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Abstract 

Background and Aim: Heat and salt stresses are major limiting factors affection crop yield in 

agriculture. Maize is the third important cereal crop and to meet the growing population 

requirements, we need to improve its growth and yield. Recently, microarray has proved to be an 

effective tool at studying the global gene expression profiles. Crop tolerance can be enhanced by 

genetic engineering of candidate genes into potential crop plants. 

Methods: Oligonucleotide microarray was used for the identification of candidate genes in root 

tissues of Zea mays. The seedlings were grown hydroponically and plants were given heat stress 

of upto 45°C gradually increasing from 28°C and salinity stress of 400mM NaCl for 3hrs. Total 

RNA was isolated and cDNA was labeled with Cy3 to be used as target which was then hybridized 

to Maize ArrayIt Hybridization microarray slides from https://www.microarrays.com/ and scanned 

by using GENETAC UC4X4. Then GAL files generated spots were read through Mappix software 

and differentially expressed genes were retrieved via GeneSpring software. 

Results: A total of 123 differentially expressed sequences in heat stress and 149 in salinity stress 

were observed. BLAST2GO software reported the geneOntology annotation. KEGG analyses 

showed the pathway analysis of these sequences. The data obtained showed the sequences under 

the domain of biological process, molecular function and cellular components. 

Conclusion: This study implies that signals for salt and heat stress are perceived at membrane 

level. Moreover, some cellular structural components are also involved, thus tolerance involve the 

functional regulation phenomena.           

Keywords: Oligonucleotide microarray, Zea mays, heat stress, salt stress 

 

Introduction 
Abiotic stress has become a major threat to crop growth and yield. As plants are sessile organisms, 

they need to adapt to the changing climatic conditions by activating many regulatory mechanisms. 

Therefore, it is very important to identify stress signal perception and different signal transduction 

pathways initiated by these stress signals to make better and stress-tolerant crops. The stresses 

include heat and salinity stress (Pereira 2016). Exposure to above the optimum temperature needed 

for the growth of the plant for enough time to cause irrepairable damage to the  plant is called heat 
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stress (Hatfield and Prueger 2015). Soil in which exchangeable sodium is 15% with electrical 

conductivity of saturation extract more than 40 milimolar Sodium chloride is categorized under 

salt stress (Mudgal et al. 2010).  

Heat stress and salinity cause cellular dehydration because they involve an osmotic component. 

Various mechanisms like ion transport systems, activating or inactivating aquaporins, ion 

homeostasis are some of the responses causing cellular dehydration. Various protective molecules 

also known as low molecular weight compatible solutes are also activated under stressful 

conditions. These compatible solutes or osmolytes include quaternary ammonium compounds, 

polyalcohols, sugars, proline and various functional proteins (osmotin, LEA proteins, heat shock 

proteins etc.). Apart from that, antioxidants systems are triggered under stressful conditions which 

include production of reactive oxygen species (ROS) causing oxidative damage to the cell. 

Vitamin C and E, carotenoids, flavonoids, reduced glutathione and certain phenolic compounds 

and many enzymes superoxide dismutase and catalase are some of the examples of antioxidants 

(Boscaiu et al. 2008).  

Maize (Zea Mays) is considered as one of major cereal crops in the world with being ranked third 

after wheat and rice (Shah et al. 2014). Because of the increasing food demand, stress tolerant 

crops need to be developed to improve crop production by identifying genes activated for stress 

tolerance. Microarray is one way of achieving this goal which analyzes the genome-wide gene 

expression (Cushman and Bohnert 2000). Microarray analyzes the expression profiles of many 

genes simultaneously. It helps us to get information of transcriptional status of cells under specific 

stimuli like stressful conditions. Microarrays produce a large amount of data, hence improving our 

understanding of many genes especially the candidate genes involved in regulating response to 

various stresses (Schulze and Downward 2000). 

The aims and objectives of this study are to find gene expression of Zea mays under heat and 

salinity stress by using oligonucleotide microarray. The findings of this study would lead to the 

identification and function of different genes and their subsequent pathways playing role under 

heat and salinity stress. 

 

Materials and Methods 
Seedling growth conditions 

Zea mays L. (CEMB-hybrid line-10) seeds were surface sterilized in 10% H2O2 for 30 min and 

transferred to petri plates on wet filter papers for germination (at 28°C±2 for 72 h). Hoagland 

nutrient medium (Hoagland and Arnon 1950) was used for the growth of seedlings. The growth 

conditions were kept as 14h  light at 28°C and 10 h dark at 22°C. The seedlings were grown till 

they attained three leaf stage (Gu et al. 2013).  

Stress Treatment Sampling and Isolation of Total RNA 

Seedlings at three leaf stage were subjected to heat and salinity stress. For heat stress, the 

temperature of the plants was slowly increased from 28°C to 45°C (gradual priming) in a growth 

chamber (Mittler et al. 2012). Root sampling was done after 3h of 45°C stress treatment. For 

salinity stress, plants were placed in 400mM NaCl (Zhang et al. 2013). Root sampling was done 

after three hours of stress treatment. Samples were then ground by using liquid nitrogen and total 

RNA isolation as described by Jaakola et al. (2001). The quality and quantity of RNA was assessed 
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by using 0.8% agarose gel electrophoresis and run at 70 V for an hour and Nanodrop (ND-1000) 

spectrophotometer at A260/280 and A260/230. 

cDNA synthesis for microarray 

Total RNA was treated with DNase I by using Ambion’s DNA free™ kit, to remove the DNA 

contamination from the RNA. cDNA was synthesized as aminoallyl labeling. For this purpose, 

total RNA, Oligo dT18 primer, 50X aminoallyl d-NTP mix, Superscript III and RNase inhibitor 

were used. This was followed by the removal of unincorporated aa-dUTP and free amines. The 

removal was carried out by loading the synthesized cDNA on QIA quick column along with buffer 

and cDNA was eluted by using Phosphate elution buffer.  

Concentration of cDNA was measured again by Nanodrop (ND-1000) spectrophotometer using 

nucleic acid algorithms. cDNA was then coupled to 150pmol of (5µl) Cy3 dye, mixed gently and 

incubated for 2 h in the dark. Uncoupled dye was removed by using Qiagen PCR purification kit 

and concentration of Cy3 (pmole) was measured by Nanodrop (ND-1000) spectrophotometer by 

using Microarray algorithms.  

Hybridization of cDNA with microarray slide 

Oligonucleotide microarray slide of Zea mayz L. from ArrayIt (www.microarrays.com/) was used 

for the hybridization of the target cDNA prepared from our salt and heat treated maize seedlings. 

Pre-hybridization was done by placing the slide in Pre-hybridization buffer in water bath at 42°C 

for 45 min, followed by washing and rinsing with Millipore water and isopropanol. Hybridization 

was done by mixing the target cDNA coupled to Cy3 dye with hybridization buffer. The ArrayIt 

Hybridization Cassette was inserted in flexible rubber gasket with oligonucleotide bound side 

facing upward. The preheated fluorescently labeled target was then transferred onto the array 

printed slide surface. The cassette was then placed in a pre-heated water bath at 42°C for 24 hours 

for hybridization. Post hybridization processing  was done by removing the slide from the water 

bath and put in pre-warmed wash solution I ( 1X SSC, 0.2% SDS ) at 42°C, then shifted to wash 

solution II ( 0.1X SSC, 0.2% SDS )  for two minutes at room temperature. After that, slide was 

placed in wash solution III (0.1X SSC) for two minutes at room temperature. Finally, slide was 

washed with 0.5X SSC for 1 min at room temperature. The slide was then spun dried and 

proceeded for scanning. 

Slide Scanning 

The scanner UC 4X4 (Genomic solution®) was used for scanning the slide. The 16-bit tiff images 

of Cy3 channel were saved for further analysis. 

Data Analysis 

Mapix (Innopsys) software was used for analyzing the image produced by scanning the slide. It 

gives the numerical data from statistical data.  

 

Results 
The quality and quantity of RNA from heat and salinity stressed root tissues of Zea mays was 

assessed by Nanodrop ( ND-1000 ) spectrophotometer and agarose gel electrophoresis (Fig.1). 

 

http://www.microarrays.com/
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Fig. 1: Total RNA isolated from root of Zea mays 

Lanes 1 & 2: RNA from control samples; 

Lanes 3& 4: RNA from heat stress root tissues; 

Lanes 5& 6: RNA from salinity stress root tissues 
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Hybridization and Scanning: Labeled cDNAs were hybridized to oligonucleotide microarray 

slides. The chips were washed and scanned. Tiff image showed grids of good quality (Fig.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Scanned image of hybridized slide 
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Graphical representation of data 

Scatter plot, volcano plot and box plots of the data were obtained out of the data as shown in (Fig.3; 

Fig.4 & Fig.5) respectively. Scatter plot displayed the values for two variables of a data set & is 

helpful in finding variations in gene expression. Volcano plot helps in identifying variation in large 

groups of data and represents the importance of the data. It also gives us the overview of genes. 

Box plot is a graphical way of depicting data by quartiles.  
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Functional analysis on the basis of gene ontology (GO) annotation 

BLAST2GO was run for gene annotation and analysis. Differentially expressed sequences under 

heat stress were 123; whereas, 149 under salinity stress. Gene ontology (GO) annotation has three 

domains biological process, molecular function and cellular component. Biological process depicts the 

sets of molecular events. Molecular function signifies the activity of the gene product at molecular 

level; while, cellular component implies the cellular location of differentially expressed sequences 
(Fig.6; Fig7 & Fig8) respectively. 
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Fig. 6: Gene annotation in accordance to biological process in Zea mays under (a): heat stress; (b): 

salinity stress. 
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Fig. 7: Gene annotation in accordance to Molecular function in Zea mays under (a): heat stress; (b): 

salinity stress 
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Fig. 8.a: Annotation according to cellular component in Zea mays under heat stress. 
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Fig. 8.b: Annotation according to cellular component in Zea mays under salinity stress 
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Gene ontology annotation also provides the information on the location of the genes as well 

based on Biological process, molecular function and cellular components (Fig.9; Fig10 & Fig 

11). 

 
Fig. 9: Gene annotation in accordance to biological process in Zea mays under (a): heat stress;  (b): 

salinity stress. 
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Fig. 9: Gene annotation in accordance to Molecular function in Zea mays under (a): heat stress; (b): 

salinity stress. 
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Fig. 11: Gene annotation in accordance to cellular components in Zea mays under (a): heat stress; 

(b): salinity stress. 
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Discussion 
Heat and salinity stress affect the growth and production of maize. Likewise, huge yield losses are 

attributed to exposure to short durations of elevated temperature or when crop-specific high 

temperature thresholds are exceeded (Gong et al. 2014; Gabaldón-Leal et al. 2016). Therefore, 

understanding and identifying the mechanism by which various genes/transcription factors 

involved in abiotic stress are activated is of huge importance to endure salt and heat tolerance in 

maize. Roots are the first organ to sense soil water withdrawal patterns and generate specific 

genotypic response (Purushothaman et al., 2017). Expansion of root system is an adaptation 

mechanism resulting due to water scarcity (Rasheed et al. 2016). Our experimental design showed 

increased root length under heat and salinity stress in Zea mays roots. 

 

The location and function of genes is identified by Gene ontology (GO) annotation. Biological 

process, molecular function and cellular component are three basic domains provided by GO. 

Molecular events are depicted by Biological process. The activity of a gene product at molecular 

level is signified by Molecular function. The cellular location of differentially expressed sequences 

is identified by Cellular component. The differential expression analysis of Zea mays root tissues 

was studied by using Blast2GO software for gene ontology annotation(Götz et al. 2008).  Hence, 

a total of 123 differentially expressed sequences in heat and 149 in salinity stress were obtained. 

Then differentially expressed genes were retrieved via GeneSpring software. Then Statistical and 

graphical representation of data was done by this software.  

Differentially expressed sequences under the category of biological process were of protein 

phosphorylation, translation, carbohydrate metabolic processes and oxidation-reduction processes, 

whereas under salinity stress transcription, response to oxidative stress, oxidation-reduction 

processes, nucleic acid phosphodiester hydrolysis, hydrogen ion trans-membrane transport were 

highly expressed. Through literature, it is well established that ROS leads to oxidative stress and 

transcription of various response mechanisms such as phosphatases, protein kinases, transcription 

factors and genes are protective against stress-induced effects (Das and Roychoudhury 2014). 

 The sequences greatly expressed under the domain of molecular function in heat stress are ATP 

binding, zinc ion binding, structural constituent of ribosome and metal ion binding, while in 

salinity stress metal ion binding, heme binding, nucleic acid binding, anti-porter activity and zinc 

binding. Over expression of different vacuolar  anti-port proteins, which provide the exclusion of 

toxic ions from the cell cytosol were also studied and transgenic plants have been produced  with  

enhanced stress  tolerance (Liu et. al., 2010). 

The sequences expressed in heat stress were for integral components of membrane, gene 

regulation, threonine kinases and some structural components in our study. External stimuli are 

sensed by the plants on the cell membrane by various receptor proteins (with integral membrane 

components like intracellular serine/ threonine kinase domains which are phosphorylated and 

transduce the external signal of stress downstream). The same receptors are involved in the 

expression of secondary messengers and gene expression in response to stresses, thereby 

maintaining cell homeostasis (Osakabe et al. 2013).  

Some of the differentially expressed sequences under the category of salinity stress were oxidation 

reduction processes, protein phosphorylation and de-phosphorylation, metal ion binding and 
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calcium ion binding activity encoding sequences in our study. The polysaccharide expression is 

also enhanced under salinity stress. Plants accumulate various osmolytes and relocate them in 

different tissues (like starch in plastids, glycine betaine in cytosol) to maintain the cell osmotic 

potential.  Phosphorylation of different stress-inducible genes takes place in response to heat and 

salinity stress (Krasensky and Jonak 2012). 

Calcium ions act as secondary messengers especially in osmotic and ionic stress caused by salinity. 

In a study on Arabidopsis CPK21 which is a CBL-interacting protein, was identified and seen to 

be activated under hyperosmotic stress. Calcium ions also trigger signal transduction pathways 

involved in maintaining ionic balance and regulation of gene expression (Conde et al. 2011). 

High temperature, drought and salinity stress has been reported to alter the expression of different 

protein kinases, detoxification enzymes, lipid biosynthesis and starch degradation enzymes, 

ethylene responsive elements, catalases, transferases and many other transcripts. Differential 

expression of transcripts involved in photosynthesis and glycolysis shows that plants tend  to  

create a  balance  between  energy  conservation  and stress  acclimation  while maintenance of 

growth. Intracellular organelles such as mitochondria are protected by sucrose produced by starch 

– a polysaccharide. Compounds such as various Kreb cycle intermediates, amino acids including 

glutamine, tyrosine, valine, etc. are also accumulated during drought and salinity stress 

(Zandalinas et al., 2017; Yao et al. 2011).  

The plants growing in saline soils, high concentration of salts results in decreasing the soil water 

potential, thus the plant’s water potential is lowered (Bogeat-Triboulot et. al., 2007). They 

observed that acclimation to water deficits involved the regulation of different networks of genes. 

The current research would help us better understand the gene expression in Zea mays. This study 

implies that signals for heat and salt stress could be perceived at the membrane and initiate signal 

transduction of various other components. Moreover, our study shows that different structural 

components are involved in stress responses which are intricate and inter-connected.  

Conclusion 
These different expressed sequence tags (ESTs) established under heat and salinity stress could be 

made into full-length genes and used in enhancing stress tolerance in maize and other crops. 
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