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Abstract. Iris is a cosmopolitan genus comprising 200 to 340 species distributed throughout the Northern Hemisphere.
Although Iris is the most diverse group in the family Iridaceae, there are many uncertainties regarding its taxonomic
composition and systematics. The aim of this study was to search for taxonomically significant morphological characters
of the generative and vegetative spheres and molecular markers with subsequent assessment of their informativeness in
identifying phylogenetic relationships and compliance with the most relevant modern classification systems of the genus
Iris. As a result of constructing the structure of variability of morphometric parameters of 11 species, 10 taxonomic indicators
were identified that were common to the analyzed taxa and were characterized by relatively low total and coordinated
variability: length and width of the outer perianth lobes, length and width of the inner perianth lobes, length of the
filament, anther and pistil, fruit width, as well as seed length and width. Nucleotide sequences of trnL-trnF fragments of
chloroplast DNA were established for 13 samples of four species of wild flora of the Republic of Bashkortostan and the
Orenburg Region: Iris pumila L., I. scariosa Willd. ex Link., I. pseudacorus L., I. sibirica L. The obtained sequences were used
to construct a phylogenetic tree together with trnL-trnF sequences of seven more iris species extracted from the database.
The tree contained five clusters: (1) I. pumila, I. scariosa; (2) I. pseudacorus, I. setosa Pall. ex Link; (3) . lactea Pall.; (4) 1. sibirica,
I. sanguinea Hornem,; (5) I. spuria L., I. xanthospuria Mathew & Baytop., . foetidissima L., I. sintenisii Janka. By the composition
of their species, the identified clusters almost completely coincided with the clusters found during the morphological
analysis. To confirm the obtained results, a phylogenetic analysis of the species of interest was performed on two more
chloroplast sequences available in the database: matK and trnS-trnG. Clustering of the studied species on trnS-trnG and matK
completely coincided with clustering on trnL-trnF. Thus, we can state that the morphological features identified for the Iris
generic complex work in the taxonomic direction. The analysis also showed that /. scariosa from natural populations of the
Republic of Bashkortostan and the Orenburg Region were identified correctly.
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rmonumopduiama poja Iris L. B Pecriy6iinke BankopTocTaH
11 OpeHOYPprckoii obacTu
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AHHoTauwus. Iris L. (Iridaceae Juss.) — 3TO KOCMOMONUTHbBIN pog, BKtovatowmin ot 200 go 340 BUAOB, pacnpoCTpPaHeHHbIX
no Bcemy CeBepHoMy nonywapuio. XoTa Iris ABnAeTcA camol pa3HoobpasHol rpynnon B cemenctse Iridaceae,
CyllecTBYeT MHOXEeCTBO HeornpefeneHHOCTe OTHOCUTENIbHO ero TakCOHOMMYEeCKOro CocTaBa M cuctematuku. Lenb

© Aukhadieva E.A., Blinov A.G., Vshivtseva E.I, Shigapov Z.Kh., Ishbirdin A.R., Golovanov Ya.M., Kryukova A.V., 2026
This work is licensed under a Creative Commons Attribution 4.0 License


mailto:evsivceva4@gmail.com

3.A. Ayxagmesa, A.l. bnnHos, EN. BwunBuesa ...
A.P. NwbunppaunH, A.M. TonosaHos, A.B. Kptokosa

2026
30-1

Mopdonornyeckunin n MoneKynapHoO-reHeTUYeCKni aHanmn3
nonumopodwmama poga Iris L. B bawkupum n OpeHbypre

HaCTOALLEro NCCIeAOBaHNA — MOUCK MONIEKYNAPHBIX MapKEPOB 1 TAKCOHOMMUYECKM 3HAUYMMbIX MOPGONOrnyYecKmx npu-
3HaKOB reHepaTVBHON 1 BereTaTMBHOM chepbl M OLeHKa X MHPOPMATUBHOCTM AN1A BbiABNEHNA GUNOreHeTNYECKOro
poacTBa npepcTaBuTenein poga Iris. O6pasupbl MPYCOB B3ATHI U3 NPUPOAHBIX NonynAuMi Pecnybnnkn bawkopTtocTtaH
n OpeHbyprckoii 0bnacTy, a TakKe moslydeHbl M3 6o0TaHUYecknx cagos CaHkT-leTepbypra, boHHa, BalipoinTta 1
BpHo. B pesynbrate MOCTPOEHMA CTPYKTYpbl M3MEHUMBOCTM MOPPOMETPUUYECKUX NMOKasaTenein 11 BUJOB HalpeHO
10 TaKCOHOMMYECKMX WHAMKATOPOB, OOWMX ANA aHanM3UpPyeMblX TakCOHOB M XapaKTepu3yLWUXCA OTHOCUTENbHO
HM3KUMK O6LLEN M COrnacoBaHHOM M3MEHYMBOCTBIO: ANIMHA W LWMPUHA HaPY>KHbIX JONEN OKOMOLBETHMKA, AJIVHA U
LUMPUHA BHYTPEHHUX JONE OKONOLBETHMKA, A/IMHA ThIUMHOYHOW HUTK, NbIIbHMKA 1 NECTUKa, WUPUHa NNoAa, a TakxKe
L/IVHa Y WIMPVHA CeMEHW. YCTaHOBNEHbI HYKeOTUAHbIE MOCNefoBaTeNbHOCTU trnl-trnF ¢parMeHTOB Xf0pPOMIACcTHOM
OHK nna 13 obpasuos yeTbipex BUAOB AvKopacTyllein dnopbl Pecnybnnkn bawkopToctaH 1 OpeHOyprckoi obnactu:
Iris pumila L., I. scariosa Willd. ex Link., I. pseudacorus L., I. sibirica L. TonyyeHHble nocnepoBaTenbHOCTU Oblnn
NCMONb30BaHbl ANIA MOCTPOeHMA UIOTeHEeTUYECKOro fiepeBa COBMECTHO C trnl-trnF nocnepoBaTenbHOCTAMU elue
ceMy BWAOB MPUCOB, M3BNIeYEHHbIX U3 6a3bl AaHHbIX. Ha ¢unoreHeTnyeckom papese dopmupyetca MATb rpynn
(knactepos): 1) I. pumila L., I. scariosa Willd. ex Link; 2) I. pseudacorus L., I. setosa Pall. ex Link; 3) . lactea Pall.; 4) I. sibirica L.,
I. sanguinea Hornem.; 5) I. spuria L., I. xanthospuria Mathew & Baytop., I. foetidissima L., I. sintenisii Janka. BbiaBneHHble
KnacTepbl MO COCTaBy BXOAALWMX B HUX BMAOB MPAKTUYECKM MOJIHOCTbIO COBMAZAlOT C Knactepamu, 06HapyKeHHbIMM
npy Mopdonornyeckom aHanuse. [na NOATBEPXKAEHWA MONYUYEHHbIX Pe3ynbTaToB MpoBeAeH GuoreHeTUYecknui
aHanm3 UHTepecyoLWX BUAOB eLle Ha ABYX XN0POMIacTHbIX MOCeA0BaTeNbHOCTAX, AOCTYMHbIX B 6a3e faHHbIX: matK n
trnS-trnG. Knactepusauma nccnefoBaHHbIX BUAOB Ha trnS-trnG n matK nonHOCTbIO coBrnafaeTt ¢ Knactepusaunen Ha
trnL-trnF. Takum 06pa3om, MOXXHO KOHCTAaTUPOBATb, UTO BbIAABNIEHHbIE A/ POAOBOrO KOMMEKca Iris mopdonormueckme
NPU3HaKM AEMOHCTPUPYIOT 3HAYMMYIO ANArHOCTUYECKYIO LLIeHHOCTb NPV NPOBeeHNM TAKCOHOMUYECKNX NCCeOBaHN.
KntoueBble cnoBa: Iris; TaKCOHOMMSA; TaKCOHOMUYECKME MHANKATOPbI; HYKNeOTUAHbIE NOCnefoBaTeNlbHOCTY; trnl-trnF

nocnefoBaTenbHOCTb xioponnactHon HK; dpunoreHeTnyeckoe agpeso

Introduction

The genus Iris L. is the largest and most cosmopolitan in
the family Iridaceae, distributed mainly in the temperate
zones of the Northern Hemisphere, and includes from 200
to 340 species (Dorofeeva, Zhurbenko, 2020). Despite sig-
nificant progress in the study of the genus Iris, there are still
many uncertainties regarding its taxonomic composition and
systematics. The genera boundaries of irises are controversial,
and recent data appear to favor much narrower boundaries
(Crespo et al., 2015; Boltenkov et al., 2020). In addition, its
composition is periodically supplemented with new described
species (Zhao, 1992; Mitic, 2002; Alexeeva, 2013a), which
is often associated with morphological variability and, as a
consequence, repeated descriptions of species with a wide
range (Boltenkov et al., 2018a).

Classifications of the genus Iris are most often based on
anatomical, morphological and cytogenetic characteristics
(Doronkin, Krasnikov, 1984; Mathew, 1989; Makarevich et
al., 2001), as well as on the results of molecular biological and
biochemical studies (Dorogina et al., 2012; Weber et al., 2020).
The difficulty is that systematics have both, broad and narrow
understandings of the genus Iris. There are no commonly
accepted classification, and the most popular classification
schemes (Rodionenko, 1961; Mathew, 1989; Doronkin, 2006)
have differences not only in position of individual species,
but also higher taxonomical units — subgenera and sections.
Attempts at resolving those contradictions using modern
methods often provide ambiguous results. Molecular RAPD-
analysis by I.F. Makarevich and colleagues (2001) showed
greater agreement with the system of G.I. Rodionenko (1961)
in establishing phylogenetic relationships.

Studies of Siberian species have revealed unexpected group-
ings: species from Xyridion and I. sibirica (Limniris) formed
one group, while I. lactea and I. setosa (Limniris) formed

another group with species from subgenus Iris. These data are
contradicting with the existing schemes, especially in regard
to polymorphic subgenus Limniris. The lack of consensus on
the composition of the genus Iris among modern researchers
requires further comprehensive studies to clarify phylogenetic
relationships of the species included in this genus.

There are publications in the literature on how assessment
of the structure of morphological variability can be used in
biology for classifying morphological characteristics of some
plant and animal species according to the ratio of general and
coordinated variability. The authors identify four groups of
indicators: ecological-biological systemic, biological, genetic
(taxonomic), and ecological indicators (Rostova, 2002; Ish-
birdin et al., 2005).

Ecological and biological systemic indicators are charac-
terized by high general and coordinated variability, strong
dependence on environmental conditions, and the ability to
induce coordinated changes in the entire morphosystem of
an organism (number of buds, shoot length in C. rubra, leaf
blade length in Triticum aestivum L.).

Biological indicators have moderate environmental de-
pendence, low total and high coordinated variability. They
also determine the morphostructure of the plant (e.g., shoot
height, leaf parameters in Cephalanthera rubra, the number
of metameres in the vegetative part of the annual shoot in
Helianthus annuus).

Genetic (taxonomic) indicators are characterized by low
general and coordinated variability, high autonomy and weak
dependence on external conditions (for example, the number
of leaves in C. rubra), and are the most informative for taxo-
nomic studies.

Ecological indicators exhibit strong, relatively independent
variation, and their changes are only mildly correlated with
the overall system of the organism, but they are sensitive
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even to minor external influences (for example, the number
of immature flowers, signs of branching in Rhinanthus L.).
For species such as H. annuus L., C. rubra L., Panicum mili-
aceum L., and a number of other flowering plants, these traits
have already been identified. For the Iris genus complex, a
correlation analysis of morphological traits to identify these
indicators was conducted for the first time.

DNA polymorphisms in noncoding regions of chloroplast
genome are successfully used to establish phylogenetic re-
lationships between species of the genus Iris (Pleines et al.,
2009). Among the most often used regions of chloroplast DNA
are the trnL intron and the trnL-trnF intergenic spacer, as well
as other variable regions of chloroplast DNA including: atpB-
rbcL, trnS-trnG, and trnH-psbA intergenic spacers (Kozyrenko
et al., 2009; Boltenkov et al., 2016).

The aim of the current study is to search for taxonomi-
cally significant morphological features of the generative and
vegetative spheres and molecular markers, followed by an as-
sessment of their informativeness in identifying phylogenetic
relationships and compliance with the most relevant modern
classification systems of the genus Iris.

Morphological and molecular genetic analysis of the genus /ris L.
polymorphism in the Republic of Bashkortostan and the Orenburg Region

Materials and methods

Plant material. The objects of morphological studies were
wild-growing representatives of species of the genus Iris
(I. pseudacorus L., I. sibirica L., I. pumila L., I. scariosa Willd.
ex Link), collected from natural populations of Bashkortostan
Republic and Orenburg Region, and introduced to the col-
lection area of the South-Ural Botanical Garden-Institute of
the Ufa Federal Research Center of the Russian Academy of
Sciences in 2019-2021. As well as from seed material grown
in obtained from delectuses from the botanical gardens of
St. Petershburg (1. lactea Pall., 1. setosa Pall., 1. halophila
Pall.), Bonn (l. sanguinea Hornem., 1. spuria L.), Bayreuth
(I carthaliniae Fomin) and Brno (I. graminea L.). Details on
species used, collection locations and geographical coordinates
are listed in Table 1.

Due to the identification of a large number of controver-
sial issues regarding the taxonomy of species of the genus
Iris L., in this work we focused on the classifications of three
authors: B. Mathew (1989), G.I. Rodionenko (1961, 2013),
and V.M. Doronkin (2006).

Morphological analysis. Morphometric parameters were
recorded for 25 plants of each species. To assess variability,

Table 1. Iris samples used in this work, places and time of their collection

Species Material collection location

Geographical
coordinates

I. pseudacorus Russia, Republic of Bashkortostan, Kushnarenkovsky district, Ilmurzino village 54952323 N,
55.811026 E

Russia, Republic of Bashkortostan, Kushnarenkovsky district, Taraberdino village 55.092243 N,
55.418299E

Russia, Republic of Bashkortostan, Demsky district of Ufa, Romanovka village 54.736672 N,
55.834274E

I. sibirica Russia, Republic of Bashkortostan, Birsk city 55.454523 N,
55.537686 E

Russia, Republic of Bashkortostan, Agidel city 55.844276 N,
53.935868 E

I. scariosa Russia, Republic of Bashkortostan, Khaibullinsky district, Tashtugai mountains 51.910798 N,
58.494056 E

Russia, Orenburg Region, Kuvandyk district, Ramazanovo village 51.526943 N,
57446162 E

Russia, Orenburg Region, Svetlinsky district, Tobolsky settlement 51.430173 N,
61.164358 E

I. pumila (yellow flowers) Russia, Republic of Bashkortostan, Kuyurgazinsky district, Lena village 52.802508 N,
55.603231E

I. pumila (blue flowers) Russia, Republic of Bashkortostan, Kuyurgazinsky district, Lena village 52.802508 N,
55.603231E

I. pumila (yellow flowers) Russia, Republic of Bashkortostan, Kuyurgazinsky district, Yakshimbetovo village 52.578021 N,
55.654848 E

I. pumila (blue flowers) Russia, Republic of Bashkortostan, Kuyurgazinsky district, Yakshimbetovo village 52.578021 N,
55.654848 E

I. pumila (yellow flowers) Russia, Orenburg Region, Perevolotsky district, village of Rychkovka 51.721765 N,
54.523130E
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the following parameters were analyzed: generative shoot
height, leaf length and width, perianth segment length and
width, reproductive element length (pistil and stamen) during
the flowering phase, and fruit and seed length and width after
full ripening. Measurements of morphometric parameters of
shoots, flowers and fruits were carried out using a ruler, and
those of seeds, using a Levenhuk DTX 90 microscope (Go-
lubev, 1962). Standard statistical processing of the obtained
data was carried out using the programs MS Excel and IBM
SPSS Statistics 21 (Zaitsev, 1984; Dospekhov, 1985). The
arithmetic mean, standard error of the mean, and standard
deviation were calculated. To assess intrapopulation variability
of morphological traits, the coefficient of variation (CV, %)
was calculated (Zaitsev, 1990).

A comparison of biometric indicators was conducted to
determine the statistical significance of their differences
across 2019-2021 years. The values of the studied indicators
were tested for normal distribution using the Kolmogorov—
Smirnov test. To compare independent samples with a normal
distribution, a one-way analysis of variance was used, and for
samples that do not obey the law of normal distribution, the
Kruskal-Wallis test was used. The analysis showed that for
all the parameters studied, the difference is insignificant at a
significance level of W =5 %, which makes it possible to as-
sess the structure of variability of morphological characteristics
and classify them into groups.

The structure of trait variability is constructed using the
method of N.S. Rostova (2002), using the programs MS Excel
and IBM SPSS Statistics 21. Morphological traits are coordi-
nated in the space of total (the trait’s coefficient of variation)
and consistent (the squared correlation coefficient averaged
over the trait) variability. According to their indicator role,
traits are divided into three groups: taxonomic (genetic), bio-
logical, and ecological-biological systemic.

Isolation of total DNA, PCR amplification and determi-
nation of nucleotide sequences and phylogenetic analysis.
Total DNA was isolated using the DNeasy Plant Mini Kit
(QIAGEN, Germany) according to the manufacturer’s proto-
col. 50-100 mg of dried leaves from each plant were used for
DNA extraction. The quantity and quality of the isolated DNA
were determined using a NanoDrop2000 spectrophotometer
(Thermo Scientific, USA) and electrophoretic separation in
a 1 % agarose gel containing ethidium bromide (0.5 mg/ml)
in IXTAE.

PCR amplification was performed as described in (Maka-
revich et al., 2003) with primers specific for the trnL/trnF
chloroplast genes:

trnL (5'-CGAAATCGGTAGACGCTACG-3');

trnF (5'-ATTTGAACTGGTGACACGAG-3').

The reaction was performed in a 20 pl volume using Bio-
Master LR HS-PCR-Color (Biolabmix, Novosibirsk, Russia)
with 10 pmol of each primer and 30 ng of total DNA. The re-
sulting PCR fragments were separated on a 1 % agarose gel and
isolated from the gel using the QIAquick Gel Extraction Kit
(QIAGEN, Germany), followed by sequencing. Sequencing
reactions were performed using 200 ng of DNA fragment and
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the BigDye Terminator v3.1 Cycle Sequencing Kit (Thermo
Scientific, USA) on an ABI 3130XL genetic analyzer (Applied
Biosystems, USA) at the Genomics Center of the Siberian
Branch of the Russian Academy of Sciences (http://www.
niboch.nsc.ru/doku.php/corefacility). The nucleotide se-
quences of the trnL-trnF fragments of chloroplast DNA are
presented in GenBank (No. PVV335670-PV335682).

For phylogenetic analysis, trnL-trnF iris chloroplast DNA
sequences retrieved from the GenBank database and obtained
in this study were used. Nucleotide sequence alignment was
performed using MAFFT v7.312 (Katoh, Standley, 2013).
Suitable nucleotide substitution model was selected using the
Bayesian Information Criterion. The phylogenetic tree was
constructed using the maximum likelihood method with the
Jukes—Cantor model in the I1Q-tree program (Trifinopoulos et
al., 2016). The reliability of the constructed tree was tested
using the Bootstrap method with a number of repetitions
equal to 1,000.

Results

Analysis of morphometric parameters

Morphological data for three years of research were analyzed.

Biometric indicators were compared for statistical significance

of differences between the years. The analysis showed that for

all studied parameters, the differences were insignificant at a

significance level of W =5 %. This allowed us to assess the

structure of morphological trait variability based on the ratio of
total and consistent variability and classify them into groups.

Generalized morphometric parameters of studied species are

listed in the Table 2.

An analysis of the variability of morphometric parame-
ters of species of the genus Iris revealed the following pat-
terns:

1. The highest variability level is typical for the length of a
leaf'blade (CV reaches 20.7 %) and the height of generative
shoots (CV up to 16.7 %).

2. The most stable indicators — width of the inner perianth
lobes (CV =2.2-5.3 %) and pistil length (CV =0.8-3.4 %),
demonstrating the smallest spread of the variation coef-
ficient values.

3. Fruit and seed parameters show higher variability in fruit
length (CV up to 9.4 %), compared to its width (CV up to
5.8 %), and moderate variability in seed size (CV in the
range of 0.9-5.9 %).

Morphological features are coordinated in the space of
general (coefficient of variation of the feature) and consistent
(squared correlation coefficient averaged for the feature)
variability. Graphs were compiled showing the structure of
morphological trait variability. As an example, Figure 1 shows
the structure of variability for 1. pseudacorus. Variability
structure for I. sibirica, I. sanguinea, I. setosa, I. halophila,
I. graminea, I. carthaliniae, 1. spuria, 1. pumila, I. scariosa,
. lactea is given in the Supplementary Materials?.

' Supplementary Materials are available at:
https://vavilovj-icg.ru/download/pict-2026-30/appx10.pdf
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Morphological and molecular genetic analysis of the genus /ris L.
polymorphism in the Republic of Bashkortostan and the Orenburg Region

Table 2. Generalized morphometric parameters of species from genus Iris (2019-2021)

Parameter

Value ranges (min-max)

Coefficients of variation (CV, %)

Aboveground shoots

Height of generative shoot, cm 9.0-97.5 8.5-16.7
Leaf length, cm 7.1-97.2 6.8-20.7
Lead width, cm 0.5-1.9 4.1-10.9
Flower
Length of outer lobes, cm 4.0-6.1 1.4-4.2
Width of outer lobes, cm 1.1-33 0.8-6.0
Length of inner lobes, cm 1.0-5.1 1.6-6.7
Width of inner lobes, cm 0.2-2.2 2.2-53
Length of stamen filament, cm 1.1-1.6 1.4-3.8
Anther length, cm 1.1-2.0 1.2-5.0
Pistil length, cm 2.8-4.4 0.8-3.4
Fruits and seeds
Fruit length, cm 3.3-6.3 3.1-9.4
Fruit width, cm 1.0-2.1 0.7-5.8
Seed length, cm 0.4-0.8 0.9-4.5
Seed width, cm 0.2-0.8 1.2-59

In the current study, according to their indicator role, the
features were divided into three groups: taxonomic (genetic),
biological and ecological-biological (Fig. 1). As a result of
constructing the variability structure, 10 taxonomic indica-
tors were identified that are common to the analyzed taxa and
characterized by relatively low total (CV = 0.8-6.0 %) and
consistent (r2 = 0.005-0.078) variability: the length and width
of the outer perianth lobes, the length and width of the inner
perianth lobes, the length of the filament, anther and pistil,
the width of the fruit, and the length and width of the seed.

To establish the relationship of the studied representatives
of the genus Iris, a cluster analysis (hierarchical classification,
Ward’s method) was carried out and a dendrogram of the dif-
ferences and similarities between the species was constructed
based on the identified diagnostic markers (Fig. 2). The species
in the dendrogram can be grouped into six clusters:

1. I. carthaliniae, I. halophila, 1. spuria, representatives of
subgenus Xyridion (Rodionenko, 1961) or Limniris (Mathew,
1989).

2. 1. lactea, subgenus Limniris (Rodionenko, 1961; Mathew,
1989) or Eremiris (Doronkin, 2006).

3. L. sibirica, 1. sanguinea, subgenus Limniris.

4. 1. pumila, 1. scariosa, subgenus Iris.

5. I. graminea, subgenus Xyridion or Limniris.

6. |. pseudacorus, I. setosa, subgenus Limniris.

Molecular phylogenetic analysis

of species of the genus Iris

During the current project, the nucleotide sequences of trnL-
trnF fragments of chloroplast DNA were established for
13 samples of 4 species of irises: I. pumila, 1. pseudacorus,
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Fig. 1. Structure of variability of morphological characteristics of
I. pseudacorus.

The X-axis shows the consistent variability, the Y-axis shows the total
variability. 1 — height of generative shoot, 2 - leaf length, 3 - leaf width,
4 - length of outer perianth lobes, 5 — width of outer perianth lobes,
6 — length of inner perianth lobes, 7 — width of inner perianth lobes, 8 -
length of filament, 9 - length of anther, 10 - length of pistil, 11 — length of
fruit, 12 — width of fruit, 13 - length of seed, 14 - width of seed.

I. sibirica, I. scariosa (Table 1). The obtained sequences were
used to construct a phylogenetic tree together with the trnL-
trnF sequences of 7 more iris species retrieved from the data-
base: I. setosa, I. lactea, . sanguinea, |. spuria, I. xanthospuria
Mathew & Baytop., I. foetidissima L., I. sintenisii Janka. As a
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Fig. 2. Dendrogram of differences and similarities of species of the genus Iris by taxonomic indicators.

result of this study, trnL-trnF sequences from 63 accessions of
11 species were analyzed. The resulting phylogenetic tree is
presented in Figure 3. The collection locations of the studied
iris accessions are marked on the tree.

There are five clusters on the tree:

1. 1. spuria, . xanthospuria, I. sintenisii, I. foetidissima.

2. 1. lactea.

3. I. sibirica and I. sanguinea.

4. 1. pumila and I. scariosa.

5. I. pseudacorus and I. setosa.

These clusters, in terms of the composition of their species,
almost completely coincide with the clusters found during
morphological analysis (Fig. 2).

To confirm our results, we conducted a phylogenetic analysis
of the Iris species of interest using two additional chloroplast
sequences available in the NCBI database: matK and trnS-
trnG. The dendrogram, obtained using matK sequences,
showed that the samples split in five groups, similar to the
grouping for trnL-trnF sequences (Fig. 4):

1. I. spuria and I. halophila.

2. 1. lactea.

3. I. sibirica and I. sanguinea.

4. 1. pumila and I. scariosa.

5. I. pseudacorus and I. setosa.

However, there are minor differences between the trnL-
trnF and matK trees. In the pairs I. pumila/l. scariosa, I. si-
birica/l. sanguinea, and I. halophila/l. spuria, the matK se-
quences do not confirm species differences. While the species
I. pseudacorus and I. setosa are reliably different from each
other. If interpopulation differences in the trnL-trnF sequences

were found in only two species (I. scariosa and 1. setosa),
such differences in the matK sequences are present in a larger
number of species: I. setosa, . pseudacorus, |. sibirica, I. san-
guinea, and I. lactea. They may also be present in I. pumila
and 1. scariosa, but we found only three matK gene sequences
from these species in the database.

There is less information about the trnS-trnG sequences
in the database than about the previous two. Figure 5 shows
a tree constructed from the trnS-trnG sequences. It contains
four out of the five clusters obtained in the previous trees:
(1) I. lactea; (2) 1. sibirica and 1. sanguinea; (3) I. pumila and
I. scariosa; (4) . pseudacorus and I. setosa. Cluster five is
missing because there are no trnS-trnG sequences of |. spuria
and 1. halophile in the database. We will not go into detail on
the analysis of the trnS-trnG tree due to the small number of
samples for some species. However, the main conclusion is
clear: the clustering of the studied species on the trnS-trnG
tree is completely consistent with that on the trnL-trnF and
matK trees.

Discussion

Morphometric parameters

A comparative analysis of the morphometric parameters of the
studied species with published data (Molkova, 2010) revealed
a high degree of correspondence in the aboveground traits for
most species, with minor deviations observed in some taxa.
The detected differences are presumably determined by the
specific cultivation conditions, which are supported, in particu-
lar, by the influence of temperature amplitude on the variability
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Morphological and molecular genetic analysis of the genus /ris L.
polymorphism in the Republic of Bashkortostan and the Orenburg Region

Fig. 3. Phylogenetic tree constructed from iris trnL-trnF cpDNA sequences using the ML method.

Collection locations and nucleotide sequence numbers from Genbank database are marked on the tree.

of morphometric parameters of the generative shoot and leaf
in I. pumila from populations of the Lower Volga region and
the Southern Urals (Kashin et al., 2022).

Based on the structure and morphometry of the perianth,
the species were divided into conventional groups: (1) with
long narrow segments (l. carthaliniae, 1. halophila, I. spuria,
I. graminea, |. lactea); (2) with large outer and reduced inner
segments (I. pseudacorus, . setosa); (3) with large broad seg-
ments (I. sibirica, I. sanguinea); (4) with medium-sized seg-
ments (1. pumila, I. scariosa), which indicates a high degree of
reliability and validity of modern classifications of the genus.

A comparative analysis of the morphometric characteris-
tics of fruits and seeds of Iris from natural populations of the
Republic of Bashkortostan and the Orenburg Region with
published data from other regions (Alexeeva, 2020) revealed
moderate geographic polymorphism. In terms of seed size, the
smallest seeds are characteristic of populations of I. sibirica
(Saratov Region), I. halophila and I. pumila (Volgograd Re-

152

gion); a large-seeded form was recorded in I. pseudacorus
(Primorsky Krai). Regarding fruit parameters, a slight reduc-
tion was observed in I. setosa, I. graminea, I. spuria, and
I. pumila (Belgorod Region). The detected slight variability in
size, as well as in the pigmentation of reproductive structures,
reflects micropopulation differentiation of the species and local
adaptive responses to growing conditions, ensuring their suc-
cessful reproduction under diverse environmental conditions.

The coefficient of variation of morphological traits serves
as a useful tool for the preliminary assessment of the stability
of morphological characteristics, however, it is incorrect to
judge the taxonomic significance of traits solely on the basis
of the coefficient of variation. Taxonomic decisions must be
based on a synthesis of morphological, genetic, and ecologi-
cal data. For the genus Iris, this is particularly relevant due
to its polymorphism and tendency toward hybridization. The
method for identifying taxonomic characters proposed by
N.S. Rostova (2002) is based on the analysis of correlation
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Fig. 4. Phylogenetic tree constructed from the matK nucleotide DNA sequences of irises using the ML method.
Collection locations and nucleotide sequence numbers are marked on the tree.

Fig. 5. Phylogenetic tree constructed from Iris trnS-trnG cpDNA sequences using the ML method.
Collection locations and nucleotide sequence numbers are marked on the tree.
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pleiades — groups of interrelated morphological traits, which
detects stable relationships among characters. The method
helps distinguish conservative taxonomic traits from those
dependent on environmental conditions.

It should be noted that I. scariosa is characterized by high
variability of morphological traits, especially, like the closely
related I. pumila, in flower coloration. The species was de-
scribed from the westernmost margin of its main range based
on a specimen collected by Pallas east of the Volga River. It
occurs predominantly in the northwestern part of the Caspian
Lowland and in the Eastern Ciscaucasia; it is an endemic Cas-
pian European—Caucasian species (Red Book..., 2024).

The taxonomic position of the closely related species I. sca-
riosa and I. glaucescens Bunge presents certain difficulties.
Both species are either synonymized or considered separate
(Tsvelev, 1979; Alexeeva, 2020), with I. scariosa being the
preferred species. I. glaucescens was described in Central
Asia. The species is represented by small populations found in
Russia at the edge of its range in the south of Western Siberia.
Outside of Russia, it is known in northeastern Kazakhstan,
northwestern Mongolia, and China (Alexeeva, 2020). Asimilar
trend is observed in the Southern Urals: in the Republic of
Bashkortostan, I. scariosa is included in the regional Red Book
(Red Book..., 2021-2024); in the neighboring Chelyabinsk
Region, I. glaucescens is also listed (Kulikov, 2005). Thus, the
taxonomic distinction between these closely related species is
challenging. There is evidence in the literature, supported by
molecular, morphological, and palynomorphological analysis,
that 1. glaucescens, as well as I. timofejewii and I. curvifolia,
are synonyms of I. scariosa (Boltenkov, Artyukova, 2024).

As follows from the dendrogram of species similarities-dif-
ferences based on the identified diagnostic markers, the closest
phylogenetic relationships are observed between the following
pairs of species: I. carthaliniae and I. spuria, 1. sibirica and
I. sanguinea, I. pumila and I. scariosa. Their affinity is also
evident in the general habit of the plants. In this way, the pair
I. carthaliniae and I. spuria consists of tall plants characterized
by long rhizomes with thickened segments, robust, branched
stems, broad sword-shaped leaves, and multi-flowered inflo-
rescences (35 flowers). The pair I. sibirica and I. sanguinea
comprises medium-sized irises with short rhizomes bearing
narrow segments, hollow, weakly branched stems, narrow
linear leaves arranged in basal clumps, and few-flowered in-
florescences (2—3 flowers). The pair |. pumila and I. scariosa
includes low-growing plants with thick creeping rhizomes,
bearing very short stems, broad-linear or lanceolate leaves in
a basal tuft, and large (relative to plant size), few (1-2) flowers
positioned close to the ground.

Molecular phylogenetic analysis

of species from the genus Iris

The results of morphological analysis showed that I. sibirica
and I. sanguinea are very close to each other, and this fact was
confirmed by the results of molecular phylogenetic analysis.
Moreover, according to the obtained data, we can assume that
. sibirica and I. sanguinea are the same species, since the
trnL-trnF sequences of all analyzed samples of these species

Morphological and molecular genetic analysis of the genus Iris L.
polymorphism in the Republic of Bashkortostan and the Orenburg Region

are identical, regardless of the collection location. Other re-
searchers had previously come to this conclusion by analyzing
anumber of morphological characteristics and using molecular
phylogenetic data (Boltenkov et al., 2020).

A very similar situation is observed in the second pair of
closely related species — I. pumilaand I. scariosa. All analyzed
I. pumila specimens, both those with yellow and those with
purple flowers, have identical trnL-trnF sequences. The species
is polychrome and is characterized by color polymorphism,
which is determined by the normal reaction of individuals to
environmental conditions (Kashin etal., 2022), and variations
in the color of the perianth segments are not associated with
molecular genetic polymorphism of populations.

Three sequence variants have been identified in I. scariosa.
The first variant (from the Republic of Dagestan) is completely
identical to the trnL-trnF sequence of I. pumila, which likely
indicates that it is I. pumila. The other two variants differ from
I. pumila by substitutions of several nucleotides. The second
variant of I. scariosa was found in samples from the Republic
of Kazakhstan and the Altai Republic, and the third variant was
found in samples from the Republic of Bashkortostan and the
Orenburg Region, and the last two variants differ from each
other by a single nucleotide substitution. Thus, a comparative
analysis of the noncoding sequences of the trnL-trnF region of
the chloroplast DNA of I. scariosa from natural populations,
as well as an analysis of literary data, shows that this species
is correctly identified in the Republic of Bashkortostan and
the Orenburg Region.

The situation is completely different in the third pair of re-
lated species — I. setosa and I. pseudacorus. First of all, these
are evidently two different, albeit closely related, species,
which is clearly visible on the phylogenetic tree and has been
previously noted by other authors (Choi, Lee, 2024). However,
these species differ from each other in terms of intraspecific
variability. All 1. pseudacorus samples analyzed showed identi-
cal trnL-trnF sequences, while five |. setosa samples analyzed
showed the presence of two types of trnL-trnF sequences,
with all samples collected either in China or Korea. I. setosa is
heterogeneous and taxonomically quite clearly delimited from
other species, because of this new species and intraspecific
taxa have been identified from its composition (Ilyushko et
al., 2001). N.B. Alexeeva (2013b) came to the conclusion that
the polymorphic complex of I. setosa consists of five species
that differ in morphology and ecology. Of course, to verify
this, more factual material needs to be analyzed.

All five trnL-trnF sequences of |. lactea are identical to
each other, regardless of their habitat. Iris Linnaeus ser. Lac-
teae Doronkin (Doronkin, 1990) includes species distributed
in the temperate Asian regions of the Northern Hemisphere
(Rodionenko, 2006; Boltenkov, 2018). Initially, I. lactea was
classified in the subgenus Limniris, section Limniris (Rodio-
nenko, 1961; Mathew, 1989), then in the subgenus Eremiris,
section Haloiris (Doronkin, 2006). Subsequently, it began to be
considered as part of a separate genus Eremiris (Rodionenko,
2006), with which C.A. Wilson (2011), based on molecular
genetic studies, does not agree. For a long time, it was believed
that the Lacteae Doronkin series was represented by only one
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polymorphic species, but molecular studies have confirmed
phylogenetic branching in at least three lineages corresponding
to the taxa I. lactea, |. oxypetala and |I. tibetica (Boltenkov
et al., 2018b).

Thus, we can state that morphological and molecular
phylogenetic analyses show the same results regarding the
phylogeny analysis of the studied species of the genus Iris,
which means that the identified morphological indicators work
in a taxonomic direction.

Conclusion
Based on the conducted assessment of the structure of mor-
phological variability of representatives of the genus Iris,
10 taxonomic indicators were identified: the length and width
of the outer perianth lobes, the length and width of the inner
perianth lobes, the length of the filament, anther and pistil,
the width of the fruit, and the length and width of the seed.
The establishment of phylogenetic relationships of the
studied species based on the identified taxonomic indicators
and the molecular phylogenetic analysis based on trnL-trnF,
matK and trnS-trnG chloroplast DNA made it possible to
combine the studied Iris species into several phylogenetic
groups. Thus, it can be concluded that both morphological
and molecular phylogenetic analyses yield consistent results
regarding the phylogeny of the studied species of the genus
Iris, which indicates that the identified morphological indica-
tors reliably demonstrate taxonomic validity.
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