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Requiring water and minerals to grow and to develop its organs, Maize (Zea mays L.)
production and distribution is highly rainfall-dependent. Current global climatic changes
reveal irregular rainfall patterns and this could represent for maize a stressing condition
resulting in yield and productivity loss around the world. It is well known that low water
availability leads the plant to adopt a number of metabolic alterations to overcome stress
or reduce its effects. In this regard, selenium (Se), a trace element, can help reduce
water damage caused by the overproduction of reactive oxygen species (ROS). Here we
report the effects of exogenous Se supply on physiological and biochemical processes
that may influence yield and quality of maize under drought stress conditions. Plants
were grown in soil fertilized by adding 150 mg of Se (sodium selenite). We verified
the effects of drought stress and Se treatment. Selenium biofortification proved more
beneficial for maize plants when supplied at higher Se concentrations. The increase
in proline, K concentrations and nitrogen metabolism in aerial parts of plants grown in
Se-rich substrates, seems to prove that Se-biofortification increased plant resistance to
water shortage conditions. Moreover, the increase of SeMeSeCys and SeCys2 forms in
roots and aerial parts of Se-treated plants suggest resistance strategies to Se similar
to those existing in Se-hyperaccumulator species. In addition, epigenetic changes
in DNA methylation due to water stress and Se treatment were also investigated
using methylation sensitive amplified polymorphism (MSAP). Results suggest that Se
may be an activator of particular classes of genes that are involved in tolerance to
abiotic stresses. In particular, PSY (phytoene synthase) gene, essential for maintaining
leaf carotenoid contents, SDH (sorbitol dehydrogenase), whose activity regulates the
level of important osmolytes during drought stress and ADH (alcohol dehydrogenase),
whose activity plays a central role in biochemical adaptation to environmental stress.
In conclusion, Se-biofortification could help maize plants to cope with drought stress
conditions, by inducing a higher drought tolerance.
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INTRODUCTION

The use of water in agriculture is unevenly spread with a peak
in summer when water is least available, maximizing detrimental
impacts (Sharpe, 2009). More than 90% of agricultural area in
the EU is rain fed, so crop water stress often underlies the inter-
annual variability observed in grain production (EUROSTAT,
2010).

Maize (Zea mays L.) is one of the most important food crops
in the world (it is produced on nearly 100 million hectares) and,
along with rice and wheat, provides at least 30% of food calories
to more than 4.5 billion people in 94 countries. It is one of the
most important cereals both for human and animal consumption.
Furthermore, maize is an important candidate crop for ethanol
production. Maize is a major summer crop in the irrigated areas
of the Mediterranean region. It is a water demanding crop that
can reach high grain yields (10–12 t ha−1) only when water
and nutrients are not limited (Pandey et al., 2000; Çakir, 2004).
Water demand for maize is concentrated in the summer months
when availability is lowest. Access to an adequate water supply,
including more efficient use of all available water, is therefore
critical to achieving improved yields.

Drought stress is one of the major environmental factors that
inhibits many metabolic processes and consecutively slows down
the development of the plant with loss of yield and productivity
around the world. The arid and semi-arid regions of the globe,
especially in developing countries, are at great risk because they
are facing acute shortage of water.

Plants respond to environmental stress by alteration of the
pattern of protein synthesis. These stress-induced proteins are
considered to enhance the plants’ ability to survive the conditions
of stress. The limited or non-availability of water reduces growth
of crop plants through the effects on various physiological and
biochemical processes.

Selenium had long been considered to be a toxic element
for higher organisms, but in Schwarz and Foltz (1957) reported
that low concentrations of Se are essential for dietary intake and
interchangeable with vitamin E. Later it was discovered that Se
mitigating environmental stress protects the cells of rats against
intracellular oxidative damage (Rotruck et al., 1973). Since then,
owing to its physiological and toxicological importance, Se has
become an element of interest which has been investigated in
humans, animals and in plants.

Selenium toxicity (400 µg kg−1) in humans and animals
causes disruption of the digestive and nervous systems but,
on the other hand, deficiency leads to free radical damage,
such as greater risk of tumour formation, hypertension and
atherosclerosis. Cereals are the major source of Se among plants
(50–60 µg kg−1). Se content of food is highly dependent on

Abbreviations: ADH, alcohol dehydrogenase; ANOVA, analysis of variance;
CAT, catalase; DAS, days after sowing; DS, drought stress; GF-AAS, graphite
furnace atomic adsorption spectroscopy; GPX, glutathione peroxidase; HPLC,
high performance liquid chromatography; LSD, least significant difference;
MSAP, methylation sensitive amplified polymorphism; NCBI, National Center for
Biotechnology Information; PCA, principal component analysis; PCR, C-reactive
protein; PSY, phytoene synthase; PVC, polyvinyl chloride; ROS, reactive oxygen
species; SDH, sorbitol dehydrogenase; SOD, superoxide dismutase; TOPO,
topoisomerase; WW, well-watered; ZM, Zea mays.

soil Se bioavailability and the ability of plants to take up and
accumulate Se in edible tissues (Bañuelos et al., 2017). In
the soil, selenite is less bioavailable to plants than selenate,
because the former is preferentially absorbed by iron oxides
and/or hydroxides. Owing to this behavior in the soil, selenite
is preferable to selenate; it is not dispersed with rainwater or
irrigation, thus also minimizing the risks of pollution of the
groundwater (Zhu et al., 2009).

Selenium is not considered essential for plant growth,
but recent studies indicate its physiological and anti-oxidant
properties play beneficial roles in plants exposed to various
abiotic stress (Cartes et al., 2010). Se improves plant tolerance
to DS by regulating water status (Yao et al., 2009), increasing
chlorophyll in plant leaves (Dong et al., 2013), protecting against
cadmium toxicity (Elkahoui et al., 2004), reducing damage caused
by UV-radiation oxidative stress (Valkama et al., 2003) and
enhancing chlorophyll content under light stress (Seppänen et al.,
2003).

Selenium may also protect plants from fungal infection and
invertebrate phloem-feeders (Hanson et al., 2004). Moreover, it
has also been reported to improve the yield of food crops like
wheat (Broadley et al., 2010), barley (Ducsay et al., 2009), rice
(Wang et al., 2013), and maize (Chilimba et al., 2012).

Abiotic stresses such as low and high temperature (Akladious,
2012; Balal et al., 2016), salinity (Abul-Soud and Abd-Elrahman,
2016), heavy metals (Li et al., 2016), excess water and drought
(Nawaz et al., 2015) could be regulated by exogenous Se,
associated with the increased activity of GPX and antioxidants
activity with a simultaneous decrease in lipid peroxidase activity.
In Proietti et al. (2013), the effects of Se on plant growth under DS
stimulate the activity of the antioxidant enzymes CAT and SOD,
which were depressed in response to drought.

For example, an increase in antioxidant enzyme activity
after Cd treatment has been detected in the roots and leaves
of Phaseolus vulgaris L. (Chaoui et al., 1997) and Raphanus
sativus L. (Vitória et al., 2001), such as the accumulation
of H2O2, causing oxidative stress in these plants. DNA
methylation play important roles in the establishment of
developmental programs in fungi, plants and animals. (Teyssier
et al., 2008). Environmental stimuli, such as heavy metals,
water and salt stress, are known to alter cytosine methylation
throughout the genome and specific loci (Lukens and Zhan,
2007). Plants use epigenetic regulatory strategies, such as DNA
methylation, to maintain genomic plasticity, allowing relatively
rapid adaptation to new conditions without changing the DNA
sequence (Causevic et al., 2005). Generally, hypermethylation
is correlated with gene silencing, while hypomethylation is
connected with active transcription (Paszkowski and Whitham,
2001). Moreover, some authors suggest a role played by
selenium in preventing DNA methylation changes and in
reducing the amount of ROS, that, in turn, are believed to
be the trigger of methylation status changes (Filek et al.,
2008; Peng and Zhang, 2009). Therefore, in this paper, the
possible involvement of epigenetic changes in maize in response
to DS and/or Se supplementation was investigated through
MSAP. This technique has been applied in several species
to detect the methylation status and is based on the use of
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two isoschizomers, HpaII and MspI, recognizing 5′-CCGG-3′
sequences but have differential sensitivity to cytosine methylation
status.

The aims of the work were: (i) to confirm the effectivity
of the Se-biofortification technique used, which was able to
transfer Se from soil to roots and aerial parts; (ii) to verify
if Se-biofortification can increase the drought tolerance of
maize plants and which mechanisms would be involved in this
water stress tolerance, studying specifically the role of pigments,
proteins, ions and DNA methylation.

MATERIALS AND METHODS

Type of Soil Used
A clay-loam soil was air-dried, passed through a 2 mm sieve and
analyzed for its basic physical and chemical properties. Water-
holding capacity was 300 mL kg−1 and the permanent wilting
point was 120 mL kg−1. On a dry weight basis: a pH (H2O)
of 8.3, CaCO3 concentration of 240 g kg−1, total organic C of
9.9 g kg−1, total N concentration of 1.0 g kg−1, CSC of 20.1
cmol(+) kg−1 and total Se concentration of 12.0 mg kg−1. Soil
analyses were performed following official methods (Carter and
Gregorich, 2007). For the determination of Se concentration,
acid digestion of soil [0.25 g was performed with a mixture
of HNO3 and H2O2 (8:2, v/v)]. The determination of the Se
in digested materials was accomplished by using an atomic
absorption spectrophotometer (US Environmental Protection
Agency [EPA], 1996), equipped with a graphite furnace and
a deuterium lamp (Shimadzu AA-6800, GF-AAS, “Shimadzu
Corp.”, Tokyo, Japan). The back-ground correction was carried
out using a matrix modifier of Pd(NO3)2 in 0.5 M in HNO3
(Sigma-Aldrich, St. Louis, MO, United States).

Soil Preparation
Soil spiking was performed by taking samples of the same air
dried and sieved (<2 mm) soil. The soil (3 kg) in the Se treated
samples has been fertilized by adding 150 mg of Se (328 mg of
sodium selenite) to each pot before sowing. The Se salt was added
to the soil and then stirred for 4 h.

Bioassay
The bioassay was carried out at the greenhouse of the Department
of Agricultural, Food and Environmental Sciences, University
of Perugia (Central Italy, 12◦23-E, 43◦5-N), in May 2015, with
minimum temperature ranging between 10◦C and 15◦C and
maximum temperature ranging from 20◦C to 36◦C.

The experimental design was completely randomized with
four treatment factors: normal irrigation without Se treatment
(WW−Se), DS without Se treatment (DS−Se), normal irrigation
with Se treatment (WW+Se) and Se under DS condition
(DS+Se) and six replicates, for a total of 24 pots. Maize (cv
Fidias) was sown (11 May 2015) in 0.20 m diameter PVC pots
filled with 3,000 g of air-dried soil, using three seeds per pot.
For the samples under normal irrigation, the pots were sub-
irrigated every 2nd day to recover water-holding capacity. For
the stressed samples, DS was imposed on 5 June 2015, on plants

0.25 m high. From this date, irrigations were suspended to let the
soil reach a water content equal to 25% of the available water.
Later, the pots were sub irrigated every 2nd day to recover a
water content equal to 25% of the available moisture content.
The amount of water needed to reach 100 and 25%, respectively,
of available moisture content in the soil were determined by
considering the average weight of the pots and giving the same
amount of water to all pots in the same irrigation treatment.
Once in a week the sub-irrigations were performed by using a
solution of fertilizer for hydroponics (FLORY 9, Agrochimica,
Italy), containing 5% total N, 7% P2O5, 22% K2O, 6% MgO and
less than 10 µg Se kg−1. Maize plants were grown up until pot size
represented an obstacle to normal development; in detail, they
were harvested at 0.50 m height (14 July 2015). After harvesting,
all plants were rinsed quickly in deionized water, weighed and
split into the different organs: roots and aerial parts (aerial parts
and leaves).

Plant Analyses
Plant aerial part height was determined by placing samples on
black chart paper with a 1 m ruler alongside them. Portions of
roots and aerial parts harvested were weighed and immediately
used for the analysis that required fresh material (Se speciation
and proline). Aerial part dry weight was obtained by drying
samples in a forced-draft oven at 60◦C for 48 h and ground to
pass through a 0.5-mm sieve. Other portions were collected and
rapidly frozen at −80◦C and used for DNA extraction (MSAP
technique).

Total Chlorophylls and Carotenoids
The concentration of chlorophylls (Chlorophyll a, ChlA;
Chlorophyll b, ChlB) and carotenoids (Car) were determined
only in the fresh aerial part sample following the method of
Lichtenthaler and Wellburn (1983).

The sum of ChlA and ChlB was reported as the total
concentration of chlorophylls (TotChl). Results were then
expressed as milligrams per gram of fresh weight (mg g−1 FW).

Determination of Total Se Concentration
Dry vegetable samples (0.25 g) with additions of 8 mL of
concentrated HNO3 (65% v/v; Carlo Erba, Milan, Italy) and
2 mL of H2O2 (30% v/v, Carlo Erba) were microwave digested
(ETHOS One high-performance microwave digestion system;
Milestone Inc., Sorisole, Bergamo, Italy) (Cubadda et al., 2010).
The digested solutions were filtered using a 0.22 µm filter after
appropriate dilution with Milli-Water (18.2 M�), according to
US Environmental Protection Agency [EPA] (1996), and the
concentration of total Se was determined by ICP-MS (Agilent
7900, Agilent Technologies, United States) with Octopole
Reaction System (ORS system). The standard solutions of Se
were used by diluting the corresponding stock solutions (Se
standard 1000 mg L−1 for AAS TraceCert Sigma-Aldrich 89498).
This method was accurately validated with a recovery test
(n = 3) by adding from a Se standard solution (4 mg L−1)
into the mixture of Se-enriched sample and nitric acid prior to
digestion.
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Analysis of Se Species in Leaves and
Roots
Approximately 1 g of fresh leaves and roots were accurately
weighed and chopped with 10 mL of solution 2.0 mg mL−1

of protease (Protease Type XIV, Sigma-Aldrich P5147 -1 g).
An ultrasound probe was used and sonication time was 3 min.
All of the samples were stirred in a water bath at 37◦C for
3 h. After the extraction, the samples were allowed to cool to
room temperature and centrifuged for 10 min at 9,000 rpm.
The supernatant was filtered through 0.22 µm Millex GV filters
(Millipore Corporation, Billerica, MA, United States).

The Se standards (Na2SeO3, Na2SeO4, selenomethionine
(SeMet), selenocystine (SeCys2), selenium methylselenocysteine
(SeMeSeCys) were obtained from Sigma (St. Louis, MO,
United States) and prepared in ultrapure (>18 M�) water.

Speciation of Se was performed by HPLC-ICP-MS (HPLC
1100 coupled with ICP-MS 7700x, both Agilent Technologies,
United States) on an anion exchange column (Hamilton, PRP-
X100, 250 × 4.6 mm, 5 µm particle size). The mobile phase
was made using ammonium acetate (Carlo Erba, Milan, Italy)
with gradient elution. Detailed information is summarized in
Supplementary Table S1. The samples were analyzed at different
dilutions and selenocompounds were identified in extracts by
retention time matching with the standard substances spiked in
the sample extracts.

Limit of detection (LODs = 3σ), expressed as µg L−1, were
0.9, 0.7, 0.3, 0.6, and 0.2 for SeCys2, MeSeCys, SeMet, Se(IV) and
Se(VI), respectively.

Proline Concentration
The concentration of proline was estimated in all plants by HPLC
with a method described by Palmerini et al. (2006). The HPLC
used was a Jasco 880-PU (Jasco, Tokyo, Japan) equipped with a
fluorimetric detector Jascho 821-FP. The proline was measured
on leaves (2 g of leaves) homogenized in 10 mL of ultrapure H2O
with an ultra turrax T25 (Tanke and Kunkel Ika Labortechnik,
Staufen, Germany) for 3 min on ice. The homogenates were
then centrifuged at 5,000 × g for 10 min and an aliquot of
the supernatant (1 mL) of the extract was deproteinized with
0.200 mL HClO4 (20% v/v) in ice and centrifuged at 8,000 rpm
5 min. At the supernatant were added 0.200 mL of KOH
(20% by weight) and the precipitate of KClO4 was removed by
centrifugation at 8,000 for 5 min. An aliquot of the supernatant
(0.050 mL) was mixed with 0.150 mL (0.4 M) borate pH 9
with 0.050 mL of o-ftaldeide chloride (150 mM) (OPA) in
methanol, and 0.1 mL of 7-chloro-4 -nitrobenzo 2 bone-1,3-
diazole (25 mM) (NBD-Cl) in methanol. The reaction performed
at 60◦C for 3 min was interrupted in ice with 0.100 mL HCl
(1 M). The derivatized (0.020 mL) of each sample was injected
into a RP-18 Lichrosor column, (15 cm × 4.6 mm ID) of the
HPLC and eluted in instrumentation under isocratic conditions
with H2O/CH3CN (93:7) used as mobile phase. The solvents
used were previously passed on a 0.22 µm filter (Millipore
Corporation, Billerica, MA, United States). The NBD-derivatives
were determined to ex470 nm e em 530 nm. The NBD- proline
was eluted in 6.5 min and quantified with a standard solution

of proline. Proline (0.043 M) and hydroxy-proline (0.038 M),
used as internal standard, were diluted 1–100 in H2O and then
0.050 mL derivatized as the samples (0.01 mL) analyzed by HPLC.
The results were expressed for proline as nmol g−1 TF.

Ionic Concentrations in Aerial Parts
Ionic concentrations in plant extracts was determined by
ion chromatography with conductivity detection (Portlab Hplc
System Stayer, Milan, Italy). The method used was described for
the determination of the ionic concentration of vegetable samples
by ion chromatography with suppressed conductivity detection
(Cataldi et al., 2003). Leaf tissues, approximately 0.25 g of (−Se)
and (+Se) plants were homogenized in 5 mL of pure water;
the suspension was shaken for 20 min and then centrifuged at
3,000 rpm for 12 min. Prior to the injection, the extracts were
filtered through single-use 0.22 µm nylon filters to remove any
particulate matter. The extracts obtained at room temperature
yielded chromatographic profiles with substantial differences in
the relative concentrations of F−, Cl−, Br−, NO3

−, PO4
3−,

and SO4
2− as well as of Na+, K+. The results stated in this

paper represent the mean of three repetitions performed for each
sample. The concentrations of anions were both calculated as g
100 g−1, while for cations as mg g−1.

Determination of Total Nitrogen (Kjeldahl
Method)
Two grams of dry sample were digested in a Kjeldahl digestion
flask, as in the official method used for the determination
of total nitrogen in plant tissue (Isaac and Johnson, 1976)
and which led to the use of the calculation N × 6.25
to convert nitrogen concentration into protein concentration
(Nprot). Determinations were made on all reagents alone (blank
determinations).

DNA Extraction and MSAP Technique
For MSAP analysis, total genomic DNA, extracted from maize
leaves, collected at 60 DAS using the DNeasy Plant Mini
Kit (Qiagen, Milan, Italy), following the protocol reported in
Marconi et al. (2013) and Bocchini et al. (2015). The 12
primer combinations used for the selective amplifications are
reported in Supplementary Table S2. The differential sensitivity
of HpaII and MspI to methylation allows the separation of
the amplified fragments into four types. Type I is given by
bands present in both enzyme combinations (EcoRI/HpaII and
EcoRI/MspI). Type II correspond to bands present only in
EcoRI/HpaII, indicating the hemimethylated state of DNA,
i.e., the result of the methylation in one strand but not
in its complementary strand. Type III bands appeared only
in EcoRI/MspI, representing the case of full CG methylation
(internal cytosine) whereas type IV, is the case of full methylation
at both cytosines, and represents the absence of bands in both
enzyme combinations.

Statistical Analysis
Bioassay data relating to the concentrations of the different forms
of Se in maize roots and aerial parts were submitted to two-way
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ANOVA, by considering water-stress and Se-biofortification
as factors, with two levels each. The ‘water-stress × Se-
biofortification’ interaction was always significant and the means
for the four combinations were compared using Fisher’s LSD at
P = 0.05. In order to summarize the results, principal component
analysis (PCA) was used on the two-way matrix with treatments
along the rows and all the observed variables along the columns
[concentrations in sodium (Na) potassium (K), proteic nitrogen
(Nprot), chlorophyll A (ChlA), chlorophyll B (ChlB), total
chlorophyll (TotChl), carotenoids (Car), nitrates (Nitr), fluorides
(Fluo), sulphates (Sulph), phosphates (Phosph) and chlorides
(Chlor)]. Data were standardized prior to analysis and results
were displayed in a distance-biplot (Legendre and Legendre,
2012).

In MSAP analysis, to determine the significance of the sources
of variation, the recorded data (bands) were processed by analysis
of variance (ANOVA). First, for each Type of methylation
status (Types I, II, III, and IV), several one factor completely
randomized ANOVAs were performed considering the stress
treatments (i.e., WW+Se vs. WW−Se; WW+Se vs. DS+Se;
WW+Se vs. DS−Se; WW−Se vs. DS+Se; WW−Se vs. DS−Se
and DS+Se vs. DS−Se) as the experimental factor. The same
simple one factor ANOVA was also carried out for the total
methylated bands (i.e., the sum of bands of Types II, III, and IV),
the full methylated bands (i.e., the sum of Types III and IV) and
hemi methylated bands (Type II).

Secondly, a two-factor ANOVA with 6 replicates was
performed, by considering Stress and Class (Total, Full and
Hemi Methylated bands) as factors. In addition, the significance
of effects was tested by using F tests. Pairwise comparisons
were tested for the stress × class combinations. Finally, the
mean ± standard deviation (SD) derived from six biological
replicates per experiment was calculated for each MSAP band
type.

Silver Staining and DNA Sequences of
Water-Selenium-Related Fragments
Some samples, which were chosen on the basis of interesting
polymorphisms, were run on acrylamide gels and silver stained
with the aim of isolating and sequencing the selected bands as
reported in Marconi et al. (2013). Interesting polymorphic bands
were then excised from gels and rehydrated with 100 µL of
milli-Q water o/n at 4◦C. Tubes were centrifuged at maximum
speed for 5 min and the supernatant transferred into a fresh
tube. Aliquots of 5 µL were used as a template for re-
amplification by PCR in a 25 µL reaction volume. All PCR
reactions were carried out with the same Eco and MpsI/HpaII
primer combination used in selective amplification step with
this profile: 94◦C for 1 min, 30 cycles of denaturation at
94◦C for 1 min, annealing at 55◦C for 1 min, extension at
72◦C for 1 min and ending with a 20 min extension step
at 72◦C.

One microliter of the re-amplified DNA was cloned into
pCR4-TOPO vector using the TOPO TA cloning kit for
sequencing (Invitrogen, Carlsbad, CA, United States). Three
plasmids for each transformation were purified from 5 mL of
o/n culture of E. coli, in LB medium, using the GenElute Plasmid

miniprep kit (Sigma-Aldrich, Milan, Italy). The sequences of both
strands were determined after running sequencing reactions,
obtained with BigDye R© Terminator v3.1 Cycle Sequencing Kit,
(Applied Biosystems, Foster City, CA, United States) on an
ABI 3130xl Genetic Analyzer (Applied Biosystems, Foster City,
CA, United States). Sequences identified through MSAP were
used as queries in NCBI Release 2151, Uniprot release 2016_082

(The UniProt Consortium, 2017) and MaizeGDB3 by using B73
RefGen_v3 websites.

RESULTS

Effects of Se-Biofortification on Plant
Morphological, Chemical and
Biochemical Parameters
In untreated (−Se) plants, DS significantly reduced aerial
part weight by 37% (Table 1 and Supplementary Table S3).
Regarding Se-biofortified (+Se) plants, DS significantly reduced
aerial part weight by 24% (Table 1 and Supplementary
Table S3). Therefore, although DS caused a reduction in
maize development, the treatment with Se was able to reduce
these adverse effects by at least 13%. Regarding irrigated
plants (WW), Se-biofortification significantly increased the
aerial part weight by 32% (Table 1 and Supplementary
Table S3). In terms of drought stressed (DS) plants, Se
biofortification significantly increased the aerial part weight by
59%. Therefore, the beneficial effect of Se-treatment was higher
on plants in water stressed conditions, resulting in an increase
of the development of the treated plants by at least 27%,
compared to the untreated controls (Table 1 and Supplementary
Table S3).

1https://www.ncbi.nlm.nih.gov/
2http://www.uniprot.org/
3https://www.maizegdb.org/

TABLE 1 | Weight and total, inorganic [Se(IV)+Se(VI)] and organic (Total
Se-Inorganic Se) Se concentrations in maize aerial parts and roots.

Weight Total Se Inorganic Se Organic Se

(g plant−1) (µg kg−1) (µg kg−1) (µg kg−1)

Aerial parts WW−Se 4.09 b 328 b 218 b 100 c

DS−Se 2.57 c 381 b 242 ab 139 b

WW+Se 5.38 a 1,297 a 267 a 1,030 a

DS+Se 4.09 b 1,321 a 275 a 1,046 a

Roots WW−Se Nd 883 b 785 b 98 b

DS−Se Nd 954 b 870 b 84 b

WW+Se Nd 4,520 a 2,630 a 1,890 a

DS+Se Nd 4,970 a 2,715 a 2,255 a

The reported data are expressed on dry basis. Nd, not determined; WW, well
watered; DS, drought stress. (WW−Se) normal irrigation without Se treatment,
(DS−Se) drought stress without Se treatment, (WW+Se) normal irrigation with
Se treatment and (DS+Se) Se under drought stress conditions. Data for each
experiment were compared separately using Fisher’s LSD test (P < 0.05). Different
letters indicate significant differences between treatments.
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Significant differences in total Se concentration were observed
in aerial parts and roots of (+Se) and (−Se) maize plants,
regardless of the stress conditions (Table 1). As concerns roots, Se
bio-fortification enhanced the total Se concentrations by 5.1 and
5.2 times in irrigated and in drought stressed plants, respectively.
Regarding aerial parts, Se bio-fortification enhanced total Se
concentrations by 3.9 and 3.5 times in irrigated and in drought
stressed plants, respectively. In the aerial part, the above increase
in total Se appeared to be mainly due to the Se organic forms
which increased by about ten times (Table 1) in (+Se) plants. On
the contrary, in (+Se) plants the inorganic Se concentrations are
similar to those of (−Se) plants. As concerns roots, the increase
in total Se concentrations seems to be due both to inorganic and
organic Se forms.

Considering the ‘aerial part/root’ ratios in relation to total
Se concentration, Se-treated plants showed a decrease, both in
irrigated and in drought stressed plants (Table 2).

Selenium bio-fortification of irrigated plants caused
significant increases of SeCys2 (448%), SeMeSeCys (698%),
SeMet (383%), Se(IV) (449%), and Se(VI) (326%) in the roots,
with respect to (-Se) (Table 3). Likewise, Se bio-fortification of
drought stressed plants caused significant increases of SeCys2
(273%), SeMeSeCys (225%), and Se(VI) (379%) (Table 3).
Regarding aerial parts, Se bio-fortification of irrigated plants
caused significant increases of SeCys2, SeMeSeCys of 88.7 and
40.9% and significant decrease of SeMet of 29.5%. Likewise, in
drought stressed plants, Se bio-fortification caused significant
increases of SeCys2 (68.4%) and SeMeSeCys (34.8%), while
SeMet significantly decreased (−36.4%). It is interesting to note
that in irrigated plants, the Se organic forms which increased
most with Se bio-fortification were SeMeSeCys and SeCys2,
both in roots and in aerial parts; however, in drought stressed
plants, Se bio-fortification mostly increased SeCys2, both in
roots and in aerial parts (Table 3). As concerns Se inorganic
forms, in irrigated plants, Se(IV) increased more than Se(VI)
both in roots and in aerial parts; otherwise, in roots of S plants,
Se(VI) was the form which increased the most. Concerning
aerial parts, Se(IV) and Se(VI) showed similar increases
(Table 3).

The production of proline in the aerial part of (+Se) plants,
both irrigated and drought stressed, increased significantly

TABLE 2 | Ratio between Se in aerial parts and roots (DW), for total Se, organic
Se (total Se less inorganic Se) and inorganic Se [sum Se(VI) and Se(IV)].

Aerial part/root ratios

Total Se Se organic Se inorganic

WW−Se 0.37 a 1.31 a 0.28 a

DS−Se 0.40 a 1.39 a 0.28 a

WW+Se 0.29 b 0.56 b 0.10 b

DS+Se 0.26 b 0.45 b 0.10 b

WW, well watered; DS, drought stress; DW, dry weight. (WW−Se) normal
irrigation without Se treatment, (DS−Se) drought stress without Se treatment,
(WW+Se) normal irrigation with Se treatment and (DS+Se) Se under drought stress
conditions. Data for each experiment were compared separately using Fisher’s LSD
test (P < 0.05). Different letters indicate significant differences between treatments.

compared to that of the (−Se) plants (Figure 1). Moreover, DS
imposed on the (−Se) plants did not produce any increase in
proline, confirming that this increase was due to Se (Figure 1).

The whole set of results relating to maize aerial part samples
was summarized by using a PCA (Figure 2 and Supplementary
Table S4) and the model thus obtained explains 86% of the
total variance of data with two principal components (69
and 17%, respectively). The resulting biplot shows that the
concentrations of Chlorophyll A (ChlA), chlorophyll B (ChlB),
Total chlorophyll (TotChl), carotenoids (Car), nitrates (Nitr),
fluorides (Fluo), sulphates (Sulph), phosphates (Phosph), and
chlorides (Chlor) are mainly related to the positioning of
observations along the first component (x-axis), while proteic
nitrogen (Nprot), sodium (Na), and potassium (K) are mainly
related to the positioning along the second component (y-axis).
In this respect, DS-Se lies on the first quadrant (positive
scores for both PCs) and it shows small values on all the
observed components; WW−Se lies on the second quadrant
(negative score for PC1 and positive for PC2) and was high in
Chlorophyll A, B, carotenoids and nitrates and relatively low
in all other compounds. WW+Se lies on the third quadrant
(negative scores for both PCs) and shows high values of all
compounds, while DS+Se lies on the fourth quadrant and it
was low in all compounds, except Na, K, and Nprot. Indeed,
water stress moves the observation along the x-axis and thus
determines a decrease in all compounds except K, Na, and
Nprot, which tend to increase in DS+Se plants. On the other
hand, the treatment with Se moves the observations along the
y-axis and treated plants tend to recover their concentrations
in Na, K, and Nprot (irrigated and drought stressed) and
in fluorides, sulfates, phosphates and chlorides (only irrigated
plants).

Extent and Pattern of DNA Methylation
Under Control Conditions and Drought
Stress/Selenium Treatment
A total of 653 clear and reproducible bands were amplified from
12 primer combinations (Supplementary Table S2) in plants
grown either under normal irrigation or DS. Under control
conditions (WW−Se), the total methylation of CCGG sites
averaged 61.2%; this value decreased (−0.35% corresponding
to 60.85%) in the presence of selenium (+Se), with the
same irrigation conditions (Supplementary Table S5). In
drought stressed samples (DS), DNA methylation level in the
presence of Se was lower than in −Se samples (60.77% vs.
60.57%).

Effect of Drought Stress and Presence of
Se on the Level of Methylation in Maize
The 653 amplification products were classified as shown in
Table 4. Patterns A–C represents monomorphic classes in
which methylation pattern is the same following either the
WW−Se or the WW+Se/ DS−Se/ DS+Se samples. Patterns
D–H are indicative of cytosine demethylation, whereas possible
cytosine methylation events induced in WW+Se/ DS−Se/
DS+Se are represented by patterns NO. Selenium treatment in
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TABLE 3 | Selenium speciation in maize aerial parts and roots.

Se (µg kg−1) DW

SeCys2 MeSeCys SeMet Se(IV) Se(VI)

roots WW−Se 47.8 c 14.3 b 143.5 c 125.5 c 659.7 b

DS−Se 80.9 b 38.8 c 196.7 b 254.1 b 616.4 c

WW+Se 214.3 a 99.9 a 549.0 a 563.3 a 2,152.6 a

DS+Se 221.1 a 87.2 b 243.0 b 293.4 b 2,337.5 a

aerial parts WW−Se 95.3 c 2.2 b 25.4 b 60.1 b 158.6 b

DS−Se 83.0 c 2.3 b 48.6 a 57.0 b 185.1 ab

WW+Se 179.8 a 3.1 a 17.9 c 87.1 a 188.4 ab

DS+Se 139.8 b 3.1 a 30.9 b 63.6 b 204.3 a

The values reported are on dry basis. WW, well watered; DS, drought stress. (WW−Se) normal irrigation without Se treatment, (DS−Se) drought stress without Se
treatment, (WW+Se) normal irrigation with Se treatment and (DS+Se) Se under drought stress conditions. Data for each experiment were compared separately using
Fisher’s LSD test (P < 0.05). Different letters indicate significant differences between treatments.

FIGURE 1 | Proline (Pro) concentrations in aerial parts. WW, well watered; DS, drought stress. (WW–Se) normal irrigation without Se treatment, (DS–Se) drought
stress without Se treatment, (WW+Se) normal irrigation with Se treatment and (DS+Se) Se under drought stress conditions. Data for each experiment were
compared separately using Fisher’s LSD test (P < 0.05). Different letters indicate significant differences between treatments.

normal irrigation (WW+Se) samples was found to induce 7
demethylation events and 5 methylation events. On the contrary,
DS induced 8 and 3 methylation and 6 and 5 demethylation
events in the absence (DS−Se) or presence (DS+Se) of Se
treatment, respectively.

Statistical Analysis
Drought stress effect was significant (P < 0.05) for Non-,
Total-, Full-Methylated bands (Tables 5A–C) and accounted
for 28.7, 28.7, and 40.4% of the total sum of squares (SS),
respectively, when WW−Se were compared with DS−Se and

with DS+Se plants. Also, for the comparison between the same
stresses and considering the comparison between Total- vs.
Full- and Total- vs. Hemi- Methylated bands (Tables 5D,E),
the stress effect was significant and accounted for 0.18 and
0.01% of total SS, respectively. However, the main source of
variation for Total- vs. Full- Methylated and Total- vs. Hemi-
Methylated bands was the effect Class (Tables 5D,E), that
accounted for 99.6 and 99.9% of the total SS relative to main
effects (Stress+Class+Rep). For Class Hemi-Methylated, the
Types (i.e., I, II, III, and IV), the all possible comparison between
Types and the other comparison between Classes (i.e., Full- vs.
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FIGURE 2 | PCA on correlation matrix for the concentration of several compounds in aerial parts (DW). Sodium (Na); potassium (K); proteic nitrogen (Nprot);
chlorophyll A (ChlA); chlorophyll B (ChlB); Total chlorophyll (TotChl); carotenoids (Car); nitrates (Nitr); fluorides (Fluo); sulphates (Sulph); phosphates (Phosph) and
chlorides (Chlor); (WW–Se) normal irrigation without selenium treatment, (DS–Se) drought stress without Se treatment, (WW+Se) normal irrigation with Se treatment
and (DS+Se) Se under drought stress conditions.

Hemi Methylated) only the effect Class was significant (data not
shown).

Sequencing and Bioinformatics Analysis
of Methylated DNA Fragments
Nine differentially methylated DNA bands were excised from
acrylamide gels, cloned and sequenced. The resulting sequences
were blasted against the databases at NCBI, Uniprot and
MaizeGDB websites. The sequences of three fragments were too
short (under 75 nt) and other three resulted in no similarities.
Three sequences showed a significant match (E-value lower
that 0.001) and were significantly associated with Z. mays
genes: (i) ZM_1 sequence (size 112 bp, accession number
MG949279) showed a significant similarity (94.12% identity,
E-value: 8.845e-7) with a maize gene encoding for chloroplast
PSY1 (accession number Q6SMR0); (ii) ZM_2 sequence (size
174 bp, accession number MG949280) displayed was very
like (96.43% identity, E-value: 6.776e-5) with a maize gene
encoding for SDH (accession number DQ191049); (iii) ZM_3
sequence (size 106 bp, accession number MG949281) showed

high similarity (97.37% identity, E-value 3.463e-11) with
a maize gene encoding for an ADH1 (accession number
AY691949).

DISCUSSION

The results gathered in this study show the effectiveness of Se
bio-fortification in increasing water stress tolerance in maize by
limiting the reduction of plant biomass due to water shortage
conditions, as also reported by Nawaz et al. (2016). Hartikainen
et al. (2000) reported that Se effects on plants depend on its
concentration. At lower rates, Se stimulated growth of ryegrass
seedlings in pot experiments, while at high doses it acted as pro-
oxidant reducing yields and induced metabolic disturbances. This
was also confirmed by Hawrylak-Nowak et al. (2015) in cucumber
where root and aerial part biomass was inversely related to Se
concentration.

Moreover, other studies showed that the exogenous
application of Se increased the tolerance of plants to drought-
induced oxidative damage by enhancing their antioxidant
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TABLE 4 | Variations in DNA methylation pattern of Z. mays in different grown conditions: normal irrigation without (WW−Se) or with (WW+Se) selenium treatment and
drought stress without (DS−Se) or with (DS+Se) selenium treatment.

Methylation pattern Number of bands

Class WW−Se WW+Se/DS−Se/
DS+Se

WW+Se DS−Se DS+Se

HpaII MspI HpaII MspI

No changes A + − + − 254 254 258

B − + − + 105 101 105

C + + + + 275 269 273

Demethylation D + − + + 5 3 2

E − + + + 0 0 2

F − − + + 0 0 0

G − + + − 0 0 0

H − − + − 2 3 1

Methylation I + + + − 2 4 2

J + + − + 1 0 0

K + + − − 0 0 0

L + − − + 0 0 0

M + − − − 2 4 1

Non informative N − − − + 3 7 7

O − + − − 4 8 2

Total 653 653 653

+ and − indicate the presence and absence of band, respectively.

defense systems (Hasanuzzaman and Fujita, 2011; Proietti et al.,
2013).

Regarding the effectiveness of the Se-biofortification method
used in this study, the percentage increase of total Se
concentration in the irrigated (WW) and drought stressed (DS)
plants was of the same magnitude.

Our results show that Se bio-fortification (+Se) determined
an increase in the Se amount in roots, which was greater than
that observed in aerial parts (Table 1). Such behavior should
be attributed to the selection of selenite as a fortifying agent,
because of its greater persistence in the soil compared to selenate
(Wang et al., 2013) and with little translocation properties to
aerial parts (Arvy, 1993; De Souza et al., 1998; Zayed et al., 1998;
Hopper and Parker, 1999; Terry et al., 2000; Ximénez-Embún
et al., 2004; Li et al., 2008; Liu and Gu, 2009). As reported by
Zhu et al. (2009), translocation of Se from roots to aerial parts
depends on which Se species is supplied to the plant. In plants
fed with selenate, Se is readily translocated to the aerial part. By
contrast, in selenite-treated plants, most of Se stays in the roots
and it is rapidly converted to organic forms; most of it, however,
remains in inorganic and water-insoluble forms, as confirmed by
our results (Table 2).

Data obtained from Se-speciation highlighted how the maize
plant’s capacity to tolerate large tissue Se concentrations is
primarily related to the ability to divert Se away from the
accumulation of SeCys and SeMet, which might be incorporated
into non-functional proteins through the synthesis of less toxic
Se metabolites. Pilon-Smits and Quinn (2010) indicated that
toxic SeCys can be methylated to form SeMeSeCys, a non-toxic
free amino acid, by SeCys methyltransferase (SMT). Because,

in contrast to Se-Cys and Se-Met, SeMeSeCys does not enter
proteins and it can be safely accumulated to high levels in
plant tissues, which in part explains the high tolerance of
hyperaccumulators to Se. Furthermore, Zhang et al. (2006)
reported, in Arabidopsis thaliana L., that tolerance to both
selenate and selenite has been correlated with high SeCys2
concentrations.

These findings suggest resistance strategies to Se similar
to those existing in Se hyperaccumulator species. Moreover,
as SeMeSeCys is the form of Se which confers the best
anticarcinogenic properties, this is advantageous from a human
nutrition perspective (Wang et al., 2013).

The maize plants grown in Se-rich soils produced more
proline than those grown in the untreated ones, regardless of
water stress conditions. When exposed to stress factors, plants
react by accumulating metabolites, such as amino acids, and
proline is one of them. Several reports indicate that stressful
environments may result in an overproduction of proline in the
plants, which may contribute to stress tolerance, by maintaining
cell turgor or osmotic balance, stabilizing membranes and
thereby preventing electrolyte leakage; this brings concentrations
of ROS within normal ranges, thus preventing oxidative burst
in plants (Hayat et al., 2012). A similar increase of proline
production has been reported by Khan et al. (2015), which
studied the influence of Se in the protection of photosynthetic
capacity of wheat (Triticum aestivum) against cadmium stress;
they reported that an application of Se in the growth substrate of
wheat seeds alleviated Cd-induced oxidative stress by increasing
proline accumulation as a result of decreased activity of proline
oxidase.
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TABLE 5 | Analysis of variance for each different status of methylation (Not-, Total-, Full-, and Hemi- methylated bands) and for each pairwise combination of them
considering all the pairwise combinations of stresses (drought stress and Se treatment).

(A) Non methylated WW−Se vs. DS−Se

Treatments Df SS MS F value Pr(>F)

Stress 1 33.333 33.333 11.364 0.01987 ∗

Rep 5 68 13.6 4.637 0.05882

Residuals 5 14.667 2.933

(B) Total methylated WW−Se vs. DS−Se

Treatments Df SS MS F value Pr(>F)

Stress 1 33.333 33.333 11.364 0.01987 ∗

Rep 5 68 13.6 4.637 0.05882

Residuals 5 14.667 2.933

(C) Full methylated WW−Se vs. DS+Se

Treatments Df SS MS F value Pr(>F)

Stress 1 65.333 65.333 11.395 0.01977 ∗

Rep 5 67.667 13.533 2.361 0.18381

Residuals 5 28.667 5.733

(D) Total- and full-methylated WW−Se vs. DS+Se

Treatments Df SS MS F value Pr(>F)

Stress 1 131 131 23.316 0.00019 ∗∗∗

Class 1 74148 74148 13.230.9 <2.00E-16 ∗∗∗

Rep 5 112 22 3.997 0.01522 ∗

Residuals 16 90 6

(E) Total- and Hemi- Methylated WW−Se vs. DS−Se

Treatments Df SS MS F value Pr(>F)

Stress 1 54 54 65.787 0.02077 ∗

Class 1 498240 498240 60699.31 <2.00E-16 ∗∗∗

Rep 5 178 36 43.452 0.0109 ∗

Residuals 16 131 8

A: not methylated bands, B: total methylated bands (i.e., the sum of full-methylated and hemi-methylated bands), C: full methylated bands, D: comparison between total
and full methylated bands, and E: comparison between total and hemi methylated bands. (WW−Se) normal irrigation without selenium treatment, (DS−Se) drought stress
without Se treatment, (WW+Se) normal irrigation with Se treatment and (DS+Se) Se under drought stress conditions. ∗∗∗P < 0.01; ∗∗P < 0.01; ∗P < 0.05. Table showed
only significant F value for Stress treatment.

The analysis of the parameters regarding aerial parts highlights
how Se-treated plants tend to recover their concentrations in Na,
K, and Nprot (DS and WW plants) and in Fluo, Sulph, Phosph,
and Chlor (only WW plants).

It is preferable not to hypothesize the causes of the increase
of Na concentration in the analyzed plant material, because
of its administration to the plant in the form of Na selenite.
Interactions between Se and other elements, such as K, are
also well-reported in literature. For example, Yao et al. (2013)
documented that exogenous Se supply significantly enhanced the
uptake of K in wheat, whereas, Pazurkiewicz-Kocot et al. (2003)
noticed that Se supplementation increased K concentrations
in maize grains. Indeed, Se is known to play important roles
in inhibiting the production of ROS, which may be induced
even by abiotic factors, such as DS. As the exposure to high

levels of Se can possibly enhance membrane permeability,
damage membrane integrity and produce high oxidative stress
in treated plants, it was argued that the enhanced uptake
of K might indicate that this element is involved in some
mechanisms of Se tolerance within the plant (Feng et al.,
2009).

Zahoor et al. (2017), reported that the increase of K in
drought-stressed plants can sustain high nitrogen-metabolizing
enzyme activities and contribute to osmotic adjustments in plants
grown in soils under drought conditions.

The increase in Nprot concentrations, as a result of the Se-
fortification, confirmed the results obtained by Ježek et al. (2011),
when treating potato plants with foliar applications of sodium
selenite. This increase is supposed to be another mechanism of
resistance to an abiotic stress, induced by Se and implemented
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by the plant, which involves an increased intensity of amino acid
metabolism.

As the increase in the concentration of Se in plants determines
an increase in the concentration of K, which acts by limiting the
damage due to DS inducing an increase in nitrogen metabolism,
we can argue that Se itself induces tolerance toward DS.

The increase of the presence of anions, caused by Se-
fortification of maize plants and which occurred only in good
irrigation conditions. This may be related to the increased protein
synthesis that may have induced an increase of the proteins
that constitute the anion channel in the plasma membrane
of cells, which are permeable to a range of physiological
anions (Roberts, 2006), However, this hypothesis requires further
confirmation.

In this paper, the MSAP technique was used in order to
determine the level of DNA methylation in Z. mays under
either water deficiency or Se treatment. The average of total
relative cytosine methylation was 60.85% and was higher than
that 26.15 and 32.15%, previously reported for maize leaves by
Zhao et al. (2007) and Yang et al. (2011), respectively, but it was
lower than 68.55% reported in the same species by Sun et al.
(2015).

Positive effects of Se treatment were found to be associated
with Se-mediated regulation of physiological and biochemical
processes, such as increased chlorophyll and carotenoid
concentrations and activation of antioxidant machinery in
water stressed maize plants (Nawaz et al., 2016). Changes in
DNA methylation could be considered a precise defensive
mechanism to regulating the gene expression (Zhong et al.,
2009).

In our study, the general methylation level of analyzed plants
did not seem to be directly correlated with water stress and
Se treatment, but it might be more influenced by genotype.
In addition, Se supplementation seems to reduce the changes
in DNA methylation caused by abiotic stress, probably due to
its role in removing ROS produced by water stressed plant,
as suggested by the low level of changes in methylation status
in our samples. The protective role of Se against abiotic stress
factors as high Cd concentration was also reported by Filek et al.
(2008).

However, previous reports showed that environmental factors
such as temperature, heavy metals and water stress as causing
demethylation of genomic DNA (Chao et al., 2012). In fact,
even if with small differences, methylation levels in water
stressed plants without Se treatment were slightly higher
than drought stressed plants with Se supplementation. These
results seem to confirm that Se might reduce changes in
methylation.

Among the few differentially methylated fragments, three
were associated with known maize genes. In particular, ZM_1
displayed high similarity with a gene encoding for a chloroplast
phytoene synthase (PSY1). Enzyme phytoene synthase catalyzes
the conversion of two geranyl diphosphate in phytoene, which
controls the flux of carotenoids. Carotenoids are necessary
for photo protection and photosynthesis and they play an
important role as a precursor to signaling molecules that
influence plant development and biotic/abiotic stress responses.

The gene family in maize and other grasses contains 3
paralogues. PSY1 is essential for maintaining leaf carotenoid
content, particularly under heat stress growth conditions; the
transcript level of PSY3 maize was regulated in response to
abiotic stresses (Li et al., 2007), suggesting that PSY is involved
in plant tolerance to abiotic stress (Han et al., 2008). In
Pezzarossa et al. (2014), however, a reduction in β-carotene
concentrations was also observed in tomato fortified with Se
(1 mg Se L−1).

It had been reported that Se may down-regulate the expression
of PSY, which was a key step of carotenoid biosynthesis in
Arabidopsis (Sams et al., 2010). Moreover, Se was cited as down-
regulating factor of some enzymes or genes of carotenoids
synthesis in tomato (Pezzarossa et al., 2014).

ZM_2 displayed sequence homology with gene SDH. Plant
SDH is the key enzyme in the sorbitol metabolism pathway
(Nosarzewski and Archbold, 2007) and has been associated with
resistance to abiotic stresses such as drought and salinity. SDH
activity regulates the levels of polyols (Aguayo et al., 2013),
which act as important osmolytes during DS and recovery
processes.

ZM_3 displayed homology with gene encoding alcohol
dehydrogenase 1 (ADH1). ADH activity may play a central role
in biochemical adaptations to environmental stress. It is known
to be induced during low oxygen stress, increasing in leaves
and roots of plants exposed to flooding. In rice seeding, ADH1
and ADH2 are involved in flooding tolerance, but in maize
and lettuce seedlings, the expression of genes is also responsive
to wounding (Kato-Noguchi, 2001). The silencing of ADH in
N. benthamiana and N. tabacum led to increased susceptibility
of the plants to water deficit stress (Senthil-Kumar and Mysore,
2010).

As suggested by the methylation pattern of the fragments
sequenced, Se did seem to bring back the methylation status.
Indeed, in all the three bands the DS−Se caused changes in
methylation status, while samples under DS treated by Se showed
the same methylation pattern of controls.

CONCLUSION

We observed that maize plants responded to Se treatment
by activating some physiological and biochemical changes,
in order to cope with DS. The Se-biofortification treatment
proved effective in increasing Se concentrations in maize
roots and aerial parts. Regarding the drought stressed maize
plants grown in Se-rich substrates, the increase of proline,
K concentrations and nitrogen metabolism in aerial parts
seems to prove that Se-biofortification increased the plant’s
resistance to water shortage conditions. The increase of
SeMeSeCys and SeCys2 forms in roots and aerial parts
of Se-treated plants, suggests the induction of resistance
strategies similar to those existing in Se-hyperaccumulator
species.

Moreover, as SeMeSeCys is the form of Se which confers the
best anticarcinogenic properties, this is advantageous from an
animal and human nutrition perspective.
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In addition, the MSAP technique was used to assess the
level of DNA methylation/demethylation in maize plants
under DS coupled with Se treatment. The methylation
level in DS+Se plants was, even if with small differences,
lower than that of (DS−Se) ones. In addition, the level
of methylation of DS+Se plants was more similar to that
of WW−Se plants, suggesting that Se could have a role
in preventing and/or counteracting changes in methylation
status.
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