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Abstract - Reactive oxygen species (ROS) are the deleterious chemicals which induce cellular damage during oxidative 
stress. Under hypoxic conditions, ROS signaling allows the deformation of cellular components in roots and formation of a 
new tissue called aerenchymous tissue which unblocks the oxygen transfer throughout the plant. In root cortex, cell wall 
modification (CWM) promotes the formation of aerenchyma cells in roots under waterlogging conditions as an adaptive 
mechanism. Here, we investigated the differential expression of CWM and ROS signaling genes under waterlogging 
conditions in maize. Our study established the importance of genes regulating ROS signaling and CWM for waterlogging 
tolerance and these genes can be used as candidates in generating waterlogging tolerant hybrids in maize. 
 
  
I. INTRODUCTION 
 
Cell wall is degraded through the modification of cell 
wall components resulting into programmed cell 
death (PCD) (Gunawardena et al., 2007) which is 
caused by the formation of reactive oxygen species 
(ROS). In waterlogging conditions, there is lack of 
oxygen in root zone allowing no oxygen transfer from 
roots to shoots. To overcome oxygen deficient 
conditions, root cells extend to the formation of 
lysigenous aerenchyma via PCD thereby allowing 
unhindered oxygen transfer from roots to shoots 
(Schussler and Longstreth, 2000; Colmer, 2003). 
CWM and ROS signaling genes are researched for 
their expression in hypoxia and waterlogging 
conditions in Arabidopsis and maize (Gibbs et al., 
2011; Nepolean et al., 2013). The present study is 
extended to their expression profiling in 
waterlogging–tolerant and –susceptible genotypes of 
maize. 
 
II. MATERIALS AND METHODS 
 
2.1 Plant material and stress conditions 
A pair of contrasting genotypes waterlogging-tolerant 
(SKV239) and -susceptible (CML22) were screened 
under waterlogging stress conditions (Figure 1). 
Plants were sowed in cups maintained under optimal 
conditions. Waterlogging stress was imposed at three-
leaf stage maintaining the water table up to 3 cm 
above soil level. Control and stressed plants were 
replicated for 20 seedlings. After five days of stress 
root samples were isolated separately. 

 
Figure 1. Phenotypic response of SKV239 (tolerant) and 
CML22 (susceptible) genotypes to waterlogging stress. 

  
2.2. RNA isolation and qRT-PCR expression 
analysis 
Total RNA was isolated from leaf and root tissue 
samples using RNeasy kit (Qiagen, Hilden, Germany) 
as per manufacturer’s protocol. Quality and quantity 
was checked using agarose gel electrophoresis and 
NanoDrop 1000 spectrophotometer (Thermo 
Scientific, Wilmington, USA). mRNA was 
transformed into first-strand cDNA using cDNA-
synthesis kit (ThermoFischer Scientific, USA) at 44 
°C for 60 min followed by 92 °C for 10 min. First-
strand cDNA was investigated for expression using 
qRT-PCR (Agilent Technologies, California, USA). 
Primer designing of CWM and ROS signaling genes 
was done by using the IDT software. PCR reaction 
was carried out at 95 °C for 4 min followed by 40 
cycles of 95 °C for 15 s, 60 °C for 30 s, and 72 °C for 
1 min. 
 
III. RESULTS AND DISCUSSION 
 
3.1 Expression pattern of CWM and ROS 
signaling genes 
Expression pattern of three CWM genes, namely, 
arabinogalactan, polygalacturonases, and 
pectinesterases and three ROS signaling genes, 
NADPH oxidases, phospholipase D, mitogen 
activated protein kinase (MAPK) were measured in a 
contrasting set of maize inbreds under waterlogging 
stress in both root and leaf tissues. Expression of 
CWM and ROS signaling genes in root samples were 
found to be contrasting in tolerant and susceptible 
genotypes. 
Upregulation of CWM genes indicated the 
importance of cell wall degradation to waterlogging 
tolerance. Degradation of cell wall components 
leading to PCD allows the formation of 
aerenchymous tissue which unblocks the oxygen 
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transfer from root to shoot (Schussler and Longstreth, 
2000; Colmer, 2003; Gunawardena et al., 2007). 
Differential expression of ROS signaling genes under 
waterlogging stress explains the regulation of ROS 
formation and scavenging. It has been studied that the 
ROS production and scavenging is variable from low 
oxygen to re-oxygenation under waterlogging stress 
(Paradiso et al., 2016). ROS is a reactive species that 
causes cellular death in plants. ROS signaling 
transductions induce PCD in root cells which is the 
prerequisite of aerenchyma formation in waterlogging 
stress (Schussler and Longstreth, 2000; Colmer, 
2003; Breusegem and Dat, 2006). 

 

 
Figure 2. Bar representation of differential expression of CWM 

and ROS signaling genes in (a) tolerant and (b) susceptible 
genotypes under waterlogging conditions. 

 
CONCLUSIONS 
 
Differential expression of CWM and ROS signaling 
genes in waterlogging–tolerant and –susceptible 
genotypes indicated their possible role as candidate 
genes in generating waterlogging tolerant maize 
hybrids. 
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