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Abstract 
 

In this study, 5mC content and methylation level increased along with the growth of Rehmannia glutinosa, but degree of DNA 

methylation was different in leaf and root, and hemi-methylation level was both higher than full-methylation level in leaf or 

root, which was very significant in root. Furthermore, 5-azaC could inhibit DNA methylation of R. glutinosa, compared with 

the control, although 5mC content was less and showed a decreasing trend along with the increase of 5-azaC concentration, it 

still increased along with the growth of R. glutinosa and reached the peak in Stage IV. In addition, as treated with 5-azaC, 

DNA methylation of R. glutinosa had significant polymorphism, methylation status would change and appear significant 

demethylation, and degree of DNA demethylation increased along with the increasing concentration of 5-azaC. Further 

analysis found, under the treatment of 5-azaC, plant height and leaf length were both lower than the control, still increased 

along with the growth of R. glutinosa, however phenotype of R. glutinosa could not appear significant change along with the 

increase of 5-azaC concentration. Thus, under the reduction of DNA methylation, R. glutinosa appeared obvious dwarfing 

phenomenon with smaller leaf, indicating moderate demethylation could inhibit growth and development of R. glutinosa, 

which might be closely related to the status of genomic DNA methylation. © 2018 Friends Science Publishers 
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Introduction 

 

DNA methylation is one of the most covalent modification 

in living cells and epigenetic modifications, and can lead to 

cell differentiation, chromatin inactivation, embryo growth 

and cancer (Courtier et al., 1995; Gonzalgo and Jones, 

1997; Yuan et al., 2004). DNA methylation is also a vital 

regulation mechanism of gene expression in many 

biological processes, such as morphogenesis, development, 

stress, and alteration (Gaur et al., 2012). In the nuclear 

genome of higher plant, there are about 20–30% cytosine 

with methylation, and the level of DNA methylation shows 

large differences in different plants, different tissues, and 

others (Osabe et al., 2014). If the level of DNA methylation 

is insufficient in growth and development of plant, plant 

would appear abnormal growth and phenotype (Ronemus et 

al., 1996; Kenneth et al., 2006; Marfil et al., 2009), for 

example, plant height becomes shorter, leaf is smaller, and 

some phenotypic changes can be inherited. Thus, DNA 

methylation is essential to the normal growth and 

development of plant. 

At the same time, DNA methylation could control the 

formation of plant tissue morphogenesis and maintain its 

genetic stability, especially for seeds grown in vitro or 

cryopreserved seeds (Kaeppler et al., 2000; Harding, 2004). 

At present, study of DNA methylation has been carried out 

in some plants, such as tissue culture of Potato under 

osmotic stress (Harding, 1994), tissue culture of grape 

(Harding et al., 1996), embryonic development of Siberian 

ginseng (Chakrabarty et al., 2003), flowering and 

vernalization of chicory (Demeulemeester et al., 1999), 

morphogenesis induction of Arabidopsis (Richards et al., 

1997). DNA methylation inhibitor is base analogue, could 

reduce the level of DNA methylation, and is composed of 5-

azacytidine (5-azaC) and 5-aza-cytosine (5-aza-dC) (Nie 

and Wang, 2007). The phenotype and development of some 

plants have been altered by DNA methylation inhibitor 5-

azaC, and the altered methylation status could be inherited 

to offsprings of plants, such as rice (Sano et al., 1990), 

triticale (Heslop-Harrison, 1990), cabbage (Amado et al., 

1997), tobacco (Vyskot et al., 1995), Female lou (Janoušek 

et al., 1996), flax (Fieldes et al., 2005), etc. 
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Rehmannia glutinosa belongs to Scrophulariaceae. 

Rehmannia is a perennial herbaceous plant and pertains to 

one of the Chinese medicinal materials. Recently, some 

studies of R. glutinosa have been made on physiology, 

biochemistry, morphology, molecular and other research 

fields, but research on epigenetics of R. glutinosa has not 

been reported, and the relationship between DNA 

methylation and growth of R. glutinosa has not been 

explored. In order to study effects of DNA methylation in 

growth and development of R. glutinosa, genomic DNA 

methylation and phenotype of R. glutinosa were analyzed in 

this research, furthermore, DNA methylation inhibitor 5-

azaC was also used to explore the possible relationship 

between DNA methylation and phenotype of R. glutinosa. 

 

Materials and Methods 
 

Plant Materials 

 

In this study, R. glutinosa cultivar (85-5) was chosen, and its 

root tubers were kindly provided by Agricultural Research 

Institute of Wenxian County, Henan, China. Primers and 

adapters were synthesized by YingjieJi Trade Co., Ltd., 

(Shanghai, China) and their sequences are listed in Table S1. 
 

Treatment and Cultivation of R. glutinosa 
 

After sterilized for 10 min by 0.1% HgCl2, root tubers of R. 

glutinosa were washed for 3–5 min with sterile water, and 

were wrapped with gauze, then were respectively treated for 

7d (3 times/d) with 0, 15, 30, 50, 100 or 250 μM 5-azaC. 

Subsequently, root tubers treated with 5-azaC were grown 

in test field, College of Life Science, Henan Normal 

University, Xinxiang City, Henan Province, China. In 

addition, 100 sterilized roots of R. glutinosa were treated 

with 5-azaC in each group, and there were three replicates 

per group. 

Plant height or leaf length of R. glutinosa treated with 

5-azaC was observed and statistically analyzed in six 

growth stages of R. glutinosa. The growth stages of R. 

glutinosa are usually divided according to the appearance 

characteristics of root growth (Fig. S1). The details of 

growth stages are:  
 

Stage I: seedling root is not fleshy 

Stage II: plant root is fleshy and cylindrical 

Stage III: plant root appears preliminary expansion 

Stage IV: plant root appears middle expansion 

Stage V: plant root appears late expansion 

Stage VI: plant root is spindle-shaped 
 

Tuberous root and leaf of R. glutinosa at each growth 

stage were frozen in liquid nitrogen and stored at -80
o
C. 

 

DNA Extraction of R. glutinosa 
 

Genomic DNA was extracted from root and leaf of R. 

glutinosa by CTAB method with modifications. About 4 g 

tuberous root or leaf was put into the pre-cooled mortar and 

ground into the powder, then immediately transferred to 50 

mL centrifuge tube. In the centrifuge tube, 5 mL/g CTAB 

solution containing two-thousandths of β-mercaptoethanol 

was added, and put in water bath at 65°C for 2 h 

accompanied by upside down mixing 1 times/20 min, 

centrifuged for 10 min at 12000 rpm. Afterwards, the 

supernatant was transferred, extracted by 

phenol:chloroform:isoamyl alcohol (25:24:1) and 

centrifuged for 10 min at 12000 rpm. The above process 

was repeated once, and then the supernatant with isopropyl 

alcohol was placed for more than 1h and separated by 

12000 rpm centrifugation for 15 min. Precipitated DNA was 

washed twice with 70% ethanol, and dissolved in double-

distilled water after air dried for at least 5 min, then 1% 

RNase was added to DNA solution; put at 37°C for 30 min 

and extracted with phenol:chloroform:isoamyl alcohol 

(25:24:1). After further extraction, DNA solution was 

precipitated by adding 1/3 volume of 3 M NaAc and 2.5 

volumes of absolute ethanol, and centrifuged at 12000 rpm 

for 10 min, then precipitated DNA was washed twice with 

70% ethanol and centrifuged at 12000 rpm for 5 min. 

Subsequently, dried DNA was dissolved in double-

distilled water and was stored at -20°C to analyze 

genomic DNA methylation. 

In addition, the integrity of genomic DNA was 

detected by 0.8% agarose gel electrophoresis, and the yield 

and purity of genomic DNA were respectively determined 

by spectrophotometry at 260nm. 

 

HPLC Detection of Genomic Methylation 

 

The content of 5-methylcytosine (5mC) usually indicates 

the level of genomic DNA methylation. In this research, 

level of DNA methylation was detected by HPLC (high 

performance liquid chromatography). Genomic DNA was 

hydrolyzed with DNase I, nuclease P1 and alkaline 

phosphatase, was centrifuged for 5 min at 12000 rpm, then 

the supernatant was transferred and filtered with 0.45 μm 

microporous membrane, subsequently was detected by 

HPLC. The following conditions of HPLC were performed 

in this experiment; the flow velocity was 0.5 mL/min, the 

temperature of column was 30°C, the mobile phase was 50 

mM KH2PO4:8% methanol, the analytical column was 

Agilent C18 Zorbax XDB column (4.6×150 mm, 5 μM 

particle size), and the detection wavelength was 285 nm by 

VWD detector. 

The standard substances of 0.0044 g C and 0.0065 g 

5mC were respectively dissolved with 10 mL ultrapure 

water to 40 nM/100 μL (mother liquor), and the mother 

liquor was diluted to 0.02, 0.05, 0.1, 0.5 and 1.0 nM/100 μL, 

separately. Each concentration was detected, and the linear 

equation of standard substance was obtained. The linear 

equation of standard C was y = 2172.7x-18.537, R² = 

0.9993 (y: peak area, x: concentration); the linear equation 

of standard 5mC was y = 2276x-7.9806, R² = 0.9997 
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(y: peak area, x: concentration), indicating that C and 5mC 

both had a good linear relationship in the range of 0.02–1.0 

nM/100 μL. Based on the above linear equation of standard 

substances, the concentration of C and 5mC in genomic 

DNA of R. glutinosa was respectively calculated, then the 

content of 5mC was obtained according to the following 

formula: 5mC = [5mC / (5mC + C)] ×100. Inaddition, the 

precision, repeatability and stability of HPLC were tested to 

guarantee the reliability of experiment data, and the 

detection of C and 5mC in genomic DNA was repeated 

three times. 

 

Methylation-Sensitive Amplified Polymorphism (MSAP) 

Amplification 

 

The MSAP experiment was performed with modifications 

according to the method of Vos et al. (1995). Under the 

condition of without changing methylation status, HpaII and 

MspI have different sensitivity to DNA methylation. HpaII 

is not sensitive to full methylation (double-stranded-

methylation) and could cleave hemi-methylation (single-

stranded-methylation), MspI is sensitive to the internal 

cytosine (CmCGG sequence) and not to the external 

cytosine (mCCGG sequence) in full methylation. Thus, 

HpaII and MspI were selected to produce different cleavage 

fragments which can reveal status and extent of genomic 

DNA methylation. Genomic DNA of R. glutinosa was 

digested with endonuclease EcoRI/MspӀ, EcoRI/HpaII, in 

turn, then was ligated with EcoRI adapter and MspI-HpaII 

adapter by T4 DNA ligase at 16
o
C for 15 h, subsequently 

Enzyme-Ligation product was stored at -20
o
C. 

After the pre-amplification system of MSAP was 

established, Enzyme-ligation product was diluted 10-fold 

and amplified as a pre-amplification template. The reaction 

system of MSAP pre-amplification was 50 µL and consisted 

of 2.5 µM EcoRI pre-amplification primer, 2.5 µM MspI-

HpaII pre-amplification primer, 25 µL 2×Taq Mix, 0.5 µL 

Enzyme-Ligation product, and cycling conditions of PCR 

pre-amplification were listed in Table S2. After 

amplification, results of pre-amplification were detected by 

1% agarose gel electrophoresis, the pre-amplification 

product was diluted 10-fold and amplified as template in 

MSAP selective amplification. The reaction system of 

MSAP selective amplification was 20 µL and composed of 

5 µM EcoRI selective amplification primer, 5 µM 

MspI/HpaII selective amplification primer, 10 µL 2×Taq 

Mix and 0.5 µL pre-amplification product. Furthermore, the 

reaction condition of MSAP selective amplification was the 

same as pre-amplification except without Pre-PCR_1, 

subsequently amplification products were detected by 6.0% 

polyacrylamide gel electrophoresis. 

 

MSAP Data Analysis 

 

In this research, DNA methylation level was quantified by 

MSAP binary data, the presence or absence of one band was 

respectively scored as "1" and "0", only clear and 

reproducible bands were scored after silver staining. For 

MSAP analysis, bands were scored on the basis of presence 

or absence in EcoRI/HpaII (H) and EcoRI/MspI (M), and 

the banding patterns of MSAP amplification could be 

divided into three classes: the presence of band in H and M 

was considered no methylation (class I), the presence of 

band only in H was considered DNA hemi-methylation 

(class II), and the presence of band only in M was 

considered DNA full-methylation (class III). In addition, 

DNA methylation level was calculated with the following 

formulate: DNA methylation level (%) = (bands of class II+ 

bands of class III)/(bands of class I+ bands of class II+ 

bands of class III) ×100, DNA hemi-methylation level (%) 

= bands of class II/(bands of class I+ bands of class II+ 

bands of class III) ×100, DNA full-methylation level (%) = 

bands of class III/(bands of class I+ bands of class II+ bands 

of class III) ×100. 

Compared with the control, DNA methylation patterns 

of R. glutinosa treated with 5-azaC were classified into 

methylation polymorphism and methylation monomorphism. 

DNA methylation monomorphism was regarded Type A, 

DNA methylation polymorphisms included type B (DNA 

methylation) and type C (DNA demethylation). 

 

Statistical Analysis 

 

In this research, plant height, leaf length, 5mC content and 

methylation level of R. glutinosa were tested for 

significance level, by using analysis of variance and 

multiple comparisons of Duncan’s multiple range. Content 

of 5mC and level of DNA methyltion were calculated and 

analyzed by Excel and DPS7.5, and all histograms were 

drawn by Origin. 
 

Results 

 

Content of 5mC in Genomic DNA of R. glutinosa 
 

As shown in Fig. 1, compared with that in Stage I of R. 

glutinosa, 5mC content in genome of leaf and root both 

increased along with the growth of R. glutinosa, and was the 

highest in Stage IV, in which 5mC content in genome of 

leaf and root was respectively 52.0 or 49.5% or so. 

Subsequently, 5mC content decreased in the later growth 

stage (Stage V and Stage VI) of R. glutinosa, but was 

still higher than that in the first three stages (Stage I, 

Stage II and Stage III). For example, 5mC content in 

genome of leaf and root was about 37.8 and 35.0%, 

respectively in Stage VI, but was about 33.7or 29.5% in 

Stage III of R. glutinosa. 

Furthermore, during the same growth stage of R. 

glutinosa, 5mC content in genome of leaf and root was 

different, and was higher in leaf genome of R. glutinosa, 

thus the degree of DNA methylation in R. glutinosa had 

specificity of tissue and growth stage. 



 

Duan et al. / Int. J. Agric. Biol., Vol. 20, No. 10, 2018 

 2164 

Level of Genomic Methylation in R. glutinosa 
 

In this study, HpaII and MspI with different sensitivity to 

DNA methylation were selected to produce different 

cleavage fragments, 6 primer combinations were screened 

from 48 primer combinations, and 39 DNA polymorphic 

locis were found. Some selective amplification results are 

shown in Fig. 2, the polymorphism of bands represented 

change in DNA methylation. 

As can be seen from Fig. 3, methylation level in 

leaf or root was different during the growth of R. 

glutinosa, and increased along with the extension of 

growth time. For example, methylation level in leaf or 

root was about 48.35 and 45.63% in Stage I, and was 

significantly lower than that in other growth stages 

(P<0.05), especially was higher in Stage IV and Stage V 

of R. glutinosa. Thus, methylation level was lower in the 

first growth stages, but was higher in other growth stages of 

R. glutinosa, and was different in root and leaf during the 

same growth stage of R. glutinosa. 

In addition, full-methylation level in leaf was also 

lower in Stage I (18.68% or so), and was about 25.60–

27.40% in other growth stages, however hemi-methylation 

level in leaf was relatively stable and was about 28.0–32.5% 

except Stage V (Fig. 3a). Full-methylation level in root was 

about 27.26% in Stage IV, and was also higher than that in 

other growth stages (P<0.05). Compared to that in Stage I, 

hemi-methylation level in root was higher during the growth 

of R. glutinosa, especially was the highest (42.11%) in 

Stage V (Fig. 3b). 

Further analysis showed that hemi-methylation 

level was higher than full-methylation level in leaf or 

root, which was very significant in root (P<0.05). This 

difference was highly significant in some growth stages 

of R. glutinosa (P<0.01), for example, the level of hemi-

methylation or full-methylation in leaf was 29.67 and 

18.68%, respectively in Stage I, and was 41.03 or 

25.64%, respectively in Stage V (Fig. 3a).  

In root of R. glutinosa, the level of hemi-methylation 

or full-methylation was 42.11 and 19.74%, respectively 

in Stage V, and was 37.70 or 19.67% in Stage VI (Fig. 

3b). Thus, the hemi-methylation maybe dominant in 

genome of R. glutinosa. 

 

Effects of 5-azaC on Phenotype of R. glutinosa 

 

Compared with the control, plant height of R. glutinosa was 

lower as treated with 5-azaC, but still increased along with 

the growth of R. glutinosa. Plant height of R. glutinosa in 

 
 

Fig. 2: MSAP amplification bands in root of R. glutinosa 

by E3 /HM4 primer combination 
H and M represented bands from genome digested by EcoRI/HpaII(H) and 

EcoRI/MspI (M), M: Marker, 2000bp ladder; The arrows only indicated 

some polymorphic methylation bands between H1M1, H2M2, H3M3, 
H4M4, H5M5 and H6M6 

 

 

 
 

Fig. 3: The level of genomic methylation in R. glutinosa 
a. The level of DNA methylation in leaf of R. glutinosa, b. The level of 

DNA methylation in root of R. glutinosa. I, II, III, IV, V and VI 

represented different growth stage of R. glutinosa, respectively. The error 
bar was standard error of mean, and these different lower letters above bar 

respectively indicated significant difference of methylation among 

different growth stages of R. glutinosa (P < 0.05) 

 
 

Fig. 1: The content of 5mC in leaf and root of R. glutinosa 
I, II, III, IV, V and VI represented different growth stage of R. glutinosa, 
respectively. The error bar was standard error of mean, and these different 

lower letters above bar respectively indicated the significant difference in 

leaf or root among different growth stages of R. glutinosa (P < 0.05) 
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Stage IV was shown in Fig. 4a, under the treatment of 5-

azaC, plant height of R. glutinosa was 20 cm or so, and was 

significantly lower than the control (29.0 cm) (P<0.05), 

especially was only 18.2 cm as treated with 15 μM 5-azaC. 

However, plant height of R. glutinosa could not appear 

significant change along with the increase of 5-azaC 

concentration, so 15–250 μM 5-azaC had analogous and 

significant effect on plant height of R. glutinosa. 

Along with the growth of R. glutinosa, leaf was longer 

and longer, and the growth trend of leaf was similar to that 

of plant height, but was shorter than the control. As shown 

in Fig. 4b, leaf length of R. glutinosa in Stage IV was 

shorter under the treatment of 5-azaC, compared with the 

control, leaf length was shorter, and was significantly 

influenced except 15 μM 5-azaC (P<0.05). For example, as 

treated with 30–250 μM 5-azaC, leaf length of R. glutinosa 

was only 14.0 cm or so, was significantly lower than the 

control (P<0.05), but would not show significant change 

along with the increase of 5-azaC concentration, so 30–250 

μM 5-azaC had analogous and significant effect on leaf 

growth of R. glutinosa. 

Thus, under the treatment of 30–250 μM 5-azaC, R. 

glutinosa appeared obvious dwarfing phenomenon with 

smaller leaf, indicating that R. glutinosa would be more 

sensitive to this concentration of 5-azaC which had 

significant inhibitory effect on growth and development of 

R. glutinosa. 

 

Effect of 5-azaC on the Degree of Genomic Methylation 

 

As shown in Fig. 5a, compared with the control, 5mC 

content was less in root genome of R. glutinosa treated with 

5-azaC, but increased along with the growth of R. glutinosa, 

and reached the peak in Stage IV. Similarly, under the 

treatment of 5-azaC, although 5mC content was less in leaf 

genome, still increased along with the growth of R. 

glutinosa, and also reached the peak in Stage IV (Fig. 5b), 

indicating that 5-azaC could inhibit DNA methylation of R. 

glutinosa, and 5mC content in root and leaf was higher in 

the maturity stage of R. glutinosa. 

Further analysis showed that during the same growth 

stage of R. glutinosa, 5mC content in genome of leaf and 

root both showed a decreasing trend along with the increase 

of 5-azaC concentration, especially was significantly less as 

treated with 50–250 μM 5-azaC (P<0.05). For example, 

when R. glutinosa was treated with 50, 100 or 250 μM 5-

azaC, 5mC content in leaf genome was 40.75, 35.96 or 

29.83%, respectively in Stage IV, and significantly lower 

than the control (52%) (Fig. 5c). As treated with the same 

concentration of 5-azaC, 5mC content in genome of root 

and leaf was also different, and was higher in leaf genome, 

thus effects of 5-azaC on DNA methylation degree in root 

and leaf were different. 

 

Pattern of Genomic Methylation in R. glutinosa Treated 

with 5-azaC 

 

The change of genomic DNA methylation status of R. 

glutinosa in Stage IV was analyzed by MSAP, compared 

with the control, DNA methylation status of R. glutinosa 

treated with 5-azaC was mainly divided into three major 

types with 12 kinds of band type (Table 1). Type A was 

monomorphic band, indicating that methylation status at 

CCGG site would keep constant, methylation pattern of R. 

glutinosa were the same between the control and treatment 

group, in which A1, A2 and A3 was regarded to be non-

methylation model, hemi-methylation model or full-

methylation model, respectively. 

Type B and C were polymorphic bands, and Type 

B was remethylation band pattern. Compared to the 

control, methylation pattern of B1-B2, B3-B5 possibly 

indicated that de novo methylation or hyper-methylation 

could occur under the treatment of DNA methylation 

inhibitor 5-azaC, respectively. 

Type C was demethylation band pattern, DNA 

methylation pattern of C1–C4 showed that demethylation 

would occur under the treatment of 5-azaC. In addition, 

some band patterns with indeterminable change of 

methylation were also found in this research (data not 

shown). 

 

 

 
 

Fig. 4: Effect of 5-azaC on phenotype of R. glutinosa 
a. The plant height of R.glutinosa, b. The leaf length of R.glutinosa. CK, 
T1, T2, T3, T4 and T5 respectively represented R.glutinosa treated with 0, 

15, 30, 50, 100 or 250 μM 5-azaC. The error bar was standard error of 

mean, and these different lower letters above bar respectively indicated the 
significant difference among R.glutinosa treated with different 

concentration of 5-azaC (P < 0.05) 
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Change of Methylation Status in R. glutinosa Treated 

with 5-azaC 

 
As shown in Table 2, genomic DNA methylation in leaf of 

R. glutinosa had significant polymorphism as treated with 5-

azaC, there were 2–9 re-methylation sites (Type B) and 9–

34 de-methylation sites (Type C), so change of DNA 

methylation might take de-methylation as principle and re-

methylation as supplement in leaf of R. glutinosa. 

Furthermore, degree of DNA de-methylation in leaf was 

different as treated with different concentration of 5-azaC, 

and increased along with the increasing concentration of 5-

azaC, especially was higher under the treatment of 100–250 

μM 5-azaC, in which type C was respectively 29 and 34 as 

treated with 100 or 250 μM 5-azaC.  

Similarly, DNA methylation also appeared significant 

polymorphism in root of R. glutinosa as treated with 5-azaC 

(Table 2), there were 2–7 re-methylation sites (Type B) and 

7–26 de-methylation sites (Type C), and change of DNA 

methylation might also take de-methylation as principle in 

root of R. glutinosa. Further analysis showed that degree of 

DNA de-methylation also increased with the increasing 

concentration of 5-azaC, especially was higher with 25–26 

de-methylation sites as treated with 100–250 μM 5-azaC. 

Therefore, under the treatment of 5-azaC, the status of 

genomic DNA methylation in R. glutinosa would change, 

appeared significant de-methylation, and effect of 5-azaC on 

methylation status might be almost same in leaf and root of 

R. glutinosa. 

 

Discussion 

 

DNA methylation could influence growth and development 

of plant mainly by regulating gene expression (Finnegan et 

al., 2000), and cytosine methylation is very important to 

regulate gene expression in tissue specificity or 

development stage of plant (Chan et al., 2005; Gehring and 

Henikoff, 2007). However, methylation level of genomic 

DNA has large differences in different tissues and 

development stages of plant (Finnegan et al., 1998; Chen et 

Table 1: DNA methylation pattern of R. glutinosa treated with 5-azaC 

 
Type Digestion Changes of methylation patterns Types of methylation pattern 

  H1 M1 Hx Mx CK Treatment 

        
1 1 1 1 1 CCGG GGCC CCGG GGCC A1 A 

2 1 0 1 0 CCGG CCGG 

GGCC GGCC 

CCGG CCGG 

GGCC GGCC 

A2 

         3 0 1 0 1 CCGG GGCC CCGG GGCC A3 

4 1 1 1 0 CCGG GGCC CCGG CCGG 

GGCC GGCC 

B1 B 

5 1 1 0 1 CCGG GGCC CCGG GGCC B2 
6 0 1 0 0 CCGG GGCC CCGG GGCC B3 

7 1 0 0 0 CCGG CCGG 
GGCC GGCC 

CCGG GGCC B4 

8 1 1 0 0 CCGG GGCC CCGG GGCC B5  

9 0 1 1 1 CCGG GGCC CCGG GGCC C1 C 
10 1 0 1 1 CCGG CCGG 

GGCC GGCC 

CCGG GGCC C2 

11 0 0 0 1 CCGG GGCC CCGG GGCC C3 
12 0 0 1 1 CCGG GGCC CCGG GGCC C4 

 
H1 and M1 represented bands from genome digested with EcoRI/HpaII (H) and EcoRI/MspI (M) in R. glutinosa under normal condition, Hx and Mx 
represented bands from genome digested by H and M in R. glutinosa treated with 5-azaC. “1 1”, “1 0” or “0 1” was considered to be pattern of no DNA 

methylation, pattern of DNA hemi-methylation and DNA full-methylation, respectively 

 

Table 2: The change of DNA methylation pattern in R. glutinosa treated with 5-azaC 

 
No. of change Sites Treatment Leaf Root 

Type B Type C Type B Type C 

CK-15μM 4 9 3 7 

CK-30μM 8 11 7 12 

CK-50μM 9 21 7 20 

CK-100μM 5 29 5 25 

CK-250μM 2 34 2 26 

Type B and Type C respectively indicated DNA remethylation type or DNA demethylation type, which represented the change of methylation pattern in R. 

glutinosa under the treatment of 15, 30, 50, 100 and 250 μM 5-aza as compared with the control (CK) 
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al., 2007; Solís et al., 2012). For example, embryonic 

development and seed viability of A. thaliana is associated 

with DNA methylation level (Wen et al., 2006), the frequent 

occurrence of DNA methylation in Navel orange leads to 

higher budding frequency (Hong and Deng, 2005). In this 

study, 5mC content and methylation level increased along 

with growth and development of R. glutinosa, and degree of 

DNA methylation was different in leaf and root during the 

same growth stage of R. glutinosa, which was higher in leaf 

of R. glutinosa. Thus, genomic DNA methylation of R. 

glutinosa had the specificity of tissue and growth stage, 

which was also found in other plants, such as rice (Xiong et 

al., 1999), tomato (Messeguer et al., 1991), rape (Lu et al., 

2005), bamboo (Guo et al., 2011), wheat (Duan et al., 

2016), etc. Further analysis found that hemi-methylation 

level was higher than full-methylation level in leaf or 

root of R. glutinosa, which was very significant in root; 

therefore, hemi-methylation maybe dominant in genome 

of R. glutinosa. 

As is well known, DNA methylation is essential for 

growth and development of plant. If DNA methylation is 

insufficient or too high, plant would show abnormal growth 

and shape (Ronemus et al., 1996; Kenneth et al., 2006; 

Marfil et al., 2009). DNA methylation inhibitor 5-azaC 

could decrease methylation degree in genomic DNA 

(Fieldes et al., 2005; Akimotoi et al., 2007), and has been 

widely used to regulate DNA methylation of plant, such as 

A. thaliana (Finnegan et al., 2000), rice (Akimotoi et al., 

2007), Linum usitatissimum (Fieldes et al., 2005), wheat 

(Duan et al., 2016), etc. In this study, 5-azaC could also 

inhibit DNA methylation of R. glutinosa, which was 

relatively strong along with the increase of 5-azaC 

concentration, especially was significant as treated with 50–

250 μM 5-azaC. Furthermore, under the treatment of 5-

azaC, methylation status in R. glutinosa would change, 

appeared significant demethylation, and the degree of DNA 

demethylation increased along with the increasing 

concentration of 5-azaC, especially was higher at 100–250 

μM 5-azaC. In addition, the reduction of genomic DNA 

methylation plays pleiotropic role in regulating growth and 

development of plant (Duan et al., 2016), for example, as 

treated with 5-azaC, A. thaliana (Burn et al., 1993), radish 

(Wang et al., 2005) and cabbage (Li et al., 2003) has early 

flowering time, the growth and development of cabbage or 

rice display some abnormalities, such as small leaf, dwarf 

plant and plexiform plant (Sano et al., 1990; King, 1995). In 

this study, compared with the control, R. glutinosa also 

appeared dwarf with smaller leaf under the treatment of 5-

azaC, especially 30–250 μM 5-azaC had a significant 

inhibitory effect on growth and development of R. 

glutinosa, this phenomenon was also found in other studies 

(Nie and Wang, 2007; Duan et al., 2016). 
 

Conclusion 
 

Taken together, the degree of genomic DNA methylation in 

R. glutinosa had specificity for tissues and growth stages, 

and the hemi-methylation maybe dominant in genome of R. 

glutinosa. Under the treatment of 5-azaC, degree of DNA 

methylation decreased in R. glutinosa, methylation 

status would appear significant demethylation, and the 

reduction of genomic DNA methylation would lead to 

dwarfing and small leaf of R. glutinosa. Therefore, DNA 

methylation should be important to growth and 

development of R. glutinosa, but the correlation between 

growth and DNA methylation of R. glutinosa need to be 

further studied. 

 

Acknowledgments 
 

This research was supported by Youth Foundation of NSFC 

(Natural Science Foundation of China) (Grant No. 

31500262), Project of Science and Technology Innovative 

 

 

Fig. 5: Effect of 5-azaC on 5mC content of R. glutinosa 
a.5mC content in root genome of R. glutinosa treated with 5-azaC, b. 5mC 

content in leaf genome of R. glutinosa treated with 5-azaC, c. 5mC content 

in genome of root and leaf during Stage IV of R. glutinosa treated with 5-
azaC. CK, T1, T2, T3, T4 and T5 respectively represented R. glutinosa 

treated with 0, 15, 30, 50, 100 or 250μM 5-azaC. I, II, III, IV, V and VI 

represented the different growth stage of R. glutinosa, respectively. The 
error bar was standard error of mean, and these different lower letters 

above bar respectively indicated the significant difference of 5mC content 

among leaf or root of R. glutinosa (P < 0.05) 



 

Duan et al. / Int. J. Agric. Biol., Vol. 20, No. 10, 2018 

 2168 

Talent Fundin Henan University (Grant No. 17HASTIT034), 

and Joint Research Foundation of NSFC for Henan (Grant 

No. U1304304), P. R. China. 

 

References 
 

Akimotoi, K., H. Katakami, H.J. Kim, E. Ogawa, C.M. Sano, Y. Wada and 

H. Sano, 2007. Epigenetic inheritance in rice plants. Ann. Bot., 100: 

205‒217 
Amado, L., R. Abranches, N. Neves and W. Viegas, 1997. Development-

dependent inheritance of 5-azacytidine induced epimutations in 

triticale: analysis of rDNA expression patterns. Chromosome Res., 5: 
445‒450 

Burn, J.E., D.J. Bagnall, J.D. Metzger, E.S. Dennis and W.J. Peacock, 1993. 

DNA methylation, vernalization, and the initiation of flowering. 
Proc. Natl. Acad. Sci. USA, 90: 287‒291 

Chakrabarty, D., K.W. Yu and K.Y. Paek, 2003. Detection of DNA 

methylation changes during somatic embryogenesis of Siberian 
ginseng (Eleutercoccus senticosus). Plant Sci., 165: 61‒68 

Chan, S.W.L., R. Henderson and S. Jacobsen, 2005. Gardening the genome: 

DNA methylation in Arabidopsis thaliana. Nat. Rev. Genet., 6: 351‒
360 

Chen, X.Q., C.G. Wang, X.L. Li, W.Q. Song and R.Y. Chen, 2007. DNA 

methylation in plants and its epigentic function. Chin. J. Cell Biol., 
29: 519‒524 

Courtier, B., E. Heard and P. Avner, 1995. Xcehaplotypes show 

modifiedmethylation in a region of the active X chromosomelying 
3'to Xist. Proc. Natl. Acad. Sci., 92: 3531‒3535 

Demeulemeester, M.A.C., N. Van Stallen and M.P. De Proft, 1999. Degree 

of DNA methylation in chicory (Cichorium intybus L.): influence of 
plant age and vernalization. Plant Sci., 142: 101‒108 

Duan, H.Y., W.X. Liu, J.Y. Li, W.K. Ding, Y.Q. Zhu, H.N. Wang, L.N. 

Jiang and Y.Q. Zhou, 2016. Growth and DNA methylation level of 
Triticum aestivum seedlings treated with 5-azacytidine. Pak. J. Bot., 

48: 1585‒1591 

Fieldes, M.A., S.M. Schaeffer, M.J. Krech and J.C.L. Brown, 2005. DNA 
hypomethylation in 5-azacytidine induced early-flowering lines of 

flax. Theor. Appl. Genet., 111: 136‒149 

Finnegan, E.J., R.K. Genger, K. Kovac, W.J. Peacock and E.S. Dennis, 

1998. DNA methylation and the promotion of flowering by 

vernalization. Proc. Natl. Acad. Sci., 95: 5824‒5829 
Finnegan, E.J., W.J. Peacock and E.S. Dennis, 2000. DNA methylation, a 

key regulator of plant development and other processes. Curr. Opin. 

Genet. Dev., 10: 217‒223 
Gaur, V.S., U.S. Singh, A.K. Gupta and A. Kumar, 2012. Understanding the 

differential nitrogen sensing mechanism in rice genotypes through 

expression analysis of high and low affinity ammonium transporter 
genes. Mol. Biol. Rep., 39: 2233 

Gehring, M. and S. Henikoff, 2007. DNA methylation dynamics in plant 

genomes. Biochim. Biophys. Acta, 1769: 276‒286 
Gonzalgo, M.L. and P.A. Jones, 1997. Mutagenic and epigenetic effects of 

DNA methylation. Mutat. Res., 386: 107‒118 

Guo, G.P., X.P. Gu and L. Jin, 2011. MSAP analysis of DNA methylation 
of Phyllostachys pubescens at different physiological ages. Genetics, 

33: 794‒800 

Harding, K., 1994. The methylation status of DNA derived from potato 

plants recovered from slow growth. Plant Cell Tiss. Org. Cult., 37: 

31‒38 

Harding, K., 2004. Genetic integrity of cryopreserved plant cells: a review. 
Cryo. Lett., 25: 3‒22 

Harding, K., E.E. Benson and K.A. Roubelakis-Angelakis, 1996. 

Methylated DNA changes associated with the initiation and 
maintenance of Vitis vinifera in vitro shoot and callus cultures: A 

possible mechanism for age-related changes. Vitis, 35: 79‒85 

Heslop-Harrison, J.S., 1990. Gene expression and parental dominance in 
hybrid plants. Development, 108: 21‒28 

Hong, L. and X.X. Deng, 2005. DNA methylation analysis of navel orange 

cultivars by MSAP technique. Chin. J. Agric. Sci., 38: 2301‒2307 
Janoušek, B., J. Siroky and B. Vyskot, 1996. Epigenetic control of sexual 

phenotype in a dioecious plant, Melandrium album. Mol. Gen. 

Genet., 250: 483‒490 
King, G.J., 1995. Morphological development in Brassica oleracea is 

modulated by in vivo treatment with 5-azacytidine. J. Hortic. Sci., 

70: 333‒342 
Kaeppler, S.M., H.F. Kaeppler and Y. Rhee, 2000. Epigenetic aspects of 

somaclonal variation in plants. Plant Mol. Biol., 43: 179‒188 

Kenneth, M., T. Mahmut, M. Poole, Y. Hong, A.J. Thompson, G.J. King, 
J.J. Giovannoni and G.B. Seymour, 2006. A naturally occurring 

epigenetic mutation in a gene encoding an SBP-box transcription 

factor inhibits tomato fruit ripening. Nat. Genet., 38: 948‒952 
Li, M.L., G.W. Zeng and Z.J. Zhu, 2003. DNA methylaiton and growth 

tansiiton of non-heading Chinese cabbage. Agric. Life Sci., 29: 287‒

290 
Lu, G.Y., X.M. Wu, B.Y. Chen, G.Z. Gao, K. Xu and X.Z. Li. 2005. MSAP 

analysis of DNA methylation in rapeseed seed germination. Chin. 

Sci. Bull., 50: 2750‒2756 

Marfil, C.F., E.L. Camadro and R.W. Masuelli, 2009. Phenotypic instability 

and epigenetic variability in a diploid potato of hybrid origin, 

Solanumruiz-lealii. BMC Plant Biol., 9: 21 
Messeguer, R., M.W. Ganal, J.C. Steffens and S.D. Tanksley, 1991. 

Characterization of the level, target sites and inheritance of cytosine 

methylation in tomato nuclear DNA. Plant Mol. Biol., 16: 753‒770 
Nie, L.J. and Z.C. Wang, 2007. Action mechanism of DNA methylation 

inhibitor and its application in plant developmental biology. J. Nulc. 
Agric. Sci., 21: 362‒365 

Osabe, K., J.D. Clement, F. Bedon, F.A. Pettolino, L. Ziolkowski, D.J. 

Llewellyn, E.J. Finnegan and I.W. Wilson, 2014. Genetic and DNA 
methylation changes in cotton (Gossypium) genotypes and tissues. 

PLoS One, 9: e86049 

Richards, E., 1997. DNA methylation, plant development. Trends Genet., 
13: 319‒323 

Ronemus, M.J., M. Galbiati, C. Ticknor, J. Chen and S.L. Dellaporta, 1996. 

Demethylation-induced developmental pleiotropy in Arabidopsis. 
Science, 273: 654‒657 

Sano, H., I. Kamada and S. Youssefian, 1990. A single treatment of rice 

seedlings with 5-azacytidine induces heritable dwarfism and 
undermethylation of genomic DNA. Mol. Gen. Genet., 220: 441‒447 

Solís, M.T., M. Rodríguez-Serrano, M. Meijón, M.J. Cañal, A. Cifuentes 

and M.C. Risueño, 2012. DNA methylation dynamics and MET1a-
like gene expression changes during stress-induced pollen 

reprogramming to embryogenesis. J. Exp. Bot., 63: 6431‒644 

Vos, P., R. Hogers, M. Bleeker, M. Reijans, T. van de Lee and M. Hornes, 
1995. AFLP: a new technique for DNA fingerprinting. Nucl. Acids 

Res., 23: 4407‒4414 

Vyskot, B., B. Koukalova, A. Kovarik, L. Sachambula, D. Reynolds and M. 
Bezdek, 1995. Meiotic transmission of a hypomethylated repetitive 

DNA family in tobacco. Theor. Appl. Genet., 91: 659‒664 

Wang, B.L., S.F. Li, G.W. Zeng and J.Y. Deng, 2005. Effect of 5-
azacytosine on flowering and DNA methylation level of stem apices 

in radish (Raphanus sativus L.). Acta Agric. Nucl. Sin., 19: 265‒268 

Wen, Y.X., K.D. Custard, R.C. Brown, B.E. Lemmon, J.J. Harada, R.B. 
Goldberg and R.L. Fischer, 2006. DNA ethylationis critical f or 

Arabidopsis embryogenesis and seed viability. Plant Cell, 18: 805‒

814 

Xiong, L.Z., C.G. Xu, M.A. Saghai Maroof and Q. Zhang, 1999. Patterns of 

cytosine methylation in an elite rice hybrid and its parental lines, 

detected by a methylation-sensitive amplification polymorphism 
technique. Mol. Gen. Genet., 261: 439‒446 

Yuan, J.R., S.B. Fu, H. Fu and P. Li, 2004. Significance of methylation and 

abnormal expression of p16 gene in endometrial carcinoma. Acta 
Genet. Sin., 31: 454‒459 

 

(Received 06 March 2018; Accepted 26 April 2018) 

 


