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ABSTRACT

Modification of DNA methylation is one of the important epigenetic mechanism by which plants modulate gene

expression when they are exposed to harsh environmental conditions. Often heritable morphological variations are

observed in different cultivars which are accompanied by DNA methylation polymorphisms when exposed to abiotic

stresses. In this study, an attempt was made to study the transgenerational DNA methylation pattern at the whole

genome level in plants subjected to different regimes of moisture i.e., puddled, 100 and 60 per cent field capacities

(FC). Based on the methylation sensitive randomly amplified polymorphic DNA analysis (MS-RAPD), hypo methylation

was observed in the parental generation under 100 and 60 per cent FC compared to puddled conditions. The

offspring of puddled plants grown under puddled, 100 and 60 per cent showed hyper methylation under stress.

Offspring from 100 per cent FC plants showed no change in the methylation pattern. Progenies of 60 per cent FC

plants showed hypo methylation under stress. The study indicates that drought stress can induce transgenerational

hypo methylation in rice.
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PLANTS have the ability to protect themselves from
adverse environmental conditions by using various
strategies. The understanding of how plants sense and
respond to various stresses have become an important
part of molecular studies (Golldack et al., 2011).
Among the different environmental stresses, drought
stress is considered as the most important stress that
affects plant growth and productivity (Farooq ef al.,
2009). Due to the severe effects of drought stress on
plants, understanding of different mechanisms under
drought tolerance is important which would help to
improve crop productivity (Tardieu et al., 2018).
Several adaptive mechanisms involving genetics have
been identified in plants (Kumar et al., 2017), but very
few studies exist on epigenetic mechanisms.

Epigenetic mechanism involving DNA methylation is
being studied in plants and animals (Zemach et al.,
2010 & Garget al., 2015). DNA methylation is known
to occur at three different contexts in plants i.e., CG
(Cytosine followed by Guanine residues), CHH and
CHG (H is any nucleotide) (Bewick and Schmitz,
2017). Plant development is known to be controlled
by DNA methylation under normal conditions and is
also known to be linked to environmental stimuli in

plants. DNA methylation is known to be modified under
drought stress, which further affects gene expression
(Tang et al., 2014), and is passed on to the next
generation (Zheng et al., 2017). Studies on
transgenerational DNA methylation is gaining
importance as it has been identified that past
environmental conditions of parents reflect upon the
stress adaptation mechanism of the progenies (Zheng
etal.,2017). DNA methylation is stored as plant stress
memory (Goodrich and Tweedie, 2002), and inherited
epigenetic marks help plants to be prepared for new
stress (Yu et al., 2013). Better understanding on these
types of mechanisms would be helpful for targeted
crop improvement.

Rice is considered as a staple food of nearly three
billion people in the world (Carriger and Vallée, 2007).
As itis grown in anaerobic lowland conditions, nearly
3000 to 5000 litres of water is required to produce one
kilogram of rice (Bouman et al., 2002). A feasible
option to address the issue of decreasing freshwater
situation for rice is practising cultivation under semi-
irrigated, aerobic conditions. Aerobic rice is a production
system in which specially developed varieties are
grown in well-drained, non-puddled and non-saturated
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soils. Due to frequent spells of drought at critical stages
of crop growth, it is necessary to ensure the drought
adaptation of aerobic rice. Efforts are being made to
examine various adaptive mechanisms for targeted
crop improvement. Many genetic pathways linked to
drought stress adaptation has been identified in rice
(Mohanty et al., 2016), however, limited information
is available on epigenetic regulation in rice. In fact,
very few studies have been reported on
transgenerational epigenetic mechanism under stress
in crops (Wang ef al., 2010, 2016). Thus, the main
objective of the study was to understand the epigenetic
mechanism and the inheritance of variation in DNA
methylation under drought stress in rice.

MATERIAL AND METHODS

Plant material and experimental design

Two days old seedlings of rice (Oryza sativa)
genotype, Apo, (aerobic, upland cultivar) were
transplanted in polybags in a containment facility under
controlled conditions for 15 days. Twenty days old
healthy seedlings were transplanted to pots (30 kg
capacity) filled with a mixture of garden soil and grown
in green house conditions. One set of plants were
grown under puddled condition while other sets were
maintained at 100 per cent soil field capacity (FC) by
gravimetric approaches (Karaba et al., 2007). At
vegetative stage (30 days after transplanting), a subset
of the plants maintained at 100 per cent FC was
exposed to drought stress (60 per cent FC). For
checking the transgenerational variation, the progenies
of the puddled plants were grown in puddled, 100 and
60 per cent FC, similarly the progenies of the 100 and
60 per cent FC plants were subjected to puddled, 100
and 60 per cent FC. For methylation analysis, fourth
leaf of every tiller was collected 14 days post stress
imposition.

DNA methylation studies and MS-RAPD analysis

The cetyl trimethyl ammonium bromide (CTAB)
method was used to extract DNA (Doyle and Doyle,
1987). The methylation sensitive randomly amplified
polymorphic DNA (MS-RAPD) analysis was
performed as described by Erturk ef al. (2014). Two
enzymes Hpall, which cannot cut CCGG when

internal cytosine is methylated and Mspl, which cannot
cleave CCGG when the external cytosine is
methylated, were used for this analysis. Out of 40
primers, ten and five primers that gave reproducible
results were selected for analysing the variation in
DNA methylation in the parental generation and their
progenies, respectively. The PCR program run in a
thermal cycler (ProFlex PCR systems by Applied Bio
systems) was as follows: 3 min at 95°C, followed by
45 cycles of 95°C (Imin), 35°C, (1min) and 72°C
(90sec), and a final extension of 10 min at 72°C. The
PCR products were seperated on 1.5 per cent (w/v)
agarose gel and amplified product was detected by
ethidium bromide staining (Sambrook et al., 1989).
Polymorphism in the MS-RAPD profile was identified
as the disappearance of a normal band (hypo
methylation) and appearance of a new band (hyper
methylation) in 100 and 60 per cent FC in comparison
to puddled condition (Erturk et al., 2014).

RESuULTS AND DIScUSSION

Methylation sensitive randomly amplified poly-
morphic DNA (MS-RAPD) in parental generation

The MS-RAPD analysis was performed in the drought
tolerant rice genotype Apo (Muthukumar et al., 2017)
grown under three different water regimes. When

Hpall

Mspl  Undigested
P 100 60 P 100 60 M

1250bp

Fig. I: Representative image of MS-RAPD profile from DNA
of rice plants of parental generation challenged with
drought stress

P- Puddled, 100- 100 per cent FC, 60- 60 per cent FC

Hpall and Mspl-Indicates the products generated from Hpall

and Mspl digested DNA
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DNA from plants grown under puddled and 100 per
cent FC were subjected to MS-RAPD analysis using
the primer Y18 (GTGGAGTCAG), similar numbers
of fragments were observed in Hpall and Mspl,
which suggest that cytosines were fully methylated
(Table 1). Whereas hemi methylation (only internal
cytosine) was observed under 60 per cent FC, as
reduced number of bands were noticed in the DNA
digested with Hpall than Mspl (Fig.1, Table 1). Similar
trend was observed in the most of the primers used
for this analysis. Thus, it can be concluded that

methylation is reduced under 60 per cent FC. This
suggests that drought stress induces hypo methylation
in Apo, which is a drought tolerant genotype. A similar
pattern was observed in maize plants exposed to heavy
metal such as chromium (Cr) in the form of chromium
nitrate (Erturk er al., 2014) and also in other crops
like cotton (Karaca et al., 2019). DNA methylation is
known to be reversed when plants are exposed to
different stresses (Wang et al., 2010). The methylome
of a tolerant genotype is known to be more stable than
a susceptible genotype (Zheng et al., 2013).

TaBLE 1

Polymorphic bands obtained from the MS-RAPD analysis of genomic DNA isolated from leaf tissues of rice
genotype, Apo grown under different moisture levels in (parent generation)

Total number of bands

Total polymorphic bands

Primer

Puddled 100 0] 100 0]

H M H M H M H M H M
P15 6 6 4 4 6 4 2 2 0 2
R2 3 2 3 2 1 2 0 0 2 0
R6 2 5 4 3 1 3 2 2 1 2
R15 2 2 2 2 1 2 0 0 1 0
R20 2 1 2 2 1 1 0 1 1 0
T7 8 4 5 5 2 6 3 1 6 2
X11 4 5 5 5 4 2 1 0 0 3
Y16 3 2 2 2 4 2 1 0 1 0
Y17 1 6 6 6 1 6 5 0 0 0
Y18 8 8 8 8 6 8 0 0 2 2

H= Hpall, M=Mspl, FC= Soil moisture capacity

TABLE 2

Polymorphic bands obtained from the MS-RAPD analysis using leaf tissues of rice genotype, Apo having
puddled parents under different moisture (first generation)

Total number of bands

Total polymorphic bands

Primer

PtoP Pto 100 P to 60 Pto 100 P to 60
H M H M H M H M H M
R2 4 2 4 2 3 2 0 0 1 0
R6 3 3 2 2 2 3 1 1 1 0
R15 2 2 2 2 1 1 0 0 1 1
R9 2 3 4 4 2 3 2 1 0 0
X11 4 4 3 4 4 4 1 0 0 0

H= Hpall, M=Mspl, P= Puddled, 100= 100% FC, 60= 60% FC, FC= Soil moisture capacity
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Transgenerational variation of DNA methylation

Variation in the DNA methylation was analyzed
between two generations. When the Hpall and Mspl
digested products of the offspring of puddled plants
were analysed using the random primers, internal

Al A2 A3 Bl B2

H M UD H M D

cytosine was observed to be methylated under puddled,
100 and 60 per cent FC (Fig. 2, Table 2). The
methylation pattern in the progenies from 100 per cent
FC did not change when subjected to 100 and 60 per
cent FC (Table 3). This indicates that the methylation

B3 Cl 2 C3

H M W H M uD H M

Fig.2: Representative image of MS-RAPD PCR with primer R2 showing the difference in banding pattern in rice genotypes of the

offspring

Al = Puddled to Puddled, A2 = Puddled to 100% FC, A3 = Puddled to 60% FC, B1 = 100% FC to Puddled,
B2 =100% FC to 100% FC, B3 = 100% FC to 60% FC, C1=60% FC to Puddled, C2 = 60% FC to 100% FC and C3 = 60% FC to 60%
FC. H, M - Indicated products generated by Hpall and Mspl digested DNA, UD - Undigested DNA

TaBLE 3

Polymorphic bands obtained from the MS-RAPD analysis using leaf tissues of rice genotype, Apo grown from
seeds of plants subjected to 100% FC (100% FC parents) under different moisture levels (first generation)

Primer Total number of bands Total polymorphic bands

Apo 100to P 100 to 100 100 to 60 100 to 100 100 to 60
H M H M H M H M H M
R2 2 2 1 1 1 1 1 1 1 1
R6 3 4 3 3 3 3 0 1 0 1
R15 2 2 2 2 2 1 0 0 0 1
R9 4 4 5 5 4 5 1 1 0 1
X11 2 2 2 2 3 3 0 0 1 1

H= Hpall, M=Mspl, P= Puddled, 100= 100% FC, 60= 60% FC, FC= Soil moisture capacity

TABLE 4

Polymorphic bands obtained from the MS-RAPD analysis using leaf tissues of rice genotype, Apo plants grown
from seeds of plants subjected to 60% FC (60% FC parents) under different moisture levels (first generation)

Primer Total number of bands Total polymorphic bands
Apo 60to P 60 to 100 6t0 60 60to 100 610 60
H M H M H M H M H M
R2 2 2 1 1 1 1 1 1 1 1
R6 4 3 3 4 2 2 1 1 2 1
R15 2 2 1 2 1 2 1 0 0 0
R9 3 3 3 2 1 3 0 1 2 0
X11 3 3 3 3 4 4 0 0 1 1

H= Hpall, M=Mspl, P= Puddled, 100= 100% FC, 60= 60% FC, FC= Soil moisture capacity
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was maintained under stress conditions in the
progenies. However, when the offspring of the plants
grown under 60 per cent FC were subjected to 100
and 60 per cent FC a reduction in the band number
was observed in Hpall and Mspl (Table 4). This
suggests that there was a reduction in methylation under
stress compared to puddled.

The study indicates that the plants subjected to stress
in the previous generation could retain the methylation
status in the next generation under stressful condition.
This data suggests that the pattern of DNA methylation
maybe transgenerational. These results are consistent
with earlier studies which suggest that directly induced
DNA methylation is transmitted to the next generation
faithfully (Zheng et al., 2017).

In this study, when plants were exposed to similar
water status, there was retention of methylation in the
next generation which suggests that drought induced
DNA methylation maybe transgenerational. Global
methylome analysis along with global transcriptome
analysis would give a better clarity on the epigenetic
regulation mechanism.
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