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Abstract

Abiotic stressors have various unexpected effects on plants. Studying the movement activity
of retrotransposons in response to these stresses may help to understand their ability to respond to
changing environmental conditions. In this study, three local wheat (Gyrmyzy bugda, Jumhuriyet 100,
and Nurlu 99) genotypes were taken and the movement activity of retrotransposons under the influence
of salinity stress was determined by the IRAP marker method. The movement activity of barley
(SUKKULA), rice (HOUBA), and soybean (SIREI) retrotransposons was studied in wheat genotypes
grown under salt stress (150 and 200 mM NaCl) callus culture and leaf samples at 15 and 30 days.
At 150 mM NaCl, in 15-day-old callus and leaf samples, 0-83% and 0—50% polymorphism were found,
respectively, for the HOUBA retrotransposon. At 200 mM NaCl, the polymorphism in callus and leaf
samples amounted to 0-83% and 0—-40%, respectively. For SUKKULA retrotransposon, at 150 mM
NaCl, in 15-day-old callus and leaf samples, polymorphism was 0—67% and 0—-86%, and at 200 mM
NaCl, this parameter was found to be 0—67% and 0-89%, respectively. For SIRE1 retrotransposon, at
150 mM NaCl in 15-day-old callus and leaf samples, the polymorphism was 0-75% and 0—-88%, while
at 200 mM NacCl, it was equal to 0-71% and 0-100%, respectively. This is one of the first studies to
examine epigenetic modifications in wheat plants that are developing in Azerbaijan.
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Introduction the growing demand for dietary products among people.

The decrease in the productivity of the planting material

The wheat plant is one of the most demanded has increased the attention of this plant. The reason for
and consumed cereal crops in the world, due to the decrease in productivity is the occurrence of undesirable

environmental conditions, such as abiotic (salt, drought,
high temperature, etc.) and biotic factors, as well as the effect

*e-mail: biotech.gunay@gmail.com



Gunay Ismayilova Ilman, et al.

of heavy metals (Zn, Cd, etc.). Due to all of these reasons, it
is necessary to study the changes that occur in the genome
of the wheat plant and the molecular mechanisms that
cause these changes. Improvement of new methods
in biological science led to considerable achievements
in proteomics, metabolomics, next-generation sequencing
(NGS), genome editing methods (CRISPR cas9; casl13),
epigenetic processes (methylation, histone modifications,
transposon activities), and Omics [1].

Epigenetic changes are caused by retrotransposons,
which are mobile genetic components found in almost
all eukaryotic organisms. It is known that transposable
elements present in plants operate primarily on the copy-
and-paste principle [2]. They have the ability to affect
genes located close to each other in the plant genome
due to long terminal repeats (LTR). Some genomic LTR
retrotransposons may continue activation and translocation
in response to biotic or abiotic stressors, avoiding
defense mechanisms [3, 4]. The processes of reactivation
of retrotransposons in different plant genomes differ from
each other. Expression of reactivated retrotransposons
is influenced by transcriptional and post-transcriptional
gene silencing mechanisms (including DNA methylation,
heterochromatin formation, and RNA interference).

Epigenetic changes caused by various abiotic stresses
affect the expression of genes at the transcriptional or
translational level. Furthermore, the phenotypic traits
resulting from epigenetic changes can create adaptation
conditions for plants that are capable of being transmitted
to the next generation [5]. Epimutations are known to
be transient, unlike mutations in the traditional DNA
sequence, allowing them to respond quickly to unexpected
environmental pressures. Retrotransposons are activated
in response to salt stress and can induce genuine genetic
or epigenetic changes, thus improving plant adaptation
to abiotic stresses [6]. A series of studies revealed how
transposome, transcriptome, translatome, methylome,
and small RNA sequence data can influence several steps
of retrotransposition by silencing mechanisms in the host
genome [7].

According to the literature data, about 6% of the total
land area and 20% of irrigated land in the world suffer from
salt stress [8]. Currently, global climate change and the rapid
increase of soil and water salinity cause commercial losses
of wheat plants, posing a serious threat to food security.
Therefore, increasing the productivity of the wheat plant
by eliminating these negative effects reveals the importance
of studying the physiological and molecular mechanisms
for obtaining stress-resistant forms at the cellular, tissue,
and plant levels [9]. For this purpose, it is recommended
by the researchers to cultivate the more resistant wheat
genotypes obtained during the research in saline arcas
[10]. Salinity stress is considered one of the main factors
affecting agricultural productivity in arid and semi-arid
areas in most countries. When the plant growth process is
weakened due to stress, productivity decreases and changes
in metabolism occur [11, 12]. To study retrotransposons
activities, advanced epigenetic and genetic studies were
conducted in tobacco, banana, barley, rice, and other plants

under in vivo and in vitro conditions [13, 14]. In most
studies, retrotransposon mobility was found to be more
active in samples obtained from in vitro tissue culture
[15]. In addition to the wheat plant’s own retrotransposons,
the identification of retrotransposons belonging to other
species revealed that they are active elements [16]. This
ensures horizontal transfer (HT) of genetic information
in living organisms, its maintenance within populations,
and the integrity of species [17]. Thus, the SUKKULA
retrotransposon was identified for the first time at the Mlo
locus in the barley genome. However, some studies have
shown the presence of retrotransposons in different genomic
regions based on selection and “host control” pressures over
a very long evolutionary time [18].

Both autonomous and nonautonomous processes
in the wheat plant in vivo and in vitro tissue culture occur
depending on different degrees of stress, tissue culture
conditions, and duration. Since somaclonal variations
are spontaneous changes in tissue culture conditions,
these variations are caused by genetic or epigenetic
mechanisms and result in a number of problems in gene
transfer applications. For this purpose, the mobility
of retrotransposons was studied by the IRAP marker
method in in vitro tissue culture and in vivo leaf samples
of wheat plants exposed to different concentrations of NaCl.

Materials and Methods

The Gyrmyzy bugda, Jumhuriyet 100, and Nurlu 99
wheat genotypes were used as the research objects. Plant
supplies were received from the Research Institute of Crop
Husbandry. In vitro callus tissues and in vivo wheat genotype
leaves were sampled after 15 and 30 days of treatment
with 150 mM and 200 mM NaCl salt. Molecular research
was conducted at the Tissue Culture Laboratory of Yildiz
Technical University, Faculty of Molecular Biology
and Genetics, Istanbul, Republic of Turkey.

Plant Growth Conditions

15-and 30-day-old callus and leaf samples of Jumhuriyet
100, Gyrmyzy bugda, and Nurlu 99 wheat genotypes grown
in a selective environment were used in the study.

The grains were taken from the field at the end of the milk
ripeness phase and at the beginning of the wax ripeness
phase. Immature embryos of 0.8—1.5 mm of explants were
used for callus induction. Wheat grains were successively
surface sterilized in 70% ethyl alcohol for 5 s and in NaOCl
solution containing 5% active ingredient for 18 min.
After each stage of sterilization, the grains were washed
3-5 times with the volume of sterile water, and the embryos
were separated under aseptic conditions. The manipulations
were performed under aseptic conditions in a “Telstar
Bio II A” laminar box. For callus induction, immature
embryos were cultured in Murashige and Skoog medium
[19] containing 0.8% agar and 3% sucrose. Syntenic auxin
2 mg/l 2,4 D-Dichlorophenoxyacetic acid (2,4-D) was
added as a callus inducer every 28-30 days, the callus
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culture was transferred to a new nutrient medium. After
obtaining sufficient biomass in two subcultivation periods,
the callus culture was transferred to a nutrient medium with
150 mM and 200 mM NacCl. The plant material (grains)
collected from the field was transferred to pots. Each pot is
filled with clay-based soil. A 1:1:1 mixture of washed sterile
sand, soil, and peat-textured soil was used. Wheat grains
were planted 2-3 cm deep in each pot. The experiment was
carried out under natural conditions (16/8 h of photoperiod,
temperature 22-24°C, and humidity 70%). The samples
were watered with 150 mM and 200 mM NaCl solution
two days apart from the first day of sowing. The control
samples were watered with tap water at intervals of three
days. Samples after 15 and 30 days of planting were used
in comparative studies with callus samples [20].

Molecular Analyses

Genomic DNA isolation: Callus and leaf samples were
taken from the 3 wheat genotypes and genomic DNA
was isolated [21]. The purity of genomic DNA isolated
by the CTAB method was evaluated and it was diluted
in a Nanodrop spectrophotometer (NanoDrop 200°C).
Thus, primers were added to the diluted DNA samples
and amplified in a PCR device using the IRAP method.
The samples were then injected into the electrophoresis
device.

PCR was carried out in 20-mL reaction mixtures
containing 2.5 mL of 25 mmol/L MgCl,, 3 mL of 20 ng/mL
template DNA, 2.5 mL of nuclease-free dH,0, 10 mL of 2X
Sapphire Amp Fast PCR Master Mix (Takara, RR350A),
2 ml of primer (10 mmol/L). The amplification conditions
were as follows: an initial denaturation step at 95°C for
3 min, 95°C for 30 s, 50°C for 30s, 72°C for 3 min, and 72°C
for 10 min (T100TM Thermal Cycler, BioRad). The PCR
products were electrophoresed at 120 V for 90 min in 1%
agarose gel of 1XTAE buffer. The gel samples obtained
from electrophoresis were then washed in 1XTAE solution
with ethidium bromide for 180 min and visualized ina UV
transilluminator. Band sizes were compared to samples on
a 1000 bp (1kb) DNA ladder, and polymorphism values
of bands in gel images were calculated using the Jaccard
Similarity Coefficient [22].

SUKKULA specific for barley, HOUBA specific
for rice, and SIRE1 specific for soybean were used for
IRAP-PCR analysis (Table 1).

Table 1. Primers used in this study.

Results

Based on the results of HOUBA retrotransposon gel
electrophoresis, 144 bands in the range of 5002000 bp were
detected in 15-day-old callus and leaf samples subjected to
salt stress. Of these, 73 polymorphic and 71 monomorphic
bands were identified. 144 bands, 72 polymorphic
and 72 monomorphic, were recorded in 30-day-old
callus and leaf samples in the range of 500-2500 bp.
162 bands, 76 polymorphs, and 86 monomorphs were
recorded in the SUKKULA retrotransposon in the range
of 300-2000 bp. 162 bands, 58 polymorphs, and 104
monomorphs were identified in the 30-day samples.
According to the gel-electrophoresis results of the SIRE1
retrotransposon, a total of 162 bands, 80 polymorphs,
and 82 monomorphs in the range of 500-2000 bp were
recorded in the samples. In total, 180 bands were recorded
in the 30-day samples, of which 78 were polymorphic
and 102 were monomorphic (Fig. 1).

Polymorphism ratios of HOUBA retrotransposons
specific to rice plants were examined in callus and leaf
samples of Jumhuriyet 100, Gyrmyzy bugda, and Nurlu
99 wheat genotypes exposed to salt stress (15 and 30
days) (Table 2). Samples were grown in 150 mM NaCl
and 200 mM NaCl concentration medium. Depending on
the mobility of retrotransposons, their polymorphism values
were compared with control samples.

In 15-day-old callus samples treated with 150 mM
NaCl, the polymorphism value was in the range of 0-83%
in Jumhuriyet 100, 0-80% in Gyrmyzy bugda and 0-67%
in Nurlu 99. In the leaf samples, polymorphism was found
to be 0-33% in Jumhuriyet 100, 0-50% in Gyrmyzy bugda,
and 0—17% in Nurlu 99.

In 15-day-old callus samples treated with 200 mM
NaCl, the polymorphism value in the Jumhuriyet 100 wheat
genotype varied from 0 to 67%, in Gyrmyzy bugda from
0 to 83%, and in Nurlu 99 from 0 to 67%. In leaf samples,
a polymorphism of 0-33% was found in Jumhuriyet 100,
0-40% in Gyrmyzy bugda and 0—17% in Nurlu 99.

Comparison of 15-day-old callus and leaf samples
revealed polymorphism in the range of 17-86% in Jumhuriyet
100, 20-80% in Gyrmyzy bugda, and 67-83% in Nurlu 99.

In 30-day-old callus samples treated with 150 mM
NaCl, polymorphism values were 0-86%, 0-50%,
and 0-83% in the Jumhuriyet 100, Gyrmyzy bugda,

No Primer Sequence Reference
1 Sukkula 3’ GGAACG TCG GCATCG GGCTG 5 [23]
) Houba-F 3: CTT CGA GTG GGC TAA GGC CC 5” [24]
Houba-R 5> GTT TCG ACC AAG CAG CCG GTC 3
3 Sirel 5’ CAG TTA TGC AAG TGG GAT CAG CA 3’ [25]
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Fig. 1. HOUBA, SUKKULA, SIRE1 IRAP PCR results.

250 bp
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Description: A-150 mM NaCl; B-200 mM NaCl; C-control. 1-9 callus, 10-18 leaves (15-day-old). 1-9 callus, 10-18 leaves (30-day-
old). M-marker. Jumhuriyet-100 (1 and 10-C, 2 and 11-A, 3 and 12-B), Gyrmyzy bugda (4 and 13-C, 5 and 14-A, 6 and 15-B), Nurlu-99

(7 and 16-C, 8 and 17-A, 9 and 18-B), NC- negative control.

and Nurlu 99 genotypes, respectively. In leaf samples,
no polymorphisms were recorded in the Jumhuriyet 100.
While a polymorphism of 0-33% was observed in Gyrmyzy
bugda, and 0—40% in Nurlu 99.

In 30-day-old callus samples treated with 200 mM
NacCl, the polymorphism values in the Jumhuriyet 100
and Nurlu 99 wheat genotypes varied from 0 to 83%,
and in Gyrmyzy bugda from 0 to 40%. In the leaf samples,
no polymorphism was detected in the Jumhuriyet 100 wheat
genotype. It was 0-33% in Gyrmyzy bugda, and 0-40%
in Nurlu 99.

A comparison of 30-day-old callus and leaf samples
did not show polymorphism in Jumhuriyet 100, while
the polymorphism rate was in the range of 29-83%
in Gyrmyzy bugda 20-86% and in Nurlu 99.

When comparing callus samples of 15- and 30-day-
old, polymorphism was recorded in the range of 0-86%
in Jumhuriyet 100, 33-86% in Gyrmyzy bugda and 60—100%
in Nurlu 99. When comparing leaf samples, in Jumhuriyet
100, the polymorphism was in the range of 0-33%,
in Gyrmyzy bugda 0-57%, and in Nurlu 99 17-50%.

The polymorphism ratios of the barley-specific
SUKKULA retrotransposon were examined in 15-day-old
callus and leaf samples from control and stressed variants
of the Jumhuriyet 100, Gyrmyzy bugda, and Nurlu 99 wheat
genotypes (Table 3).

In 15-day-old callus samples treated with 150 mM
NacCl, the polymorphism value was 0—-67% in Jumhuriyet
100, while no polymorphism was observed in Gyrmyzy
bugda and Nurlu 99. In leaf samples, the polymorphism
value was 0-13% in Jumhuriyet 100, 0-86% in Nurlu 99,
and it was not detected in Gyrmyzy bugda.

In 15-day-old callus samples treated with 200 mM
NacCl, the polymorphism value was 0—-67% in Jumhuriyet
100, while no polymorphism was observed in Gyrmyzy
bugda and Nurlu 99.

In leaf samples, a polymorphism of 0—13% was found
in Jumhuriyet 100, 0-89% in Nurlu 99, and was not detected
in Gyrmyzy bugda.

Comparison of 15- and 30-day-old callus and leaves
revealed a polymorphism of 75-88% polymorphism
in Jumhuriyet 100, 0-88% in Gyrmyzy bugda and 0-89%
in Nurlu 99.

Polymorphism was not detected at 150 mM NaCl,
in Jumhuriyet 100 and Nurlu 99 callus cells in 30-day-old
samples, while it was in the range of 0-38% in Gyrmyzy
bugda. In leaf samples, no polymorphism was recorded
in Jumhuriyet 100 and Gyrmyzy bugda callus cells.
Although a 0-50% polymorphism was recorded in Nurlu
99.

No polymorphism was detected at 200 mM NaCl,
in 30-day-old callus samples from the Jumhuriyet 100
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genotype, while the polymorphism value varied in the range
of 0-88% in Gyrmyzy bugda and 0-75% in Nurlu 99. In
leaf samples, polymorphism was not detected in Jumhuriyet
100 and Gyrmyzy bugda genotypes, while, in Nurlu 99,
it was in the range of 0-50% in Jumhuriyet 100, while
in Gyrmyzy bugda and Nurlu 99, polymorphism was
in the range of 75-88% and 0-75%, respectively.

When comparing 15- and 30-day-old callus cells,
a polymorphism of 0-67% was found in Jumhuriyet 100,
75—-88% in Gyrmyzy bugda and 50-88% in Nurlu 99.
When leaf samples were compared, 86—88% polymorphism
was found in 15- and 30-day-old Jumhuriyet 100, 88%
in Gyrmyzy bugda, and 11-88% in Nurlu 99.

Polymorphism for the SIREI retrotransposon was
not recorded in the Jumhuriyet 100 and Nurlu 99 wheat
callus samples subjected to 150 mM NacCl for 15 days. In
Gyrmyzy bugda, polymorphism was observed in the range
of 0—75%. In leaf samples, the polymorphism value was
0-83% in Jumhuriyet 100, 0-86% in Gyrmyzy bugda,
and 0—88% in Nurlu 99 (Table 4).

In 15-day-old callus samples subjected to 200 mM NaCl
stress, polymorphism value was 0—50% in the Jumhuriyet
100 genotype, 0-71% polymorphism in Gyrmyzy bugda,
and 0-14% polymorphism was recorded in Nurlu 99.
The polymorphism ratio of leaf samples was in the range
0of 0—100% in Jumhuriyet 100, 0-78% in Gyrmyzy bugda,
and 0-88% in Nurlu 99.

The comparison of 15-day-old callus and leaf samples
revealed 0—100% polymorphism in Jumhuriyet 100,
17-89% in Gyrmyzy bugda, and 0—-89% in Nurlu 99.

In 30-day-old samples (150 mM NaCl), no polymorphism
was recorded in Cumhuriyet-100 and Nurlu 99, while it was
in the range of 0-50% in Gyrmyzy bugda. In leaf samples,
0-40% polymorphism was detected in Jumhuriyet 100
and 0—67% in Nurlu 99. Polymorphism was not recorded
in Gyrmyzy bugda.

In 30-day-old callus samples treated with 200 mM
NacCl, the polymorphism changed in the range of 0-25%,

Callus
Cluster 1 Cluster 4 Cluster 6
C i S S
) = =)
Cluster 2 Cluster 3 \
s |/ aumas |\ |

2300-

0-80%, and 0-57% in the Jumhuriyet 100, Gyrmyzy bugda,
and Nurlu 99 genotypes, respectively. In the leaf samples,
no polymorphism was detected in the Gyrmyzy bugda
genotype, found in the range of 0-25% in Jumhuriyet 100
and 0-56% in Nurlu 99.

Comparison of 30-day-old callus and leaf samples
revealed polymorphism in the range of 0—50% in Jumhuriyet
100, 0—80% in Gyrmyzy bugda, and 40-86% in Nurlu 99.

When comparing 15- and 30-day-old callus cells,
polymorphism 0-50% was detected in Jumhuriyet100,
40-80% in Gyrmyzy bugda, and 43—-67% in Nurlu 99.
Comparison of leaf samples revealed a polymorphism
of 0-100% in 15- and 30-day-old Jumhuriyet, 33—88%
in Gyrmyzy bugda, and 0-88% in Nurlu 99.

Based on cluster analysis with the Jaccard similarity
index, the samples were grouped into six main groups. /n
vitro, 15- and 30-day-old callus samples were subjected to
salt stress at various NaCl concentrations (150 and 200 mM
NaCl).

Callus samples No. 4, 6, and 1 were grouped individually
in each of clusters 1, 4, and 6. Samples 2 and 9 were placed
in the 2" group, 7 and 8 in the 3™ group, and 2 and 3
in the 5" group (Fig. 2). Based on the results of the analysis,
the lowest genetic distance index was between samples 1
and 7 with a value of 0.24. The next lowest similarity was
equal to the distance index of 0.25 in samples 2 and 7.
Finally, the highest genetic distance index was recorded
between samples 2 and 3, with a value of 0.76.

Based on the Jaccard similarity index, leaf samples
treated with 150 and 200 mM NaCl for 15 and 30 days
were grouped into four main groups. In each of the first
and third groups, leaf samples No. 8 and 4 were grouped
individually (Fig. 2). Samples No. 7 and 9 were located
in the second group, and samples No. 2, 3, 5, 6, and 1 were
located in the largest group, the 4" group.

Statistical analysis showed the lowest genetic distance
index between samples 1 and 8 with a value of 0.32.
The next-low similarity was equal to a distance index

Simiarty

5 oes

0525

st

Fig. 2. Dendrogram of wheat callus culture and leaf generated by Cluster Analysis using the UPGMA method based on HOUBA,

SUKKULA, and SIRE 1 primers.

Description: Jumhuriyet 100 (1-control, 2-150mM NaCl, 3- 200mM NaCl); Gyrmyzy bugda (4-control, 5-150mM NaCl, 6- 200mM

NaCl); Nurlu 99 (7-control, 8-150mM NaCl, 9- 200mM NacCl).
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of 0.36 between samples 4 and 8. The highest genetic
distance index was found to be between samples 2 and 3,
with a value of 0.92.

Discussion

During the ontogeny of the plant, retrotransposons
maintain their silent state, and this inactivity is disturbed
by the effect of stress, bringing them to an active state. In
addition to abiotic and biotic factors, in vitro cultivation is
also considered a stress factor for retrotransposons. This
may reflect a survival strategy based on plant biology,
and may also be a stress-induced generator of genomic
diversity [26, 27]. This idea was also confirmed in our
research, as the determination of the polymorphism activity
of retrotransposons in callus culture and intact plants grown
in both control and stress media under in vivo and in vitro
conditions showed that in both leaf and tissue cultures
of wheat plants, both autonomously or non-autonomous
processes occurred depending on different concentrations
of salt stress, tissue culture conditions, and duration.

Salt stress affects both in vitro cultured callus cells
and plant growth and development in soil. In this study,
concentrations of NaCl of 150 mM and 200 mM did not
have a dramatic effect on callus proliferation and biomass
accumulation dynamics, as well as plant growth
and development.

The proliferation of the Nurlu 99 genotype callus
culture was intensified from the middle of the second
subculture under control conditions, as well as under salt
stress conditions.

The polymorphism values of rice-specific HOUBA,
barley-specific SUKKULA, and soybean-specific SIRE
1 retrotransposons again demonstrate that in vitro
cultivation conditions are stress conditions that increase
retrotransposons mobility. Therefore, the polymorphism
indicators at NaCl concentrations of 150 mM and 200 mM
in 15- and 30-day-old callus cultures were significantly
higher than those in intact plants grown in vivo at the same
concentration.

The fact that retrotransposons are more active in callus
culture confirms again that in vitro conditions are stressful.
High indicators of callus tissue can be explained by
the presence of dual stress. Thus, both in vitro conditions
and the use of NaCl salt increased the stress.

Analysis of intact plants showed that retrotransposon
mobility was not detected on the 30" day of stress
in the sensitive Jumhuriyet 100 genotype. On the contrary,
the percentage of polymorphism increased on the 30"
day in the tolerant Nurlu 99 variety. Gyrmyzy bugda,
a durum wheat genotype, is considered a medium-tolerant
plant. On the 30" day of exposure to stress, the percentage
of polymorphism was significantly reduced in this genotype.
In our opinion, increased or decreased retrotransposon
activity under the influence of stress factors may be related
to the salinity resistance characteristics of genotypes.

Based on the research results of Yuzbashioglu
et al., the maximum polymorphism value of Houba

retrotransposons studied by the IRAP marker method
in the callus samples of the plant was 52% [28]. In
another study by Kartal-Alacam et al., the value
of polymorphism of Sukkula retratransposon in callus
tissue samples of barley plants was calculated to be 61%
[29]. Although these results are close to our results, they
are relatively low. We can attribute this to twofold stress
factors and genotypic characteristics because both cultural
conditions and the influence of the selective environment
affect the plant more as a stress factor.

These processes that occur under in vitro cultivation
conditions can be explained by the destabilization
of the genetic and epigenetic program of the plant tissue.
This can lead to chromosomal changes (small insertions/
deletions) that induce somaclonal variations, as well as
DNA sequence methylation and transposon activation
[30, 31]. Changes in the genome as a result of increased
mobility of retrotransposons in in vitro culture can lead
to phenotypic and genotypic diversity of plants. If we
take into account epigenetic changes as the main source
of reconstruction of plant-regenerants under these
conditions, then the idea that these changes are supported
by the activity of retrotransposons is confirmed. According
to Reinders et al., retrotransposons are activated in response
to salt stress and increase the adaptation of plants to abiotic
stresses by causing genuine genetic or epigenetic changes
[6]. So, in our study, the location of callus No 1, 4, and 6,
and leaf sample No 8 and 4 in a single cluster allows
us to say that they are more tolerant compared to other
samples. Therefore, the control variants of Jumhuriyet
100 and Gyrmyzy bugda, Nurlu 99 callus samples treated
with 200 mM NaCl were more tolerant. We can also say
that Nurlu 99 leaf samples treated with 150 mM salt
and Gyrmyzy bugda control variants were more tolerant
forms compared to others.

Based on the fact that retrotransposons, SUKKULA
specific for barley, HOUBA specific for rice, and SIREI
specific for soybean were detected in the three wheat
genotypes using the IRAP marker method. It can be
suggested that these mobile elements might enter
the genome sequence during the evolution of the plant
when wheat was domesticated. Therefore, horizontal
transfer (HT) of genetic information through reproduction
serves to protect the integrity of eukaryotes as well as plant
species [32]. Although horizontal transfer mechanisms
in plants are still not fully elucidated, according to
Hou et al., HT is considered an important pathway for
the innovation and evolution of host genomes [33]. In
our studies, the detection of retrotransposons of rice,
barley, and soybean in the genome of wheat cultivars
allowed the creation of homomorphic band profiles.
Avni’s view that this event was the major event in wheat
genome formation, along with allopolyploidization, is
consistent with our reasoning [34]. However, currently,
there is insufficient information on the determination
of retrotransposons characteristic of other plants
in the wheat genome. Therefore, further genomic analyses
are needed to determine at what time these specific
retrotransposons entered the wheat genome.
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Conclusions

The study of epigenetic changes in plants and the analysis
of'the results revealed the presence of SUKKULA, HOUBA,
and SIREI1 retrotransposons specific for barley, rice,
and soybean, respectively, in the wheat genome for the first
time. Based on the results of the research, the determination
of'the activity of retrotransposon polymorphism in both leaf
and tissue culture of the wheat plant has been confirmed.
The idea that it occurs depending on concentrations,
tissue culture conditions, and time has been confirmed.
Activation of retrotransposons in response to salt stress
and the ability to induce genetic or epigenetic changes
increases the adaptation of plants to abiotic stresses.

Conflict of Interest

The authors declare no conflict of interest.

References

1. ALOTAIBI F, ALHARBI S., ALOTAIBI M. AL
MOSALLAM M., MOTAWEI M., ALRAJHI A. Wheat
omics: Classical breeding to new breeding technologies.
Saudi Journal of Biological Sciences. 28 (2), 1433, 2021.

2. OROZCO-ARIAS S., ISAZA G., GUYOT R. Retrotransposons
in plant genomes: Structure, identification, and classification
through bioinformatics and machine learning. International
Journal of Molecular Sciences. 20 (15), 3837, 2019.

3. GALINDO-GONZALEZ L., MHIRI C., DEYHOLOS
M.K., GRANDBASTIEN M.-A. LTR-retrotransposons
in plants: Engines of evolution. Gene. 626, 14, 2017.

4. ALZOHAIRY AM., SABIR JS.M. GYULAI G,
YOUNIS R.A.A., JANSEN R.K. BAHIELDIN A.
Environmental stress activation of plant long-terminal
repeat retrotransposons. Functional Plant Biology. 41 (6),
557, 2014.

5. MIRYEGANEH M. Plants epigenetic mechanisms
and abiotic stress. Genes. 12, 1106, 2021.

6. REINDERS J., WULFF B.B.H., MIROUZE M., MARI-
ORDONEZ A., DAPP M., ROZHON W., PASZKOWSKI
J.  Compromised stability of DNA methylation
and transposon immobilization in mosaic Arabidopsis
epigenomes. Genes and Development. 23 (8), 939, 20009.

7. SEUNG C.L., ROBERT A.M. Regulation of retrotransposition
in Arabidopsis. Biochemical Society transactions. 49 (5),
2241, 2021.

8. GHONAIM M.M.,, MOHAMED H.I., OMRAN
A.A.A. Evaluation of wheat (Triticum aestivum L.)
salt stress tolerance wusing physiological parameters
and retrotransposon-based markers. Genetic Resources
and Crop Evolution. 68 (1), 2020.

9. EL SABAGH A., ISLAM M.S., SKALICKY M., ALI
RAZA M., SINGH K., ANWAR H.M., HOSSAIN M.A.,
MAHBOOB W.,, IQBAL M.A., RATNASEKERA D.,
SINGHAL R.K., AHMED S., KUMARI A., WASAYA A.,
SYTAR O., BRESTIC M., CIG F., ERMAN M., HABIB
UR RAHMAN M., ULLAH N., ARSHAD A. Salinity
stress in wheat (Triticum aestivum L.) in the changing
climate: Adaptation and management strategies. Frontiers
in Agronomy. 3, 661932, 2021.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

DEMAIS S.M.A., ABD EL SABOUR M.S., BAKHIT
M.M., GAD K.I., SALIM T.M.S. The rule of salinity
stress in activation of retrotransposition rate in some
bread wheat genotypes. Journal of Agricultural Chemistry
and Biotechnology. 14 (9), 125 , 2023.

AKLADIOUS S.A., MOHAMED H.I. Ameliorative
effects of calcium nitrate and humic acid on the growth,
yield component and biochemical attribute of pepper
(Capsicum annuum) plants grown under salt stress.
Scientia Horticulturae. 236, 244, 2018.

SAHIN O., KARLIK E., MERIC S., ARI S,
GOZUKIRMIZI N. Genome organization changes in GM
and non-GM soybean [Glycine max (L.) Merr.] under
salinity stress by retro-transposition events. Genetic
Resources and Crop Evolution. 67 (3),2020.
GOZUKIRMIZI N., YILMAZ S., MARAKLI S,
TEMEL A. Retrotransposon-based molecular markers;
Tools for variation analysis in plants. Book: Applications
of Molecular Markers in Plant Genome Analysis
and Breeding, Chapter 2, pp 19—44. Publisher Research
Signpost, Kerala India. 2015.

MUHAMMAD A.J., OTHMAN FEY. Characterization
of fusarium wilt-resistant and fusarium wilt-susceptible
somaclones of banana cultivar rastali (Musa AAB) by
random amplified polymorphic DNA and retrotransposon
markers. Plant Molecular Biology Reporter. 23 (3), 241,
2005.

MARAKLI S., CALIS A. GOZUKIRMIZI N.
Determination of Barley-Specific Retrotransposons’
Movements in Pinus nigra ssp. pallasiana Varieties:
pyramidata and Seneriana. Russian Journal of Genetics. 55
(1), 71, 2019.

ISMAYILOVA G.I. Study of the soybean specific
retrotransposon (SIRE1) in wheat (Triticum aestivum
L.) genotypes grown in vivo and in vitro. Transaction
of the Institute of Molecular Biology and Biotechnologies.
6 (2), 38, 2022.

AUBIN E., EL BAIDOURI M., PANAUD O. Horizontal
gene transfers in plants. Life. 11 (8), 857, 2021.
REBOLLO R., ROMANISH M.T., MAGER D.L.
Transposable elements: An abundant and natural source
of regulatory sequences for host genes. Annual Review
of Genetics. 46 (1), 21, 2012.

MURASHIQE T., SKOOG F.A. A revised medium for
rapid growth and bioassays with tobacco tissue cultures.
Plant Physiology. 15 (13), 473, 1962.

MAMMADOVA M.H., KARAGOZOV T.H., ALIYEV
J.A. Callus formation from the immature embryo of durum
wheat and regeneration of the plant.News of ANAS.
Biological Sciences Series. 189, 1993.

KIDWELL K.K., OSBORN T.C. Simple plant DNA
isolation procedures. Plant Genomes: Methods for Genetic
and Physical Mapping. Kluwer Academic Publishers,
Dordrecht. 1992.

JACCARD P. Nouvelles recherches sur la distribution
florale [New research on floral distrubition]. Bulletin de la
Société Vaudoise des Sciences Naturelles. 44, 223, 1908.
LEIGH F., KALENDAR R., LEA V., LEE D., DONINI
P., SCHULMAN A.H. Comparison of the utility of barley
retrotransposon families for genetic analysis by molecular
marker techniques. Molecular Genetics and Genomics.
269 (4), 464, 2003.

VITTE C., PANAUD O. LTR retrotransposons
and flowering plant genome size: emergence of the increase/
decrease model. Cytogenetic and Genome Research. 110
(1-4), 91, 2005.



14

Gunay Ismayilova Ilman, et al.

25. CHESNAY C., KUMAR A., PEARCE S. Genetic diversity
of SIRE-1 retroelements in annual and perennial glycine
species revealed using SSAP. Cellular and Molecular
Biology Letters. 12 (1), 2007.

26. MITA P, BOEKE J.D. How retrotransposons shape
genome regulation. Current Opinion in Genetics &
Development. 37, 90, 2016.

27. BEDNAREK P.T., ORLOWSKA R. Plant tissue culture
environment as a switch-key of (epi)genetic changes. Plant
Cell, Tissue and Organ Culture. 140 (2), 245, 2019.

28. LUCIBELLI F., VALOROS M.C., ACET S. Plant
DNA methylation: An epigenetic mark in development,
environmental nteractions, and evolution. International
Journal of Molecular Sciences. 23 (15), 8299, 2022.

29. MIRANI A.A., TEO C.H., MARKHAND G.S,
ABUL-SOAD A.A., HARIKRISHNA J.A. Detection
of somaclonal variations in tissue cultured date palm
(Phoenix dactylifera L.) using transposable element-based
markers. Plant Cell, Tissue and Organ Culture. 141 (1),
119, 2020.

30.

31.

32.

33.

34.

YUZBASHIOGLU G., YILMAZ S., GOZUKIRMIZI N.
Houba retrotransposon-based molecular markers: a tool for
variation analysis in rice. Turkish Journal of Agriculture
and Forestry. 40, 456, 2016.

KARTAL-ALACAM G., YILMAZ S., MARAKLI S.,
GOZUKIRMIZI N. Sukkula retrotransposon insertion
polymorphisms in barley. Russian Journal of Plant
Physiology. 61 (6), 828, 2014.

EL BAIDOURI M., CARPENTIER M.-C., COOKE R.,
GAO D., LASSERRE E., LLAURO C., MIROUZE M.,
PICAULT N., JACKSON S.A., PANAUD O. Widespread
and frequent horizontal transfers of transposable elements
in plants. Genome Research. 24 (5), 831, 2014.

HOU F., MA B., XIN Y., KUANG L., HE N. Horizontal
transfers of LTR retrotransposons in seven species
of Rosales. Genome. 61 (8), 587, 2018.

AVNI R., NAVE M. BARAD O. BARUCH K,
TWARDZIOK S.O0., GUNDLACH H. Wild emmer
genome architecture and diversity elucidate wheat
evolution and domestication. Science. 357, 93, 2017.



