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ABSTRACT 

The endosperm in cereals supplies nutrients to the developing kernel and seedling, and it is the primary tissue 

that gene imprinting occurs. Developing maize (Zea mays L.) endosperms were analysed for allelic gene 

expression in both reciprocal crosses of inbreds B73 and Mo17. A high-throughput transcriptome sequencing in 

kernels at 0, 3 up to 15 DAP of both reciprocals were performed, and found a gradual increased paternal 

transcript expression in 3 and 5 DAP kernels. Meanwhile, in 7 DAP endosperm, most of genes tested gave the 

ratio 2:1 maternal: paternal, suggesting that paternal genes are almost fully activated at 7 DAP. There were 300 

PEGs and 499 MEGs identified across endosperm development stages. A 63 genes out of 116, 234 exhibited 

parent-specific expression were identified at 7, 10 and 15 DAP. Most of paternally expressed genes was at 7 DAP 

due to deviation of paternal alleles expression at this stage of development. Imprinted genes in terms of relative 

expression of maternal and paternal alleles differed at least five folds in both crosses. A total of 179 (1.6%) 

protein coding genes expressed in the endosperm were imprinted, 68 of them showed maternal preferential 

expression and 111 paternal expression, besides 38 long noncoding RNA were found imprinted and transcribed 

in either sense or antisense direction from intronic regions of normal protein coding genes or from intergenic 

regions. Imprinted genes showed clustering around the genome. A total of 21 imprinted  genes in the maize 

hybrid endosperm had differentially methylated regions (DMRs). All DMRs were found to be hypomethylated in 

maternal alleles and hypermethylated in paternal alleles. These results confirm a complex mechanism 

controlling endosperm in maize in imprinting, auxin activity, and development regulation. Studying F2 kernels 

on F1 plants may shed a new light on controlling kernel number weight in unit of area.  
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           الساهوكي وآخرون                                                                             967-960(@6)?:@ <810-مجلة العلوم الزراعية العراقية 

 الجينوم وفوق الجينوم في سويداء هجن الذرة الصفراء
 داودمدحت مجيد الساهوكي                  مصطفى جمال الخفاجي                عبد الباسط عبد الرزاق 

 وزارة الزراعة                     مدرس                        متمرس                       أستاذ           
 جامعة بغداد –كمية الزراعة  –قسم المحاصيل الحقمية 

 المستخمص
. تم استعراض نتائج وآراء  imprintingالذي يحدث فيه  الأولىيجهز سويداء الحبة النامية في الحبوبيات بالغذاء اللازم وكذلك البادرة ، وهي الجزء 

 ×B73عمى التغايرات التي تحدث في سويداء حبة هجين الذرة الصفراء  التأكيدوالتعبير الجيني والميثمة ، وتم  والإنسانعدة باحثين حول النبات 
Mo17  3في  الأبويهنالك تزايد تدريجي لمتعبير  أنراحل في السويداء. وجد تضريبه العكسي. تم اختبار كامل الحبة بثلاث مراحل بعد التمقيح ولعدة مو 

جين ابوي  333اء. كانت هناك السويد في أيام 7يقع بعد  الأبوان معظم تعبير  ، أب 1أم :  2كانت النسبة  أيام 7، وعند مرحمة ايام بعد التمقيح 5و 
الخاص شخصت مع  الأبويالتعبير  أبدت  116,234جين من مجموع  63( في السويداء. كان هناك MEGجين ام معبر ) 499( وPEGمعبر )

عند تعبيرها، اي ان نسبة التعبير  الأبويةليلات بعد التمقيح بسبب انحراف بعض الأ  أيام 7عند  الأبويمراحل تشكل السويداء. كان معظم ظهور التعبير 
من  179. كان عدد أضعافبين الهجينين لغاية خمسة  والأمية الأبويةلمجينات  imprintingاختمفت نسبة في تمك المرحمة.  أب 1:  أم 2لم تكن 

  RNAs 38هناك  أن، لوحظ . مع ذلكالأبانطباع  111و  الأمانطباع منها ظهر عميها  68، وimprintingالجينات المشفرة لمبروتين حصل فيها 
ظهرت الجينات رون. عند مناطق الانت  antisense, sense، وكذلك استنساخ في كلا الاتجاهين imprintingطويل غير مشفر كان قد حصل فيها 

 (. كانت كل مواقعDMRمن الجينات في السويداء فيها ميثمة متباينة ) 21مجتمعة عمى شكل عناقيد حول الجينوم. وجد  imprintingالحاصل فيها 
DMR وعالية الميثمة لأليلات الأب. تؤكد النتائج المتحصل عميها ان ما يدور داخل الحبة أمر معقد في الجنين والسويداء واطئة الميثمة للأليلات الأم ،

، ومن الأمور F1. إن تمك النتائج كانت كمها حول حبة الهجين في وتين والنشأ مع مراحل تشكل الحبةوكافة عمميات تنظيم الأوكسينات وخزن ونقل البر 
 .وليس عمى السلالة F1سة ما يحدث لعدد ووزن الحبوب المحمولة عمى نبات المطموبة درا

 ، البصمة الوراثية، السويداء الثلاثية المجموعة الكروموسومية.DNA، ميثمة الـ لتعبير الجيني لمنبات الام والابالكممات المفتاحية: ا
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INTRODUCTION 

Hybrids in crop plants are being widely used 

in world agriculture, for their higher yield and/ 

or quality. New maize hybrids are higher in 

grain yield than old hybrids by 1.3 – 3.1 t ha
-1

 

(8). Kernel weight in newer hybrids have 15% 

- 23% increase and an average of 150 kernels 

per square meter as compared to old hybrids 

(10). Tollenaar and Lee(37) estimated that the 

annual increase in maize grain yield in the U.S 

is about 118 kg ha
-1

, and about 65% of that 

increase is due to genetic improvement. There 

are several explanations of hybrid vigour in 

crop plants according to genomic influence, 

but epigenomics have been shown to play an 

important role in kernel weight and embryo. 

Kumar (26) reported that epigenome is 

referred to the biochemical changes in 

nuclease DNA, post-translational 

modifications in histone proteins, and 

variations in the biogenesis of small non-

coding RNAs in the cell. These changes are 

often responsible for variation in gene 

expression without a change in the base pairs 

of nucleotide sequence. Changes due to 

epigenetics are commonly found in gene 

regulation through developmental stages, 

tissue differentiation, and suppression of 

transposable elements in high living beings, 

and that epialleles were functioning (2, 9, 11, 

16, 22, 26, 38). Epigenomic studies on human 

are more than those on plants, especially those 

applied on cancer and brain disorders in 

human (16), meanwhile, Bressman and Zhu 

(7) reported that total articles published on 

epigenetic in two years was about 14,000. 

Epigenomic changes are in many cases 

subjected to influence of environmental 

stimuli affecting plasticity of the plant in that 

environment. Some of these changes could 

disappear after removal of that environmental 

influence, but sometime it is inherited from 

generation to generation (14, 15, 25, 26). In 

plant evolution, most of the changes are due to 

changes in DNA nucleotide sequence, but 

epigenomic could play a role in plant 

evolution. The best example of epigenomic 

rapid changes is that in case of human 

diseases, especially cancer, and some of 

neurological developments.  

 

 

Mechanisms of epigenomics 

Genes and transposons can exist in variable 

DNA methylation states, with potentially 

differential transcription. Novel non parental 

and heritable epialleles arise at many genic 

loci in the hybrid (32). This suggest that 

combining distinct epigenomes of two parents 

can create novel patterns of genes and 

transposons regulation. Lauss et al (27) 

reported that genomic explanations were not 

sufficiently explain or predict hybrid  vigour. 

Meanwhile, Groszmann et al (18, 19) believe 

that there is a growing evidence that epigenics 

play a role in hybrid vigour in several crop 

species. Jones (24) stated that about 4% of 

human cytosine is methylated and there are 

three contexts of cytosine; CG, CHG, and 

CHH, when H= A, T, or C. However, Slotkin 

et al (36) reported that more than 80% of the 

cytosine in CG context is methylated in human 

genome, but in plants, CG and CHG 

methylation is maintained by 

methyltransferase 1 and chromomethylase 3 , 

respectively, while CHH methylation is 

maintained by RdDM (RNA-dependent DNA 

methylation) or the chromatin remodeler 

DDM1. Meanwhile, methylaition at non-CG 

sites plays a role in plants by silencing the 

activity of foreign DNA by RdDM pathway 

(28). Specific mechanisms are required to 

make and / or maintain the specific regions 

free of methylation by DNA demethylation 

processes which may take place by the active 

or passive method. The active DNA 

methylation requires enzymatic glycosylases 

including DME, DML2, and DML3 in plants 

(48). 

Chromatin structure and genome stability 

Plants of eukaryotes have DNA tightly 

packaged in a chromatin structure of 

nucleosomes, the later is composed of protein 

octamer  consisting of pairs of histones H2A, 

H2B, H3, and H4 (26). Histone modification 

has been reported to be associated with 

repression or activation of genome regions 

depending on the level of methylation of the 

amino acid residue affected, which is 

dynamically regulated by the actions of 

histone methylatransferases and histone 

demethylases. Bhaumik et al (4) reported that 

some of the well-known core histone 

modifications include methylation of Lys and 
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Ard, acetylation of Lys, phosphorylation of 

Ser and Thr, and mono- or poly-ubiquitylation 

of Lys. However, these post-translational 

modifications can take place or removed by 

protein modifiers, such as; histone-

methyltransferases – demethylases, - 

acetyltransferases and –deacetylases (26). 

Chromatin modifications are affected by 

different biotic and / or a biotic stresses, and 

that could be reflected on gene expression of 

the living being (14, 15). Chromatin structure 

could be different in compactness due to 

epigenetic mechanisms occur due to 

environmental variables (35). These changes 

could be inherited to the next progeny or 

disappear according to magnitude of 

epigenetic effect in the phenotype of that 

organism. There is evidence that chromatin 

modifications and RNAs are involved in 

controlling gene expression at transfcriptional  

as well as post-transcriptional level and these 

changes could be reversible depending on 

degree of activation (43). Plants nuclear 

genomes may contain more than 50% 

methylcytosine in all the three nucleotide 

contexts (46). RNAi silencing and knockout 

mutation of stress inducible histone 

deacetylase in maize and Arabidopsis resulted 

in increased histone acetylation leading to the 

depression of silenced genes. Cytosine 

methylation further strengthens the histone 

modification patterns contributing to gene 

silencing (33). 

Inheritance of epigenetic mark 

There are epigenetic changes occur under 

some stress variables in situ or in vivo or in 

vitro. However, some of these changes are 

inherited to the next generation, while some 

others disappear. Zheng et al (47) reported that 

drought adaptability of rice plant has been 

improved, because of multi-generational 

drought exposure. They identified appearance 

of some drought induced epimutations could 

maintain the altered DNA methylation level in 

the subsequent generations. Their results 

suggest that epigenetic mechanisms play 

important role in plant adaptation and / or 

evolution, at least in some specific conditions, 

such as salinity stress and drought stress. 

Elsahookie (14) reported that plants selected 

under salinity or drought stress showed a level 

of tolerance to that stress in next generations 

not known before in the original cultivar 

plants. 

Epigenetics in hybrid maize kernels  

Because of the high importance of epigenetics 

in plants and humans, several researchers have 

worked out different approaches in this 

growing new science. Some of them have 

worked on Arabidopsis, Oryza , and Brassica 

(18, 21, 31, 32, 34, 43). Other researchers their 

concern was on some human diseases (2, 4, 9, 

11, 16). Meanwhile, studies on DNA 

methylation in plants under stress were 

undertaken by some researchers (3, 6, 7, 20, 

22, 23, 24, 25, 26, 28, 30, 36, 38, 41). 

However, our most important part of this 

review will be on DNA methylation in maize 

hybrid kernel which have been studied by 

many researchers, bu`t we have focused our 

concern on those studies of extent coverage (1, 

5, 8, 10, 12, 13, 17, 19, 27, 29, 33, 37, 39, 40, 

41, 42, 43, 45). 

Kernel development in cereals 

The development of kernels in angiosperms in 

general, and in cereals per se, counts on 

activities of both embryo and endosperm gene 

regulations. If we take the embryo, as it is 

diploid (2n), it has effects of 1 maternal m:1 

paternal p, whereas the endosperm which is 

triploid (3n), the ratio will be 2m:1p . That is 

due to double fertilization of the endosperm, in 

which 2n from central cells and 1n from sperm 

nucleous (pollen grain). Hence, studying the 

effects of epigenetic on kernel is helpful to 

understand the consequences of gene activities 

through the kernel stages of development. 

Sabilli and Larkins (34) stated that in cereals, 

immediately following cellularization, the 

endosperm undergoes an intense period of cell 

division, followed by differentiation and 

specialization to from a nutritive tissue that 

supports the embryo and the developing 

seedling. This mitotic phase in maize begins in 

the central region at 4-5 DAP (days after 

pollination) and lasts until 8 to 12 DAP, but it 

may continue until 20 to 25 DAP in the 

peripheral regions of the endosperm. 

Differentiation of the endosperm cells follows 

these processes and result in four primary 

regions or tissues; aleurone, starchy 

endosperm, transfer layer, and the embryo 

surrounding region. Elsahookie (13) and 

Yousif and Elsahookie (42) found that in all 
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crosses of inbreds, the female controls kernel 

traits such as weight, shape and colour, except 

when source pollen is saccharata. 

Results obtained on maize inbreds 

(B73×Mo17): 

1-Base pairs of Mo17 and B73 

Xin et al (40) obtained results on genome of 

maize inbred Mo17, that its genome was 

2,058,527,894 bases containing a total of 

117,847,390 bp short gaps. Thus, the coverage 

of the Mo17 genome was ~ 94.3% producing a 

similar genome size (of inbred B73) 

2,066,432,971 bp. The identification of single 

nucleotide polymorphism (SNPs) and 

insertions, and deletions was performed, and 

found that there were 6,557,611 SNPs 

indentified 157,994 insertions, and 191,549 

deletions between inbreds B73 and Mo17 

genomes. 

2-Paternal transcriptome in the reciprocals 
Higher numbers and transcripts abundances of 

genes with parental alleles in the cross 

Mo17×B73 were found than in the reciprocal 

B73×Mo17 at 3 and 5 DAP, namely at 3 DAP, 

1194 genes with activated paternal alleles were 

indentified in the cross Mo17×B73  compared 

with 874 genes in B73×Mo17 cross (40). 

Meanwhile, at 5 DAP, 4295 genes were 

parentally activated in the cross Mo17×B73 

compared with 3478 in B73×Mo17 cross. One 

of the surprising thing they found, is that only 

2561 of these genes were commonly activated, 

while in 7 DAP, 10 DAP and 15 DAP 

endosperm, the proportion of commonly 

activated genes accounted for 74.3%, 71.3% 

and 70.9% respectively. Then they compared 

paternally activated genes in the 3 and 5 DAP 

kernels of the Mo17×B73 and B73×Mo17 

crosses, and found that was of similar 

activation. 

3-SNPs in maize hybrid endosperm 

Xin et al (40) have analyzed the whole kernel 

imprinted genes, and found 11,027 and 10,573 

imprinted genes, and 7777 SNPs containing 

genes, found in the 7, 10 and 15 DAP 

endosperm, respectively. The genes exhibiting 

parent-specific patterns in both reciprocal 

crosses were selected as candidate imprinted 

genes, and found that 284,606, and 190 genes 

were determined to have allele-biased, parent- 

of- origin specific expression patterns at 7, 10 

and 15 DAP, respectively. There were 300 

PEGs and 499 MEGs identified from the three 

developing endosperm stages. Among the 499 

MEGs, 418 were identified at 10 DAP only, 

and only 15 were indentified at all three time 

points. Meanwhile, among the 300 PEGs, 213, 

130, and 163 were observed at 7, 10 and 15 

DAP respectively. 

4-Nonimprinted genes in the endosperm 

Nonimprinted allele-specific expression is 

widespread and believed to be responsible for 

quantitative variations in the phenotypic traits 

of hybrid offspring (40). In the three stage 

samples of endosperm, 1688 B73 allele-

specific and 1130 Mo17 allele-specific genes 

were detected, that exhibited expression 

dosages deviating from the 2m:1p ratio. 

Among these, 303 B73 genes and 128 Mo17 

genes exhibited a non-parent-specific, 

monoallelic expression pattern in both 

reciprocal crosses. The second type of genes 

are inbred line-dependent imprinted gene that 

exhibits allele-specific expression in one 

direction of each reciprocal pair of crosses, but 

biallelic expression in the other direction (39).  

5-MEGs and PEGs expression in the 

endosperm 

Four groups out of the 290 imprinted genes 

were identified (40). These were; regulation of 

gene expression by genetic imprinting , 

endosperm development, response to hormone 

stimulus, and DNA-binding. These functional 

categories indicated involvement of the 

imprinted genes in hormone signaling 

pathways, and transcriptional regulation of 

endosperm development. When the 194 MEGs 

and 96 PEGs were examined separately, they 

found only two categories and one category 

exhibiting significant enrichments for MEGs 

and PEGs, respectively. The first category of 

MEGs was the response to hormone stimulus 

which included 13 genes, 6 of which were 

involved in the auxin-mediated transcriptional 

response. The second was the cytoplasmic 

membrane bounded vesicle, which included 26 

genes encoding a variety of enzymes, 

transported proteins, and cell wall formation 

proteins located in the cytoplasmic membrane 

, suggesting that these MEGs might be 

involved in intercellular nutrient transport and 

signal transduction. The only one enriched 

among the 29 PEGs was the binding category. 

This category represented various forms of 
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molecular interactions, such as, DNA binding, 

RNA binding, protein binding, and ATP 

binding. The functions of MEGs and PEGs are 

not known. 

6-Pattern of MEGs and PEGs imprinting 

MEGs and PEGs found in maize hybrid 

endosperm exhibited different patterns of gene 

imprinting during endosperm stages of 

development (40). They observed PEGs 

predominately detected at DAP and MEGs 

predominately detected at 10 DAP. Out of the 

194 MEGs identified in the three stages, 150 

were shown to be expressed maternally in both 

crosses uniquely at 10 DAP. On the other 

hand, the 7 DAP endosperm contained the 

highest number of PEGs, 26 of which were 

shown to be paternally expressed only at this 

developmental stage in both crosses. However, 

they found the occurrence of 7 DAP specific 

PEGs were mainly due to the significantly 

deviated paternal allele ratio, whereas the 10 

DAP specific MEGs could be primarily 

attributed to the sharply increased expression 

levels at the respective stages. Three 7 DAP 

specific PEGs and nine 10 DAP specific 

MEGs were studied, all the three PEGs 

exhibited paternally biased expression patterns 

at 7 DAP in both reciprocal crosses, although 

their maternal alleles were strongly expressed 

in Mo17×B73 cross. All nine MEGs tested, 

showed a predominant pattern of expression at 

7 or 15 DAP in both reciprocal crosses. 

Among the 10 DAP specific MEGs, two were 

identified to encode auxin response factors of 

the auxin / indole-3-acetic acid family, 

suggesting that endosperm nutrient uptake 

from maternal tissue is maternally controlled. 

7-Paternal genome in the 7 DAP endosperm 

The available knowledge of the timing and 

extent of activity of maternal and paternal 

genomes after fertilization is limited. Nodine 

and Bartel (30) reported that results obtained 

on maize kernels suggested that the activation 

of paternal and maternal alleles could be 

relatively delayed in the embryo, although 

contrary evidence indicates that the two sets of 

parented alleles are activated simultaneously. 

Xin et al (40) found that at 3 DAP, 941 genes 

were shown to produce paternal transcripts 

less than the maternal transcripts. Of the 941 

genes, 923 were also expressed at zero DAP 

suggesting the apparent expression bias may 

not necessarily be a reflection of a delay in 

paternal genome activation, but rather due to 

expression or presence of the transcripts in the 

maternal kernel tissues. So, it is reasonable to 

conclude that paternal genome activation was 

nearly fully achieved by 7 DAP or earlier, 

because the majority of the 11,027 genes with 

SNPs were shown to be biallelically 

expressed, and the proportion of the expressed 

genes with the expected 2m:1p ratio was 

similar in the 7 DAP and 10 DAP endosperms. 

8-DNA methylation and imprinting of 

MEGs and PEGs 

Zhang et al (45) have done an extensive work 

on maize hybrid kernels. They used DNA from 

12 DAP  endosperm of the B73×Mo17 hybrid, 

and obtained 866 million 100-bp paired-end 

reads. To be analyzed for potential allele- 

specific methylation, a gene required sufficient 

read coverage for both maternal and paternal 

genomic alleles in regions with at least one 

SNP between B73 and Mo17. A total of 98 

genes (39 MEGs, 59 PEGs) met this criteria. 

Of these genes, 9 MEGs and 8 PEGs showed 

differential CpG methylation between the two 

parental alleles. They found 4 DMRs for 4 

noncoding RNAs among 13 analyzable 

transcripts. On the other hand, they reported 

that at least 699 genes are potentially 

imprinted in maize endosperm along with 111 

PEGs and 68 MEGs, and 38 long noncoding 

RNAs. They believed that these noncoding 

RNAs have a regulatory functions in maize 

genome. DNA methylation has long been 

regarded as a key player in epigenetic 

regulation. Differential methylation has been 

shown for several known imprinted genes 

between the maternal and paternal alleles. 

These results showed that only 17.3% of the 

maize imprinted genes have differential 

methylation between the two parental alleles. 

The large number of imprinted genes showing 

no differential methylation between the 

parental alleles suggest that methylation is 

only involved in the regulation of a small 

portion of imprinted genes. Both MEGs and 

PEGs having DMRs showed a pattern of 

maternal hypomethylation and paternal 

hypermethylation. According to the results 

obtained, the large number of imprinted 

protein-coding genes, long noncoding RNAs, 

and their clustered distribution identified 
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clearly, demonstrate complex parent-of-origin-

dependent epigenetic regulation throughout 

maize endosperm development. Inoue et al 

(23) revealed that a few genomic loci are 

maternally imprinted because of the 

inheritance of maternal histone 3 lysine 27 

trimethylation (H3K27me3). Meanwhile, 

Brannan and Bartolomei stated that the 

imprinted genes in human were shown to fall 

into clusters in the genome. Accordingly, 

Dong et al (12) stated that DNA methylation 

plays an important role in the allele-specific 

maternal expression of imprinted genes 

(MEGs) and paternally expressed imprinted 

genes (PEGs) are shown to be regulated by the 

DNA methylation glycosylase and / or DNA 

methyltransferase. However, many imprinted 

genes are associated with the differentially 

methylated regions (DMRs) where the 

maternal alleles are hypomethylated and the 

paternal alleles are hypermethylated. 

Meanwhile, histone modifications represent 

another level of epigenetic modifications. 

Genome-wide analyses have shown that many 

types of histone modifications are associated 

with the expression or repression of genes in 

many plants. They also found an allele specific 

profiles of H3K4me3and H3K36me3 

modifications on a genome-wide scale in 

maize endosperm at 12 DAP, and that was 

associated with both imprinted protein- coding 

genes and imprinted noncoding RNAs. They 

concluded that allele-specific active histone 

modifications (H3K4me3and H3K36me3) 

with allel-specific DNA methylation, and 

repressive modification (H3K27me3) provided 

a unique look of the regulation of genomic 

imprinting in maize. When they used histone 

H3 lysine 4 trimethylation (H3K4me3) and 

lysine 36 trimethylation (H3K36me3) 

antibodies, H3K4me3 modifications were 

generally restricted to the transcription  start 

sites, and H3K36me3 modifications were 

accumulated to high levels in gene bodies and 

both H3K4me3 and H3K36me3 showed 

positive correlation with transcription levels in 

maize endosperm. Their results on B73 and 

Mo17 reciprocal crosses showed 1393 

H3K4me3 peaks and 980 H3K36me3 peaks in 

both reciprocal crosses endosperms. 

According to the relationship between 

imprinted genes and the allele-specific  

H3K4me3 and H3K36me3 peaks, they used 

samples isolated from 12 DAP hybrid 

endosperm tissues from both reciprocal 

crosses, and a total of 54 MEGs and 90 PEGs 

were identified. That was when the expression 

level of active alleles at least five times than of 

silenced alleles. According to the results 

obtained in the forth going review, the 

genome-wide studies on plant in general and 

hybrid maize endosperms became clear in 

mechanism of gene action, imprinting and 

modifications. These things were changing 

with changing stage of days after pollination. 

Therefore, epigenomics are the second way to 

modify DNA and gene expression. Some of 

these modifications are inherited to next 

lineages, while some of them are not. 

Epigenomics are likely to occur more under a 

biotic or biotic stresses; such as salinity, 

drought and extreme temperatures and auxins 

used in tissue culture. Selection of desirable 

phenotypes could survive well under a 

remarkable merit of selection. High-

throughput techniques being used today have 

proved to be very helpful to clarify routes of 

epigenetic mechanisms in plants and humans. 

The last text could be highly beneficial when 

scientists get better techniques to look for the 

functions of I-motif discovered later in human 

cell chromosomes, that form in cytosine rich 

regions of the genome(44). 
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