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Genetic diversity analysis
of Iris germanica cultivars
based on ISSR and SRAP
molecular markers
Wei Bo1, Song Wang1, Guoming Xing1* and Yuguo Wang2

1College of Horticulture, Shanxi Agricultural University, Taigu, Shanxi, China, 2College of Agriculture,
Shanxi Agricultural University, Taigu, Shanxi, China
Introduction: Iris germanica L. (1753), commonly known as bearded iris, is a
popular ornamental plant species appreciated for its beautiful and diverse �ower
colors and forms. Despite its aesthetic appeal, there is limited knowledge about
the genetic diversity and relationships among Iris germanica cultivars.

Methods: To address this, in this study, we investigated the genetic diversity and
molecular clustering of Iris germanica cultivars through ISSR and SRAP
molecular markers.
Results: Our analysis identi�ed that ISSR analysis revealed a high level of genetic
diversity among Iris germanica cultivars. The 9 ISSR primers generated 72
ampli�ed bands, of which 66 were polymorphic, yielding a polymorphism
percentage of 89.86%. Similarly, SRAP analysis demonstrated substantial
intraspeci�c genetic diversity. 12 SRAP primer pairs produced 693 ampli�ed
bands, with 669 exhibiting polymorphisms, corresponding to a polymorphism
rate of 96.54%. Genetic similarity coef�cients ranged from 0.513 to 0.868 for ISSR
and 0.595 to 0.801 for SRAP markers, highlighting variations and relationships
among Iris germanica accessions. ISSR Molecular marker cluster analysis
categorized divides Iris germanica cultivars with similar morphological
characteristics into distinct groups to a certain extent based on genetic
similarity coef�cients, and SRAP marker could also make the same species
from different regions �rst cluster into one group based on classifying the
similar phenotypic Iris germanica varieties, indicating that the SRAP marker
used to analyze the genetic diversity of Iris germanica cultivars were more
accurate than the ISSR marker. Combining both ISSR and SRAP markers not
only effectively distinguished between dwarf and tall species of Iris germanica ,
but also separately isolated two Iris germanica species from Shanxi province. It
had also been found that Iris germanica Antique Red, Iris germanica Indian leader
were clustered into one group and Iris germanica Bloodstone and Cherry Garden
were gathered together in three kinds of clustering methods, indicating that
these varieties had very close relationship.
Discussion: Overall, this study provides valuable insights into the genetic diversity
and relationships within Iris species, offering important implications for breeding
and conservation efforts.
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1 Introduction

As the pace of urbanization accelerates worldwide, people
increasingly recognize the importance of greenery for a healthy life
(Ridder et al., 2004). However, the hard paving of numerous urban
buildings and roads in the ecological environment has replaced
natural land and some plants, as well as brought about a series of
negative impacts such as environmental pollution, making the
environmental space for human survival deteriorate day by day.
Subgenus Barbellae (genus Iris), belonging to the Iridaceae family, is
a perennial herbaceous plant and is one of the worlds famous
rhizomatous �owers (Bo et al., 2017). With a variety of plant
species, diverse �ower colors, and unique �ower shapes, it serves
not only as an ideal ground cover plant for urban greening but also
plays a signi�cant role in improving the urban ecological environment
and maintaining ecological balance (Zhang and Chen, 2013).

In recent years, the continuous improvement in peoples quality
of life has also led to an increasing demand for irises in both
domestic and international markets, and higher requirements for
their ornamental and ecological values have been set. I. germanica, a
representative species of this Subgenus Barbellae, has been widely
used in garden landscaping due to its rich �ower colors, numerous
varieties, and large �ower size (Yang et al., 2021). Relevant studies
have shown that German iris varieties have a high rate of cross-
pollination, coupled with their strong value in garden utilization,
research on their introduction, cultivation, and hybrid breeding is
the most extensive (Ji, 2013). A variety of cultivated and mutant
varieties have emerged, with high variability, and long-term
intraspeci�c hybridization has also made the genetic background
of German iris varieties more complex.

Currently, domestic and international research on the biological
characteristics (Zhang et al., 2015), stress resistance (Bo et al., 2017;
Van Zandt et al., 2003; Wang et al., 2001; Liu et al., 2021),
reproductive biology (Zhang et al., 2025; Sandenbergh et al.,
2025), cut �owers (Yu et al., 2017), chromosome karyotype (Choi
et al., 2020; Park et al., 2022), and biochemistry (Yu et al., 2017;
Chandni et al., 2024) of Iris plants has been actively carried out. As
molecular techniques for studying plant genetic diversity, DNA
molecular markers and sequence analysis, with their advantages of
being ef�cient, safe, reliable, and convenient, have been widely used
in analyzing plant genetic diversity (Liu et al., 2002; Ibrahimi et al.,
2024; Ghonaim et al., 2024; Li et al., 2024). ISSR (Inter-Simple
Sequence Repeat) and SRAP (Sequence-Related Ampli�ed
Polymorphism) are powerful molecular marker techniques, each
with its own set of advantages that make them indispensable in
genetic research. ISSR is favored for its ease of use, cost-
effectiveness, high polymorphism, rapid results, broad
applicability, and consistent repeatability, allowing for
straightforward and economical experiments without prior DNA
sequence knowledge. It generates highly polymorphic DNA
�ngerprints that effectively distinguish between genetic
individuals (Yao et al., 2005; Gemmill and Grierson, 2021;
Sevindik et al., 2023). SRAP, in contrast, is celebrated for its high
polymorphism, resolution, stability, wide applicability, automation-
friendly nature, and the convenience of not needing speci�c
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sequence information. It excels at revealing minute genetic
variations, making it a robust tool for detailed genetic mapping.
The combination of these techniques offers researchers a
comprehensive toolkit for genetic diversity analysis, germplasm
evaluation, and high-throughput screening, enhancing the depth
and breadth of genetic information obtained (Li et al., 2007; Li
et al., 2013).

In recent years, the use of these molecular markers in systematic
taxonomy, variety identi�cation, and kinship analysis of Iris plants
has also been reported, gradually becoming a new focus of modern
Iris research (Weber et al., 2020; Nikitina et al., 2023). Sun
Mingzhou (Sun, 2012) developed microsatellite primers in Iris
laevigata Fisch., and used these primers for the study of genetic
structure in Iris plants, showing that most of the developed
microsatellite primers obtained the target fragments among eight
closely related species in the Iris genus, which can meet the
requirements for analyzing genetic structure. Makarevitch et al.
(2003) used the non-coding intergenic spacer sequences of the trnL-
F and trnL regions and 56 RAPD markers to construct two
phylogenetic trees for 22 Iris plants distributed in the Siberian
region, reconstructing the taxonomic system of Iris plants in the
Siberian region. In studies utilizing ISSR and SRAP markers for
genetic analysis of Iris species, signi�cant progress has been made in
understanding population genetics and phylogenetic relationships
(Du, 2008). Tong et al. (2019) conducted a genetic characterization
and phylogenetic analysis of 40 Iris germplasm resources using
SRAP molecular markers. From an initial screening of 170 random
SRAP primers, 10 primers were selected based on their clear
banding patterns, high polymorphism, good reproducibility, and
strong stability. These primers collectively detected 168 loci, all of
which were polymorphic, resulting in a polymorphism rate of 100%.
Similarly, Zhang et al. (2007) employed RAPD and ISSR markers to
examine four wild Iris species from different regions, revealing
signi�cant interspeci�c genetic variation that exceeded intraspeci�c
differences. Tong et al. (2015) investigated the genetic
characteristics and phylogenetic relationships of 34 Iris
horticultural cultivars using ISSR markers. The analysis revealed a
100% polymorphism rate in the ampli�ed bands, demonstrating
substantial genetic polymorphism among the tested materials.
However, there are fewer reports on the molecular biological
systematic evaluation of German iris as a horticultural
ornamental variety. The genetic diversity analysis of German iris
germplasm is the foundation for deeply exploring excellent
varieties, innovation, and seedling work, and is also a prerequisite
for the effective application of excellent German iris varieties in
urban greening. Fully developing and utilizing Chinas excellent
German iris cultivation varieties, accelerating the breeding of high-
quality new varieties, is the main direction of future research on Iris
germplasm resources.

This study selected 26 German iris varieties from �ve different
regions of China as experimental materials. Using ISSR and SRAP
molecular markers, it quanti�ed the genetic diversity of cultivated
German iris varieties at the molecular level, and analyzed the
kinship among these varieties. The results provide a certain
reference basis for further germplasm collection, variety
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identi�cation, �ngerprint map construction, improvement
breeding, resource protection and utilization of Iris plants.
2 Materials and methods

2.1 Experimental materials

The study utilized 26 different varieties of German iris as the
subjects of the experiment. All varieties were cultivated in the
botanical garden resource nursery at the Institute of Horticultural
Research, Shanxi Academy of Agricultural Sciences in 2013, as
detailed in Table 1.
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2.2 Experimental methods

2.2.1 DNA extraction
The DNA extraction process was carried out using an optimized

CTAB method. The CTAB extraction buffer consisted of 2% (w/v)
CTAB, 100 mM Tris-HCl (pH 8.0), 20 mM EDTA (pH 8.0), 1.4 M
NaCl, supplemented with 2% (w/v) PVP-40 (polyvinylpyrrolidone-40)
and 0.1% (v/v) b-mercaptoethanol (added freshly before use)
(Doyle and Doyle, 1987). Each sample started with 0.5 grams of
fresh leaf tissue. All samples were processed individually without
pooling. Fully expanded healthy leaves at 30 days post-anthesis
(DPA) were harvested between 09:00-11:00 AM, immediately
submerged in liquid nitrogen and stored at -80 °C. Speci�cally, the
procedure began by preheating the CTAB solution to 65 °C in a water
bath. The plant material was then quickly ground in liquid nitrogen
and transferred to a 2 mL centrifuge tube, followed by the addition of
1.5 ml the preheated CTAB solution. The mixture was kept at 65 °C
for 30 to 60 minutes, with gentle inversion every 10 minutes to ensure
thorough mixing. After an initial centrifugation step at 11000rpm for 5
minutes, the supernatant was carefully transferred to a new tube. An
equal volume (1.5ml) of phenol/chloroform (1:1) was added, the
mixture was thoroughly blended, and then centrifuged at 11000rpm
for another 10 minutes. The supernatant was subsequently moved to a
fresh tube. Chloroform was added in an equal volume (1.5ml), mixed
well, and centrifuged at 11000rpm for 10 minutes. The supernatant
was then transferred to a new tube. Steps 4 and 5 were repeated to
ensure thorough puri�cation. Isopropanol, two-thirds the volume
of the supernatant, was added to induce DNA precipitation. The
mixture was left to stand at room temperature for 15 minutes. After
centrifugation at 11000rpm for 6 minutes, the supernatant was
carefully discarded. The precipitated DNA was rinsed with 70%
ethanol, followed by a centrifugation step at room temperature
at 11000rpm for 2 minutes. The supernatant was discarded, and
the rinsing step was repeated once more. Finally, for concentration
and quality assessment, 2-3mL of the extracted DNA was subjected
to agarose gel electrophoresis on a 2.0% gel with TAE buffer and
assessed using a NanoDrop 2000 spectrophotometer (Thermo Fisher
Scienti�c, Waltham, MA, USA). Spectrophotometric analysis revealed
A260/A280 ratios ranging from 1.82 to 1.95 across all samples,
indicating high-purity DNA with minimal protein contamination.
Electrophoretic analysis demonstrated sharp and distinct
bands without smearing or tailing, con�rming the integrity of
genomic DNA. The remaining DNA was stored at -20 °C for
future applications.
2.2.2 ISSR analysis
Forty ISSR primers were initially considered, from which 9 were

selected based on their clear ampli�cation, abundant bands, and high
level of polymorphism for use in subsequent experiments
(Supplementary Table S1). The PCR ampli�cation mixture, with a
total volume of 20 mL, 20mL, included 2 mL of DNA template, 2 mL of
10X concentrated buffer, 0.3 mL of primer, 0.4 mL of dNTPs, 0.5 mL of
MgCl2, 0.2 mL of Taq DNA polymerase, and 14.6 mL of ddH2O. The
PCR protocol was set with an initial denaturation at 94°C for
5 minutes, then 35 cycles of denaturation at 94°C for 45 seconds,
TABLE 1 Twenty six varieties of experimental plant materials of
Iris germanica .

Code Latin names Origin

1 Iris germanica Purple Flower Shanxi Province

2 Iris germanica Tawny Shanxi Province

3 Iris germanica Thrilling Beijing

4 Iris germanica Sauce Yellow Beijing

5 Iris germanica Antique Red Beijing

6 Iris germanica Nautical Flag Liaoning Province

7 Iris germanica Golden Doll Liaoning Province

8 Iris germanica Immortal White Henan Province

9 Iris germanica Dwarf Dream Liaoning Province

10 Iris germanica Music Bor Beijing

11 Iris germanica Purple Glow Beijing

12 Iris germanica Black Flag Beijing

13 Iris germanica Blood stone Liaoning Province

14 Iris germanica White and Yellow Beijing

15 Iris germanica White Calyx Beijing

16 Iris germanica Cherry Garden Hebei Province

17 Iris germanica Ussuri Hebei Province

18 Iris germanica Purple Brown Hebei Province

19 Iris germanica Indian leader Hebei Province

20 Iris germanica Golden Doll Hebei Province

21 Iris germanica Immortal White Hebei Province

22 Iris germanica Dwarf Dream Hebei Province

23 Iris germanica Music Bor Hebei Province

24 Iris germanica Flute Sound Hebei Province

25 Iris germanica Blood stone Hebei Province

26 Iris germanica Antique Red Hebei Province
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annealing at temperatures ranging from 53 to 62 °C for 45 seconds,
and extension at 72 °C for 1.5 minutes, with a �nal extension at 72 °C
for 10 minutes, and the samples were stored at 4 °C. Ampli�ed DNA
fragments were visualized and documented using 2% agarose gel
electrophoresis and a gel imaging system (Bio-Rad) with Image
Lab™ software (v6.1).

2.2.3 SRAP analysis
A total of 154 pairs of SRAP primers were randomly selected (as

shown in Supplementary Table S2) and 12 pairs were chosen based
on their clear background, abundant bands, and high polymorphism
for subsequent experiments. The PCR ampli�cation system (20 mL)
included 2 mL of DNA template, 1 mL of the upstream primer, 1 mL of
the downstream primer, 2 mL of 10X buffer, 0.4 mL of dNTPs, 0.5 mL
of MgCl2, 0.3 mL of Taq DNA polymerase, and 12.8 mL of ddH2O.
The PCR ampli�cation program started with an initial denaturation
at 94 °C for 3 minutes, followed by 40 cycles of denaturation at 94 °C
for 30 seconds, annealing at 36 °C for 50 seconds, and extension at
72 °C for 1.5 minutes, with a �nal extension at 72 °C for 10 minutes,
then stored at 4 °C. Gel electrophoresis using polyacrylamide gel was
performed, and images were captured with a gel documentation
system for recording.
2.3 Data analysis

Binary values of 0 and 1 were assigned to the PCR ampli�cation
products from ISSR and SRAP, with the presence or absence of
DNA bands at speci�c gel positions represented as 1 or 0,
respectively. Shannons information index (I) and Neis gene
diversity (H) were computed using PopGen32 v1.31. The
polymorphism information content (PIC) of ISSR and SRAP
markers was determined with PIC_CALC software. The data were
processed using NTsys2.10e software (Cheng et al., 2018). The
genetic similarity coef�cient (Dice) matrix was computed in the
“similarity analysis module” from the 0/1 data using the simqual
option. Subsequently, the SAHN method was applied in the
clustering module for UPGMA cluster analysis (Zhou et al.,
2015), resulting in the generation of a dendrogram and a three-
dimensional principal component plot based on the genetic matrix.
The cophenetic correlation coef�cient (CCC) was calculated using
the cophenetic module to validate the agreement between the
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UPGMA dendrogram and the similarity matrix. The CCC value
>0.80 was considered indicative of an excellent �t (Sokal and Rohlf,
1962). Analysis of molecular variance was (AMOVA) performed
with GenAlEx 6.5 software.
3 Results and analysis

3.1 ISSR ampli�cation polymorphism
analysis

As illustrated in Supplementary Table S3, 9 ISSR random
primers ampli�ed a total of 72 DNA bands in Iris accessions, of
which 66 were polymorphic. The percentage of polymorphism
reached 89.86%, indicating a high level of genetic diversity among
the examined cultivars. The total number of DNA loci generated
through PCR ampli�cation ranged from 5 to 10. The average
number of DNA bands ampli�ed by the nine primers was 8.0,
while the mean number of polymorphic bands for ISSR markers
was 7.3. The Neis gene diversity (H) and Shannons index (I) ranged
from 0.46 to 0.51 and 0.61 to 0.69, respectively, with mean values of
0.49 and 0.67. These results suggest signi�cant genetic variation
within Iris accessions and substantial intra-speci�c heterogeneity.
The polymorphism information content (PIC) values varied among
loci, with primer P16 showing the highest value and P9 the lowest,
yielding an average PIC of 0.41, indicating moderately effectiveness
for germplasm identi�cation and genetic research. Figure 1 and
Supplementary Figure S1 present the DNA �ngerprint pro�les
obtained after PCR ampli�cation using the selected primers.
3.2 SRAP ampli�cation polymorphism
analysis

As presented in Supplementary Table S4, 12 SRAP primer pairs
generated a total of 693 DNA bands in Iris, of which 669 were
polymorphic, yielding a polymorphism percentage of 96.54%. This
high level of polymorphism indicates substantial intraspeci�c
genetic diversity among Iris accessions. The number of total DNA
loci ampli�ed by each primer pair ranged from 40 to 79, with EM7
+ME1 producing the highest number of bands and EM1+ME6 the
lowest. The average number of DNA bands ampli�ed per primer
FIGURE 1

ISSR amplication pro�le of 26 iris genpotypes generated with primer P16 and separared by 2% agarose gel electrophoresis. M, 100-bp DNA Marker.
Lanes 1-26, Iris genotypes listed in Table 1.
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pair was 57.75, with a mean of 55.75 polymorphic bands per SRAP
marker. The Neis gene diversity (H) and Shannons index (I) ranged
from 0.62 to 0.75 and 0.70 to 0.83, respectively, with mean values of
0.68 and 0.76. These results suggest signi�cant inter varietal genetic
diversity among Iris. The polymorphism information content (PIC)
values varied among loci, with EM7ME1 showing the highest value
and EM1ME2 the lowest, yielding an average PIC of 0.63, indicating
that the SRAP primers exhibit a high level of polymorphism.
Figure 2 and Supplementary Figure S2 illustrate representative
DNA �ngerprinting pro�les obtained from PCR ampli�cation
using the selected primers.
3.3 Genetic diversity analysis

The genetic diversity of 26 I. germanica accessions was analyzed
using ISSR and SRAP molecular markers (Supplementary Table S5,
Supplementary Table S6). ISSR analysis revealed that the genetic
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similarity coef�cients ranged from 0.465 to 0.838. The highest
similarity (0.838) was observed between I. germanica Dwarf
Dream (No. 22) and Flute Sound (No. 24). In contrast, the lowest
similarity (0.465) was found between Blood stone (No. 25) and
Antique Red (No. 26).

Similarly, SRAP marker analysis showed genetic similarity
coef�cients ranging from 0.595 to 0.801. The highest similarity
(0.801) was detected between Purple Glow (No. 11) and White
Calyx (No. 15), while the lowest similarity (0.595) was observed
between Purple Flower (No. 1) and Purple Brown (No. 18).

The experimental results revealed that while Iris plants with the
highest coef�cient of similarity identi�ed by the ISSR and SRAP
marker methods were not identical, they shared similar phenotypic
traits, indicating a closer genetic relationship. Conversely, the Iris
varieties with the least similarity coef�cients from both methods
also differed as well. Notably, the Purple Flower (No. 1) and Purple
Brown (No. 18) exhibit signi�cant variations in leaf shape, �ower
color, and �ower type under the SRAP method, whereas the Blood
FIGURE 2

SRAP ampli�cation pro�les of 26 iris genotypes generated with prmier pairs EM1ME1 and EM4ME4 and separated by polyacrylamide gel
electrophoresis. M: 20-bp DNA Marker. Lanes 1-26; Iris genotypes listed in Table 1.
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