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ABSTRACT

Hybridization and polyploidization are the main drivers of diversification in Sorbus, and have generated numerous evolutionary lineages across 
Europe. Newly derived polyploid lineages usually reproduce via apomixis and represent novel genetic and morphological entities, usually circum-
scribed as distinct species. Whereas Sorbus has been thoroughly studied in Central and Western Europe, its diversity in the Balkans remains less 
explored. This is especially the case for Sorbus subgen. Tormaria that includes derivates of crosses between S. subgen. Aria and S. torminalis. Here, 
we report the discovery of a triploid population of S. subgen. Tormaria in south-western Bosnia and Herzegovina. We performed amplified fragment 
length polymorphism fingerprinting, evaluation of nuclear microsatellites, plastid DNA sequencing, flow cytometric ploidy level estimation, 
reproduction mode screening, and morphological characterization to disentangle its relationship to the previously reported diploid populations 
from Bosnia and Herzegovina and congeners from Central Europe, as well as to both parents. The data revealed that the aforementioned population 
includes mostly triploid facultative apomicts that are genetically divergent from other taxa. We therefore describe it as a new species, Sorbus her-
cegovinae, and provide its description, distribution data, and conservation status. Our study highlights the Balkan Peninsula as one of the hotspots 
of whitebeam diversity.
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I N T RO D U CT I O N
The Balkan Peninsula represents a hotspot of European plant 
diversity due to heterogeneous geological, topographic, and cli-
matic conditions, leading to high variability of habitats, as well as 
due to milder influence of Pleistocene glaciations enabling survival 
of biota in different refugia (Kryštufek and Reed 2004, Nieto 
Feliner 2011, Rešetnik and Španiel 2022). Hybridization and 
polyploidization are among the most important drivers contrib-
uting to this remarkable diversity, resulting in a high number of 
endemic species (Lakušić et al. 2009, Bjedov et al. 2015, Hajrudi-
nović et al. 2015a, Hajrudinović-Bogunić et al. 2023, Lazarević 
et al. 2015, 2022, Olšavská et al. 2016, Španiel et al. 2017, Niketić 

et al. 2022, Rešetnik et al. 2023, Kuzmanović et al. 2024). Allo-
polyploidy represents a strong force that affects genome variation 
through recomposition, epigenetic expression, eco-physological 
and phenotypic adaptation, as well as changes in reproduction 
mode (Leitch and Leitch 2008, Renny-Byfield et al. 2013, 
Weiss-Schneeweiss et al. 2013, Shimizu-Inatsugi et al. 2017).

Sorbus L. (Rosaceae, Malinae) is a woody plant genus, whose 
diversification was predominately shaped by recurrent homoploid 
hybridization as well as by polyploidization, generating numerous 
distinct lineages (Rich et al. 2010, Robertson et al. 2010, Kurtto 
et al. 2018). The newly derived polyploid lineages are often main-
tained by apomixis (asexual seed formation), which enables their 

Original Article

Received: 15 April 2025; revised 14 August 2025; accepted 29 September 2025
© The Author(s) 2025. Published by Oxford University Press on behalf of The Linnean Society of London.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), 
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact  
reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the article page  
on our site—for further information please contact journals.permissions@oup.com.

D
ow

nloaded from
 https://academ

ic.oup.com
/botlinnean/advance-article/doi/10.1093/botlinnean/boaf098/8326659 by Sarajevo U

niversity user on 19 N
ovem

ber 2025



2  •  Hajrudinović-Bogunić et al.

propagation and long-term persistence (Robertson et al. 2010, 
Ludwig et al. 2013). Whereas diploid Sorbus species are sexual 
outcrossers, polyploids are mostly pseudogamous apomicts; trip-
loids show nearly obligate apomixis and tetraploids retain some 
sexuality (facultative apomixis; Hajrudinović et al. 2015b, Lepší 
et al. 2019). Although apomictic reproduction generates clonal 
offspring, recurrent pollen flow from polyploid apomicts to dip-
loid outcrossers continuously generates new polyploid diversity 
with different mating systems (Robertson et al. 2010, Hajrudi-
nović et al. 2015b). The taxonomy of these polyploid-apomictic 
complexes is challenging, therefore proper conservation efforts 
should rather focus on the evolutionary processes that drive pro-
duction of the novel biodiversity (Ennos et al. 2005, 2012).

The Balkan Peninsula hosts ∼15 Sorbus taxa, including four 
sexual and 10 apomictic species (Kurtto et al. 2018, Sennikov and 
Kurtto 2017). Recent studies of Balkan Sorbus revealed complex 
patterns of karyological, genetic, and morphological diversity and 
uncovered numerous cryptic lineages, especially in Sorbus subgen. 
Soraria Májovský et Bernátová, which includes hybrid derivates 
of crosses between S. subgen. Aria and S. aucuparia L. (Hajrudi-
nović et al. 2015a, 2015b, Hajrudinović-Bogunić et al. 2023). On 
the other hand, Sorbus subgen. Tormaria Májovský et Bernátová 
that includes a series of di-, tri-, and tetraploid taxa generated by 
hybridization between S. subgen. Aria and S. torminalis L. (Meyer 
et al. 2005, Lepší et al. 2008, 2009, Rich et al. 2010) was neglected 
in previous studies of Balkan plants. The highest species diversity 
within this subgenus, which is at least partly related to focused 
systematic research, is in parts of Central Europe (Meyer et al. 
2005, Németh 2007, 2012, 2015, Lepší et al. 2008, 2009, Sennikov 
and Kurtto 2017) and Great Britain (Rich et al. 2010), where 
numerous apomictic species have been described recently. Else-
where, hybrids between S. subgen. Aria and S. torminalis have been 
mostly referred to as S. latifolia (Lam) Pers. s.l. (e.g. in Austria: 
Fischer et al. 2008). This is also the case for the Balkan Peninsula, 
where this taxon was reported from scattered localities in Slovenia 
(Daksobler et al. 2014), Bosnia and Herzegovina (Hajrudinović 
et al. 2012), Montenegro and Serbia (Tomović et al. 2020), North 
Macedonia (Teofilovski et al. 2015, Teofilovski 2017), and Bul-
garia (Zieliński and Vladimirov 2013). With the exception of two 
populations from the western Balkan Peninsula (Bosnia and Her-
zegovina) that were revealed to be diploid and thus likely a pri-
mary F1 hybrid (Hajrudinović et al. 2012), nothing is known 
about the ploidy levels and reproduction modes of other Balkan 
populations.

Here, we report the discovery of a polyploid population of 
S. subgen. Tormaria composed of ∼50 fructiferous plants from 
Posušje area (sites Crne Lokve and Gradac) in south-western Bos-
nia and Herzegovina. We performed amplified fragment length 
polymorphism (AFLP) fingerprinting, evaluation of nuclear 
microsatellites, plastid DNA sequencing, flow cytometric genome 
size and ploidy level estimation, reproduction mode screening, 
and morphological characterization to evaluate the status of this 
population and to disentangle its relationship to the previously 
reported diploid populations from Bosnia and Herzegovina as well 
as to both parents. In addition, we included several recently 
described Central European species belonging to this subgenus 
(Lepší et al. 2008, 2009), which have never been studied phylo-
genetically, as a reference. As we inferred that the population from 

Posušje area is predominantly triploid, and represents an indepen-
dent evolutionary lineage, we describe this triploid lineage as a 
new species, Sorbus hercegovinae, and provide a morphological 
characterization. For simplicity, we apply the name S. hercegovinae 
hereafter.

M AT E R I A L S  A N D  M ET H O D S
Plant material

Leaf material from 26 localities belonging to S. subgen. Aria Pers. 
(diploids, triploids, and tetraploids of S. aria aggregate, from 14 
localities), S. subgen. Tormaria (di-, tri-, and tetraploids of S. aria 
× torminalis, from 15 localities), and S. subgen. Torminaria (dip-
loids of S. torminalis, from six localities) was collected and 
silica-dried for molecular analyses and herbarized for morpholog-
ical analyses (Fig. 1A; Supporting Information, Data S1); material 
from localities 18–26 was used only for molecular analyses. The 
taxa were identified using Flora Europaea (Warburg and Kárpáti 
1968), Euro+Med Plantbase (Kurtto 2009+), and national floras 
( Jovanović 1972, Fischer et al. 2008, Rich et al. 2010, Nikolić 
2020). Voucher specimens are kept at the National Museum of 
Bosnia and Herzegovina (SARA).

Genome size estimation
We estimated genome size using flow cytometry as described by 
Hajrudinović et al. (2015b). Briefly, fresh leaves of 49 individuals 
from eight populations (Supporting Information, Data S1) were 
co-chopped with fresh leaves of internal standard Medicago trun-
catula Gaertn. cv. R108-1 (0.98 pg; Marie and Brown 1993) with 
a razor blade in 600 mL of cold Gif nuclear buffer (Bourge et al. 
2018). The suspension was filtered through a 50-μm nylon mesh 
(CellTrics, Partec) and RNAse (Roche) was added to 25 U mL−1. 
The nuclei were stained with propidium iodide (Sigma-Aldrich) 
in a final concentration of 50 mg mL−1 and incubated on ice for 
5–10 min before analysis. The fluorescence of ∼3000 nuclei was 
recorded for each sample using a Partec CyFlow SL3 (Partec, 
Münster, Germany) 532 nm laser cytometer or CyFlow Ploidy 
Analyser (Sysmex Europe SE) 532 nm laser. The 2C DNA values 
were obtained and DNA-ploidy levels (Suda et al. 2006), were 
inferred by comparison with 2C DNA values of individuals of 
known chromosome counts (Siljak-Yakovlev et al. 2010).

For the purpose of reproduction mode identification, we con-
ducted flow cytometric seed screening (FCSS) on 46 seeds (Sup-
porting Information, Data S1), following Hajrudinović et al. 
(2015a). Seeds were collected from previously cytotyped mother 
individuals (Supporting Information, Data S1). Well-formed 
seeds were cleaned, shortly dried at room temperature and kept 
in paper bags at 4 °C prior to analysis. Each seed was analysed 
separately. Endosperm (end) ploidy was calculated using the 
inferred monoploid genome size of the embryo (emb). DNA ploi-
dies of embryo and endosperm were compared to distinguish 
between sexual and apomictic origin of each seed following 
Hajrudinović et al. (2015a).

Amplified fragment length polymorphism (AFLP)
One to 19 individuals per locality, totalling 110 individuals from 
26 localities, were included in the AFLP analysis (Supporting 
Information, Data S1). A modified CTAB-procedure (Tel-Zur 
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et al. 1999) was used for extraction of total genomic DNA from 
∼20 mg of silica-dried leaf material. The AFLP protocol followed 
Vos et al. (1995) with the modifications described in Hajrudinović 
et al. (2015b). We used the following primer combinations for the 
selective PCR (fluorescent dye in brackets): EcoRI (6-FAM)-
ACA/MseI-CAC, EcoRI (VIC)-AAG/MseI-CTG, and EcoRI 
(NED)-ACC/MseI-CAG (MseI and EcoRI primers: 
Sigma-Aldrich). Reproducibility was evaluated using 15 replicated 

samples. Electropherograms were analysed using Peak Scanner 
v.1.0 (Applied Biosystems) with default peak detection parame-
ters. The minimum fluorescent threshold was set to 50 relative 
fluorescence units (RFU). RawGeno v.2.0 (Arrigo et al. 2009), a 
package for R (R Core Team 2022) was used for automated data 
scoring with the following settings: 75–500 bp scoring range, 50 
RFU minimum intensity, and bin width 1.0–1.5. Fragments with 
reproducibility lower than 80% based on sample-replicate 

Figure 1.  A, Geographic origin and B, NeighborNet based on AFLP within Sorbus supplemented with bootstrap values ≥95% derived from a 
neighbour-joining analysis (Supporting Information, Fig. S1). Locality numbers correspond to Supporting Information, Data S1. Dashed lines 
in (B) denote the plastid trnT–trnF haplotype affiliation according to Figure 3. Note that trnT–trnF was only sequenced for a subset of 
individuals.
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comparisons were excluded. A neighbour-joining analysis based 
on Nei–Li genetic distances (Nei and Li 1979) was conducted 
and bootstrapped (2000 pseudo-replicates) with TREECON 
v.1.3b (Van de Peer and De Wachter 1997). A NeighborNet was 
produced from a matrix of uncorrected P distances using Split-
sTree v.4.12 (Huson 1998). A principal coordinate analysis 
(PCoA) based on Jaccard distances was conducted using PAST 
v.2.15 (Hammer et al. 2001).

Analysis of nuclear microsatellites
Amplification of six nuclear microsatellite-specific loci (CH01F02, 
MSS5, MSS13, MSS16, D11, and H10) was successfully per-
formed for 107 individuals from 26 sampled localities (Support-
ing Information, Data S1), following Robertson et al. (2004, 
2010). An ABI PRISM 310 Genetic Analyzer (Applied Biosys-
tems) was used for electrophoretic separation of the PCR prod-
ucts. Alleles were sized relative to the internal size standard 
TAMRA 500 (Applied Biosystems). Electropherograms were 
analysed using GeneMapper (Applied Biosystems). To study the 
genetic diversity, we determined the multilocus genotype (MG) 
for each individual on the basis of microsatellite alleles for each of 
the six loci using the software GenoType v.1.2 (Meirmans and Van 
Tienderen 2004). Assignment of individuals to a particular clone 
was done using the algorithm of Meirmans and Van Tienderen 
(2004) based on the calculation of a genetic distance matrix and 
a threshold value (set to 3 after testing different thresholds as rec-
ommended) under the stepwise mutation model option. Rela-
tionships among MGs were visualized by PCoA based on Jaccard 
distances using PAST v.2.15 (Hammer et al. 2001). If the ploidy 
level could not be identified with flow cytometry, we used the 
maximum number of alleles per locus to infer it.

Plastid trnT–trnF sequencing and phylogenetic analyses
We sequenced the plastid trnT–trnF region for totally 12 individ-
uals from 10 localities, belonging to S. subgen. Tormaria (eight 
individuals from seven localities), S. subgen. Torminaria (three 
individuals from three localities) as well as one individual from S. 
subgen. Aria (Supporting Information, Data S1), following the 
procedure described by Hajrudinović et al. (2015a) and using the 
primers TabA, TabC, and TabF (Taberlet et al. 1991). In addition, 
we included 54 sequences belonging to different outgroup Sorbus 
taxa from Hajrudinović-Bogunić et al. (2023) as well as Pyrus 
pyrifolia (Burm.f.) Nakai from GenBank (AP012207) for rooting. 
Sequences were edited and aligned with Geneious Pro v.5.5.9 
(Kearse et al. 2012). We coded indels as binary characters applying 
simple gap coding (Simmons and Ochoterena 2000) with 
SeqState v.1.25 (Müller 2005).

Maximum parsimony (MP) and MP bootstrap (MPB) analyses 
were performed using PAUP v.4.0b10 (Swofford 2002). The most 
parsimonious trees were searched for heuristically with 100 rep-
licates of random sequence addition, TBR swapping, and Mul-
Trees on. All characters were equally weighted and unordered. The 
data set was bootstrapped using full heuristics, 1000 replicates, 
TBR branch swapping, MulTrees option off, and random addition 
sequence with five replicates. Bayesian analyses were performed 
using MrBayes v.3.2.1 (Ronquist et al. 2012) applying the HKY85 
substitution model proposed by the Akaike information criterion 
implemented in MrAIC.pl v.1.4 (Nylander 2004). The alignment 

was partitioned into nucleotide and indel data sets, and the latter 
was treated as morphological data according to the model of Lewis 
(2001). Values for all parameters, such as the shape of the gamma 
distribution, were estimated during the analyses. The settings for 
the Metropolis-coupled Markov chain Monte Carlo process 
included four runs with four chains each (three heated ones using 
the default heating scheme), run simultaneously for 10 000 000 
generations each, sampling trees every 1000th generation using 
default priors. The posterior probabilities (PP) of the phylogeny 
and its branches were determined from the combined set of trees, 
discarding the first 1001 trees of each run as burn-in.

Morphological characterization
Morphological measurements of 29 quantitative leaf, flower, and 
fruit characters (Supporting Information, Data S2), previously 
shown to be informative (Lepší et al. 2008, 2009, Rich et al. 2010), 
were conducted using a digital calliper on 15 triploid S. hercegov-
inae individuals (representing ∼30% of the population) from two 
adjacent localities, Crne Lokve and Gradac in Bosnia and Herze-
govina (Supporting Information, Data S1). Arithmetic means of 
three to five measurements per leaf character were calculated for 
each individual, based on broad mid-leaves from different short 
sterile shots, following the recommendation of Rich et al. (2010). 
In the species’ morphological description, value ranges corre-
spond to the 10th and 90th percentiles, supplemented by mini-
mum and maximum values in parentheses.

In addition, principal component analysis (PCA) based on the 
correlation matrix was performed on a sample of 24 individuals 
(Supporting Information, Fig. S4) to assess the overall morpho-
logical variation among triploid S. hercegovinae and diploid and 
tetraploid S. subgen. Tormaria individuals from Bosnia and Her-
zegovina (Supporting Information, Data S1). Individuals are 
labelled with the number of the corresponding MG, as in Table 2.

A comparative assessment of morphological character variation 
in S. hercegovinae and morphologically similar taxa from Central 
Europe (primarily those included in this study along with addi-
tional taxa from Hungary) is provided in Supporting Information, 
Data S4 (morphological data were obtained from published 
sources). The genetically analysed species from the Czech Repub-
lic, along with additional taxa from Hungary, served as reference 
material as they represent the geographically closest (albeit located 
at distances exceeding 450 km) members of the Tormaria group 
in relation to S. hercegovinae.

R E SU LTS
Genome size (GS), ploidy level and reproductive mode

Estimations of nuclear DNA content yielded stable histograms 
and high-resolution peaks, providing an accurate estimation with 
low values of coefficients of variation (mean CV = 2.98%). Nuclear 
DNA content averages span from 1.29 pg in diploid S. subgen. 
Tormaria to 2.73 pg in tetraploid S. subgen. Tormaria (Supporting 
Information, Data S1) and correspond to di-, tri-, and tetraploids. 
The values of diploid S. aria range from 1.38 to 1.51 pg, whereas 
one tetraploid accession of S. aria had GS 2.71 pg. In S. subgen. 
Tormaria the GS values range from 1.29 to 1.66 pg in diploids and 
from 2.06 to 2.34 pg in triploid accessions of S. hercegovinae; the 
only tetraploid individual of S. subgen. Tormaria has GS 2.73 pg. 
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Sorbus torminalis is exclusively diploid with GS values ranging 
from 1.38 to 1.53 pg.

The diploid hybrids yielded exclusively seeds of sexual origin 
having the same (2x) or an increased ploidy level of the embryo 
(3x) compared with the mother plant (Table 1, Fig. 2A, B). The 
seeds from triploid mother plants have different apomictic and 
sexual cytometric profiles (Table 1, Fig. 2C–E, I–J). The most 
common apomictic profile is 3x emb: 8x end (Fig. 2I, five seeds), 
whereas a single seed has a profile 3x emb: 9x end (Fig. 2J). Three 
sexual profiles are documented in triploids (i.e. S. hercegovinae), 
i.e. 4x emb: 7x end (Fig. 2C), 4x emb: 8x end (Fig. 2D), and 5x emb: 
8x end (Fig. 2E), exhibiting increased ploidy level of the embryo 
compared with the mother tree. Three different modes of sexual 
seed formation are observed in tetraploid individuals, namely the 
sexual profiles 4x emb: 6x end (Fig. 2H), 4x emb: 5x end (Fig. 2G), 
and 3x emb: 5x end (Fig. 2F); the single apomictic one is 4x emb: 
12x end (Fig. 2K).

AFLP fingerprinting
We obtained 520 high-quality and reproducible AFLP fragments 
from 110 individuals. The initial average error rate is 3.4%. The 
neighbour-joining analysis (Supporting Information, Fig. S1) 
infers two main clusters with 100% bootstrap support (BS), cor-
responding to S. subgen. Aria and S. subgen. Tormaria, with S. 
torminalis (S. subgen. Torminaria; BS 100%) nested within the 
latter cluster. Within S. subgen. Tormaria several clusters with BS 
>95% are resolved, mostly corresponding to different species. 
One cluster (BS 100%) includes triploid S. hercegovinae and a 
tetraploid individual belonging to S. subgen. Tormaria. Diploid 
Tormaria samples form a grade of branches closely related to S. 
torminalis. This structure is reflected in the NeighborNet (Fig. 
1B), where the two most divergent clusters contain the parental 
species S. torminalis and S. subgen. Aria. All other clusters corre-
sponding to S. subgen. Tormaria are intermediate between the 
parental taxa, with the diploid samples of Tormaria sharing several 
common splits with S. torminalis. All Central European taxa of 
S. subgen. Tormaria with the exception of S. milensis M.Lepší, 
K.Boublík, P.Lepší et P.Vít, and S. rhodanthera Kovanda form 
divergent clusters (BS >95%). Likewise, all triploid individuals, 
also including the tetraploid S. subgen. Tormaria individual, from 
the adjacent populations 19 and 20 (Crne lokve and Gradac, Bos-
nia and Herzegovina), which are 3 km apart, form separate cluster 
pertaining to S. hercegovinae. Relationships between hybrid pop-
ulations/taxa and parental species show a similar pattern in the 
PCoA scatterplot, where the two most divergent clusters along 
the first PCoA axis correspond to S. torminalis and S. subgen. Aria 
(Supporting Information, Fig. S2A). The diploid and triploid 
accessions of S. subgen. Tormaria are positioned between the 
parental taxa and clearly separated along the second PCoA axis. 
Ordination of the accessions belonging to S. subgen. Tormaria 
shows a clear separation of S. hercegovinae from the Central Euro-
pean taxa along the first PCoA axis (Supporting Information, Fig. 
S2B). A single triploid individual from Kosovo is grouped with 
S. eximia Kovanda and S. barrandienica Vít, M.Lepší & P.Lepší, 
which are divergent from other Central European taxa. Diploid 
cytotypes of S. subgen. Tormaria are clearly divergent along the 
second axis.

Nuclear microsatellites
A total of 65 MGs are found within 107 accessions (Supporting 
Information, Data S3). Diploid cytotypes of S. subgen. Aria, S. 
torminalis and S. subgen. Tormaria have unique MGs, whereas 
most polyploid accessions contain at least one MG shared by a 
different number of individuals within a locality; from localities 
18 and 25, we only sampled one individual each (Supporting 
Information, Data S3). Within polyploid S. subgen. Tormaria, 
Central European species (with >2 sampled individuals per pop-
ulation) are completely clonal, and S. milensis and S. rhodanthera 
share the same MG (Table 2). On the other hand, individuals of 
S. hercegovinae exhibit four MGs, with the dominance of MG8 
shared by 10 individuals (Table 2).

The relationships among MGs (Supporting Information, Fig. 
S3) are consistent with AFLP data (Supporting Information, Fig. 
S2). Namely, PCoA shows a strong divergence of parental S. sub-
gen. Aria and S. torminalis MGs along PCo1, whereas all diploid 
hybrids have intermediate positions (Supporting Information, Fig. 
S3A). The  MGs belonging to the Central European taxa show 
strong divergence along PCo2. The MGs of S. hercegovinae are 
closer to S. torminalis and divergent from the Central Euro-
pean taxa.

Plastid trnT–trnF phylogenetic relationships
The trnT–trnF alignment of concatenated trnT–trnL intergenic 
spacer and trnL–trnF partial sequences is 1965 bp long, whereas 
the sequence of S. hercegovinae is 1821 bp long. Thirty-six charac-
ters are parsimony-informative and Bayesian and parsimony anal-
yses resulted in congruent phylogenies (Fig. 3). Two main clades 
are resolved, one (posterior probability, pp, 1; parsimony boot-
strap, BS, 100%) includes S. aucuparia as well as its hybrid species 
with S. subgen. Aria pertaining to S. subgen. Soraria [e.g. S. austri-
aca (Beck) Prain] with unresolved relationships. The second main 
clade (PP 1, BS 99%) is divided into a clade (PP 1, BS 86%) includ-
ing several accessions of S. subgen. Aria, one accession of  S. sub-
gen. Aria × S. austriaca, and one of S. pauca M.Lepší & P.Lepší, and 
a clade (PP 1, BS 97%) including all other taxa. This latter clade is 
genetically most diverse and includes species of S. subgen. 
Tormaria and Torminaria; one diploid individual of S. subgen. 
Tormaria is sister to a clade (PP 0.98, BS 86%) that is divided into 
three subclades. One (PP 0.98, BS 65%) includes Central Euro-
pean S. barrandienica and S. milensis along with another diploid 
accession from the Balkan Peninsula. The second (PP 0.96, BS 
56%) includes two accessions of S. torminalis and diploids of  S. 
subgen. Tormaria from the western Balkan Peninsula, whereas the 
third (PP 0.98, BS 62%) is composed of two accessions of S. her-
cegovinae, one of S. torminalis (both western Balkan Peninsula), as 
well as one accession of S. eximia from Central Europe.

Morphological variation
PCA yielded seven significant principal components. The first two 
components accounted for 47.6% of the total variance 
(PC1 = 29.2%, PC2 = 18.4%) and exhibited moderate correlations 
with most of the associated morphological traits. The PCA ordi-
nation diagram (Supporting Information, Fig. S4) revealed a clear 
pattern, whereby triploid S. hercegovinae individuals (representing 
four multilocus genotypes MG8, MG9, MG10, and MG11;  
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Sorbus subgen. Tormaria in the Balkans  •  7

Figure 2.  Flow cytometric seed screen histograms (log abscissa) of Sorbus seeds originated sexually (A–H) and apomictically (I–K). The first 
fluorescence peak in each panel corresponds to the internal standard (S, Oryza sativa L. ssp. japonica ‘Nipponbare’), the second to the embryo 
and the third to the endosperm. The histograms are complemented with illustrations of the proposed pathways of seed formation.

see Table 2) formed a homogenous cluster, with the exception of 
a single individual (CLL13, MG8). The tetraploid S. subgen. Tor-
maria individual was interspersed within the S. hercegovinae clus-
ter, while diploid individuals were more randomly distributed.

The traits contributing to the first principal component 
included the length of the third nerve (3NERV), lamina width 
(WLEAV), and the distance from the leaf base to the point of 
maximum leaf width (MXWLEAV). Traits contributing to the 

second principal component were the length of the third tooth 
(1SEINL) and the ratio of ‘lamina width’ to ‘distance from the leaf 
base to maximum leaf width’ (WLEAV/MXLEAV).

A comparative review of trait variation in the studied species 
(Supporting Information, Data S4) revealed notable similarities 
between S. hercegovinae and related taxa from the Czech Republic 
and Hungary. Among these, S. barrandienica and S. bohemica share 
the highest number of traits in common with S. hercegovinae 
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Sorbus subgen. Tormaria in the Balkans  •  9

(Supporting Information, Data S4). These similarities are primar-
ily reflected in leaf shape, colour of indumentum, as well as fruit 
and floral traits. The most pronounced similarities between S. 
hercegovinae and S. barrandienica are observed in lamina shape, 
shape of the lamina apex, the number of lateral leaf veins, fruit 

colour, and fruit size. The greatest similarities with S. bohemica are 
in lamina shape, the number of lateral leaf veins, and fruit colour. 
However, S. hercegovinae also possesses distinguishing character-
istics that set it apart from both of these species. These include 
differences in the shape of the lamina apex (S. hercegovinae vs.  

Figure 3.  Bayesian consensus phylogram inferred from phylogenetic analyses of plastid trnT–trnF sequences. Numbers above branches are PP 
>0.50 and those below branches MP bootstrap values > 50%. Locality numbers and outgroup haplotypes marked with G1 to G54 correspond 
to Supporting Information, Data S1. Ploidy level is indicated if available (aploidy estimated from nuclear microsatellites).
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10  •  Hajrudinović-Bogunić et al.

S. bohemica) and shape of the lamina base (S. hercegovinae vs. S. 
barrandienica). The key traits that distinguish S. hercegovinae from 
the two aforementioned species—as well as from all other com-
pared taxa—are the significantly lower number of lenticels and 
the point of style fusion in the pistil.

D I S C U S S I O N
Our study based on AFLP fingerprinting, plastid DNA sequences, 
nuclear microsatellites, and flow cytometric GS estimations 
revealed a distinct evolutionary lineage within S. subgen. Tormaria 

from the western Balkan Peninsula (Bosnia and Herzegovina), 
which we describe as a new species, S. hercegovinae. This apomictic 
triploid species is probably one of several lineages within S. sub-
gen. Tormaria, for which scattered floristic records exist from the 
Balkan Peninsula (Slovenia, Daksobler et al. 2014; Montenegro 
and Serbia, Tomović et al. 2020; North Macedonia, Teofilovski et 
al. 2015, Teofilovski 2017; Bulgaria, Zieliński and Vladimirov 
2013). The newly described taxon includes triploids (Fig. 1B; 
Supporting Information, Data S1); to date, it is the southernmost 
known polyploid member of S. subgen. Tormaria. Our data do not 
only reveal an independent evolutionary origin for S. hercegovinae, 

Figure 4.  Sorbus hercegovinae: A, canopy; B, young tree bark; C, mature tree bark; D, flowering twig; E, twig with unripe fruits; F, ripe fruits; 
and G, juvenile trees.
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Sorbus subgen. Tormaria in the Balkans  •  11

but also show clear genetic differentiation among narrow-endemic 
triploid species of S. subgen. Tormaria in Central Europe (Czech 
Republic, Fig. 1B). The exceptions are the species S. milensis and 
S. rhodanthera from the Czech Republic (both from the loci clas-
sici), which are closely clustered in the AFLP NeighborNet (Fig. 
1B) and share the same MG (Table 2). Sorbus milensis and S. 
rhodanthera represent the most closely related taxa from the S. 
subgen. Tormaria group in Bohemia, showing minor morpholog-
ical and genetic differentiation (Lepší et al. 2008). The differences 
between the present and aforementioned results may be due to 
the different nuclear microsatellite primers used. Also, the weak 
differentiation of the two taxa may be due to the same or very 
similar parental combinations. On the other hand, the diploid 
members of S. subgen. Tormaria from the western Balkan Penin-
sula are genetically closer to parental S. torminalis and are likely 
F1 hybrids between members of S. subgen. Aria and S. torminalis.

Our results are in line with a general pattern of diversification 
within Sorbus in Europe, where polyploid hybridization and apo-
mixis drive diversification at different geographical scales (Lepší 
et al. 2008, 2009, Robertson et al. 2010, Hamston et al. 2018, Levin 
et al. 2018, Hajrudinović-Bogunić et al. 2023). The lack of repro-
ductive barriers among the parental taxa fosters continuous 
hybridization when they occur in sympatry, producing a series of 
morphologically similar and genetically related apomictic 
polyploid species (Robertson et al. 2004, 2010, Levin et al. 2018). 
On the other side, genetic uniqueness and stability of polyploid 
hybrid derivates are maintained via apomixis over long periods 
(Lepší et al. 2008, 2009, Velebil et al. 2022), which led to descrip-
tion of numerous narrow-range endemics of conservation concern 
(Rivers et al. 2019) predominately in Central Europe and Great 
Britain (Rich et al. 2010, Németh 2007, 2012, 2015, Somlyay and 
Sennikov 2014, Velebil et al. 2012, 2022).

Sorbus hercegovinae originated after hybridization between 
S. subgen. Aria and S. torminalis and represents an allotriploid 

apomictic lineage, similar to most species belonging to S. subgen. 
Tormaria in Europe (Lepší et al. 2008, 2009, Rich et al. 2010, Feul-
ner et al. 2013, 2023). Plastid DNA sequences positioned S. her-
cegovinae in a clade with S. torminalis (Fig. 3), which acted as 
maternal parent, similarly as in most other hybridogenous taxa of 
S. subgen. Tormaria (Chester et al. 2007, Robertson et al. 2010, 
Hamston et al. 2018, Feulner et al. 2023). Whereas both AFLP 
data and nuclear microsatellites confirmed the genetic segregation 
of S. hercegovinae from other taxa (BS 100%; Fig. 1B; Supporting 
Information, Fig. S3), its exact origin remains unclear. The prin-
cipal mechanism of polyploid formation in Sorbus involves hybrid-
ization between a sexual diploid and an apomictic polyploid, 
resulting in heteroploid offspring (Robertson et al. 2010, Ludwig 
et al. 2013, Hajrudinović et al. 2015a, Lepší et al. 2019). In most 
hybridizations across Europe, the polyploid male parent is a mem-
ber of S. subgen. Aria [for example, S. baldacci (C.K.Schneid.) 
Zinserl., S. collina M.Lepší, P.Lepší & N.Mey., S. danubialis ( Jáv.) 
Prodan, S. rupicola (Syme) Hedl.], pollinating sexual diploid 
S. torminalis (Velebil et al. 2022, Feulner et al. 2023). However, 
we have not observed any polyploid member of S. subgen. Aria in 
the studied area (see also Hajrudinović et al. 2015b). This suggests 
that S. hercegovinae may have arisen after hybridization between 
the two diploid parents present in the Posušje area, thus involving 

polyploidization via unreduced gametes of either parent (Ramsey 
and Schemske 1998). Alternatively, polyploids of S. subgen. Aria 
got extinct in the study area or have not been discovered; the 
ploidy was screened in only 28 individuals from this area (Sup-
porting Information, Data S1; Hajrudinović et al. 2015a). Finally, 
as the nearest known population of S. subgen. Aria containing di-, 
tri-, and tetraploids is at Bosiljna (Hajrudinović et al. 2015a), 
which is only 4 km from Crne Lokve, we cannot exclude 
long-distance transfer of pollen from this locality.

Genetic variability within S. hercegovinae, evident both from 
AFLP (Fig. 1B) as well as microsatellite data (Table 2), is probably 
a result of the complex breeding system (Hamston et al. 2018). 
Low values of genetic variability, namely the existence of several 
MGs shared by different individuals (Table 2) confirm predomi-
nantly apomictic reproduction. While Sorbus polyploids are char-
acterized by pseudogamous apomixis and rarely retain sexual 
reproduction (Robertson et al. 2010, Hamston et al. 2018), our 
FCSS confirmed that sexual reproduction is present in S. herce-
govinae (Table 1, Fig. 2). Sexual reproduction of S. hercegovinae 
involves three different embryo and endosperm formation path-
ways with contribution of heteroploid gametes (Table 1, Fig. 2). 
As a consequence of interploid crossings, the sexually originated 
seeds of triploid S. hercegovinae include tetraploid embryos (and 
one pentaploid), indicating a dynamic nature of the breeding sys-
tem through ongoing gene exchange and hybridization. However, 
it remains questionable whether sexual seeds from triploids are 
viable due to unbalanced genome sizes of embryo and endosperm 
(Lepší et al. 2019). Half of the analysed seeds of triploid S. herce-
govinae are apomictic, while the remaining seeds, which are of 
sexual origin, consistently exhibit higher embryo ploidy levels 
(Table 2). It is evident that the new triploid generation is main-
tained clonally and will likely predominate as mature individuals 
in natural populations. The detection of only a single tetraploid S. 
subgen. Tormaria individual in the S. hercegovinae population indi-
cates a low rate of survival and persistence of such individuals. 
Furthermore, the existence of different MGs within S. hercegovinae 
(Table 2) may suggest independent hybridization events of the 
same parental combination or reflects ‘clone mates’ (Paun et al. 
2006) that have accumulated somatic mutations over time.

The morphological differentiation among S. hercegovinae and 
the other related taxa is not strongly pronounced, but rather man-
ifested as mosaic and gappy variation in morphological character 
states (Supporting Information, Data S4). Sorbus hercegovinae is 
morphologically differentiated to a similar extent from the other 
taxa, as they are among each-other. This type of overlapping vari-
ation probably results from recurrent hybridization involving the 
same or similar parental combinations—S. torminalis and the 
same or different members of S. subgen. Aria—the exact parental 
origins of which often remain unidentified. However, certain traits, 
such as the low number of fruit lenticels and the long length of the 
fusion of two styles in the pistil, are found only in S. hercegovinae. 
Altogether, several lines of evidence, including morphological 
divergence combined with allotriploidy, a clonal mode of repro-
duction, and a restricted geographic distribution significantly 
distant from the nearest known populations of other polyploid 
Tormaria species, justify a distinct position within S. subgen. Tor-
maria, which includes apomictic taxa across Europe. This finding, 
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along with previous studies (Hajrudinović et al. 2015a, 2015b, 
Hajrudinović-Bogunić et al. 2023), highlights the Balkan Penin-
sula as one of the hotspots of Sorbus diversity. The sites harbouring 
mixtures of species, cytotypes, and the interacting sexual and 
asexual lineages represent potential reservoirs of novel biodiver-
sity, which are valuable from a biodiversity conservation perspec-
tive (Ennos et al. 2005, 2012).

Taxonomic treatment
Sorbus hercegovinae Bogunić, Hajrud., Frajman, Schönsw., 
Siljak-Yak. & Begić, sp. nov. (Figs 4, 5). Type: Bosna and Herze-
govina, western Herzegovina: Crne Lokve, 2.5 km east of Posušje, 

700 m, 43.440833° N, 17.464167° E. Leg. F. Bogunić, A. 
Hajrudinović-Bogunić & A. Begić, 19 May 2015. Holotype: SARA 
385. Isotype: W 0356951 (https://w.jacq.org/W0356951).

An individual (CLL3) belonging to the most common multi-
locus genotype (MG8) within the population was selected as the 
type specimen of S. hercegovinae.

Description: Small, mostly monocormous tree up to 8 m, with 
ovate to rounded crown. Trunks up to 35 cm in diameter. Bark grey 
to dark grey, smooth when young, vertical fissures present at matu-
rity (particularly at the trunk base), bark lenticels 6–8(–11) mm 
long and (3–)5–7(–12) mm wide. Twigs greyish-brown to brown 
and glabrous, young shoots pale brown, with numerous small 

Figure 5.  Holotype of Sorbus hercegovinae (SARA 385).
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lenticels and sparsely tomentose. Buds 6–14 mm long, 3–6 mm 
wide, ovoid; scales yellow-greenish to pale brown with narrow 
brown tomentose margins. Leaves (of sterile short shoots) simple, 
upper surface dark green and glabrous, lower surface greyish-green 
tomentose; lamina (65–)74–83(–84) mm long, (44–)55–64(–
68) mm wide, 1.2–1.4 times as long as wide, ovate elliptical to 
broadly ovate elliptical; apex acute to subacute, base broadly 
cuneate to broadly rounded, lobed with acute or acuminate lobes, 
first lobe (1.8–)1.9–3.8(–4.2)  mm long, second lobe 
(2–)3.8–5.9(–7.2) mm long, third lobe (3.6–)3.9–6.3(–6.4) mm 
long; margins mostly double to triple serrate with acuminate teeth; 
secondary veins 14–16(–17), first vein (from the lamina base) at 
an angle (50–)52–58(–62)°, the second at (40–)41–48(–51)°, and 
the third at (31–)33–39(–42)°. Petioles (9.6–)9.8–14(–17) mm 
long, sparsely tomentose. Inflorescence up to 10 cm in diameter, 
moderately dense or lax, branchlets densely tomentose, with (21–
)22–35(–43) flowers. Sepals triangular, acuminate to acute, 
densely tomentose on both sides, (1.7–)2–2.9(–3.1) mm long, 
(1.5–)1.6–2.6(–2.7) mm wide. Petals elliptic to ovate, white, pilose at 
base of upper surface, (5.2–)5.3–7.4(–7.8) mm long, 4.1–5.2(–5.3) 
mm wide. Stamens ∼20, anthers creamy yellow. Styles two, 
mostly connate up to near the tip, rarely free, tomentose at base, 
(2.3–)2.5–4.5(–4.6) mm long. Fruits (10.9–)11.1–12.8(–13.1) 
mm long and (10.8–)11–12.4(–13) mm wide, fruit length/width 
ratio 0.9–1.1, globose to subglobose, with (5–)5.2–9.7(–11) 
medium sized lenticels per 0.5 cm2, orange-red to reddish when 
mature. DNA-ploidy triploid, reproduction facultatively apomictic. 
Flowers in May and fruits ripe in September to October.

Distribution and ecology: Surroundings of Gradac and Crne 
Lokve villages, ∼2.5 km east of the town Posušje (south-western 
Bosnia and Herzegovina). The species covers an area of ∼30 km2 
with an altitudinal range from 630 to 900 m a.s.l., with south-east 
and south-west exposure. The population includes ∼50 adult fruc-
tiferous individuals and many juveniles, which are scattered across 
its range. Plants thrive in a mosaic of mixed and degraded submed-
iterranean forests of Quercus pubescens Willd., Q. cerris L., Carpinus 
orientalis L., and Fraxinus ornus L., which are in various stages of 
degradation (coppices and scrublands), on calcareous dolomitic 
substrate and shallow stony soils (calcic cambisols). The most fre-
quent accompanying species are Acer obtusatum Waldst. et Kit., Acer 
hyrcanum Fisch. & C.A.Mey, Astragalus monspessulanus subsp. illyr-
icus (Bernh.) Chater, Centaurea montana L., C. rupestris L., Genista 
sylvestris subsp. dalmatica (Bartl.) H. Lindb., Juniperus oxycedrus L., 
Petteria ramentacea (Sieber) C. Presl., Sorbus aria (L.) Crantz, S. 
torminalis (L.) Crantz., and Spiraea cana Waldst. et Kit.

Etymology: The epithet hercegovinae refers to Hercegovina (as 
a geographical part of Bosnia and Herzegovina), where the new 
species has its locus classicus.

Conservation status: Based on the current knowledge of the 
species’ distribution with extent of occurrence and the area of occu-
pancy of only 30 km2 and including ∼50 individuals, S. hercegovinae 
should be classified as critically endangered (CR D; IUCN, 2012).
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