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Abstract

Allium matinae from northwestern Iran is newly described based on morphological and molecular characters. The new 
species belongs to Allium sect. Daghestanica, which is distributed in three main disjunctive areas: Europe, Caucasus and 
China. Allium matinae shows morphological similarity with the European species of this section, despite being more related 
to the Caucasian species according to molecular results. The Caucasian species together with the new Iranian species show 
an intermediate position in A. sect. Daghestanica, which is evidenced by incongruence between nrDNA (ITS) and cpDNA 
trees. 
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Introduction

During our study of morphological and molecular variability in Allium xiphopetalum Aitch. & Baker in Aitchison 
(1888: 118) we have examined all herbarium specimens in the herbarium IRAN (Tehran, Iran; acronym follows 
Thiers [2019]) determined as such. However, one herbarium specimen from northwestern Iran was determined 
doubtfully as A. xiphopetalum, because the inflorescence was not completely developed yet (Fig. 1). Particularly, 
preliminary results showed that the ITS sequence obtained from this specimen was very different from sequences 
of A. xiphopetalum available in GenBank. BLAST analysis showed instead a close affinity to species from A. sect. 
Daghestanica Tscholokashvili (1965: 83) N.Friesen in Friesen et al. (2006: 390), i.e. A. ericetorum Thore (1803: 
123) (97.3%) and A. daghestanicum Grossheim (1928: 208) (96.9%). Allium sect. Daghestanica consists of three 
geographical alliances: the typical alliance containing the Caucasian species A. daghestanicum and A. gunibicum 
Miscz. ex Grossheim (1928: 208), having thin thread-like leaves; another European alliance comprising A. ericetorum, 
A. ochroleucum Waldstein & Kitaibel (1805: 204), A. kermesinum Reichenbach (1848: 25), A. suaveolens Jacquin 
(1789: 305) and A. palentinum Losa & P.Montserrat (1953: 423), which are distributed from the eastern Alps to the 
Pyrenees and show semi-cylindrical or narrowly linear leaves and bulb tunics splitting into longitudinal stripes (instead 
of fibers); lastly, an alliance consisting of six Chinese species, which are primarily distributed in the southeastern 
fringe of the Quinghai-Tibet plateau, and includes A. chrysanthum Regel (1875: 91), A. chrysocephalum Regel (1887: 
335), A. herderianum Regel (1887: 324), A. rude J.M.Xu (1980: 286), A. xichuanense J.M.Xu (1980: 285), and A. 
maowenense J.M.Xu in Xu et al. (1994: 356) (Li et al. 2010, Xie et al. 2019). 
	 Morphologically, the specimen from northwestern Iran showed characters intermediate between Caucasian and 
European species, with a certain degree of similarity with A. ericetorum, especially for the linear leaves and outer bulb 
tunics with dense parallel fibers. Unfortunately, only the larger plant on the herbarium sheet contained two sufficiently 
developed flowers that allowed us evaluating the proportion between the tepals and the shape of the stamens (Fig. 3). 
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The incompleteness of the specimens investigated prevented us to provide a more detailed description of these plants. 
Some identical features such as the division of bulb tunics in longitudinal stripes, the leaf shape and the bud shape of 
the plants on the herbarium sheet attest for their circumscription under the same taxon.
	 All the visible characters of the plants from northwestern Iran did not match with any known species of A. sect. 
Daghestanica. Here we describe these plants as a new species and compare it to species from Caucasus, Europe and 
China using ITS marker (nuclear ribosomal DNA) and three regions of plastid DNA (cpDNA; trnL-trnF, trnL-rpl32, 
trnQ-rps16) on species belonging to all the three geographical alliances. Unfortunately, the collection of more plants 
at the type location was impossible. We supplement the description of the species with molecular diagnoses, as it was 
exemplified by Filipovich et al. (2012).

FIGURE 1. Holotype of Allium matinae (specimen on the right). 
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Material and methods

Material sampled:—Sequences from two species of the section Daghestanica from Caucasus (A. daghestanicum 
and A. gunibicum), from two European species (A. ericetorum and A. suaveolens), and from four Chinese species 
(A. chrysocephalum, A. chrysanthum, A. xichuanense and A. rude) were used for the phylogenetic analysis. Allium 
hymenorrhizum Ledeb. in Ledebour et al. (1830: 12) and A. carolinianum Redouté (1804: t. 101), as representatives 
of Allium sect. Falcatifolia N. Friesen in Friesen et al. (2006: 390) within the phylogenetically related A. subgen. 
Polyprason Radić (1990: 250, 253), were chosen as outgroup. The voucher number and the corresponding ENA/
GenBank accession numbers of specimens used are listed in Table 1.
	 DNA extraction, amplification and sequencing:—Total genomic DNA was isolated from herbarium specimens 
using the InnuPREPP Plant DNA Kit (Analytic Jena AG) according to the instructions of the manufacturer, and used 
directly in PCR amplification. The complete ITS region (ITS1, 5.8S and ITS2) was amplified using the primers 
ITS-A (Blattner 1999) and ITS-4 (White et al. 1990). The PCR conditions for ITS followed Friesen et al. (2006). 
PCR conditions and primers for the chloroplast regions were as follows: for trnL-trnF as described in Taberlet et al. 
(1991), whereas for the rpL32-trnL (UAG) and trnQ-rps16 spacers as described in Shaw et al. (2007). PCR products 
were sent to SeqLab (Göttingen, www.seqlab.de) for sequencing. Forward and reverse sequences from all individual 
were manually edited in Chromas Lite 2.1 (Technelysium Pty Ltd) and combined in single consensus sequences. 
The sequences of all samples were aligned with ClustalX (Thompson et al. 1997), and the alignment was manually 
corrected using MEGA7 (Kumar et al. 2016).
	 Phylogenetic analyses:—Both data sets (ITS and the combined cpDNA regions) were analyzed separately by 
means of Fitch parsimony with the heuristic search option in PAUP version 4.0b10 (Swofford 2002) with MULTREES, 
TBR branch swapping and 100 replicates of random addition sequence. Gaps were treated as missing. The consistency 
index (CI) of Kluge & Farris (1969) was calculated to estimate the amount of homoplasy in the character set. The most 
parsimonious trees returned by the analysis were summarized in one consensus tree using the strict consensus method. 
Bootstrap analyses using 1000 pseudo replicates were performed to assess the support of the clades (Felsenstein 1985). 
Bayesian phylogenetic analyses were performed using MrBayes 3.1.23 (Ronquist & Huelsenbeck 2003). The sequence 
evolution model was chosen following the Akaike Information Criterion (AIC) obtained from jModeltest 3.7 (Darriba 
et al. 2012). Two independent analyses with four Markov chains were run for 10 million generations, sampling trees 
every 100 generations. The first 25% of trees were discarded as burn-in. The remaining 150,000 trees were combined 
into a single data set, and a majority-rule consensus tree was obtained along with posterior probabilities (PP).

Results

ITS sequences:—The alignment of ITS sequences of the 17 taxa (Table 1) generated a matrix of 642 characters, 97 
of which were parsimony informative. Parsimony analysis resulted in one most parsimonious tree of 137 steps (CI = 
0.9051). For the Bayesian analyses, the substitution model TVM+G was chosen. The phylogenetic trees derived from 
Bayesian inference were topologically similar to those from parsimony analyses. Therefore, only the Bayesian trees 
supplemented by bootstrap values (BS) are shown (Fig. 2a). Species of the section Daghestanica were divided in two 
clades: a strongly supported clade including Chinese taxa (1.0 PP, 100% BS) and a European-Caucasian clade (0.79 
PP, 100% BS) including the Iranian species. The European-Caucasian clade was in turn divided into two strongly 
supported subclades—European and Irano-Caucasian—where the Iranian species clade was sister to the Caucasian 
subclade.
	 cpDNA sequences:—The sequence lengths of the three regions analyzed for this study were: 804–828 bp for 
trnQ–rps16; 792–826 bp for rpL32-trnL and 163–168 bp for trnL–trnF. Therefore, the combined alignment is 1869 bp 
long, with 1733 characters that were constant, 12 were variable but parsimony-uninformative, and 124 were parsimony 
informative. Parsimony analysis returned three most parsimonious trees of 153 steps (CI = 0.9020, RI = 0.9620). For 
the Bayesian analyses, the substitution model GTR+I was chosen. The phylogenetic trees obtained were topologically 
similar to those obtained from parsimony analyses. Therefore, only the Bayesian trees supplemented with BS are 
shown (Fig. 2b). Species of the section Daghestanica were divided in two clades, with European species forming a 
strongly supported clade (1.0 PP, 100% BS) sister to all the other Asian (Caucasian, Iranian and Chinese) species. In 
the latter clade, the new species was sister to all the other Caucasian and Chinese taxa (PP = 1.0, BS = 87%). There 
was only one single nucleotide variant (SNV) in rpl32-trnL spacer (at the position 1315 in the combined alignment) 
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that was exclusively shared between the Iranian and Chinese species, and there were several common positions shared 
by the Iranian, Caucasian and Chinese species (see Alignment in Suppl. 1). However, the sisterhood of Caucasian and 
Chinese clades was only weakly supported by PP (0.53) and moderately supported by BS (73%). 

FIGURE 2. ITS (a) and plastid DNA (CP) (b) Bayesian trees of Allium sect. Daghestanica. species. Posterior probabilities (PP) and 
parsimony bootstrap support (BS) ≥ 50% are given above and below branches, respectively. See Table 1 for further details on the 
accessions.

Discussion

Molecular data from both organelles (plastid and nuclear) showed the distinct position of the Iranian plant within the 
section Daghestanica, confirming its specific rank. However, some incongruence between the trees obtained from 
different genomes (nrDNA and cpDNA) can be found. Indeed, in the ITS tree the Iranian species is clearly related to 
the Caucasian clade and the Irano-Caucasian clade is sister to the European clade, whereas in the cpDNA the Iranian 
species is related to the Caucasian + Chinese clade despite sisterhood of Caucasian and Chinese clades is not strongly 
supported. This incongruence may be due to the unstable topology of cpDNA tree (low statistical support), possibly 
caused by a sampling bias and/or the confused phylogenetic signal yielded by the markers used. Nevertheless, the 
new species may be a remnant of a depauperated lineage testifying that Iran may have served as a bridge between 
the European and the Sino-Caucasian groups. However, it is also possible that the lack of molecular and taxonomic 
knowledge concerning Allium sect. Daghestanica species in other Asian areas, such as Tianshan Mountains, may 
account for the large disjunction gap between the Caucasian and Chinese species. Therefore, only the use of upcoming 
molecular studies including all species of this section and species from the related sections Falcatifolia and Oreiprason 
Hermann (1939: 57) can clarify the phylogenetic and phylogeographic relationships within A. sect. Daghestanica.
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FIGURE 3. Flower of Allium matinae.
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Taxonomic treatment

Allium matinae N.Friesen & M.Abbasi sp. nov. (Figs. 1, 3)
Type:—IRAN. Western Azarbaijan: Khoy, Qotur, Balalan (Ghani Ziarat). N 38°35‘25“, E 44°24‘28“, alt. 2975 m. Leg. 5.07.2010 Amini 

Rad & Torabi (holotype right specimen IRAN 56027!).

Description:—Stems 1, 19–21 cm high, 1.5 mm in diameter, terete. Bulb 1.0 cm in diameter, 3 cm long, almost 
cylindrical; outermost tunics dust-coloured, paper-like, split into longitudinal stripes; inner tunics golden brown, shining. 
Leaves 2(–3), linear, 2–2.5 mm wide, sheathing the lower part (1/4–1/5) of the stem. Spathe bivalved, persistent; umbel 
compact, globose in anthesis, ca. 11 mm in diameter. Number of flowers 10–20. Pedicels ± equal in length at anthesis, 
1–4 mm long; flowers equal to or longer than pedicels. Perianth cup-shaped; tepals slightly unequal, 3.7–4.1 mm long, 
1.6–1.8 mm wide, white with a purple midvein, distinctly attenuate toward apex, rose in buds. Stamens not exserted; 
filaments filiform, yellowish to pale brown, shortly triangular at base.
	 Thus, slightly different ratios between the size of stamens, pistil and tepals can be found, whenever flowers at full 
anthesis would be later compared.
	 Diagnosis:—It differs from the closely related A. daghestanicum and A. gunibicum (East Caucasus) by linear 
leaves and yellowish to yellowish-brown stamen filaments and whitish tepals (not rose or purplish). The new species 
differs from the European A. ericetorum, by the lower number of flowers per inflorescence and whitish tepals (not 
yellowish).
	 Molecular diagnosis:—The new species differs from all the other species of Allium sect. Daghestanica at the 
following nucleotide positions in the nuclear ITS region (EMBL accession number LR700271): at position 30—cytosine 
not thymine; 35—cytosine not thymine; 1117—adenine not thymine; 124—thymine not adenine; 511—cytosine not 
thymine.
	 Distribution and habitat:—Northwestern Iran (known from the type locality only), on stony ground in alpine 
belt.
	 Flowering period:—July to August.
	 Etymology:—This species is named after Ms. Farideh Matin who was dealing with Allium taxonomy and other 
bulbous plants in Iran for almost thirty years (1970–2000).

Acknowledgement

We cordially thank Frank Blattner (IPK Gatersleben) for critically reading the manuscript, two anonymous reviewers 
and the editor Giovanny Astuti for his helpful comments. 

References

Aitchison, J.E.T. (1888) I. The Botany of the Afghan Delimitation Commission. Transactions of the Linnean Society of London. 2nd 
Series: Botany 3: 1–150. 

	 https://doi.org/10.1111/j.1095-8339.1888.tb00623.x
Blattner, F.R. (1999) Direct amplification of the entire ITS region from poorly preserved plant material using recombinant PCR. 

Biotechnology 27: 1180–1185.
	 https://doi.org/10.2144/99276st04
Darriba, D., Taboada, G.L., Doallo, R. & Posada, D. (2012) jModelTest 2: more models, new heuristics and parallel computing. Nature 

Methods 9: 772.
	 https://doi.org/10.1038/nmeth.2109
Grossheim, A.A. (1928) Flora Kavkaza 1. Tiflis, 296 pp. [In Russian] 
Felsenstein, J. (1985) Confidence limits on phylogenies: an approach using the bootstrap. Evolution 39: 783–791.
	 https://doi.org/10.1111/j.1558-5646.1985.tb00420.x
Filipowicz, N., Nee, M.H. & Renner, S.S. (2012) Description and molecular diagnosis of a new species of Brunfelsia (Solanaceae) from 

the Bolivian and Argentinean Andes. PhytoKeys 10: 83–94.
	 https://doi.org/10.3897/phytokeys.10.2558



FRIESEN et al.188   •   Phytotaxa 433 (3) © 2020 Magnolia Press

Friesen, N., Fritsch, R.M. & Blattner, F.R. (2006) Phylogeny and new intrageneric classification of Allium L. (Alliaceae) based on nuclear 
ribosomal DNA ITS sequences. Aliso 22: 372–395.

	 https://doi.org/10.5642/aliso.20062201.31
Hermann, F. (1939) Sectiones et subsectiones nonnulae europaeae generis Allium. Repertorium Specierum Novarum Regni Vegetabilis 

46: 57–58. 
Kluge, A.G. & Farris, J.S. (1969) Quantitative phyletics and the evolution of anurans. Systematic Zoology 18: l–32.
	 https://doi.org/10.1093/sysbio/18.1.1
Kumar, S., Stecher, G. & Tamura, K. (2016) Mega 7: Molecular Evolutionary Genetics Analysis version 7.0 for bigger datasets. Molecular 

Biology and Evolution 33: 1870–1874. 
	 https://doi.org/10.1093/molbev/msw054
Jacquin, N.J. von (1789) Collectanea ad botanicam, chemiam et historiam naturalem spectantia, cum figuris 2. Ex Officina Wappleriana, 

Vindobonae [Wien], 374 pp.
Ledebour, C.F. von, Meyer, C.A. & Bunge, A. (1830) Flora altaica 2. G. Reimeri, Berolini [Berlin], 464 pp.
Li, Q.Q., Zhou, S.D., He, Y.J., Yu, Yan, Zhang, Y.C. & Wei, X.Q. (2010) Phylogeny and biogeography of Allium (Amaryllidaceae: Allieae) 

based on nuclear ribosomal internal transcribed spacer and chloroplast rps16 sequences, focusing on the inclusion of species endemic 
to China. Annals of Botany 106: 709–733.

	 https://doi.org/10.1093/aob/mcq177
Losa, E.M. & Montserrat, P. (1953) Nueva aportation al estudio de la flora de los montes cantabro-leoneses. Anales del Instituto Botanico 

A.J. Cavanilles 11: 385–462.
Radić, J. (1990) Contribution to the knowledge of reproductive peculiarity of genus Allium L. in the area Podbiokovlje. Razprave Slovenska 

Akademija Znanosti in Umetnosti. Razred za Naravoslovne Vede 31: 247–269.
Redouté, P.J. (1804) Les Liliacées 2. Didot Jeune, Paris, pp. 61–120.
Regel, E. (1875) Alliorum adhuc cognitorum monographia. Trudy Imperatorskago S.-Peterburgskago Botaniceskago Sada. Acta Horti 

Petropolitani. St. Petersburg 3 (2): 1–266.
	 https://doi.org/10.5962/bhl.title.15473
Regel, E. (1887) Allii species Asiae Centralis in Asia Media a Turcomania desertisque Araliensibus et Caspicis usque ad Mongoliam 

crescentes. Trudy Imperatorskago S.-Peterburgskago Botaniceskago Sada. Acta Horti Petropolitani. St. Petersburg 10: 278–362. 
Reichenbach, H.G.L. (1848) Smilaceae et Liliaceae in Flora Germanica. Icones Florae germanicae et helveticae 10. A. F. Hofmeister, 

Leipzig, 34 pp.
Ronquist, R. & Huelsenbeck, J.P. (2003) MrBayes 3: Bayesian phylogenetic inference under mixed models. Bioinformatics 19: 1572–

1574.
	 https://doi.org/10.1093/bioinformatics/btg180
Shaw, J.E.B., Lickey, E.E., Schilling, E.E. & Small, R.L. (2007) Comparison of whole chloroplast genome sequences to choose noncoding 

regions for phylogenetic studies in angiosperms: the tortoise and the hare III. American Journal of Botany 94: 275–288.
	 https://doi.org/10.3732/ajb.94.3.275
Swofford, D.-L. (2002) PAUP*: Phylogenetic Analysis using Parsimony (* and Other Methods). Version 4. Sinauer Associates, Sunderland, 

Massachusetts.
Taberlet, P., Gielly, L., Pautou, G. & Bouvet, J. (1991) Universal primers for amplification of three non-coding regions of chloroplast 

DNA. Plant Molecular Biology 17: 1105–1109.
	 https://doi.org/10.1007/BF00037152
Thiers, B. (2019) Index Herbariorum: A global directory of public herbaria and associated staff. New York Botanical Garden’s Virtual 

Herbarium. Available from: http://sweetgum.nybg.org/science/ih/ (accessed 19 September 2019)
Thompson, J.D., Gibson, T.J., Plewniak, F., Jeanmougin, F. & Higgins, D.G. (1997) The Clustal X window interface: flexible strategies 

for multiple sequence alignment aided by quality analysis tools. Nucleic Acids Research 25: 4876–4882.
	 https://doi.org/10.1093/nar/25.24.4876
Thore, J. (1803) Essai d’une Chloris du Département des Landes. Seize, Dax, 516 pp.
Tscholokashvili, N.B. (1965) New series Daghestanica Tscholok. from section Rhizirideum Don of genus Allium. Zametki po sistematike 

i geografii rastenij AN GSSR 25: 83–102. (in Russian)
Waldstein, F.P.A. von & Kitaibel, P. (1805) Descriptiones et icones plantarum rariorum Hungariae 2. Typis Matthiae Andreae Schmidt, 

Viennae, pp. 105–220.
White, T.J., Birns, T., Lee, S. & Taylor, J. (1990) Amplification and direct sequencing of fungal ribosomal RNA genes for phylogenetics. 

In: Innis, M.A., Gelfand, D.H., Sninsky, J.J. & White, T.J. (Eds.) PCR Protocols: A Guide to Methods and Applications. Academic 
Press, New York, pp. 315–322.

	 https://doi.org/10.1016/B978-0-12-372180-8.50042-1



a new species of Allium matinae Phytotaxa 433 (3) © 2020 Magnolia Press   •   189

Xie, D.-F., Yu, H.-X., Price, M.L., Xie, C., Deng, Y.-Q., Chen, Ju.-P., Zhou, S.-D. & He, X.-J. (2019) Phylogeny of Chinese Allium species 
in section Daghestanica and adaptive evolution of Allium (Amaryllidaceae, Allioideae) species revealed by the chloroplast complete 
genome. Frontiers in Plant Science 10: 460.

	 https://doi.org/10.3389/fpls.2019.00460
Xu, J.-M. (1980) Monocotyledoneae - Liliaceae Allium L. In: Wang, F.T. & Tang, T. (Eds.) Flora reipublicae popularis Sinicae 14: 

170–272, 283–285.
Xu, J.-M., Xue, P.-F., Zhu, S.-M. & Jing, W.-C. (1994) A new species of Allium L. from Sichuan and its karyotype. Acta Phytotaxonomica 

Sinica 32 (4): 356–358.


