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Abstract Muscari s.l. (Asparagaceae, Scilloideae) is a widespread genus of bulbous geophytes native to the Mediterranean, the Mid-
dle East and into the Caucasus. Based on inflorescence and floral morphology, four distinct groups have long been recognised and
treated as either genera (Muscari s.str.,Muscarimia, Leopoldia, Pseudomuscari) or subgenera withinMuscari s.l. However, a recent
molecular phylogenetic investigation proposed a new subgenus, Pulchella. Despite the several morphological and molecular phylo-
genetic investigations ofMuscari, the delineation of taxa, either at the generic or subgeneric level, remains unstable. Here we aim to
evaluate the monophyly and robustness of the recognised groups using broadly sampled nuclear (low-copy number and ribosomal
cistron) and plastome sequence phylogenies of Muscari s.l. Our morphological and molecular delineation of M. subg. Muscarimia
and subg. Pseudomuscari across the analyses of three data sources are broadly congruent. However, high levels of incongruence
within M. subg. Leopoldia and subg. Muscari are reported and discussed here, with implications for the stability of the newly de-
scribed M. subg. Pulchella. Nomenclatural rules also require a new subgenus name to replace the name Pseudomuscari, which is
shown to be a synonym of subgenus Muscari and has therefore been misapplied in recent work.

Keywords Angiosperms353; conflict; grape hyacinth; nuclear; Paramuscari; Pulchella; taxonomy; whole plastome

Supporting Information may be found online in the Supporting Information section at the end of the article.

■ INTRODUCTION

Hyacinthinae Parl. (Asparagaceae, Scilloideae) encom-
passes over 300 species (Catalogue of Life, Bánki & al.,
2025) of bulbous, mostly spring-flowering plants, distributed
across Europe, the Middle East and Central Asia, with one out-
lier in Eastern Asia. Several species have a long history in hor-
ticulture, including the hyacinth, Hyacinthus orientalis L. At
present, the subtribe comprises between 8 and 21 genera depen-
dent on the treatment followed (Tutin & al., 1980; Speta, 1998).

Molecular studies that have included members of the sub-
tribe have all recovered three main clades: Scilla, Fessia, and
Hyacinthoides (Pfosser & Speta, 1999; Ali & al., 2012;
Buerki & al., 2012); and have largely supported the morpho-
logical generic treatment by Speta (1998). These molecular
studies have highlighted that some floral characteristics seem
to have arisen through parallel evolution, such as the coher-
ence or fusion of perianth segments to form a floral tube,
which occurs in all three clades. This is in strong contrast to
the usual stellate blue flowers that occur in most of the

representatives of the subtribe. Within the Scilla clade, two
genera have fused perianth segments: Muscari Mill. and Bel-
levalia Lapeyr. The two genera are separated morphologically
based on the arrangement of the stamens, and this separation
is further supported by the difference in base chromosome
number (Speta, 1998) and molecular studies (Pfosser &
Speta, 1999; Ali & al., 2012; Buerki & al., 2012, Böhnert
& al., 2023, Roudsari & al., 2025).

Muscari s.l. includes 90 accepted species (suppl.
Table S1), with new ones frequently being described (Doğu
& Uysal, 2019; Eker, 2019a,b; Kayiran & al., 2019; Eker
& al., 2020; Eker & Yildirim, 2021; Uysal & al., 2022;
Alipour & al., 2024). These species are often grouped into
four main inflorescence types (Fig. 1), and these groups can
be treated as four distinct genera: Muscari (= Botryanthus
Kunth), Leopoldia Parl., Muscarimia Kostel. ex Losinsk.
(=Muscari sensu Kunth) andPseudomuscariGarbari &Greu-
ter, or alternatively treated as subgenera (Baker, 1871;
Stuart, 1970; Davis & Stuart, 1980, 1984; Suárez-Santiago
& Blanca, 2013; Böhnert & al., 2023).
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Muscari s.str. is characterised by a dense conical raceme
of blue, black, or violet globose to oblong-urceolate flowers
and an inconspicuous apical ring of sterile flowers (Fig. 1A).
Leopoldia has brown, yellow, or green tubular to oblong urce-
olate fertile flowers and a top tassel of blue, violet, or pink
sterile flowers on elongated pedicels (Fig. 1B). Species from
both taxa are found throughout the Iberian Peninsula to the
Middle East. Muscarimia is characterised by a dense and fle-
shy raceme of strongly scented pale pink to yellow and pale
green narrow tubular flowers (Fig. 1C), thick and fleshy pe-
rennial roots (in comparison to the annual roots of all other
Muscari s.l. species) and grows throughout southwest
Turkey and the Aegean Islands. Pseudomuscari has lax to
dense racemes of pale blue short to oblong campanulate fertile
flowers (Fig. 1D), with species growing in Turkey, and
throughout the Middle East and into the Caucasus, apart from
Muscari parviflorum Desf., which has a Mediterranean
distribution.

Pseudomuscari was formally recognised as a genus in
1970 by Garbari & Greuter (1970), when they grouped
Muscari species with a non-constricted perianth and selected
P. azureum (Fenzl) Garbari & Greuter (= Muscari azureum
Fenzl) as the type. The list of accepted species for genus Pseu-
domuscari was published in separate works by Garbari (1970,
1973). The same year Stuart (1970) published Pseudomuscari
as a subgenus within Muscari, typified with M. pallens
(M.Bieb.) Fisch. While based on different types, the genus
Pseudomuscari Garbari & Greuter and M. subg. Pseudomu-
scari D.C.Stuart comprise broadly the same set of recognised
species (Stuart, 1970; Garbari, 1970, 1973). Davis & Stuart
(1980) later treated Muscari in the broad sense (Muscari s.l.)
using the subgenera M. subg. Botryanthus (Kunth) Rouy,
subg.Leopoldia (Parl.) Peterm., subg.Muscari (=Muscarimia

Kostel. ex Losinsk.), and subg. Pseudomuscari. However, in
the Flora of Turkey, Davis & Stuart (1984) included all species
of M. subg. Pseudomuscari in subg. Botryanthus with the
comment that Pseudomuscari is a polyphyletic assemblage
in need of further research, a point echoed in thework of Speta
(1998).

Most phylogenetic studies that have included Muscari
s.l. have been built upon a few commonly used plastid markers
(including matK, trnL-trnF) and narrow taxon sampling often
at a regional level and therefore do not cover the taxonomic or
geographic breadth of the genus (Pfosser & Speta, 1999; Ali
& al., 2012; Buerki & al., 2012; Dizkirici & al., 2019). Phylo-
genetic investigations based upon a single or few plastid genes
can result in incongruent topologies between gene trees, low
phylogenetic resolution, and inconsistent delineation of taxa
(Gonçalves & al., 2019; Zhang & al., 2020; Liu & al.,
2022), due to the varying evolutionary rate and selective
pressure between the genes (Robbins &Kelly, 2023). Progress
in high-throughput sequencing has enabled genome-scale
data collection of uniparentally inherited whole organellar
(chloroplast, mitochondria) and biparentally inherited nuclear
loci (nuclear ribosomal cistron, nuclear genes) using methods
such as whole genome skimming (Shi & al., 2012; Straub
& al., 2012), ddRAD (Peterson & al., 2012), and targeted
hybrid enrichment (Hyb-Seq) (Weitemier & al., 2014;
Dodsworth & al., 2019). The addition of nuclear loci in phylo-
genetic inference, particularly when compared with chloro-
plast loci, allows for the identification of incongruence
arising from hybridisation, introgression or incomplete line-
age sorting (Twyford & Ennos, 2012; Folk & al., 2023; Stull
& al., 2023).

Böhnert & al. (2023) provided the first broadly sampled
chloroplast and double digest restriction-site associated

Fig. 1. Inflorescence types. A, Muscari (M. neglectum Guss. ex Ten.); B, Leopoldia (M. comosum (L.) Mill.); C, Muscarimia (M. macrocarpum
Sweet); D, Pseudomuscari (M. azureum Fenzl). — Icons represent inflorescence types. Photos: A, John David; B–D, Hannah Hall.
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DNA (ddRAD) phylogenetic study of Muscari s.l. Based
upon the results of their ddRAD tree, they recognised a fifth
subgenus, M. subg. Pulchella Böhnert, comprised of a clade
containing M. bourgaei Baker, M. kerkis Karlén, M. lati-
folium J.Kirk, and the type, M. pulchellum Heldr. & Sartori
ex Boiss., species all previously placed in M. subg. Muscari
based upon morphological traits (Davis & Stuart, 1980;
Karlén, 1984). However, in their plastid tree, M. subg. Pul-
chella is polyphyletic, with M. pulchellum sister to M. kerkis,
which is in turn sister to Leopoldia neumannii Böhnert &
Lobin (= Muscari neumannii (Böhnert & Lobin) Böhnert).
Additionally, Böhnert & al. (2023) recovered a polyphy-
letic M. subg. Pseudomuscari in their ddRAD and chloro-
plast DNA tree resulting from the samples of P. coeruleum
(Losinsk.) Garbari (= Muscari coeruleum Losinsk.) and
P. pallens (M.Bieb.) Garbari (= M. pallens (M.Bieb.) Fisch.),
clustering with members of M. subg. Muscari.

Despite the morphological and molecular investigations
ofMuscari s.l. to date, the delineation of taxa either at the ge-
neric or subgeneric level, remains unclear due to conflict of
morphological and DNA-based classifications. Therefore,
the aim of this study was to evaluate and test subgeneric deli-
mitations within Muscari s.l. and explore the evolutionary
processes underlying the observed phylogenetic patterns and
diversity. To achieve this, we present the most comprehensive
phylogenomic investigation of the genus, incorporating nu-
clear data (low-copy nuclear genes and nuclear ribosomal cis-
trons) and plastome data.

In this study, we decided to recognise Muscari in the
broad sense (s.l.), treating Muscari, Leopoldia, Muscarimia,
and Pseudomuscari at the subgeneric rank, as this approach
enhances taxonomic stability and minimises taxonomic
disruption (Nicolle & al., 2025). Although subgeneric bound-
aries may differ, the species binomials remain unchanged.

■MATERIALS AND METHODS

Taxon sampling.— Leaf material of a total of 46 samples
ofMuscari s.l. and 6 samples of outgroup specieswere included
in this study. Additionally, 28 samples of DNA were provided
from the work of Dizkirici & al. (2019). In total, this investiga-
tion represents 41 out of the 90 (46%) currently recognised spe-
cies of Muscari s.l. (Table 1 and suppl. Table S1). Sample
information can be found in Appendix 1 and suppl. Table S7.

DNA extractions.—DNAwas extracted from silica dried
leaf material using the QIAGEN DNeasy Plant Mini Kit fol-
lowing the manufacturer’s protocol (QIAGEN, Manchester,
U.K.). Qubit Fluorometer (Thermo Fisher Scientific, Wal-
tham, Massachusetts, U.S.A.), NanoDrop spectrophotometer
(Thermo Fisher Scientific) and agarose gel electrophoresis
were used to determine DNA quality and quantity.

Sequencing.— Library development and Illumina Nova-
Seq 6000 150bp PE (paired-end) sequencing for the genome
skimming of all extracted DNA samples provided by Dizkirici
& al. (2019) and DNA from five leaf samples (L_cyc1,

M_gra, P_cha, S_mes1, S_sib1), were completed by Novo-
gene (Cambridge, U.K.). The Dizkirici & al. (2019) and
five additional samples were received and processed before
access to the Angiosperms353 kit, thus only genome skim-
ming data is available for these samples. The remaining sam-
ples were subjected to both genome skimming and enrichment
using the Angiosperms353 probe kit (Johnson & al., 2019).
The addition of Angiosperms353 enrichment was used to im-
prove resolution and support.

Angiosperms353 library preparation, enrichment, ge-
nome skimming, and sequencing of the remaining samples
were carried out by Daicel Arbor Biosciences (Ann Arbor,
Michigan, U.S.A.) following the MyBaits protocol and were
then pooled (70% captured and 30% non-captured). The final
library pools were sequenced with Illumina NovaSeq 6000 S4
150bp PE at ~1Gb per sample.

Assemblies and annotations

Low-copy nuclear genes. — Raw paired-end sequence
reads generated from the Angiosperms353 were trimmed using
Trimmomatic v.0.39 (Bolger & al., 2014). HybPiper v.2
(Johnson & al., 2016) was used to assemble on-target nuclear
genes from paired-end reads using the options BWA
(Li & Durbin, 2009) and the Angiosperms353 mega353 target
file filtered to “Monocots” (McLay & al., 2021). The command
“--run_intronerate” was also used to assemble supercontigs
(exons + introns). Summary statistics of gene recovery were
produced using the hybpiper_stats script. Using the hybpiper_
stats.tsv output, a custom R (v.4.3.2.) script (available at
https://github.com/HannahRH98/Hyb-seq-Filtering/blob/main/
filter_step1_samples.R) helped to guide decisions on the best
sample filtering strategy, aiming to minimise the number of
samples excluded. Any sample with less than 70% of genes
was removed. Following sample filtering, using the hybpiper_
recovery script, we recovered the target supercontig sequences.
Using the seq_length.tsv output of the hybpiper_stats com-
mand, a custome R script (available at https://github.com/
HannahRH98/Hyb-seq-Filtering/blob/main/filter_step2_genes.
R) was used to guide decisions on the best gene filtering strat-
egy. Any gene which was present in less than 70% of the sam-
ples was removed. Paralogs were detected using the HybPiper
paralog_retriever script. All genes identified as paralogs were
checked using the “Scenario One” tree method as described
on the HybPiper wiki (https://github.com/mossmatters/Hyb
Piper/wiki/Paralogs) (Method 1 in suppl. Appendix S1).

After filtering, three samples and 15 genes were removed
from the dataset. From the 338 remaining genes, 54 were iden-
tified and confirmed as potential paralogs and were excluded
from further analyses. Therefore, the final dataset consisted of
44 samples and 284 genes.

For later downstream phylogenetic analyses, supercontigs
were aligned usingMAFFT v.7 (Katoh& Standley, 2013) with
the “–auto” option selected and trimmed using trimAl
(Capella-Gutiérrez & al., 2009) with the “-gappyout” function
to remove poorly aligned regions in the alignment.
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Whole plastome. — Whole plastomes were assembled
using GetOrganelle v.1.7.5 (Jin & al., 2020) and NOVOPlasty
v.4.3.1 (Dierckxsens & al., 2017) with default settings. For
NOVOPlasty assemblies, a Hyacinthoides non-scripta (L.)
Chouard ex Rothm. matK gene (MK926167; De Vere &
al., 2012) was used as the starting seed. Both sets of assem-
blies per sample were aligned using the MAFFT v.1.4.0
(Katoh & al., 2002) algorithm in Geneious Prime 2022.0.2
(https://www.geneious.com) and compared for any ambiguities
(Method 2 in suppl. Appendix S1). Final plastome as-
semblies were annotated using both GeSeq (Tillich & al.,
2017) with third-party annotators; ARAGORN v.1.2.38
(Laslett, 2004), tRNAscan-SE v.2.0.7 (Chan & al., 2021) and
Chloë v.0.1.0 (https://chloe.plastid.org/annotate.html) also se-
lected, and the “Annotate from” function in Geneious Prime.
For annotation in Geneious Prime, the annotated plastome se-
quence of Hyacinthoides non-scripta (MN824434; Garnett
& al., 2020) was used as a reference. All gene boundaries
were manually checked against the Hyacinthoides non-
scripta (MN824434) reference, and plastome maps were gen-
erated using OGDRAW v.1.3.1 (Greiner & al., 2019).

The final dataset consisted of 72 complete plastomes (68
Muscari s.l., 4 outgroups). For downstream phylogenomic ana-
lyses, one copy of the plastome inverted repeat (IR) was removed,
and the plastomes were aligned using MAFFT v1.4.0 with the
“–auto” option selected as implemented in Geneious Prime.

Protein-coding gene sequences.— Protein-coding gene
sequences (CDS) were extracted from each of the whole plas-
tomes using the “Tools/Extract annotations” function in
Geneious Prime. All extracted CDS were then mapped to
the extracted CDS of Muscari comosum (L.) Mill.
(CMOM2OR) using the “Map to Reference” feature in Gen-
eious Prime at Medium-Low/Fast sensitivity with no fine tun-
ing. Duplicate CDS from the IR regions were removed to leave
only one copy. Assembled CDS were aligned using MACSE
v.2 (Ranwez& al., 2018) with default settings, which accounts
for the underlying codon structure of protein coding

nucleotide sequences and concatenated in Geneious Prime
prior to further analyses. The final dataset consisted of
78 CDS and 72 samples (68 Muscari s.l., 4 outgroups).

We have also run a combined plastid tree, which incorpo-
rates both our data and that of Böhnert & al. (2023) (Method
3 in suppl. Appendix S1, and suppl. Fig. S8).

Nuclear ribosomal cistron. — Assembly of the nuclear
ribosomal cistrons initially used GetOrganelle with the partial
sequence of a Prospero autumnale (L.) Speta nuclear ribo-
somal cistron (KC899300; Jang & al., 2013) as starting seed.
Most samples failed to assemble into a single contig. We then
used the longest assembled cistron contig, Muscari coeleste
Fomin (M20_1), as a reference to assemble all samples in
Geneious Prime using the “Map to Reference” feature with
Medium-Low/Fast sensitivity and five iterations. All nuclear
ribosomal cistron assemblies were annotated in Geneious
Prime using the complete nuclear ribosomal cistron sequence
of Allium cepa L. (KM117265) as reference and manually
trimmed at the 5′-end of 18S and 3′-end of 26S genes to re-
move the areas which were difficult to align. The final dataset
consisted of 72 nuclear ribosomal cistrons (68 Muscari s.l., 4
outgroups) and were aligned using MUSCLE v.3.8.425
(Edgar, 2004) with default settings as implemented in Gen-
eious Prime, for later downstream phylogenomic analysis.

Phylogenetic analyses

Nuclear maximum likelihood supermatrix estimation.
— Supercontig alignments were concatenated using AMAS
(Borowiec,2016) togenerate asupermatrixalignment.Maximum
likelihood (ML) analysis of the concatenated nuclear gene align-
ment was undertaken using IQ-TREE v.2.1.2 (Minh
& al., 2020a). The alignment was partitioned by gene and the
best-fitting models were determined by ModelFinder
(Kalyaanamoorthy & al., 2017) using the “-m TESTMERGE”
function under theBayesian information criterion (BIC) as imple-
mented in IQ-TREE (suppl. Table S2.). Branch support was

Table 1. Overview of subgenus-level coverage in this study of Muscari s.l. The table summarises the number of accepted species per subgenus
(suppl. Table S1), the species included in this study, and the percentage of species covered within each subgenus. The number of accepted species
and percentages may change by the time of publication due to newly described species added since the manuscript was written. The subgenus name
Pseudomuscari is sensu Stuart (1970).

Subgenus
Accepted
species Species included in study

Species covered
in this study (%)

Muscari s.str. 47 Muscari adilii, M. alpanicum, M. anatolicum, M. armeniacum, M. atlanticum, M. aucheri,
M. bourgaei, M. commutatum, M. discolor, M. grandifolium, M. kerkis, M. latifolium,
M. macbeathianum, M. microstomum, M. neglectum, M. olivetorum, M. sandrasicum,
M. serpentinicum, M. sivrihisardaghlarense, M. turcicum, M. vuralii

45

Leopoldia 29 Muscari babachii, M. caucasicum, M. comosum, M. cycladicum, M. erdalii, M. longipes
M. massayanum, M. massayanum (cf. erzincanicum), M. matritense, M. mirum,
M. spreitzenhoferi, M. tenuiflorum, M. weissii

45

Pseudomuscari 7 Muscari azureum, M. coeleste, M. inconstrictum, M. parviflorum, M. pseudomuscari 71

Muscarimia 2 Muscari macrocarpum, M. racemosum 100

Unplaced 5 N/A 0
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assessed with the SH-like approximate likelihood ratio test
(SH-aLRT) (Guindon & al., 2010) set at 1000 replicates and
1000ultra-fastbootstrapreplicates(UFBoot) (Hoang&al.,2018).

Nuclear multispecies coalescent species tree estima-
tion. — Using IQ-TREE, individual nuclear gene trees were
generated from the supercontig alignments, with the best
model of substitution for each alignment selected by Model-
Finder. Branch support was assessed with SH-aLRT set at
1000 replicates and a 1000 ultra-fast bootstrap replicates. All
gene trees were concatenated into a single treefile. Weakly
supported branches (≤10% SH-aLRT) were collapsed using
Newick Utilities v.1.6. (Junier & Zdobnov, 2010) and long
branches were removed using TreeShrink v.1.3.9 (Mai
& Mirarab, 2018). A species tree was inferred from the nu-
clear gene trees using the multispecies coalescent approach
(MSC) ASTRAL-III v.5.7.8, with default settings (Zhang
& al., 2018). Local posterior probabilities (LPP) were calcu-
lated as branch support measures (Sayyari & Mirarab, 2016).

Nuclear concordance scores.—We calculated gene and
site concordance factor scores (gCF, sCF) across the
ASTRAL species tree as implemented in IQ-TREE (Minh &
al., 2020b). The gCF is the percentage of gene trees containing
a particular branch while sCF is the percentage of alignment
sites supporting a particular branch in the species tree.We also
used the normalised quartet score as implemented in
ASTRAL-III, to identify the number of the total gene quartet
trees agreed with the overall species tree.

Species networks. — NANUQ (Allman & al., 2019) as
implemented in MSCquartets v.3 R package (Rhodes &
al., 2021; Allman & al., 2024) was used to estimate a spe-
cies network ofMuscari s.l. and to visualise introgressive gene
flow between taxa while accounting for incomplete lineage
sorting. As input, we took the nuclear gene trees as generated
for the MSC species tree estimation, but with outgroups re-
moved, and set the alpha to 1e-06 and the beta to 0.95
(Allman & al., 2019). To visualise the final network, we used
SplitsTree v.6 (Huson, 1998; Huson & Bryant, 2024) with
default parameters.

Plastome and nuclear ribosomal cistron. — ML and
Bayesian inference (BI) methods were run for the plastome,
concatenated CDS, and nuclear ribosomal cistron datasets.
ML analyses were undertaken using IQ-TREE. The plastome
and nrDNA alignments were treated as unpartitioned datasets
while the CDS was partitioned under the gene-by-codon parti-
tioning scheme. The best-fitting model was selected by Model-
Finder under the BIC criterion as implemented in IQ-TREE.
For the plastome alignment, the best model was K3Pu + F
+ R4, and for the nuclear ribosomal cistron alignment it was
GTR + F + I + Γ4. For the partitioned concatenated CDS
alignment, the best models can be found in suppl. Table S3.
Branch support was assessed with SH-aLRT set at 1000 repli-
cates and a 1000 ultra-fast bootstrap replicates.

BI analyses were undertaken using MrBayes v.3.2.7
(Ronquist & al., 2012) with two separate runs, each of four
chains, run for five million generations and sampled every
1000 generations. For the plastome and the nuclear ribosomal

cistron alignments, the best model of nucleotide substitution
was determined using jModelTest v.2 (Darriba & al., 2012) un-
der the BIC and limited to those compatible with MrBayes. For
the partitioned concatenated CDS alignment, the best model of
nucleotide substitution was determined by ModelFinder
under the BIC as implemented in IQ-TREE using the “-m
TESTMERGEONLY” function with model selection limited
to those compatible with MrBayes. The best model of nucleo-
tide substitution for the plastome and nuclear ribosomal cistron
datasets was set to GTR + I + Γ. The best models for the CDS
dataset can be found in suppl. Table S4. Tracer v.1.7.2
(Rambaut & al., 2018) was used to assess the quality of the
Markov chain Monte Carlo simulations and stability of runs.
The first 25%of treeswere discarded as burn-in and the remain-
ing trees were used to construct extended majority-rule consen-
sus trees with the “allcompat” option in MrBayes. Branch
support was assessed with posterior probability (PP).

All phylogenetic trees were visualised in FigTree v.1.4.4
(http://tree.bio.ed.ac.uk/software/figtree/) and annotated in
Inkscape v.1.2.1 (https://inkscape.org/).

■ RESULTS

Low-copy nuclear genes. — We recovered an average of
7,833,554 reads per sample, with a minimum of 1,308,616
(Muscari neglectum Guss. ex Ten. & Sangiov., MNEGLR)
and a maximum of 20,740,590 reads (M. mirum Speta,
MMIRUM). Percentage of reads that mapped to sequences in
the filtered mega353 gene target file was on average 7.94%,
with a minimum of 1.9% (M. mirum, MMIRUM) and a maxi-
mum of 23.8% (M. neglectum, MNEGIR) (suppl. Table S5).

After alignment and trimming, supercontig alignment
length on average was 1703 bp with a minimum of 208 bp
(gene 6048) and maximum of 5891 bp (gene 6320). The aver-
age percentage of missing data in the alignment was 7.93%
with a minimum of 0.396% (gene 5960) and maximum of
59.772% (gene 5968) (suppl. Table S6).

The final nuclear supercontig alignment used for the
supermatrix ML phylogenetic analyses was 483,561 bp
(suppl. Appendix S2) with a tree length of 1.2506 as calcu-
lated in IQ-TREE. Tree length is the measure of a genes’ evo-
lutionary rate. Along with alignment length, it represents a
complementary measure of a genes’ or alignment’s informa-
tion content (Walker & al., 2019).

Whole-plastome structure. — The shortest Muscari
s.l. whole plastome was 152,977 bp (Muscari turcicum Uysal
& al., M27_1) (Fig. 2) and the longest was 155,764 bp
(M. racemosum Mill. M.mus) (Fig. 3). All Muscari s.l.
species show the canonical quadripartite structure, with a
large single-copy (LSC) region (82,406–84,058 bp), a small
single copy (SSC) region (18,163–18,528 bp) separated by
two inverted repeats (IRA and IRB) (26,024–26,798 bp)
(suppl. Table S7). AllMuscari s.l. whole plastomes had a typ-
ical GC content of between 37.6% and 37.7%. WhileMuscari
s.l. plastomes show limited variation overall, differences in
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plastome length primarily come from intergenic spacers lo-
cated in the LSC. The final plastome alignment (with one
copy of the IR removed) included 72 samples and was
136,104 bp long (suppl. Appendix S3) with a tree length of
0.1208 as calculated in IQ-TREE.

Plastomes with one IR removed contained between
77 (M. turcicum, M27_1) to 79 (M. mirum, M34_2 and
MMIRUM) CDS. The translation initiation factor, infA
was excluded from further analysis due to a 7 bp insertion
resulting in a premature stop codon in 70 samples. Only

Fig. 2. Whole plastome of Muscari turcicum, the shortest plastome sampled. The outer circle shows positions of genes and the large single copy
(LSC), small single copy (SSC), and two inverted repeat (IRA and IRB) regions. The inner circle graph shows GC content across the genome.
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the twoMuscari mirum samples had a functional infA gene.
In contrast, only one species,M. turcicum, had ndhF classi-
fied as a putative pseudogene, resulting from a premature
stop codon caused by a frameshift mutation of a 1 bp dele-
tion. The ndhF gene was kept for the phylogenetic analyses.

The concatenated 78 CDS alignment was 68,847 bp long
(suppl. Appendix S4) with a tree length of 0.0755.

Nuclear ribosomal cistron. — Untrimmed nuclear ribo-
somal cistrons ranged in length from 10,268 bp (Muscari aucheri
(Boiss.) Baker, MAUCH) to 11,636 bp (M. coeleste, M20_1)

Fig. 3.Whole plastome ofMuscari racemosum, the longest plastome sampled. The outer circle shows positions of genes and the large single copy
(LSC), small single copy (SSC), and two inverted repeat (IRA and IRB) regions. The inner circle graph shows GC content across the genome.
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(suppl. Table S7). The final trimmed nrDNA alignment was
5,934 bp long (suppl. Appendix S5) with a tree length of 0.1737.

Phylogenomic analyses ofMuscari s.l.—Throughout all
analyses, Muscari s.l. is recovered as a monophyletic group.
For the low-copy nuclear gene dataset, the MSC (Fig. 4) and
ML (suppl. Fig. S1) analyses produced broadly congruent to-
pologies. The only major difference between the analyses is
that in the MSC tree, M. subg. Muscarimia (Muscarimia
clade) is recovered as sister to the Muscari N2 clade, subg.
Leopoldia (Leopoldia clade), and Muscari N1 clade (Fig. 4),
whereas in theML tree, it is recovered as sister only to theMu-
scari N2 clade and subg. Leopoldia (Leopoldia clade) (suppl.

Fig. S1). For the plastome dataset, the BI (Fig. 5) and ML
(suppl. Fig. S2) analyses produced broadly congruent topolo-
gies. The only major difference is that in the BI tree, Muscari
mirum (Leopoldia P3 clade) was recovered as sister to theMu-
scari P3 clade, and in the ML tree, M. mirum (Leopoldia P3
clade) andM. commutatum Guss. (Muscari P4 clade) were re-
covered as sister to each other, and in turn sister to theMuscari
P3 clade. For the nuclear ribosomal dataset, BI (Fig. 6) and
ML analyses (suppl. Fig. S3) produced broadly congruent to-
pologies. Both the BI and ML CDS analyses (suppl. Figs. S4,
S5) produced broadly congruent topologies to the plastome
BI tree.
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Fig. 4.MSC ASTRAL phylogenetic tree based on 284 newly generated low-copy nuclear genes of 40Muscari s.l. samples and 4 outgroups. Only
support values below 1.0 local posterior probability are shown. Scale bar in coalescent units. Sample codes correspond to those in Appendix 1. Col-
our of the bars indicates subgenera. Icons represent inflorescence types as in Fig. 1. Arrow indicates the incongruent branch between the ML and
MSC phylogenetic trees as shown in the inset panel.
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Fig. 5. Bayesian phylogenetic tree based on 68 newly generated plastome sequences of Muscari s.l. and 4 outgroup species. Only branch support
values below 1.0 posterior probability are shown. Scale bar shows the number of substitutions per site. Sample codes correspond to those in Ap-
pendix 1. Colour of the bars indicates subgenera. Icons represent inflorescence types as in Fig 1. // indicates that the branch has been shortened.
Arrows indicate incongruent branches between the ML and the BI phylogenetic trees as shown in the inset panel. Asterisk (*) denotes that sample
was genome skimmed only.
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Muscari cycladicum L_cyc1 * 
Muscari macrocarpum M14_2 * 
Muscari macrocarpum M.macro(R)
Muscari racemosum M13_1 *
Muscari racemosum M.mus
Bellevalia forniculata B_forB2
Bellevalia hyacinthoides B_hya2
Schnarfia messeniaca S_mes1 * 
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Fig. 6.Bayesian phylogenetic tree based on 68 newly generated nuclear ribosomal cistron sequences ofMuscari s.l. and four outgroup species. Only
branch support values below 1.0 posterior probability are shown. Scale bar shows the number of substitutions per site. Sample codes correspond to
those in Appendix 1. Colour of the bars indicates subgenera. Icons represent inflorescence types as in Fig. 1. // indicates that the branch has been
shortened. Asterisk (*) denotes that sample was genome skimmed only.
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Therefore, only the MSC low-copy nuclear gene, BI plas-
tome and BI nuclear ribosomal cistron analyses are shown
here. However, branch support reported in the text shows sup-
port values across analyses (including ML) for the respective
branches (ASTRAL local posterior probabilities [LPP],
Bayesian inference posterior probabilities [PP], and maxi-
mum likelihood analyses SH-aLRT and UFBoot).

When multiple samples of one species were used, these
samples largely grouped regardless of whether they were se-
quenced by Novogene or Daicel Arbor Biosciences, and we
did not detect any systemic sequencing bias correlated with
the two different service suppliers.

Muscari subg.Muscarimia and subg. Pseudomuscari.—
Muscari subg. Pseudomuscari (Pseudomuscari clade) and
subg. Muscarimia (Muscarimia clade) were recovered as
monophyletic in all analyses (1.00 LPP, 1.00 PP, 100% SH-
aLRT, 100% UFBoot) (Figs. 4, 5, 6, and suppl. Figs. S1, S2,
S3). However, the placement of the clades change, with M.
subg. Pseudomuscari (Pseudomuscari clade) being sister to
the rest of Muscari s.l. in the low-copy nuclear gene analysis
(1.00 LPP, 100% SH-aLRT, 100% UFBoot) (Fig. 4, and
suppl. Figs. S1) and plastome analysis (1.00 PP, 100% SH-
aLRT, 100% UFBoot) (Fig. 5, suppl. Fig. 2), but sister to
M. subg. Muscari (Muscari clade) in the nuclear ribosomal
cistron analysis (0.89 PP, 85.9% SH-aLRT, 69.0% UFBoot)
(Figs. 6, suppl. Fig. S3). Instead, M. subg. Muscarimia is re-
covered as sister to the rest ofMuscari s.l. in the nuclear ribo-
somal cistron analysis (1.00 PP, 98.2% SH-aLRT, 100%
UFBoot).

Muscari subg. Leopoldia and subg. Muscari. — In the
low-copy nuclear gene analyses (Fig. 4, suppl. Fig. S1), Mu-
scari subg. Leopoldia (Leopoldia clade) is recovered as mono-
phyletic (1.00 LLP, 100% SH-aLRT, 100% UFBoot).
However, M. subg. Muscari is recovered as paraphyletic, with
the Muscari N2 clade, containing species M. latifolium,
M. kerkis and an unidentified Muscari sp., recovered as sister
to M. subg. Leopoldia (Leopoldia clade) (1.00 LPP, 100%
SH-aLRT, 100% UFBoot). Muscari commutatum is recovered
in Muscari N1 but as sister to the rest of that clade (0.74 LPP,
100% SH-aLRT, 100% UFBoot) (Fig. 4, suppl. Fig. S1).

In the plastome tree (Fig. 5, suppl. Fig. S2) bothMuscari
subg. Leopoldia (Leopoldia P1, P2, and P3 clades) and subg.
Muscari (Muscari P1, P2, P3, and P4 clades) are recovered as
paraphyletic.Muscari commutatum (Muscari P4 clade) unlike
in the MSC nuclear tree, is recovered as sister to M. mirum
(Leopoldia P3 clade) (1.00 PP) (apart from in the ML analysis
in which they are sister to each other; 26.5% SH-aLRT, 54.0%
UFBoot) (Fig. 5, suppl. Fig. S2) which is in turn sister to
M. serpentinicum Yıldırım & al. and M. sandrasicum Karlén
(Muscari P3 clade) (0.77 PP, 100% SH-aLRT, 100% UF-
Boot). Furthermore, like theMuscari N2 clade, a smaller clade
of the M. subg. Muscari species M. latifolium, M. bourgaei,
and M. microstomum P.H.Davis & D.C.Stuart formed the
Muscari P2 clade, which was strongly supported as sister to
the Leopoldia P2 clade (1.00 PP, 91.3% SH-aLRT, 98.0%
UFBoot) (Fig. 5, suppl. Fig. S2).

In the nuclear ribosomal cistron tree (Fig. 6, suppl.
Fig. S3), both Muscari subg. Muscari (Muscari clade) and
subg. Leopoldia (Leopoldia clade) were recovered as mono-
phyletic with moderate (0.84 PP, 82.6% SH-aLRT, 65.0%
UFBoot) and high support (1.00 PP, 96.8% SH-aLRT,
100% UFBoot), respectively.

In Muscari subg. Leopoldia, M. matritense Ruíz Rejón
& al. (MMATRI) was recovered either sister to (Fig. 4) or
nested within theM. comosum samples (Figs. 5, 6). Addition-
ally, samples received as M. massayanum C.Grunert (M32_2
andMMASS) andM. weissii Freyn (M12_3 and LWEI2), also
in M. subg. Leopoldia, are recovered as polyphyletic in both
the plastome and nuclear ribosomal cistron analyses (Figs. 5,
6). Muscari massayanum and M. weissii samples M32_2
and M12_3 were not part of the low-copy nuclear gene analy-
sis. The sample received asM. dionysicum Rech.f. (M.dio(R))
was recovered sister toM. spreitzenhoferi (Heldr. ex Osterm.)
H.R.Wehrh. samples in all analyses (Figs. 4, 5, 6).

WithinMuscari subg.Muscari, all three analyses (Figs. 4,
5, 6) recovered a clade includingM. atlanticumBoiss. &Reut.,
M. neglectum, and M. olivetorum Blanca & al.

Nuclear gene tree and site concordance.—The normal-
ised quartet scores as calculated by ASTRAL for the nuclear
species tree was 0.68 indicating that a total of 68% of gene tree
quartets agreed with the overall species tree. Nuclear gene tree
and site concordance across the species tree was low, but
prominent inM. subg. Leopoldia (Leopoldia clade) and subg.
Muscari (Muscari N1 and N2 clades). However, regardless of
gCF or sCF, most LPP were high with 63% of branches re-
ceiving a score of 1.00 LPP (suppl. Figs. S6, S7).

Species networks. — The NANUQ network was highly
consistent with the 284-nuclear-gene ASTRAL tree and gene
flow is reported both within and across clades to varying
degrees (Fig. 7). While the Muscari N2 clade is recovered as
sister to Muscari subg. Leopoldia (Leopoldia clade) in the
low-copy nuclear gene species tree (Fig. 4), NANUQ revealed
substantial levels of gene flow between the Muscari N2 clade,
andM. subg.Muscarimia (Muscarimia clade) and subg. Pseu-
domuscari (Pseudomuscari clade). Gene flow between
M. subg. Leopoldia (Leopoldia clade) and the Muscari N2
clade appears minimal. The Muscari N1 clade also exhibited
minimal gene flow with other clades.

■DISCUSSION

Muscari s.l. phylogeny.—Muscari s.l. andM. subg.Mu-
scarimia (Muscarimia clade) are monophyletic in all our ana-
lyses, although the placement of M. subg.Muscarimia varies,
consistent with the previous findings of Dizkirici & al. (2019),
and Böhnert & al. (2023). Our nuclear ribosomal cistron anal-
ysis recovers all four subgenera as monophyletic (Fig. 6).
However, our two other datasets, low-copy nuclear genes
and plastome, conflict with this latter finding.

Muscari subg. Pseudomuscari. — Our data consistently
support a monophyletic Muscari subg. Pseudomuscari
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(Pseudomuscari clade) (Figs. 4, 5, 6), as did Dizkirici & al.
(2019). However, our sampling did not include M. pallens
and M. coeruleum, species that Böhnert & al. (2023) found
to fall within M. subg. Muscari, resulting in a polyphyletic
M. subg. Pseudomuscari.

The placement of Muscari pallens within M. subg. Mu-
scari as reported by Böhnert & al. (2023) and in the combined
analysis presented in suppl. Fig. S8 (Method 3 and Result 1 in
suppl. Appendix S1), raises a question over the nomenclatural
status of M. subg. Pseudomuscari as delineated by Stuart
(1970), which is addressed later in this paper.

The autumn floweringMuscari parviflorum has tradition-
ally been placed inM. subg.Muscari based upon constriction
of the perianth (=Muscari s.str. Garbari & Greuter, 1970) but
was later moved toM. subg. Pseudomuscari based karyologi-
cal similarities (Stuart, 1970). Molecular data presented here
support this inclusion of M. parviflorum, as do Dizkirici
& al. (2019) and Böhnert & al. (2023).

Muscari subg. Leopoldia and subg.Muscari.—Our low-
copy nuclear gene and plastome analyses recover Muscari
subg. Muscari as paraphyletic (Figs. 4, 5) as did Böhnert
& al. (2023). However, Dizkirici & al. (2019) recovered a
monophyletic M. subg. Muscari but this was likely due to
taxon sampling limits. Muscari subg. Leopoldia, in contrast,
is monophyletic in our low-copy nuclear gene analysis
(Leopoldia clade) but paraphyletic in the plastome
analysis (Leopoldia P1, P2, and P3). This is broadly congruent
with the ddRAD data (assuming they are predominantly nu-
clear) and plastid findings of Böhnert & al. (2023). Dizkirici
& al. (2019) also recovered a paraphyleticM. subg. Leopoldia.

In both the low-copy nuclear gene and plastome analyses, a
secondMuscari subg.Muscari clade (Muscari N2 and P2) was
recovered as sister to M. subg. Leopoldia (Leopoldia clade,
Fig 4.) or the Leopoldia P2 clade (Fig. 5) respectively. The Mu-
scari N2 and P2 clades always includedM. latifolium, but other
species recovered within these clades varied due to different
sampling across the analyses. Regardless, the Muscari N2 and
P2 clades are broadly congruent with the plastid and ddRAD
findings of Böhnert & al. (2023). Based upon the results of their
ddRAD analysis, they describe this clade as a new Muscari
subg. Pulchella, consisting of seven species, including
M. latifolium, M. bourgaei, M. kerkis, and the type species,
M. pulchellum. However, in their plastid tree, M. subg. Pul-
chella is paraphyletic. Muscari pulchellum is sister to
M. kerkis, which in turn is sister to Leopoldia neumannii. The
remaining M. subg. Pulchella species are instead sister to
M. subg. Leopoldia. We recovered a similar relationship when
analysing the combined plastid tree, which incorporates both
our data and that of Böhnert & al. (2023) (suppl. Fig. S8). This
suggests that while the Muscari N2 and P2 clades are currently
monophyletic, they may not remain sowith the inclusion of the
remainingM. subg. Pulchella species. Therefore, depending on
the analyses, we will continue to refer to the second M. subg.
Muscari clade as Muscari N2 and P2.

Böhnert & al. (2023) suggest that Muscari subg. Pul-
chella occupies an intermediate position between M. subg.

Leopoldia and subg. Muscari, based on its nested placement
in their phylogenies and similar perianth morphology. How-
ever, our phylogenies (Figs. 4, 5, 6) and NANUQ species net-
work analysis (Fig. 7) do not supportM. subg. Pulchella as an
intermediate lineage between these subgenera. Specifically,
the NANUQ species network reveals little to no gene flow be-
tween the Muscari N1 and N2 clades, andM. subg. Leopoldia
(Leopoldia clade) (Fig. 7). This suggests that the similar fea-
tures which M. subg. Pulchella shares with Muscari s.str.
and M. subg. Leopoldia (Böhnert & al. 2023), might instead
have arisen from the distant common ancestor of these subge-
nera (symplesiomorphy) and highlights the problematic use of
floral morphology in delimiting taxa in Muscari s.l. Instead,
substantial gene flow is observed among the Muscari N2
clade, M. subg. Pseudomuscari (Pseudomuscari clade) and
subg. Muscarimia (Muscarimia clade), which is plausible
given the shared distributions of species within these groups.
Further sampling and investigation would be required to fully
untangle these relationships.

Cytonuclear discordance, along with low nuclear
concordance scores, often indicates hybridisation between
taxa (Rieseberg & Soltis, 1991; Fu & al., 2022; Stull
& al., 2023). This discordance is seen between species in
Muscari subg. Leopoldia and subg. Muscari (suppl. Fig. S7).
These subgenera frequently co-occur and flower at the same
time (Davis & Stuart, 1980, 1984; Suárez-Santiago &
Blanca, 2013), while also sharing many floral morphological
features including a constricted perianth and mostly scentless
flowers. Such shared characters suggest that species in these
subgenera might be part of a pollinator guild (Fenster &
al., 2004), in which they have morphologically similar flowers
to attract a common pollinator (Newman & al., 2014; Faure
& al., 2022) and therefore an increased chance of interspecies
gene flow. Such an understanding of pollination syndrome is
key to evaluating the likelihood of gene flow as a plausible
cause for discordance in the phylogenetic trees recovered
(Mallet, 2005; S. Xu & al., 2011; Goulet & al., 2017). Al-
though limited research has been conducted on plant-
pollinator interactions within Muscari s.l., Canale & al.
(2014) report thatM. comosum (subg. Leopoldia) is pollinated
by a wide range of pollinators, including Hymenoptera
(mostly generalist solitary bees) and Diptera (bee flies), which
also pollinate other species in M. subg. Muscari including
M. neglectum. Despite this, there are no records of hybridisa-
tion between these subgenera and the NANUQ network
(Fig. 7) supports the lack of gene flow. However, hybridisation
due to overlapping historical ranges, has been reported in Le-
debouriinae (Asparagaceae, Scilloideae) between Drimiopsis
Lindl. & Paxton and Ledebouria Roth (Howard & al., 2022,
2023) and during the early diversification of Nolinoideae
(Asparagaceae) (Ji & al., 2023). Such an understanding of
pollination syndrome is key to evaluating the likelihood of
gene flow as a plausible cause for discordance in the phyloge-
netic trees recovered.

Therefore, the lack of evidence towards hybridisation
suggests that the discordance between the nuclear and
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plastome phylogenies is likely a result of incomplete lineage
sorting (Meleshko & al., 2021; L.L. Xu & al., 2021; McLay
& al., 2023; Zhang & al., 2024). Due to its biparentally inher-
ited nature, nuclear DNA has double the effective population
size when compared the uniparentally inherited plastome
DNA (Crosby & Smith, 2012). Larger effective population
sizes often result in longer allele coalescence times
(Nordborg & Krone, 2002), thereby increasing the likelihood
of incomplete lineage sorting. Furthermore, if species have
experienced rapid speciation events, which could be reflected
by the short internal branches in ourMuscari phylogenies, in-
complete lineage sorting might be the cause of conflict due to
the insufficient time available for alleles to converge within a
population (Degnan & Rosenberg, 2009; Angelis & Dos
Reis, 2015).

The incongruity between our two nuclear analyses could
be attributed to the nature of the nuclear regions employed.
Nuclear ribosomal cistrons exist in numerous copies through-
out the genome but are susceptible to homogenisation via con-
certed evolution, resulting in the cistrons evolving together,
rather than independently (Ohta, 1983). In contrast, low-copy
nuclear gene data encompass an array of individual nuclear

loci drawn from across the nuclear genome, each evolving in-
dependently (Peterson & al., 2012).

Within our sampling ofMuscari subg. Leopoldiawe have
multiple accessions of five different species: M. comosum,
M. massayanum, M. mirum, M. spreitzenhoferi (Heldr.)
Vierh., and M. weissii. Of these, only M. mirum and
M. spreitzenhoferi are consistently resolved as clades in our
analyses. Neither M. massayanum nor M. weissii are recov-
ered as monophyletic in the plastome and nuclear ribosomal
cistron analyses (Figs. 5, 6).Muscari massayanum is endemic
to Turkey with a disjunct southern and eastern distribution
(Davis & Stuart, 1984). The population around Adana in the
south is where the type of M. massayanum originated. A re-
cent taxonomic assessment by Eker (2021) separated the east-
ern population of M. massayanum around Gümüshane as a
distinct species, M. erzincanicum Eker, differing from
M. massayanum in capsule morphology and pedicel length.
Therefore, the sample MMASS, collected from Gümüshane,
under the name M. massayanum, is likely to be
M. erzincanicum, while sample M32_2, collected in Adana,
is M. massayanum. Böhnert & al. (2023) in their plastid ana-
lyses recovered M. massayanum in M. subg. Muscarimia

M. tenuiflorum M.ten
M. weissii LWEI2

M. massayanum (cf. erzincanicum) MMASS

M. comosum CMOC24H

M. spreitzenhoferi MSPC20ER
M. mirum MMIRUM

M. comosum MCOMOC
M. comosum CMOM2ORM. comosum CMOC14ER

M. comosum CMOC23G

M. spreitzenhoferi M.spr
M. spreitzenhoferi UNMC10C

M. dionysicum M.dio(R)

M. commutatum M.comm
M. commutatum CMUP13CR

M. commutatum CMUM1FR

M. armeniacum
Muscari sp. MKERK M. alpanicum MALPAN
M. armeniacum MARMCR

M. olivetorum MOLIB

M. neglectum MNEGLR

M. neglectum MRACER

M. atlanticum M.atl
M. atlanticum M.atlB

M. neglectum MNEGIR

M. anatolicum MANAT

M. neglectum M.negC(R)

M. olivetorum M.oliC

MARMD
Muscari N1

Leopoldia

Muscari N2

Muscarimia

Pseudomuscari

M. inconstrictum M.inc

M. azureum MAZUR M. coeleste M_coe
M. inconstrictum MCOMBR

M. parviflorum M.parv

M. racemosum M.mus
M. macrocarpum M.macro(R)

Muscari sp.MBOTRY
M. latifolium M.lati

Muscari kerkis MKERKB

Fig. 7.A species network inferred from 284 low-copy nuclear gene trees ofMuscari s.l. using NANUQ (alpha = 1e-06, beta = 0.95) as implemented
in MSCquartets. Colours denote subgenera.
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while their ddRAD nuclear analyses recovered it in M. subg.
Leopoldia. However, no detailed locality notes are provided
for their accession of M. massayanum for comparison.

Muscari weissii is distributed throughout southwest
Turkey, Greece, and the Aegean Islands (Davis & Stuart,
1984; Dimopoulos & al., 2016). Our samples of M. weissii
were collected from Antalya, Turkey (M12_3) and Ioannina,
Northwestern Greece (LWEI2), thus matching the reported
distribution of the species. The Greek M. weissii (LWEI2) is
consistently recovered as sister to M. massayanum
(MMASS, cf. erzincanicum), in all three analyses. However,
the placement of the Turkish sample of M. weissii (M12_3)
(not included in the low-copy nuclear gene analyses) differs
between the plastome analyses in which it is sister to the Turk-
ish M. massayanum (M32_2) (Fig. 5) congruent with Dizkir-
ici & al. (2019), and our nuclear ribosomal cistron analyses in
which it emerges as sister toM. comosum (Fig. 6). Hybridisa-
tion has been reported between M. weissii and M. comosum
(Davis & Stuart, 1984), potentially accounting for the cluster-
ing ofM. weissii (M12_3) withM. comosum in the nuclear ri-
bosomal cistron tree. Additionally, Muscari dionysicum is a
recognised synonym of M. weissii. However, material
received under the nameM. dionysicum (M.dio(R)), was con-
sistently recovered as sister to M. spreitzenhoferi across all
analyses—an unexpected placement that may reflect
misidentification.

Furthermore, all three analyses recovered the Iberian en-
demic Muscari matritense either sister to or within the highly
polymorphic and widespread M. comosum. Although both
species are morphologically very similar,M. matritensewas sep-
arated from M. comosum based upon karyological differences
(Ruiz Rejón & al., 1985). However, considering the marked ge-
netic and morphological polymorphisms (Davis & Stuart, 1980,
1984) exhibited by M. comosum (López Alonso & Reguera,
1986; Rejon & al., 1987; Garrido-Ramos & al., 1998), along
with the close phylogenetic relationship with M. matritense, it
is possible that M. matritense represents morphological vari-
ation withinM. comosum instead of being a separate species.

WithinMuscari subg.Muscari our analyses recovered the
Spanish endemic M. olivetorum either sister to M. atlanticum
and the highly polymorphic and widespread M. neglectum in
the nuclear trees (Figs. 4, 6) or within M. neglectum in the
plastome tree (Fig. 5). Suárez-Santiago & al. (2007), in their
nuclear ITS analyses of Spanish Muscari, reported a similar
placement of M. olivetorum as found in our nuclear analyses.
The authors suggest a possible hybrid origin ofM. olivetorum
with M. neglectum and M. baeticum Blanca & al. as parents.
The three species have overlapping distribution further sup-
porting the hypothesis of hybrid origin (Suárez-Santiago
& Blanca, 2013). However, we could not obtain M. baeticum
for our investigation and therefore could not further explore
the possible hybrid origin of M. olivetorum.

Another notable placement is the varying position of
M. commutatum across all three phylogenies. It has been tradi-
tionally placed within M. subg. Muscari, on account of its
dense conical raceme of blue, black, or violet fertile oblong-

urceolate flowers and an inconspicuous apical ring of sterile
flowers. Both our low-copy nuclear gene analysis (Muscari
N1 clade, Fig. 4) and the ddRAD analysis by Böhnert & al.
(2023) place M. commutatum within M. subg. Muscari, but
sister to all other species in the subgenus. This differentiation
is reflected in the NANUQ species network (Fig. 7). However,
the plastome analysis places M. commutatum (Muscari P4
clade) outside M. subg. Muscari sister to M. mirum
(Leopoldia P3 clade) (Fig. 5), while our nuclear ribosomal cis-
tron analysis places it within M. subg. Muscari (Muscari
clade) but on a long, poorly supported branch (Fig. 6). Thus,
the placement of M. commutatum within Muscari s.l.
remains uncertain and warrants further investigation, as
also suggested by Böhnert & al. (2023).

Taxonomic remarks. — The recovery of the Muscari N2
and P2 clades, separate from the remainder of Muscari subg.
Muscari is consistent with Böhnert & al. (2023), who recog-
nised a M. subg. Pulchella for this group. Böhnert & al.
(2023) found this to be a monophyletic group in their ddRAD
analysis but not in their plastid sequence analysis, which had
slightly different sampling. This suggests the monophyly of
M. subg. Pulchella is sensitive both to data type and taxon sam-
pling and we would consider it premature to recognise this as
a distinct taxon. However, we were not able to include
M. pulchellum, the type ofM. subg. Pulchella, in our sampling.

A pragmatic alternative, that recognises a consistently
stable part of the low-copy nuclear and plastid phylogenies,
is to mergeMuscari subg. Leopoldia and subg.Muscari into
one large M. subg. Muscari (0.99 LPP, 1.00 PP respec-
tively), that would result inMuscari s.l. containing three sub-
genera as previously suggested by Tynkevich & al. (2023).
However, this largerM. subg.Muscariwould be paraphyletic
in the nuclear ribosomal cistron analysis, with support at
0.89 PP.

Additionally, the NANUQ species network (Fig. 7) re-
vealed limited gene flow between Muscari subg. Leopoldia
(Leopoldia clade) and subg. Muscari (Muscari N1and N2
clades). Therefore, merging these subgenera may not accu-
rately represent their evolutionary history and would unite
two groups with significantly different inflorescence mor-
phologies into a single subgenus, which cannot itself be distin-
guished based on morphological characteristics.

The differences among phylogenies highlight that the
subgeneric delineation of Muscari s.l. can vary depending
on the molecular data and taxon sampling strategy used,
thereby making it challenging to establish a robust and stable
subgeneric taxonomic treatment of the genus. More
comprehensive taxon sampling is needed, particularly for the
low-copy nuclear gene analysis. This approach, when com-
bined with non-floral traits such as seed morphology, may bet-
ter represent the observed evolutionary patterns. The use of
seed morphology has already proven useful in studies of Turk-
ish species of Muscari s.l. (Eroğlu & al., 2021).

Since conducting this research, an Asparagaceae-specific
bait kit (Asparagaceae1726; Bentz & Leebens-Mack, 2024)
has been developed. The use of this bait kit, along with
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increased taxon sampling, may provide higher numbers of
phylogenetically informative nuclear genes, which could
aid in resolving the subgeneric delimitations within
Muscari s.l.

Nomenclatural change. — The results of this paper are
consistent with those of Böhnert & al. (2023) in recognising
a Pseudomuscari clade, which includes the majority of species
that were included in in Garbari’s (1970, 1973) and Stuart’s
(1970) original species list for the genus Pseudomuscari and
Muscari subg. Pseudomuscari.

Böhnert & al. (2023) indicate thatM. subg. Pseudomuscari
was validly published by Stuart (1985) based on Losinskaya’s
invalidly published “M. sect. Pseudomuscari” (Losina-
Losinskaya, 1935). However, this is predated by Stuart’s
(1970) valid publication of the subgenus. Stuart (1970) desig-
nated Muscari pallens as the type of the subgenus, selecting it
from among the species included by Losina-Losinskaya in her
“sect. Pseudomuscari” (Losina-Losinskaya, 1935).

Our results (suppl. Fig. S8) and those of Böhnert & al.
(2023) show thatMuscari pallens belongs inM. subg.Muscari,
rendering Stuart’s subgenus a synonym of the type subgenus.
Additionally, this is corroborated by a review of the corre-
sponding herbarium specimen of M. pallens which we
deemed to have been correctly identified (see Appendix 1,
Böhnert & al., 2023).

Garbari & Greuter (1970) in describing the genus Pseudo-
muscari designated M. azureum as the type. Böhnert & al.
(2023) likewise state that the type of “M. subg. Pseudomuscari
(Losinsk.) D.C.Stuart” is M. azureum. The existence of the

validly published M. subg. Pseudomuscari D.C.Stuart prevents
the recombination of Gabari & Greuter’s genus as a subge-
nus. It is also the case that it is not possible to conserve
Stuart’s subgenus with a new type (i.e., M. azureum)
(Turland & al., 2018: Art. 14.1) and it is therefore necessary
to publish a new subgeneric name for the Pseudomuscari
clade. The new subgeneric name has no implications for
Pseudomuscari Gabari & Greuter, which remains the correct
name for the group of species in the Pseudomuscari clade
when treated at generic rank. Our choice of ‘Paramuscari’
reflects the position of this taxon sister to other elements of
Muscari it has traditionally been grouped with.

Muscari subg. Paramuscari H.R.Hall, Culham, Könyves
& J.C.David, subg. nov. – Type:Muscari azureum Fenzl.
Description. –Bulbs obovoid. Annual slender roots. Leaves

2–4(–6), linear to oblong lanceolate, flaccid to erect. Lax or
dense racemes of pale to dark blue flowers, often with dark
blue central markings. The fertile flowers are shortly to ob-
long campanulate. Spring flowering species have weakly to
non-constricted perianths, while the autumn-flowering Mu-
scari parviflorum is constricted. Perianth teeth concolorous
with rest of the perianth. Sterile flowers are few, either pedi-
cellate or sessile.

All species listed below were included in Garbari’s (1970,
1973) and Stuart’s (1970) original species list for the genus
Pseudomuscari and subgenus Pseudomuscari. Not all species
mentioned were studied; therefore, the asterisk (*) indicates
the material included in this investigation.

Fig. 8. Four of the species included in Muscari subg. Paramuscari: A, M. azureum; B, M. inconstrictum; C, M. coeleste; D, M. parviflorum. —
Photos: A & C, Debbie Amor (Gardeneasta); B & D, John David.
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Species included in Muscari subg. Paramuscari (Fig. 8)

*Muscari azureum Fenzl, Index Seminum [Vienna] 1858:
4. 1858 ≡ Pseudomuscari azureum (Fenzl) Garbari &
Greuter in Taxon 19: 334. 1970.

*Muscari coeleste Fomin in Vĕstn. Tiflissk. Bot. Sada 9: 11.
1908 ≡ Pseudomuscari coeleste (Fomin) Garbari in Atti
Soc. Tosc. Sci. Nat., ser. B, 77: 112. 1970.

= Hyacinthella turkewiczii Woronow in Bot. Mater. Gerb.
Glavn. Bot. Sada R.S.F.S.R. 5: 88. 1924 ≡ Muscari tur-
kewiczii (Woronow) Losinsk. in Komarov, Fl. URSS 4:
420. 1935 ≡ Pseudomuscari turkewiczii (Woronow) Gar-
bari in Atti Soc. Tosc. Sci. Nat., ser. B, 77: 112. 1970.

* Muscari inconstrictum Rech.f. in Ark. Bot., ser. 2, 2: 314.
1952 ≡ Pseudomuscari inconstrictum (Rech.f.) Garbari
in Atti Soc. Tosc. Sci. Nat., ser. B, 77: 112. 1970.

* Muscari parviflorum Desf., Fl. Atlant. 1: 309. 1798.

* Muscari pseudomuscari (Boiss. & Buhse) Wendelbo in
Notes Roy. Bot. Gard. Edinburgh 38: 433. 1980 ≡ Belle-
valia pseudomuscari Boiss. & Buhse in Boissier, Diagn.
Pl. Orient., ser. 2, 4: 110. 1859.

=Muscari chalusicum D.C.Stuart in Lily Year-Book 30: 125.
1966 ≡ Pseudomuscari chalusicum (D.C.Stuart) Garbari
in Atti Soc. Tosc. Sci. Nat., ser. B, 77: 112. 1970.

Species excluded from Muscari subg. Paramuscari
(Fig. 9)

Muscari acutifolium Boiss., Fl. Orient. 5(1): 300. 1882 ≡
Pseudomuscari actutifolium (Boiss.) Garbari in Atti
Soc. Tosc. Sci. Nat., ser. B, 77: 112. 1970.

= Hyacinthus paradoxus Fisch. & C.A.Mey, Index Seminum
[St. Petersburg (Petropolitanus)] 1: 30. 1835 ≡Muscari pa-
radoxum (Fisch. & C.A.Mey.) K.Koch in Linnaea 22: 253.
1849 ≡ Bellevalia paradoxa (Fisch. & C.A.Mey.) Boiss.,
Fl. Orient. 5(1): 308. 1882 ≡ Pseudomuscari paradoxum
(Fisch. & C.A.Mey.) Garbari in Atti Soc. Tosc. Sci. Nat.,
ser. B, 77: 112. 1970.— Genus Bellevalia.

Muscari apertum Freyn & Conrath in Bull. Herb. Boissier 4:
194. 1896 ≡ Pseudomuscari apertum (Freyn & Conrath)
Garbari in Atti Soc. Tosc. Sci. Nat., ser. B, 77: 112. 1970.

=Muscari armeniacumH.J.Veitch in Garden (London, 1871–
1927) 1: 687. 1872. — Subgenus Muscari.

Muscari coeruleum Losinsk. in Komarov, Fl. URSS 4: 412,
745. 1935 ≡ Pseudomuscari coeruleum (Losinsk.) Garbari
in Atti Soc. Tosc. Sci. Nat., ser. B, 77: 112. 1970. —
SubgenusMuscari.

* Muscari forniculatum Fomin in Vĕstn. Tiflissk. Bot. Sada 9:
12. 1908 ≡ Bellevalia forniculata (Fomin) Delaunay in

Vĕstn. Tiflissk. Bot. Sada, n.s., 1: 30. 1922 ≡ Pseudomu-
scari forniculatum (Fomin) Garbari in Atti Soc. Tosc. Sci.
Nat., ser. B, 77: 112. 1970.— Genus Bellevalia.

* Muscari discolor Boiss. & Hausskn. in Boissier, Fl. Orient.
5(1): 300. 1882. — Subgenus Muscari.

Muscari pallens (M.Bieb.) Fisch., Cat. Jard. Gorenki, ed. 2: 9.
1812 ≡Hyacinthus pallensM.Bieb., Fl. Taur.-Caucas. 1:
283. 1808 ≡ Pseudomuscari pallens (M.Bieb.) Garbari
in Atti Soc. Tosc. Sci. Nat., ser. B, 77: 112. 1970. —
Subgenus Muscari.

■ CONCLUSIONS

Using low-copy nuclear gene, plastome, and nuclear ribo-
somal cistron data, we have uncovered significant incongru-
ence in the subgeneric delineation of Muscari s.l.,
particularly evident withinM. subg. Leopoldia and subg.Mu-
scari. This incongruence may be attributed to complex evolu-
tionary processes such as incomplete lineage sorting and
hybridisation, which together make the establishment of a sta-
ble subgeneric taxonomic treatment of the genus difficult
when based solely on molecular data. By considering such
phylogenetic patterns in the context of evolutionary events,
morphology, and ecology, we have begun to enhance our un-
derstanding of the evolutionary complexities within this genus
of widely cultivated plants. Future studies should aim to
achieve a broader sampling across the taxonomic and

Fig. 9. Two species of Muscari s.l. that have been included in Muscari
subg. Pseudomuscari on the grounds of floral morphology but now in-
cluded inM. subg.Muscari:A,M. pallens;B,M. coeruleum.— Photos:
Debbie Amor (Gardeneasta).
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geographic breadth ofMuscari s.l., in addition to a more thor-
ough analyses of both nuclear and organellar genomes, as the
delineation of Muscari s.l. appears to be sensitive to both
taxon and molecular data sampling. Such investigations will
be essential for more in-depth empirical testing of evolution-
ary history. Additionally, through our review of nomenclatural
literature, we have identified the need for a new name and de-
limitation forM. subg. Pseudomuscari due to the placement of
M. pallens, the type ofM. subg. Pseudomuscari sensu Stuart,
within M. subg. Muscari.
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des (Bertol.) K.Perss. &Wendelbo, B_hya2, Cultivated material,Kálmán Könyves & John David s.n. (WSY), PQ210128*, PQ129958*, SRR32756937*,Muscari
adiliiM.B.Güner & H.Duman, M18_3, Turkey,Mesut Pinar s.n. (VANF), PQ210146*, PQ129976*, SRR32756916*,Muscari alpanicum Schchian, MALPAN,
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PQ130009*, SRR32756890*,Muscari armeniacumH.J.Veitch, M11_1, Turkey,Mesut Pinar s.n. (VANF), PQ210141*, PQ129971*, SRR32756921*,Muscari
armeniacumH.J.Veitch,MARMCR, Turkey (not vouchered), PQ210180*, PQ130010*, SRR32756889*,Muscari armeniacumH.J.Veitch,MARMD, Cultivated
material, s.coll. s.n. (RBGE), PQ210181*, PQ130011*, SRR32756888*, Muscari atlanticum Boiss. & Reut., M.atl, Spain, García-Sánchez & F. Soriguer s.n.
(MGC), PQ210167*, PQ129997*, SRR32756932*, Muscari atlanticum Boiss. & Reut., M.atlB, Spain, García-Sánchez & F. Soriguer s.n. (MGC),
PQ210168*, PQ129998*, SRR32756931*,Muscari aucheri Baker, MAUCH, Turkey (not vouchered), PQ210182*, PQ130012*, SRR32756887*,Muscari azu-
reum Fenzl, M25_3, Turkey,Mesut Pinar s.n. (VANF), PQ210151*, PQ129981*, SRR32756909*,Muscari azureum Fenzl, MAZUR, Cultivated material, John
David s.n. (WSY), PQ210183*, PQ130013*, SRR32756886*, Muscari babachii Eker & Koyuncu, M39_1, Turkey, Mesut Pinar s.n. (VANF), PQ210162*,
PQ129992*, SRR32756897*,Muscari bourgaei Baker, M26_3, Turkey, Mesut Pinar s.n. (VANF), PQ210152*, PQ129982*, SRR32756908*,Muscari cauca-
sicumBaker, M35_1, Turkey,Mesut Pinar s.n. (VANF), PQ210161*, PQ129991*, SRR32756898*,Muscari coeleste Fomin,M_coe, Cultivatedmaterial,Kálmán
Könyves & John David s.n. (WSY), PQ210165*, PQ129995*, SRR32756936*,Muscari coeleste Fomin, M20_1, Turkey,Mesut Pinar s.n. (VANF), PQ210147*,
PQ129977*, SRR32756913*,Muscari coeleste Fomin, M20_3, Turkey,Mesut Pinar s.n. (VANF), PQ210148*, PQ129978*, SRR32756912*,Muscari commu-
tatumGuss., CMUM1FR,Greece,HannahHall, Alastair Culham, EvitaKyprakiMLH1 (RNG), PQ210133*, PQ129963*, SRR32756882*,Muscari commutatum
Guss., CMUP13CR, Greece, Hannah Hall, Alastair Culham, Evita Kypraki PPH13 (RNG), PQ210134*, PQ129964*, SRR32756871*, Muscari commutatum
Guss., M.comm, Cultivated material, Kálmán Könyves & John David s.n. (WSY), PQ210169*, PQ129999*, SRR32756930*, Muscari comosum Mill., CMO-
C14ER, Greece,HannahHall, Alastair Culham, Evita Kypraki, David PearceCRH14 (RNG), PQ210129*, PQ129959*, SRR32756926*,Muscari comosumMill.,
CMOC23G, Greece,Hannah Hall, Alastair Culham, Evita Kypraki, David Pearce CRH23 (RNG), PQ210130*, PQ129960*, SRR32756915*,Muscari comosum
Mill., CMOC24H, Greece, Hannah Hall, Alastair Culham, Evita Kypraki CRH24 (RNG), PQ210131*, PQ129961*, SRR32756904*, Muscari comosum Mill.,
CMOM2OR, Greece, Hannah Hall, Alastair Culham, Evita Kypraki MLH2 (RNG), PQ210132*, PQ129962*, SRR32756893*, Muscari comosum Mill.,
M5_2, Turkey, Mesut Pinar s.n. (VANF), PQ210139*, PQ129969*, SRR32756894*, Muscari comosum Mill., MCOMOC, Spain, García-Sánchez, F. Soriguer
& M. Recio s.n. (MGC), PQ210184*, PQ130014*, SRR32756885*,Muscari cycladicum P.H.Davis & D.C.Stuart, L_cyc1, Cultivated material, Kálmán Könyves
& JohnDavid s.n. (WSY), PQ210135*, PQ129965*, SRR32756860*,Muscari dionysicumRech.f., M.dio(R), Cultivatedmaterial,KálmánKönyves& JohnDavid
s.n. (WSY), PQ210170*, PQ130000*, SRR32756929*, Muscari discolor Boiss. & Hausskn. ex Boiss., M2_4, Turkey, Mesut Pinar s.n. (VANF), PQ210138*,
PQ129968*, SRR32756914*, Muscari erdalii Özhatay & Demirci, M40_2, Turkey, Mesut Pinar s.n. (VANF), PQ210163*, PQ129993*, SRR32756896*, Mu-
scari grandifolium Baker, M_gra, Cultivated material, Kálmán Könyves & John David s.n. (WSY), PQ210166*, PQ129996*, SRR32756935*, Muscari incon-
strictum Rech.f., M.inc, Cultivated material, John David s.n. (WSY), PQ210171*, PQ130001*, SRR32756934*, Muscari inconstrictum Rech.f., MCOMBR,
Iraq, Henrick, Gerben, Django EGO.IQ.146 (GBG), –, –, SRR32756866*,Muscari kerkis Karlén, MKERKB, Cultivated matierial, Debbie Amor s.n. (RNG), –,
–, SRR32756865*,Muscari latifolium J.Kirk., M.lati, Cultivatedmaterial, JohnDavid s.n. (WSY), PQ210172*, PQ130002*, SRR32756928*,Muscari latifolium
J.Kirk., M22_2, Turkey, Mesut Pinar s.n. (VANF), PQ210149*, PQ129979*, SRR32756911*, Muscari longipes Boiss., M31_3, Turkey, Mesut Pinar s.n.
(VANF), PQ210157*, PQ129987*, SRR32756902*, Muscari macbeathianum Kit Tan, M30_1, Turkey, Mesut Pinar s.n. (VANF), PQ210156*, PQ129986*,
SRR32756903*, Muscari macrocarpum Sweet, M.macro(R), Cultivated material, John David s.n. (WSY), PQ210173*, PQ130003*, SRR32756927*, Muscari
macrocarpum Sweet, M14_2, Turkey, Mesut Pinar s.n. (VANF), PQ210144*, PQ129974*, SRR32756918*, Muscari massayanum C.Grunert, M32_2,
Turkey, Mesut Pinar s.n. (VANF), PQ210158*, PQ129988*, SRR32756901*, Muscari massayanum (cf. erzincanicum), MMASS, Turkey, Kummert, Pasche
& Pirc K2P 0512 (GBG), PQ210185*, PQ130016*, SRR32756883*, Muscari matritense Ruíz Rejón, Pascual, C.Ruíz Rejón, Valdés & J.L.Oliv., MMATRI,
Spain, F. Soriguer s.n. (MGC), PQ210186*, PQ130017*, SRR32756881*, Muscari microstomum P.H.Davis & D.C.Stuart, M28_2, Turkey, Mesut Pinar s.n.
(VANF), PQ210154*, PQ129984*, SRR32756906*, Muscari mirum Speta, M34_2, Turkey, Mesut Pinar s.n. (VANF), PQ210160*, PQ129990*,
SRR32756899*,Muscari mirum Speta, MMIRUM, Cultivated matierial, Debbie Amor s.n. (RNG), PQ210187*, PQ130018*, SRR32756880*,Muscari neglec-
tum Guss. ex Ten. & Sangiov, M.negC(R), Cultivated material, John David s.n. (WSY), PQ210175*, PQ130005*, SRR32756933*,Muscari neglectum Guss. ex
Ten. & Sangiov, M1_4, Turkey,Mesut Pinar s.n. (VANF), PQ210137*, PQ129967*, SRR32756922*,Muscari neglectum Guss. ex Ten. & Sangiov, MNEGER,
Greece, s.coll. s.n. (RBGE), PQ210188*, PQ130019*, SRR32756879*, Muscari neglectum Guss. ex Ten. & Sangiov, MNEGLR, Greece (not vouchered),
PQ210189*, PQ130020*, SRR32756878*, Muscari neglectum Guss. ex Ten. & Sangiov, MRACER, Austria (not vouchered), PQ210192*, PQ130023*,
SRR32756875*,Muscari neglectumGuss. ex Ten. & Sangiov, MNEGIR, Cultivated material, Kálmán Könyves & John David s.n. (WSY), –, –, SRR32756864*,
Muscari olivetorumBlanca, Ruíz Rejón & Suár.-Sant., M.oliC, Spain,García-Sánchez & F. Soriguer s.n. (MGC), PQ210176*, PQ130006*, SRR32756924*,Mu-
scari olivetorum Blanca, Ruíz Rejón & Suár.-Sant., MOLIB, Spain, García-Sánchez & F. Soriguer s.n. (MGC), PQ210190*, PQ130021*, SRR32756877*,Mu-
scari olivetorum Blanca, Ruíz Rejón & Suár.-Sant., MOLIVR, Spain, García-Sánchez & F. Soriguer s.n. (MGC), PQ210191*, PQ130022*, SRR32756876*,
Muscari parviflorum Desf., M42_2, Turkey, Mesut Pinar s.n. (VANF), PQ210164*, PQ129994*, SRR32756895*, Muscari parviflorum* Desf., M.parv, Culti-
vatedmaterial,KálmánKönyves& JohnDavid s.n. (WSY), –, –, SRR32756861*,Muscari pseudomuscari (Boiss. &Buhse)Wendelbo, P_cha, Cultivatedmaterial,
John David s.n. (WSY), PQ210194*, PQ130025*, SRR32756873*,Muscari racemosumMill., M.mus, Cultivated material, Kálmán Könyves & John David s.n.
(WSY), PQ210174*, PQ130004*, SRR32756925*, Muscari racemosum Mill., M13_1, Turkey, Mesut Pinar s.n. (VANF), PQ210143*, PQ129973*,
SRR32756919*, Muscari sandrasicum Karlén, M24_2, Turkey, Mesut Pinar s.n. (VANF), PQ210150*, PQ129980*, SRR32756910*, Muscari serpentinicum
Yıldırım, Altıoğlu & Pirhan, M33_2, Turkey, Mesut Pinar s.n. (VANF), PQ210159*, PQ129989*, SRR32756900*, Muscari sivrihisardaghlarensis Yıldırımlı
& B.Selvi, M16_1, Turkey, Mesut Pinar s.n. (VANF), PQ210145*, PQ129975*, SRR32756917*, Muscari sp., MKERK, Greece, Arne Strid AS 54666 (GBG),
PQ210198*, PQ130015*, SRR32756884*, Muscari sp., MBOTRY, Switzerland (not vouchered), –, –, SRR32756867*, Muscari spreitzenhoferi
(Heldr. ex Osterm.) H.R.Wehrh., MSPC20ER, Greece,Hannah Hall, Alastair Culham, Evita Kypraki CRH20 (RNG), PQ210193*, PQ130024*, SRR32756874*,
Muscari spreitzenhoferi (Heldr. ex Osterm.) H.R.Wehrh., UNMC10C, Greece, Hannah Hall, Alastair Culham, Evita Kypraki CRH10 (RNG), PQ210197*,
PQ130028*, SRR32756869*, Muscari spreitzenhoferi (Heldr. ex Osterm.) H.R.Wehrh., M.spr, Cultivated material, Kálmán Könyves & John David s.n.
(WSY), –, –, SRR32756868*, Muscari tenuiflorum Tausch, M.ten, Cultivated material, Kálmán Könyves & John David s.n. (WSY), PQ210177*, PQ130007*,
SRR32756923*,Muscari turcicumUysal, Ertuğrul & Dural, M27_1, Turkey,Mesut Pinar s.n. (VANF), PQ210153*, PQ129983*, SRR32756907*,Muscari vu-
raliiBağcı&Doğu, M9_2, Turkey,Mesut Pinar s.n. (VANF), PQ210140*, PQ129970*, SRR32756892*,Muscari weissii Freyn, LWEI2, Greece (not vouchered),
PQ210136*, PQ129966*, SRR32756859*,Muscari weissii Freyn, M12_3, Turkey,Mesut Pinar s.n. (VANF), PQ210142*, PQ129972*, SRR32756920*, Otho-
callis siberica (Haw.) Speta, S_sib1, Cultivated material, John David s.n. (WSY), PQ210196*, PQ130027*, SRR32756870*, Othocallis siberica (Haw.) Speta,
SSIB, Cultivated material, Kálmán Könyves & John David s.n. (WSY), –, –, SRR32756862*, Schnarfia messeniaca (Boiss.) Speta, S_mes1, Cultivated material,
JohnDavid s.n. (WSY), PQ210195*, PQ130026*, SRR32756872*, Schnarfiamesseniaca (Boiss.) Speta, SMP7CR, Greece,HannahHall, Alastair Culham, Evita
Kypraki PPH7 (RNG), –, –, SRR32756863*.
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