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Abstract- Heavy metals are toxic elements that are known to induce multiple diseases in living organisms even at lower 
levels of exposure. We investigated the action of Fe2+on DNA methylation using CRED-RA (Coupled Restriction Enzyme 
Digestion-Random Amplification) in Zea mays seedlings. The results indicated that all dosesof FeSO4 (50, 100, 200 and 300 
mg/l) caused an increase in DNA methylation value and DNA hypermethylation occurred according to the concentrations of 
FeSO4. The results of this experiment have clearly shown that iron has epigenetic effect on Zea mays seedlings. 
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I. INTRODUCTION 
 
Heavy metals are commonly known as toxic 
materials for human, animals, plants and other living 
organisms. Iron, is a micronutrient, is necessary for 
photosynthesis, also an enzyme cofactor in plants 
and its deficiency can result chlorosis and necrosis. 
Many cereal crops, like maize, wheat, rice and bean, 
are exposed to Fe2+ toxicity and this limits their 
growth, development processes such as 
photosynthesis, lipid metabolism, nucleic acid 
biosynthesis, production and yield mostly (1, 2). Also 
it is known that heavy metal toxicity triggers the 
accumulation of ROS (Reactive Oxygen Species) and 
up-regulates activity of antioxidative enzymes (3). In 
cells, free Fe2+ is toxic because of it is able to 
catalyze the decomposition of H2O2 to the extremely 
reactive hydroxyl (·OH) radical. This is known as the 
Fenton reaction (4) and this radical leads to damage 
of lipids, proteins, and DNA (5) mostly. However 
plants exist wide genetic variation for Fe2+ resistance, 
and they have developed some mechanisms to cope 
with Fe2+ toxicity. One is involve a precise regulation 
of gene expression at the transcriptional and post-
transcriptional levels. In addition to genetic 
regulation, epigenetic regulation such as methylation, 
miRNA and retrotransposon activities may be 
involved in the regulation/signaling of metal toxicity 
response (6, 7). Despite this comprehensive 
knowledge on the functional aspects of Fe acquisition 
and homeostasis, studies examining the molecular 
mechanisms have remained poor. So, the current 
study was the first designed to detect the impact of 
Fe2+ contamination on Zea mays, in terms of DNA 
methylation changes by using CRED-RA assay. 
 
II. DETAILS EXPERIMENTAL 
 
2.1. Plant Growth and Treatment Conditions 
Zea mays seeds suface-sterilized within 0.5% NaOCl 

(sodium hypochlorite) solution for 10 min and then 
washed with sterile water three times. These sterile 
seeds were placed on two layers of filter paper  
moistened with 10 ml different concentrations of 
FeSO4 (0 (distilled water that include tween 20), 50, 
100, 200 and 300 mg/l). The dishes were kept at 25 ± 
1°C in dark. Afterwards 7 days of germination, bulk 
leaves were randomly collected for each treatment 
and were stored at -80°C.  
 
2.2. Genomic DNA Extraction 
 
\Genomic DNA was extracted from the seedlings 
using the method described by Li and Quiros 
(2001)(8) with some modificationsand stored at -20ºC 
for further use. The quality and concentration of the 
DNA were measured using a spectrophotometer and 
electrophoresis in a 0.8 % (w/v) agarose gel.  
 
2.3. CRED-RAs Procedure and PCR Method 
Primers were used for CRED-RA PCR reactions 
were: OPA-1, OPA-2, OPW-1, OPY-6, OPB-8, OPY-
15, OPH-17, OPH-18 (Table I). PCR amplifications 
were carried out in a total volume of 20 µl, containing 
50 ng digested genomic DNA, 1× PCR buffer 
(without MgCl2), 0,25 µM dNTP, 0,25 mM primer, 
2,5 mM MgCl2 and 1,5 U Taq DNA polymerase. 
Genomic DNA sample from each treatment were 
separately digested with HpaII and MspI 
endonucleases (which cut the sequence 5´-C/CGG-
3´with different sensitivity to cytosine methylation; 
MspI cuts if the inner C is methylated, whereas HpaII 
cannot cleave in the presence of methyl groups). 
DNA amplification was carried out in a thermocycler 
programmed as follows: 1 cycle of 5 min at 95°C, 35 
cycles of (1 min at 94°C, 1 min at  36°C and 2 min at 
72°C), 1 cycles of 15 min at 72°C. A negative control 
of PCR mix, without any template DNA, was also run 
with every set of samples to test any other kinds of 
contamination. 
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2.4.Electrophoresis 
PCR products were analyzed to an electrophoretic 
separation process for 2 h, under 110-V current in 
1.5% agarose gel containing 0.05 µl/ml ethidium 
bromide. The sizes of the fragments were estimated 
based on a DNA ladder of 100 bp (Vivantis). These 
gels were displayed with UV imaging system; 
photographs were taken and analyzed for CRED-RA 
profiles. 
 
2.5. Analysis 
CRED-RA patterns were evaluated using the Total 
Lab TL120 computer software. The average number 
of polymorphisms (%) was calculated for each dose 
to realize CRED–RA analysis. The test results were 
calculated with the following formula: 

Polymorphism % = 100 × a/n 
Where a in formula is the average number of 
polymorphic bands detected in each treated sample, 
and n is the number of total bands in the control. 
Polymorphisms in CRED-RA profiles included 
disappearance of a normal band and appearance of a 
new band compared with the control. The average 
was calculated for each experimental group. To 
compare the sensitivity of each parameter, changes in 
these values were calculated as a percentage of their 
control (set to 100%).  
 
III. RESULTS AND DISCUSSION 
 
In this research, we reported impact of Fe2+ (FeSO4) 
contamination in terms of DNA methylation in Zea 
mays.Among fourteen 10-mer priming 
oligonucleotides, eight primers were selected for 
application by the CRED-RA method in order to 
determine the effects of FeSO4 treatments on 
methylation (Table 1). The results of the CRED-RA 
assay were presented as the average polymorphism of 
% DNA methylation for each concentration (Table 
2).The value of polymorphism, which is a 
quantitative measure of the changes in CRED-RA 
pattern, was observed that MspI polymorphism was 
higher than HpaII polymorphism and MspI 
polymorphism ranged from 9.7% to 16.7%, while 
HpaII polymorphism ranged from 6.8% to 11% based 
on the used primer and FeSO4 concentration (Table 
2). According to the results obtained with the CRED-
RA technique, the concentrations of FeSO4 tested had 
an effect on methylation status. This status showed 
itself as hypermethylation.There is a clear evidence 
that several environmental and genetic stimuli are 
known to alter methylation. Considerable evidence 
has more recently been presented in the literature 
indicating that upon exposure to abiotic stress can 
cause an increase or decrease in cytosine methylation 
throughout the genome and at specific loci (9, 10). In 
keeping with this, we have used CRED-RA tecnique 
to investigate how maize genome alters its cytosine 
methylation status in response to Fe2+ stress. In 
considering the effect of Fe2+ stress, there has been a 

wide change in methylation status that has concluded 
as hypermethylation.Nevertheless, there are many 
reports in literature demonstrating that abiotic stresses 
could alter the cytosine methylation status through 
hypo- or hypermethylation of DNA. Erturk et al., 
(2014) (11) have demonstrated that lead sulfate have 
caused DNA hypermethylation in Zea mays 
seedlings. Another study has detected that light 
deficiency has caused hypermethylation in Posidonia 
oceanica(12). Finally, our findings suggested that 
occurring hypermethylation of each treatment group 
might be induced by the Fe2. 
 

Table1: The Primer Sequences Used for CRED-RA 
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