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In this study, the effect of heat and chromium (Cr) heavy metal interactions on wheat seedlings (Triticum 
aestivum L. cv. Ç-1252 and Gun91) was investigated by measuring total chlorophyll and carotenoid lev-
els, catalase (CAT) and ascorbate peroxidase (APX) antioxidant enzyme activities, and MYB73, ERF1 and 
TaSRG gene expression. Examination of pigment levels demonstrated a decrease in total chlorophyll in 
both species of wheat under combined heat and heavy metal stress, while the carotenoid levels showed a 
slight increase. APX activity increased in both species in response to heavy metal stress, but the increase 
in APX activity in the Gun91 seedlings was higher than that in the Ç-1252 seedlings. CAT activity 
increased in Gun91 seedlings but decreased in Ç-1252 seedlings. These results showed that Gun91 seed-
ling had higher resistance to Cr and Cr + heat stresses than the Ç-1252 seedling. The quantitative molecu-
lar analyses implied that the higher resistance was related to the overexpression of TaMYB73, TaERF1 
and TaSRG transcription factors. The increase in the expression levels of these transcription factors was 
profound under combined Cr and heat stress. This study suggests that TaMYB73, TaERF1 and TaSRG 
transcription factors regulate Cr and heat stress responsive genes in wheat.
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INTRODUCTION

Heat is one of the most important abiotic factors affecting the growth and develop-
ment of plants. It has been reported that the oxidation of constituents of plant mem-
branes increases under heat stress conditions [5]. In addition to metabolic changes 
�������������� ������!� ��� ��������� ��� �������	������� �
���������
��
�� �
��� ������-
cantly affects plant growth and development. For example, by inducing lipid peroxi-
dation caused via oxidative stress, Cr leads to the inactivation of some antioxidant 
enzymes, such as superoxide dismutase (SOD), catalase (CAT) ascorbate peroxidase 
(APX) and glutathione reductase (GR) and causes damage to membranes and photo-
synthetic pigments [19]. Environmental changes alter the biochemical and physiolog-
ical processes of plants, resulting in changes in their metal sensitivity [15]. Moreover, 
heavy metal toxicity has been reported to increase with temperature [9, 18].
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Chromium (Cr) is a highly toxic heavy metal that is present in the environment as 
a result of industrial and agricultural activities and its accumulation in plants results 
in phenotypic symptoms associated with toxicity [22]. Cr exists in several forms 
including the most stable forms, Cr(III) and Cr(VI). In biological systems, the highly 
water-soluble Cr(VI) form is more mobile and more toxic than Cr(III) [19, 22]. 
Accumulation of high levels of metal in plant tissues affects negatively several meta-
bolic processes, including photosynthesis [8, 19], enzyme activity and chlorophyll 
biosynthesis [8]. 

In 2004, the worldwide wheat cultivation area was 215 million hectares, with a 
production of 628 million tons [7]. Wheat constitutes the basic nutrient for 35% of 
the world’s population and provides 20% of daily calory intake. Losses caused by 
abiotic stress substantially limit wheat production and greatly impact worldwide food 
reserves. Improving wheat’s level of abiotic stress tolerance has become a key objec-
tive in many wheat breeding programs. 

Abiotic stress can induce the expression of many genes in plants [23]. These genes 
encode proteins of diverse functions, including molecular chaperons, osmoregulator 
proteins [25], ion channels [28], transporters [13], and proteins [2]. Transferring these 
complex mechanisms to another species is a big challenge. 

The most viable approach is to uncover abiotic stress tolerance mechanisms in the 
�������� ������ �����	���� ���� ������� �� ��� �
� 
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�����������������������������������	��������������
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(TFs) that regulate stress tolerance genes [14, 24]. DREB or CBF, MYB, ERF, bZIP, 
���� |���"�������b�� ��	�� ����� ���������� ���� ������ �������� ���� ����������|�����b��
roles in regulation of stress have been described. Among these TFs, MYB TF gene 
TaMYB73 [11], ERF TF gene TaERF1 [29] and a recently found TF TaSRG gene [10] 
are the most promising candidates for regulation of stress tolerance genes in wheat. 
�������b���������������������
�������������
��������������
�������������������

A limited number of studies have investigated the effects of heat and heavy metal 
interactions on plants. It is also highly possible that TaMYB73, TaERF1 and TaSRG 
TFs play pivotal roles in wheat tolerance to the heat and heavy metal stresses. This 
study investigated the effects of chromium on Triticum aestivum L. cv. Gun91 and 
Ç-1252 wheat seedlings in the presence or absence of high temperature [40/30 °C 
day/night). The total chlorophyll (a + b) and carotenoid amounts were measured under 
Cr alone and Cr + heat conditions. Furthermore, CAT and APX antioxidant enzyme 
activities and the expression levels of the MYB73, ERF1 and TaSRG genes were also 
determined.

MATERIALS AND METHODS

Triticum aestivum L. cv. Ç-1252 and Gun91, a wheat species widely grown in Turkey, 
were obtained from the Agricultural Institute of Ankara. Gun91 varieties of bread 
used in our study, cold, winter hardiness and drought-resistant variety. Ç-1252 durum 
wheat varieties resistant to the cold and winter (www.tarlabitkileri.gov.tr). Wheat 
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seeds were sterilized with a 2% sodium hypochlorite (NaOCl) solution [24] for 20 
minutes. The seeds were grown in pots containing a mixture of sand and perlite (1:1, 
	?	5� ����� ��������
�� ����� ���������� ������ �
�� �	�� ���� ��� �� ������ ��
���� ��������
(16/24 ± 2 °C (day/night), 66% relative humidity and an average light intensity of 
@@�}����!��������"�
���	��������
�5�������������
�������������!��������������������
removed from the sand-perlite mixture, and their roots were thoroughly and carefully 
washed with distilled water. The saplings were put into 2-litre plastic containers cov-
���������������������
����
�������������%������������������������"�����������{?�9�}5�
Arnon-Hoagland [1] nutrient solution. After a further 5 days in the climate cabinet, 
the solution was renewed. When the seedlings were 10 days old, the plants were 
exposed to chromium by mixing potassium dichromate (K2Cr2O7) into the nutrient 
�
����
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�������������������������$�������������������!�����
plants were grown at an average temperature of 16/24 °C (night/day) in the growth 
chamber. The seedlings were harvested on the 5th day after heavy metal application 
(when the seedlings were 15 days old). In the second instance, the same procedure 
was followed until the 4th day after the heavy metal application (when the seedlings 
were 14 days old) at which point the temperature of the cabinet was increased from 
16/24 °C to 30/40 °C (night/day). The 15 days old seedlings were exposed to high 
heat stress for 12 hours. Then they were harvested. Each experiment was performed 
in triplicate with the positions of the containers randomly determined and uniformity 
achieved by rotating their positions clockwise every day.

Following harvest of the samples, chlorophyll measurements were made on fresh 
material and offshoots cut from the roots were kept at –80 °C for gene expression and 
enzyme analyses. The total chlorophyll (a + b) Porra [20] and carotenoid amounts  
(mg gr–1 F.W.) in leaf tissues were determined as described in Lichtenthaler and 
Wellburn [16]. Measurement of CAT activity was based on the degradation rate of 
H2O2, which was measured with a spectrophotometer at a wavelength of 240 nm [4]. 
APX activity was determined by measuring the ascorbate oxidation range of the sam-
ple at 290 nm using a spectrophotometer as described by Çakmak [3] and Çakmak 
and Marschner [4].

The frozen plant samples were transferred into a solution containing 2% CTAB 
(hexadecyltrimethylammonium bromide), 100 mM Tris-HCl (pH 8), 20 mM EDTA, 
@�W���'���!�<�*«�k"�������
�����
�!�<�@�����q���
��������������@�<�������������
silica beads and homogenized for 40 s. The supernatant was transferred into TRI 
Reagent® (Invitrogen, Germany) and the total RNA was extracted according to the 
manufacturer’s instructions. To test for DNA contamination, Q-RT-PCR (quantitative 
real-time PCR combined with reverse transcription) was performed on the RNA 
extracts as a negative control. First-strand cDNA was synthesized from the total RNA 
using the primers detailed in Table 1 and the SuperScript® First-Strand Synthesis 
System for RT-PCR according to the manufacturer’s instructions (Invitrogen, 
Germany).

NCBI data bank (www.ncbi.nlm.nih.gov) accession numbers of mRNA targets for 
the primer design were given in Table 1. Primer3 software (http://primer3.ut.ee/) was 
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used for the primer design. The primers were designed to target 3’-end of the mRNA 
sequences in order to decrease the effect of uncompleted cDNA synthesis reactions. 
������������
������������������������������������������"�������

��
��'��$������
ncbi.nlm.nih.gov/tools/primer-blast/). The real-time PCR amplicons were sequenced 
using capillary electrophoresis based Sanger Method by Macrogen Inc. (Europe). The 
homology searches of the obtained sequences were done by using Blast-n Tool of 
NCBI (http://blast.ncbi.nlm.nih.gov/Blast.cgi). All of the obtained sequences showed 
100% similarity to the targeted sequences given in Table 1.

Standard sequences (103–7��
����5����������� �
��������������������������������
Roche LightCycler DNA Master SYBR Green I kit and Roche Light Cycler 2.0 
(Roche Diagnostics GmbH, Mannheim, Germany) were used for all reactions. 
������
���������
��������*9��������������z'�!�<�9�º��
������������������*�9�º��
MgCl2. The following thermo cycling program was applied: 95 °C, 10 min; 45 cycles 
of 10 s at 95 °C, 5–10 s at 55 °C, and 15 s at 72 °C. A melt curve analysis was per-
�
�������
��99�Ç���
��9�Ç���
��������������
���
��������������
��������������-
ated during Q-PCR. Q-PCR runs were analysed using Roche Light Cycler Software 
W�<9�������������������������������@�}�����*�<!����������
�������
������
����2) was 
greater than 0.97 in all reactions. The changes in expression of the target genes were 
normalised to the expression levels of the actin gene. Data were analysed using the 
following equation:

 
ÓÓ���¦���T,Target – CT,Actin)Sample x – (CT,Target – CT,Actin)Sample y .

 
Sample x is any sample and sample y represents the 1x expression of the target gene 
normalised to that of the actin gene.

Bivariate correlation analyses were performed using MINITAB 15 (Minitab Ltd., 
England) and SPSS 17.0 (SPSS Inc., USA) software. Correlations were evaluated 
�����������
��������
���X�����������������������������%������p < 0.05

RESULTS

The amount of total chlorophyll (a + b) in both the Ç-1252 and Gun91 seedlings of 
����������������������������������������������
���������������������������������������
increase in Cr concentration (p < 0.01), with the lowest total chlorophyll level 
observed in the Gun91 seedlings. The Gun91 seedlings had the lowest amount of 
���
���
�����������
���
�����	�������Ô"@*9*������������������������������������������
���������
��W<�Ò�������������P < 0.01) (Figs 1, 2).

Increasing concentrations of the Cr heavy metal resulted in a slight increase in the 
CAT activity of the Gun91 seedlings. In contrast the CAT activity in the Ç-1252 seed-
������ ���� ������������ ���������� �p < 0.05). The catalase activity in the species 
Gun91 slightly increased (p�¼�<�<@5�����������������W<�Ò����������������������������
increase in the CAT activity in the Gun91 species (p < 0.05) (Fig. 3).
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Under normal temperature conditions of 16/24 °C (night/day), the highest concen-
trations of Cr resulted in an approximate 50% decrease in the amount of APX enzyme 
in Ç-1252 seedlings and a 10-fold increase in Gun91 seedlings (p < 0.01) (Fig. 4). 
���������� ����� W<� Ò�� ��� ��� �
�������
�� ����� ����� ������������ ��������� ��� ���

Fig. 1. The effects of Cr and Cr-heat interaction on total chlorophyll content in wheat (T. aestivum L. 
Ô"@*9*�����>���@5��������������¦�Q5

Fig. 2. The effects of Cr and Cr-heat interaction on carotenoid content in wheat (T. aestivum L. Ç-1252 
����>���@5��������������¦�Q5
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increase in the APX activity in both species; however, the increase in the Gun91 
seedlings was higher than that in the Ç-1252 seedlings (p < 0.001).

Quantitative mRNA analysis was performed using Q-RT-PCR and the primers 
detailed in Table 1. TaSRG gene expression increased in the Gun91 seedlings com-
pared to the control seedlings for all treatments (p�¼�<�<<@5!� ������� �
�� W<� Ò�� ���
treatment alone (Fig. 5). TaSRG expression increased approximately 1.7-fold in the 
���������
��*<�Ò������
������� �
� �����
���
�� ���������� �p < 0.001). Furthermore, 
TaSRG gene expression was increased by approximately 2.7-fold in the presence of 
*<� Ò�� ���������� �p < 0.001). No change in TaSRG expression was observed in the 

Fig. 3.�������������
�����������"��������������
��
����������	����Ò��������b���5�����������T. aestivum 
q��Ô"@*9*�����>���@5��������������¦�Q5

Fig. 4.�������������
�����������"��������������
��
����������	����Ò��������b���5�����������T. aestivum 
q��Ô"@*9*�����>���@5��������������¦�Q5
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���������
��W<�Ò����\��
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���������������
expression (p < 0.001). In the presence of heat alone, the increase in TaSRG expres-
sion was 1.5-fold compared to the control (p < 0.001). In contrast to the observations 
in Gun91 seedlings, the presence of Cr or Cr + heat resulted in a decrease in TaSRG 
gene expression in the Ç-1252 wheat seedlings (p < 0.001).

As to TaSRG expression, ERF1 gene expression increased in the Gun91 wheat 
���������� ������ ���� ����������� ����� ���� �������
�� 
�� ���������� ����� W<� Ò�� ���
(p < 0.001) (Fig. 6). Expression increased approximately 225-fold in the presence of 

Table 1
The primer sets and their targets

Primer name Sequence (5’-3’)
Target

mRNA Organism Accession no

TaSRG-F GAAGATGGAGGTCAGGGACA TaSRG Triticum aestivum DQ672342.1

TaSRG-R AGCTCTTGCTGAGAGGCTTG

ActinF GTCGGTGAAGGGGACTTACA Actin AB181991.1

ActinR TTCATACAGCAGGCAAGCAC

ERF1-F TCCTGTGATGGGTGATGCTA TaERF1 AY271984.1

ERF1-R AGGGCATGTCATCAAAGGTC

MYB73-F GACAGCTTCTGGTCGGAGAC TaMYB73 JN969051.1

MYB73-R CGACGACGGCGATAAACTAT

Fig. 5. The effects of Cr and Cr-heat interaction on TaSRG expression in wheat (T. aestivum L. Ç-1252 
����>���@5��������������¦�Q5
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*<� Ò�� ��� �
������� �
� ���� �
���
�� ��
��� �p < 0.001). Consistent with the TaSRG 
expression data, while no increase in ERF1 gene expression was seen in the presence 

��W<�Ò�������
��!�����������
��
��W<�Ò���������������������������������������������-
sion of approximately 2000-fold compared to that of the control (Fig. 6) (p < 0.001). 

Fig. 7. The effects of Cr and Cr-heat interaction on MYB73 expression in wheat (T. aestivum L. Ç-1252 
����>���@5��������������¦�Q5

Fig. 6. The effects of Cr and Cr-heat interaction on ERF1 expression in wheat (T. aestivum L. Ç-1252 and 
>���@5��������������¦�Q5
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In the Ç-1252 seedlings, while ERF1 gene expression increased following treatment 
�����W<�Ò����!�����������������������
�����������������p < 0.001). 

�
������������������
����	���
�����
	�!����
������
�*<�Ò����������
��W<�Ò�����
increased MYB73 gene expression in the Gun91 wheat seedlings compared to the 
control group (Fig. 7) (p < 0.001). MYB73 expression in Gun91 seedlings increased 
}Q"�
�������������������
��*<�Ò�������
��!������������������������������������
�����
���� ��������� 
�� *<� Ò�� ���������� �p�¼�<�<<@5�� ���� ���������
�� 
�� W<� Ò�� ����������
resulted in an increase of approximately 383-fold. MYB73 gene expression decreased 
�������Ô"@*9*�����������
��
������������������������������������
��
��W<�Ò�������
���
(p < 0.001).

DISCUSSION

Previous studies have underlined that the effects of heavy metal applications in the 
���������
������������������	�������������������������
����������������������������
concentration of the applied heavy metal and duration. Indeed, in our study, changes 
in the pigment levels demonstrated that Cr + heat treatment had opposite effects on the 
Gun91 and Ç-1252 wheat seedling under most stress conditions. The differences in 
APX and CAT activity levels of the two seedlings showed that Gun91 seedling had 
higher resistance to Cr and Cr + heat than the Ç-1252 seedling. The Q-RT-PCR results 
implied that the higher resistance of Gun91 seedling was related to the overexpres-
sion of TaMYB73, TaERF1 and TaSRG transcription factors. The increases in the 
��������
����	����
�������������������
������
����������
�
����������W<�Ò������������
stress. 

Among the three genes investigated in this study, TaERF1 was expressed at the 
����������	���������������������������������
����
�������������
�������������
��������b�
gene family in wheat (TaERF1) was substantially overexpressed in wheat under Cr 
and heat stresses. Xu et al. [29] previously showed that transcription of the TaERF1 
gene was induced by drought, salinity and low-temperature stresses, some hormones 
and patogene infection. Our study and the previous studies suggest that TaERF1 is 
involved in multiple stress signal transduction pathways in wheat.

MYB transcription factors play pivotal roles in the abiotic stress response in 
plants [6]. It has recently been shown that TaMYB73 participates in salinity tolerance 
based on improved ionic resistance partly via the regulation of stress-responsive 
genes [11]. The gene was induced by NaCl, dehydration, etc. TaMYB73, over-expres-
sion in Arabidopsis enhanced the tolerance to NaCl, LiCl and KCl. Our study is the 
����� ����� ���
����
����������������+Q���������
�� ��	��� ������������� �������� �
���
higher tolerance to Cr and heat stresses.

Our results imply that TaSRG might play a role in regulation of Cr and heat stress 
responsive genes. On the other hand, the stress resulted in much more gene expres-
sion levels for TaERF1 and TaSRG than for TaMYB73. He et al. [10] previously 
showed that TaSRG expression was affected by salt, drought, cold and ABA. The 
overexpression of TaSRG in wild-type Arabidopsis resulted in increased salt toler-
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�����6@<=��������������������������
������
����X�>�
	����������
��������������������
stresses in wheat. Our study and the previous studies suggests that wheat TaSRG 
encode a transcription factor that could be utilised for enhancing stress tolerance in a 
wide range of plants.

Reactive oxygen species (ROS) are generated in cells under both stress and non-
stress conditions, however, the ability of plants to tolerate environmental stress is in 
part determined by the levels of antioxidants and ROS-cleaning enzymes. Indeed, 
plants with a high antioxidant capacity, and the ability to increase the level of anti-

�������!�������
���������
�����������������������X�6*�=��$��
�������!�W<�Ò�������
heat caused a slight increase in CAT activity in Gun91 seedlings, and a decrease in 
Ô"@*9*������������ $���
������!�W<�Ò������������ ��������� ������ ��������� ��� ��������
activity in both species, but the increase in Gun91 seedlings was higher than that in 
Ç-1252 seedlings.

Ristic et al. [21] examined heat tolerance and chlorophyll content by exposing 12 
cultivars of T. aestivum winter wheat to heat stress for 16 days. The authors reported 
that the thylakoid membranes of all cultivars were damaged in response to heat stress 
���� ����� ���� ���
�
����� �
������ 
�� ���� 
�� ���� �����	���� ���������� �������������
Chlorophyll content is also known to be affected by heavy metal stress in several 
���������¹���Õ"��������������|��
Õ���6@*=����
�����������������	��������'�!��
!����
and Zn caused a decrease in chlorophyll a, chlorophyll b, and total pigments I and II 
amounts in Pheseolus vulgaris seedlings, and an increase in carotenoid levels. 
Furthermore, in Hordeum vulgare L. cv. CE9704 seedlings exposed to Cd and Cu the 
chlorophyll a and chlorophyll b amounts decreased [27]. Pb does not appear to affect 
chlorophyll levels since MacFarlane and Burchett [17] showed that the decrease in 
the photosynthetic pigments of Avicenna marina in the presence of Cu and Zn cannot 
be observed in the presence of Pb. Similarly, although the chlorophyll amount 
decreased in Triticum aestivum L. seedlings exposed to high concentrations of Cd 
under both high and low temperature conditions, the presence of Pb resulted in an 
increase in chlorophyll levels at both high and low temperatures [18]. The results 
presented in this study are consistent with previous studies; the chlorophyll a, chlo-
rophyll b and total chlorophyll amounts decreased upon exposure to heavy metal and 
heat in both species. In addition, the highest chlorophyll a, chlorophyll b and total 
chlorophyll and carotenoid amounts were found in Ç-1252 seedlings. 

Outcomes of this study suggest that TaMYB73, TaERF1 and TaSRG transcription 
factors regulate Cr and heat stress responsive genes in wheat. Our study and the pre-
vious studies suggest that wheat cultivars having high level of TaMYB73, TaERF1 
and TaSRG under abiotic stress conditions possess a higher tolerance to stress. Strong 
wheat promoters may be transferred to upstream of the genes codes for these tran-
scription factors in wheat lines having weak expression of these transcription factors 
to enhance their tolerance to the abiotic stress. Somatic hybridization using the wheat 
lines having strong expression of these transcription factors can be another approach 
to create wheat lines having high resistance to the abiotic stress factors. 
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