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Abstract 

High temperature stress (HTS) is one of the most detrimental abiotic stresses which adversely affect productivity of maize 
(Zea mays L.). Plants respond to HTS by regulating expression of many genes including heat shock proteins (HSPs). We 
carried out expression analysis of six HSP genes by western blot (WB) and real-time polymerase chain reaction (RT-PCR) in 
four contrasting Egyptian maize lines, i.e. K1, K7, G342 (heat tolerant) and Rg59 (heat susceptible), subjected to HTS at 
seedling stage. The six-maize specific HSP genes (ZmHSP70, ZmHSP22, ZmHSP17.9, ZmHSP17.6, ZmHSP16.9 and 
transcription factor ZIP60) exhibited distinctive expression patterns in response to heat stress (HS). Higher upregulation of 
ZmHSP70, ZmHSP22, ZmHSP17.9 and ZmHSP17.6 were found throughout the stress exposure at 45°C for 2 and 4 hours in 
the heat tolerant lines as compared to the control (25°C) and susceptible line. Meanwhile, the susceptible line showed 
expression of many HSP genes in the control, but these genes were down-regulated by HS. The line K1 showed expression 
level for ZmHSP70, ZmHSP17.9, ZmHSP17.6 and ZmHSP16.9 genes more than the other lines indicating its highly 
tolerance against HTS. Higher upregulation of these six genes in the heat tolerant lines indicated their possible role in 
protecting plant from adverse effects of HS.  
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1. Introduction 

Plant productivity is related to the ability of plants to 
adapt to environmental stress (Sachs and Ho, 1986). Many 
stress proteins have been proposed to function during 
stress in the binding of denatured proteins, thus preventing 
their degradation, and in the refolding of these proteins 
into their native structure (Schröder et al., 1993; Hendrick 
and Hartl, 1993). WB is a sensitive immunological method 
to investigate protein abundance, cellular localization, 
protein–protein interactions, detection of antigens in crude 
mixtures of proteins and clinical applications in 
autoimmune diseases. Specific antibodies are a reliable 
tool to examine protein expression patterns and to 
determine the protein localizations within cells (10TBurnette,10T55T 
1981; 55T 62TOkegawa et al., 62T2016; Bass et al., 2017). 

Lenne and Douce P

 
P(1994) reported that when pea (Pisum 

sativum) plants are shifted from 25ºC up to 40ºC for 3 h, 
22-kD protein was produced in mitochondria. HSP22 was 
used as antigen to prepare antiserum, which the expression 
of HSP22 was studied using immunodetection methods. 
Examination of mitochondria matrix extracts by 
polyacrylamide gel electrophoresis (PAGE) and immune 
blotting with anti-HSP22 serum revealed HSP complex 
contains HSP22. Lenne et al. (1995)P

 
Ppurified HSP22 and 

developed a polyclonal antibody. Use of antiserum 
allowed them to show that the HS response is a rapid 

process since HSP22 can be detected in total protein 
extracts as early as 30 min after treatment at 40°C of pea 
(Pisum sativum). Lund et al. (1998) identified 
mitochondrial HSP70 and cpn60 in maize inbred “B73” 
using two dimensional-PAGE (2D-PAGE) and immune-
blots. During HS at 42°C for 4 h, the level of HSP22 
increased dramatically. Monoclonal antibodies were 
developed to maize HSP70, cpn60, and HSP22. Maximal 
HSP22 expression occurred in etiolated seedling 
mitochondria after 5 h of a +13°C HS. Li et al. (2011)P

 

Pcarried out WB to detect the expression of target proteins 
in a set of 10 rice samples. The results indicated that HSP 
was the most constantly expressed among all rice proteins 
tested throughout all developmental stages. They found 
that the reference proteins and the corresponding 
antibodies can be used in qualitative and quantitative 
analysis of rice proteins. 

RT-PCR has become one of the most widely used 
methods of gene quantitation because it has a large 
dynamic range, can be highly sequence-specific and has 
little post-amplification processing. In addition, many 
diagnostic applications have been developed, including 
microbial quantification, identification of transgenes in 
genetically modified foods and applications for forensic 
use (Wong and Medrano, 2005; Berg et al., 2007). The 
fluorescence-based quantitative RT-PCR (qRT-PCR) is an 
accurate tool to analyze gene expression, which mRNA 
normalization requires internal control genes are stably 
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expressed should be used. Reference genes, which serve as 
endogenous controls to ensure that the results are accurate 
and reproducible, are vital for data normalization (Lilly et 
al., 2011; Zhang et al., 2013; Lin et al., 2014).  

Li et al. (2015) found that, using qRT-PCR, the 
expression level of ZmHsf06 was raised by heat stress to 
different extents in three Arabidopsis transgenic lines. 
Phenotypic observation showed over-expressing of 
ZmHsf06 in Arabidopsis plants, which enhanced basal and 
acquired thermo-tolerance under HS conditions. Zhao et 
al. (2017) demonstrated that ZmHsf04, analyzed by qRT-
PCR, was expressed in multiple tissues of maize. 
Expression level of ZmHsf04 was up-regulated 
significantly by HS at 42℃, especially in pollens with the 
value of 16 times of the control. Song et al. (2016) isolated 
HSP70 gene from maize designated as ZmERD2 (Early 
Responsive to Dehydration 2). Expression of ZmERD2 
was analyzed by qRT-PCR in maize found to be induced 
by HS and dehydration treatments. The expression was 
induced at 42°C and reached 40-fold above the control 
level after one hour of HS. Kumar et al. (2019) 

characterized five HSP genes and their expression analysis 
in two contrasting maize lines, i.e. LM17 (heat tolerant) 
and HKI1015WG8 (heat susceptible) subjected to HTS. 
The five-maize specific HSP genes, viz., ZmHsp26, 
ZmHsp60, ZmHsp70, ZmHsp82 and ZmHsp101 exhibited 
different expression pattern in response to HS. They found 
higher upregulation of ZmHsp70 and ZmHsp101 
throughout the stress exposure in the heat tolerant line as 
compared to the susceptible line.  

The objectives of this study are quantification of 
expression levels of HSP genes in four Egyptian maize 
lines by WB and RT-PCR analyses and identification of 
specific genes playing essential role in HS tolerance for 
developing stress resistant genotypes. 

2. Materials and methods 

2.1. Plant materials 

Four Egyptian inbred lines of maize (Zea mays L.) 
were used in this study. Two lines K1 and K7 were 
developed by the plant breeding group, National Research 
Centre, Giza, Egypt. The other two lines G342 and Rg59 
were kindly supplied by the Agriculture Research Center, 
Giza, Egypt. The four lines were previously studied to 
identify HSPs under HS at 45°C as protein markers for 
detecting the thermo-tolerance lines. The results indicated 
that the three lines K1, K7 and G342 are tolerant and the 
line Rg59 is susceptible (Mahmoud et al., 2018). 

2.2. Western blot analysis 

The proteins were separated on one-dimensional gel 
and transferred to nitrocellulose membranes according to 
Towbin et al. (1979). The membrane was incubated with 
PBS buffer (1.6 mM PO4H2Na.H2O, 8.4 mM 
PO4HNa2.2H2O, 150 mM NaCl, pH 7.4.), 0.1% Tween 20 
and 3% skimmed milk buffer for one hour at RT on 
shaker. PBS buffer was used to wash the membrane three 
times each time for 5 min, then the first antibody (Bib- 
hsp17.6/ hsp22 with dilution 1:1000 and hsp17.9/ hsp70 
with dilution 1:4000) was added in PBS buffer with 0.1% 
Tween 20 and 3% skimmed milk. The membrane was 
incubated for 2 h at RT, then washed three times with PBS 
buffer with 0.1% Tween 20, each time for 5 min. The 

second antibody (anti-Rabbit) was added with dilution 
1:1000 in PBS buffer with 0.1% Tween 20 and 3% 
skimmed milk; then incubated for 2 h at RT and washed 
three times with PBS buffer. The proteins on membrane 
were detected after maintaining for the needed time, then 
exposed to autoradiography using LAS 4000 instrument. 
Immunoreactive bands were visualized with a highly 
sensitive chemiluminescent substrate for peroxidase 
detection (GE Healthcare Europe GmbH, Freiburg, 
Germany). The Actin gene was used as reference gene to 
normalize the expression values. 

2.3. Real Time PCR analysis 

The expression levels of three HS genes markers 
(ZIP60 transcription factor, hsp22 and hsp16.9) were 
detected by RT-PCR for the four maize lines K1, K7, 
G342 and Rg59. The primers listed in Table (1) were 
designed using Primer Express Software (Applied 
Biosystems, Foster City, CA, USA). Total RNA 
preparation, first-strand cDNA synthesis and RT-PCR 
were performed as described by Cui et al. (2012). DNaseI-
treated total RNA was subjected to reverse transcription 
using QuantiTect Reverse Transcription kit (Qiagen, 
Germany), cDNA samples from three independent 
replicates were analyzed by FluidiGM system (San 
Francisco, CA, USA). Master mix tubes (Invitrogen, USA) 
were used in the reactions, each tube containing: dNTPs, 
MgCl2, RT-PCR buffer and Taq DNA polymerase. The 
concentration of the primers was 10 µM/µl and cDNA 
concentration was 15 ng/µl. After the reactions were 
mixed, vortexed for 30 second then centrifuged at 1600 
rpm for one min. The reactions of RT-PCR were applied in 
Roche Light Cycler 480 instrument using SYBR Green I 
dye. Three biological replicates were performed. The 
expression level in leaf tissue from unstressed control 
plants was selected as calibrator. 
Table 1. List of the specific primers for qRT-PCR and their 
nucleotide sequences. 

No. Gene name Sequence (primer direction 5’-3’)  

1 HSP22  F- GAGGGCGAGAAGGAGGATAG  

  R- CTCGACGTTGACTTGGAACA  

2 HSP16.9 F- GAACGGATAGTAGCGTCCCA  

 

3 

 

ZIP60  

 

R- CAATGCAGGAATACCACCCT 

F- AGGATAGGCCTCTTGGTGCT 

R- TTCCATGGAGGATGAGTTCC 

 

HSP22: Heat Shock Protein 22, HSP16.9: Heat Shock Protein 
16.9, ZIP60: Zipper (ZIP) transcription factor 60, F: Forward, R: 
Reverse. 

3. Results 

Resistance of the four maize inbred lines to high 
temperature correlates with the expression levels of HSP 
markers was detected through two experiments, WB and 
RT-PCR. 

3.1. WB analysis 

A comparative analysis of induction levels of four 
protein markers (HSP70, HSP22, HSP17.9 and HSP17.6) 
by WB was carried out using four various antibodies. 
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3.1.1. Detection of HSP70 in response to HS by BiP 
antibody 

BiP polyclonal antibody was performed in rabbit 
against C-terminal domain of tobacco HSP70. The 
reagents of BiP antibody with the extracted proteins from 
seedling leaves of the inbred lines K1, K7, G342 and Rg59 
are shown in Figure (1). The expression bands of reactions 
were visualized by PAGE analysis. The three lines K1, K7 
and G342 showed bands in the control increased in 
intensity after exposing to HS treatment at 45°C for 2 and 
4 h. An intensive band was present in the control of the 
line Rg59 and decreased with the time of exposing to HS 
treatment. 

Figure 1. WB of the seedling proteins (10µg/lane) extracted from 
control and heat- treated plants of indicated inbred lines probed 
with BiP antibody (dilution 1:1000). C (control) = 25°C, T1 = 
treatment at 45°C for 2 h and T2 = treatment at 45°C for 4 h. M: 
molecular weight (kD). Actin antibody is used as a total protein 
loading control. 

3.1.2. Detection of HSP22 in response to HS by HSP22 
antibody 

HSP22 polyclonal antibody against tobacco mtHSP23 
was used to detect HSP22 in maize inbred lines in 
response to HS (Figure 2). The reaction of HSP22 
antibody with the seedling leaves proteins extracted from 
the lines K1, K7 and G342 did not detect any expression 
band in the control, while the expression level of up-
regulation varied in different lines after exposing to HS 
treatment at 45°C for 2 and 4 h. The line K1 showed a 
faint band at 45°C for 2 h and clear band after exposing to 
45°C for 4 h, while the contrary was found in the line K7. 
The expression increased rapidly in the line G342 after 2 
and 4 h of heat exposure. In contrast in the line Rg59, the 
expression level was high in the control but disappeared 
after treatment at 45°C for 2 h while appeared very faint 
after exposing to 45°C for 4 h. 

 

 

 

 

 

 

Figure 2. WB of the seedling proteins (25µg/lane) extracted from 
the control and heat-treated plants of indicated inbred lines probed 
with HSP22 Antibody (dilution 1:1000). C (control) = 25°C, T1 = 
treatment at 45°C for 2 h and T2 = treatment at 45°C for 4 h. M: 
molecular weight (kD). Actin antibody is used as a total protein 
loading control. 

3.1.3. Detection of HSP17.9 in response to HS by HSP17.9 
Antibody 

HSP17.9 polyclonal antibody against sunflower 
recombinant proteins made in rabbit was utilized in 
detection of HSP17.9 in maize inbred lines in response to 
HS (Figure 3). The reaction of HSP17.9 antibody against 
inbred line K1 proteins did not manifest any expression 
band in the control, while an expression band appeared 
after exposing to HS of 45°C for 2 h and was more 
visibility after 4 h. The expression level was very faint in 
the inbred K7 after exposing to HS, while appeared clearly 
in the line G342 after 4 h of exposure. The expression was 
very faint in the control of the line Rg59 while disappeared 
after heat treatment. 

Figure 3. WB of seedling proteins (25µg/lane) extracted from 
control and heat-treated plants of indicated inbred lines probed 
with HSP17.9 antibody (dilution 1:4000). C (control) = 25°C, T1 
= treatment at 45°C for 2 h and T2 = treatment at 45°C for 4 h. M: 
molecular weight (kD). Actin antibody is used as a total protein 
loading control. 

3.1.4. Detection of HSP17.6 in response to HS by HSP17.6 
antibody 

HSP17.6 polyclonal antibody against sunflower 
recombinant protein made in rabbit was utilized in 
detection of HSP17.6 in maize lines in response to HS 
(Figure 4). The reaction of HSP17.6 antibody with the 
proteins of inbred lines K1 and G342 did not give any 
expression in the control while intensive expression 
appeared after exposing to heat treatment at 45°C for 2 h 
and was more intensity after 4 h. Significant expression 
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was visualized in the lines K7 and Rg59 which increased 
gradually after exposing to heat treatment. 

Figure 4. WB of the seedling proteins (25µg/lane) extracted from 
the control and heat-treated plants of indicated inbred lines probed 
with HSP17.6 antibody (dilution 1:1000). C (control) = 25°C, T1 
= treatment at 45°C for 2 h and T 2 = treatment at 45°C for 4 h. 
M: molecular weight (kD). Actin antibody is used as a total 
protein loading control. 

3.2. RT-PCR analysis 

The expression levels of the three heat-induced gene 
markers ZmHSP22, ZmHSP16.9 and ZIP60 were estimated 
by RT-PCR. The quantitation of plant gene expression 
through RT-PCR method was carried out using the four 
Egyptian maize lines K1, K7, G342 and Rg59, which 
cDNA of the three gene markers and SYBR green reagent 
were used as working model (Figure 5). The primers of 
each gene that were mentioned in Table (1) were designed 
according to the sequences from the GenBank, NCBI, 
USA. All experiments were repeated three replicates to 
confirm the results. 

 
 
 
 
 
 
 
 
 
 
 

Figure 5. Expression analysis of the three gene markers ZmHSP22, ZmHSP16.9 and ZIP60 in response to HS treatments in the four maize 
lines. C: control at 25°C, T1: treatment for 2 h at 45°C and T2: treatment for 4 h at 45°C. The vertical axis represents relative transcript level 
and the horizontal axis represents the maize lines.  

Upregulation of the transcription factor ZIP60 at 45ºC 
after 4 h in the line K1 was almost twice than the control 
(25ºC) and HS treatment at 45ºC after 2 h. HSP16.9 
showed expression level three and four times more than 
the control after exposing to 45ºC for 2 h and 4 h, 
respectively. Meanwhile, HSP22 gave gene expression 
about seven-fold after exposing to 45ºC for 4 h more than 
the control. The transcription factor ZIP60 expressed in the 
inbred line K7 two times after exposing to HS at 45ºC for 
2 h and three times after 4 h as compared to the control. 
The two genes HSP16.9 and HSP22 expressed 
progressively in the line K7 during time reaching a 
maximum expression of four and six times respectively 
after heat exposing to 45ºC for 4 h as compared to the 
control. Regarding the line G342, the transcription factor 
ZIP60 expressed in control plants and increased 
progressively with increasing time of exposing to HS 
treatment. Both of HSP16.9 and HSP22 showed a 
maximum expression after heat treatment at 45ºC for 4 h. 
In contrast, the expression level of the three genes in the 

line Rg59 appeared in the control more than heat 
treatments (Figure 5). 

4. Discussion 

The expression levels of the HSP gene markers 
(ZmHSP70, ZmHSP22, ZmHSP17.9 and ZmHSP17.6) in 
the four maize lines K1, K7, G342 and Rg59 were 
evaluated by WB with four antibodies. The results 
revealed that: 1) The antibodies against HSPs can 
recognize the corresponding endogenous proteins of the 
studied maize lines. 2) HSP expression was absent in the 
untreated plants but induced in the resistant lines K1, K7 
and G342 after exposing to HS treatment. However, the 
majority of the HSP gene markers expressed only in the 
untreated plants of the line Rg59 which it is consider a 
heat sensitive line. 3) There are differences in the 
induction kinetics of HSP gene markers. For example, 
induction of HSP70 was detected after exposing to 45°C 
for 2 h whereas induction of HSP17.6 was more evident 
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after 4 h of HT. Induction of HSP17.6 was more intensity 
in the line K1 than the other lines after exposing to HT. 
The gene expression of HSP22 and HSP70 was more 
intensity in the line G342 than the other lines after 
exposing to HS treatment, while the same result was 
shown for HSP70 in the line K7 comparing to the other 
lines. Higher expression of the four HSP genes that 
appeared by WB analysis in the heat tolerant lines 
indicated that they could play a crucial role in conferring 
heat tolerance. Other researchers revealed similar results 
such as Verhagen and Kompoliti (2010) who found that 
WB is a sensitive immunological method for 
determination of molecular weights of protein antigens and 
detection of antigens in crude mixtures of proteins. De 
Vries (2012) reported that linear epitopes can be detected 
using polyclonal antibodies. 

Expression of the three gene markers ZmHSP22, 
ZmHSP16.9 and ZIP60 in response to HT by RT-PCR 
analysis were clearly induced in the three lines K1, K7 and 
G342 which are considered tolerant lines. The expression 
levels of the three genes in the line Rg59 after exposing to 
HT were less than those of the control indicating 
sensitivity against HT. The results of gene expression 
using RT-PCR correlated with those of WB analysis in 
response of the three resistant maize lines to HT, which 
emphasized that the induced expression of the genes in this 
study protects the plants from the deleterious effects of 
high temperature stress. Therefore, identification of 
specific gene(s) playing essential role in HS tolerance 
could be useful for developing stress resistant genotypes.  

Our results are coincided with those reported by other 
researchers. The rate of HSP synthesis in plants has been 
shown to be directly proportional to the temperature 
applied during the stress (Chen et al., 1990). Our 
experiments showed that the accumulation of HSPs in 
leaves tissues was also proportional to temperature by two 
to seven-fold at 45°C more than at 25°C. Andersen et al. 
(2004) reported that qRT-PCR provides a useful and rapid 
means of understanding gene expression in living 
organisms by measuring the expression of target genes 
across different samples. Zhao et al. (2017) demonstrated 
that ZmHsf04 is expressed in multiple tissues of maize and 
was up-regulated significantly after exposing to 42℃ HS, 
which the highest value reached 340 times of the control.  

Kumar et al. (2019) found five maize specific HSP 
genes; ZmHsp26, ZmHsp60, ZmHsp70, ZmHsp82 and 
ZmHsp101 exhibited distinctive expression pattern in 
response to HS, especially ZmHsp70 showed higher 
upregulation throughout the stress exposure in a heat 
tolerant line as compared to a susceptible line. The role of 
sHSPs in response to environmental stresses has been 
clearly established by several studies. HSPs have been 
implicated in functions related to protein assembly or the 
alteration/maintenance of specific protein conformations 
(Lindquist and Craig, 1988). ZmHSP16.9 gene enhances 
both thermotolerance and oxidative stress resistance 
through the protection of antioxidative enzymes under heat 
stress condition (Sun et al., 2012). Overexpression of 
HSP26 in transgenic Arabidopsis enhanced 
thermotolerance due to increased amount of free proline 
caused by the elevated proline biosynthetic pathway genes 
(Xue et al., 2010). 

5. Conclusions 

The expression analysis of HSP genes was carried out 
by WB and RT-PCR in the four maize inbred lines K1, K7 
and G342 (heat tolerant) and Rg59 (heat susceptible) 
subjected to high temperature stress at seedling stage. The 
HSP genes exhibited distinctive expression pattern as 
response to HS. Higher upregulation of ZmHSP70, 
ZmHSP22, ZmHSP17.9 and ZmHSP17.6 were found 
throughout the stress exposure to 45°C for 2 and 4 h in the 
heat tolerant lines as compared to the control (25°C) and 
susceptible line. Upregulation of these genes indicated 
their possible role in protecting plants from the adverse 
effects of HS. The results indicated that WB and RT-PCR 
are evident and accurate to detect the gene expression in 
plants for HSPs induction under abiotic stresses, especially 
heat stress in maize. 
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