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Abstract: In European forestry, there is an increased need for a reliable inventory of genetic resources and
the use of less traditional tree species is on the rise. An example of this is the wild service tree (Sorbus torm-
inalis (L.) Crantz). This review covers the scientific literature that deals with the genetics of the wild service
tree, with a specific focus on the contribution made by molecular biology and how they translate to our
current knowledge of its biology and future practical needs for silviculture. The highest number of papers
on molecular biology were found in France, Poland, Germany and the United Kingdom, with the highest
number of publications released in the decade from 2000 to 2010. In phylogenetics, the DNA sequences
studied are traditionally limited to plastomes and nuclear ribosomal spacers. When it comes to population
diversity studies, microsatellite markers dominate. Research efforts that rely on molecular biology made
a significant contribution to the knowledge, preservation and cultivation of the wild service tree. Prior
genetic knowledge of the species can be a useful tool for later management and conservation of genetic
resources. However, there is still a significant gap between the theory and practice that needs to be closed.
Furthermore, nurseries and breeding programs may need to make better informed decisions in the future,
which may require the mapping of more sequences of the genome of wild service trees and the development
of new DNA markers related to specific traits, which are not currently available.
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Introduction

S. torminalis is a slow-growing deciduous tree that
produces high-quality timber (CABI Compendium,
2019). It is typically found in Central and Southern
Europe at altitudes of up to 1000 m in mixed for-
ests (typically with Fagus sylvatica and Quercus spp.),
but can also be found in North Africa, Asia Minor,
and the Caucasus and Crimean regions (CABI Com-
pendium, 2019). The wild service tree is distributed
(Fig. 1) across Western, Central and Southern Eu-
rope, Northwest Africa and Southwest Asia (Madéra
et al., 2013; Kurtto et al., 2018).

The wild service tree (Sorbus torminalis (L.)
Crantz) is a minor scattered species among the
broadleaf deciduous trees of Europe and has a role in
the stabilization and enrichment of forest and wood-
land ecosystems. The wild service tree is an accom-
panying woody plant of forest communities where
oak species dominate and there is a high degree of
biodiversity (Szymura et al., 2014). The wild service
tree is considered to be a tree that might increase
biodiversity, supporting other species, for example
88 species of pollinators were counted on its flowers
(Werres & Blanke, 2019).

Many authors mention the wild service tree as a
prospective woody plant suitable for global climate
change (Walentowski et al., 2017; Albrecht & de Avi-
la, 2018; Seho et al., 2018; Koch et al., 2022; Afifi
et al., 2023) as it is very drought tolerant (Thomas,
2017; Sutkowska & Mohytych, 2024) and resistant to
other environmental stresses such as high tempera-
tures (Paganova, 2007; Madéra et al., 2013).

Coppicing or coppice with standards are consid-
ered to be the main management practices that are
advantageous for wild service tree growth. Unfortu-
nately, today these forestry techniques have almost
been forgotten (Madéra et al.,, 2017; Slach et al.,
2021), which has led to a decline in the occurrence
of wild service trees in forest stands, especially at the
limits of species distribution (Bednorz et al., 2015;
Jankowska-Wroblewska et al., 2016a).

Knowledge of the genetic variation and population
structure of forest trees is essential when establish-
ing programs aimed at the preservation of biodiver-
sity and to ensure the security of populations with
a high adaptive potential (Belletti et al., 2008). The
proper characterization of the biological material that
makes up a wild service tree is fundamental to its cul-
tivation, with its genetic information being the major
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Fig. 1. The natural range of Sorbus torminalis covers two Northwest African countries (Morocco, Algeria), six in Southeast
Asia (Turkey, Syria, Iran, Georgia, Armenia, Azerbaijan) and 28 European countries (UK, Portugal, Spain, Germany,
Switzerland, France, Italy, Monaco, Austria, Slovenia, Croatia, Bosnia and Herzegovina, Monte Negro, Serbia, Albania,
Greece, North Macedonia, Bulgaria, Romania, Moldova, Russia, Hungary, Slovakia, Czechia, Ukraine, Poland, Den-

mark and Belgium).
Source: Demesure-Musch and Oddou-Muratorio (2004).
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building block. In the last few decades, rapidly evolv-
ing techniques within molecular biology have made
significant progress in building the genetic picture of
Sorbus torminalis and this is likely to be an ongoing
process. This review brings together the current state
of knowledge and considers future possibilities.

History and geographical
distribution of research

The taxon was first described by Carl Linnaeus
in 1753 as Crataegus torminalis L. In 1763, the taxon
was transferred into a new genus, Sorbus, by Crantz
(1763), as Sorbus torminalis (L.) Crantz. According to
Govaerts et al. (2021) who accepted the opinion of
Sennikov and Kurtto (2017) the current valid name of
the taxon is a new combination, Torminalis glaberrima
(Gand.) Sennikov and Kurtto and Sorbus torminalis (L.)
Crantz is a synonym. In contrast, Rich et al. (2022)
consider Sorbus torminalis (L.) Crantz to be valid and
Torminalis glaberrima is mentioned as a synonym.

Since the time of its first description, the wild ser-
vice tree has been subject to in-depth research. In
the Web of Science (WoS) database, using the sim-
ple keyword search, Sorbus torminalis (accessed on 5%
September 2024), 176 results were found, mostly
from the past two decades. It is clear that the level of
scientific interest in the wild service tree has acceler-
ated since the '90s (Table 1).

This increase in interest has been linked to the
development of new research technologies, especial-
ly in molecular biology, and to heightened environ-
mental awareness related to scattered broadleaf tree
species in Europe (Nicolescu et al., 2009; Hemery
et al., 2010; Albrecht & de Avila, 2018; Afifi et al.,
2023). Until 2010, papers on molecular biology were
mostly responsible for the boom in scientific papers
on Sorbus torminalis (Fig. 2). Since 2010, growth in
the number of papers on different topics is visible
(Fig. 2).

Ignoring genetics, the highest proportion (28.7%)
of papers deal with its distribution in individual
countries and the ecology and silviculture of commu-
nities with Sorbus torminalis (including global climate
change). The second most common topic is genetic
variability and the structure of populations (15.0%).
A similar number of articles is devoted to hybridi-
sation of the Sorbus genera (11.8%) and the bio-
chemical composition and bioactivity of secondary

Table 1. Number of papers published on S. torminalis found
in the WoS database (accessed on 5% September 2024)

Period 1975~ 1985- 1995 2005- 2015

e 1984 1994 2004 2014 2024
No. of 6 3 21 74 72
articles

metabolites in Sorbus torminalis (12.4%). Other top-
ics that include subjects such as pollen grain, seed
and leaf morphology (7.8%), gene source conserva-
tion including micropropagation (6.5%), taxonomy
and phylogeny (5.9%), wood anatomy (5.2%), seed
stratification and germination (5.2%) and paleobota-
ny (1.3%) are less common (Fig. 3).

The first genetic study was carried out in south-
west England and looked at the genetic variability of
populations through isoenzymes, it was published
as early as 1989 (Proctor et al., 1989). In total, we
found 63 papers that mentioned Sorbus torminalis as
the subject of genetic research. The highest number
of papers were published between 2005 and 2014
(Table 2).

It is interesting to see where the genetic research
on Sorbus torminalis was conducted. The commonest
location is France, followed by Poland, Germany and
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Fig. 2. Number (X axis) and proportion (Y axis in %) of all
papers on Sorbus torminalis and molecular biology pa-
pers related to Sorbus torminalis
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Fig. 3. Frequency of research topics that involve Sorbus
torminalis
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Fig. 4. Number of genetic studies (source: WoS) on Sorbus torminalis by country. The green areas are countries where

Sorbus torminalis naturally occurs

Table 2. Number of molecular biology papers published
related to Sorbus torminalis (according to the WoS data-
base, accessed on 5" September 2024)

Period 1975- 1985- 1995- 2005- 2015-

1984 1994 2004 2014 2024
No. of 0 2 12 33 16
articles

the United Kingdom (Fig. 4). It is clearly visible in
Fig. 4, that genetic research into Sorbus torminalis is
mostly restricted to the countries of north west Eu-
rope with the exception of Iran. This could be due
to the natural occurrence of the species at its north-
western limit of distribution, local conservation and
forestry policies, or funding for research in different
countries.

Research relying on molecular
biology methodologies

Research into the Sorbus genus through molecular
biology initially developed in two major areas: i) tax-
onomical and phylogenetic studies; and ii) studies of
genetic diversity and populations.

Taxonomical and phylogenetic studies

The early taxonomical studies relied upon mor-
phological characteristics (Kovanda, 1996), support-
ed by cytogenetic analysis, i.e. counting chromo-
somes and DAPI (4°,6-diamidino-2-phenylindole)
flow cytometry (Lepsi et al., 2008; 2009; Vit et al.,
2012). The main goal of these works was the revision
of apomictic triploid whitebeams and a description
of several new independent species. In addition to
these whitebeam triploids, Hamston et al. (2015) re-
corded the first triploid Sorbus torminalis in Britain.
Apart from the triploid representatives of the Sorbus
genus, Bailey et al. (2008) also recorded the occur-
rence of diploids (2n=34) and tetraploids (2n=68)
in the British Isles. Later, this was also reported in
the Balkans (Siljak-Yakovlev et al., 2010). Pellicer et
al. (2012) and Meyer et al. (2014) analysed ploidy
levels and interspecific hybridization possibilities
within more than 50 taxa (both recognized and hy-
pothesized) from the Sorbus genus. On a DNA se-
quence level, the work of Li et al. (2012) was focused
on the analysis of an ITS (Internal Transcribed Spacer)
region of rDNA in 24 genera of the Pyrinae subtribe,
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including 21 species of Sorbus, and found this group
to be monophyletic within the Maloideae subfamily.
Similarly, Dluzewska et al. (2013) verified the taxo-
nomic status of the Sorbus population in the Pieniny
Mts. through the use of ITS sequences. Following
this, work shifted to a detailed study of plastid DNA.
The parentage of 30 polyploid species of Sorbus in the
British Isles was investigated using plastid DNA mi-
crosatellites by Chester et al. (2007). Ulaszewski et
al. (2017) provide a detailed description of the whole
Sorbus torminalis plastid genome and also a compari-
son with the plastid genomes of other Maloideae sub-
family members. The highest degree of genetic sim-
ilarity was found for Malus prunifolia and members
of the Pyrus genus. Further work by Ulaszewski et
al. (2021) involved a complete analysis of the plas-
tid genome of several new genera within Sorbus L.
(Sorbus aucuparia, Aria edulis, Chamaemespilus alpina
and Torminalis glaberrima). This also included the con-
struction of a phylogenetic tree with an additional
110 Malae family members. These results implied the
validity of the proposal for the independent genera
Aria, Chamaemespilus and Torminalis. Other work that
deals with complete plastid genome analysis is Tang
et al. (2022) who focused on members of Sorbus sen-
su stricto (Sorbus s.s.) with the aim of distinguishing
and delineating those members of this group that are
challenging to classify by morphological traits alone.
This work compared a total of 29 plastid genomes
which included 16 that were newly sequenced. Sorbus
s.s. and other five genera were separated from the
Sorbus sensu lato genus (Sorbus s.1.); Aria, Chamaeme-
spilus, Cormus, Miromeles and Torminalis. There is
strong support for these to be classified as monophy-
letic, while the Sorbus s.l. genus is confirmed to be
polyphyletic. Although the existence of the separate
genus Torminalis is so far supported by phylogenies
based on the available DNA sequence data, this clas-
sification still does not seem to be widely accepted in
classical taxonomy, where the original classification
under the Sorbus genus is still prevalent (Sennikov &
Kurtto, 2017; Rich et al., 2022). A clear classification
of some whitebeams and wild service tree individu-
als, especially putative hybrids, can sometimes still be
challenging due to cases of apomixis and polyploidy
(Robertson et al., 2010; Leinemann et al., 2010; 2013;
Németh et al., 2020). Furthermore, statistical incon-
sistencies found in a comparison between the genetic
data and morphology are sometimes reported (Feul-
ner et al., 2023). Due to the lack of a universal DNA
barcode for plants, the definitive taxonomic picture
of whitebeams, service trees and rowans is still to be
resolved. By far the most common DNA sequences
currently relied upon in whitebeam and service tree
phylogenetic studies are nuclear ribosomal ITS and
partial or entire plastid DNA, with drawbacks such as
paralogs and amplification challenges in the former,

and the lower evolutionary rate and resolution in
the latter. That is why some phylogenetic studies of
Sorbus complex have tried an approach that combines
the nuclear and plastid datasets. The advent of recent
techniques such as genome skimming may help to
further resolve the phylogenetic relationships in the
Sorbus complex (Qiu et al., 2019; Meng et al., 2021).
Nevertheless, based on the available molecular data,
the existence of a separate genus, Torminalis, current-
ly appears to be justified. Outside of phylogenetic
studies, the future benefits of sequencing these DNA
regions and knowledge of their intra-population and
inter-population variability will probably be greatest
in studies aimed at studying the origin and identifica-
tion of valuable genotypes and their possible spread
(or hybridization) in the context of climate change,
when individuals are exposed to various biotic and
abiotic stresses.

Studies into genetic diversity and
populations

To study the genetic diversity and population
structure of the Sorbus genus, the first studies used
protein markers (Proctor et al., 1989; Aas et al.,
1994). These included isoenzymes in particular,
where Demesure et al. (2000) tested the following
single- and double-locus systems: AAP E.C. 3.4.11.1
(alanine aminopeptidase, one locus: AAP-1), ACPE
E.C. 3.1.3.2 (acid phosphatase, one locus: ACP-1),
ADH, E.C. 1.1.1.1 (alcohol dehydrogenase, one lo-
cus: ADH-1), GOT, E.C. 2.6.1.1 (glutamate oxaloac-
etate transaminase, one locus: GOT-2), 6PGD E.C.
1.1.1.44 (6-phosphogluconate dehydrogenase, one
locus: 6PGD-1), SKDH, E.C. 1.1.1.25 (shikimate de-
hydrogenase, one locus: SKDH-1), ME E.C. 1.1.1.40
(malic enzyme, one locus: ME-1), IDH, E.C. 1.1.1.42
(isocitrate dehydrogenase, two loci: IDH-1, IDH-2),
PRX, E.C. 1.11.1.7 (peroxidase, two loci: PRX-I,
PRX-2), MR E.C. 1.6.99.2 (menadione reductase,
two loci: MR-1, MR-2) and PGM, E.C. 5.4.2.2 (phos-
phoglucomutase, two loci: PGM-1, PGM2). Their
aim was to compare and distinguish between Slo-
vak, Slovenian, Bulgarian and Swiss populations of
Sorbus torminalis. The coefficient of differentiation
(F,;) was between 0.10 and 0.32 for French popula-
tions, which was higher than that found in Eastern
European populations (0.08). At the same time, they
recommend the use of three loci (ADH, 6-PDH, and
IDH-1). Bednorz and Krzakowa (2002) tested one lo-
cus of the PGI (phosphoglucose isomerase) enzyme
system in eight Polish populations of Sorbus tormi-
nalis, while also providing sufficient polymorphism
to distinguish populations. Bednorz et al. (2004)
investigated 16 isozyme loci to characterise the S.
torminalis population in the Bytyn Forest (Poland).
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Seven loci (ADH-A, 6PGD-A, GDH-B, ME-A, SOD-A,
PGM-A, PGM-B) proved to be polymorphic, whereas
the other nine loci (SDH-A, SDH-B, DIA-C, DIA-D,
FLE-A, FLE-B, GOT-B, IDH-A, IDH-B) were monomor-
phic. Bednorz et al. (2006) used 25 isoenzymes to
describe the genetic variability of Sorbus torminalis
populations in Poland. The coefficient of differen-
tiation was relatively high (F_=0.17) and a unique
genetic structure (clonal population) was described
for the ‘Brekenia’ population. Consequently Bednorz
(2007) and Bednorz et al. (2015), successfully used
six enzymatic systems MDH (malate dehydrogenase,
E.C. 1.1.1.37), ME, 6PGD, ADH, PGM-1 and PGM-
2 to describe the genetic diversity of Polish popula-
tions, resulting in a better understanding of the ge-
netic diversity of parental trees and their offspring.
The estimate of F (0.058) was statistically signifi-
cant, indicating differentiation between the groups
compared. ME and ADH were evaluated and found
to be less suitable systems (Bednorz et al., 2015).
However, enzymatic systems are translation prod-
ucts and are therefore subject to external influence
from the environment or ontogenetic stage, which
can be a substantial limitation in practical purposes.
In this regard, genomic DNA markers that are not in-
fluenced by the environment seem to be much more
promising.

The first DNA analyses of the Sorbus genus were
made using RFLP (Restriction Fragment Length Poly-
morphism) to evaluate hybridization between species
(Nelson-Jones et al., 2002) and RAPD (Random Am-
plified Polymorphic DNA) to evaluate the genetic diver-
sity of populations in China (Liu et al., 2003). It is
clear from the following text that these methodolog-
ical principles are still used and are suitably supple-
mented by SSR (Simple Sequence Repeats) markers.

Silfverberg-Dilworth et al. (2006) tested the utility
and extrapolation of Malus SSR markers from the Ap-
ple SSR database (http://www.hidras.unimi.it) when
applied to the Maloideae (Amygdaloideae) subfamily,
including Sorbus torminalis, and found the success
rate was only 41 %. Meanwhile Oddou-Muratorio et
al. (2001a) described and characterized nine micro-
satellite markers, from which the six best markers
yielded an average of 10.7 alleles per locus and thus
made it possible to identify individual Sorbus species.

However, thanks to the co-dominant heredity pattern
it was also possible to identify hybrids among these
species. It can be stated, that within the individual
studies dedicated to the Sorbus genus, approximate-
ly 30 SSR markers have been used to date and the
most frequently employed are MSS1, MSS5, MMS6,
MMS9, MSS13, and MSS 16, Oddou-Muratorio et al.
(2001a) (Table 3). The frequency of use of individu-
al SSR markers depends on the time of publication
and the authors of the study. However, in most cases,
there is an obvious trend that the most commonly
used SSR markers are those that provide the highest
degree of variability and thus are the most suitable
for practical use. Thanks to SSR markers, it has been
possible to successfully characterize chosen popu-
lations of Sorbus torminalis in Europe (Kucerovd et
al, 2010; George et al., 2015; Jankowska-Wroblews-
ka et al., 2016a, 2016b; Hamston et al., 2018) and
some related species, such as S. domestica, in Swit-
zerland (Kamm et al., 2009). Kucerova et al. (2010)
described a relatively high level of variability within
the analysed populations (F,=0.228) in contrast to
Jankowska-Wroblewska et al. (2016a), who stated an
F_. of 0.048. This low value is realistic and justified
by the clonal structure of populations. Hamston et
al. (2018) attributes the lower degree of variability
in his study to apomixis in Sorbus taxa. Kamm et al.
(2009) sees a possible application of SSRs for mon-
itoring seed dispersal. Aside from the above, SSR
markers can also be used in the analysis of genetic
drift, gene flow or inbreeding studies (Oddou-Mu-
ratorio et al., 2004, 2005, 2006; Hoebee et al., 2007;
Oddou-Muratorio and Klein, 2008; Klein et al., 2008;
Kamm et al., 2009).

In addition to SSR markers, another DNA poly-
morphism analysis method, based on repetitive se-
quence variability detection, more specifically ISSR
(Inter Simple Sequence Repeat), was used for Sorbus.
Angelone et al. (2007) used this method to success-
fully characterize and identify local Swiss popula-
tions of Sorbus torminalis. They found that molecular
variability within populations was not determined by
size but by habitat quality (openness), where it had
a positive effect on the percentage of fruiting trees
and the degree of fecundity per tree, suggesting that
more open forests increase sexual reproduction.

Table 3. Summary and frequency of the use of SSR markers in Sorbus genus studies (21 in total according to the WoS

database)
SSR marker name Frequency of use in publications SSR marker name Frequency of use in publications
MSS5 17 CHO02c09 a CHO1h01 4
MSS16 16 CHO1hO01 a Ms6g 3
BGT23b, CH02D11, CH02d08, Ms14h03,
MSS1 13 Ms14, SAO1, SA02, SA03, SA06, SA09, SA14 2
a SAI9.1
MSS6 2 MMS9 12 CHO1F02, CHO1F09, CH02B03b, MSS3, 1

MSS4, SA07 a SA08

MSS13 11
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As with SSR markers, co-dominant heredity char-
acteristics are also present when using RFLP. This
enables the detection of heterozygous (hybrid) geno-
types in populations. Nelson-Jones et al. (2002) had
success employing this method, together with SSR
markers, to identify individual members of the Sorbus
genus, while focusing on restriction polymorphism
of nuclear DNA (EcoRI, PstI), rtDNA operons from
Brassica oleracea, ten cpDNA regions from Lycoper-
sicon esculentum and two mtDNA regions (COXI - cy-
tochrome oxidase subunit I and atpA — the a-subunit
of the ATP synthase of maize (Zea mays). It is the anal-
ysis of maternally inherited cytoplasmatic genomes
in particular, that can reveal the direction of hybrid-
ization and the origin of Sorbus torminalis seeds. For
the analysis of genetic variability in populations and
their fragmentation, RAPD was successfully used in
Italy by Belletti et al. (2008). Considering the fact
that RAPD employs markers characterized by the
dominant heredity pattern, it is the only study of this
type, despite the positive results obtained and SSR
markers are still the current choice for studies.

The next DNA marker in practical use is variabil-
ity detection in the locus for S-RNase, which plays an
important role in the investigation of the incompati-
bility and diversity of the Sorbus genus. Oddou-Mura-
torio et al. (2003) and Jankowska-Wréblewska et al.
(2016b) achieved very similar results when compar-
ing SSR markers and S-RNase analyses in Sorbus torm-
inalis. Of course, at the same time, they highlighted
the fact that the primers used for S-RNase were origi-
nally designed for the Prunus genus (Sonneveld et al.,
2003) and therefore their results should be treated
with due caution. This is because the number of al-
leles is influenced by the size of the population an-
alysed, that is by genetic drift in small populations
(Bush & Schoen, 2008). For example, Raspé and
Kohn (2007) found thirty S-alleles when comparing
two S. aucuparia populations in the French Pyrenees
and Jankowska-Wréblewska et al. (2016b) found
only four and six alleles within two populations of
Sorbus torminalis in Poland (Jamy and Jarocin). For
S-RNase allele detection it is possible to use a stand-
ard PCR reaction with electrophoretic detection of
the amplicon size differences (Oddou-Muratorio et
al., 2003) or sequencing of the obtained PCR prod-
ucts (Jankowska-Wroblewska et al., 2016b). Mainly
through the use of sequencing techniques it is pos-
sible to not only evaluate DNA variability, through
insertions and deletions (size differences), but also
SNP (Single Nucleotide Polymorphism). Thus, this ap-
proach is more effective, but more expensive. Aside
from genetic diversity assessments, with regards to
future preservation of rare and valuable tree species
in European ecosystems and their possible use in for-
estry under climate change, the underlying approach
from molecular biology that may prove useful is the

development of DNA markers related to specific phe-
notypic traits. So far, these types of markers have not
been developed for members of the Sorbus complex,
perhaps due to the current marginal practical de-
mand and economic importance of the genus. How-
ever, Feulner et al. (2014) carried out a study with a
similar goal. They confirmed the existence of a highly
significant correlation between floral chemistry and
amplified fragment length polymorphism (AFLP).
The AFLP technique (which roughly speaking com-
bines RAPD and RFLP) also proved to be useful in
the study of modes of reproduction, hybrid origins
and gene flow in the Sorbus complex (Feulner et al.,
2013).

Practical implications in
silviculture

Over the past four decades, most European coun-
tries have become interested in the ecology and sil-
viculture of the wild service tree and many studies
have been published (Nicolescu et al., 2009). Grow-
ing young trees with strong competition and natural
pruning will result in the development of good stem
form (Wilhelm & Ducos, 1996). The wild service
tree is a useful indicator of the existence of ancient
woodlands and hedgerows (Roper, 1993).

Vegetative propagation

The distribution and use of the wild service tree
has drastically decreased since the conversion from
coppice-with-standards to high forest and the re-
placement of wood by other materials (Zeitlinger,
1990; Kausch-Blecken von Schmeling, 1994). Some
authors have stated that Sorbus torminalis is unsuit-
able for coppicing because its capacity for suckering
is poor (Camarda & Valsecchi, 1982; Bernetti, 1995;
Svoboda, 1942), although others have reported nat-
ural regeneration by root suckering (Svoboda, 1942;
Madéra et al., 2012; CABI Compendium, 2019).
Natural layers from creeping shoots have also been
recorded (Bernetti, 1995). Shoots often arise after
the trunk or roots are injured during the clearing of
wood (Svoboda, 1942). However, it is not easy for
them to maintain their growth, because the seedlings
of other species are mostly pre-grown and limit their
development. Nevertheless, some authors found a
high ratio of individuals of vegetative origin in stands
(Hoebee et al., 2006), clonal reproduction dominates
in peripheral populations under stress (Rasmus-
sen & Kollmann, 2004; Jankowska-Wroblewska et
al., 2016a) or in coppice woodlands (Madéra et al.,
2012). Clonal offspring are not usually suitable, even
when older, for nurseries or transplantation, giv-
en that they are nourished by the mother plant for
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a relatively long time and only form their own root
system late on (Svoboda, 1942). Vegetative propaga-
tion can be performed through cuttings, grafting, air
layering, sets and tissue cultures (Bernetti, 1995).

Generative propagation

Natural propagation is usually by seed in the
spring (CABI Compendium, 2019). However, Sorbus
torminalis has a poor ability to naturally regenerate
as is also the case for both S. domestica and S. aria
(Prudi¢, 2000). This is not due to a lack of seeds,
although some trees are unable to self-propagate
(Wojciechowski & Bednorz, 2000), they do not fall
from the tree but serve as food for birds. Thus, the
seeds can be spread over relatively large distances.
However, they also serve as food for mice and many
seedlings are destroyed by animals (Prudi¢, 2000).
Therefore, the coppice-with-standards is the most
suitable form to encourage natural regeneration,
where it is desirable to leave Sorbus torminalis as the
upper tree species. In this way, it can last for several
rotations of the underlying wood species. Seedlings
and vegetative shoots must be released early to give
them a sufficient head start over other woody plants
(Svoboda, 1942). The generative offspring of Sorbus
torminalis grow faster than the vegetative ones (Bed-
norz & Nowinska, 2018).

Seed collection is used in the artificial regener-
ation of trees and stands. Seeds must be collected
from a sufficiently high number of mother trees to
ensure that the genetic variability of the population
is maintained. According to Czech Act No. 149/2003
Coll., relating to trade in the reproductive material
of forest trees, seed collection must be carried out
from at least 10 or 20 trees in a stand, depending on
the wood species and the categorisation of the source
of the reproductive material (source-identified or se-
lected). Doran et al. (1983) recommend a minimum
of 25 trees for Acacia with a spacing of no less than
100 m to minimize any relationship between the
mother trees. The authors state that while 25 widely
spaced trees are the preferable minimum sample size
to represent heterogenous populations, less popu-
lous crops may dictate a much smaller sample size.
An arbitrary number of, for example, 5 seed trees
may be considered to be the absolute minimum sam-
ple size (Doran et al., 1983). However, Biedenkopf
et al. (2007) highlighted that seed collection from
the wild service tree population for commercial har-
vest can result in a statistically significant reduction
in genetic diversity. They used eight isoenzymes to
study genetic variation in 121 mature trees of Sorbus
torminalis in a natural stand and a subset of 21 high
yield seed trees in the same stand. Within the climat-
ic conditions of Central Europe the seeds ripen in
September, remain on the trees until the beginning

of winter and then fall (Hofmann et al., 2005). Ripe
fruit still on the trees can then be collected. After
collection, the seeds must be removed from the pulp
by straining and rinsing on sieves (Hofmann et al.,
2005). The seed can be sown immediately after col-
lection, and it emerges very well in the spring (Hof-
mann et al., 2005). After drying, seeds can be stored
in jute bags or well perforated crates in cool airy
spaces (Hofmann et al., 2005). For long-term stor-
age, it is recommended that the seeds are dried to
a moisture content of 6-8% and then they may be
stored in hermetically sealed containers at 1-4 °C for
up to 8 years (Hofmann et al., 2005). After storage
and before sowing, the seeds must be stratified for
2-4 weeks at a temperature of 15 °C and then for 16-
30 weeks at a temperature of 4°C (Tylkowski, 2016).
A 1:1 mixture of peat and sand is recommended as
the stratification medium, the ratio of stratified seeds
to the medium is 1:3 (Hofmann et al., 2005). With-
out this stratification, seeds sown in the spring will
lie dormant in soil or substrate for 1 year (Hofmann
et al., 2005).

Conservation of genetic resources

Approaches to the selection and conservation of
genetic resources for wild service tree vary between
European countries, but proper guidelines are still
often given a low priority, overlooked or are simply
entirely lacking, despite the knowledge that infor-
mation about the genetic structure of natural pop-
ulations should form the basis for the selection and
protection of forest genetic resources (Kavaliauskas
et al., 2021). However, there are technical guidelines
for genetic conservation of Sorbus torminalis issued by
the European Forest Genetic Resources Programme
(EUFORGEN), which, for example, mention the im-
portance of maintaining gene flow and a dynamic
ecosystem during in situ conservation efforts, while
stressing that this should be carried out on a wider
landscape or even regional scale, rather than just lo-
cally. The long-term, genetic diversity of this species
seems to be significantly affected by rare long-dis-
tance seed and pollen dispersal events, which should
be accounted for in management units. Conserving
this long-distance gene flow is therefore of highest
importance, rather than the establishment of precise-
ly defined spatially constrained conservation units.
For ex situ measures it is recommended to collect
seeds from many trees that grow at least 200 me-
ters apart (Demesure-Musch & Oddou-Muratorio,
2004). The first genetic survey using isozymes for
Sorbus torminalis discovered an astonishingly high
degree of genetic diversity comparable to abundant
species such as beech or oak (Rotach, 2000). Ac-
cording to Bednorz (2007), both in situ and ex situ
methods should be applied to the conservation of the
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genetic resources of Sorbus torminalis. Conservation
efforts should first focus on forest management prac-
tises that favour the wild service tree, for example,
logging intervention, competition control, prepa-
ration of favourable sites for the establishment of
new areas. Further, in situ measures should include
the selection of conservation areas (natural gene re-
serves) and the preservation of trees of the highest
quality (protected genotypes). This would provide
seeds for the establishment of new areas and to seed
small populations. The genotypes of trees selected
for preservation (about 250-300) would be protected
in ex situ conservation areas, seedling and clonal seed
orchards (Bednorz, 2007; Bednorz, 2009). Benedik-
ova (2007) also confirmed that seed sets are often es-
tablished to preserve the Sorbus torminalis gene pool.
Rotach (2000) demonstrated that a phenotypic se-
lection of 80 to 90 plus trees for a seed orchard may
be an excellent tool to conserve a regional gene pool
and to produce offspring with high genetic diversi-
ty. Thus, plus trees at one of the sites may be used
for clonal seed orchard establishment (Espahbodi et
al., 2008). Aside from seed banks and clonal seed or-
chards, the micropropagation of wild service trees in
vitro has also been employed as a method for the long
term conservation of genetic resources (Mdchova et
al., 2009; Marques et al., 2013; Bilous & Matashuk,
2021; Sedivd et al., 2023).

According to the General Declaration of the Third
Ministerial Conference on the Protection of Forest
in Europe, that took place in Lisbon (Collective of
authors, 1998), native species and those with local
provenance that are well adapted to site conditions
should be preferred for reforestation and afforesta-
tion. Research into forestry has shown that if forests
are to be of increased value, including their stability,
adaptation, resistance, productivity and diversity, it
is necessary to use reproductive material which is
genetically and phenotypically suited to the site and
of high quality, therefore the Member States of Eu-
ropean Union shall ensure that only basic material
that is approved will be used in the production of
forest reproductive material intended to marketed
(Council Directive 105/1999/ES). In forestry, select-
ed sources (stands) are most often used, which are
judged with respect to the specific stated purpose
for which the reproductive material is intended and
due weight shall be given to requirements 1-10 when
considering the specific purpose, origin, degree of
isolation, effective size of the population, age and de-
velopment, uniformity, how well it is adapted, health
and disease resistance, volume of production, wood
quality, form or growth habitat. The selection crite-
ria shall be determined by the Member State and the
purpose entered into the National Register (Council
Directive 105/1999/ES).

During phenotypic selection, many tree charac-
teristics are assessed. As a rule, these are height, di-
ameter at breast height, wood volume, trunk quality,
and furthermore crown diameter, height under the
branches, leaf area index, branch angels, number and
diameter of branches (Liao et al., 2022; Liu et al,,
2022; Saravi et al., 2008 etc.). Saravi et al. (2022)
concluded that at the selection stage, if genotypes
with greater collar diameters and height but with
less branch angles are selected as the Sorbus tormi-
nalis parent trees, then seedlings (progenies) with
higher survival rates and better growth would result.
However, selection can lead to the elimination of al-
leles from the population, thereby reducing genetic
variability. However, the effects of selection depend
on the intensity and the initial variability of genes
(Collective of authors, 2023).

Provenance research

In Germany, Sorbus torminalis has been the subject
of provenance research for more than 20 years (Seho
et al., 2018), and provenances from all over Europe
are tested here (Prudi¢, 2000). The results from Seho
et al. (2018) underscore the importance of collect-
ing seeds from as many mother trees as possible to
ensure an optimal degree of genetic variability and
growth characteristics in individual provenances, al-
though significant differences in phenotype between
provenances were sometimes observed. Benedikovd
and Kyseldkova (2005) state that over recent years
in Austria, within forests with a predominance of
oak, other broadleaf trees have been supported, es-
pecially Sorbus torminalis. Kotar (1998) also recom-
mends this measure in Slovenia. In Italy, Piagnani
et al. (2018) emphasize that the current production
of timber only covers 20 % of the national demand.
Their work shows, for the first time, results for the
phenotypic characterizations of Sorbus torminalis. The
annual diameter and height increase was recorded
for twenty-five seedlings from a single mother tree,
from the Northern Apennines (Italy). Research con-
ducted by Tabandeh et al. (2007) and Saravi et al.
(2008) aimed to determine the heritability of some
characteristics of Sorbus torminalis seedlings through
a half-sib progeny test in the north of Iran. Analyses
indicated that the heritability of the largest branch
(h? = 0.003) and branch number (h?> = 0.007) was
lower than those of the other characteristics meas-
ured. The heritability of collar diameter, vitality and
total height was h? = 0.22, h? = 0.20 and h? = 0.17,
respectively. From 20 parent trees the genotypes of
five of them can be introduced as plus trees to pro-
vide seeds and for seedling production. It can be de-
duced that for seedling production of Sorbus tormina-
lis in this particular nursery, the parent trees should
be those that have the greatest collar diameter, best
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vitality and total height in order to increase the pos-
sibility of high-quality progeny. Molecular biology
work done on wild service trees is usually consistent
and reports much higher levels of genetic diversity
within individual populations than would be expect-
ed given its scattered distribution, however, there is
less consensus about the clear spatial genetic struc-
ture in relation to geography and it usually depends
on the sample size and studied area (Oddou-Mura-
torio et al., 2001b; Kucerovi et al., 2010). Interest-
ingly, Kavaliauskas et al. (2021) report higher allelic
richness in plus trees and seed orchards than in wild
populations of wild service trees, which only high-
lights the importance of management practices that
help maintain gene flow.

Summary & Future perspectives

Up to this point, molecular biology has made a
major contribution to the description of the genetic
background of the wild service tree, especially when
it comes to the phylogenetic standing of the species
among other taxa in Sorbus complexes and an assess-
ment of genetic diversity within and between popu-
lations, with the use of non-coding portions of the
genome as a criterion found to be sufficient for the
latter. These studies are of significant practical im-
portance, mainly when it comes to the conservation
of wild service tree genetic resources, understanding
the reproduction strategies required to maintain ge-
netic fitness or identification of possible threats to
genetic diversity. However, if this species is eventu-
ally more involved in silviculture, not only from eco-
logical standpoint (to increase forest diversity and
resilience) but especially for timber production or bi-
ologically active compounds (Ak et al., 2024), it may
lead to an increase in the need for genome wide asso-
ciation studies (GWAS). That is a focus on markers
that confer the important traits of wild service trees,
for example its resistance to abiotic and biotic stress.
More investment in next generation sequencing ap-
proaches coupled with robust bioinformatic analysis
might be required to achieve this goal or at the very
least to broaden the basis for the possible develop-
ment of new informative markers (Amiteye, 2021).
This would provide another useful globally available
tool that could be applied, together with progeny
and provenance tests, to take local conditions into
consideration.

More specifically, with regards to the selection
criteria for tree genetic resources, as stated in Coun-
cil Directive 105/1999/ES, the following possible fu-
ture applications of molecular biology in wild service
tree research can be suggested:

Origin: Approaches based on the polymorphism of
repetitive sequences, such as microsatellite mark-

ers on one hand and barcoding of selected plas-
tid and nuclear DNA sequences on the other, will
continue to further populate substitute by expand
the database and play a role in the approval of or-
igin, hybrid status or provenance of wild service
tree reproductive material. An increased focus on
the discovery and screening of single nucleotide
polymorphism (SNP) in the Sorbus torminalis ge-
nome would be particularly helpful here (Cronn
et al., 2021).

Isolation, effective population size: While there
should be an emphasis on choosing the genetic
material that is best suited to local conditions, it
is also desirable to introduce the wild service tree
into new sites, using material from various sourc-
es to increase gene flow between stands and pre-
vent population fragmentation. The question of
whether the wild service tree will also be utilised
in monospecific planted stands outside of nurser-
ies still remains. In such cases, allozymes, SSR or
ISSR markers should be able to identify the ge-
nets and ramets in a given stand. Alternatively,
when the wild service tree is introduced sparingly,
as part of a diverse forest ecosystem, microsatel-
lite markers (SSR) are currently the most reliable
method and can also serve as a proxy for diver-
sity in adaptive genetic markers. Again, here the
development of SNP panels could be beneficial
(Kucerovd et al., 2010; Kavaliauskas et al., 2021).

Health and resistance, adaptedness: The wild ser-
vice tree appears, in general, to be a resilient and
prospective species in response to the projected
climate change, but biotic stressors such as fun-
gal diseases or abiotic factors such as heat or
drought can nevertheless become a concern, at
least over some of its native range, which would
require a shift to breeding for resistance (Thom-
as, 2017). That would require a more thorough
study of host-pathogen interactions on a molec-
ular physiology level, but also more thorough ge-
netic screening of wild service tree populations
to identify resistant individuals. Here, together
with the established genetic profiling, based on
a variable number of tandem repeats (SSR) and
single nucleotide polymorphism, sequencing of
more genomic regions and subsequent new mark-
er development might be useful (i.e. genome wide
association studies, bulk segregant analysis etc.).
These applications of DNA analysis are only sug-

gestions and there is always room for improvement,

but their usefulness will ultimately depend on the
goals and strategies chosen in the establishment of
wild service tree genetic conservation units and will-
ingness to reintroduce the species into silviculture.

The recent approaches that have used DNA based

methods for inventory and conservation also vary

between countries, which perhaps partly reflects
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the silvicultural traditions and natural distribution
frequency. To name but a few instances: in France,
the wild service tree is relatively abundant and of
long-term economic interest and the first successful
attempt to develop microsatellite markers to study
the genetic structure of populations took place there
(Lanier et al., 1990; Oddou-Muratorio et al., 2001a).
The results of extensive population screening with
SSR markers was used to propose an overall strate-
gy for the management of genetic conservation units
over the whole of southern Germany (Kavaliauskas
et al., 2021). The substantial application of DNA
based methods can also be seen in Poland, where
the species has its limit of distribution and is rare
and protected (Jankowska-Wroblewska et al., 2016b;
Ulaszewski et al., 2017). Valuable research into the
inheritance of wild service tree phenotypic traits was
done in Iran, despite the lack of a molecular genetic
background (Tabandeh et al., 2007; Espahbodi et al.,
2008).The situation is also interesting in the Czech
Republic, where detailed research into Sorbus tormi-
nalis distribution on a national scale was carried out
(Madéra et al., 2013) and several seed orchards have
been established as genetic resources (The Ministry
of Agriculture of the Czech Republic, 2024). There
has even been the development of a certified meth-
odology for in vitro micropropagation of whitebeams,
rowans and wild service trees (Mald et al., 2014).
Despite this, DNA based analysis has mostly been
reserved for karyological studies to resolve phyloge-
nies, ploidy and population dynamics in other related
rare or endemic taxa in the Sorbus complex although
sometimes it has also been used for the results of hy-
bridization with Sorbus torminalis (Lepsi et al., 2009;
Velebil, 2012). In some cases, microsatellite marker
analysis was also used (Lepsi et al., 2008; Vit et al.,
2012; Lepsi, 2017), but the precise and informative
mapping of the population structure and genetic di-
versity specifically of Sorbus torminalis as a genetic re-
source is, to date, still missing.

There is no doubt that current wild service tree
populations, at the core of their natural range, are
affected by fragmentation due to the historical shift
of forestry practice from coppicing and more open
forests to high forest and closed canopies. But even
though their protection status varies in individu-
al European countries, it is not listed as a globally
threatened species by the IUCN. Awareness of the
importance of rare and noble hardwoods in forest-
ry and nature conservation is hardly new and as
early as the 1990s conservation projects for Sorbus
torminalis were launched in France, Germany, Aus-
tria, Switzerland and Slovakia. Despite this there is
a still a gap between theory and practice and they
still only receive minor attention compared to the
more traditional and commercially significant for-
est tree species (Turok et al., 1998). This could also

partially explain the current state of the molecular bi-
ology methodologies available and the development
of DNA markers for the wild service tree. The total
number of papers published that focus on the genet-
ics of the wild service tree in a given country does
not always directly translate to actual conservation
efforts or forest management practices and what is
often missing are case studies (Afifi et al., 2023). The
general prevalence of microsatellite markers is also
understandable due to their high level of polymor-
phism and reproducibility. But aside from the devel-
opment of new DNA markers, more attention should
be paid to genetic screening, using methods that are
already available, of isolated or peripheral popula-
tions on a regional scale, to make sure there is no risk
of inbreeding depression, despite the generally high
inter-population diversity reported for the species
(Hoebee et al., 2007; Rasmussen & Kollmann, 2007,
2008; Jankowska-Wroblewska et al., 2016a). On the
other hand, genetic studies focused on mapping hap-
lotypes across countries could also provide valuable
information and are still quite rare (Oddou-Murato-
rio et al., 2001b; Kuclerov4 et al., 2010). These meas-
ures would at least partly mitigate the scenario where
the selection of forest reproductive material is taken
from a limited gene pool. There is undoubtedly an
increased need to develop a more connected network
between the scientific community (wild service tree
genetic diversity and population structure) and for-
estry practitioners (selection of genetic conservation
units and forest reproductive material) to ensure the
optimal delineation of provenances and reliable ge-
netic resources for this noble hardwood species both
on a national and pan-European scale.
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