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ABSTRACT: Fig tree (Ficus carica L.) breeding programs using conventional methods, such as 
directed crosses, to obtain new cultivars, are unworkable in many countries, including Brazil. 
Consequently, genetic breeding through mutagenesis has emerged as an important line of re-
search that can improve this crop, and be a significant source of information about this species 
and assist in the implementation of propagation projects and appropriate management. The aim 
of this study was to verify the existence of epigenetic variability attributable to DNA methylation 
in irradiated fig selections when compared both to each other and to the main commercial culti-
var, “Roxo-de-Valinhos”, which had previously used methylation-sensitive amplified polymorphism 
(MSAP) and DNA sequencing to detect the position of polymorphic regions, analyzable by bioin-
formatic tools. The sequencing of DNA, isolated from the differentially methylated sites, makes it 
possible to observe different patterns of methylation by sequencing the treated DNA with sodium 
bisulfite in the coding regions of regulatory genes active in the development, and fruit ripening 
stages. Furthermore, they have been found in the mitochondrial DNA of treatments which regu-
late the supply of energy in Adenosine triphosphate (ATP) form in plants. Closely related to their 
development, they justify the different phenotypes found in both fruit and plant growth that have 
suffered stress due to exposure to gamma radiation. Thus, future studies on gene expression in 
treatments have emerged as an extremely important strategy for understanding these complex 
regulatory systems, which may lead to the identification of genes of agricultural interest for the 
fig tree crop, and allow for manipulation and subsequent propagation of improved crops for 
commercial purposes. 
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Introduction

Recent evidence increasingly points to a direct 
relationship between epigenetic mechanisms, such as 
DNA methylation and histone modification and gene 
expression in plants in response to environmental 
stress (Gao et al., 2014).

In plants, DNA methylation is the most well char-
acterized epigenetic marker and is associated with the 
silencing of transposable elements, gene expression 
regulation, genome defense, cell differentiation, chro-
matin inactivation and gene imprinting (Henderson and 
Jacobsen, 2008; Kato et al., 2004; Lisch, 2009; Okamoto 
and Hirochika, 2001). 

DNA methylation occurs mainly in CpG sites and 
is regulated by the enzyme methyltransferase1 (MET1), 
homologous to DNA methyltransferase1 (Dnmt1). How-
ever, in plants, DNA methylation may occur in CpHpG 
and CpHpH sites, which are regulated by chromometh-
ylase3 (CMT3) (Hsieh et al., 2009; Rai et al., 2008).

Although DNA methylation is considered a gene 
silencing mechanism, there is strong evidence that the 
position of these methylated regions in the genome may 
actually activate gene expression, instead of silencing it 
(Wang et al., 2015). 

Research on maize (Tolley and Woodfield, 2012), 
humans (Bell and Pai, 2011) and Arabidopsis (Baek and 
Jiang, 2011; Bilichak et al., 2012) indicates that the 
methylation of the gene promoter region represses gene 

expression. However, even in Arabidopsis, methylation 
in the gene coding region showed positive association 
with the respective gene expression (Cokus et al., 2008; 
Tran et al., 2005; Zhang et al., 2006; Zilberman et al., 
2007). The same was also observed in maize (Wang et 
al., 2015).

In order to detect the methylated cytosines in the 
genome, DNA sequencing with sodium bisulfite treat-
ment has been widely used (Henderson et al., 2010). 
This method is very accurate when it comes to finding 
the methylated cytosines in individual loci; however, it 
is impracticable for exploring methylation in genomes 
that have not been sequenced, since MSAP (methyla-
tion sensitive amplification polymorphism) is the tech-
nique recommended for this purpose.

The present research aims to detect the position 
of differentially methylated regions in polymorphic se-
quences detected in fig tree selections that had been 
irradiated with gamma rays, as well as its characteriza-
tion in the public database.

Materials and Methods

Isolation of target DNA
After visualizing the methylation pattern in fig 

tree selections (Rodrigues et al., 2013), the bands of 
each polymorphic fragment for methylation that were 
of interest were cut from the polyacrylamide gel using 
a sterile scalpel blade and were transferred to 0.2 mL 
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Table 1 − Sequence of primers designed from fragments of epigenetic polymorphic DNA from fig tree selections.
Contig Primer Sequence Forward 5'-3' Sequence Reverse 3'-5'
1 C3180 GCTCTATTGGCGGATGGATA GCTCGAAGAGGGGCTTACTA
2 C7180 TCGTACACTAAAAGCCGTTCTTC ACTGCGTACCAATTCACAGC
3 C780 TGAGTCCTGCCCCTTTTAGA GCCCATCGAGCTAATTTCTG
4 C1080 TGCCCCTTTAAACACTCAGG TGCGTACCAATTCAGTCGAG
5 C10180 GCAAGTAAAAATTTCTTTCCAACC TGACTGCGTACCAATTCAGTAT
6 C11130 TGAGTCCTGCCCCTTAGATG GTACCAATTCACCGCAAAGG

Table 2 − Sequence of primers designed from fragments of epigenetic polymorphic DNA from fig tree selections, modified by sodium bisulfite.
Contig Primer Sequence Forward 5'-3' Sequence Reverse 5'-3'
1 BS1 TAGGTTGTGTTAAGTATGTT TATATCAATTAAAAAACTAC
2 BS2 GTTTTTTTATTTTTTTAGAGTATT TTCACAACTAAAATAAAAACTA
3 BS3 ATGAGTTTTGTTTTTTTTAGAGGTA TAACTACGTACCAATTCAC
4 BS4 ATGAGTTTTGTTTTTTTA TACGTACCAATTCAATC
5 BS5 TATGTTTAGAATTTAGAT ATATCAAAATTCAAAAAAAA
6 BS6 ATGAGTTTTGTTTTTTAGATGAAGG TAACTAATACCAATTCACC

conical micro tubes. The method described by Sangui-
netti et al. (1994) was used in order to obtain the DNA 
fragment present in the piece of polyacrylamide. 

As a way to check the procedure performed, the 
DNA fragments were re-amplified using the same pair 
of primers that had previously been used in the selected 
amplification, as seen in Table 1. 

The Polymerase Chain Reaction (PCR) reactions 
composed of Taq DNA Polymerase 10X Buffer, 0.1mM 
of each Deoxynucleotide (dNTP), 2 mM of MgCl2, 1 µM 
of each primer (Forward and Reverse), 2 Units of Taq 
DNA Polymerase and 18 ng of genomic DNA, were per-
formed for 1 cycle of 1 min at 95 °C, 35 cycles of 30 s 
at 94 °C (denaturation), 30 s at 56 °C (annealing) and 
1 min at 72 °C (extension), and finally 1 cycle of 5 min 
at 72 °C.

The reproductiveness of each fragment was de-
tected in agarose gel at 2 % in order to demonstrate 
the correct amplification of the purified DNAs, which 
were repurified using a kit to extract DNA from agarose 
gel (Genejet gel extraction kit – Fermentas), following 
the manufacturer’s instructions, to obtain, a pure and 
contaminant-free material.

Cloning and Sequencing of the target DNA 
With the target fragments isolated, they were 

submitted to cloning, using the vector pGEM®-T Easy 
Vector System I (Promega, Germany) with a ratio of 3:1 
(insert:vector), according to the manufacturer’s rec-
ommendations, and inserted in cells of E. coli (strain 
DH10β) chemically competent.

In order to obtain plasmid DNA the NucleoSpin® 
Plasmid kit (MACHEREY-NAGEL, Germany) was used, 
according to the manufacturer’s instructions.

After the quantification and qualification of the 
extracted DNAs, 12 biological replications of each 
cloned plasmid of the same sample were diluted to a 
final concentration of 100 ng µL−1 and submitted to the 

sequencing process in ABI PRISMTM 377 equipment 
(Applied Biosystems, CA, USA), at Jaboticabal, in the 
state of São Paulo, Brazil, using the universal primer 
M13 Reverse in the reactions.

The chromatograms obtained through the se-
quence generator were analyzed by the PHRED soft-
ware (Ewing and Green, 1998; Ewing et al., 1998), in 
terms of its quality, and cross_match software, which 
can be found in the PHRED suite, in order to elimi-
nate the vector. After the quality sequences were ob-
tained, those with the same repetition were aligned by 
the CAP3 software program (Huang, 1999) in order to 
obtain the contigs, from which the design of the primers 
was made, using the Primer3 software (Untergrasser et 
al., 2012). 

The stability of the designed primers, under the 
reaction conditions, was checked using the GeneRun-
ner software program (version 3.05 – under free license 
by Hastings Software, 1994), available for downloading 
at http://www.generunner.net/, in order to minimize 
secondary structures such as hairpins, self and hetero-
dimers. 

Sodium bisulfite
The total DNA of each treatment was submitted 

to modifications by sodium bisulfite, using the EpiTect 
Bisulfite Kit (Qiagen), in order to convert non-methylated 
cytosines into uracil, without changing the methylated 
cytosines, according to the manufacturer’s instructions.

The DNAs that had been treated with sodium bi-
sulfite were amplified by applying the PCR technique, 
using the modified primers that had been designed with 
the aid of the MethPrimer software (Li and Dahiya, 
2002), in order to amplify the differentially methylated 
regions that are important to this study (Table 2).

After the visual confirmation of the correct ampli-
fication of the bands applied to polyacrylamide gel at 8 
%, the reactions were submitted to the direct sequenc-
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ing of the PCR product, with 2 replications (primers For-
ward and Reverse), using the ABI Prism 3130 Genetic 
Analyzer equipment (Applied Biosystems) at Ribeirão 
Preto, in the state of São Paulo, Brazil. 

In silico analysis
The quality of the reads provided by the chro-

matograms was analyzed with the aid of the PHRED 
software (Ewing et al., 1998; Ewing and Green, 1998) 
and, after the quality sequences were obtained with 
the alignment of the methylation points by Multalin 
formatting program (Corpet, 1988), the sequences that 
had been treated with sodium bisulfite were compared 
to the reference sequences, with the aid of the QUMA 
software quantification tool for methylation analysis 
(Kumaki et al., 2008).

After the positions of the CpG dinucleotides 
methylated in the DNA of each treatment were found, 
the consensus sequences obtained were submitted to 
the BLAST software’s similarity search (Altschul et 
al.,1990), in order to compare them to those in the 
NCBI database (http://www.ncbi.nlm.nih.gov/), with 
the aim of identifying possible regulating genes, or 
regions that promote regulating genes in which these 
methylations are inserted, to underscore the phenotypi-
cal differences found in irradiated fig tree treatment.

Results

Samples of genomic DNA of irradiated selections 
of figs were double-digested with the isoschizomers 
HpaII (methylation-sensitive) or MspI (methylation-in-
sensitive), or with EcoRI. Fourteen primer combinations 
were tested, and, on average, non-methylated CCGG 
sites (bands common to both digests), CmCGG sym-
metrical methylation (bands present in MspI digestions, 
but not in HpaII), and hemimethylated hmCCGG sites 
(bands present in HpaII, but not in MspI digestions), ac-
counted, respectively, for 88 %, 10 %, and 2 % of the 
total number of 553 amplification products, of which six 
showed polymorphism (Rodrigues et al., 2013). 

In order to characterize the Differentially Meth-
ylated Regions (DMRs), the six epigenetic polymorphic 
regions obtained by applying the MSAP technique were 
used for sequencing analysis.

Contig 1 was obtained as a result of sequencing 
the first differentially methylated region, excised in the 
polyacrylamide gel applying the MSAP technique pre-
viously used by Rodrigues et al. (2013), when, for this 
particular methylated region, treatment 4 presented 
one demethylated region when compared to the con-
trol. It is important to mention that treatment 4 has 
characteristics that are considered important in agri-
culture – a high Brix ratio and big fruit with a small 
closed ostiole, which prevents the incidence of plague 
and avoids fruit depreciation as they are less likely to 
have cracks. 

From Contig 1, a quality sequence of 747 base 

pairs was obtained. It had two CpG islands: the first is 
230bp (63-292bp) and the second 186bp (306-491bp), 
showing 38 differentially methylated CpG sites amongst 
the treatments. The sequencing and the analysis of the 
methylation points can be seen in Figure 1.

The search for a similar sequence, using the 
BLAST software, resulted in significant alignment in 
the NCBI database with the mitochondrial DNA of the 
following plant species: tulip (Richardson et al., 2013), 
castor oil plant (Rivarola et al., 2011), watermelon (Al-
verson et al., 2010), melon (Rodríguez-Moreno et al., 
2011), saltbush (Grewe et al., 2014), papaya (Rice et 
al., 2008) and tobacco (Sugiyama et al., 2005), amongst 
others, with an E-value of 1e-72, 2e-127, 2e-57, 3e-36, 
2e-46, 2e-39 and 2e-39 respectively (Figure 2).

For Contig 2, from the second differentially meth-
ylated band using the MSAP technique, the local align-
ment determined by the BLAST software was for the 
coding region of the brassinosteroid receptor (BRI1) 
from many plant cultivars, including strawberry (Chai 
et al., 2013) and tobacco (Malinowski et al., 2009), with 
E-values of 1e-25 and 5e-19 respectively (Figure 3).

The Contig 2 region presented a 115-bp long se-
quence, with no identified CpG islands, but with 3 dif-
ferentially methylated sites amongst the treatments, as 
can be seen in Figure 4. For this Contig, a hemimeth-
ylation band was observed for treatment 3 when com-
pared to the control (Rodrigues et al., 2013). As regards 
the characteristics that are unique and diverge from the 
other treatments, treatment 3 presented a low Brix ra-
tio and a long peduncle, making harvesting easier and 
increasing fruit shelf life, the latter being considered an 
essential condition for export purposes.

The local alignment of Contigs 4 and 6 with the 
NCBI database, obtained from the fourth and sixth dif-
ferentially methylated regions through the MSAP tech-
nique by Rodrigues et al. (2013), produced a significant 
alignment with the coding region for S-receptor leci-
thin, similar to the G-type lectin S-receptor-like serine/
threonine-protein kinase from several plant species, 
such as date palm, banana tree, beetroot and mume, 
with respective access numbers in the NCBI database 
and E-value numbers as follows: XM_008777554.1 (1e-
10), XM_009384383.1 (5e-09), XM_010667916.1 (1e-11 
) and XM_008248083.1 (5e-04), as can be seen in Fig-
ures 5 and 6.

According to Rodrigues et al. (2013), for the DMR 
4, the control “Roxo-de-Valinhos” was the only culti-
var that was not seen to be methylated, indicating that 
methylation took place in the other treatments after ir-
radiation. For the DMR 6, the same authors observed 
that treatment 6, which has long big fruit and a high 
Brix ratio, was seen to be demethylated when com-
pared to the control and other treatments, suggesting 
that there was, in fact, demethylation after irradiation.

The isolated Contig 4 is 94-bp long, with only 3 
CpG sites; the Contig 6 is 107-bp long and has 3 CpG 
sites. Due to the size of the Contigs and the small amount 
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of CpG sites, these DNA fragments did not achieve sat-
isfactory amplification after being treated with sodium 
bisulfite; however, due to the fact that they presented 
a significant alignment with the NCBI database, their 

Figure 2 − Result obtained from the alignment of contig 1 with the 
reference sequences from the NCBI database, provided by the 
BLAST software.

Figure 1 − Alignment of the CpG points between the original sequence of the Contig 1 and the sequences of the DNA treated with sodium bisulfite 
from the different irradiated fig tree selections. The numbers from 1 to 6 refer to the phenotypes: 1-“Roxo-de-Valinhos”; 2- Irradiated Plant 440; 
3- Irradiated Plant 433; 4- Irradiated Plant 189; 5- Irradiated Plant 214 and 6- Irradiated Plant 301. The sequence “BSF” comes from the sense 
primer 5’-3’, and the “BSR” comes from the antisense primer.

sequences and the analyses of the possible methylation 
points are presented in Figures 7 and 8.

The Contigs 3 and 5 did not produce significant 
alignments when compared to the NCBI database, hav-
ing a score lower than 40 and E-value higher than 3.0 
for plants.

Discussion

Mitochondria provide energy in the form of ATP 
through oxidative phosphorylation for almost all eukary-
otic cells (Mower et al., 2012), having a very important 
role in the growth and development of the plants. When 
plant mitochondrial genome is compared to its homolo-
gous genome in animals and fungi, it is possible to ob-
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serve unique characteristics, such as big and abrupt 
changes in size (Kubo and Newton, 2008), structural dy-
namics (Ogihara et al., 2005), extremely low single mu-
tations rate (Sloan et al., 2012) and the incorporation of 
exogenous DNA (Tanaka et al., 2012).

Most mitochondrial genomes (more than 90 %) are 
non-codifying and most of these sequences are unknown 
(Alverson et al., 2010); however, they codify a number of 
genes, as well as certain ribosome proteins and subunits 
of the oxidative phosphorylation complexes (Richardson 
et al., 2013).

Since the first mitochondrial genome was se-
quenced in Arabidopsis (Unseld et al., 1997), a huge 
number of mitochondrial genomes have been sequenced 
in angiosperms, such as beetroot (Kubo et al., 2000), 
rice (Notsu et al., 2002), rapeseed (Handa, 2003), corn 
(Clifton et al., 2004), wheat (Ogihara et al., 2005), Indian 
mustard (Heng et al., 2014) and arugula (Wang et al., 
2014).

Mitochondrial genomes typically present rep-
etitions of DNA sequences that rearrange themselves, 
which are often followed by changes in plant pheno-
type, as this activity is associated with cytoplasmic 
male sterility (Sandhu et al., 2007), nitrate detection 
and regulation of paths that are mediated by gibber-
ellins for growth and flowering (Pellny et al., 2008). 
Furthermore, plant mitochondrial genome has been 
associated with stress responses (Huang et al., 2011) 
and the regulation of programed cell death (Diamond 
and McCabe, 2011), which is a characterization of mito-
chondrial genomes that is very important in the deter-
mination of the metabolic activities inherent in plants 
(Chang et al., 2013).

Based on the above, differential demethylation of 
the fragment that is homologous to the mitochondrial 
DNA of many other angiosperms, observed in treatment 
4, explains the diverging phenotypical characteristics, 
when the DNA demethylation is in process consisting 
of reverse methylation. This has been considered a very 
important mechanism in plant genomes for the modula-
tion of the methylation standard, leading to the replace-
ment of the m5C base and alterations in gene expression 
(Bird, 2002; Kress et al., 2001). 

It is known that gibberellin is a phytohormone 
that promotes fruit development. , and a synthetic ver-
sion has been used to improve the quality and size of 
apirenic grapes with seeds (Alburquerque and Dantas, 
2004). Thus, the differential regulation in the ATP sup-
ply and regulation of the paths that are mediated by gib-
berellins, are directly related to the different phenotypes 
observed in the treatment that showed differences in the 
methylation standard of its mitochondrial DNA.

Another phytohormone that has a very important 
role in many physiological aspects of plants is the brassi-
nosteroid (BRs). Brassinosteroids have been identified 
in monocotyledon and dicotyledon, as well as in algae, 
bryophyte, pteridophyte and gymnosperms (Bajguaz, 
2009; Fujioka et al., 1996; Vardhini et al., 2006), occur-
ring in higher concentrations in young tissues rather 
than in adult ones (Mandava, 1988).

Amongst their roles in plant physiology are cell 
elongation and division (Clouse, 2011). Some studies point 
out that they are also involved in pulp development and 
fruit maturation of tomato (Lisso et al., 2006; Vidya and 
Rao, 2002), grape (Symons et al., 2006) and cucumber (Fu 
et al., 2008). Furthermore, research indicates that there 
is interaction between brassinosteroids and auxins and, 
consequently, these two are the hormones responsible for 
the modulation of gene expression and are involved in the 
same physiological processes (Nemhauser et al., 2004). 

In tomato, it was concluded that the BRs may have 
a role in pericarp discs, increasing the levels of lycopene 
and decreasing the levels of chlorophyll, indicating that 
BRs accelerate fruit maturation and senescence in to-
mato plant (Vidya and Rao, 2002). As regards strawber-
ries, the study of different development stages and fruit 
composition presented an increase in the expression of 
BR 1 receptor in the receptacles, which were clearer on 
maturation (Bombarely et al., 2010).

Figure 3 − Result obtained from the alignment of contig 2 with the 
reference sequences from the NCBI database, provided by the 
BLAST software.

Figure 4 − Alignment of the CpG points between the original sequence of the Contig 2 and the sequences of the DNA treated with sodium bisulfite 
from the different irradiated fig tree selections. The numbers from 1 to 6 refer to the phenotypes: 1-“Roxo-de-Valinhos”; 2- Irradiated Plant 440; 
3- Irradiated Plant 433; 4- Irradiated Plant 189; 5- Irradiated Plant 214 and 6- Irradiated Plant 301. The sequence “BSF” comes from the sense 
primer 5’-3’, and the “BSR” comes from the antisense primer.
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Treatment 3 has as unique and diverging char-
acteristics a lower Brix ratio and retarded maturation. 
However, increased fruit peduncles were observed, 
which is directly related to cell elongation and division 
after cell differentiation.

Both the differences in fruit maturation and pe-
duncle elongation are related to the action of brassino-
steroids which, for the treatment in question, presented 
a hemimethylated pattern when compared to the other 
treatments, including the “Roxo-de-Valinhos” cultivar, 
leading to differences in gene expression and, conse-
quently, in the individual phenotype.

Differently from the allele-specific methylation, 
which is common in imprinting, DNA is considered 
to be hemimethylated when only one of its strands, 
which are complementary, is methylated. Methylation 
is very important because it directs the identification 
of methylation events after cell differentiation, once 
it is directly related to methylation de novo (Sheffield, 
2013). 

Besides all the changes the hormone levels go 
through internally, the plants can receive and recognize 
many environmental stimuli through different types of 
receptors, as the perception and transduction of these 
signs is strongly regulated by receptors similar to the 
kinase protein (Receptor-like Kinases, RLKs) (Shiu and 
Bleecker, 2001a). 

The RLKs are coded by a family of multiple genes 
that represents one of the biggest gene families in the 
Arabidopsis genome, consisting of at least 610 members 
(Shiu and Bleecker, 2001b), and 1,130 members in rice 
(Shiu et al., 2004).

According to the same authors, the RLKs play a 
role in a variety of processes in response to plant hor-
mones and environmental stimuli, and are involved in 
the regulation of many physiological changes in plants, 
such as self-incompatibility, pollen and endosperm de-
velopment (Bouwmeester and Govers, 2009), detection 
of brassinosteroids in Arabidopsis (Kim, 2009; Tang et 
al., 2008) and resistance to the premature fall of flow-
ers, stress and diseases. Furthermore, in cotton, the 
genes that codify kinase proteins have been reported 
mainly in the regulation of fiber development (Zhao et 
al., 2013).

Both the skin and the interior of the syconiums 
are reddish purple in fig, and variations in the intensity 
of the red color were observed in treatment 6, which 
suffered stress through gamma radiation. The RLKs take 
part in processes in response to plant hormones, such as 
brassinosteroids, and are responsible for the fruit pig-
mentation regarding maturation and development. They 
are found with a differential methylation pattern, in this 
case demethylated, when compared to the other treat-
ments and to the “Roxo-de-Valinhos” control. Thus, the 
expression intensity in the treatments makes them inter-
esting candidates that explain the different phenotypes 
observed.

Furthermore, the adaptive responses of plants 
are governed by the continuous bond between the 
cell wall and the plasmatic membrane, since the 
group of RLKs that presents the highest bonding 
potential is lecithin. Lecithin can be divided into 3 
types: G, C and L, type G being related to pollen 
recognition and plant defense to stress (Bouwmeester 
and Govers, 2009). In this case, a methylation pro-
cess was observed, probably a defense against the 
stress caused by gamma radiation suffered by the 
treatments, as the RLK genome region type G namely 
the non-irradiated control, “Roxo-de-Valinhos”, had 
not been methylated.

Figure 8 − Contig 6, generated from the amplification product of 
MSAP markers in samples of fig tree specimens (Ficus carica 
L.) obtained through cuttings from buds that were gamma-ray 
irradiated and from the “Roxo-de-Valinhos” cultivar, resolved in 
polyacrylamide gel. The lower row shows the modified sequence 
for methylated CpG sites, being ++ CpG sites and ::: Non-CpG “C” 
converted to “T”.

Figure 5 − Result obtained from the alignment of contig 4 with the 
reference sequences from the NCBI database, provided by the 
BLAST software.

Figure 6 − Result obtained from the alignment of contig 6 with the 
reference sequences from the NCBI database, provided by the 
BLAST softwareT.

Figure 7 − Contig 4, generated from the amplification product of 
MSAP markers in samples of fig tree specimens (Ficus carica 
L.) obtained through cuttings from buds that were gamma-ray 
irradiated and from the “Roxo-de-Valinhos” cultivar, resolved in 
polyacrylamide gel. The lower row shows the modified sequence 
for methylated CpG sites, being ++ CpG sites and ::: Non-CpG “C” 
converted to “T”.
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Conclusion

The different methylation patterns were found in 
coding regions of genes that regulate fruit development 
and maturation, and also in the mitochondrial DNA 
of the treatments, which regulate the energy supply 
to plants in the form of ATP, that is, directly related 
to their development, which could justify the differ-
ent phenotypes found both in the fruit itself and in the 
growth of plants that suffered stress due to exposure to 
gamma radiation. 

Given the above, future studies on gene ex-
pression of the treatments is an extremely important 
strategy to achieve an understanding of the complex 
regulatory systems, leading to the identification of 
genes of agricultural interest for fig tree crops, mak-
ing possible its subsequent manipulation as well as 
the propagation of improved cultivars for commer-
cial purposes.
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