per cycle and 30 s at 72 ºC. 
25 cycles of amplification with 30 s at 94 ºC, 30 s at 56 ºC and 30 s at 72 ºC and a final 
extension with 10 minutes at 72 ºC. Locus paGB3 was amplified using the same protocol but 
with a touchdown temperature from 60 ºC to 50 ºC. For loci EAC2C08 and SpaGD1 the 
touchdown temperature was changed from 62 ºC to 54 ºC. Locus EAC7H07 was amplified 
using a standard PCR protocol with 3 minutes at 94 ºC, 30 cycles of 30 s at 94 ºC, 30 s at 62 
ºC, 30 s at 72 ºC and a final extension at 72 ºC for 10 minutes. 
 
The fluorescently labelled PCR product was analyzed using a Beckman Coulter CEQ8000. 
Size standard-400 (Beckman-Coulter) was mixed together with the PCR product to perform 
the capillary electrophoresis. The fragments lengths were determined using the CEQ8000 
Fragment Analysis software from Beckman-Coulter. All peaks were scored manually.  

2.3 Data analyses  
The finished data set contained codominant alleles for each locus and tree sample with some 
missing values. For each locus the total number of different alleles (Nt), the number of 
effective alleles (Nea = 1/(1-He)), the observed heterozygosity (H0), and expected 
heterozygosity (He) were calculated using the Excel add-in GenAlEx 6.501 (Peakall and 
Smouse 2006, 2012). F-statistics were calculated as in Weir and Cockerham (1984) with the 
GENEPOP 4.3 software (Rousset 2008). Both the within population fixation index (FIS) and 
the fixation index among populations (FST) were calculated for all loci. The null allele 
frequency (Pn) for all loci was calculated with the expectation maximum algorithm described 
in Dempster et al. (1977) using FreeNA (Chapuis and Estoup, 2007). To control if the null 
alleles had any effect on the FST values they were also calculated excluding the null alleles (FST 

(ENA)) with FreeNA. 
  
For the three age groups the number of sampled loci (N), the total number of different alleles 
in each group (Nt), the average number of different alleles per locus (Na), the number of 
private alleles (Np), the number of effective alleles (Nea), the observed heterozygosity (H0), 
the expected heterozygosity (He), and the fixation index/inbreeding coefficient (F = 1-H0/He) 
were all calculated. A pairwise population test for FST values was also performed and an 
analysis of molecular variance (AMOVA) with 999 permutations. All calculations for the age 
groups were made in GenAlEx 6.501 (Peakall and Smouse 2006, 2012). An additional sign 
test was performed comparing the total number of alleles, the observed heterozygosity (H0) 

and the expected heterozygosity (He) for each locus over the age groups using R (R Core 
Team 2015). These tests gave no significant results and the data will not be presented any 
further. 
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3 Results 

3.1 Overall genetic diversity 
The analysis showed that all three age groups had 100% polymorphic loci (a locus with two or 
more alleles, were the most common allele has a frequency below 0.95). In the entire data set 
a total of 167 different alleles were found over the eight SSR loci and 450 analyzed samples. 
The number of alleles per locus (Nt) varied from 40 at the most polymorphic locus 
(EAC7H07) to 9 at the least polymorphic locus (pgGB5) (table 3). The observed 
heterozygosity (Ho) was lower than the expected heterozygosity (He) for all loci except pgGB5. 
There was an overall high variability (genetic diversity) over all the loci, with He values 
ranging from 0.655 (EATC2B02) to 0.949 (EAC7H07) with 0.655 being by far the lowest with 
0.753 (pgGB5) as the second lowest value. All loci had low frequency of null alleles (Pn, 
representing alleles not amplified due to mutations in the annealing sites) with values being 
lower than 10% for all loci. The overall genetic differentiation for all loci was very low 
(FST=0.003) and the FST values for each locus separate was also low. Excluding the null alleles 
did not have a big impact on the FST values, with the FST (ENA) values deviating very little 
from the original FST. The FIS values vary more than the FST values and are overall higher. 
Only one locus (pgGB5) had a negative FIS value indicating a heterozygote excess which 
correlates to the fact that pgGB5 also had a higher Ho than He.  
 
Table 3: Genetic diversity in each of the eight loci combined over the three age groups of Norway 

spruce. 

Locus Nt Nea Ho He FIS FST FST (ENA) Pn 

SpAg2 19 9.67 0.771 0.897 0.139 0.005 0.004 0.068 

SpAGG3 24 11.93 0.912 0.916 0.004 0.002  0.002 0.008 

paGB3 12 4.56 0.758 0.781 0.030 0.001 0.001 0.014 

EAC2C08 28 10.88 0.833 0.908 0.083 0.001 0.001 0.039 

pgGB5 9 4.04 0.772 0.753 -0.026 0.002 0.002 0.014 

EAC7H07 40 19.65 0.876 0.949 0.077 0.002  0.003 0.035 

EATC2G05 20 8.16 0.812 0.878 0.074 0.003 0.003 0.034 

EATC2B02 15 2.90 0.520 0.655 0.205 0.004 0.004 0.089 

Mean 21 8.98 0.782 0.842 0.071 0.003 0.002 - 

Nt = number of different alleles, Nea = number of effective alleles, H0 = observed heterozygosity, He = 

expected heterozygosity, FIS = within population fixation index, FST = fixation index among 

populations, FST (ENA) = FST excluding the null alleles, Pn = null allele frequency. 

3.2 Genetic diversity by age groups 
The number of analyzed loci varied between the age groups due to missing values. In the old 
group 142 different alleles were found, for the young group 139 alleles and for the 
intermediate group 137 alleles (table 4). A total of 32 private alleles (NP, alleles that are only 
found in one of the age groups) were detected in the entire data set. Most private alleles were 
found in the intermediate age group (13 alleles) and the youngest age group had the smallest 
number (8 alleles). Both the number of different alleles per locus (NA) and the effective 
number of alleles (Nea) were highest for the old group (17.75 and 8.70), but the values were 
only slightly higher than the second highest values found for the young group (17.38 and 
8.60). The young group had the highest expected heterozygosity (He) value (0.843) with the 
old group close behind with 0.839. All age groups had a higher He value than observed 
heterozygosity (Ho) value. The inbreeding coefficient (F) was estimated to 0.070 over loci and 
age groups and for the different age groups it was estimated to range from 0.061 for the old 
group to 0.078 for the intermediate group.  
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Table 4: Genetic diversity in the three different age groups of Norway spruce. 

Age 
group 

N Nt Na Np Nea Ho He F 

1 1162 139 17.38 8 8.60 0.788 0.843 0.070 

2 1105 137 17.13 13 8.58 0.770 0.832 0.078 

3 1123 142 17.75 11 8.70 0.788 0.839 0.061 

All loci 1130 - 17.42 32 8.63 0.782 0.838 0.070 

N = total number of loci analyzed in an age group, Nt = total number of alleles in each age group, Na = 

number of different alleles per locus, Np = number of private alleles, Nea = number of effective alleles, 

H0 = observed heterozygosity, He = expected heterozygosity, F = fixation index/inbreeding coefficient. 

 

The pairwise FST values (table 5) comparing the different age groups to each other were all 
low. The values range from 0.002 to 0.005.  
 
Table 5: Pairwise estimation of genetic differentiation 

Group1 Group2 FST P value 

1 2 0.002 0.005 

1 3 0.005 0.001 

2 3 0.003 0.001 

 
An AMOVA was carried out to partition the genetic variation among age groups, among 
individuals, and within individuals. This test shows that the variance between the different 
age groups was very small; it only made up 0.34% of the variance. The variance was in a 
much greater extent present within individuals and among individuals.  
 
 

 
Figure 1: The variance among populations, among individuals, and within individuals over all loci and 

populations. 
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4 Discussion 

4.1 Overall genetic diversity 
When looking at genetic diversity of Norway spruce there is a problem with the lack of earlier 
work done. There is currently no baseline created for a pristine Norway spruce forest in 
Sweden to work from and an effort should be made to collect samples from any remaining 
pristine stands. My results can be compared with other studies reporting high values of 
expected heterozygosity done on Norway spruce using microsatellites. For instance, 
Androsiuk et al. (2013) found an average expected heterozygosity of 0.8197 over 15 SSR loci 
in nine breeding populations in Sweden. Maghuly et al. (2006) found values ranging between 
0.8006 to 0.8289 over five SSR loci for three subpopulations in Austria and Tollefsrud et al. 
(2009) used seven SSR loci over 37 populations from Scandinavia and Russia and found an 
average expected heterozygosity of 0.640. 
 
All samples were pooled together to investigate the overall genetic diversity of the sampled 
area and population. An average of 21 alleles per locus was found and 8.98 effective alleles 
per locus. The average observed heterozygosity was lower than the expected heterozygosity 
(0.782 compared to 0.842), but both values are high and therefore indicates high overall 
genetic diversity. None of the loci was believed to be free from null alleles, the estimated 
frequencies for this data set ranged from 0.008 to 0.089, meaning all loci had less than 10% 
null alleles which are in line with the study done by Androsiuk (2013). However, the presence 
of null alleles was found to not have a big impact on the results, changing the average FST 
value from 0.003 to 0.002. As such, the high estimated heterozygosity together with the low 
FST value indicates high levels of genetic diversity and a healthy sampled population.   

4.2 Genetic diversity over age groups 
In this study all loci were polymorphic for all age groups, meaning no specific alleles were 
present in the majority of the individuals in neither the old nor the young group. The total 
number of detected alleles was slightly higher for the oldest age group (142) and smallest for 
the intermediate group (137). The number of private alleles was highest in the intermediate 
group (13) and lowest in the young group (8), but the difference in neither the total number 
of alleles detected nor the number of private alleles is big enough to claim that there is a 
decrease of genetic diversity over time or a drop in the amount of rare alleles. The results for 
the age groups might be affected by the different number of missing values (total number of 
analyzed loci in each age group). The fact that the intermediate group had the smallest 
amount of total alleles can be due to the fact that this group has the largest amount of missing 
values. This is, however, contradicted by the highest amount of private alleles, one 
explanation for this could be that due to chance a few more trees from the intermediate group 
that was sampled happen to contain private alleles. There were overall high levels of average 
alleles per locus, effective alleles, and both observed and expected heterozygosity, all these 
values were also similar to each other but the intermediate age group was always the lowest, 
which again, could be due to missing values. The inbreeding coefficient (F) followed the same 
pattern and was lowest for the old group and highest for the intermediate group, all F values 
were low and as a comparison, the F value of two first cousins mating would be 0.0625. The 
similarity of the inbreeding coefficient shows no increase of inbreeding or a drop in health for 
the younger age groups. The difference in the observed heterozygosity was not existing 
between the young and old group (0.788), the expected heterozygosity was a bit higher for 
the youngest group (0.843) compared to the old group (0.839), the difference however, is too 
small for any conclusions to be drawn and no evidence was found for a drop in the proportion 
of heterozygotes for the young age group.   
 
The pairwise FST values between the different age groups were all very low. The highest one 
did arise from comparing the youngest group with the oldest group, but it was only 0.005 
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which indicate a very low genetic differentiation. To further strengthen the evidence of low 
differentiation the AMOVA showed that only 0.34% of the observed variance could be 
explained by differences between the three age groups.  
 
In line with previous studies (Bergmann and Ruetz, 1991, Maghuly et al., 2006), this study 
also failed to show a big impact on the genetic difference among age groups and between 
more or less managed forests. 
 
One reason for the lack of differentiation between the age groups can be wind pollination. A 
high pollen contamination leads to high gene flow and if trees in a seed orchards are 
pollinated by trees from natural stands or trees from a different orchard with another set of 
clones it can act to increase genetic diversity in the seeds produced (Adams and Burczyk, 
2000). If gene flow is high over the entire population of Norway spruce in Sweden, this would 
decrease genetic differentiation and promote genetic diversity for all stands (Slatkin, 1987). 
Since it takes at least 20 years for a new seed orchard to start producing seeds (Almqvist et 
al., 2007), there is a possibility the time period between my oldest and youngest trees is too 
short for any real difference between stands of different ages to arise and the young trees 
might not be representative for the modern forestry. By expanding the study to include both 
seedlings from tree nurseries and seeds sampled directly from newly matured seed orchards 
a better estimates of what kind of genetic diversity that currently is making its way to 
Swedish forests could be done.  

4.3 Conclusion  
This study found little evidence for a great impact on the genetic diversity due to forestry 
practices and the ongoing tree breeding. Instead, a high genetic diversity and low 
differentiation was revealed among the examined age groups. This contradicts the first 
proposed hypothesis but comes as a welcomed surprise. A high gene flow due to wind 
pollination might be the factor keeping the genetic diversity high and genetic differentiation 
low. 
 
Even if my study showed evidence for a healthy and diverse population we cannot draw the 
conclusion that this is the case over the whole of Sweden when the sampled area was so 
small. Further research should be done on more populations scattered across Sweden with 
the inclusion of pristine Norway spruce stands to generate a base line of genetic diversity to 
work from. More markers can also be included to examine if the diversity follows the same 
patterns in mitochondrial DNA and chloroplast DNA. There is also a possibility of using 
single nucleotide polymorphism (SNP) markers to be able to search through the entire 
genome for genetic similarities and dissimilarities.  
 
Keeping the genetic diversity high should be of interest for everyone involved in forest 
management as a step in keeping both the production high and the ecosystem healthy, 
especially with the ongoing climate change where the ability to be able to adapt becomes ever 
more important. 
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Appendix 1 

 
Figure 1: All Stands between 12 and 18 years in the area.  



 
 

 
Figure 2: Stand 6550, 6248 and 5453 were sampled. 

 



 
 

 
Figure 3: Stand 8323 and 7201 were sampled. 

 
 



 
 

 
Figure 4 All Stands between 30 and 45 years in the area. 

 



 
 

 
Figure 5: Stand 6152 and 5860 were sampled. 

 



 
 

 
Figure 6: Stand 8572, 8382 and 8095 were sampled. 

 



 
 

 
Figure 7: All stands above 85 years in the area. 



 
 

 
Figure 8: Stand 6657, 6460, 6661 and 6061 were sampled. 



 
 

 
Figure 9: Stand 9500 was sampled.
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