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ABSTRACT

Methylation Sensitive Amplification Polymorphism (MSAP) was used to characterize the alterations in
DNA methylation in maize (Zea mays L.) inbred lines and their half-daillels affected by plant densities
(213333 plant h-1 and 13333 plant h-1). The two restriction was enzymes ( Hpall and Mspl) succeeded
in diagnosing a total of 23 specific loci, most of (22 loci) were Methylation Sensitive Loci (MSL), while
the only one NML (No Methylated Loci) was monomorphic. Thirteen out of 22 MSL loci polymorphic,
recording a were polymorphism percentage of 59%. Results of FeSOD gene expression cleared the
different response of maize inbreds and hybrids to high plant density stress. Generally, the expression
of the targeted gene was increased in plants submitted to high plant density stress compared with low
density. The inbred 3 and its single hybrid 1x3 achieved the highest level of gene expression under
high planting density (5505.7 and 21098.6 copy, respectively), meanwhile, inbred 5 and it's single
hybrid 4x5 gained the maximum level of FeSOD expression at the low plant density (8317.6 and 6862.1
copy, respectively). The response reached to its maximum limit in many of those genotypes, some other
genotypes showed relatively steady performance along with higher stress, such as parent 1, that gave
the lowest number of gene copies in both, high and low plant density (1375.8 and 1569.5 copy,
respectively).
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INTRODUCTION

Plant density is a vital practice that has
received considerable attention from plant
breeders within the vertical expansion of crop
cultivation to increase grain yield. Adaptation
to such practices is a key factor in increasing
plant productivity (1,2,6,11). Although, plant
density has been studied in some detail as a
crop management base practices, the
molecular of the plant density effects has been
overlooked at both genetic and epigenetic
levels (8,9,20). DNA methylation is an
epigenetic alteration plays essential role in
genome protection, organizing chromatin
structure and hence, gene expression. This
type of epigenetic modification can be
regulated  via  different  mechanisms,
nevertheless RNAs-directing methylation is
the most common mechanism (3,14,10). In
recent years, epigenetic had received
considerable attention as an important source
of inherited variations, that have been used to
improve the overall performance of selected
genotypes through the development of
breeding methods, as well as their vitak role in
tracking environmental impacts at the
molecular level (7,16,18). Methods based on
epigenetic markers and the diagnosis of gene
expression may improve the ability of plant
breeders to identify the finest genotype that
can tolerate the environmental stresses in
general, and plant density in particular (12,13).
Production of free radicals is a common
feature of stress conditions, and it is known
that antioxidants like SODs are the most
important  defensive tools against such
radicals. The SOD responds to the oxidative
stress by decomposing free radicals and
converting them into hydrogen peroxide
(H202). This process requires certain metal
ions (Fe, Cu, Zn and Mn) which acting as
SOD's coenzymes (4,15, 19). This study was
aimed to detect variations in DNA methylation
and FeSOD gene expression in inbred lines
and their corresponds diallels under the effect
of plant density stress.

MATERIALS AND METHODS

This study was included 15 inbred lines of
maize, five of which were selected for half
diallel matting according to the second method
proposed by Griffing (5). The experiment was
conducted during two seasons, Spring and fall
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2017 conducted at the field trail station of
Department  Field Crops -College of
Agriculture-University of Anbar. Diallel
matting scheme was conducted in Spring
season, while in fall season genotypes were
compared under two different densities
(213333 p. h't and 13333 p. h'h).

Plant Sample Collection

Fresh plant samples were collected at the end
of vegetative growth (about 50 days after
planting) for total DNA extraction. Total DNA
was extracted with aid of Genomic DNA Mini
Kit - Plant (Geneaid Biotech Ltd., South
Korea) according to the supplier instructions.
Also, fresh maize leaves from all treatments
were dipped in trizol solution (600 ul) for
RNA extraction by using one-step RT-PCR
Kit, (QIAGEN,Hilden, Germany) and supplier
instructions was followed.

DNA concentration was ranged between 1.8 -2
measured by using the Nano drop.

Purity of DNA =0.D 260/0.D =280=>1.8
0.D: Optical Density

Three used restriction enzymes EcoR1, Hpall
and Mspl were obtained from Promega
company (Promega-Madison,  Wisconsin-
USA). Enzymes were prepared and designed
to DNA restriction according to the
instructions of the supplier.

Pre-Amplification step

Pre amplification reaction was performed as
follows thermal profile: Initial denaturation
was at 95°C for 5 min.; denaturation was at
95°C for 30 sec.; annealing was at 56°C for 1
min.; extension and final extension was at
72°C for 1 and 7 min., respectively. Thye Two
adaptors used (Eco and H/M) were with the
follows sequence 3-
CTCGTAGACTGCGTACC-5' and 3-
GATCATGAGTCCTGCT-5', while the Eco
Pre-amplification primer and H/M Pre-
amplification primer were with follows
sequence  '3-GACTGCGTACCAATTCA-5'
and '3-ATCATGAGTCCTGCTCGG-5".

Final Amplification step

The following thermal profile used for final
amplification step: (Initial denaturation was at
95°C for 5 min.; denaturation was at 95°C for
30 sec.; annealing was at 65°C for 30 sec.; and
extension was at 72°C for 1 min.) for 12 cycle,
followed by denaturation set at 95°C for 5 min.
and 30 sec. respectively, annealing was a one
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at 56°C for 30 sec., and extension was at 72°C
for 1 min. for 23 cycle. Final extension was at
60°C for 30 sec. for one cycle. Two MSAP
primers (H/M-1, 3-
ATCATGAGTCCTGCTCGGTCG-5' and
H/M-2, '3-ATCATGAGTCCTGCTCGGTTG-
5 were used to amplify the methylation of
susceptible loci.

Electrophoresis

Ten microliters (10 pl) from each amplified
product was loaded into the wells.
Electrophoresis was performed at a voltage of
5 volt cm™ for 30 min. Agarose gel was placed
on UV transilluminator, photographed and
documented with gel documentation system.
The results of H/M isoschizomers were
marked with 0 and 1 numbers to the absence
or the presence of a fragment respectively.
Binary data (0-1) of MSAP results were
analyzed using MSAP package (version 1.1.9).
gPCR conditions

The thermal reaction of gene expression was
as follows:

Reverse transcription was at 37°C, for 15 min.,
one cycle; Hot-start Activation was at 95 °C
for 10 min. in 1 cycle. Denaturation,
Annealing and Extension were at 95°C, 60°C
and 72°C for 10, 30 and 30 sec., respectively,
and all were run for 40 cycles. The last step of
the dissociation was at 60-95°C in 1 cycle. The
expression of FeSOD gene was studied with
the aid of two specific primers, forward '3-
TTCACTACCAAGGTCTGGACACGA-5'
and reverse primers
AATAGGCGAGTCGGAATGTCGACA-5'.
After obtaining the (Ct) averages of the gene
used under the influence of high and low plant
density, the following calculations are made
for gene expression:

Y=-3.49 x + 34.33

X=y-34.33/-3.49

|3_

Y=ct

X=log con

*% Copy: 10QLog con

RESULTS AND DISCUSSION

Molecular results of MSAP as affected by
plant densities

Results of MSAP molecular analysis (Table 1)
using Hpall and Mspl restriction enzymes
showed that the two enzymes were successful
in diagnosing a total of 23 specific loci,
Methylation-Susceptible Loci (MSL) was of
22, while only one locus found to be No
Methylated Loci (NML). The polymorphism
of 13 MSL recorded a percentage of
polymorphism around 59%. Shannon's Index
rate for MSL was about 0.53. The first primer
produced a total of nine restricted loci along
with the genotype's genomes under high plant
density. Eight (8) of these loci were found to
be MSL, against the only one NML. Three (3)
of the MSL were polymorphic, scoring a
polymorphism percentage of 38%. At the low
plant density, the total number of identified
sites by the same primer increased to eleven
loci indicats low methylation level compared
to the highest plant density. Ten of these loci
were MSL, and only three out of these ten
were in different form, hence the
polymorphism percentage reached 30%. The
number of NML was limited to one locus that
was in different form. Thus, the percentage of
polymorphism was complete (100%). The
second primer has amplified twelve restricted
loci in both densities and all were MSL, but
what characterizes the performance of this
primer is that the loci were divided equally
between poly and mono-morphic (6 to 6)
accordingly To the polymorphism percentage
rated 50%. The number of polymorphic loci
increased to reach nine out of a total of 12
with a final polymorphism percentage of 75%.

Table 1. MSAP results in maize origins and hybrids under plant density effect

Densities Primer Loci/Primer  Loci Type  Polymorphic Loci Polymorphism% Shannon's Index
MSL NML  MSL NML MSL NML MSL  NML
High Plant H/M1 9 8 1 3 0 38 0 0.43
Density H/M2 12 12 0 6 0 50 0 0.54
(213333 p h?) '
Low Plant H/M1 11 10 1 3 1 30 100 0.44
Densﬁ] _%3333 H/M2 12 12 0 9 0 75 0 0.49
Total 23 22 1 13 0 59 0 0.53
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Methylation status in maize genotypes
affected by plant density: Five comparisons
were settled to describe the four DNA
methylation status in MSAP technique (Table
2). The first comparison included the parental
inbreds vs. their half-dialleles affected by plant
density. The results showed that the
percentage of unmethylated state in the inbreds
population was higher (0.18%) than in the
hybrids  population  (0.14%). In the
hemimethylated state, it was noted that its
percentage in the hybrids population was
slightly lower than what was detected in their
parents population (0.33% and 0.35%,
respectively). From the same table, the stress
of plant density was approved in the parents
via the high level of internal cytosine
methylation (0.20%), compared with their F1's
(0.16%). In contrast, the full methylation or
absence of target was higher in the half diallel
hybrids compared to its ancestor parents
(0.36% and 0.27%, respectively). The
unmethylated state in inbred lines was not
affected by the reduction in number of plants
in per unit area. It maintained the same
percentage as it was in the high plant density
(0.18%). Single hybrids response to different
plant density was modest as it showed a
percentage of 0.15%. The percentage of
hemimethylated state in the diallel hybrids was
0.44%, compared with a lower percentage
recorded in the parents population (0.30%).
Paternal breeds returned to show a higher
percentage of internal cytosine methylation
(0.19%), compared to their F1s hybrids
(0.13%), but both were lower in low plant
density against high density.The exposure of
maize plants to density stress resulted in a
marked variation in their genetic and
epigenetic performance, which in turn,
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reflected in phenotypic variation. Full
methylation or absence of target state at high
plant density was quite different from that
found in the low plant density. This stat was
decreased from 0.33% in inberds population to
0.27% in their descended hybrids. To achieve
a better understanding, methylation status was
estimated for each population at the two
different plant densities. The results indicated
that the percentage of unmethylated state
reached 0.18% at the higher density compared
with 0.16% at the lowest density. Another
methylation status (hemimethylated state)
differed slightly (0.32% and 0.30%) in the
inbred lines population under highest and
lowest densities, respectively. Such a close
epigenetic performance still existed in the
methylation state of internal cytosine at the
two densities (0.18% and 0.19%, respectively),
furthermore the percentage of full methylation
or absence of the target which reached 0.34%
and 0.33% at highes and lowes number of
plants per unit area. The other comparison
showed a clear response of half diallel hybrids
to the different densities. These hybrids
showed higher percentages at lowes plant
density for both, unmethylated and
hemimethylated states (0.18% and 0.43%,
respectively), compared to the modest
percentages recorded at the highest density
(0.17% and 0%. 29%, respectively).
Conversely, the level of internal cytosine
methylation and full methylation states related
directly to the number of competitive plants as
both reached (0.14% and 0.40%) in highest
plant density and (0.12% and 0.26%) in lowest
density.
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Table 2. Comparison of the Methylation Status in Parental and their Half Diallel Populations Affected by Plant Density

Compared Populations

Methylation Status %

Unmethylated Hemimethylated Internal cytosine methylation Full methylation or
absence of target
HPA+/MSP+ HPA+/MSP- HPA-/MSP+ HPA-/MSP-

Parents vs. Hybrids (High Density) Parents 0.18 0.35 0.20 0.27
Hybrids 0.14 0.33 0.16 0.36
Parents vs. Hybrids (Low Density) Parents 0.18 0.30 0.19 0.33
Hybrids 0.15 0.44 0.13 0.27
Parents vs. Parents High Density 0.16 0.32 0.18 0.34
Low Density 0.18 0.30 0.19 0.33
Hybrids vs. Hybrids High Density 0.17 0.29 0.14 0.40
Low Density 0.18 0.43 0.12 0.26
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Principal Coordinates Analysis (PCoA) and
phyloepigenetic analysis of MSAP results
affected by plant density

The principal coordinates analysis of MSAP
resulted in the parental population (Pop.1) and
their half-dialle hybrids (Pop.2), under high
plant density, showed that the highest variation
(53%) was recorded at the first coordinate
(C1), against lower variation (15.7%) at the
second coordinate (C2) (Figl. A). It seems that
both populations tend to form a separate group
and only single interferance was detected

FPop1
FPopz

between hybrid 4x5 which had affected by the
specific pattern of DNA methylation showed
by it's own parental inbreed (4). The overall
performance was less homogenous in hybrids
compared to the ancestor inbred lines. The
results of cluster analysis (Figl. B) indicated
that the parents were characterized by a special
pattern of DNA methylation and marked with
individual performance. In epigenetic terms,
parents 1 and 5 were the most divergent in
response to plant density stress.

PH1: MSL

C2 {157 %)
1.0 1.5

0.4
|

0.0
1

-0.5

C1(53%)

(B)

Figl, Principal coordinates analysis (PCoA) (A) ,and Hierarchical clustering according to
Nearest neighbor method (B) for DNA MSLs in the parents (Popl) &maize half-diallel
hybrids (Pop2) under the effect of high plant density (213333 H-1).

Reduction of plant density (Fig2. A and B)
that gave adequate growing space, resulted in
more  homogenous pattern of DNA
methylation to the extent that the horizontal
boundary between the two populations
disappeared. This was confirmed by the value
of coordinate C1, which reached 27.9%, while
the value of the second coordinate (C2)
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reached 24.5%. This alteration in the
epigenetic performance in response to
different plant densities rled to different
"phyloepigenetic" tree, in which inbred a 2
became the most epigenetically divergent to
hybrid 1x3, while inbred 1 showed high level
of epigenetic similarity with hybrid 2x3.
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PH2: MSL

C2(24.4%)
-0.48 0.0 0.5 1.0
1 1 1

-1.0

-1.8

—— Pop2

-2.0
L

Pop1

C1(27.9 %)

(B)

Fig2, Principal coordinates analysis (PCoA) (A), and Hi Hierarchical clustering according to
Nearest neighbor method (B) for DNA MSLs in the parents (Popl) and maize half-diallel
hybrids (Pop2) under the effect of low plant density (13333 plant H-1)

Effect of plant densities were approved as the
paternal inbreds formed two distincted groups
based on the plant density. These inbreds
showed more homogeneous epigenetic
performance at higher density compared to

(C1) was 38%, while it was 23% at the second
coordinate (C2). Inbeds 1 and 4 were the most
divergant in respect of epigenetic structure at
high density, whereas inbreds 3 and 5 had this
role at the lowest plant density.

= -

low density. The value of the first coordinate

Par: MSL

Pap1
Fop2

C1(28%)

(A) (B)

Fig3, Principal coordinates analysis (PCoA) (A) ,and Hi Hierarchical clustering according to
Nearest neighbor method (B) for DNA MSLs in the parents ofmaize (Popl) under the effect
of high plant density (213333 plant H-1) and low plant density (Pop2), (13333 plant H-1)
Distribution of Methylation-Sucetable Loci genome. The epigenetic performance of the
(MSL) in half diallel hybrids confirmed the hybrids at the high plant density can be easly
results of the major effects of planting density distinguished by their performance at the
stress in the epigenetic structure of maize lowest plant density, hence the two separated
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groups did not interfere only in one hybrid
(4x5) that tends to belong to the other density
recital. The epigenetic variation in hybrid
population under the two densities was higher
at the first coordinate (48.1%) than the second

= Pop1
— Pop2

C2{19.2%)

coordinate  (19.2%). Cluster analysis of
hybrids MSL results under the two plant
densities (Fig4. B) confirmed the epigenetic
distinctness of 4x5 and 3x5 hybrids, under
high and low plant density, respectively.

Hyb: MSL

C11(48.1%)

(B)

Fig4, Principal coordinates analysis (PCoA) (A) ,and Hi Hierarchical clustering according to
Nearest neighbor method (B) for DNA MSLs in the half-diallel hybrids of maize (Popl)
under the effect of high plant density (213333 plant H-1) and low plant density (Pop2),
(13333 plant H-1)

Fe-SOD Gene Expression

Estimation of FeSOD gene expression (Table
3) showed a significant difference among
studied genotypes (parents vs. half-diallel
hybrids) and plant densities (high (213333
plant h?) and low (13333 plant hl). The
exceptional performance of inbred 3 at the
higher plant density can be observed as it
achieved the maximum number of targeted
gene copies (5505.7). When plants have
enough space to grow and were less competted
at the lower density, the same parent gave the
highest number of FeSOD copies (1704.7),
with a gap of 3801 copy between the two
densities. As expected, the growing
environment has a key role in the genetic
performance of maize genotypes but with
different levels, hence, genetic-environment
interaction is highlighted. Some genotypes
respond positively or negatively to plant
density stress, meanwhile some other
genotypes showed relatively  consistent
performance at the different densities, as
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parent 1, that still has the lowest FeSOD gene
expression in its cells at both high and low
densities  (1375.8 and 1569.5 copy,
respectively). The importance of such
genotypes is shown to be epigenetically stable
under stress conditions, which may be
associated with a distinctly superior genetic
pattern that ensures greater regulation of gene
expression. The parents passed the existed
variation in FeSOD gene expression to their
F1 hybrids. The response of hybrids to the
increasing number of plants in the unit area
was varied. However, hybrid 1X3 took the
lead in number of copies of antioxidant
FeSOD gene at the higher plant density
(21098.6 copy) with a gap of 17488.4 copy
compared to the modest number of copies
(17488.4 copies) gained by the same hybrid at
the lowest plant density. On the other hand,
hybrids 2x5 and 4x5 revealed negative
response to FeSOD gene expression due to the
decreased planting density, with a gap of 1000
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and 4508 copy between the maximum and minimum planting densities, respectively.
Table 3, Expression level of Fe-SOD in parental breeds (1-5) and half-diallel hybrids (1x2-
4x5) under plant density (high and low) in maize

Low Plant Density (13333 plant h) High Plant Density (213333 plant h')
FeSOD Expression Genotype FeSOD Expression Genotype
1569.5 1 1375.8 1
2486.0 2 1828.9 2
1704.7 3 5505.7 3
6000.4 4 5089.1 4
8317.6 5 1424.1 5
2821.3 1x2 12528.5 1x2
3610.2 1x3 21098.6 1x3
4412.3 1x4 3187.9 1x4
3096.8 1x5 2910.2 1x5
2292.9 2x3 3668.6 2x3
4639.4 2x4 2739.1 2x4
2755.7 2x5 1769.4 2x5
5145.3 3x4 844.8 3x4
3959.5 3x5 2845.8 3x5
6862.1 4x5 2354.9 4x5
B Genotype
[JFe-SOD Expression
25000
20000
15000
10000
5000
| I I I I I I I I I I I I I I | U
15 14 13 12 112 10 9 8 7 6 5 4 3 2 1

Fig5. Level of Fe-SOD expression in the parental breeds (1-5) and their half-diallel hybrids (6-
15) under the influence of the high plant density (213333 plants H-1) in the maize
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B Genotype

Fe-SOD Expression
25000
20000
15000
10000

! "—I"_ "—I"_ "_I"_I"_ "_I"_I"_ = "—."'_.I"—.." -0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Fig6. Level of Fe-SOD expression in the parental breeds (1-5) and their half-diallel hybrids (6-
15) under the influence of the low plant density (13333 plants H-1) in the maize
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