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Abstract. Due to the increase in human population and anthropogenic factors, agricultural lands have
been affected by salinization and heavy metal pollution has increased. In this study, the effects of
cadmium and salt interactions on Konya - 2002 and Dagdas - 94 varieties of Triticum aestivum L.
seedlings were investigated. Catalase and glutathione reductase activities were determined as well as
proline content and expression of TaMYB73, TaSRG and TaERF1 genes. Cd and salt applications caused
an increase in catalase, glutathione reductase activities and free proline content in both cultivars. With Cd
and salt applications, Dagdas - 94 variety was more resistant than Konya - 2002. TaMYB73 expression
did not increase under either treatment. Dagdas exhibited the highest increase in gene expression. High
NacCl and Cd concentrations caused an increase in ERF1 expression in Dagdas variety. Increased TaSRG
expression in Dagdas under low NaCl concentrations has probably been associated with salt tolerance.
Increased TaSRG expression with Cd administration in Konya probably corresponded to genes related to
Cd resistance.
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Introduction

Cereals meet half of the protein and carbohydrate requirements of humans.
Therefore, they rank first among the cereals cultivated (Duran et al., 2007).

Currently, abiotic stress (including temperature, water, light, NaCl and pH) leads to
the loss of more than half of the product. Salinity affects the yield of soils used to
cultivate wheat (Triticum aestivum L.), leading to the inefficiency of 10 million hectares
of land annually. Salt stress is mainly caused by evaporation and lack of rainfall (Dogan
and Carpici, 2015).

Salt stress reduces the growth and yield of plants, especially in climatic zones with
low rainfall. Salinity is a major threat to modern agriculture, hindering crop growth and
development (Isayenkov and Maathius, 2019). Salts in the soil dissolve with irrigation
and rainfall; leaking to lower soil layers; and may even reach the sea, which can mix
with groundwater. In arid regions, salt washing and evaporation lead to the
accumulation of salt on the soil surface referred to as salt stress.

High concentrations of salt ions in salty soils lead to reduced water absorption in
plants, rendering toxic effects and enzymatic activity changes. The deterioration in the
ion balance and lack of water reduces the nutrient transport and membrane permeability
of plants. Vital functions in plants such as photosynthesis and respiration are inhibited;
the growth of roots and aboveground parts is retarded; and the number of buds
decreases.

According to Dogan and Carpict (2015), salty lands were reportedly improved by the
elimination of infertile effects of saline soils; however, the methods for this
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improvement are time - consuming and exhausting. Therefore, the selection of salt-
resistant species and varieties in saline soils is very important. Species grown in suitable
environments will increase the yield, and hence wheat production.

Currently, heavy metal pollution is gradually increasing worldwide due to
industrialization and human activities. Cadmium (Cd, the atomic number of 48) is a
heavy metal that exerts a serious threat to human health; it is one of the most dangerous
heavy metal pollutants in the ecosystem, and it is toxic to living organisms. Due to the
long - term use of phosphorous manure and sewage sludge, low or moderate
concentrations of cadmium are observed in agricultural soils in several parts of the
world (Tirry et al., 2018). Meanwhile, proline is a key osmoregulatory amino acid that
ensures the integrity of proteins as well as activates enzymes in plants under salt (NaCl)
stress. Proline content increases when plants are exposed to stress conditions (Oncel et
al., 2000).

Heavy - metal contamination in plants causes genotoxic effects; thus, mutation - like
changes are observed in the DNA structure. Batir (2014) has examined the effect of lead
(Pb) and copper (Cu) on artichoke (Cynara scolymus L.) seedlings by physiological,
biochemical and molecular methods. Different concentrations of heavy metals lead to a
decrease in the root length and ratio of the total soluble protein in seedlings. The
randomly amplified polymorphic DNA - polymerase chain reaction Randomly
Amplified Polymorphic DNA - Polymerase Chain Reaction (RAPD - PCR) screening
method was employed to determine the genotoxic effects of heavy metal stress on
seedlings. Compared to control group seedlings, those exposed to heavy metal stress
exhibit different changes such as new bands and/or loss of bands in their RAPD
profiles. As a result, the genomic template stability of artichoke seedlings exposed to Pb
and Cu stress changes according to their RAPD profiles.

He et al. (2012) have reported that the TaMYB73 (myeloblastosis oncogene) gene
stimulates NaCl dehydration and several phytohormones under NaCl stress conditions
and that the overexpression of the relevant gene increases the tolerance to salt stress by
playing a role in the ionic stress response in Arabidopsis. MYB is a transcription factor.
Previously, the MYB transcription factor has been reported to play a role in plant
responses to biotic and abiotic stresses, cell development and signal transfer (Wang et
al., 2016).

He et al. (2011) have reported that the wheat TaSRG gene serves as a transcription
agent in plant varieties and increases tolerance. Also, in their study, the TaSRG gene
function is related to salt tolerance. Ethylene - responsive factor (ERF) transcription
factors constitute a family including 147 members according to plant species. The ERF
gene expression is crucial for adaptation to several biotic and abiotic stresses (Cheng et
al., 2013).

Wheat plays an important role in the nutrition of the population in the world and
Turkey. Abiotic factors such as salt and heavy metal pollution are known to decrease
wheat yield. Therefore, the selection of both stress-resistant wheat varieties is a decisive
factor for agricultural production. It is known that plants develop tolerance to stress
factors. It is important to determine the biochemical, physiological and molecular
mechanisms that ensure the tolerance of wheat to salt and heavy metal stress.

Owing to the limited number of studies on the salt application in wheat seedlings
exposed to heavy metal stress, in this study, effects of the applications of salt (100 mM,
200 mM), cadmium (10 mM) and salt—-cadmium (100 mM NaCl + 10 mM Cd, 200 mM
NaCl + 10 mM Cd) on the free proline content, as well as CAT and GR activities, on
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wheat (T. aestivum L. cv. Konya - 2002, Dagdas - 94) seedlings were investigated, and
biochemical parameters, as well as TaMYB73, TaSRG, TaERF transcription factors,
were examined by molecular biological methods. Also, the Konya - 2002 and
Dagdas - 94 wheat varieties were compared in terms of the specified parameters, and
whether these varieties exhibit tolerance to different salt concentrations and Cd stress
was investigated. Biochemical studies were spectrophotometrically conducted for CAT
and GR activities and free proline content, and real-time PCR (RT - PCR) was
employed for TaMYB73, TaSRG and TaERF.

Materials and Methods
Materials

Wheat is one of the most important cereal in Turkey. Therefore, our study common
varieties of wheat produced in Turkey (T. aestivum L. cv. Konya - 2002 and
T.aestivum L. cv Dagdas -94) were used. Wheat seeds were obtained from the
Directorate of Bahri Dagdas International Agricultural Research Institute (Konya,
Turkey). The Konya - 2002 wheat variety is known to be sensitive to drought but
exhibits good resistance to incubation, winter and cold (Anonym, 2020). The
Dagdas - 94 wheat variety is known to be resistant to drought, incubation and cold
(Oztiirk and Aydin, 2017).

Methods
Plant Growth Conditions

Seeds were sterilized by 20 - min incubation in a 2% sodium hypochlorite solution,
washed with pure water, and incubated in pure water for 1 h to swell. Then, the seeds
were placed in perlite - containing pots and incubated at 24 + 2 °C for germination. The
seeds were watered with 200 mL of pure water on average for 7 days and transferred to
1 - L plastic pots containing the Arnon—-Hoagland nutrient solution after germination.
Seedlings in the plastic pots were grown at 24/16 °C day/night conditions for 5 days. At
the end of the fifth day, the pots were divided into 12 groups (Oncel et al., 2000; Ergiin
and Oncel, 2012).

Group 1 (Konya control): The growth conditions (24/16 °C day/night) were
ma'i1ntained constant since the day the seedlings were taken into the water culture on the
10" day.

Group 2 (Konya NaCl 100 mM): The seedlings were treated with 100 mM NaCl on
the 6" day.

Group 3 (Konya cadmium group): The seedlings were treated with 10 mM Cd at the
beginning of the 6" day.

Group 4 (Konya NaCl 100 mM + cadmium): The seedlings were treated with 100
mM NaCl and 10 mM Cd at the beginning of the 6" day.

Group 5 (Konya NaCl 200 mM): The seedlings were treated with 200 mM NaCl on
the 6'" day.

Group 6 (Konya NaCl 200 mM + cadmium): The seedlings were treated with 200
mM NaCl and 10 mM Cd at the beginning of the 6" day.

Group 7 (Dagdas control): The growth conditions (24/16 °C day/night) were
mari1ntained constant since the day the seedlings were taken into the water culture on the
10" day.
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Group 8 (Dagdas NaCl 100 mM): The seedlings were treated with 200 mM NaCl on
the 6" day.

Group 9 (Dagdas cadmium group): The seedlings were treated with 10 mM Cd at the
beginning of the 6" day.

Group 10 (Dagdas NaCl 100 mM + cadmium): The seedlings were treated with
100 mM NaCl and 10 mM Cd at the beginning of the 6™ day.

Group 11 (Dagdas NaCl 200 mM): The seedlings were treated with 200 mM NacCl
on the 6" day.

Group 12 (Dagdas NaCl 200 mM + cadmium): The seedlings were treated with
200 mM NaCl and 10 mM Cd at the beginning of the 6" day.

In our study, each experiment was conducted in triplicate. During the experiment, the
location of the containers was randomly changed in a clockwise direction. The wheat
seedlings were harvested on the 10" day. After harvesting, the shoot parts of the
seedlings were cut into small pieces for some analyses (i.e. CAT, GR and free proline),
labelled according to the group number of the seedlings and stored at —80 °C in a deep
freezer. Samples were repeatedly prepared three times. The SPSS program was used for
statistical analysis. Arithmetic means standard deviations and standard errors of the
experimental results were calculated. Duncan’s multiple range test was employed to
determine the significant differences between means.

Glutathione reductase (GR) activity was measured according to Cakmak and
Marschner (1992) and Cakmak (1994). Catalase enzyme activity (CAT) was measured
at 240 nm in a spectrophotometer due to the fragmentation rate of H2O,. The reaction
mixture consists of (1 ml), 50 mM phosphorus buffer (pH 7.6), 0.1 mM EDTA,
100 mM H202 and enzyme extract (Cakmak and Marschner, 1992). Free proline
extraction and determination made according to Bates et al. (1973).

Determination of gene expressions was measured the wheat samples were exposed to
cadmium and salt stresses and grown under specific conditions for a certain period.
Then, leaf samples were collected after harvest and placed in liquid nitrogen. The
samples were stored at —80 °C until RNA analyses were performed. For total RNA
isolation and reverse transcription about 1 g of wheat leaves divided into small pieces
and taken into 2 ml tube and these analyzes was made considering the work of Ergiin et
al. (2014).

Quantitative real-time PCR (Q - PCR) Protocol; The Biospeedy™ Relative Count
Kit (Turkey) was used to determine the gene expression level in 12 wheat samples
exposed to different stress factors. All genes were studied in 3 replicates and 2 * - AACt
Method (Livak and Schmittgen, 2001) was used for the experiment.

The kit included target genes of the MYB73 gene encoding putative transcription
factor, ERF1 gene encoding ethylene-responsive factor 1, and T. aestivum salt response,
or TaSRG, gene. Actin was used as the housekeeping gene, which encodes a protein in
wheat, to normalize expression levels of target genes. The kit included primers specific
to the housekeeping and target genes as well as the enzymes and buffers required for
RT - PCR.

The Roche LC 96 (Roche, Switzerland) RT - PCR instrument was employed for all
reactions. The reaction contained 1.5 mM MgClz, 0.2 mM dNTP mix, 1x reaction
buffer, 0.1U Fast Start Tag DNA polymerase, 1x EvaGreen, 4 ng/uL of template cDNA
and 0.5 uM of each primer. In the instrument, annealing temperatures specific to the
primer pairs (Table 1) and the optimized reaction cycle temperatures were utilized.
During qPCR, melt curve analysis was performed only between 65 °C and 98 °C to
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ensure that only the desired product was amplified. gPCR data were analysed by Roche
Lightcycler 96 Software 1.1.

Table 1. Names, code names, sequences and amplicon lengths of the primers used in the
study

. o Annealing
Primer Name Sequence (5' - 3") Temperature °C Reference
TaSRG - F (T.
aestivum salt response| GAAGATGGAGGTCAGGGACA Ergiin, Kolukurik,
gene) 56 2014
TaSRG - R AGCTCTTGCTGAGAGGCTTG
ActinF GTCGGTGAAGGGGACTTACA 5 Ergiin, Kolukirik,
ActinR TTCATACAGCAGGCAAGCAC 2014
ERF1 - F (Ethylene - .
responsive factorl) | 1CCTCTGATGGGTGATGCTA o Ergiin, Kolukirik,
ERF1-R AGGGCATGTCATCAAAGGTC 2014
MYB73-F
(myeloblastosis GACAGCTTCTGGTCGGAGAC Ergiin, Kolukirik,
oncogene) b4 2014
MYB73-R CGACGACGGCGATAAACTAT

Data Evaluation

The data of the study group were shown as mean + standard error. The data related to
the application groups were analyzed with One-Way Anova in SPSS 22.00 program and
the differences between the means were compared with Duncan multiple comparison
test (SPSS, 2019). For gene analysis; Arc Stat XLISPPLUS version 3.04
(http://www.stat.umn.edu/arc/software.html) software was employed for PCR data, and
the MacAnova (http://www.stat.umn.edu/macanova/) program was employed for
variance analysis. Fisher’s protected least - significant test was employed to compare
the mean threshold cycle values (Ct) (p < 0.05).

Results

The obtained results were examined to determine the differences between the control
group wheat seedlings (T. aestivum L. cv. Konya - 2002 and T. aestivum L. cv.
Dagdas - 94) and seedlings exposed to salt and Cd. The CAT and GR activities and
proline accumulation in wheat seedlings, as well as RT - PCR analyses of TaMYB73,
TaSRG and TaERF1 transcription factors expressed under stress conditions, were
investigated.

Effects on Catalase and Glutathione Reductase Activities

The CAT activity in wheat seedlings of the Dagdas - 94 variety was greater than that
of the Konya - 2002 variety (p < 0.01). Compared to the salt application (p < 0.05), by
the Cd application, the CAT activity increase was greater for the wheat seedlings of the
Dagdas - 94 variety (Fig. 1).
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Figure 1. Changes in the catalase activity of wheat (T. aestivum L. cv. Konya - 2002 and
T. aestivum L. cv. Dagdag - 94) samples grown under 100 mM NacCl, Cd, 100 mM NacCl + Cd,
200 mM NaCl and 200 mM NaCl + Cd conditions (n = 3)

By applications of 10 mM Cd and 200 mM NaCl + 10 mM Cd compared to the
control, the Konya - 2002 seedlings exhibited an ~2 - fold increase in the GR activity.
By applications of 10 mM Cd and 200 mM NaCl + 10 mM Cd compared to the control
(p < 0.01), the Dagdas - 94 seedlings exhibited an ~3 - fold increase in the GR enzyme
activity (Fig. 2).

1,60 -
1,40 -
1,20 -
1,00 -
0,80 -
0,60
0,40
0,20
0,00

#KONYA-2002
- DAGDAS-94

GR (umol/min/g.F.W.)

CONTROL 100 mM Cd 100 mM 200 mM 200 mM
NacCl NaCl+Cd NaCl NaCl+Cd

Figure 2. Changes in the glutathione reductase activity of wheat (T. aestivum L. cv. Konya -
2002 and T. aestivum L. cv. Dagdas - 94) samples grown under 100 mM NaCl, Cd, 100 mM
NaCl + Cd, 200 mM NaCl and 200 mM NaCl + Cd conditions (n = 3)

Proline Content

The accumulation of proline increased with stress application in both wheat varieties.
The amount of proline in wheat seedlings of Konya - 2002 variety increased by 10 times
more than the control samples by the application of 200 mM NaCl (p < 0.01). By the
application of 200 mM NaCl + 10 mM Cd compared to the Cd only application, the
Konya - 2002 seedlings exhibited an ~11 - fold increase in the proline accumulation. In
Dagdas - 94 seedlings, the proline accumulation increased 3 - fold by the 100 mM NaCl
application, 5 - fold by the 100 mM NaCl + Cd application, 8 - fold by the 200 mM
NaCl application, 7 - fold by the 200 mM NaCl + Cd application compared to the
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control group and Cd only application. Hence, the increase in proline accumulation
corresponds to the salt application (p < 0.01) (Fig. 3).
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Figure 3. Changes in the content of free proline in wheat (T. aestivum L. cv. Konya - 2002 and
T. aestivum L. cv. Dagdas - 94) samples grown under 100 mM NacCl, Cd, 100 mM NaCl + Cd,
200 mM NaCl and 200 mM NaCl + Cd conditions (n = 3)

Gene Expressions and Results

mMRNA transcription in T. aestivum L. cv. Konya - 2002 and Dagdas - 94 varieties
exposed to salt and heavy metals were examined by quantitative mRNA analyses via
RT - PCR. In gPCR, the number of cycles at which DNAs started to undergo
logarithmic amplification (Ct) was less than 35, indicative of efficient DNA
amplification. As only one temperature corresponded to each gene in the melt curve
analysis, the experimental findings were assessed to be positive. The specific melting
temperatures of PCR products were 84.00 £ 0.50, 88.00 £ 1.00, 86.00 = 1.00 and
87 £ 0.50 °C for actin, MYB, ERF and SRG, respectively.

TaMYB73 Gene Results

In this study, the TaMYB73 gene expression in all samples decreased by the
application of Cd and NaCl compared to the control. Under control conditions, the
TaMYB73 gene expression was ~50% greater in the Konya - 2002 seedlings than in the
Dagdas - 94 seedlings (p <0.01) (Fig. 4).

TaSRG Gene Results

The TaSRG gene expression is known to be associated with salt tolerance in plants.
The increase in the TaSRG expression in Dagdas - 94 seedlings exposed to low salt
concentrations may be associated with the increase in salt tolerance in the relevant
variety. Herein, the cadmium salt CdCl> was used as the heavy metal. The increase in
the TaSRG expression in the Konya - 2002 variety by the application of Cd was
possibly related to the genes related to Cd stress resistance in the relevant variety. By
the comparison of the Konya - 2002 and Dagdas - 94 varieties of T. aestivum L. wheat
seedlings, the Dagdas - 94 seedlings exhibited an ~3 - fold increase in the TaSRG gene
expressions under 100 mM NaCl conditions compared to the control. In contrast, gene
expression was reduced by 50% in 200 mM salt administration compared to control and
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by ~ 90% compared to 100 mM salt administration (p <0.01). By the application of Cd,
the SRG rate the Konya - 2002 variety exhibited a 7 - fold greater increased than that
observed for the Dagdas - 94 variety. Herein, the TaSRG ratio decreased by the
applications of 100 mM NaCl + 10 mM Cd, 200 mM NaCl and 100 mM NaCl + 10 mM
Cd compared to the control in both cultivars (p < 0.01) (Fig. 5).
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Figure 4. Changes in the TaMYB73 gene expression in wheat (T. aestivum L. cv. Konya - 2002
and T. aestivum L. cv. Dagdas - 94) samples grown under 100 mM NacCl, Cd, 100 mM NaCl +
Cd, 200 mM NaCl and 200 mM NaCl + Cd conditions (n = 3)
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Figure 5. Changes in the TaSRG gene expression in wheat (T. aestivum L. cv. Konya - 2002 and
T. aestivum L. cv. Dagdas - 94) samples grown under 100 mM NacCl, Cd, 100 mM NaCl + Cd,
200 mM NaCl and 200 mM NaCl + Cd conditions (n = 3)

TaERF - 1 Gene Results

By the applications of salt, Cd and salt + Cd compared to the control (p < 0.01), the
Konya - 2002 variety exhibited a 0.25 - fold decrease in the TaERF1/actin ratio.
Applications of salt and Cd led to the decrease in the TaERF1/actin ratio; however, by
the application of 200 mM NaCl + Cd (p < 0.01), the Dagdas - 94 variety exhibited an
~3 - fold increase in the TaERF1/actin ratio (Fig. 6).
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Figure 6. Changes in the TaERF - 1 gene expression in wheat (T. aestivum L. cv. Konya - 2002
and Dagdas - 94) samples grown under 100 mM NacCl, Cd, 100 mM NaCl + Cd, 200 mM NacCl
and 200 mM NaCl + Cd conditions (n = 3)

Discussion

It is known, that salinity and heavy metals can cause significant changes in plant
expressed genes and metabolism, depending on the plant species, the environment in
which they grow. In our study, it was determined that salt and Cd applications in wheat
seedlings of Konya - 2002 and Dagdas - 94 varieties caused changes in CAT and GR
activity levels from antioxidant enzymes.

Antioxidant enzyme levels of plants significantly increase due to stress under stress
conditions such as salt and heavy metals, and this increase is related to the elimination
of antioxidant compounds. Herein, the significant increase in the GR and CAT activities
by the applications of NaCl and Cd in both varieties was hypothesized to be related to
the removal of free radicals from the environment.

Ozcubukgu et al. (2014) have reported the effects of waterlogging (WL) and nitric
oxide (NO) in two wheat varieties: Compared to Dogankent seedlings, Ducula - 4
seedlings exhibit a higher CAT activity increase under WL stress, and Ducula - 4
seedlings exhibit an increase in the GR activity under WL - NO conditions, especially at
the 48" h and 72" h.

Glycine, betaine, proline and soluble carbohydrates exhibit osmoregulatory features;
therefore, their concentrations increase under abiotic stress conditions such as salinity
and temperature (Ergiin and Oncel, 2012; Ergiin et al., 2014; Ozcubukgcu et al., 2014).
Proline is a hydrophilic amino acid. Its protective function can be achieved by using
glycine, betaine and methionine in some plants. Proline is a key osmotic regulator that
ensures the integrity of proteins in plants under salt stress (Ergiin and Oncel, 2012).

Plants morphologically, physiologically, and biochemically have been reported to
adapt to salinity and water scarcity conditions. These changes occur through gene
expressions (Rahaie et al., 2010). MYB transcription factors play an important role in
abiotic and biotic stress conditions in plants (Wei et al., 2017). In Wei et al. (2017)
TaODORANT1, and R2R3-MYB gene was cloned in wheat (Triticum aestivum L.).
This gene localized in the nucleus. Their results revealed that TaODORANT1
overexpression regulated the expression of stress-related genes and some ROS in
response to both salt and drought. Wei et al. (2017) reported that TaODORANT1
positively regulated the plant's tolerance to drought and salt stress.

Under salt stress conditions, the TaMYB73 gene has been reported to stimulate NaCl
dehydration and various phytohormones, and the overexpression of the relevant gene
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increases the tolerance to salt stress by playing a role in the ionic stress response in
Arabidopsis (He et al., 2012).

Ozgubukgu et al. (2014) have reported that the MYB2 gene expression increases by
the application of WL and WL + NO in T. aestivum L. cv. Dogankent and
T. aestivum L. cv. Ducula - 4 wheat seedlings in the first hours of the experiment. MYB
is @ common transcription factor in plants. The MYB transcription factor has been
reported to play a role in plant responses to biotic and abiotic stresses, cell development,
signal transfer, etc. (Wang et al., 2016).

The T. aestivum salt response gene analysis revealed that the expression of the
relevant gene is affected by NaCl, heavy metals and other stress conditions.

Stress - sensitive genes such as SRG genes are involved in the gene expression
regulation (Garg and Kumari, 2016). He et al. (2011), have reported that the wheat
TaSRG gene acts as a transcription agent in plant varieties and increases tolerance.
Also, they have reported that the TaSRG gene function is associated with salt tolerance.
Cui et al. (2020) stated that the Arabidopsis zinc finger proteins SRG2 and SRG3 are
positive regulators of plant immunity.

Salt stress causes the expression of several genes in plants. These genes encode
proteins with different functions, osmotic regulators (Tamura et al., 2003), ion channels
(Ward and Schroeder, 1994), carriers (Klein et al., 2004), antioxidant and deoxidant
proteins and proteins regulated with special transcription factors (He et al., 2011).

Ethylene is a hormone that regulates physiological conditions in plants, such as fruit
development, maturation and ageing. Under abiotic and biotic stress conditions, ERF
transcription factors regulate gene expressions.

Factors such as salinity, waterlogging and heavy metal stress adversely affect the
growth and yield of plants. Plants exhibit various biochemical and physiological
adaptations to abiotic stresses (Cheng et al., 2013). Some plants respond to stress
conditions by the increase in various gene expressions. ERF1 transcription factors are
among those responsible for the adaptation to biotic and abiotic stress. The
overexpression of ERF1 has been reported to increase the tolerance to salt and drought
in Arabidopsis (Cheng et al., 2013). Ethylene Sensitive Factor (ERF) plays a role in a
variety of plant growth and stress processes (Zhang et al., 2020). TaERF8, a new
member of the ERF family, isolated from wheat. Researchers have shown that TaERF8s
play a role in the regulation of wheat growth and development.

Ergiin et al. (2014) have investigated the effects of heavy metals and temperature to
T. aestivum L. cv. C - 1252 and Giin - 91 wheat seedlings and reported that the
TaMYB73, TaERF1 and TaSRG expressions increase with Cr and temperature,
possibly related to the genes regulating Cr and temperature responses in wheat.

Wheat seedlings were exposed to salt and heavy metal stress conditions to determine
their effects on the development of wheat seedlings, as well as some physiological and
biochemical parameters, and examine the expression of some genes under these
conditions. Changes in the growth and development of wheat seedlings due to salt and
cadmium were examined. Analysis results revealed that the relevant applications lead to
the increase and decrease of some parameters.

The antioxidant enzyme content is known to increase in plants under stress, and these
enzymes remove free radicals (e.g. OH-, H" and H20,) from cells. CAT and GR
enzyme activities increased by NaCl and Cd applications, and the increase in the
Dagdas - 94 variety was greater than in the Konya - 2002 variety, possibly suggesting
that the Dagdas - 94 variety responds to stress better than the Konya - 2002 variety. The
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significant increase in GR and CAT activities and the increase in the relevant enzymes
were hypothesized to be associated with the removal of free radicals from the
environment.

The accumulation of free proline in wheat seedlings of the Konya - 2002 and
Dagdas - 94 varieties increased by applications of 100 mM NaCl, 100 mM NaCl +
cadmium, cadmium, 200 mM NaCl + cadmium and 200 mM NaCl. This result was
supported by previous studies in that the proline content in plants increases under all
stress conditions. Herein, the proline accumulation increased with the salt concentration
for the Konya - 2002 and Dagdas - 94 wheat seedlings; 4 - fold by the low -
concentration salt application; 5 - fold by the 100 mM NaCl application and 10 - fold by
200 mM NaCl and 200 mM NaCl + Cd applications compared to the control. The
increased accumulation of free proline was possibly related to stress-induced
osmoregulation in the plant. Expression of TaMYB73 and TaERF1 genes in both
varieties decreased by heavy metal and NaCl applications compared to the control. By
the application of 200 mM NaCl + 10 mM Cd compared to the control, the Dagdas - 94
variety exhibited a 3 - fold increase in the TaERF gene expression. The Dagdas - 94
variety of wheat seedlings are resistant to drought. Indeed, the increase in the TaERF1
gene expression by the application of 200 mM NaCl + 10 mM Cd was possibly related
to the fact that the TaERF1 gene expression increases the salt tolerance of plants. By the
low - concentration salt application compared to the control, the Dagdas - 94 variety
exhibited a 3 - fold increase in the TaSRG gene expression; on the other hand, by the
application of Cd compared to the control, the Konya - 2002 variety exhibited a 4 - fold
increase in the TaSRG gene expression. On the other hand, the TaSRG ratio decreased
by applications of high salt and NaCl + Cd compared to the control.

Conclusion

Abiotic stresses such as salinity and heavy metal stress significantly limit agricultural
production. In this study, it is thought that wheat seedlings of Dagdas - 94 variety are
more resistant to salt and cadmium applications than Konya - 2002 variety. Also, the
manipulation of salinity tolerance by various genes limits developments in this area.
Therefore, more studies are needed to determine enzyme and gene activities, as well as
the application of various concentrations to better understand the interactions of salt,
cadmium and salt-cadmium interactions.
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