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ABSTRACT

Iris kolpakowskiana Regel is a rare wild iris species distributed in southeastern and southern Kazakhstan. To assess its
genetic diversity and population structure, 168 individuals from 9 natural populations in the Almaty, Zhambyl, and Turkestan
regions were analyzed using expressed sequence tag — simple sequence repeat (EST-SSR) markers. Of the nine primer pairs
tested, 6 polymorphic loci were selected for further analysis. The mean number of alleles per locus was 3.1, with an average
effective number of alleles of 2.4. Polymorphic information content (PIC = 0.688) indicated moderately high genetic variation
and high marker informativeness. The highest genetic diversity was observed in populations from the Zhambyl region. AMOVA
revealed that 55% of genetic variation occurred within populations and 45% among populations. High genetic differentiation
was detected (Fi, = 0.481, p <0.001), accompanied by limited gene flow (N, = 0.654). Principal Coordinate Analysis, Neighbor-
Joining clustering, and STRUCTURE analysis consistently identified two major genetic groups corresponding to southeastern
Kazakhstan (Almaty region) and southern Kazakhstan (Zhambyl and Turkestan regions). The Mantel test showed no significant
correlation between genetic and geographic distances (R? = 0.0008, p > 0.05). These results revealed geographic structuring
and restricted genetic exchange among populations, providing the first genetic assessment of Iris kolpakowskiana and valuable

information for its further conservation and management.
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INTRODUCTION

The genus Iris Tourn. ex L. belongs to the family Irida-
ceae Juss. and comprises 312 accepted species [ 1], distributed
mainly across temperate regions of the Northern Hemisphere
[2]. According to Mathew [2], the genus is divided into six
subgenera: Iris, Limniris (Tausch) Spach, Nepalensis (Dykes)
Lawr., Xiphium (Mill.) Spach, Scorpiris Spach, and Hermo-
dactyloides Spach. The subgenus Limniris is further subdi-
vided into 12 sections and 16 series, reflecting the high mor-
phological and taxonomic diversity of the genus.

Species of Iris are known not only for their ornamental
value, but also for their considerable medicinal importance.
Phytochemical studies have shown that representatives of Iris
contain diverse groups of biologically active compounds, in-
cluding flavonoids, isoflavonoids, phenolic acids, quinones,
terpenes, steroids, alkaloids, and other secondary metabolites
[3-5]. In addition, the pleasant violet-like aroma of rhizomes
has also made /ris an important raw material in perfumery
and cosmetics [6]. Moreover, some [ris species are used in
the food industry as flavoring agents in confectionery, baked
products, alcoholic beverages, chewing gum, soft drinks, and
traditional spice mixtures [35, 6].

Kazakhstan hosts approximately 30 species of Iris [7],
nine of which are listed in the Red Book of Kazakhstan [8].
One of these is 1. kolpakowskiana Regel, a bulbous perennial
geophyte belonging to subgenus Hermodactyloides, section
Monolepsis [9]. The species is native to Kazakhstan, Kyrgyz-
stan, and Uzbekistan [1]. . kolpakowskiana is considered a
valuable ornamental species. However, its populations are de-
clining, and its range is decreasing due to habitat degradation
and other anthropogenic pressures [8]). Therefore, molecular
genetic studies of its wild populations are important for bio-
diversity conservation and the sustainable utilization of na-
tive genetic resources.
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Simple sequence repeat (SSR) markers are highly infor-
mative molecular tools for assessing genetic diversity, popu-
lation structure, and differentiation in wild plant populations,
especially in rare and endangered species. Numerous stud-
ies have demonstrated the effectiveness of SSR markers for
evaluating genetic variation within and among plant popula-
tions [10], and such data are widely used to develop conser-
vation strategies, identify genetically valuable populations,
and support the sustainable management of plant genetic re-
sources [11-13].

In Kazakhstan, I. kolpakowskiana has so far been studied
only in the context of ex sifu cultivation [14, 15]. Other Iris
species from Kazakhstan have been investigated using plas-
tome sequences [7, 16]. However, SSR-based studies evalu-
ating genetic diversity in natural populations of Iris species in
Kazakhstan have not yet been conducted. Therefore, the ap-
plication of SSR markers to wild populations of 1. kolpakow-
skiana is particularly important, as it can provide essential in-
formation for the conservation of this rare species and help
protect native Iris genetic resources in Kazakhstan. The aim
of this study was to assess the genetic diversity, differentia-
tion, and population structure of wild populations of . kolpa-
kowskiana collected in Kazakhstan using EST-SSR markers.

MATERIALS AND METHODS
Plant Material and Sample Collection

A total of 168 individuals of 1. kolpakowskiana were col-
lected from 9 natural populations distributed across Almaty
(ALM), Zhambyl (ZH), and Turkestan (TUR) regions of Ka-
zakhstan (Figure 1, Table 1). The number of sampled individ-
uals per population varied from 10 (TUR1) to 21 (TUR2), en-
suring representative coverage of the genetic diversity present
within each population.

Young healthy leaves were collected from randomly se-
lected flowering or vegetative individuals located at least 5-10
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Figure 1. Locations of the collected /ris kolpakowskiana populations in Kazakhstan.
Sampling sites are grouped by region: ALM (Almaty region, blue), ZH (Zhambyl region,
purple), and TUR (Turkistan region, orange).

Table 1. Geographic information of the sampled Iris kolpakowskiana populations in Kazakhstan.

Population | Samples Longitude (N) Latitude (E) Ele‘:‘:i;’;l (m Collected sites
ALM 1 20 43.292532 76.299698 773 Almaty Region
ALM 2 20 43.272982 75.781057 1086 Almaty Region
ALM 3 20 43.270445 75.777617 1043 Almaty Region

ZH 1 20 43.374328 75.045482 891 Zhambyl Region
ZH 2 19 44.266142 73.833595 706 Zhambyl Region
ZH3 18 44.275303 73.889273 761 Zhambyl Region
ZH 4 20 43.466547 69.81272 729 Zhambyl Region
TUR 1 10 42.432782 70.37882 1259 Turkestan Region
TUR 2 21 43.594442 68.984452 793 Turkestan Region

m apart. Leaf samples were immediately dried in silica gel
and transported to the laboratory for molecular analyses.

DNA Extraction

Total genomic DNA was isolated from silica-dried leaf tis-
sues using the cetyltrimethylammonium bromide (CTAB) ex-
traction protocol [17]. Approximately 20-30 mg of dried leaf
material was ground into a fine powder using liquid nitrogen.
The homogenized tissue was incubated in 700 pL of preheated
CTAB extraction buffer containing 2% CTAB, 100 mM Tris-
HCI (pH 8.0), 20 mM EDTA, 1.4 M NaCl, and 1% polyvin-
ylpyrrolidone (PVP) at 65°C for 30 min. Following incuba-
tion, an equal volume of chloroform:isoamyl alcohol (24:1)
was added, and samples were centrifuged at 12,000 rpm for
10 min. The aqueous phase was transferred to a new tube,
and DNA was precipitated using cold isopropanol. The re-

sulting DNA pellet was washed with 70% ethanol, air-dried,
and dissolved in 100 pL of TE buffer (10 mM Tris-HCI, 1
mM EDTA, pH 8.0). DNA quality and concentration were as-
sessed spectrophotometrically and by electrophoresis on 1%
agarose gels.

SSR Amplification and Fragment Analysis

Nine microsatellite (EST-SSR) markers previously devel-
oped for Iris species [18-20] were selected for genotyping
L. kolpakowskiana populations based on their reported poly-
morphism and amplification reliability (Table 2). Polymerase
chain reactions (PCR) were performed in a final volume of
20 uL containing approximately 10 ng of genomic DNA, 10
pL of 2x PCR Master Mix (Thermo Scientific, USA), 0.5 uM
of each forward and reverse primer, and nuclease-free wa-
ter. PCR amplifications were carried out under the following
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Table 2. Characteristics of EST-SSR markers [18-20] used for analysis of Iris kolpakowskiana

Expected
Ne Primer Sequence (5’- 3°) Motif Annealing T (°C)
size (bp)

F: GTTTCATGGAGGAGTTGCAGT 55

1 IM123 156 (TCT10
R: TATCTTGCGGGTCTTCTTGG
F: AAGCGAAATGGCGAATAAACT

2 IM200 397 (GAA)23 55
R: AGATCAGAAGTCCGAGCACCT
F: AAAGAGGAAGTGAGTTCTGGAGAG

3 IM327 218 (GA)12 55
R: GCTCCATTCTCAGGAGAGGTT
F: TCGAGTAGTCCCTCCCTCGT

4 M348 151 (AGG)7 55
R: GGAGAAGACGATGCTGAACC
F: GGTCTGAAACCATCGAAAC

5 1296 296 (AC) 24 51
R: AGTAAGGCGATTCCGAGAT
F: ATCAAGCTTTGCAATGGCCG

6 IESTS 207 (AGC) 11 52
R: CGGATCATGGTGTCGTTCTT
F: ACTTTCCCTTTCCCACTTCA

7 IESTS 130 (GA) 16 51
R: ATTCTTCCGCCAGGCTTTC
F: AGCTTATCACTCCATTCCC

8 IESTI12 166 (CTH13 51
R: TCATCGGGAGGACAGAGAA
F: CCAATGCAACAGGTTGACTC (CT) 13

9 123 166 60
R: AGAATAGCACTGTGCAAGCC (CA) 19

conditions: an initial denaturation step at 94°C for 5 min, fol-
lowed by 35 cycles of denaturation at 94°C for 30 s, prim-
er-specific annealing at 51°C—-60°C for 30 s, and extension
at 72°C for 1 min. A final extension step was performed at
72°C for 8 min. The amplified products were separated and
analyzed using a QIAxcel Connect capillary electrophore-
sis system (QIAGEN, Germany) equipped with the QIAx-
cel DNA High Resolution Kit and QX Alignment Marker (15
bp-3 kb). Fragment sizes were determined automatically us-
ing QIAxcel ScreenGel software based on the internal align-
ment marker and size standards. Alleles were scored by frag-
ment length and subsequently used in genetic diversity and
population structure analyses.

Genetic Diversity and Population Structure Analyses

Genetic diversity parameters were calculated for each pop-
ulation and locus using GenAlEx version 6.5 [21]. The param-
eters included the observed number of alleles (Na), effective
number of alleles (Ne), Shannon’s information index (I), Nei’s
genetic diversity (Nei), and polymorphic information content
(PIC). Population differentiation was evaluated using Wright’s
fixation index (F,), while gene flow (N ) was estimated from
genetic differentiation values [21]. The informativeness of
SSR markers was assessed using PIC values and categorized
as high (PIC > 0.50), moderate (0.25 < PIC < 0.50), or low
(PIC < 0.25) based on the classification system of Botstein et
al. [22]. Relationships among populations were evaluated us-
ing Principal Coordinate Analysis (PCoA) based on genetic
distance matrices. Analysis of Molecular Variance (AMOVA)
was performed in GenAlEx 6.5 [21] to partition the genetic
variation within and among populations. A Mantel test [23]
was conducted in GenAlEx 6.5 [21] to assess the correlation
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between genetic and geographic distances among populations.
A Neighbor-Joining (NJ) dendrogram was constructed using
PAST software [24] to visualize genetic relationships among
populations. The robustness of the clusters was assessed us-
ing bootstrap analysis with 1000 replicates. Population genetic
structure was further assessed using STRUCTURE version
2.3.4 [25] based on a Bayesian clustering approach. Popula-
tion structure was inferred by evaluating K values from 1 to
10 using multiple independent STRUCTURE runs. The opti-
mal number of genetic clusters was determined using the AK
statistic proposed by Evanno et al. [26], with results visualized
and summarized with the CLUMPAK platform [27].

RESULTS AND DISCUSSION
Marker Informativeness

Nine EST-SSR primer pairs were em-
ployed to assess the genetic diversity of
I kolpakowskiana populations collected from different re-
gions of Kazakhstan. All primer pairs produced clear and
reproducible amplification products. Of the nine mark-
ers analyzed, six SSR markers (IM123, IM200, IM327,
IM348, 1296, and IESTS8) were polymorphic, while
the remaining three markers (IEST5, IEST12, and 123)
were monomorphic across the studied populations of
1. kolpakowskiana. Since monomorphic SSRs do not contrib-
ute to estimates of genetic variation, only the six polymorphic
markers were retained for further statistical analyses (Table
3). The six polymorphic EST-SSR markers generated a total
of 18.4 alleles, with an average of 3.1 alleles per locus (Table
3). The number of alleles (Na) varied from 2.1 for loci IM348
and 1296 to 4.2 for IM200 and IM327. The effective number
of alleles (Ne) ranged from 1.6 (IM348) to 3.3 (IM200), with
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Table 3. Assessment of the genetic diversity parameters
of six EST-SSR markers in /. kolpakowskiana populations
study

l;:i:f:: Na Ne PIC
IM123 2.7 23 0.777
IM200 4.2 33 0.796
IM327 4.2 2.8 0.804
IM348 2.1 1.6 0.523
1296 2.1 1.7 0.521
IEST8 3.1 2.5 0.707
Mean 3.1 2.4 0.688
SE 0.2 0.1 0.13
Notes: Na — number of alleles per locus; Ne — effective
number of alleles; PIC — polymorphic information con-
tent; SE — Standard error

a mean value of 2.4, indicating a moderate level of allelic di-
versity across the analyzed loci.

The polymorphic information content (PIC) values ranged
from 0.521 to 0.804, with an average of 0.688. According to
the classification of Botstein et al. [22], four loci (IM123,
IM200, IM327, and IESTS8) were highly informative (PIC >
0.50), whereas IM348 and 1296 were moderately informa-
tive. The highest PIC value was recorded for IM327 (0.804),
closely followed by IM200 (0.796) and IM123 (0.777),
demonstrating their high discriminatory power and suitabil-
ity for population genetic analyses of 1. kolpakowskiana.

The six polymorphic EST-SSR markers used in this study

were relatively highly informative for assessing genetic di-
versity in populations of 1. kolpakowskiana. The mean poly-
morphic information content (PIC = 0.688) and average Nei’s
genetic diversity (Nei = 0.518) indicate substantial marker in-
formativeness. According to Botstein et al. [22], loci with PIC
values above 0.50 are considered highly informative, and four
of the six loci met this criterion.

Similar results have been reported for other Iris species.
For instance, Tang et al. [18] demonstrated the high transfer-
ability and polymorphism of EST-SSR markers (IM327 (Na
= 6.8, h=10.750), IM123 (Na = 5.2, h = 0.680), IM200 (Na
= 5.6, h = 0.574)) across multiple Iris taxa, while Sun et al.
[19] reported successful amplification and polymorphism of
EST-derived microsatellite loci (IEST8 (Na=4.3, h=0.630))
in Iris laevigata and related species. The expected heterozy-
gosity (h) values were positively correlated with PIC values
[22, 28]. Overall, the relatively high values of genetic diver-
sity and PIC indicate that the selected EST-SSR markers were
effective for detecting genetic variation and assessing popula-
tion structure in I. kolpakowskiana populations.

Genetic Diversity of Iris kolpakowskiana Populations

Genetic diversity parameters varied among the nine stud-
ied populations of I. kolpakowskiana (Table 4). The mean
number of alleles per locus (Na) ranged from 2.5 in popula-
tion ALM3 to 3.5 in populations ALM2 and TUR2, with an
overall average of 3.1 alleles per locus. The effective num-
ber of alleles (Ne) ranged from 1.9 to 2.8, with an average
of 2.4 across all populations. The Shannon information in-
dex (I) ranged from 0.667 (ALM3) to 0.993 (ZH1), with a
mean value of 0.863. Similarly, Nei’s genetic diversity index
(Nei) showed moderate variation among populations, ranging
from 0.425 in ALM1 to 0.605 in ZH3, with an overall mean of

Table 4. Genetic diversity parameters of nine Iris kolpakowskiana populations based on six polymorphic EST-SSR markers

Population N Na Ne I Nei %P
ALM1 20 2.8 2.1 0.721 0.425 83,33%
ALM2 20 3.5 2.6 0.965 0.550 100,00%
ALM3 20 2.5 1.9 0.667 0.430 83,33%

Mean for ALM 2,9 2.2 0.784 0.468 88.89%
ZH1 20 33 2.8 0.993 0.582 83,33%
ZH2 19 3.0 2.5 0.898 0.536 83,33%
ZH3 18 33 2.5 0.986 0.605 100,00%
ZH4 20 3.0 2.2 0.823 0.493 83,33%

Mean for ZH

3,2 0.925 0.554 87.50%

2.5
TURI1 10 2.7 2.1 0.738 0.478 83,33%
TUR2 21 3.5 2.6 0.979 0.560 83,33%
Mean for TUR 3,1 23 0.858 0.519 83.33%
Total Mean 3,1 2.4 0.863 0.518 87.04%
2.45%

SE 0,2 0.1 0.06 0.03
Notes: N — number of samples; Na — number of alleles per locus; Ne — effective number of alleles; I - Shannon’s Informa-
tion Index; Nei — Nei’s genetic diversity index; %P — the percentage of polymorphic loci; SE — Standard error
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0.518. The highest levels of genetic diversity were observed in
populations ZH3, ZH1, TUR2, and ALM2, whereas popula-
tions ALM1 and ALM3 exhibited comparatively lower diver-
sity values. The percentage of polymorphic loci (%P) ranged
from 83.33% to 100%. Complete polymorphism was detected
in populations ALM?2 and ZH3, whereas the remaining pop-
ulations exhibited polymorphism at five of the six loci ana-
lyzed. On average, 87.04% of loci were polymorphic across
all populations, indicating a relatively high level of genetic
variation within . kolpakowskiana.

When populations were grouped according to geographic
regions, all Zhambyl populations (ZH1, ZH2, ZH3, and ZH4)
exhibited the highest genetic diversity (Na = 3.2, Ne = 2.5,
1=10.925, Nei = 0.554), followed by the Turkestan popula-
tions (Na=3.1, Ne=2.3,1=0.858, Nei = 0.519). The Almaty
populations (ALM1, ALM2, and ALM3) displayed slightly
lower diversity estimates (Na=2.9, Ne=2.2,1=0.784, Nei =
0.468). These results suggest that populations from the Zham-
byl region (ZH1, ZH2, ZH3, and ZH4) harbor a greater pro-
portion of the species’ genetic variation and may represent
important reservoirs of genetic diversity for the conservation
of L. kolpakowskiana.

The overall level of genetic diversity detected in /. kol-
pakowskiana populations was moderately high (Nei =
0.518), indicating that substantial genetic variation is
maintained within natural populations despite the spe-
cies’ fragmented distribution. Comparable levels of ge-
netic diversity have been reported in other perennial Iris
species. For example, Zhang et al. [20] reported high ge-
netic diversity in I. loczyi populations from the Qing-
hai-Tibet Plateau, with genetic diversity values reach-
ing 0.699. Thus, the moderately high diversity observed in
I kolpakowskiana is generally consistent with patterns re-
ported for I. loczyi, although its lower value may reflect dif-
ferences in geographic range, population size, or reproduc-
tive biology.

Among the studied regions, all analyzed populations from
the Zhambyl region (ZH1-ZH4) exhibited the highest diver-
sity estimates (Nei = 0.554), whereas populations from the
Almaty region (ALM1, ALM2, and ALM3) showed compar-
atively lower diversity (Nei = 0.468). Such differences may
reflect variation in population size, habitat connectivity, or
historical demographic processes [29]. The high percentage of
polymorphic loci (87.04%) further suggests that most popula-
tions have maintained a broad spectrum of genetic variation,
which is essential for long-term adaptation and persistence
under changing environmental conditions [30].

Analysis of Molecular Variance (AMOVA)

The distribution of genetic variation among and within

populations of 1. kolpakowskiana was evaluated using AM-
OVA (Table 5). The results revealed that the majority of the
genetic variation was within populations, accounting for 55%
of the total variance, whereas 45% was attributable to differ-
ences among populations. Similar patterns of genetic vari-
ation, in which a substantial proportion of total diversity is
maintained within populations, have been reported for vari-
ous plant species analyzed using molecular markers [31, 32].

The fixation index (F ) was estimated at 0.481 and was
highly significant (p < 0.001), indicating substantial genetic
differentiation among populations. According to Wright’s cri-
teria [33], F, values greater than 0.25 reflect very high lev-
els of population differentiation, suggesting limited genetic
connectivity among the studied populations (Table 5). The
estimated gene flow (N, ) was 0.654 migrants per generation
(Table 5), which is below the threshold value of 1.0 gener-
ally considered sufficient to counteract the effects of genetic
drift [33, 34]. This result indicates restricted gene exchange
among populations and suggests that genetic drift and geo-
graphic isolation have played important roles in shaping the
genetic structure of 1. kolpakowskiana.

Overall, the AMOVA results demonstrate a pronounced
population structure, characterized by considerable genetic
differentiation among populations despite the slightly higher
proportion of variation maintained within populations. The
observed pattern is consistent with fragmented distribution,
restricted dispersal, and habitat isolation, which are common
features of many rare and endemic plant species [35, 36].

Population Structure Analysis

The genetic relationships and population structure of /.
kolpakowskiana were investigated using PCoA, NJ cluster
analysis, and Bayesian clustering implemented in STRUC-
TURE (Figure 2).

The PCoA explained 87.70% of the total genetic variation,
with the first and second coordinates accounting for 71.66%
and 16.04% of the variation, respectively (Figure 2A). The
analysis revealed a clear separation of populations into two
major groups corresponding to their geographic distribution.
Group I comprised populations from southeastern Kazakh-
stan, specifically the Almaty region (ALM1-ALM3), whereas
Group II included populations from southern Kazakhstan, rep-
resented by the Zhambyl (ZH1-ZH4) and Turkestan (TUR1
and TUR?2) regions. The close clustering of populations within
each group indicates substantial genetic similarity among geo-
graphically proximate populations.

The Neighbor-Joining dendrogram (Figure 2B) supported
the pattern observed in the PCoA (Figure 2A). Two major
clusters were identified with strong bootstrap support (100).
The first cluster comprised all Almaty populations, while

Table 5. Analysis of molecular variance (AMOVA) and population differentiation parameters for nine populations of Iris

kolpakowskiana based on six polymorphic EST-SSR markers

Source df SS MS Est. Var. % F_ Nm
Among Pops 8 661.207 82.651 4.165 45%
Within Pops 159 824.841 5.188 5.188 55%
Total 167 1486.048 9.352 100% 0.481* 0.654*

Notes: df — degrees of freedom; SS — sum of squares; MS — mean squared; Est.var. — estimates of variance; % — percent-
age of variation; F_— fixation index; N — gene flow value; * p <0.001; Nm = (1 - Fﬁ)/4Fst.
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Figure 2. Genetic relationships and population structure of nine /ris kolpakowskiana populations based on
six polymorphic EST-SSR markers. (A) Principal Coordinate Analysis (PCoA); (B) Neighbor-Joining (NJ)
dendrogram showing genetic relationships among populations, with bootstrap values indicated at the nodes; (C)
AK values from STRUCTURE analysis used to determine the optimal number of genetic clusters; (D) Bayesian
clustering of individuals inferred by STRUCTURE at K = 2.

the second cluster included populations from the Zhambyl
and Turkestan regions. Although some differentiation was
observed within the latter cluster, the primary division re-
mained consistent with the geographic grouping revealed by
the PCoA.

Bayesian clustering analysis further confirmed the exis-
tence of two major genetic groups. The AK method identi-
fied K = 2 as the most likely number of genetic clusters, with
a pronounced peak of AK = 197.47 (Figure 2C; Table 6). The
corresponding STRUCTURE bar plot (Figure 2D) clearly sep-
arated the Almaty populations from those of Zhambyl and
Turkestan. Most individuals exhibited high membership co-
efficients within their respective clusters, indicating strong
genetic differentiation and limited admixture among regional
groups.

A Mantel test showed no significant relationship between
genetic and geographic distances among populations of /.
kolpakowskiana (R? = 0.0008, p > 0.05), indicating the ab-

sence of a clear isolation-by-distance pattern. The combined
results of AMOVA, PCoA, Neighbor-Joining clustering, and
STRUCTURE analyses revealed pronounced genetic differ-
entiation among populations of 1. kolpakowskiana. The AM-
OVA showed that 45% of the total genetic variation was at-
tributable to differences among populations, while the fixation
index (F , = 0.481) indicated very high population differen-
tiation according to Wright’s classification. Such values are
considerably higher than those typically reported for wide-
spread outcrossing plant species [20] and suggest restricted
gene flow among populations. The Bayesian clustering analy-
sis identified two major genetic groups corresponding to their
geographic distribution: populations from southeastern Ka-
zakhstan (Almaty region) and populations from southern Ka-
zakhstan (Zhambyl and Turkestan regions). This geographic
pattern was consistently recovered by PCoA and Neigh-
bor-Joining analyses, indicating the presence of distinct re-
gional gene pools within the species (Figure 2).

Table 6. Results of Bayesian clustering analysis and estimation of the optimal number of genetic clusters (K) in populations

of Iris kolpakowskiana

K Reps Mean LnP(K) Stdev LnP(K) Ln’(K) Ln”’(K) Delta K

1 3 -1395.56667 1.09697 NA NA NA

2 3 -1216.40000 1.08167 179.16667 213.60000 197.47327

3 3 -1250.83333 49.10014 -34.43333 38.63333 0.78683

4 3 -1323.90000 13.45697 -73.06667 3.06667 0.22789

5 3 -1393.90000 30.81704 -70.00000 153.76667 4.98966

6 3 -1617.66667 190.73176 -223.76667 72.96667 0.38256

7 3 -1768.46667 147.08696 -150.80000 142.93333 0.97176

8 3 -1776.33333 140.59418 -7.86667 179.20000 1.27459

9 3 -1605.00000 117.95334 171.33333 202.80000 1.71932

10 3 -1636.46667 32.83509 -31.46667 NA NA
Notes: K — assumed number of genetic clusters; Reps — number of independent STRUCTURE runs; Mean LnP(K) — mean
log-likelihood of the data for a given K; Stdev LnP(K) — standard deviation of log-likelihood values; Ln'(K) — first-order
rate of change of the likelihood function; |Ln"(K)| — second-order rate of change of the likelihood function; AK — Evan-
no’s statistic used to identify the most probable number of genetic clusters. The highest AK value indicates the optimal K.
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Interestingly, the Mantel test did not reveal a significant
correlation between genetic and geographic distances (R? =
0.0008, p > 0.05). This finding indicates that geographic dis-
tance alone is insufficient to explain the observed population
structure. Instead, the genetic differentiation observed among
populations is likely associated with historical isolation, habi-
tat fragmentation, and the complex mountainous landscape of
Kazakhstan. Populations of 1. kolpakowskiana occur in geo-
graphically separated mountain systems, including the Trans-
Ili Alatau in southeastern Kazakhstan and the Karatau, Kor-
day, and Western Tien Shan regions in southern Kazakhstan
[1, 8, 37]. These landscape features may serve as effective
barriers to gene flow, promoting independent evolutionary tra-
jectories among regional populations. An influence of geo-
graphic barriers on genetic structure has been reported for
1 loczyi, where strong regional differentiation was detected
among populations distributed across the Qinghai-Tibet Pla-
teau [20]. Together, these findings suggest that geographic
isolation represents one of the principal factors shaping pop-
ulation genetic structure in wild /ris species inhabiting frag-
mented mountain ecosystems.

The present study represents the first assessment of genetic
diversity and population structure in 1. kolpakowskiana pop-
ulations using EST-SSR markers. The generated dataset pro-
vides an important baseline for future conservation genetic
studies and contributes to a better understanding of the evolu-
tionary processes that shape genetic variation in wild /ris spe-
cies of Central Asia. However, this study is limited by the use
of a restricted number of markers and sampled populations,
which may not fully capture the species-wide genetic varia-
tion. Therefore, future studies should include broader geo-
graphic sampling and additional molecular markers to obtain
a more comprehensive understanding of genetic diversity in
I kolpakowskiana.

CONCLUSION

This study provides the first assessment of genetic diver-
sity and population structure in /. kolpakowskiana using EST-
SSR markers. The six polymorphic loci revealed relatively
high genetic diversity within natural populations, with the
highest diversity detected in the Zhambyl region, highlighting
its importance as a reservoir of genetic resources. AMOVA,
PCoA, Neighbor-Joining, and STRUCTURE analyses con-
sistently revealed strong genetic differentiation among popu-
lations and identified two major genetic groups correspond-
ing to southeastern Kazakhstan (Almaty region) and southern
Kazakhstan (Zhambyl and Turkestan regions). The high F_,
value and low gene flow estimates indicate restricted genetic
exchange among regions. In addition, the lack of a significant
correlation between genetic and geographic distances suggests
that population structure is shaped not only by distance but
also by historical isolation, habitat fragmentation, and moun-
tain barriers. The genetic data generated in this study provide
an important foundation for future research on the genetic
diversity and population structure of 1. kolpakowskiana and
other representatives of Iris in Kazakhstan.
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AHHOTAIIUA

Iris kolpakowskiana Regel — pegxnii fuKni BUI UPHUCOB, PACIPOCTPaHEHHBIH Ha IOT0-BOCTOKE U fore KazaxcraHa.
JIJIs OTIEHKH eT0 TeHeTHIECKOTO pasHooOpas3us M MOMYIIHOHHON CTPYKTYPHI OBUIH MpoaHaTH3MPOBaHHEI 168 ocobeit u3 9
MIPUPOIHBIX MOMyIAnNi B AnmmMaTuHCKoH, XKamObuickon n TypkectraHckoit obmactsix ¢ nucnons3oBanneM EST-SSR mapkepos.
W3 neBsiTH MPOTECTHPOBAHHBIX Map MPaiMePOB [T JATFHEHIIIEro aHajm3a ObII0 BEIOpaHO 6 MOTMMOPGHBIX JT0KycoB. CpemaHee
YHCIO aJuIeliel Ha JIOKyc cocTtaBmio 3,1, mpu cpenneM 3¢ dexTuBHOM yncie amieneit 2,4. MapopmannonHoe comepkanme
nonmopdmma (PIC = 0,688) ykas3pIBaeT Ha YMEPEHHO BBICOKYIO TeHETHIECKYIO M3MEHUYHNBOCTD M BEICOKYIO HH(POPMATHBHOCTh
MapkepoB. Haubomnbiee rereTimaeckoe pazHooOpasne HabIonanocs B momymsisix JKamosuickoit oomactu. AMOVA mokazaina,
410 55% reHeTHYeCKOH N3MEHIMBOCTH MIPUXOJUTCS HA BHYTPHUIIONYJISIIMOHHYIO CTPYKTYPY ¥ 45% Ha MEXMOMYIIALMOHHYIO.
bruta oOnapyxena Boicokas TeHeTHUecKas audpdepenumanns (F . = 0,481, p < 0,001), conmporoxaromascs orpaHa9IeH-
HBIM TeHHBIM TTOTOKOM (N = 0,654). MeTon aHanu3a mIaBHBIX KOOPAMHAT, KacTepusanus merogoM Neighbor-Joining u
agamm3 STRUCTURE nocrienoBaTensHO BEISIBHIIH IB€ OCHOBHBIE TEHETHUECKHE TPYIIITBI, COOTBETCTBYIOIIHE FOT0-BOCTOYHOMY
Kazaxcrany (Anmartsr) u 1oxxHoMy Kazaxcrany (JKamObuickast u Typkectanckas oomactr). Tect MaHTemst HOKa3all OTCYTCTBHE
3HAYMMOM KOPPEILINN MEXIY TeHETHUECKIM U reorpadraeckum pacctossareM (R? = 0,0008, p > 0,05). D1u pe3ynsTars BHI-
SBUJIN TEOTPA(UUECKYIO CTPYKTypPHPOBAHHOCTh ¥ OTPAHUYCHHBIA TeHETHIECKUI 0OMEH MEXTy TOIyJISIUIMH, IPEIOCTaBHUB
TIEPBYIO TEHETHYECKYIO OIICHKY [7is kolpakowskiana n nerHyT0 MH(DOpMALINIO [T ee NaTbHEHIIIEro COXPaHSHNS U YIIPaBIICHHS.

KiaroueBsle cioBa: Iris kolpakowskiana, Kazaxctan, EST-SSR, renetnueckoe paznooopaszue, AMOVA, reHeTuueckast
CTPYKTYypa.
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MHUKPOCATEJUJIUMTTIK MAPKEPJIEPJI KOJIJIAHY APKbBLJIbI KASAKCTAHIATBI IRIS
KOLPAKOWSKIANA REGEL TYPIHIH 'TEHETUKAJIBIK AJTYAHTYPJILJIITT MEH NOITYJIAITUAJIBIK
KYPBIJIBIMBIH BAFTAJIAY

M.M. Epnazambemosa, C.H. Abyeanuesa, E.K. Typycnexos, LLI.C. Anbmeperoea™
Ocimoikmep Ouonoeuscel scarne buomexuonocusicol uncmumymst, 050040, Armamol, Kazaxcman
*e-mail: almerekovakz@gmail.com

AHHOTALIUS

Iris kolpakowskiana Regel — KazakcTaHHBIH OHTYCTIK-IIIBIFBICHI MEH OHTYCTITiHJIE TapaiFaH CHPEK Ke3[IeCEeTiH jka0aibl
KypTKamiam Typi. OHBIH T€HeTHKAJIBIK aJIyaHTYPIIUIIri MEH TOMYJISIHUSIIBIK KYPBIIBIMBIH Oaranay MakcaThIHIa AJIMAThI,
KamOs11 sxoHe TypkicTan obnbIcTapbiHAa 9 Taburu nomyssinusaaan xuHanrad 168 yiri EST-SSR mapkepiepi kemerimen
3eprrenai. ChlHaNFaH TOFBI3 IIpaiiMep >KYOBIHBIH 1IIiHEeH 9pi KapaiFsl Tajnay yiuiH 6 nonuMopdTs Tokyc Tanaaiasl. bip io-
KyCKa IIaKKaH/JaFbl aJuleIbIepAiH opTaia canbl 3,1 Oonca, aln THIMII aJutenbAepAiH opTama caHsl 2,4 Kypansl. [lomumopduns-
MHIH aknaparTslk HHaekci (PIC = 0,688) reHeTHKAIBIK ©3TePTillITIKTIH OpTallla JKOFaphl ICHTeHiH KoHE KOJITAaHbUTFaH MapKep-
JIEpIIiH ’KOFaphl aKIapaTTHUIBIFBIH KOpceTTi. EH JKOFaphl TeHETHKAJIBIK aTyaHTYpIIilik JKaMObLT 00IBICH MOy ISIINSUIAPEIHAA
aHbIkTaIIel. AMOVA Tannaybl TeHETHKAIBIK ©3TePTillTiKTIH 55% MOmysiuys imiHaeri KypbuTbIMFa, al 45% nonyisimusitap
apachIH/IaFbl albIPMANIBUIBIKTAPFa THECITI eKeHiH KopceTTi. JKorapel reneTukanbik muddepenuuanus (F = 0,481, p <0,001)
aHBIKTaJIJIBI, OJ1 TE€H aFbIHBIHBIH meKTeysi 6omybiven (N, = 0,654) xarap xypai. bac koopauHarTap 9/1iciMeH XKypri3inreH Tai-
nay (PCoA), Neighbor-Joining xnacrepieyi xkxone STRUCTURE 0Oarnaprnamachl apKbUTBI KYPri3iIreH Tanaay HOTHXKECIH/IE eKi
HETI3Ti FeHeTUKAJIBIK TOIT alKpIHa bl Onap reorpadusuiblk Typrbial KasakcTaHHBIH OHTYCTIK-IIBIFBIC aliMarbiHa (AJIMAaThI)
JKOHE OHTYCTIK alimarbiHa (JKamObL1 sxoHe TypkicTaH oOnbicTapsl) coiikec Kemni. MaHTeNb TeCTi TeHETHKAJIBIK JKOHE reorpa-
(USIIBIK KAIIBIKTHIKTAp apachbIHa MaHbI3/bl KOPPEILILMSHBIH XKOK ekeHiH kepceTTi (R? = 0,0008, p > 0,05). AnbiHFaH HOTHXe-
JIep NONyJSIIUsUIap apachbIHIAarbl TeHETHKAJIBIK aIMacy IbIH HIEKTEYJI €KEHiH YKOHE 0JIap IbIH reorpadUsuIbIK KYPUTBIMIAHYbIH
alikeiaaan, Iris kolpakowskiana TypiHiH reHeTHKaIIBIK JKaF/aiiblHA aFaIIKbl Oaranay Oepi skoHe OoJamakTa cakray MEH
Gackapy IIapanapblH KocIapiay/a KyH bl akrnapaT OOJbIN TaObUIa bl
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