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Abstract: Influence of induced mutagenesis on DNA methylation was studied among the two sets of parents and their EMS-derived mutants
(first set consisting of TMV 2 and its mutant TMV 2-NLM and the second set consisting of DER and its mutant VL 1). The number of methylated
sites increased in the mutants over their parents in both the sets and the rate of increase was more in the first set than in the second set. B
genome accumulated a greater number of DNA methylated sites in both sets. Among the various contexts (CPG, CHG and CHH) of DNA
methylation, CHG regions showed the highest number of methylated sites in the first set, while the CPG regions showed a greater number of
methylated sites in the second set. The first set showed a higher rate of increase in methylated sites in the intronic and while the second set
showed a higher rate of increase in methylated sites in the exonic region of mutants compared to parents. Overall, the study indicated the
influence of induced mutagenesis on DNA methylation pattern among the mutants.
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Groundnut (Arachis hypogaea L.) is an important legume
food and oilseed crop worldwide, which is a cultivated
allotetraploid (2n = 4X = 40). The breeding efforts mainly
focus on productivity, disease resistance, insect resistance,
oil quality, oleic acid content Genomics-assisted breeding
has been successfully employed (Kolekar et al 2017).
Varshney et al (2014) with the development of genomic
resources including the genome sequence of the cultivated
allotetraploid groundnut (Bertioli et al 2019). Enormous
phenotypic variability despite limited genetic variability in
groundnut suggests the role of epigenetic changes in
generating phenotypic diversity (Bhat et al 2020). Epigenetic
changes include DNA methylation, histone modification,
acetylation, phosphorylation, ubiquitylation and sumoylation
(Weinhold, 2006). Epigenetic factors showing
transgenerational inheritance have been identified
(Miryeganeh and Saze 2020). Importance of these
modifications in plant growth and development has been well
documented (Kumar and Mohapatra 2021). In plants,
genome-wide DNA methylation modifications have been
observed due to drought (Sharma et al 2016), hybridization
(Liu et al 2015, Zhu et al 2017) induced and spontaneous
mutations (Shen et al 2006, Ma et al 2016). Mutagenesis is
known to modify the DNA methylation in Arabidopsis
(Zilberman et al 2007), rice (Shen et al 2006) and pigeonpea
(Junaid et al 2018). However, not much information is
available on the influence of mutagenesis on DNA
methylation in groundnut. Therefore, an effort was made in

this study to compare the DNA methylation pattern between
the parent and the mutant genotypes of groundnut.

MATERIAL AND METHODS

Plant material: Two sets of parents and mutants (EMS
derived) were used; the first set consisted of TMV 2 and its
mutant TMV 2-NLM and the second set consisted of DER
and its mutant VL 1. TMV 2 is typical Spanish bunch variety
with a wide-elliptic leaflet, while TMV 2-NLM is a Virginia
runner with a linear-lanceolate leaflet.

DNA isolation and library construction: DNA of all four
genotypes was isolated using Qiagen DNeasy Plant Mini Kit
(Cat # 69104). Bisulfite treatment was done using Zymo EZ
DNA Methylation-Gold Kit. DNA methylome library was
constructed using illumine TruSeq ® DNA Methylation Kit.
The quality of the library was checked using Tape Station and
Qubit.

Bisulfite sequencing and analysis: DNA sequencing was
carried out using lllumina Hiseq 2500 with two technical
replicates and without any biological replicates. Raw fastq
files were pre-processed using Adapter- Removal v2
(Schubert et al 2016) tool. Using bwa-meth (Pedersen et
al2014) program, the preprocessed reads were aligned with
the Arachis hypogaea reference genome downloaded from
Peanut- Base (IPGI 2017). The genomic sites showing DNA
methylation were identified using Methyl Dackel program.
Differential methylation was analyzed using methyl kit (Akalin
et al 2012) R package. The DNA methylation pattern was
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compared across the genotypes at g-value cutoff 0.01 and
methylation percentage change cutoff 25 using methyl Kit.

RESULTS AND DISCUSSION
Mapping of the reads: On an average, 281,174,853 bisulfite
sequencing reads were generated for each sample. These
reads were mapped onto the reference genome of Arachis
hypogaea with an average mapping rate of 98.78%. Mutant
TMV 2 had a marginally higher mapping rate over TMV 2-
NLM. Similarly, VL 1 had a marginally higher mapping rate
than its parent DER. The number of mapped reads at each
DNA methylated site ranged from 1 to 274. On an average,
280, 424, 853 DNA methylation sites were among the four
genotypes. Of them, 75, 612, 348 sites showed DNA
methylation with 100% reads showing methylation. The
number of sites increased to 100, 460, 546 when only 50%
reads showing methylation were considered. The B sub-
genome exhibited higher DNA methylation sites (184, 183,
182) than the A sub-genome (121, 143, 295) across the
genotypes. CHG (where H=A, C or T) region showed the
highest methylation sites (121,450,697) followed by CPG
(120, 529, 828) and CHH (63, 345, 952) region across all
genotypes. These results are in line with the previous reports
(Zemach et al 2010, Feng et al 2010) indicating that in plants
DNA methylation is found both in CpG and non-CpG (CHG
and CHH, where H is A, C or T) contexts, in contrast to
mammals where DNA methylation occurs predominantly at
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DNA methylation changes between TMV 2 and TMV 2 -
NLM: Changes in DNA methylation between the parent (TMV
2) and the mutant (TMV 2-NLM) were compared in the first
set. The number of methylation sites increased in the mutant
TMV 2-NLM (25, 44, 52, 659) when compared to its parent
TMV 2 (21, 90, 13, 323) when 100% reads showing
methylation were considered (Table 1). Likewise, the number
of methylated sites increased in the mutant TMV 2-NLM (78,
856, 996) compared to its parent TMV 2 (68, 893, 302). This
increase in the methylated sites was more frequent in the B
genome than in the A genome, indicating that the B genome
is more prone to DNA methylation (Table 2). CHG context
showed the highest increase in DNA methylation in the
mutant (Table 3). Both genic and non-genic regions showed
increased DNA methylation. In genic region, intronic regions
(1,687,698 in TMV 2-NLM) showed higher rate of increase in
DNA methylation than exonic regions (1,018,559 in TMV 2-
NLM). Overall, the number of genes showing DNA
methylation increased in the mutant TMV 2-NLM (54,463)
over the parent (51,866) (Table 4). Further, the differentially
methylated sites between TMV 2 and TMV 2-NLM (Bhat et al
2020) were reported, 37 genes exhibiting differential
methylation, of which eight showing differential expression
were also reported (Bhat et al 2020).

DNA methylation changes between DER and VL 1; DNA
methylation was also compared between the parent (DER)
and the mutant (VL 1) in the second set. The number of

CpGdinucleotides. methylation sites increased in the mutant VL 1

Table 1. Methylation sites and methylated sites among the parents and their mutants in groundnut

Genotypes Total number of Total number of Frequency of Rate of increase in Rate of increase in
methylation sites  methylated sites  methylated sites methylation sites of mutants methylated sites of mutants
over its parents (%) over its parents (%)
TMV 2 219,013,323 68,893,302 0.31
TMV 2-NLM 254,452,659 78,856,993 0.31 16.18 14.46
DER 261,792,657 77,745,065 0.30
VL1 275,442,003 79,831,117 0.29 5.21 2.68

Table 2. Methylated sites in the A and B genomes of the parents and their mutants in groundnut

Genotypes Total number of methylated sites Rate of increase in methylated sites of mutants over its parents (%)
A genome B genome A genome B genome

TMV 2 27,365,742 41,527,560

TMV 2-NLM 31,097,925 47,759,068 14.00 15.01

DER 30,970,192 46,774,873

VL 1 31,709,436 48,121,681 2.39 2.88
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VL 1 31,709,436 48,121,681 2.39 2.88
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Table 3. Methylated sites among the contexts of parents and their mutants in groundnut

Genotypes CPG CHG CHH Rate of increase in Rate of increase in Rate of increase in
CPG of mutants over CHG of mutants over CHH of mutants over
its parents (%) its parents (%) its parents (%)

TMV 2 26,820,849 27,768,275 14,304,178

TMV 2-NLM 30,608,417 30,706,545 17,542,031 14.12 10.58 22.68

DER 30,760,532 31,247,081 15,737,452

VL1 32,340,030 31,728,796 15,762,291 5.13 1.54 0.16

Table 4. Methylated sites in exonic and intronic regions among the parents and their mutants in groundnut

Genotypes Exonic Intronic Rate of increase in exonic ~ Rate of increase in intronic Genes with
region of mutants over its region of mutants over its methylation

parents (%) parents (%)

TMV 2 853,885 1,407,484 51,866

TMV 2-NLM 1,018,559 1,687,698 19.29 19.91 54,463

DER 964,170 1,618,932 53,555

VL1 1,045,365 1,723,338 8.42 6.45 54,876

(27,54,42,003) when compared to its parent DER
(26,17,92,657) when 100% reads showing methylation were
considered. Similarly, the number of methylated sites
increased in the mutant VL 1 (79,831,117) compared to its
parent DER (77,745,065) (Table 1). This increase in the
methylated sites was more pronounced in the B genome than
in the A genome (Table 2). In this set, CPG context showed
the highest increase in DNA methylation in the mutant (Table
3). Both genic and non-genic regions showed increased DNA
methylation. In genic region, exonic regions (1,045,365 in VL
1) showed a higher rate of increase in DNA methylation than
intronic regions (1,723,338 in VL 1). Overall, the number of
genes showing DNA methylation increased in the mutant VL
1(54,876)overthe parent (53,555) (Table 4).

DNA methylation changes between TMV 2 versus TMV 2-
NLM and DER versus VL 1: Changes in DNA methylation
between the parent and the mutant were compared across
the two sets. The rate of increase in the total number of
methylation sites and the methylated sites in the mutant (over
the parent) was more in the first set (~0.31) than in the
second set (~0.29) (Table 1). The rate of accumulation of
DNA methylated sites in the B genome over the Agenome of
the mutant was also more in the first set as compared to the
second set (Table 2). The rate of increase was highest in
CHH context in the first set (Table 3). In contrast, the rate of
increase was highest in CPG context in the second set,
indicating that the methylation in the contexts (CPG, CHH
and CHG) was genotype-specific. Though the genic and non-
genic regions showed higher methylated sites in the mutant
over the parent in both the sets, intronic regions exhibited a
higher rate of increase in methylated sites in the first set,

while the exonic regions showed a higher rate of increase in
the second set (Table 4). These results are in the line with the
results indicating the higher methylated sites at intronic
region (Rigal et al 2012) and exonic region (Wang et al 2014)
amongArabidopsis mutants.

CONCLUSIONS
The genome-wide DNA methylation analysis among the
parents and their EMS-derived mutants revealed that the
induced mutagenesis increases the DNA methylation in
groundnut. This might contribute to the overall phenotypic
variability which can be employed for groundnut
improvement.
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