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ABSTRACT 

DNA methyltransferases are group of enzymes that add 

methyl group to cytosine in DNAs. Methylation regulates 

gene expression under normal conditions as well as in 

response to adverse conditions. DNA methyltransferases 

gene expression level was estimated in seven Egyptian 

wheat varieties; (Misr1, Giza168, Sakha94, Sids1, 

Gemmiza7, Gemmiza11, and Shandawel1) under drought 

induced by polyethylene glycol (PEG) using 

semiquantitative PCR of cDNA generated from total RNA. 

The seven tested varieties showed variations in four wheat 

DNA methyltransferase (Met) gene expression. Sids1 

variety showed high expression level of Met1, Met2b, 

CMT, and Met3. The other varieties varied in Met gene 

expression levels. Met1 gene expression ranged from 66 to 

47% of Sids1 gene expression, Met2b was 71 to 44% of 

Sids1 gene expression, CMT level ranged from 60 to 22% 

Sids1 gene expression Met3 expression was 78-21% of 

Sids1 gene expression. The results concluded that, in 

sidsiratety wheat Mets activities responde faster to PEG-

induced dehydration. Also, variation in Mets genes 

expression may be due to resistance variation of resistance 

of wheat varieties to abiotic stresses, such as heat, salinity 

and drought. Consequently, Met genes activities could be 

used in the evaluation of new wheat varieties and genetic 

manipulation of wheat resistance to biotic and abiotic 

stresses. 

Key words: Gene expression- abiotic stress- wheat 

resistance.       

INTRODUCTION 

Wheat (Triticum aestivum) represents the most 

consumed food crop for the world population and, it is 

the top strategic winter crop (www.FOA.org). Wheat 

production and quality is highly affected by many 

factors including biotic and abiotic factors. Diseases and 

wheat varieties are the main biotic factors that have 

direct impact on wheat production. Abiotic stresses 

include drought, salinity, cold, heat and other 

environmeatal conclitions. Drought has direct impact on 

plant growth, normal development and production, it is 

responsible for food shortage, malnutrition and famine 

around the world, especially in the developing world 

(Shinozaki and Yamaguchi-Shinozaki 2007, Singh et al, 

2017). In plants, drought tolerance is achieved through 

complicated processes (Diatchenko et al, 1996), which  

involves various biochemical and molecular responses 

that are directed by a many gene. Drought tolerance is 

achieved at molecular, genetic, and phenotypic levels to 

help the plants to keep specific levels of water and ions. 

During drought, the plants accumulate higher levels of 

proline, glycine betaine, soluble carbohydrates, and 

antioxidants. These molecules have an essential role to 

maintain the vital cellular functions (Boominathan et al, 

2004, Matsumura et al, 2005, Velculescu et al, 1995, 

and Matsumura et al, 2006). Tolerance to drought also 

induces genes involved in cellular metabolism, cellular 

detoxification, cellular transport, signal transduction of 

transcription factors, and late embryogenesis abundant 

(Coemans et al, 2005). In addition, endogenous abscisic 

acid level increases under drought condition to protect 

plants from desiccation (Buitink et al, 2006, Audic and 

Claverie 1997). 

DNA methylation    

DNA methylation at the fifth carbon of cytosine to 

produce 5-methylcytosine (m5C) is one type of 

epigenetic modifications. In animals, methylation occurs 

at the CpG islands (dinucleotide) in the gene promoter 

(Kanel et al, 2013).  On the other hand, in plants, methyl 

group is added at three different nucleotide contexts; 

CpG, CpNpG and CpNpN (N is A, T, or C) (Akimoto et 

al, 2007). DNA methylation is carried out by a group of 

enzymes called DNA methyltransferases (Mets). The 

CpG island is methylated by DNA methyltransferase I 

(Met1) (Law and Jacobsen 2010, 7 Zilberman, 2017). 

Cytosine at the CpNpG sequence is methylated by the 

plant specific methyltransferase 

(Chromomethyltransferase 3, CMT3) (Han and Wagner, 

2014).  

DNA methylation plays an indispensible role in the 

regulation of various plant biological functions 

including normal cell growth and differentiation, plant 

development (9 Ikeuchi et al, 2015), genetic imprinting 

(4 Jones et al, 2001), cell senescence (11 

Demeulemeester et al, 1999), regulation of plant growth 

via gene expression regulation and chromatin 

remodeling (Han and Wagner 2014). It also deeply 

involved in plant response to abiotic stresses (Yaish et 

al, 2018), and metabolic regulation (Yong-Villalobosa 

et al, 2015). DNA methylation was reported inside the 

gene promoter sequences and both types modulate the 

gene expression level (Takatsuka et al, 2015). 
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Several studies reported the relationship between the 

level of DNA methylation and the gene expression level. 

Hypermethylation of promoter sequences was reported 

to be associated with gene silencing (Saze et al, 2012). 

Also, hypermethylation of heterochromatin and 

noncoding RNA regions (Akimoto et al, 2007) was 

parallel to lower levels of gene expression. Abiotic 

stresses cause changes in DNA methylation of genomic 

sequences as well as transposable elements (Sahu et al, 

2013). For example, in Arabidopsis, drought induced by 

polyethylene glycol (PEG) led to changes in DNA 

methylation. Sequences close to the transcription start 

site of drought responsive genes showed DNA 

hypermethylation (Colaneri and Jones, 2013). In another 

study on rice, drought tolerant genotypes showed faster 

response to drought in the form of differential 

methylation that was correlated with changes in gene 

expression (Wang et al, 2011). Study of methylation in 

the whole genome (methylome) has been used as 

genomic approach to study methylation changes in 

response to diseases, abiotic stresses, or plant starvation 

(Yong-Villalobosa et al, 2015, Yaish et al, 2018).  

Because DNA methyltransferases carry out DNA 

methylation, they have central function in regulation of 

gene expression during normal growth, development as 

well as the  response to biotic and abiotic stresses. 

Therefore, in this study the expression of DNA 

methyltransferases was investigated under dehydration 

conditions in Egyptian wheat varieties. 

MATERIALS AND METHODS 

Wheat varieties and sample collections 

Seeds of seven Egyyptian commercial wheat 

varieties were obtained from Egyptian Ministry of 

Agriculture (Table 1). Seeds were surface sterilized and 

germinated in 0.5% water agar containing 10% 

polyethylene glycol (PEG-6000) for 10 days (Guo et al, 

, 2013; Elsiddig et al, , 2013). Shoots were collected, 

cleaned, and (lyophilized) under vacuum at -58ºC. Dried 

samples were ground into fine powder with coffee 

grinder, stored at -20 ºC until used for RNA isolation. 

Primer design 

Primers for wheat DNA methyltransferases were 

designed based on their published sequence (Dai et al, 

2005). the full-length mRNA of Wheat tubulin primers 

was designed according to  Nucleotide database 

(http://www.ncbi.nlm.nih.gov). Primer 3 plus was also 

designed easing the bioinformatics database 

(www.bioinformatics.nl/cgi-bin/primer3plus). Primers 

were synthesized by Macrogen and 

(http://dna.macrogen.com). their information as well as 

their sequence are summarized in Table (2). 

  

Table 1. Egyptian commercial wheat (Triticum aestivum) varieties used in this study 

NO Variety Main Characteristics Status 

1 Misr1 Resistant to stem rusts New 

2 Giza168 Resistant to three rusts, heat, and drought  Commercial 

3 Sakha94 Resistant to three rust diseases Commercial 

4 Sids 1 Resistant to yellow rust, susceptible to  

leaf rust, heat tolerant, salinity tolerant 

Commercial , (Upper 

Egypt) 

5 Gemmiza 7  Resistant to yellow and stem rust Commercial 

6 Gemmiza 11 Resistant to three rust diseases Commercial 

7 Shandawel1 High adaptation, resistant to the  

three rust diseases 

Commercial 

 

Table 2. DNA primer sequence designed for cDNA synthesis and PCR amplification 

Primer Sequence 5'----3' PCR Product 

Tubulin AGTGTCCTGTCCACCCACTC 
244 

Tubulin TGAAGTGGATCCTCGGGTAG 

TaMET1-F GGGAAAGCAGATCTGTGAAAAT 
460 

TaMET1-R GAGAGGAATGCTAAAATCATCT 

TaMET2b-F GATGCACTCCGATTGAAACTGCTT 
340 

TaMET2b-R GCAACCGCTATGCTCAGACTATT 

TaCMT-F GGTCCCTGACTATGCAATGTCCTT 
430 

TaCMT-R CACACCCCACATAACACAACAGAT 

TaMET3-F CTCCACATCAACTCAATGTTT 530 

 

http://www.ncbi.nlm.nih.gov/
http://dna.macrogen.com/
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RNA isolation 

Total RNA was isolated using commercial Qiazol 

reagent. A volume of 1 mL of Qiazol (QIAGEN, CA, 

USA), was added to 8 mg of lyophilized ground wheat 

leaf powder and mixed thoroughly. Chloroform, (0.3 

ml), was added to the mixture. Then, the mixture was 

then shaken briefly and then centrifuged for 15 min at 

4°C and 13000 rpm. The supernatant was transferred to 

a new microfuge tube. RNA was precipitated by the 

addition of Lithium chloride (4 M final concentration), 

mixed, and kept overnight at -20°C. Samples were 

centrifuged for 15 min at 4°C and 12000 rpm, RNA was 

washed with 70% ethanol, air dried and dissolved in 

DEPC water. The quality of RNA was tested using 

agarose gel electrophoresis. Its concentration and purity 

were determined at 260 nm and the OD260/280 ratio. 

Synthesis of cDNA  

Total RNA, 2 µg, were mixed with 0.5 ng oligodT 

primer and the volume was completed to 11 µl with 

sterilized DEPC water. RNA was denatured by 

incubated in the thermal cycler (Labnet, USA) at 65°C 

for 10 min. Then, 4 µl of 5X RT-buffer, 2 µl of 10 µM 

dNTPs and 100 U M-MuLV Reverse Transcriptase 

(SibEnzyme. Russia) were added and mixed. The total 

volume was brought to 20 µl by DEPC water. In the 

thermal Cycler the reaction was incubated at 37°C for 

1h for cDNA synthesis. The enzyme was inactivated by 

heating samples at 90°C for 10 min and the generated 

cDNA was kept at -20°C until used . 

Semi-quantitative PCR 

PCR was carried out in a final volume of 25 µl 

containing 1 µl cDNA, 1 µl of 10 picomol of forward 

and reverse primers, and 12.5 µl PCR master mix 

(Promega, USA). PCR program was performed with one 

cycle of initial denaturation at 94°C for 5 minute for one 

cycle, followed by 20 cycles of denaturation at 94°C for 

1 min, annealing at 55°C for 30 s, and extension at 72°C 

for 1min, and 1 cycle of final extension at 72°C for 5 

min. Wheat tublulin mRNA was tested as a reference 

using its specific primers (Table 2). PCR products were 

separated at 100 volt for 1 h on 1.5% agarose gel and 

TAE buffer. Gels were stamed with ethiclium bromide, 

visualized with UV light and photographed. Band 

intensities were estimated using NIH image program 

(http://rsb.info.nih.gov/nih-imageJ). 

RESULTS  

Semiquantitative PCR was employed to investigate 

the mRNA expression of methyltransferases genes in 

seven Egyptian wheat varieties in response to PEG 

induced dehydration. Total RNA was used to generate 

cDNA which was used as a template for PCR using 

specific primers for 4 methyltransferases genes (Table 

2). The expression of wheat tubulin mRNA was 

estimated as reference in all experiments in this study 

(Figure 1b, 2b, 3b, 4b). In the seven tested varieties the 

specific primers of  methyltransferase I (Met 1) genes 

amplified one fragment of 460 bp (Figure 1a). As shown 

in Figure1c, the gene expression of Met1 gene in 

response to PEG induced dehydration varied from one 

variety to another. The highest level of Met1 gene 

expression was receded for eSid1 variety. Both 

Gemmiza7 and shandawel 1 illustrated very close 

expression of Met1 gene that was estimated as 66% of 

Sids1, Misr1, Giza168 and Sakha94 showed also close 

expression level that represented 57%, 55% and 53% of 

Sids1 expression, respectively. The lowest level of Met 

1 gene expression was for Gemmiza11 (47% of Sids1) 

expression. 

 
Figure 1. a. Agarose gel electrophoresis of RT-PCR 

products of wheat DNA methyltransferase 1 

(Met1)gene. 1: Misr1, 2: Giza168, 3: Sakha94, 4: 

Sids1, 5: Gemmiza7, 6: Gemmiza11, 7: Shandawel1. 

b. Wheat tubulin gene expression. c. quantitative 

estimation of Met1 gene expression for the seven 

wheat varieties understudy under drought induced 

by PEG 

 

PCR using wheat methyltransferase 2b (Met2b) 

specific primers amplified DNA fragment of bout 340 

bp. in all tested varieties (Figure 2a). The 

semiquantitative analysis of wheat methyltransferase 2b 

(Met2b) gene revealed different expression profile in 

response to PEG induced dehydration (Figure 2c). The 

highest level of Met2b gene expression was reported 

also for sidsl variety. In contrast, Sakha94 showed the 

lowest level of Met2b gene expression which was about 

44% of Sids1, expression Giza 168 and Gemmiza11 had 

similar expression level (about 71% of Sids1 expression  

http://rsb.info.nih.gov/nih-image
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level). Met2b gene expression for Shandawel1, Misr1 

and Gemmiza7 varieties showed 66%, 58% and 50% of 

Sids1 expression level (Fig. 2c). 

 

Figure 2.a. Agarose gel electrophoresis of RT-PCR 

products of wheat methyltransferase 2b (Met2b). 1: 

Misr1, 2: Giza168, 3: Sakha94, 4: Sids1, 5: 

Gemmiza7, 6: Gemmiza11, 7: Shandawel1. b. Wheat 

tubulin gene expression. c. quantitative estimation of 

gene expression for the seven varieties under 

drought induced by PEG 

 

For CMT gene, The seven studied varieties showed 

one fragment of 430bp (Figure 3a). Semiquantitative 

estimation of CMT expression level revealed that Sids1 

had the highest gene expression. As shown in Figure 3c, 

Giza168 and Gemmiza7 showed about 60% and 57%, 

respectively of Sids1 expression level. The ther varieties 

(Misr1, Sakha94, Gemmiza11, Shandawell) illustrated 

extremely low level of CMT expression (about 22% of 

Sids1 CMT expression level).  

For Met3 gene, 530bp fragment was detected for the 

seven varieties of wheat under drought induced by PEG. 

Quantitatively, Sids1 was proven to be the highest level 

of Met3 gene expression. Giza168 and Gemmiza7 

represented moderate level of Met3 gene expression as 

78% and 62% of Sids1 expression level. Shandawell 

variety showed about 58% of Sids1 expression level. 

Also, for Met3 gene expression Gemmiza11, Misr1, and 

Sakha94 showed illustrated extremely low expression 

levels of Mets gene as 29%, 22%, and 21%, respectively 

of Sids1 expression level (Fig. 4c).  

 

 

 
Figure 3. a. agarose gel electrophoresis of RT-PCR 

products of wheat CMT. 1: Misr1, 2: Giza168, 3: 

Sakha94, 4: Sids1, 5: Gemmiza7, 6: Gemmiza11, 7: 

Shandawel1. b. Wheat tubulin gene expression. c. 

quantitative estimation of gene expression for the 

seven varieties under drought induced by PEG  

 

 
Figure 4. a. Agarose gel electrophoresis of RT-PCR 

products of wheat DNA methyltransferase 3 

(TaMet3). 1: Misr1, 2: Giza168, 3: Sakha94, 4: 

Sids1, 5: Gemmiza7, 6: Gemmiza11, 7: Shandawel1. 

b. Wheat tubulin gene expression. c. quantitative 

estimation of gene expression for the seven varieties 

under drought induced by PEG 

 

DISCUSSION 

It is noteworthy that the Egyptian commercial wheat 

varieties used in this study differ in their resistance to 

rust diseases, heat, drought, and salinity. These 

differences could be a reason for their various Met gene 

expression. Sids1 variety is susceptible to leaf rust, 

whereas Shandawel1 is resistant to the three rust 

diseases. 
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Using specific primers, the expression of four wheat 

DNA methyltransferases (Met) genes were investigated 

in seven Egyptian wheat varieties under drought induced 

by PEG. For each gene, one fragment with different 

DNA >>>> and expression was detected Met1 and 

Met2b showed less general variations among the seven 

varieties. Interestingly, Sids1 variety presented the 

highest level of expression for the four tested wheat 

Mets. The activity of Mets and consequently DNA 

methylation may be contributed to its resistance to the 

biotic and abiotic stresses. Giza168 had moderate 

expression of Met3, whereas the other 5 varieties had 

low level of Met3 expression. Therefore, Met3 may be 

responsible for the de novo methylation in response to 

biotic and/or abiotic factors (Sahu et al, 2013). For 

Sids1 and Giza 168 varieties. Similar result was 

obtained for rice, where the drought tolerant genotypes 

responded faster to drought comparing to normal 

genotypes. The fast response of drought tolerant 

genotypes was correlated with differential methylation 

of drought induced genes. The methylation sites 

remained after removal of the stress as a methylation 

marks (Wang et al, 2011). Also, the two varieties (Sids1 

and Giza168) had high level and moderate level of CMT 

that is responsible for the de novo methylation of 

CpNpG sequence. The other 5 investigated varieties are 

resistant to one or more type of rust (biotic stresses) and 

presented high expression levels of other Met genes. 

Misr1, while, Gemmiza7, and Shandawel1 recorded 

moderate expression of Met1, Gemmiza11 showed 

moderate expression level of Met2b, whereas Sakha94 

showed low expression of the four Met genes. It could 

be concluded from the results of this study that Giza168 

and Sids1 varieties (resistant to abiotic factors; heat, 

salinity and drought) had high Met3 gene expression 

level, whereas other varieties which are resistance to rust 

diseases had moderate levels of other Mets genes (Met1, 

Met2b, CMT) than Met3 that is gene this conclusion is 

supported by the normal function of Met genes. Met1 

maintain methylation after DNA replication at the CpG 

sites, whereas the CpNpG methylation is maintained by 

CMT in plants (Han and Wagner 2014). Met2b is a 

tRNA methylatransferase enzyme, which does not has 

DNA methylation activity (Jeltscha  et al,  2017). In 

contrast, Met3 enzyme is responsible for the de novo 

methylation in response to biotic and abiotic factors. 

Therefore, Met3 gene expression level could be used to 

differentiate between varieties in response to PEG 

induced drought.  

In several studies, however, abiotic stress has been 

linked to methylation/demethylation of DNA genomic 

sequences and DNA methyltransferases activity (Sahu et 

al, 2013). In arabidopsis, PEG induced dehydration led 

to change in DNA methylation (hypermethylation) near 

the transcription start site of dehydration responsive 

genes (Colaneri and Jones, 2013). Also in Arabidopsis, 

de novo DNA methylation caused by dehydrated 

environment caused the suppression of stomata 

development genes (Tricker et al, 2012, 2013). 

Promoter hypermethylation in Arabidopsis callus and 

suspension culture suppressed gene expression through 

hypermethylation of the CpG dinucleotide. The 

methylation was dependent on MET1 and DRM2 DNA 

methyltransferases (Berdasco et al, 2008). 

Expression of DNA methyltransferases genes has 

been studied by several authors. For example, Wheat 

(Triticum aestivum) has several DNA methyltransferases 

(Mets). Five Mets were isolated including TaMET1, 

TaMET2 (TaMET2a, TaMET2b), TaCMT and 

TaMET3.  They presented different expression levels in 

various wheat tissues (Dai et al,  2005). TaMET1 and 

TaMET2a had high expression in the dry seed, whereas 

TaMET1 and TaCMT had high expression level in 

embryos. Also, TaMET2b, TaCMT, TaMET1 showed 

expression in the same developing stages. Results of this 

study indicated that wheat DNA methyltransferases have 

critical role in wheat normal growth adaptation to biotic 

as well as abiotic stresses (Dai et al,  2005). On the 

other hand, in Arabidopsis, only 3 DNA Mets genes 

were found to be responsible for the maintenance and de 

novo DNA methylation (Moritoh et al,  2012, Zhang et 

al,  2006, Kurihara et al,  2008). 

Finally, It is well known that DNA 

methylation/demethylation has indispensable role in 

dehydration tolerance. It contributes to plant resistance 

to abiotic stresses, such as drought; biotic stresses, such 

as disease resistance. Results obtained from this study 

will contribute to the evaluation of new wheat varieties 

for their Met gene expression and genetic manipulation 

to enhance resistance to biotic and abiotic stresses.  
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 الملخص العربي

تحت  (Triticum aestivum)في أصناف القمح المصري DNA methyltransferases تعبير جينات 
 PEGطة سظروف الجفاف المستحدث بوا

 مني محمد الصيحي، أحمد محمد الشهاوي

 DNA methyltransferaseجينات إضافة مجاميع الميثايل 

(Mets) ي جزر تضيف مجاميع الميثايل علي السيتوسين ف
CpG م التعبير يتنظتشارك في . إضافة مجاميع الميثايل

الجيني تحت الظروف الطبيعية أو الظروف الغير مناسبة. 
سة تم إستخدام سبعة أصناف تجارية من القمح في هذه الدرا

، 7، جميزة1، سدس94، سخا168، جيزة1)مصر المصري
 لجفافل   Mets جيناتإستجابة لدراسة  (1، شندويل11جميزة
. تم إستخدام (PEG)تحدث بواسطة البولي إيثلين جليكول المس

في القمح  Metsلأربعة من جينات متخصصة بادئات 
(Met1, Met2b, CMT, Met3 لتخليق جزيئات ،)cDNA  من

RNA  الكلي المستخلص من بادرات القمح متبوعا بإستخدام
أظهرت نتائج الدراسة أنه يوجد . شبة الكمي PCRتفاعل 

في القمح، أظهر الصنف  Mets في تعبير جيناتإختلاف 
لأربعة جينات التي تم دراستها، في حين لنشاط أعلي  1سدس

أظهرت درجات نشاط مختلفة من نشاط أن الأصناف الأخري 

أظهر  Met1، الجين 1نفس الجينات في الصنف سدس
من نشاطة  %47إلي  %66تراوح بين  جينيمستوي تعبير 

أظهر مستوي تعبير بين  Met2b، الجين 1في الصنف سدس
، الجين 1من نشاطة في الصنف سدس %44إلي  71%

CMT  ي من مستو  %22إلي  %60أظهر نشاط تعبيري بين
أظهر  Met3، وأخيرا الجين 1تعبيره في الصنف سدس

من نشاطة في  %21إلي  %78تعبير جيني بين مستوي 
. نتائج هذه الدراسة تبرهن علي أن جينات 1الصنف سدس

Mets  إستجابت أسرع للجفاف المستحدث بواسطة البولي
، وأن الإختلافات في 1إيثلين جليكول في الصنف سدس

الأصناف المدروسة قد ترجع إلي  بين Metsتعبير جينات 
إختلاف هذه الأصناف في مقاومتها للضغوط غير الحيوية 
مثل الحرارة، الملوحة ، الجفاف. نتائج هذه الدراسة تساهم في 

أصناف القمح وكذلك في إنتاج أصناف محورة وراثيا تقييم 
 المقاومة للعوامل الغير حيوية.لتحسين 

    


