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Abstract

The paper describes a number of molecular methods used in the past and now to analyze forest tree species. Tak-
ing into account the economic importance of forest trees and in view of the timber economy, wood properties and 
characteristics are essential factors subjected to control, observation and research. Molecular techniques that sup-
port traditional selection methods allow for genetic diversity analyses considering a range of research aspects. The 
development of these techniques at the turn of the last two decades has enabled wide-ranging use of molecular data 
in studies on forest tree populations. On the example of pine (Pinus L.), the paper presents data based on molecular 
studies as well as a variety of possibilities to apply the obtained results.
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Introduction

Numerous forest tree species, and especially those co-
niferous, are of great economic importance, and conse-
quently, attempts are made to improve wood properties 
that are significant with regard to forest management, 
such as: wood quality, pest resistance, adaptability to 
climatic conditions, etc. However, the duration of the 
generational change, as well as difficulties in evaluat-
ing traits in the early stages of seedling development, 
complicate and slow down the progress in selection of 
beneficial breeding traits. In order to support traditional 
selection methods, molecular techniques based on DNA 
analysis have been used for the last 20 years to test ge-
netic and phenotypic diversity. These involve, among 
others, analyzing microsatellite markers DNA (single 

sequence repeat – SSR) in view of population variability 
or analyzing single nucleotide polymorphisms (SNPs) 
in the coding DNA fragments. Consequently, this re-
search field progression seems to be very promising.

Molecular techniques – earlier and today

The advancement of molecular methods used in genetic 
research reflects well the use of ever more precise tech-
niques. Restriction Fragment Length Polymorphism 
(RFLP), where the analysis is based on detecting diver-
sity using a restriction enzyme that cuts a sequence of 
DNA of known order of about 4 to 6 base pairs, was 
used already in 1988 for cystic fibrosis diagnostics (Wil-
liams et al. 1988). Another easy to use method of DNA 
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polymorphism analysis is Random Amplified Polymor-
phic DNA (RAPD), which randomly amplifies frag-
ments of the DNA template (Williams et al. 1990). One 
development of the RFLP method is Amplified Frag-
ment Length Polymorphism (AFLP), described in 1995 
by Vos et al., based on selectively amplified restriction 
fragments. Currently, one of the most popular tools in 
population-based molecular research is the analysis of 
SSR markers (Simple Sequence Repeats), which are 
short tandem repeats (2 to 6 nucleotides) characterized 
by fast mutation rates (Avise 2004).

The progressive development of molecular methods 
and an increasing availability of databases containing 
DNA sequences allow for analyses of polymorphisms 
in coding and non-coding DNA fragments. Compre-
hensive genomic library databases allow to apply more 
precise molecular techniques, for example the detec-
tion and analysis of single-nucleotide polymorphisms 
(SNPs), accessibility of which is better than, for exam-
ple, tandem repeat SSR markers. In addition, databases 
constitute a rich information source for molecular and 
breeding applications as they can provide data to ana-
lyze genotype – phenotype relationships.

The development and validation of new SNP mo-
lecular markers for forest tree species is not only an in-
dispensable element in continuing studies on molecular 
variability, but will also make possible future analyses 
on the direct relationship between molecular polymor-
phism and phenotypic traits in individual trees as well 
as tree stands.

Forest management on the example 
of Scots pine as a dominant species 

Contemporary forest species composition is largely at-
tributable to human activities. Scots pine (Pinus silves-
tris), due to good wood parameters, rapid growth (es-
pecially in the early development stages) and low soil 
requirements, is the dominant species in Poland’s for-
ests, and represents about 58.5% share in the country’s 
forest stands (http://www.lasy.gov. Pl-2015). Apart from 
its wood value for the timber industry, pine essential 
oils are important ingredients used in the perfumery 
and cosmetic industries. Furthermore, pine trees consti-
tute appreciated source of resins, although their quan-
tity and quality varies a lot, depending on pine species. 

Besides, pine seeds, e.g. stone pine (Pinus pinea) nuts, 
are utilized in the food industry. Some pine species, 
on account of their high resistance to extreme climatic 
conditions or high soil salinity, are much useful in bio-
technical plantings, such as dune strengthening or land 
reclamation.

Forest tree populations are characterized by a sub-
stantial longevity as well as they exhibit, to a lesser or 
greater degree, adaptability to changing environmental 
conditions This concerns in particular pine species, due 
to their high tolerance for adverse environmental condi-
tions. Local populations of Pinus species adapt to pre-
vailing conditions, which translates into their large phe-
notypic diversity. The emergence of new populations 
(ecotypes) is associated with development of different 
phenotypic features (morphological, physiological and 
ecological) and affects great pine variability observed 
in the environment (Jaworski 2011).

In Europe, studies on pine phenotypic diversity 
have been conducted since the beginning of the 20th 
century (Giertych 1979). Research on extremely impor-
tant issues, such as high adaptability, and also – natural 
phenotypic pine diversity which leads to the formation 
of local ecotypes, are still central to the concerns of 
many researchers. Pine populations described in subject 
literature are characterized by distinctive and specific 
morphological features, and thus, they are principally 
valuable not only from the practical point of view but 
also – for scientific knowledge. Modern research meth-
ods based on molecular biology techniques enable us to 
study variability of local populations at a DNA sequence 
level. Since biodiversity is one of the most important 
factors for ecosystem sustainability, having methods to 
monitor biodiversity is essential for all research and fur-
ther conclusions. 

SSR and SNP molecular markers 
– advantages and disadvantages 

Microsatellite markers are widely used in the analyses 
of population genetic structure. Polymorphism of these 
markers is a result of differences in the length of tan-
dem repeats located in the genomes. When compared 
to other plant species, relatively not many microsatel-
lite markers have been characterized for the pine fam-
ily, as the major obstacle are the size of the genome 
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[from 19 to 31 pg (Murray 1998)] and the fact that pine 
genomes are largely (75%- 86%) composed of dupli-
cated fragments (Elsik and Williams 2000). There was 
also suggested non-homologous recombination (Nyst-
edt et al. 2013). The long history of coniferous species 
divergence in combination with high genome complex-
ity denote low efficiency of cross-species transfer of 
SSR markers occurring in the genome as single copies, 
which significantly limits the possibility of the use of 
the cross-species amplification technique. However the 
efficiency of this technics is low not only between dif-
ferent coniferous species, but also within pine species 
(Chagné et al. 2004). Problems with obtaining genotyp-
ing results for microsatellite genetic markers could lead 
to lack of PCR products or non-specific products, or 
else the lack of polymorphism. In addition, the results 
of analyses based on microsatellite markers should be 
considered carefully in view of the likelihood of homo-
plasia (appearance of identical alleles of different evo-
lutionary origin). Reversed situation is also possible, 
when different alleles are observed for identical haplo-
types, for example as a result of mutations in flanking 
regions (Rafalski 2002). The analysis of SSR markers 
may be affected by errors due to stutter bands seen in 
PCR amplification (Muncy et al. 2009; Ellegren 2004). 
Furthermore, null alleles (not detectable by genotyp-
ing; homozygote excess observed) cannot be ignored 
on account of their up to 35% frequency (Moriguchi et 
al. 2003). During the amplification reaction, there can 
also occur the phenomenon of the so-called slippage 
that leads to misinterpretation of alleles in further ana-
lyzes. This error can be minimized by the use of longer 
tandem repeats (for example 4 nucleotides). Unfortu-
nately, for conifers only a few markers of this type have 
been so far identified (Guan et al. 2011). All the above 
described events can lead to erroneous genotype read-
ings when SSR marker analysis is performed. 

Single-nucleotide polymorphism (SNP) markers 
might constitute an alternative to microsatellite mark-
ers. SNP analysis requires no electrophoretic separa-
tion, can be automated, e.g. through using DNA-mi-
croarrays or sets for the detection of polymorphisms by 
sequencing or genotyping techniques. SNP markers are 
characterized by a low error rate of readout in labora-
tory procedures (Weller et al. 2006), are easy to map in 
the genome, as well as show high stability and easiness 
of standardization (Werner et al. 2004). On the other 

hand, a  certain limitation of SNP markers is their bi-
allelic nature (possible linked mutations of two differ-
ent alleles in the same gene locus), which is associated 
with low expected heterozygosity of alleles in a given 
locus. However, when analyzing a  large number of 
closely spaced SNP markers, a fully defined haplotype 
can be expected. Furthermore, e.g. in maize, there have 
been identified many SNP markers flanking the micro-
satellite regions, which allowed the direct use of these 
markers as substitutes for microsatellite markers (Ed-
wards and Mogg 2001). Besides, with a large number of 
SNP markers it is possible to identified genotypes with 
a  high degree of discrimination, even higher than for 
microsatellite loci. The polymorphism of SNP markers 
is currently considered a new trend in the analysis of 
genetic diversity in population studies. This is associ-
ated with the factors, such as: high frequency of SNPs 
in the genome, the better known and described mutation 
mechanism when compared to SSRs, low error rates 
and easiness of obtaining large numbers of markers in 
the analysis, and – additionally – a possibility to com-
bine the results obtained with specific gene functional-
ity, which is not possible in the analysis of random SSR 
or AFLP markers (Ryynänen et al. 2007).

SNP’s diversity of Pinus sp.

Identification of new molecular markers with high accu-
racy while maintaining a low error value is a key goal in 
the development of molecular methods. Analysis of se-
lected SNP markers allows the investigation of genetic 
diversity and verification of introgression levels within 
pine species: lodgepole pine Pinus contorta and Jack 
pine Pinus banksiana (Cullingham et al. 2013). Study 
of the genetic structure and demographic processes in 
forest tree populations are carried out based on SNP 
markers (Wachowiak et al. 2011; Wachowiak 2015) as 
alternatives to other types of genetic markers, e.g. SSR, 
cpSSR (chloroplast simple sequence repeat) or allozyme 
(Suharyanto et al. 2012).

Another extremely important subject matter con-
cerning the use of molecular data is an assessment of 
a degree of kinship. Many works based on SSR mark-
ers refer to progeny genetic variability, an extent of 
self-pollination, or the percentage of pollen from ar-
eas situated outside a  given plantation (Slavov et al. 
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2005; Hansen and Kjaer 2006). The use of single nu-
cleotide polymorphisms (SNPs) in studies on kinship 
is an additional possibility. For example, just 18 SNP 
polymorphisms are enough for verification of parental 
specimens in Pinus thunbergii (Suharyanto et al. 2012). 
For such a number of markers, the probability of occur-
rence of the identical genotype in unrelated individuals 
is 3.40 × 10-8, and the cumulative power of discrimina-
tion is 1 – 3.40 × 10-8. Taking into consideration such 
a high level of discriminatory power, Suharyanto et al. 
(2012) point out the usefulness of the developed panel 
of SNP markers in the creation of the genetic base for 
reproductive material. 

The use of SNP markers has not been merely limit-
ed to traditional molecular techniques. Next-generation 
sequencing (NGS) technique in fact allows for analyz-
ing an unlimited number of single nucleotide polymor-
phisms. By use of the Illumina platform, it was possible 
to create a genotyping chip containing 7252 SNP, the 
largest of the so far prepared ones for Pinus pinaster 
(Plomion et al. 2016). Analyses with the use of third-
generation sequencing technology have been success-
fully performed also for other coniferous species (Pavy 
et al. 2008; Eckert et al. 2009; Chancerel et al. 2013; Liu 
et al. 2014). Data obtained by this method have wide-
ranging applications: mapping genomes, identifying 
seeds with their origins, comparing natural and bred 
populations, investigating genetic diversity with re-
spect to phenotypic diversity, concluding on historical 
processes, demographic events as well as selection and 
adaptation. Notwithstanding such impressive data size, 
in confrontation with the size of coniferous genome 
– 24.5G in maritime pine Pinus pinaster (Chagne et al. 
2002) – it should be noted that the obtained SNP number 
(Plomion et al. 2016) only coincides with a small frac-
tion of potential genetic diversity. In spite of the need 
for attaining more and more data, it has been found, 
however, that a few thousand of appropriately selected 
SNPs is as much as necessary to draw a  reliable con-
clusion about polygenic patterns of adaptation process 
(Berg and Coop 2014).

As described above, SNP genetic markers are much 
comprehensive. They can be analyzed using a variety 
of molecular biology methods, from single mutation 
analysis to sequencing of genome fragments. The scope 
of use of the obtained data is exceptionally broad, and 
combine far and wide various genetic aspects.

Conclusion 

Undoubtedly, single nucleotide polymorphism (SNP) 
is a  fundamental and inexhaustible source of molecu-
lar variability. Rapidly supplemented libraries of gene 
sequences and whole genomes provide a  rich base for 
typing polymorphic markers for many species, includ-
ing forest trees. Additionally, the development of tech-
nologies for molecular analyses provides the prospect 
for the flourishing and automation molecular analysis 
techniques at increasingly higher levels of precision. 
This allows to accelerate significantly the development 
of a new molecular analysis course (Feder and Mitch-
ell-Olds 2003), which is the analysis of SNP polymor-
phisms. In the near future, sequencing methods will 
probably be developed to allow direct reading of DNA 
sequences, eliminating many methodological problems. 
The studies based on sequence capture and direct se-
quencing seem to be the inevitable future of molecu-
lar analyses, creating the opportunity to generate vast 
amounts of data and learn about numerous issues re-
lated to the functioning of trees in forest ecosystems.
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