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Abstract: Most wild rose species in the Netherlands belong to Rosa section Caninae (dogroses), with
Rosa arvensis (section Synstylae) and Rosa spinosissima (section Pimpinellifoliae) as other indigenous
species. All species are rare, often found in small populations or as scattered individuals, except
for Rosa canina and Rosa corymbifera. Conservation strategies have been developed for these roses,
with a focus on ex situ methods, including clonal archives and seed orchards, using vegetative
propagation from the original shrubs. Efficient collection management aims at preservation of
maximum genetic diversity with a minimum of duplicated genotypes. However, dogrose taxonomy
is complex because of species hybridization, different ploidy levels, and their matroclinal inheritance
due to Canina meiosis. They can also reproduce vegetatively through root suckers. In order to assess
the genetic structure and the levels of genetic diversity and clonality within and among the wild
rose populations in the Netherlands, we genotyped individuals in wild populations and accessions
in the ex situ gene bank with 10 highly polymorphic microsatellite markers. The analysis revealed
337 distinct multilocus genotypes (MLGs) from 511 sampled individuals, with some MLGs shared
across different species and sites. The genetic structure analysis showed distinct clusters separating
non-dogrose species from the Caninae section. Geographic distribution of MLGs indicated both local
and widespread occurrences. Redundancy analysis identified 152 distinct MLGs from 244 gene bank
accessions, suggesting a 38% redundancy rate. Core collections were optimized to retain genetic
diversity with minimal redundancy, selecting subsets of 20–40 individuals from different species
groups. The study highlights the value of genetic characterization in guiding sampling strategies for
dogroses. We propose a two-step approach that may be used to reveal clonality and redundancy and
to optimize core collections of species that combine sexual and vegetative reproduction, to maximize
genetic capture in ex situ gene banks.

Keywords: conservation genetics; rose; Rosa; dogrose; clonality; microsatellite marker; sampling
strategy; gene bank

1. Introduction

In the Netherlands, the majority of wild rose taxa belong to the Rosa section Caninae,
commonly referred to as dogroses (Rosa L. section Caninae DC.). Of the section Synstylae,
only Rosa arvensis is an indigenous wild species in the Netherlands. The indigenous Rosa
spinosissima belongs to the section Pimpinellifoliae. Many habitats for roses have disappeared
in the past 75 years due to cutting of hedges and forest edges, land consolidation in agricul-
ture, and grazing. Additionally, changes in forest management, such as abandoning the
traditional coppice practice, which resulted in closure of forest canopies, contributed to the
disappearance of light-demanding woody species such as roses [1]. As a result, all rose
taxa are now considered rare, often found in small groups or scattered, except for R. canina,
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R. corymbifera, and R. spinosissima, which are more common [1]. Nine rose species are threat-
ened (i.e., they have been classified as vulnerable, endangered, or critically endangered) or
near threatened according to the Red List of Vascular Plants of the Netherlands [2].

Conservation strategies for wild rose species in the Netherlands have focused on ex
situ, in vivo measures such as establishing clonal archives and seed orchards. For this,
cuttings of the original shrubs at different localities in the Netherlands are vegetatively
propagated and maintained as clonal archives, or, when the number of accessions collected
is greater than 30, are planted as a seed orchard. In the latter case, the collections are also
registered as a seed source on the National List of Recommended Varieties and Provenances
of Trees and Shrubs [3].

Maintaining living shrubs in field gene banks is a widely used method of ex situ
conservation, but it is labour-intensive and expensive. When limited resources are avail-
able, efficient collection management is of utmost importance. This includes prioritizing
which indigenous populations to preserve and to sample those individuals that are as
representative as possible of the diversity present in the in situ populations. The ultimate
goal is to establish collections that have the most genetic diversity possible within the
fewest possible accessions. Molecular genetic diversity studies provide one of the best tools
for making these decisions. Microsatellite markers, also known as Simple Sequence Repeat
markers, are useful for informing conservation management, and they are particularly
effective for identifying clonality. Esselink et al. [4] developed a set of highly polymorphic
microsatellite markers in roses which was used to identify hybrid rose varieties [5] and
garden rose varieties [6], but it is also suitable to characterize genetic diversity in various
wild rose species [7,8].

Dogroses have a number of special features that affect the distribution of genetic
variation within and between populations. Dogroses can hybridize naturally with each
other [9–12]. This means that in mixed populations of different taxa, intra- and interspecific
hybridization may occur. As a result, populations of dogroses often exhibit complex genetic
structures with varying degrees of introgression and hybrid swarm formation. Rose species
are preferentially outcrossing [13], but polyploid dogroses are self-compatible and can
produce seeds by selfing, albeit with a lower seed production compared to outcrossing.
The extent to which selfing or cross-pollination occurs in natural populations has not
been determined [14]. Self-compatible species have significantly lower within-population
variation and higher between-population differentiation [15]. Dogroses can show apomixis
as detected in crosses involving R. caesia, R. dumalis, R. rubiginosa, R. sherardii, and R. mollis
and verified by microsatellites [15,16]. Nybom et al. [16] estimated that a minority (5.5%) of
the seedlings in their investigation were derived by apomixis, although selfing could not be
ruled out. Like selfing, apomixis can lead to reduced genetic diversity within populations
and enhanced genetic differentiation among different populations of dogroses. Moreover,
dogroses exhibit matroclinal inheritance. This results from the so-called ‘Canina meiosis’, a
modified form of meiosis in which only two sets of homologous chromosomes pair (seven
bivalents), independent of the ploidy level (tetraploid, pentaploid, or hexaploid), while
the remaining chromosomes occur as univalents [16]. Only the single set of chromosomes
that form bivalents are transmitted by male and female gametes, whereas the remaining
non-recombining univalents are exclusively transmitted through the egg cells. As a result
of this unbalanced meiosis, offspring closely resemble their mother. Even if dogroses were
highly outcrossing, this predominance of maternal inheritance of the chromosomes would
result in a diversity pattern comparable to that of selfing or apomictic individuals. As they
spread by seeds, some of these near-clones were found to occur over large distances across
North-Western Europe [8]. Finally, besides sexually or apomictic seed production, dogroses
are also able to propagate vegetatively by root suckers (e.g., R. canina). Hence, plants
growing in a short distance of each other may also form clonal groups. Most population
genetic studies on European dogroses have focused on validating the taxonomic systematics
of these complex and polyploid taxa (phylogeny) and gaining insight into hybridization
within and between subsections [10,12,17–19]. The results generally confirmed the current
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taxonomic classification of subsections but found no support for several of the dogrose
(micro)species [8,18,19].

This study aimed to investigate the genetic diversity of wild rose populations within
and among populations in the Netherlands using a set of 10 microsatellite markers to
support effective ex situ gene conservation management. The marker set developed by
Esselink et al. [4] was chosen for this study as they demonstrated that fingerprinting
with a subset of two or three microsatellite loci was already sufficient to distinguish the
varieties tested in their study, which makes it a useful tool for clone detection and collection
management. We genotyped rose individuals collected in the Dutch field gene bank,
together with additional individuals from the wild populations from which they originated,
to determine the occurrence of (near) clones in the collection and in situ populations.
By conducting a clonal analysis at the group-level (e.g., Rubigineae), we were able to
measure the amount of redundancy in the gene bank collections. With this information, we
addressed the following questions: (1) How many clones occur within the same population
and taxon or are shared between populations and taxa? (2) Which individuals from the
wild populations are clones of individuals already present in the gene bank? (3) Where do
these clones occur geographically, and does this coincide with the locations of the clones
that are present in the gene bank? (4) How can this information guide additional sampling
of the wild populations to maximize the genetic capture in the collection?

2. Materials and Methods
2.1. Plant Material and Sampling

We collected 511 samples of native wild roses (Rosa spp.) at 35 localities in the
Netherlands (Table 1). Sampling occurred in the frame of the European Generose project
(QLK5-CT-2002-01278). Most of the samples (394) in the dataset belong to the section
Canineae (dogroses), but samples of R. spinosissima (58) of section Pimpinellifoliae and R.
arvensis (59) of section Synstylae were also included. In total, the dataset contained 17 species
and two unnamed taxa (Caninae_spec and Rubigineae_spec) for which the original species
determination in the field was unclear. The identification of species followed Henker [20],
which is similar to that used by De Riek et al. [19] and Reichel et al. [8]. Recently, the species
nomenclature of dogroses in the Netherlands’ Flora [21] has been changed to follow the
wider recognition of hybrids as proposed by Bakker et al. [22]. These names are not used
here, but they are shown in Table 2 for cross-reference.

Table 1. Samples and genotypic richness measures. Abbreviations: N—total number of samples
per species; MLG—distinct multilocus genotypes; eMLG—expected number of MLGs at the lowest
common sample size; SE—the standard error for the rarefaction analysis; H—Shannon’s diversity
index; G—genotypic richness; E—evenness; R—clonal richness.

Group Species N MLG eMLG SE H G E R

arv R. arvensis 59 52 9.87 0.35 3.96 50.45 0.96 0.88
can R. subcanina 6 6 6.00 0.00 1.79 6.00 1.00 1.00
can R. subcollina 11 7 6.55 0.50 1.77 4.84 0.79 0.60
can R. canina 93 76 9.73 0.51 4.23 58.84 0.85 0.82
can R. corymbifera 56 43 9.26 0.83 3.59 27.03 0.74 0.76
can R. balsamica 44 30 8.74 1.00 3.18 17.93 0.74 0.67
can R. dumalis 5 5 5.00 0.00 1.61 5.00 1.00 1.00
can R. pseudoscabriuscula 1 1 1.00 0.00 0.00 1.00 NA NA
can R. tomentosa 57 39 9.04 0.91 3.46 23.72 0.74 0.68
can R. caesia 3 3 3.00 0.00 1.10 3.00 1.00 1.00
can Caninae_spec. 10 10 10.0 0.00 2.30 10.00 1.00 1.00
can R. sherardii 10 2 2.00 0.00 0.50 1.47 0.72 0.11
rub R. gremlii 35 10 4.45 1.13 1.55 3.07 0.55 0.26
rub R. rubiginosa 34 18 6.58 1.29 2.30 5.16 0.46 0.52
rub R. elliptica 2 2 2.00 0.00 0.69 2.00 1.00 1.00
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Table 1. Cont.

Group Species N MLG eMLG SE H G E R

rub R. micrantha 15 8 6.00 0.92 1.80 4.79 0.75 0.50
rub R. agrestis 10 3 3.00 0.00 0.64 1.52 0.58 0.22
rub Rubigineae_spec. 2 1 1.00 0.00 0.00 1.00 NA 0.00
spi R. spinosissima 58 36 8.98 0.89 3.39 24.03 0.81 0.61

Total 511 352

Table 2. Species classification used in this study, according to Henker et al. [20], with cross-reference
to the species names used by Duistermaat [21].

Species Name in This Study Taxon Name Used by Duistermaat [21] (Sub)section Group

R. arvensis R. arvensis Synstylae arv
R. balsamica R. tomentella Tomentellae can
R. caesia R. caesia Caninae can
R. canina R. canina Caninae can
Caninae_spec. n.d. Caninae can
R. corymbifera R. corymbifera Caninae can
R. dumalis R. vosagiaca Caninae can
R. pseudoscabriuscula R. x suberectiformis Vestitae can
R. sherardii R. sherardii Vestitae can
R. subcanina R. x subcanina Caninae can
R. subcollina R. x subcollina Caninae can
R. tomentosa R. tomentosa Vestitae can
R. agrestis R. agrestis Rubigineae rub
R. elliptica R. elliptica Rubigineae rub
R. gremlii R. x gremlii Rubigineae rub
R. micrantha R. micrantha Rubigineae rub
Rubigineae_spec. n.d. Rubigineae rub
R. rubiginosa R. rubiginosa Rubigineae rub
R. spinosissima R. spinosissima Pimpinellifoliae spi

The intended number of individuals per species sampled at each site was five (for
small populations) or 30 (for large populations). However, for the very rare species R.
elliptica, R. pseudoscabriuscula, and R. caesia, only a few individuals could be sampled,
while for R. canina, R. arvensis, and R. spinossisima, one to two populations were sampled
more intensively with up to 45 individuals. In addition to tissue sampling for DNA
analysis, cuttings were taken from some of the individuals for vegetative propagation to
establish the gene bank collection. This ex situ collection included 244 individuals (hereafter
called accessions).

2.2. Microsatellite Genotyping

Genomic DNA was extracted from silica-gel-dried leaf samples, quantified, and stored
at −80 ◦C until use. For all samples, we performed multiplex PCRs to amplify allele combi-
nations at 10 microsatellite loci, originally developed by Esselink et al. [4] (Table 3). PCR
amplification was based on Esselink et al. [4] but modified as described by Reichel et al. [8]
for the GE set. Fluorescent-labelled amplification products were separated and detected
on an ABI Prism 3700 DNA Analyser (Applied Biosystems, Foster City, CA, USA). All
samples were genotyped in accordance with reference alleles for each locus, as described in
Esselink et al. [4], using Genotyper 3.5 NT (Applied Biosystems). For 409 wild accessions,
the genotype data of 7 of the 10 microsatellite markers were also included in the analysis of
genetic diversity across Central and North-Western Europe [8]. The genotype data for the
gene bank accessions have not been analysed before.
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Table 3. The 10 microsatellite markers used. The linkage groups are according to Spiller et al. [23] and Hibrand Saint-Oyant et al. [24]. Primer pairs were published
in Mayland-Quellhorst and Wissemann [25]. All reverse primers are pigtailed with GTTT according to Brownstein et al. [26] to reduce stuttering.

Locus Linkage
Group

Allele Size
Range [bp] Repeat Motif Forward Primer Fluorescently Labelled Reverse Primer Fluorescent Label Used

RhAB40 4 201–236 (TC)(AC) AAT TTG TGT CAA TGC CAA ACA C GTTTCTTGTCTCCAACCCATCGAGGTTTG Pool 4-HEX
RhAB73 7 151–215 (CT)(CA) GGT TAG ACG GGT GGA AGA AG GTT TAC TGC CGA TAG AAG TAT TTC ATC A Pool 1-NED
RhB303 2 83–151 (GA) CAC TGC AAC AAC CCA ATA GC GTT TCT TGT CTT CAG CTT AGA CTG TGC TG Pool 2-HEX
RhD201 1 165–242 (TCT) GGT ATG CAA ATA AGA GAT ACA GT GTT TCT TCC TAA CAA ACC CAT TTT GAA AGG G Pool 1-6-FAM
RhD221 4 163–233 (TCT) CGT AAT TGC TGT GTG ACT GCT TT GTTTCTTGCCGCTACGAGGAAAATCAA Pool 3-HEX
RhE2b 6 151–195 (TGT) CTT TGC ATC AGA ATC TGC TGC ATT GTTTCTTGCAGACACAGTTCATTAAAGCAG Pool 4-NED
RhEO506 2 186–343 (CAG)(CAA)(CAG) GAA GCC TCA GCA GCA TCC TCA AAT GTT TCT TCA GTG CCA ACA AGC CCA TTG G Pool 2-6-FAM
RhO517 1 164–275 (GAC) CGG CGA CGA ACA AAT CAG CAT ATC GTT TCT TTG AAG AAC GAG GCG CAG CGT AA Pool 2-NED
RhP50 3 225–406 (CGG) TGA TGA AAT CAT CCG AGT GTC AG GTT TCA CTT TCA TTG GAA TGC CAG AAT Pool 3-6-FAM
RhP518 5 119–184 (CAT)CAAT(CAT) TTC GAT CTC CAT CTG CAA GA GTT TCT TCT TAT AAT CTA TTA CGA AGG CTG G Pool 4-6-FAM



Horticulturae 2024, 10, 777 6 of 16

2.3. MLGs and Genetic Diversity

Allele dosage of polyploids can be assessed from microsatellite data but only with
difficulty (as described for tetraploid rose samples by Esselink et al. [27]. More generally,
“allelic phenotypes” [5] are used, hereafter called multilocus genotypes (MLGs). For this,
every allele is recorded, but the dosage of each allele is ignored. Identical MLGs based on
perfectly matching DNA profiles for all alleles of the 10 markers were considered to be
clonal MLGs.

Multilocus genotypes (MLGs) were analysed with the R packages polysat [28] and
poppr [29] to obtain indices of genotypic diversity, including genotypic richness (G), clonal
richness as R = (G − 1)/(N − 1), Shannon’s diversity index (H), and Evenness (E) for each
species in the dataset. Genetic structure and the genetic relationships among genotypes
were analysed by principal coordinate analysis (PCoA) based on Bruvo distances, as
described in Reichel et al. [8]. QGIS (v3.28) was used for maps and estimation of the
geographical distance between individuals sharing an MLG.

2.4. Core-Set Analysis

The R package Core Hunter 3 [30] in R (https://cran.r-project.org/package=corehunter,
accessed on 10 July 2022) was used to construct core sets. Two different distance functions
were used, as proposed by Odong et al. [31]: average entry-to-nearest-entry distance (E-NE)
and average accession-to-nearest-entry distance (A-NE). The E-NE algorithm aims to maxi-
mize the average distance between each selected individual and the nearest other selected
item in the core set. It favours diverse core sets in which each individual is sufficiently
different from the most similar other selected item. Higher values for E-NE indicate lower
redundancy. A-NE minimizes the average distance between each individual (from the full
dataset) and the closest selected item in the core set. It favours representative core sets
in which all items from the original dataset are represented by similar individuals in the
selected set. A precomputed distance matrix of Bruvo distances was applied for calculating
the core sets.

Our objective for the core-set analysis was to optimize the set concerning redundancy
and to investigate how the current gene bank collection for R. arvensis, the Rubigineae,
and the Canineae group could be optimized by adding new individuals to the collection.
Depending on the initial sample size of each taxonomic group, we evaluated a range of
sample sizes for each of the four groups, from 10 to 200. Using the two optimization
objectives, we assessed and compared the whole set and the core sets with decreasing sizes
for the total number of alleles retained and for the ‘min dist’. In the next step, we selected
the ‘best’ core set, which should represent the genetic diversity in the whole sample set
and have no redundant samples. If different individuals from the same MLG group were
selected in different sets by Core Hunter, we randomly chose one of them to use across
the whole list. When the MLG group included samples both in and not in the gene bank,
we always chose one of the individuals (sample IDs) that were already present in the
gene bank.

3. Results
3.1. Multilocus Genotypes (MLGs) in the Netherlands

Reichel et al. [8] have already investigated the level of clonality in Rosa species col-
lected throughout Europe. As expected, they found that shared multilocus genotypes
(MLGs) mostly belong to the same species. However, some MLGs were shared between
samples classified as different species growing in the same site (especially species in the
subsection Rubigineae). In a few cases, MLGs were shared between species from different
subsections. Some MLGs were widespread (across more than 1000 km). A sizable portion
(409 individuals) of the samples in our study were part of their investigation, for which we
used three more microsatellite markers. Our results on the 511 samples with 10 markers
are consistent with their findings on the existence of clonality within species and the spatial
distribution of repeated MLGs and will be briefly described here.

https://cran.r-project.org/package=corehunter
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In the dataset of 511 individuals from 17 rose species and two unidentified taxa,
sampled from 35 sites in the Netherlands, we distinguished only 337 distinct MLGs (66%,
Table 4). Of these MLGs, 59 occurred in more than one individual, and these are potential
clonal genotypes. As indicated by the genotypic diversity metrics in Table 1, several species
exhibited high values for clonal richness, but notably R. agrestis, R. gremlii, and R. sherardii
had MLGs present in multiple samples, resulting in clonal richness values of 0.22, 0.26, and
0.11, respectively.

Table 4. Multilocus genotypes (MLGs) within gene bank and in additional samples in in situ
populations (not in gene bank), per taxonomic group.

Group # Sites (Populations) #Samples #MLGs

In
Gene Bank

Not in Gene Bank
(Only Additional) Total In

Gene Bank
Not in Gene Bank
(Only Additional) Total

spi 4 0 58 58 0 36 36
arv 3 11 48 59 11 41 52
rub 15 82 16 98 32 3 35
can 31 151 145 296 109 105 214
Total 244 267 511 152 185 337

Although the majority of shared MLGs were within the same species, some were
shared between species. Therefore, we have classified species at a higher taxonomic level
and conducted a clonal analysis at the group level (group composition is indicated in
Table 2).

In group “spi” (R. spinossima) and group “arv” (R. arvensis), 36 and 52 MLGs were
detected, respectively (Table 4). We detected locally occurring repeated MLGs, but samples
from these species did not share MLGs between sites, nor with other species.

The “rub” group consisted of species from the subsection Rubigineae. The 98 individ-
uals in the “rub” group resulted in 35 different MLGs, of which six were repeated MLGs
(Table 4). One of these (MLG3) was found in 38 samples and at seven sites and was shared
between four species (R. gremlii, R. rubiginosa, R. micrantha, and Rubigineae_spec.) (Table 5).
These occurrences are part of the widespread genotype MLG4 described in Reichel et al. [8].

Table 5. Multilocus genotypes (MLGs) shared between taxa and/or sites in the “rub” group (species
from the subsection Rubigineae).

MLG Shared between

R. gremlii R. micrantha Rubigineae_spec. R. rubiginosa R. agrestis Sites

3 x x x x x
13 x x x
66 x x
72 x x x x
73 x x -
209 x x

The group “can” was formed by species from the subsections Tomentellae, Caninae, and
Vestitae. The 296 individuals in the “can” group consisted of 214 MLGs (Table 4). Most of the
36 repeated MLGs were found within a single species and at the same site. However, seven
MLGs were shared between species (R. subcollina, R. subcanina, R. dumalis, R. balsamica,
R. corymbifera, R. tomentosa, R. pseudoscabriuscula, and Caninae_spec.) (Table 6). The only
R. pseudoscabriuscula individual sampled had an identical genotype to an R. tomentosa
sample. The ten individuals of R. sherardii, which is limited to only one population in the
Netherlands in the coastal dunes (POP5), were assigned to only two MLGs.
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Table 6. Multilocus genotypes (MLGs) shared between taxa and/or sites within the “can” group
(species from the subsections Tomentellae, Caninae, and Vestitae).

MLG Shared between Taxa Shared between/within Sites Shared between Subsections
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23 x x x - x
29 x x - x
108 x x - x
110 x x x x
126 x x -
199 x x x x
319 x x
325 x x
339 x x - x
342 x x

3.2. Genetic Structure

A PCoA analysis was performed on the whole dataset to visualize the genetic structure
and relationships among the samples. The first two coordinates of PCoA explained 59.7%
of the variation (Figure 1A). As expected, three distinct clusters were formed, dividing
samples of the non-dogrose species R. arvensis and R. spinossisima from each other and
from the Caninae section. When performing a second PCoA analysis with only samples
from the Caninae section, the “rub” group (subsection Rubigineae) was separated from the
“can” group (species of subsections Canineae, Vestitae, and Tomentellae) along the first axis
(Figure 1B). Within these two clusters, the species appear to be intermixed.
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(Figure 1B). Within these two clusters, the species appear to be intermixed. 
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Figure 1. Principal coordinate analysis based on 10 microsatellite loci (A) of all rose samples and
(B) of the samples of the “can” group only. Colours indicate species/subsections.

3.3. Geographic Origin of the MLGs

Most repeated MLGs were local, but some MLGs were widespread. Within the species
complex comprising R. micrantha, R. gremlii, and R. rubiginosa, two genotypes (MLG3
and MLG13) were detected at several sites along the coast from the northern island of
Schiermonikoog to the south of the Netherlands (Figure 2A), which is a distance of several
hundred kilometres. Two other genotypes (MLG72 and MLG209) within this species
complex were detected inland at two sites at approx. 10 km from each other. In R. agrestis,
MLG66 was shared between two sites at a distance of 2.5 km. Within the “can” group, R.
canina had two widespread MLGs (MLG342 and MLG325) with a maximum distance of
4.3 km. In R. tomentosa, the greatest distance measured between two individuals within the
same MLG was 2.8 km. Four MLGs involving R. balsamica (MLG110, MLG199, MLG319,
and MLG339) were found at sites with distances up to 277 km apart.

In all other cases, repeated MLGs were local and were mostly mingled with other
genotypes, for instance at the site POP12 for R. canina. Also, identical genotypes within R.
tomentosa populations were mostly mingled with other genotypes (Figure 2B shows POP26
as an example).

3.4. Multilocus Genotypes in the Gene Bank and Evaluation of Redundancy

Of the 511 genotyped individuals, 244 individuals (hereafter referred to as acces-
sions) were from the gene bank (R. spinossisima is not included as it is widespread in the
Netherlands). We measured the extent of redundancy in the entire collection and at the
group-level by identifying accessions with identical MLGs. Combining all species, we iden-
tified 152 distinct MLGs from these 244 accessions, demonstrating a possible redundancy
of 38% (Table 4). There were no duplicated accessions in the R. arvensis collection. The
percentage of putatively duplicated accessions in the “rub” and “can” group was 61% and
28%, respectively (Table 4). The high redundancy in the “rub” group was mainly caused
by 29 accessions, assigned to R. gremlii, R. micrantha, and R. rubiginosa, sharing the same
widespread MLG3.
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Figure 2. (A) Two repeated (clonal) multilocus genotypes (MLG3 and MLG13) in the species complex
comprising R. micrantha, R. gremlii, and R. rubiginosa. The two genotypes occur at several sites
(indicated by dots) along the coast from the northern island of Schiermonnikoog to the south of the
Netherlands. The number in the dots indicates the number of individuals at the site. (B) Repeated
(clonal) MLGs within R. tomentosa populations occur mingled with other genotypes (POP26 as
example). Coloured dots indicate different repeated MLGs. White dots indicate unique genotypes.

We checked to what extent the other 267 individuals from the wild populations are
from the repeated MLGs already present in the gene bank or represent new genotypes. For
R. arvensis (“arv” group), most of the 48 additional samples represented new genotypes
(41). In the “rub” group, the 16 additional samples resulted in three new MLGs (MLG46,
MLG111, and MLG271). For the “can” group, 105 new genotypes were found in the 145
additional individuals.

3.5. Construction of Core Collections

For core collection construction using Core Hunter, the four groups (“arv”, “spi”, “rub”,
and “can”) were analysed separately. The results regarding the two diversity parameters
(‘observed number of alleles’ and ‘min dist’) were compared for the whole sample set (all)
and the different subsets. Preliminary analysis showed that using the E-NE method better
captured the number of alleles of the total sample set, but the ‘min dist’ values increased
more strongly than with the A-NE method. As our goal for a core selection is maximization
of the representativeness of the genetic diversity (conserving as much genotypic variation
as possible in few accessions) instead of capturing the maximum number of alleles of these
loci, we chose the A-NE method to further analyse the different subsets.

Depending on the redundancy detected in the four groups, smaller or larger subsets
were chosen for comparison with the total sample set. For the “rub” group, which has a
high redundancy (the whole set of 98 samples contains only 35 unique genotypes), reducing
the sample set to 20 or 10 individuals did not drastically increase the value for ‘min dist’
(Table 7). For R. spinossisma, reducing the sample set to 10 samples gave a core with
substantial larger ‘min dist’, and including more samples in the subset (20) had added
value as it reduced the ‘min dist’. For R. arvensis, similar results were obtained. In the “can”
group, the whole set only contained 214 genotypes due to redundancy, while reducing the
sample size from 180 down to 40 had only a slight effect on the genetic distance values.



Horticulturae 2024, 10, 777 11 of 16

Table 7. Poppr analysis of the different core sets with decreasing sample sizes and the whole sample
set (all) for the diversity parameters number of alleles (#alleles) and genetic distance (‘min dist’). The
core sets were constructed with Core Hunter using the average accession-to-nearest-entry distance
(A-NE) optimization method.

Group Samples #Alleles min_dist

spi 58 (all) 64 0.010
spi 30 63 0.123
spi 20 62 0.123
spi 10 47 0.233

rub 98 (all) 76 0.017
rub 20 73 0.025
rub 10 67 0.050

can 296 (all) 131 0.009
can 200 131 0.013
can 180 130 0.019
can 160 128 0.038
can 140 127 0.038
can 120 127 0.038
can 100 123 0.048
can 80 120 0.048
can 60 116 0.048
can 40 104 0.048
can 20 88 0.120
can 10 75 0.199

arv 59 (all) 81 0.010
arv 50 81 0.021
arv 40 80 0.096
arv 30 70 0.096
arv 20 70 0.175
arv 10 64 0.201

Using these results for ‘min dist’, we selected the subsets spi20, rub20, arv30, and
can40 to compare with the total sample set. This comparison aimed to determine from
which populations individuals should be sampled for establishing a new collection in the
case of R. spinossisima and where additional individuals in these selected subsets could
be sampled to extend the gene bank collection. The spi20 core set comprised individuals
from all four populations, with samples proportionally extracted based on the populations’
sample sizes. Similarly, the optimized subset for R. arvensis included samples from all three
populations and were also proportional to their sample sizes. This subset included 24 of
the 41 additional sampled genotypes, along with half of the genotypes already present in
the gene bank. The rub20 set included individuals sourced from 10 of the 15 populations
sampled. Core Hunter selected two of the three additionally sampled individuals that
were not yet present in the collection. All species were represented in the subset, including
both individuals of R. elliptica and two of the 10 R. agrestis individuals. However, within
the R. micrantha–R. gremlii–R. rubiginosa species complex, individuals of R. gremlii and R.
rubiginosa were underrepresented relative to the number of individuals sampled due to
high redundancy levels in these species. The can40 subset comprised 22 genotypes already
present in the collection and 18 additional genotypes from 16 out of the 31 populations,
typically one or two genotypes per population. The five R. dumalis individuals, currently
not present in the gene bank, were not included in the core set.

4. Discussion
4.1. Clonality

The pattern of genetic diversity in rose species in relation to clonality within species
(or groups of (micro)species) varied across species or species groups. The level of clonality
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was particularly high in Rubigineae. The largest groups of identical multilocus genotypes
(MLGs) were found in species belonging to this group such as R. rubiginosa and R. gremlii,
but also in species belonging to the Caninae subsection. Some of them were geographically
widespread, as was also observed by Reichel et al. [8]. Sharing of identical MLGs between
species within subsections was explained by misidentification of species, while the sharing
of MLGs between species of different subsections may be the result of too low resolution
of the marker system [8]. Our investigation of clonality in the Dutch material aligns with
the outcomes of this European study. Nonetheless, in certain species, R. agrestis, R. gremlii,
and R. sherardii, the occurrence of clonality was higher compared to the observations at the
European level. Notably, the sole population of R. sherardii within the Netherlands, situated
within the coastal dunes, appeared to be largely clonal. Similarly, R. agrestis, which occurs
in a few sites only, of which Bemelerberg (POP32) is the most important, demonstrated
pronounced clonality.

Dogrose species can reproduce vegetatively by root suckers. In R. sherardii, this might
explain the high clonality within the analysed population as this species is known to form
rhizomatous thickets. However, alongside vegetative reproduction, there is concurrent
hemisexual reproduction, selfing, and occasionally apomixis [15,32]. Nevertheless, dis-
cerning the specific impacts of selfing or apomixis from those attributed to Canina meiosis
remains challenging [16]. Consequently, it remains uncertain what the predominant re-
productive strategy within the examined dogrose populations is. In contrast, non-dogrose
species such as R. arvensis and R. spinossisima did not exhibit widespread clonality or shared
clones with other taxa, and the observed clonality in these species is consistent with vegeta-
tive reproduction. R. arvensis has the ability to root branches upon contact with soil [33],
while R. spinossisima is known to form dense thickets through root suckers [25].

4.2. Redundancy in the Gene Bank

The patterns of redundancy in the collected gene bank accessions largely followed the
pattern of clonality, with, among others, many identical MLGs in accessions of R. rubiginosa
and R. gremlii. Genetic data can provide important insights in the occurrence of clonality in
natural populations, causing redundancy in gene bank collections (e.g., in black poplar and
cassava [34–36]), next to detecting redundancy by other causes including documentation
and determination errors, as detected in a collection of old apple varieties [37,38] and
cherry varieties [39]. However, genetic data also allow devising a strategy for improved
sampling based on core collection concepts [40]. Various software programs exist to assist
in building core collections. Here, we used Core Hunter to establish core sets for all
four groups based on the entire sample set, which clearly demonstrated the potential for
eliminating the duplicated MLGs and genetically close MLGs. By using a distance-based
criterion, subsets representing the genotypic diversity without redundant individuals
were efficiently constructed at the group level. However, disregarding the species identity
resulted in certain species being underrepresented within these subsets. For example,
R. dumalis had no representatives in the core set can40. Reducing redundancy at the
group level, particularly in living collections, keeps them manageable. From a gene bank
management perspective, we recommend conserving genotypes at the group level (a higher
taxonomic level) rather than maintaining taxa separately, notably in genera in which there
is uncertainty over species’ identities and potential oversplitting. Nonetheless, recognizing
that some clonal collections also function as seed orchards for seed and plant production for
re-introduction into natural habitats, combining genotypes at the group level would lead to
the harvesting of what technically should be called hybrid seeds. Given that it is standard
practice to issue and certify seeds of pure species, harvesting from mixed-species collections
is impractical. However, it can be argued that this should not pose a significant issue here,
as the species/taxa, particular those belonging to the R. micrantha–R. gremlii–R. rubiginosa
species complex and those in subsection Caninae, typically coexist in mixed populations in
the Netherlands and may hybridize naturally [11,12,41].



Horticulturae 2024, 10, 777 13 of 16

Several general sampling guidelines for ex situ collections have been established [42],
typically emphasizing sampling a greater number of populations, larger populations, and
a geographically broad range. Recent studies indicated that the representation of in situ
genetic diversity in ex situ collections can be enhanced by employing an optimized and
species-specific sampling strategy [43–45]. It is generally acknowledged that genetic di-
versity increases with geographic and environmental distance, a factor that should be
considered when prioritizing populations for ex situ sampling [46]. Therefore, it seems
logical to maximize geographic sampling across the range of wild rose species in the Nether-
lands to capture the genetic diversity of these species in the ex situ collections. However,
our findings suggest that broad geographic sampling is not the most efficient strategy
for capturing genotypic diversity in the wild rose species analysed. For the non-dogrose
species in our study (“arv” and “spi” group), we conclude that, in particular, clonality and
its spatial structuring within populations must be considered. Specifically, R. spinossisima
exhibits substantial clonality within populations. For this species, which predominantly
inhabits coastal areas, extensive geographic sampling within these coastal populations is
advisable for establishing ex situ collections. Conversely, for R. arvensis, which exhibited
low clonality within populations and no redundancy in the collections, additional sampling
efforts across all populations could significantly enhance the genotypic diversity of the
collection. For the dogrose species, the widespread occurrence of clonal genotypes indicates
that geographically broad sampling may not be the most efficient strategy. Specifically,
within the R. rubiginosa–R. gremlii–R. micrantha species complex, there was extensive sharing
of identical genotypes among the sampled populations. Consequently, future sampling
at new sites in the Netherlands is unlikely to yield new genotypes. In the “can” group,
additional sampling did result in a substantial number of new genotypes, which could
enrich the genotypic diversity of the collection. However, there was no discernible pattern
of clonality to guide sampling efforts. Although widespread MLGs occasionally occurred,
most clonal MLGs groups were found within populations, and some populations exhibited
extensive clonal groups. These results suggest that future sampling should particularly aim
at targeting populations which were undersampled.

The widespread occurrence of clonal MLGs is likely attributable to human intervention,
as suggested by Reichel et al. [8]. An alternative explanation could be the dispersal of seeds
by birds, given that many rose species in the Netherlands are found in dune areas. Birds,
which follow migration routes along the coast and use rose hips as a food source, may
facilitate the spread of these species and clonal individuals [1].

5. Conclusions

Given the observation that clones are shared among species within the dogrose section,
and that widespread clones exist, we propose a two-step sampling strategy to establish ex
situ collections of roses, particularly living collections. In living collections, individuals are
conserved ex situ via cuttings, with the objective of preserving as many distinct genotypes
as possible. Establishing living collections is both labour-intensive and costly. Genetic data
can assist in optimizing the composition of the collection by selecting genetically diverse
individuals, which is especially important when space constraints limit the number of
genotypes that can be included in a field collection. In a two-step approach, individuals
from as many populations as possible would first be genotyped to assess genetic diversity
and the presence of clones and then propagated. Based on this genetic data, decisions can
be made to enhance representativeness either by sampling a larger area of the distribution
or by re-sampling specific populations that are the most diverse. Furthermore, knowing
that some propagation failures are inevitable, specific individuals can be re-sampled to
ensure the success of the collection while other failures may be ignored if they are found be
part of large MLGs.

This two-step approach may be broadly applicable while establishing ex situ col-
lections of species which combine sexual and vegetative reproduction through various
mechanisms, including woody species such as Populus nigra [34], P. tremuloides [47], and
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willows through root suckers; figs and vines by areal or adventitious roots; and herbaceous
species (including the strawberry, grasses and sedges [48], and lilies [49]) through runners,
rhizomes, or adventitious bulbs.
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