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Summary. Iris ruthenica is a widespread Siberian species occurring in both boreal forest and steppe habitats, yet its 
genetic structure has remained poorly understood. During a survey of I. ruthenica in the Altai Mountain Country, we 
detected a cryptic lineage that is morphologically indistinguishable from I. ruthenica s. str. but differs in chromosome 
number. All Russian populations examined to date have 2n = 84, whereas the cryptic lineage has 2n = 42, and flow 
cytometry shows a corresponding difference in genome size (1C = 4.025 ± 0.110 pg vs. 1C = 2.135 ± 0.020 pg). 
Comparative analyses of chloroplast markers spanning the atpB–accD and rpl2–matK intervals (including atpB, accD, 
psbA, rbcL, rpl2, rps19, matK, and ycf1) revealed a p-distance of ~ 0.5 % between the two lineages, a level of divergence 
that falls within the range observed between recognized Iris species. Polymorphisms in nuclear rDNA (18S–ITS1–
5.8S–ITS2–28S) further support their genetic distinctness. Several plastid haplotypes were detected within I. ruthenica, 
but none differentiated its varieties (var. nana, var. brevituba) or its close relative I. uniflora. Although no consistent 
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morphological differences were detected, we found compelling molecular evidence supporting the recognition of this 
lineage as a distinct species, which is formally described here as I. cryptoruthenica. Based on current data, its known 
range includes the Altai Mountain Country and northern China (Xinjiang).

Iris cryptoruthenica sp. nov. (Iridaceae): криптический вид морфотипа  
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Аннотация. Iris ruthenica – сибирский таёжно-степной вид, чья генетическая структура оставалась ма-
лоизученной. В ходе исследования I. ruthenica флоры Алтайской горной страны мы обнаружили крипти-
ческий вид, морфологически неотличимый от I. ruthenica s. str., но отличающийся числом хромосом. Все 
изученные российские популяции I. ruthenica имеют 2n = 84, тогда как криптический вид обладает 2n = 42; 
данные проточной цитометрии показывают различие в размере генома (1C = 4,025 ± 0,110 pg против 1C = 
2,135 ± 0,020 pg). Сравнительный анализ участков хлоропластной ДНК, охватывающих интервалы atpB–accD 
и rpl2–matK (включая гены atpB, accD, psbA, rbcL, rpl2, rps19, matK и ycf1) выявил, что генетическое расстояние 
между двумя линиями составляет около 0,5 %, что сопоставимо с расстоянием между некоторыми видами 
рода. Полиморфизм ядерной рДНК (18S–ITS1–5.8S–ITS2–28S) также подтверждает их генетическую обосо-
бленность. Внутри I.  ruthenica на основании хлоропластной ДНК выявлено несколько гаплотипов, однако 
ни один из них не соотносится с разновидностями (var. nana, var. brevituba) или близкородственным видом 
I. uniflora. Несмотря на отсутствие диагностических морфологических различий, полученные молекулярные 
данные подтверждают эволюционную самостоятельность криптического вида, который мы описываем здесь 
как I. cryptoruthenica. Согласно имеющимся данным, его ареал включает Алтайскую горную страну и северные 
провинции Китая (Синьцзян).

Introduction

Iris L. are herbaceous, perennial geophytes 
with bulbs, tubers, or rhizomes and are distributed 
across the Northern Hemisphere. They share similar 
3-merous flowers with petaloid tepals and petaloid 
blades of style. Their leaves are mostly unifacial 
although some groups such as Iris subgen. Scorpiris 
Spach have dorsiventral leaves. Iris ruthenica 
Ker Gawl. and its close relative I. uniflora Pall. ex Link 
are in I. subgen. Limniris (Tausch) Spach and the 
only members of I. ser. Ruthenicae (Diels) Lawrence 
(Mathew, 1997). These two species are relatively 

small plants with slender rhizomes, narrow grass-like 
leaves, and white, light blue, or violet flowers that are 
about 5 cm in diameter and lack sepal beards.

Not surprising given its wide geographical 
range, several infraspecific taxa have been named 
in I. ruthenica, including var. albiflora Bunge, subsp. 
brevituba (Maxim.) Doronkin, and var. nana Maxim. 
Each of these taxa was described based on relatively 
minute differences in morphology such as color, 
plant size, and floral tube length. The recognition 
of these taxa as distinct as well as I. uniflora when 
compared to I. ruthenica has been questioned 
(Mathew, 1997; Choi et al., 2022) suggesting that 
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the series may be monospecific. Alternatively, 
Zheng et al. (2017) found differences in leaf length 
and width between I.  ruthenica and I.  uniflora in 
addition to distributional differences and suggested 
that I.  uniflora should remain segregated from 
I. ruthenica. 

While examining the karyotypes of I. ruthenica 
in the Altai Mountain Country, we found evidence 
for two cytotypes. Plants from the vicinity of 
Artybash Village, the Republic of Altai of the Russian 
Federation had 2n = 42, whereas other specimens of 
I. ruthenica from the Altai Territory showed 2n = 84 
(Zhurbenko et al., 2023). Since some cytotypes are 
known to represent cryptic species (Shneyer et al., 
2018), it was of particular interest to compare the 
morphology of plants from the Artybash Village 
population with other specimens, determine 
their genome sizes, and analyze DNA barcodes by 
sequencing the most informative regions of the 
chloroplast genome as well as nuclear rDNA. 

The goals of this study were to examine genetic, 
morphological, and distributional differences among 
plants from a significant portion of the range for 
I. ruthenica s. l. We provide evidence that the selected 
genetic features are reliable and sufficient to confirm 
the independent evolutionary trajectory of the 
lineage morphologically assignable to I. ruthenica. 
To clarify species boundaries and to facilitate future 
comparative and evolutionary research, a new 
species, I. cryptoruthenica is described here.

Materials and methods

Plant material
The study is based on both herbarium and living 

specimens of I. ruthenica s. l. and I. uniflora. Living 
specimens were collected by the authors during field 
expeditions and herbarium materials were selected 
from the V. L. Komarov Botanical Institute (LE, 
St. Petersburg) and Altai State University (ALTB, 
Barnaul) Herbaria. Complete chloroplast genome 
sequences available from NCBI under accessions 
MK593167, MK593169, OM037823, and OM037824, 
along with I. ruthenica rbcL gene sequences 
MT930336 and MT930337, were also used. In total, 
65 samples were included in the molecular analyses: 
seven belonging to I. uniflora, one to I. ruthenica 
subsp. brevituba, five to I. ruthenica var. nana, eight to 
the I. cryptoruthenica, a new cryptic species described 
here, and the remainder to I. ruthenica  s.  str. The 
examined specimens originate from Romania, 
Kazakhstan, Mongolia, China, Republic of Korea, 
and Russian Federation (Novosibirsk Region, Altai 

Territory, Republic of Altai, Republic of Tuva, Irkutsk 
Region, Chita Region, Krasnoyarsk Territory, and 
Primorye Territory). Detailed information on sample 
provenance and the types of analyses conducted 
for each accession is provided in Supplementary 
Table S1. A map showing the collection sites of the 
studied samples is provided in Fig. 1.

Morphological examination
Morphological examination to identify 

potential diagnostic traits of the cryptic lineage was 
conducted on 50 herbarium specimens, including 
40 of I. ruthenica and 10 of the I. cryptoruthenica, 
all collected in the Altai Territory. In addition, living 
plants from the same region (10 I. ruthenica and one 
I. cryptoruthenica) were examined in cultivation 
in the Iris Collection (Iridarium) of the Komarov 
Botanical Institute’s Botanical Garden of Peter the 
Great. Both vegetative and reproductive organs 
were examined, including underground structures 
and parts of flowers. Observations were carried 
out visually and with the aid of a light microscope, 
without the preparation of anatomical sections. 
No anatomical, micromorphological, or statistical 
analyses were performed.

Chromosome counting and nuclear genome 
size estimation

For chromosome counting and nuclear 
genome size estimation, live specimens collected 
from the Altai Mountain Country were utilized 
(Supplementary Table S1). Chromosome counts 
were carried out on root meristem. Young roots 
were cut from potted plants, treated in 0.05 % 
colchicine at room temperature for 2 hours and 
fixed in ethanol – glacial acetic acid (3:1 v/v) for 1–2 
weeks. The roots were stained in 2 % acetocarmine 
and squashed in a drop of acetic acid. Slides were 
examined on a Zeiss AxioImager D-1 epifluorescent 
microscope equipped with an AxioCam HRm black-
and-white digital camera (Zeiss, Germany) and 
the selected metaphase cells were captured using 
software AxioVision, version 4.6.3. The facilities 
for chromosome analysis were provided by the 
N. I. Vavilov Institute of General Genetics, Russian 
Academy of Sciences.

Flow cytometry for nuclear genome size 
estimation was performed at Altai State University. 
Samples were chopped using a sharp razor blade 
in Tris-MgCL2 buffer containing PI (50 µg/ml), 
RNase (50 µg/ml) supplemented with 2 mkl/ml 
2-mercaptoethanol (Pfosser et al., 1995). The nuclear 
suspension was filtered through a nylon filter 
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with a pore size 30  μm. Analyses were performed 
on a Partec CyFlow PA (Sysmex Partec GmbH.) 
cytometer. Allium fistulosum L. (1C = 12.502 pg) was 
used as an internal standard (Skaptsov et al., 2024).

Chloroplast DNA sequencing and analysis
The analysis was conducted in two stages: an 

initial screening of specimens to identify divergent 
accessions, followed by sequencing of longer 
chloroplast genome regions in the selected accessions 
to extend sequence length and increase the number 
of informative sites. This strategy resulted in two 
datasets: (i) a main dataset (~ 1.7 kbp, Sanger 
sequencing) comprising 59 specimens, and (ii) an 
extended dataset (~ 7 kbp, NGS) generated for 10 
divergent specimens from the first dataset. OneTaq® 
Hot Start DNA Polymerase (New England Biolabs, 
Ipswich, MA, USA; Cat. No. M0481) was used for 
PCR amplification. Primer sequences and annealing 
temperatures are provided in (Supplementary S2).

The main dataset was constructed from partial 
sequences of the rbcL and ycf1 genes, together with 
the petA–psbJ intergenic spacer (~ 1.7 kbp in total). 
These sequences were obtained from 59 specimens 
at the Shared Core Facilities of the V. L.  Komarov 

Botanical Institute. Not all specimens were 
successfully sequenced for every marker, resulting in 
some missing data (see Supplementary Table S1 for 
details). Sequencing chromatograms were processed 
in MEGA X (Kumar et al., 2018).

The extended dataset consisted of two chloroplast 
genome regions totaling ~ 7 kbp that were amplified 
by PCR and sequenced using next-generation 
sequencing (NGS) with paired-end 150 bp reads. 
These regions comprised (1) partial atpB, atpB–rbcL, 
rbcL, rbcL–accD, and partial accD; and (2) partial rpl2, 
rpl2–rps19, rps19, rps19–psbA, psbA, psbA–matK, 
and partial matK. For three additional specimens, 
only the rpl2–matK region was obtained. NGS reads 
were mapped to a reference genome using BWA-
MEM (v0.7.17) (Li, 2013) and SAMtools (v1.17) 
(Danecek et al., 2021), with mapping visualized in 
IGV (Robinson, 2011). Variant calling was performed 
with bcftools 1.22 (Danecek et al., 2021), and FASTA 
sequences were aligned with MAFFT v.7 (Katoh, 
Standley, 2013) and manually curated. 

The constructed datasets were further 
supplemented with GenBank accessions MT930337 
and MT930336 (I. ruthenica, partial rbcL sequences), 
and sequence data for targeted markers that was 

Fig. 1. Map showing collection localities of the studied samples, including Iris ruthenica, I. uniflora, and I. cryptoruthenica. 
Accessions from the Republic of Korea were obtained from NCBI.
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extracted from four complete chloroplast genome 
sequences available in GenBank: I. ruthenica 
(MK593167, OM037823) and I. uniflora (MK593169, 
OM037824). In addition, sequences of several other 
Iris species were incorporated for comparative 
purposes (accessions listed in Supplementary S2).

DNA alignment along with pairwise (p-) distance 
calculations for both datasets were conducted in 
MEGA X. A dataset with I. ruthenica, I. uniflora and 
nine outgroups from other series in I. subgen. Limniris 
was assembled in Geneious ver.  9.1.8 (Biomatters 
Ltd., Auckland, New Zealand). Maximum likelihood 
(ML) using RAxML (Stamatakis, 2014) and Bayesian 
inference (BI) using MrBayes (Ronquist et al., 2012) 
were performed to produce phylogenetic trees. 
ML analyses used the GTR model, partitions that 
were edge-linked, and 1000 bootstrap replicates 
(Felsenstein, 1985). BI analyses used four chains 
(one cold and three hot), and 3,000,000 generations 
with 3000 discarded trees. Model parameters were 
estimated during simulation. Branch support, 
posterior probabilities (PP) and bootstrap (BS) 
values, are shown above branches (PP/BS) with 
branches collapsed that have less than PP < 90 and 
BS < 50.

Ribosomal DNA library preparation and 
variant analysis

A two-step approach was used to characterise 
ITS1 sequence variation in I. ruthenica. In the first 
step, the entire ITS1 fragment of a representative 
specimen (Ru18) was sequenced on the Illumina 
MiSeq platform with 2 × 300 bp reads, providing 
complete coverage of the region and enabling 
recovery of intragenomic sequence variants. In the 
second step, these variants were incorporated into a 
reference sequence that was used for variant calling 
in a total of seven specimens, for which the ribosomal 
DNA region spanning 18S ITS1–5.8S–ITS2–26S was 
PCR-amplified and sequenced on the Illumina HiSeq 
platform with 2 × 150 bp paired-end reads.

Raw MiSeq reads were quality-filtered and 
denoised with the ZOTUs pipeline in USEARCH 
(Edgar, 2010), and variants represented by fewer than 
four reads were excluded. For reference construction, 
the 18S and 26S fragments were retrieved from 
GenBank (18S: JQ283937.1; 26S: JQ283879.1), 5.8S 
and ITS2 from GenBank (MT922613.1), whereas 
the ITS1 region was obtained from MiSeq data 
from sample Ru18. Because multiple ribotypes were 
detected in Ru18, a majority-rule consensus sequence 
was generated. HiSeq reads were then mapped 
to this reference using BWA-MEM (v0.7.17) and 
processed with SAMtools (v1.17). Low-confidence 

bases (Q < 20) were masked as “N” with JVarkit, 
and alignments were locally realigned with ABRA 
(v2.0) (Mose et al., 2019). SNPs and indels were 
called with GATK HaplotypeCaller (v4.3.0; van der 
Auwera, O’Connor, 2020). Resulting VCF files were 
parsed in Python with PyVCF (v0.6.7), and shared 
polymorphisms among individuals were visualised 
with UpSet plots (Lex et al., 2014). Pairwise Jaccard 
distances based on biallelic sites were subjected to 
PCA in scikit-bio (v0.5.9) (Rideout et al., 2025), and 
the first two principal components were plotted to 
summarise inter-individual variation.

Map Construction
Geographic maps were created using Python 

(v3.12) with the packages GeoPandas, Matplotlib, 
and Rasterio. Base layers of country borders and 
physical features (rivers and lakes) were obtained 
from the Natural Earth dataset (public domain; URL: 
https://www.naturalearthdata.com). Topographic 
shading was added using the Natural Earth shaded 
relief raster (NE2, 1:50 million). Maps of haplotype 
distribution were generated using the Python 
package folium (v0.20.0).

Results

Nuclear genome size estimation and 
chromosome counting

Two distinct ploidy levels were detected 
among the analysed specimens, indicating a 
cytogenetic differentiation between I. ruthenica 
and I. cryptoruthenica. Specimens assigned to 
I. cryptoruthenica (CrRu1–4, CrRu7–8), collected 
in the vicinity of the Artybash Village, the Republic 
of Altai, were diploid, with a genome size of 
1C  =  2.135 ± 0.020  pg; chromosome counting 
in specimen  CrRu1  confirmed a complement of 
2n = 42 (Fig. 2A).

In contrast, accessions of the I. ruthenica from the 
Tretyakovsky (Ru11, Ru12, Ru16, Ru17, Ru18) and 
the Loktevsky (Ru30) districts of the Altai Territory 
were tetraploid, exhibiting a significantly larger 
genome size of 1C = 4.025 ± 0.110 pg; specimen 
Ru30 showed a chromosome number of 2n = 84 
(Fig. 2B). Detailed information on sample collection 
sites is provided in the Supplementary Table S1.

Chloroplast DNA sequencing and analysis
Phylogenetic hypotheses (Fig. 3) resolved 

I. ruthenica and I. uniflora as monophyletic (PP = 1, 
BS = 99) with two strongly supported clades and 
one strongly and one weakly supported subclades, 
respectively. Most populations of I. ruthenica and 



200 Zhurbenko P. M. et al.
Iris cryptoruthenica sp. nov. (Iridaceae): a cryptic lineage within the morphotype Iris ruthenica…

Fig. 2. Mitotic metaphases of (A) Iris cryptoruthenica, 2n = 42 and (B) I. ruthenica, 2n = 84. Scale bars = 10 μm.

Fig. 3. Phylogenetic relationships among Iris ruthenica s. l., I. uniflora, and I. cryptoruthenica lineage inferred from 
chloroplast markers using Maximum Likelihood (RAxML) and Bayesian Inference (MrBayes). Support values 
(PP/BS) are shown above branches. The cryptic lineage (CrRu1–8, Russia; two accessions from Xinjiang, China) 
forms a strongly supported clade (PP = 1, BS = 96) sister to the I. ruthenica s. l. + I. uniflora clade. Branches with 
PP < 0.9 or BS < 50 are collapsed.
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I. uniflora were resolved in a large clade (PP = 0.99, 
BS = 83) with no supported internal branches 
except one weakly supported subclade (PP < 90, 
BS = 53) with two populations of I. ruthenica from 
Russia, population 31 from the Kalman River area 
of the Altai Territory and population 34 from the 
Kurai Range of the Republic of Altai. Sister to the 
I. ruthenica + I. uniflora clade is a strongly supported 
clade (PP = 1, BS = 96) comprising eight samples of 
the I. cryptoruthenica (CrRu1-8) that were collected 
in Russia for this study and two accessions that were 
collected in Xinjiang, China and downloaded from 
GenBank. The Russian collections were from the 
area around the Artybash Village in the Republic of 
Altai and from two areas in the Republic of Tuva. 
The two Chinese collections comprise a strongly 
supported subclade (PP = 1, BS = 92). DNA sequence 
alignments are provided in Supplementary S3. Thus, 
phylogenetic analysis of chloroplast DNA revealed a 
clear separation between the I. ruthenica lineage and 
I. cryptoruthenica. 

The main dataset. In the main dataset, 
I. cryptoruthenica was differentiated from I. ruthenica 
across all three loci by 17 SNPs and two indels. This 
lineage may also encompass the GenBank accessions 
MT930336 and MT930337, corresponding to 
partial rbcL sequences, which differed from the 
remaining accessions of I. cryptoruthenica by a 
single A/G polymorphism at position 39 of the 
gene. No synapomorphic substitutions specific to 
I. uniflora were identified, indicating its close affinity 
with I.  ruthenica. Similarly, no genetic differences 
were detected in I. ruthenica subsp. brevituba and 
I.  ruthenica var. nana. It should be noted that for 
I. ruthenica var. nana, sequence data were obtained 
only for the ycf1 marker, and comparisons were 
therefore restricted to this locus. In contrast, within 
the I. ruthenica lineage, four distinct haplotypes were 
identified that were assigned to I. ruthenica subsp. 
ruthenica, each defined by SNPs or indels occurring 
in more than two accessions. Specifically, the indel 
haplotypes at petA–psbJ:530 (TATAA vs deletion) 
were found in 5 (TATAA) and 40 (deletion) samples; 
the SNP haplotypes at petA–psbJ:590 (T vs. A) 
occurred in 28 and 13 samples, respectively; and the 
indel haplotypes at ycf1:3634 (TCT vs. deletion) were 
detected in 18 and 30 samples respectively. Table 1 
summarizes the diagnostic SNP and indel variation 
distinguishing the major haplotypes; coordinates are 
reported relative to the start of each gene or intergenic 
spacer. For clarity, a single representative accession 
from each lineage was included in the comparison. 
The table also shows haplotype variation within 
I. ruthenica. A full list of populations representing the 

haplotypes is provided in Supplementary Table  S1, 
and the specific SNPs and indels for all samples are 
given in Supplementary Table S4.

The extended dataset. The ~ 7 kbp extended dataset 
was employed to provide a more complete estimate 
of genetic divergence between I. cryptoruthenica 
and I. ruthenica lineage. The dataset included one 
specimen (CrRu1) representing the cryptic lineage, 
whereas the remaining nine specimens belonged 
to I. ruthenica and I. uniflora. Pairwise p-distance 
values between the I. cryptoruthenica specimen 
CrRu1 and the other accessions ranged from 0.005 
to 0.0058 (corresponding to 35–44 substitutions), 
whereas within the I. ruthenica lineage (including 
I. uniflora) the distances did not exceed 0.001 (≤ 7 
substitutions). 

To contextualize the degree of divergence 
observed between I. ruthenica and I. cryptoruthenica, 
we compared p-distances with those between 
selected Iris species. For this purpose, we selected 
species within several Iris sections that are 
genetically close to each other but nevertheless 
show clear morphological distinctness. For this 
purpose, the extended dataset was supplemented 
with homologous regions extracted from complete 
chloroplast genome sequences of additional Iris 
species from GenBank. The resulting p-distance 
values are presented as percentages (p-distance ×100) 
in Fig. 4, which also shows that pairwise genetic 
distances among species within the sections Iris and 
Oncocyclus (Siemssen) Baker, as well as within the 
subgenera Pardanthopsis (Hance) Baker and Xiphium 
(Miller) Spach, were lower than the divergence 
observed between I. cryptoruthenica and I. ruthenica. 
Importantly, a divergence value of 0.5–0.6 % was 
observed between species from different  sections, 
for example, between I. bloudowii Ledeb. (sect. 
Psammiris (Spach) J. Taylor) and I. imbricata Lindl. 
(sect. Iris), as well as between I. imbricata (sect. Iris) 
and I. atropurpurea Baker (sect. Oncocyclus). In the 
latter case the genetic distance is even smaller than 
that between I. cryptoruthenica and I. ruthenica. 
Species of sect. Limniris Tausch displayed higher 
divergence, a pattern typical for this section where 
interspecific evolutionary distances are usually 
greater and correspond to a greater number of 
morphological differences among species.

rDNA sequencing and analysis
Analysis of the reference specimen Ru18, 

sequenced on the Illumina MiSeq platform with 
2×300 bp reads, revealed seven distinct ITS1 
ribotypes (Fig. 5A). The corresponding rDNA 
sequences are provided in Supplementary S3. 



202 Zhurbenko P. M. et al.
Iris cryptoruthenica sp. nov. (Iridaceae): a cryptic lineage within the morphotype Iris ruthenica…

These ribotypes showed substantial sequence 
divergence from each other, indicating pronounced 
intragenomic heterogeneity within the rDNA array.

Sequencing of the ribosomal DNA region (18S–
ITS1–5.8S–ITS2–26S) in a total of seven specimens 
using the Illumina HiSeq platform (2 × 150 bp 
paired-end reads) produced alignments to the 
reference with an average depth of ~ 4700×per site 
(see Supplementary S2). Variant calling identified 60 
polymorphic positions across the dataset. Of these, 

31 were located within ITS1, 19 within ITS2, 5 in 18S, 
and 5 in 26S, whereas the 5.8S gene was completely 
conserved. The distribution of polymorphisms across 
regions displayed a consistent pattern: specimens 
CrRu1 and CrRu6, representing I. cryptoruthenica, 
were differentiated from the other accessions by a 
distinct set of variants.

To summarise overall divergence, all variants 
(ribotypes) detected across the sequenced rDNA 
fragment were considered jointly. An intersection 

Table 1. Summary of nucleotide differences distinguishing Iris cryptoruthenica from the I. ruthenica lineage 
in the chloroplast markers rbcL, ycf1, and the petA–psbJ intergenic spacer

rbcL petA–psbJ spacer ycf1

Iris 
ruthenica

30
4

31
1

53
1

60
6

50 79 91 13
1

14
1

15
0

38
7

50
2

53
0

59
0

59
1

35
38

36
34

37
59

38
79

38
95

Ru16 G A G T C G G C A TAC C T TAT 
AA T A G TCT T G G

Ru11 . . . . . . . . . . . .
TATA 
ATA 
TAA

. . . . . . .

Ru22 . . . . . . . . . . . . . A . . . . . .

Ru26 . . . . . . . . . . . . . A . . TCT 
TCT . . .

Iris 
cryptoruthenica CrRu1 A T A C T T T T G TAC 

TAC T G . . C A — A T A

Fig. 4. Pairwise genetic distances (p-distance ×100) among Iris species based on the extended dataset. Values ≤ 0.6 are 
indicated in orange and those ≤ 1.1 in green. Values are rounded to one decimal place.
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plot (Fig. 5B) demonstrated that I. cryptoruthenica 
specimens (CrRu1 and CrRu6) shared 16 ribotypes 
not present in the other specimens. Conversely, 
6 ribotypes were shared among all accessions 
except I. cryptoruthenica, whereas the remaining 
polymorphisms occurred in various combinations 
across individuals. Principal component analysis 
(PCA) based on all biallelic sites (Fig. 5C) further 
confirmed this separation: I. cryptoruthenica 
specimens clustered apart from the I. ruthenica 
and I. uniflora. Notably, specimen Ru13 also 
deviated from the remaining I. ruthenica accessions, 
highlighting variation in rDNA composition within 
the species.

Distribution
Specimens of I. cryptoruthenica (CrRu1–4, 

CrRu7–8) were collected in the Republic of Altai, 
in the vicinity of the Artybash Village near Lake 
Teletskoye, and in the Republic of Tuva (CrRu5 
near the city of Kyzyl and CrRu6 near the village 
of Belbey). The NCBI accessions MT930337 and 
MT930336, which are nearly identical in their rbcL 
sequences to specimens CrRu1–8 (differing by a 
single nucleotide), likely also belong to this lineage. 
Unfortunately, the precise collection sites of these 
accessions are unknown. The NCBI annotation states 
that they were obtained within the framework of the 

project “DNA Barcoding Study of Desert Plants in 
Xinjiang, China.” The Xinjiang province occupies 
a vast territory in northwestern China and shares 
a northern border with the Republic of Altai. The 
remaining specimens, including two from Romania, 
were assigned to I. ruthenica. 

All other I. ruthenica and I. uniflora specimens, 
including those from Romania and Russia, as well 
as NCBI accessions from the Republic of Korea, are 
genetically very similar. Within this group, haplotypes 
differing by single substitutions or indels can be 
distinguished. Because the number of specimens 
sequenced varied among markers (Supplementary S1), 
distribution maps were constructed separately for 
each haplotype. Haplotypes: petA–psbJ:530 (TATAA 
vs deletion; Supplementary S5, Map 2), petA–psbJ:590 
(T vs. A; Supplementary S5, Map 3), ycf1:3634 (TCT 
vs. deletion; Supplementary S5, Map 4).

Morphological examination
No reliable morphological characters 

distinguishing I. cryptoruthenica from I. ruthenica 
were identified. Particular attention was paid to 
the structure of the leaf margin, as this trait was 
highlighted as diagnostic in the study by Choi et 
al. (2022) for separating I. ruthenica (serrated leaf 
margins, hypostomatic leaves) from I. uniflora 
(entire leaf margins, amphistomatic leaves). In 

Fig. 5. A: ITS1 fragment variants (ribotypes) in Iris ruthenica (specimen Ru18). The parameter “size” indicates the 
number of reads supporting each variant. B: Intersection plot showing the distribution of ribotypes among specimens. 
Single intersections were removed. Orange circles represent I. cryptoruthenica specimens, and green circles represent 
I. ruthenica. C: Principal component analysis (PCA) based on a Jaccard distance matrix reflecting the number of shared 
ribotypes among specimens. Orange points denote I. cryptoruthenica specimens, and green points denote I. ruthenica.
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our material, however, serrated leaf margins (see 
Supplementary S6) were observed in all specimens 
examined, including both I. ruthenica and I. uniflora.

Discussion

No genetic differentiation was detected either 
between Iris uniflora and I. ruthenica or among 
the varieties of I. ruthenica

In the “Flora of China” (Zhao et al., 2002), 
I. ruthenica is described as “...very variable and 
grades into I. uniflora.” The authors also suggest that 
I. ruthenica subsp. brevituba and I. ruthenica var. 
nana do not merit recognition as separate taxa. In 
the “Checklist of Vascular Plants of Asian Russia” 
(Chepinoga et al., 2024), I. ruthenica subsp. brevituba, 
which occurs in the Altai-Yenisei Mountain-
Hemiboreal Botanical Provinces of Asian Russia, is 
treated as distinct at the species level as I. brevituba 
(Maxim.) Vved. Mathew (1997) listed two varieties 
and one form under I. ruthenica in his monographic 
work on Iris but suggested that I. ruthenica might 
be considered as a species with several forms. 
Mathew (1997) also suggested that I. uniflora, 
where he listed two varieties, might be a variant 
of I. ruthenica but did not place any of these taxa 
in synonymy. He concluded that I. ser. Ruthenicae 
required additional research to determine if it was 
comprised of two species and several infraspecific 
taxa or one variable species. Iris uniflora similar to 
I. ruthenica has a wide distribution but does not 
extend into Eastern Europe. According to Alexeeva 
(2008), the distribution range of I. uniflora in Russia 
includes southern Eastern Siberia and Primorye, 
while outside Russia it occurs in China and the 
Republic of Korea. In the “Flora of China”, I. uniflora 
is described as “...almost certainly merely a variety 
of I. ruthenica.” I. uniflora, like I. ruthenica, appears 
to be highly morphologically variable. Probatova 
(2006, p. 501) characterized it as “an East Siberian-
Far Eastern (primarily Amur-Korean) meadow-
edge species, highly polymorphic.” Based on their 
narrower and shorter leaves when compared to 
leaves of I. ruthenica, Zheng et al. (2017) recognized 
the species as distinct. They also noted that I. uniflora 
occupied a more xeric landscape than I. ruthenica 
and suggested that their leaf morphology might 
be related to habitat preferences. Choi et al. (2022) 
examined leaf, flower, and tepal micromorphology 
of plants from populations in the Republic of Korea 
and generated one plastome each of I. ruthenica and 
I. uniflora to determine differences between the two 
taxa. Results of their micromorphological studies 

found no clear differences between the two species 
except pollen sterility, with I. uniflora displaying 
greater sterility. They attributed this to its occurrence 
in colder regions in the Republic of Korea compared 
to the more widespread I. ruthenica. Although they 
found some genomic variation between the two 
species, they concluded that based on their results 
it was doubtful that the species can be recognized as 
distinct. 

The results of our study confirm the results of 
Choi et al. (2022). We included multiple populations 
of I. ruthenica and I. uniflora from Russia, China, and 
the Republic of Korea in our study including several 
ones that represented infraspecific taxa. Plastid 
haplotype, rDNA, and plastid marker phylogenetic 
results indicate that the genetic differences between 
I. ruthenica and I. uniflora are minimal and do not 
exceed the range of haplotype variation observed 
within I. ruthenica. In addition, an examination 
of specimens gathered for this study did not find 
morphological differences that separate any of the 
populations except that some accessions considered 
I. uniflora had smaller leaves and the five accessions 
identified as I. ruthenica var. nana were slightly 
smaller than most populations surveyed. 

Evidence for the recognition of the Iris 
cryptoruthenica as a distinct species

Cryptic species
Cryptic species have long been known, mostly 

comprising morphologically indistinguishable 
animal species that differ in behavioural traits 
(Darlington, 1940; Mayr, 1942). Soon after molecular 
methods began to be employed in systematics, there 
was an increasing number of reports identifying 
cryptic species, predominantly among a wide range 
of taxonomic groups in animals (Bickford et al., 2007; 
Kon et al., 2007; McLeod, 2010) and fungi (Bennet 
et al., 2011; McPherson et al., 2025). Cryptic species 
are also found among plants, although such finds 
are comparatively rare and occur in small number 
of lineages (see review by Shneyer, Kotseruba, 2015; 
Sokoloff et al., 2019; Heylen et al., 2021). However, 
many species with cytotypes of varying ploidy levels 
are known in plants (Müntzing, 1936; Shneyer et al., 
2018). Sometimes, such intraspecies cytotypes have 
been found to exhibit other differentiating traits, 
leading to the classification of cytotypes as separate 
species (Judd et al., 2007; Flatscher et al., 2015; 
Punina et al., 2016). There have also been instances 
where new species were distinguished solely based 
on differences in ploidy and molecular markers 
(Eriksson et al., 2017).
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The absence of morphological differentiation in 
cryptic species can arise for several evolutionary 
reasons, such as recent divergence, niche 
conservatism, or morphological convergence. 
These processes are less studied than morphological 
diversification and deserve more detailed 
investigation, as they may shed light on the 
mechanisms underlying speciation (Swift et al., 
2016; Fišer et al., 2018; Struck et al., 2018).

In taxonomic practice, the ideal scenario is 
to apply an integrative approach that combines 
genetic, morphological, ecological, and geographical 
evidence (Dayrat, 2005; Padial et  al.,  2010). 
However, in cases involving cryptic species this 
approach may not work as intended, because 
morphological diagnostic traits cannot always be 
detected. Consequently, many morphologically 
cryptic lineages remain formally undescribed 
until such traits are found, even though these 
divergent traits may not exist or may be extremely 
difficult to recognize (Egea et al., 2016; Schüßler et 
al., 2024). This leads to a systematic bias: cryptic 
species are underrepresented in the taxonomic 
literature, which complicates the study of speciation 
involving morphological crypsis and contributes 
to an underestimation of biodiversity (Fišer et al., 
2018; Hending et al., 2025). However, Fišer et al. 
(2018) emphasize that morphological crypsis may 
itself have clear evolutionary explanations, and 
that species hypotheses based solely on molecular 
evidence can be just as robust as those supported by 
full congruence among multiple independent data 
sources.

Phylogeny and genetic divergence
In the present study, we employed markers 

from both the chloroplast and nuclear genomes 
to ensure robustness of phylogenetic inference. In 
angiosperms, chloroplast genomes and ribosomal 
DNA represent among the most informative and 
frequently applied sources of data for reconstructing 
phylogenetic relationships (Soltis et al., 1999; 
Maia et al., 2014; Li et al., 2021; Dimitrov et al., 
2023; Nafisi et al., 2023). Within Iris, chloroplast 
markers have long been used to resolve infrageneric 
relationships (Tillie et al., 2000; Wilson, 2004, 
2011, 2013, 2016; Mavrodiev et al., 2016), while the 
ITS1 region of nuclear rDNA has been applied in 
studies of the Northern Hemisphere group of semi-
aquatic species (Wheeler, Wilson, 2014). Several 
chloroplast loci applied here are well-established 
and phylogenetically informative, including rbcL 
(Chase, Albert, 1998; Goldblatt et al., 2008), matK 
(commonly used in Iris studies), the petA–psbJ 

intergenic spacer (Techaprasan et al., 2010; Maurya 
et al., 2025), and ycf1 (Dong et al., 2015; Shen et 
al., 2020). Comparative analyses of nineteen Iris 
plastomes demonstrated that ycf1 is among the 
three chloroplast markers exhibiting the highest 
congruence with full plastome phylogenies (Choi, 
Lee, 2024).

The I. cryptoruthenica lineage forms a well-
supported clade that is sister to all other I. ruthenica 
and I. uniflora accessions. It exhibits substantial 
differentiation in chloroplast DNA, with divergence 
levels comparable to, or in some cases exceeding, 
those observed between recognized species within 
the genus Iris. In particular, the observed p-distance 
between I. cryptoruthenica and I. ruthenica is 
approximately 0.5 %, which is similar to or greater 
than some interspecific distances reported within 
Iris subg. Xiphium (sect. Xiphium), subg. Iris 
(sects. Oncocyclus, Iris, Psammiris), and subg. 
Pardanthopsis. Moreover, this divergence is about 
seven times greater than that between I. ruthenica 
and I. uniflora, or among haplotypes within 
I.  ruthenica. Even acknowledging that substitution 
rates may vary among evolutionary lineages (Choi, 
Lee, 2024), the observed nucleotide divergence 
indicates pronounced genetic differentiation 
between I. cryptoruthenica and I. ruthenica.

Two Chinese accessions with available rbcL 
sequences (MT930337 and MT93033) are also 
resolved in the I. cryptoruthenica lineage but differ 
from the core I. cryptoruthenica haplotype by a 
single substitution. These samples can therefore 
be regarded as representing intraspecific variation 
within I. cryptoruthenica.

Nuclear rDNA provides congruent evidence. In 
I. ruthenica, the ITS1 region is represented by seven 
ribotypes, reflecting incomplete homogenization of 
rDNA repeats, a phenomenon widely documented 
in vascular plants (Belyakov et al., 2022; Efimov et 
al., 2024; Gnutikov et al., 2025). The presence of 
multiple ribotypes complicates the acquisition of 
clean Sanger sequences. Therefore, we applied next-
generation sequencing (NGS) to obtain short reads 
covering the entire rDNA cluster for five samples of 
I. ruthenica and two of I. cryptoruthenica. Variant 
calling revealed polymorphic sites within each 
sample, and principal component analysis of the 
variant data showed a clear separation between the 
two taxa, fully consistent with the differentiation 
inferred from chloroplast markers. Taken together, 
chloroplast and nuclear datasets provide convergent 
evidence of deep genetic divergence, supporting the 
recognition of I. cryptoruthenica as evolutionarily 
distinct from I. ruthenica.
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Chromosome number and genome size 
variation

Based on published data, two chromosome races 
can be recognized in I. ruthenica: a diploid race 
(2n = 42) and a tetraploid race (2n = 84). In the 
Republic of Korea, Choi et al. (2020) examined nine 
populations and reported a uniform chromosome 
number of 2n = 42, with genome size estimates 
ranging from 2.39 to 2.45 pg/1C. Similarly, three 
populations studied in China (Shen et al., 2007) also 
showed the diploid number (2n = 42). In contrast, 
all Russian accessions examined to date, collected 
in Central and Southern Siberia (Krasnoyarsk 
Territory (Stepanov, Muratova, 1995), Irkutsk 
Region (Chepinoga et al., 2010), Republics of 
Buryatia, Tuva, and Altai (Doronkin, Krasnikov, 
1984)), were tetraploid with 2n = 84. Chromosome 
counts of 2n ≈ 80 have also been reported by other 
authors for specimens collected in the Republic of 
Altai (Krivenko et al., 2013, 2017).

Descriptions of chromosome numbers in 
I.  uniflora are notably variable. In the Republic of 
Korea, three populations examined by Choi et al. 
(2020) were diploid (2n = 42), with genome sizes 
ranging between 2.44 and 2.48 pg/1C. In Russia, 
Doronkin and Krasnikov (1984) reported 2n = 42 
for populations of I. uniflora in the Chita Region. 
In the Primorye Territory, however, considerable 
cytogenetic variation has been documented. While 
most published chromosome counts indicate 2n = 48 
(Shatokhina, 2006; Probatova et al., 2012a, b, 2015), 
lower chromosome numbers of 2n = 32 were also 
documented by Probatova (Probatova et al., 2008). 
Probatova (2006) also noted earlier reports of 2n = 16 
from the Rudnaya River basin near Dalnegorsk and 
2n = 48 from Popov Island (Agapova et al., 1990), 
emphasizing that the detection of a tetraploid race 
with 2n = 32 further illustrates the remarkable 
cytogenetic diversity reported under I. uniflora. 
We consider that plants identified as I. uniflora 
with 2n = 42 may possibly include representatives 
of I.  cryptoruthenica, although targeted molecular 
and cytogenetic analyses are needed to verify this. 
Plants with 2n = 32 and 2n = 16 likewise require 
further study and may represent other, potentially 
undescribed species of Iris.

Estimates of genome size based on flow cytometry 
can provide additional information on cytological 
diversity. The tetraploid I. ruthenica lineage (2n = 84) 
has a haploid genome size (1C) of 4.025 ± 0.110 pg, 
corresponding to a monoploid genome size (Cx) of 
2.013 ± 0.055 pg. This shows a marked reduction 
in DNA content relative to the expected additive 
value of diploids, implying post-polyploidization 

DNA loss. Such genome downsizing is commonly 
observed in angiosperms (Rodionov et al., 2019) 
following polyploidization and likely reflects large-
scale elimination of repetitive sequences and genome 
restructuring. Genome size estimates for the diploid 
I. cryptoruthenica (2n = 42; 1C =  2.135 ± 0.020  pg) 
and diploid populations of some  I. ruthenica 
(2n = 42; 1C = 2.39–2.45 pg, according to Choi et 
al., 2020) differ markedly despite having an identical 
chromosome number. Genome size is one of the 
traits that has been shown to reliably distinguish 
closely related species (Ekrt et al., 2010; Prančl et al., 
2014). The ~ 12 % higher 1C value in I. ruthenica 
suggests substantial differences in the amount of 
repetitive DNA or indicates large-scale structural 
rearrangements in the genome (Pellicer et al., 2018) 
that occurred after divergence, which supports the 
interpretation of I. cryptoruthenica as a distinct 
lineage separate from I. ruthenica.

Morphological analysis
Examination of both living and herbarium 

specimens of I. cryptoruthenica has not yet 
revealed any reliable morphological characters 
suitable for distinguishing it from related taxa. 
Given the high level of intraspecific morphological 
variation in I. ruthenica (Zhao et al., 2002), a 
more extensive statistical analysis based on a 
larger sample size may be required to detect 
potentially morphological differences between 
I. cryptoruthenica and I. ruthenica. The inability 
to identify clear  morphological diagnostic traits 
in cryptic species has been reported previously 
in animals. For example, Egea et al. (2016) noted 
that morphological examination of 20 quantitative 
traits in the sea urchin Echinocardium cordatum s. l. 
revealed no single diagnostic character; however, 
consistent differences among cryptic species 
emerged only with detailed multivariate analysis. 
Similarly, in another study examining the insect 
Encyrtus sasakii s. l., comprehensive morphometric 
analyses revealed numerous differences between the 
taxa, yet none of them could be considered reliable 
for species diagnosis. Consequently, those cryptic 
species were formally described solely on the basis 
of differences in DNA sequences (Wang et al., 2016).

Geographical distribution and ecological 
characteristics

Currently, I. cryptoruthenica is known from 
only three localities. The first is in the Republic of 
Altai, in the vicinity of the Artybash Village near 
Teletskoye Lake, where the species was found at the 
edge of a mixed forest and in rock crevices. Two 
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additional localities occur situated in the Republic 
of Tuva, one near the city of Kyzyl and another near 
the village of Belbey, where plants were collected 
in a birch forest with a well-developed Iris ground 
cover. For two accessions from China assigned to the 
I. cryptoruthenica lineage in NCBI, only the province 
Xinjiang is known, without precise locality data. 
Based on these records, I. cryptoruthenica appears 
to occur within the general distribution range and 
ecological amplitude of I. ruthenica, inhabiting 
similar habitats at elevations from approximately 
400 m (Republic of Altai) to 700 m a. s. l. (Republic 
of Tuva). Unfortunately, the available data are 
insufficient to determine any consistent ecological 
differences between I. cryptoruthenica and 
I. ruthenica.

Hypotheses explaining morphological crypsis
Cases where species exhibit strong genetic 

divergence without corresponding morphological 
differentiation are well documented and can have 
robust biological explanations. Fišer et al. (2018) 
outlined three non-mutually exclusive hypotheses 
to explain this phenomenon. The recent divergence 
hypothesis proposes that insufficient time has 
passed since lineage separation for diagnostic 
morphological traits to evolve. Slow morphological 
evolution may result from selectively neutral traits, 
large effective population size, and high ancestral 
polymorphism (Egea et al., 2016). The phylogenetic 
niche conservatism (or morphological stasis) 
hypothesis attributes morphological similarity 
to constrained genetic variation at adaptive loci 
and stabilizing selection maintaining an ancestral 
phenotype (Wiens et al., 2010). Such stasis can 
persist over long evolutionary timescales; for 
instance, two morphologically indistinguishable 
Stygocapitella species diverged approximately 140 
Mya (Cerca et al., 2020). Finally, the morphological 
convergence hypothesis suggests that similar 
morphologies may evolve independently under 
comparable selective pressures (Stayton, 2006; 
Bravo et al., 2014).

To evaluate which of these hypotheses may 
best explain the case of I. ruthenica, we examined 
its morphology, ecology, and distribution range 
(Supplementary S7). I. ruthenica inhabits a wide 
spectrum of ecotopes, including coniferous and 
mixed forests, forest edges, dry mixed-grass and 
shrubby meadows, steppes, and alpine low-grass 
habitats, occurring at elevations from 400 up to 
2500 m a. s. l. According to Tayier et al. (2024), the 
species grows on slopes of various exposures (N, SE, 
and SW) that differ in light intensity, temperature, 

and vegetation cover. It exhibits a mixed mating 
system, capable of both self- and cross-pollination, 
and demonstrates high phenotypic plasticity in 
phenology, clonal density, and shoot morphology. 
These traits indicate that I. ruthenica behaves as 
an ecological generalist with broad environmental 
tolerance and no signs of adaptive morphological 
radiation. Iris ruthenica is distributed across the 
boreal part of Asia, occurring from the taiga 
subzone to temperate steppe regions, and occupies 
an extensive range. Within its habitats, I. ruthenica 
often forms dense clonal patches and can locally 
dominate the herb layer, suggesting large effective 
population sizes and, consequently, a strong 
buffering effect of stabilizing selection. Based on 
current evidence, morphological convergence 
appears unlikely, as both lineages are assumed 
to derive from a common ancestor, and their 
morphological similarity is better interpreted as 
the retention of an ancestral phenotype rather than 
divergence followed by independent adaptation. 
Although recent divergence cannot be entirely ruled 
out, the magnitude of molecular differentiation 
comparable to that between morphologically 
distinct species suggests a longer evolutionary 
separation. It is therefore likely that the observed 
morphological crypsis reflects a combination of 
processes, with long-term morphological stasis 
under stabilizing selection within a broad ecological 
niche playing the predominant role.

Molecular basis for species recognition
Molecular markers are widely used for 

phylogenetic reconstruction across the Tree of Life 
(APG IV, 2016; Laumer et al., 2019; He et al., 2024; 
Zuntini et al., 2024). As a result, contemporary 
eukaryotic phylogenies are derived predominantly 
from molecular datasets (Burki et al., 2020). 
Within the framework of the evolutionary species 
concept (Simpson, 1951; Wiley, 1978; de Queiroz, 
2007), molecular evidence therefore constitutes a 
legitimate and widely accepted basis for recognizing 
independently evolving lineages.

Although species descriptions in plants have 
traditionally relied on morphological traits, 
molecular data are increasingly integrated into 
taxonomic practice. The combined use of molecular 
and morphological evidence is now routine in 
many major organismal groups, including archaea, 
bacteria, chordates, and fungi (Ziegler et al., 2025). 

Nevertheless, only about 14 % of newly described 
plant species incorporate molecular evidence, 
indicating that plant taxonomy lags behind broader 
systematic practice in this respect.
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Importantly, current nomenclatural codes do 
not prohibit the use of DNA characters as the sole 
basis for species delimitation. Formal DNA-only 
descriptions have been published in fungi (Brown et 
al., 2013; Onut-Brännström et al., 2018; Bustamante 
et al., 2019), animals (Edgecombe, Giribet, 2008; 
Harvey et al., 2008; Halt et al., 2009; Cook et al., 
2010; Strand, Sundberg, 2011; Jörger, Schrödl, 2013; 
Clouse, Wheeler, 2014; Murphy et al., 2015; Renner, 
2016; Wang et al., 2016; Delić et al., 2017), and algae 
(Irisarri et al., 2021; Martynenko et al., 2022). Cook et 
al. (2010) explicitly stated that there is no compelling 
reason to exclude DNA-only descriptions or require 
morphological corroboration, emphasizing instead 
the scientific soundness of the taxonomic conclusion.

In this context, the combined evidence from 
chloroplast DNA, nuclear rDNA, and genome size 
(1C) consistently resolves I. cryptoruthenica as distinct 
from I. ruthenica. This congruence across independent 
molecular datasets warrants its recognition as a 
species. As diagnostic characters, we report the 
nucleotide substitutions identified in chloroplast 
DNA alignments between I. cryptoruthenica and 
I. ruthenica, following accepted taxonomic practice 
(Jörger, Schrödl, 2013; Renner, 2016).

Description of new species
Iris cryptoruthenica P. Zhurb., sp. nov.
Holotype (designated here): “Russian Federation, 

Republic of Altai, vicinity of Artybash village, forest 
edge, 51°48'02.2"N, 87°12'52.1"E, elev. 430 m a. s. l. 
26 V 2018. leg. P. M. Zhurbenko 20181” (LE 
01228640!). Note: originally identified as I. ruthenica.

Paratypes (originally identified as I. ruthenica): 
“Russian Federation, Republic of Tuva, Western 
Sayan, Usinsky Tract, 32 km from Kyzyl city, 
[51°39'N, 94°26'E]. 6 VIII 1959. leg. P. K. Krasilnikov, 
G. L. Semidel, P. D. Sokolov, det. P. K. Krasilnikov” 
(LE 01082929!); “Russian Federation, Republic of 
Tuva, Kaa-Khem District, vicinity of Belbey village, 
birch forest with Iris cover, [51°17'N, 95°46'E]. 
28 VII 1975. leg. I. M. Krasnoborov, S. Ligus 1096” 
(LE 01082931!).

Diagnosis. Differs from I. ruthenica by 
substitutions in three chloroplast genome regions, 
relative to the reference chloroplast genome (NCBI 
accession NC_056181.1):

rbcL: positions 304 (G to A), 311 (A to T), 531 
(G to A), 606 (T to C);

petA–psbJ spacer: positions 50 (C to T), 79 
(G to T), 91 (G to T), 131 (C to T), 141 (A to G), 387 
(C to T), 502 (T to G), 591 (A to C); 

ycf1: positions 3538 (G to A), 3759 (T to A), 3879 
(G to T), 3895 (G to A).

Description. Perennial rhizomatous herb 
forming small, dense tufts. Rhizomes slender, cord-
like, branching, covered with grayish remnants of leaf 
sheaths. Leaves linear, soft, and narrow (0.4–0.6 cm 
wide, 20–30 cm long), arranged distichously, straight 
or slightly curved. Flowering stems 10–12 cm tall, 
with 2–3 inflated green spathes enclosing a single 
flower. Flowers fragrant, violet-blue to pale blue, 
the perianth with a short tube (1–1.2  cm) and six 
differentiated floral tepals: three outer  (falls) 4 cm 
long and 0.8–1 cm wide, deflexed, with a whitish-
yellow patch marked by blue lines; and three inner 
tepals (standards) narrower, erect, without markings. 
Style tribranches (trilobe) petaloid, 3.5–4 cm long, 
every one lobe deeply bifid at the apex, arching over 
the stamens. Capsule nearly spherical (12–15 mm), 
dehiscing along the midrib of each locule. Seeds 
brown, angular or pyramidally faceted, with faint 
arilloid folds. Flowering in May – June.

Etymology. The epithet reflects a hidden genetic 
difference from the morphologically similar I. ruthenica.
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