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ABSTRACT

Establishment of an efficient adventitious shoot regeneration system for mature embryo of Prunus
persica via shoot organogenesis has been achieved. Three different combinations of plant growth regulators
(PGRs) have been applied in the current study; 6-Benzyl adenine (BA) or thidiazuron (TDZ) with Indole acetic
acid (IAA) or Indole butyric acid (IBA). The high regeneration frequency was illustrated by 1.5 mg/l BA with
0.5 mg/l IAA combinations. Quantitative expression of eight epigenetic regulatory genes; Chromomethylase 3
(CMT3), Domains Rearranged Methyltransferase2 (DRM2), Fertilization Independent Endosperm (FIE2) and
Chromodomain Protein Like Heterochromatin Proteinl (LHP1), Pickle (PKL), Proliferating Cell Nuclear
Antigen (PCNA), Shoot Meristemless (STM) and DICER-LIKEL (DCL1) have been estimated in the peach
regenerated shoots. We found that the auxins and cytokinins in different combinations especially BA effect on
the expression of some epigenetic genes in relation to the mature embryo.
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INTRODUCTION

Nemaguard (Prunus persica L. Batschx Prunus
davidiana Carriere) peach rootstock resistant or tolerant to root-
Knot nematode. Otherwise, it is poor tolerance to calcareous soil
conditions. Farm’s soil in North Sinai is calcareous with high
soil’s salt. So, we need to adapt the Nemaguard rootstock with
soil conditions in the North Sinai, through using the genetic
engineering tools, through transfer the salt tolerance genes to
Nemaguard plants. But, at the first time we need to establish high
regeneration efficiency system for Nemaguard plants. Plant
regeneration from a tissue culture system is often the most critical
step in the success of various biotechnological techniques of any
plant improvement program (Pooler and Scorza, 1995; Yan and
Zhou, 2002; Wu et al. 2006; Nagaty et al. 2007; Nagaty, 2012).
Trees grafted on Nemaguard are fairly tolerant of waterlogged
soils but tolerant to cold (https:// onegreen world. com/ product/
nemaguard- rootstock/).

Techniques of traditional breeding and modern
genetics have been used to enhance Prunus species. However,
these techniques are difficult and consuming time. Instead of
these techniques, an adventitious shoot regeneration system
was applied in peach regeneration using different explants:
leaves (Ricci et al., 2020); mature embryos (Pérez-Clemente
etal., 2004); immature embryos (Hammerschlag et al., 1985);
cotyledons of mature seed explant (Abdelsattar et al., 2020),
meristematic bulks (Sabbadini et al., 2019) and flower, petiole
and stem calyx (Pérez-Jiménez et al., 2013).

In tissue culture and regeneration systems, plant
growth regulators (PGRs) might cause stress and epigenetic
variations in regenerated plants (Chinnusamy and Zhu, 2009).
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To overcome this stress, DNA methylation can be utilized for
alterations of epigenetic and gene regulations (Taskin et al.,
2015). Some epigenetic changes (methylation of DNA,
methylation & acetylation of histones) take place for gene
expression regulations (Zhang & Reinberg, 2001;
Wojcikowska, et al., 2020).

The epigenetic modifications can be categorized into
two main groups' chromatin modifications (histone
ubiquitination, histone acetylation, histone methylation, and
DNA methylation) and mRNA regulation.

Epigenetic modifications

Chromomethylase3 (CMT3) gene adds a methyl
group to the CHG site (where His A, C, T). It also initiates de
nono  methylation  while  Domains  Rearranged
Methyltransferase 2 (DRM2) gene adds a methyl group to the
CHH site. CMT3 and DRM2 have major roles in modifying,
maintaining, and establishing patterns of DNA methylation
(Law and Jacobsen, 2010).

Trithorax-group (TrxG) and polycomb group (PcG) play
an important role in regulating the development, growth, and cell
proliferation (de la Paz Sanchez et al., 2015; Duarte-Aké et al.,
2019). They regulate plastid development with the
reprogramming of and responses of the plant to signals of the
environment (de la Paz Sanchez et al., 2015; Wojcikowska, et al.,
2020). They have histone methyltransferase activity (HMTase).
They are responsible for lysine methylation in proteins in histone.
Polycomb Repressive Complexs (PRCs) are formed of PcGs.
Fertilization independent endosperm (FIE2) and chromodomain
protein like heterochromatin proteinl (LHP1) genes are PcG
genes. LHP1 played a role in euchromatic genes silencing which
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belong to PRC1 family (Hennig and Derkacheva, 2009). FIE2
gene is one of PRC2 family which involves in the regulations of
plant development. Pickle (PKL) is a chromatin remodeling
factor and belongs to the TrxG group that is involved in the
response of DNA damage (Desvoyes et al., 2010). Also, PKL
represses embryonic traits (Joshi and Kumar, 2013) and restricts
the meristematic genes expression. PKL gene is involved in
KNOX1 gene repression and regulates the identity of the cell
(Aichinger et al., 2009). Homeobox genes have a major role in
the formation of controlling patterns of regulatory genes. They
are the main controlling genes regulating morphology
differentiation and the formation of the pattern. They encoded for
transcription factors which have activity for DNA binding (Joshi
and Kumar, 2013). The factor proliferating cell nuclear antigen
(PCNA) acts for the DNA polymerases as a processivity factor.
It assists the DNA polymerases at the replication fork in DNA
replication (Shibahara and Stillman, 1999), which provides a
connection between both strands of DNA. Also, it links the
inheritance of epigenetic marks with the synthesis of DNA. It
might create a local connection between some factors involved in
the deacetylation of histone, methylation of DNA, assembly of
the nucleosome, remodeling of the nucleosome (Jasencakova
and Groth, 2010). Shoot meristemless (STM) gene is KNOX
related gene family. It is involved in de novo shoot apical
meristem (SAM) formation and its functions (Scofield et al.,
2014). DICER - LIKE1 (DCL1) gene has a major role in
biogenesis of mIRNA (Wojcikowska et al., 2020).

The current work describes a protocol for in vitro
regeneration of peach via organogenesis using mature
embryos. In addition, the expression levels of some epigenetic
genes during the regeneration system have been quantified. The
current study focuses on selected epigenetic regulatory genes
which switch between phases of regeneration.

MATERIALS AND METHODS
Sterilization of peach Seeds, Explants preparation and
callus induction

In this experiment, peach cv. Nemaguard was
regenerated using embryo explant. The peach seeds
sterilization and shell crack were applied as described by
Abdelsattar et al. (2020). After cracking the shells by hand, the
seeds were removed from the shells and pre-sterilized by
immersion into 3.75% (v/v) sodium hypochlorite solution
containing two to three drops of Tween 20 for 25 min. Then,
they were washed by rinsing several times with sterile distilled
water. Sterilized seeds were incubated in sterile distilled water
for 60 hours under chaking condition at 17°C. For easy removal
of testa water was replaced every 12 hours. Turgid seeds were
sterilized again. Embryos were isolated from cotyledons, cut
into small pieces and used as explants. For callus induction,
explants were cultured on three different Woody Plant Medium
(WPM) with 3 % (wi/v) sucrose and different growth regulators:
1) 1.6 mg/l TDZ; 0.5 mg/l IBA (medium 1); 2) 1.6 mg/l TDZ;
0.5 mg/l IAA (medium 2) and 3)1.5 mg/l BA; 0.5 mg/l IAA
(medium 3) were screened. Hormone free medium was used as
control. The plates containing embryos were incubated for one
month at dark at 25°C
Induction of adventitious shoots

For producing adventitious shoot regeneration, induced
calli were transferred to the same media twice and incubated at
light for three week. Frequency of regeneration was estimated
as the number of differentiated calli divided by total number of
obtained calli. Shoots were elongated on medium WPM
containing 1.5 mg/l GA3.and rooted on 2.5 mg/l IBA WPM
medium as pervious described by Abdelsattar et al. (2020). The

plantlets were then acclimatized on pots in greenhouse with an
1:1 (viv) Perlite: Petmos.
Isolation of total RNA and synthesis of cDNA

Total RNA was isolated from regenerated shoots
derived from peach embryos induced in three different PGR
combinations. RNA isolation and cDNA synthesis were
carried out according to Abdelsattar et al. (2020).
In this investigation eight epigenetic regulatory genes were
chosen: LHP1 & FIE2 (polycomb genes); DRM2 & CMT3
(methyltransferases); PKL & PCNA (Trithorax group genes);
DCL1 gene (Dicer-Like 1) and STM class1 KNOX 1 (knotted
1 like homeobox). These were investigated in in vitro tissues
during the shoot regeneration process.
Quantitative Real-Time PCR for the selected genes

MX3005P Stratagene Real-Time System (Agilent,
United States) was used to carry out the reactions of quantitative
PCR (gPCR). According to Abdelsattar et al. (2020), primers
design and reactions of qRT-PCR were performed. The used
reference gene was 18s for expression hormalization of genes
of interest (Kondo et al., 2018). The calculations of the levels
of gene expression gquantification were done by the method of
2" -AACT (Schmittgen and Livak, 2008). Duncan's test was
used to analyze qRT-PCR results by SPSS (20.0, IBM). The
results were presented as means + SE.

RESULTS AND DISCUSSION

Results
Adventitious shoot regeneration
A regeneration system has been established for
Prunus persica, Nemaguard peach using mature embryo
explant. Three WPM media plus control, with different
growth regulators combinations have been examined.
The results showed that medium 3 revealed high
regeneration frequency (3.47) followed by medium 1 (0.55)
and medium 2 (0.17) (Figure 1 & 2).

il -,

Figure 1. Adventitious shoot regeneration of Prunuspersica
from mature embryos after incubation on medium
3 (containing 1.5 mg/l BA and 0.5 mg/l IAA).
gRT-PCR results

The gene expression of eight genes CMT3, DRM2,
FIE2, LHP1, PKL, PCNA, STM, and DCL1 have been
estimated using gqPCR during Prunus persica shoot formation
from mature embryos on three different media.

The epigenetic modifications can be categorized into
two main groups' chromatin modifications (histone
ubiquitination, histone acetylation, histone methylation and
DNA methylation) and mRNA regulation.

DNA methylation

DNA methyltransferases, CMT3, and DRM2 had been
quantified by gPCR during shoot formation on medium 1,
medium 2 and medium 3. CMT3 shows slight differences in
folds between control, medium 1 and medium 2 (0.5, 0.6, and
0.8 folds, respectively), while it illustrates that there was no
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increase in the fold on medium 3 (0.0004 folds) (Figure 3 a). For
DRM2 gene expression, it was observed that there were no
remarkable changes between control, medium 2 and medium 3
(0.4, 0.5, and 0.5 folds, respectively). However, the expression
pattern changed on medium 1 (0.9 folds) (Figure 3 b).

4 Frequency

: /
: /
/—0— Frequency

control medium1l medium2  medium 3

Figure 2. Regeneration frequencies of the three different
regeneration media.

Histone methylation and ubiquitination
FIE2, LHP1, and PKL genes expressions

The FIE2 gene expression was found to be changed
through control, medium 1, medium 2 and mediaum 3 as
follows 1.1, 0.07, 0.7, and 0.3 folds, respectively (Figure 3 c).
There was a remarkable difference in the FIE2 expression
between the three media. The expression pattern was

increased by ten times from medium 1 and medium 2 while it
increased four times between medium1 and medium 3. On
the other hand, the LHP1 expression pattern almost
unchanged with medium 1, medium 2, and medium 3 (2.3,
2.1, and 2.1 folds, respectively) while it gave 0.3 folds with
control medium (Figure 3 d).

For the PKL gene expression pattern, it shows a
significant difference throughout control and different media.
The expression was almost the same in control and medium 1
(4.3 and 4.9 folds, respectively) while it significantly
increased in medium 2 (6.5 fold) and a moderate increase in
medium 3 (5.3 fold).

The expression of the PCNA gene was the same in
control and medium 3 (0.3 fold) however it was observed that
it has moderate changes between medium 1 and medium 2
(1.0and 0.6) (Figure 3 g). The expression pattern of the DCL1
gene shows slight changes between the control, medium 1 and
medium 2 (0.2, 0.3and 0.2 folds, respectively) while it
decreased by half in medium 3 (0.1 fold) (Figure 3 f). STM
gene expression was very low in control and medium 3 (0.002
and 0.0006 folds, respectively) while its expression was
increased ten times in medium 1 and medium 2 (0.014 and
0.013 folds, respectively) (Figure 3 h).

The folds changes in expressions of the eight genes
were illustrated in Table 1 and figure 3.
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Figure 3. Quantitative Real Time PCR (qPCR) for eight (CMT2, DRM2, FIE2, LHP1, PKL, DCL1, PCNA, and STM)
genes estimated in regenerated shoots from mature embryos of peach.
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Table 1. The expression patterns of CMT3, DRM2, FIE2,
LHP1, PKL, PCNA, STM, and DCL1 genes.
Folds changes

Gene Control Medium Medium Medium
Name Medium 1 2 3
CMT3 05 0.6 0.8 0.0004
DRM2 0.4 0.9 05 05
FIE2 11 0.07 0.7 0.3
LHP1 0.3 24 22 22
PKL 43 49 6.5 53
PCNA 0.3 1.0 0.6 0.3
STM 0.002 0.014 0.013 0.0006
DCL1 0.2 0.3 0.2 0.1
Discussion

Adventitious shoot regeneration in plants

Organogenesis establishes the biological characters'
dynamic in vitro plant regeneration in which, plant
hormones play a vital role. They modulate the occurrence of
signaling events during the organogenesis where cytokinins
and auxins are the main players. They worked in a harmony
to lead the organogenesis process (Shinet al., 2019). Garcia-
Pérez et al. (2020) characterized the combination of
cytokinin BA and auxin IAA on in vitro organogenesis
using the machine learning approach. They showed that the
BA affected several organogenesis responses such as direct
organogenesis of shoots while IAA displayed an inhibitory
effect. Regeneration of plant and in vitro organogenesis
protocols are constructed on the explant transfer on culture
media with different PGRS which lead to adventitious
shoots formation and whole plant at the end (George et al.,
2008). Induction of somaclonal variations during
organogenesis might cause some plant genetic changes
(Pasqual et al., 2014). Exogenous PRGs play a critical role
in accomplishing a suitable phytohormonal balance to
obtain efficient protocols for tissue culture (Thorat et al.,
2018). During the organogenesis, the epigenetic
modifications might be caused due to the interaction
between cytoplasmic and nuclear genes in the PGRs
existence under the differentiation-related genes control
(Zhao et al., 2008). The genetic control of PGRs, which
includes a complex interaction, may give rise to changes
during organogenesis.

The balance between auxins and cytokinins
regulates the organogenesis process (Garcia-Pérez et al.
2020) where they pointed that BA cytokinin promoted shoot
elongation.

Peach regeneration

It was recommended to used mature tissues from
peach as explants for plant propagation to keep the desirable
features especially in commercial propagation of peach
(Sabbadini et al., 2019). In this study mature embryo of
peach cv. Nemagurd has been used as explants for
regeneration. The mature embryos were successfully
applied by Pérez-Clemente et al. (2004). Three media with
different growth regulators, (TDZ & IBA), (TDZ & IAA),
and (BA & IAA), have been used in this investigation. The
combination of BA with IAA showed the highest
regeneration frequency among the three different
combinations used in peach regeneration. Our result showed
that medium (BA & IAA) gave the highest regeneration
frequency in mature embryo explants while Abdelsattar et
al. (2020), reported that the highest regeneration frequency

was medium (TDZ & IAA) when using cotyledon as an
explant. From these results regeneration frequency might
change with different explant types from the peach on the
same media compositions.

Auxins are essential phytohormones that participate
in several processes during plant regeneration. Using auxin
in high concentrations in maize induces embryos (Joshi and
Kumar, 2013). To improve regeneration, cytokinin BA was
applied. Cytokinins are promoting shoots regeneration in
peach (Pérez-Jiménez et al., 2012; Pérez-Jiménez et al.,
2013; Pérez-Jiménez, et al., 2014; Sabbadini et al., 2019).

Differences in response to organogenesis depend on
the type of explant and different PGRs combinations. The
basal media enriched with cytokinin BA with combinations
of IBA or NAA shows the highest regeneration frequencies
(Sabbadini etal., 2019; Ricci et al., 2020). BA has a positive
influence on peach shoot regeneration (Gentile et al., 2002;
Pérez-Jiménez et al., 2012; Pérez-Jiménez et al., 2013;
Sabbadini et al., 2019; Ricci et al., 2020). The addition of
BA causes callus induction and elongation of the axis in
peach using embryos as explant (Bhansali et al., 1990) and
increase the number of shoot per explant in Boechera
oleracea (Cheng et al., 2001).

Chromatin modifications

Epigenetic genes have an important role in changing
the action in phases of regeneration. It has been suggested
that regenerated plants have different DNA methylation and
histone modifications profiles. It can be regarded as
epigenetic changes which might be connected with somatic
variations (Taskin et al., 2015).

The concentration of plant growth regulators has an
important influence on somaclonal variation (Huang et al.,
2012). Studying the existence and reasons for somaclonal
variation in plants is essential for a better understanding of
epigenetic phenomena. The somaclonal variations
occurrence and degree in tissue culture might vary between
different plant species and even among genotype of the
same sp. The epigenetic variations are usually
complemented with DNA methylation-induced gene
silencing (Huang et al., 2012).

Some epigenetic changes (methylation of DNA,
methylation, ubiquitination & acetylation of histones, and
mRNA regulation) take place for gene expression
regulations (Zhang & Reinberg, 2001; Wdjcikowska, et al.,
2020).

DNA Methylation

The conditions of tissue culture cause changes in
epigenetic modification through methylation of DNA
(Taskin et al., 2015). The levels of DNA methylation genes
are highly influenced by applied PGRs in tissue culture
(Huang et al., 2012; Taskin et al., 2015).

In plants, CMT3 preserves the presence of the
methylation patterns and transposons silences (Tompaetal.,
2002). In our experiment, CMT3 expression changes in
relation to PGRs combination. The control medium and
medium 1 (TDZ & IBA) were almost the same expression
(0.5 and 0.6 folds, respectively) while medium 2 (TDZ &
IAA) has a minor increase (0.8 fold). However, CMT3 has
very small expression in medium 3 (BA & 1AA) (0.0004
fold). This expression pattern changes might be related to
the different combinations of PRGs used. These results were
in contrast with Taskin and his co-workers' results who
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indicated that the expression of CMT3 was high in Boechera
divarica. CMT3 played the main part in challenging the
stress conditions through shoot regeneration (Taskin et al.,
2015). DRM2 expression was unchanged in the three media
(0.4, 0.5, and 0.5 folds, respectively except with medium 1
(TDZ & IBA) (0.9 fold) which has a slight increase than the
other media (control, medium 2, and medium 3). This result
was in agreement with Taskin et al. (2015), who indicated
that the expression level of DRM2 unchanged in the shoot
regeneration of Boechera divarica. DRM2 is involved in de
novo methylation in Arabidopsis (Cao & Jacobsen, 2002).
DNA methyltransferases were either low or unchanged with
different PGRS combinations during shoot regeneration
except with medium 2 (TDZ & IAA) where CMT3
expression was increased and DRM2 was increased on
medium 1 (TDZ & IBA). The two media might activate the
two DNA methyltransferases which produce some
epigenetic variations. Those results were countering to
Abdelsattar et al. (2020) who found that DNA
methyltransferases were highly accumulated during shoot
regeneration from peach mature cotyledons. Our results
were opposing those obtained by Taskin et al. (2015) with
all applied media with different combinations except
medium 1 and medium 2 for CMT3 and DRM2 expressions,
respectively. It was concluded that cytokinins are vital for
cell division and epigenetic genes.

Huang et al. (2012) indicated that DNA methylation
showed a remarkable decrease when cytokinin BA was
increased in tissue culture media. They found that DRM2
concentration in the regenerated shoots was negatively
linked with BA concentration.

Methylations of DNA are well-maintained
epigenetic modifications which are essential for the stability
of the genome and regulations of genes. The plant
irregularities in development could be caused by DNA
methylations abnormalities (Zhang et al., 2018). The DNA
de novo methylation is catalyzed by a family of DRM.

Methylations of DNA influence the induction and
differentiation of callus, the development of a plant, and the
differentiation of organs (Miguel and Marum, 2011). The
lowest DNA methylation level and CMT3 concentration
were noticed in culture media with cytokinin BA (0.1 mg/l)
(Ran et al., 2016) whose results agree with our findings.
DNA Methylation was found to be increased in
Daucuscarota embryonic cell cultures treated with auxins
(LoSchiavo et al., 1989).

Histone methylation and ubiquitination

Remodeling of chromatin is regulating the
expression of genes that participate in several biological
processes. Also, it is essential for the development and
growth of plants.

The methylations of histone have an essential part in
the expression of genes through epigenetic regulation during
environmental and developmental changes in plants (Cheng
et al., 2019). It is essential for the growth and development
of plants. LHP1and FIE2 belong to PcG proteins which play
arole in remodeling of chromatin as repressor factors during
the division of the cells. The expression of LHP1 was
significantly increased in the three media (2.4, 2.2 and 2.2
folds, respectively) compared with the control one (0.3 fold)
while the expression of FIE2 was increased in control (1.1
fold) in comparison with the three media (0.07, 0.7 and 0.3

folds, respectively). FIE2 expression in medium 2 and
medium 3 was ten and four times the media 1, respectively
which might be related to IAA and BA hormones in the
media.

PKL expression was changed in the control and three
PGRs combinations. The expression was unchanged from
control and medium 1 (4.3 and 4.9 folds, respectively). On
the other hand, its expression was remarkably changed in
medium 2 (6.5 folds) compared to moderate ones in medium
3 (5.3 folds). It is essential for vegetative growth by
promoting H3K27me3 (H3 histone trimethylation at lysine
27) (Cheng et al., 2019). The methylations of histone have
an essential part in the expression of genes through
epigenetic  regulation  during environmental and
developmental changes in plants (Cheng et al., 2019).

PCNA expression was unchanged throughout the
control and medium 3 (0.3 folds) while it was duplicated in
medium 1 in comparison with medium 2, (1.0 and 0.6 folds,
respectively).

For the STM gene was expressed in very small
amounts in control and medium 3 (0.002 and 0.0006 folds,
respectively) while it was significantly increased about ten
folds in medium 1 and medium 2 (0.014 and 0.013, folds
respectively). Similar to Abdelsattar et al. (2020), STM
expression in media containing TDZ + IAA with high
regeneration frequency (0.6 fold) was less than the two other
media, (TDZ + IBA, BA+ IAA) (0.9 and 1.2 folds,
respectively), STM expression in medium 3 (highest
regeneration frequency) has the smallest expression in our
results compared with the other two media (mediaum 1 and
medium 2).

KNOX genes were activated in PKL mutants in
Arabidopsis (Hay and Tsiantis, 2010). STM is playing an
essential role in stopping the differentiation of meristem
cells through cytokinins production. It maintains the shoot
apical meristem development and function (Xin et al.,
2019). PRC2 gene (FIE) is involved in the development of
shoot through controlling STM expression and other class 1
KNOX genes. LHP1 represses the genes belong to class 1
KNOX (Li et al., 2016). The LHP1/ Terminal Flower 2
(TFL2) accompanied with H3K27me3-rich chromatin
which reacted with the Arabidopsis E3 ubiquitin ligase
RING domain proteins (AtRINGZ1a and AtRING1b). These
two proteins are essential for the silencing of the
KNOTTED1-like homeobox class 1 (KNOX) genes. Those
genes are the target for PCR2 mediated suppression which
acts with PRC1 LHP1-Ring in plants to repress several
targets of PcG genes (Thorstensen et al., 2011).
MicroRNA regulation

DCL1 expression was slightly increased in medium
1(TDZ & IBA) (0.3 fold) while it was the same in control
and medium 2 (0.2 and 0.2 folds, respectively). On the
contrary, it was decreased by half in medium 3 (0.1 folds).
This change might be the presence of auxin IBA and in this
media. This result was opposing the Abdelsattar et al. (2020)
results that showed a significant increase in DCL1
expression on peach regenerated shoots using cotyledons as
explants. We can conclude that the type of mature embryo
explants, cytokinin, and the auxin used affect the DCL1
expression.

Small RNAs (siRNAs) cause transgenes,
transposons, and viruses post-transcriptional gene silencing.
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Also, they are essential for maintenance and establishing the
DNA methylation of cytosine. DCL1 has an unknown
function in the siRNAs production, this besides that it plays
an important role for miRNAs processing as the key enzyme
(Henderson et al., 2006). In the same context, the remarkable
decrease in DNA methyltransferases (CMT3 and DRM2)
expression might be in relation to the decrease in DCL1
expression medium 3.

DCL1 protein is essential in the shoot apical
meristem (SAM) to stop uncontrolled meristematic cell
proliferation. DCL1 regulates the amount of SAM cell
division. DCL1 was found in the meristemic tissue (Schauer
et al., 2013). When a defect in the DICER -LIKE1 (DCL1)
gene has happened (dcl1 mutant), the induction of somatic
embryogenesis was corrupted (Wojcik and Gaj, 2016).
DCL1 protein is found in meristematic cells of the shoot. It
is essential for SAM to avoid uncontrolled meristematic cell
proliferation (Schauer et al., 2013). Bai and his coworkers
have speculated that the variance in shoot and leaves mature
miRNAs accumulation might be a consequence of changed
amounts of MIRNA biosynthesis-related proteins such as
DCL1 (Bai et al., 2014).

CONCLUSION

Auxins cooperate with several hormones especially
cytokinins. cytokinins are recognized to act in homology
with auxins. They have a major part in maintenance in
meristems of shoots and root through a well alteration of the
equilibrium between cytokinin and auxin activities (Taylor-
Teeples et al., 2016).

Methylation of DNA and chromatin modifications
(including acetylation of histone and methylation) are
controlling explant cells transcriptome in response to
treatment of auxins (Wojcikowska et al., 2020). The
complexes of epigenetic regulating transcriptome include
LHP1, FIE2, CMT3, and DRM2 repressors and TrxG (PKL)
activators.

During tissue culture, PCNA, PKL, FIE2, DRM2 &
CMT3 genes (chromatin modifiers genes) and LHP1,
DCL1 & STM genes (interacting genes) have essential
roles in the division and differentiation of the cells of
plants. In spite of the identification of those main
regulators, it remains unclear to know how they work at
the molecular bases (Miguel and Marum, 2011). Those
genes in addition to more regulatory ones and must be
under more investigations in the future works for a fully
understanding of their roles in tissue culture specifically
and plant development in general.

REFERENCES

Abdelsattar, M., R. M. Ismail, G. A. Abu El-Heba, M. A.
Nagaty, K. EI Mangury, A. B. Youssef and G. M.
Hosny (2020). Epigenetic regulation in development
of Prunus Persica during regulation using cotyledon
explant. Plant Archives. 20 (2), October, in press.

Aichinger, E., C. B. Villar, S. Farrona, J. C. Reyes, L.
Hennig and C. Kohler (2009). CHD3 proteins and
polycomb group proteins antagonistically determine
cell identity in Arabidopsis. PL0OS Genet 5:
£1000605.

Bai, Y., N. Han, J. Wy, Y. Yang, J. Wang, M. Zhu and H.
Bian (2014). A transient gene expression system
using barley protoplasts to evaluate microRNAs for
post-transcriptional  regulation of their target
genes.Plant Cell Tiss.and Organ.Cult., 119(1): 211-
219.

Bhansali, R. R., J. A. Driver and D. J. Durzan (1990).Rapid
multiplication of adventitious somatic embryos in
peach and nectarine by secondary embryogenesis.
Plant cell Rep., 9: 280-284.

Cao, X. and S. E. Jacobsen (2002). Role of the Arabidopsis
DRM Methyltransferases in de novo DNA
methylation and gene silencing.Curr. Biol.,
12:1138-1144.

Cheng, K., Y.Xu, C. Yang, L. Ouellette, L. Niu, X. Zhou, L.
Chu, F.Zhuang, J. Liu, H. Wu, J. — B. Charron and M.
Luo (2019). Histone tales: lysine methylation, a
protagonist in Arabidopsis development. Acadamic.
OUp.Com/jxb/ advance- article/doi/10.1039/ jxb/
erz435/ 5575232.

Cheng P. K., P.Lakshmanan and S. Swarup (2001). High-
frequency direct shoot regeneration and continuous
production of rapid-cycling Brassica oleracea in
vitro. In Vitro Cell Dev. Biol. Plant, 37(5):592-598.

Chinnusamy, V. and J. K. Zhu (2009). Epigenetic regulation
of stress responses in plants.Curr.Opin. Plant Biol.,
12:133-139.

de la Paz Sanchez, M., P. Aceves-Garcia, E. Petrone, S.
Steckenborn, R. Vega-Ledn, E. R. Alvarez-Buylla,
A. Garay-Arroyo and B. Garcia-Ponce (2015). The
impact of Polycomb group (PcG) and Trithorax
group (TrxG) epigenetic factors in plant plasticity.
New Phytol., 208: 684-694.

Desvoyes, B., M. P. Sanchez, E. Ramirez-Parra and C.
Gutierrez (2010). Impact of nucleosome dynamics
and histone modifications on cell proliferation
during Arabidopsis development. Heredity, 105(1):
80-91.

Duarte-Aké, F.,G. Nic-Can and C. De-la-Pefia (2019).
Somatic embryogenesis: Polycomb complexes
control cell-to-embryo transition. In Epigenetics in
Plants of Agronomic Importance: Fundamentals and
Applications; Alvarez-Venegas, R., De-la-Pefia, C.,
J.Casas-Mollano,  Eds.;  Springer:  Cham,
Switzerland, pp. 339-354.

Garcia-Pérez, P., E. Lozano-Milo, M. Landin and P. P.
Gallego (2020). Machine learning technology reveals
the concealed interactions of phytohormones on
medicinal plant in vitroorganogenesis. Biomol., 10:

746-767.
Gentile, A.S. Monticelli and C. Damiano (2002).
Adventitious  shoot regeneration in  peach

(PrunuspersicaL.Batsch). Plant Cell Rep., 20(11):
1011-1016.

George, E. F., M. A. Hall and G. J. De Klerk (2008).
Adventitious regeneration.In plant propagation by
tissue culture. 3rd Edition; George, E.F., Hall, M.A.,
De Klerk, G.J. Eds.; Springer Netherlands:
Basingstoke, UK,1: 355-401.

336



J. of Agricultural Chemistry and Biotechnology, Mansoura Univ., Vol. 11 (11), November, 2020

Hammerschlag, F. A., G. Bauchan and R. Scorza (1985).
Regeneration of peach plants from callus derived
from immature embryos. Theor. Appl. Genet.,
70:248-251.

Hay, A. and M. Tsiantis (2010). KNOX genes: versatile
regulators of plant development and diversity.
Devel., 137: 3153-3165

Henderson, I. R., X. Zhang, C. Lu, L. Johnson, B. C.
Meyers, P. J. Green and S. E. Jacobsen (2006).
Dissecting Arabidopsis thaliana DICER function in
small RNA processing, gene silencing and DNA
methylation patterning. Nature Genet., 38(6): 721-
725.

Hennig, L. and M. Derkacheva (2009). Diversity of
polycomb group complexes in plants: same rules,
different players? Trends in Genet., 25(9): 414-423.

Huang, H., S. S.Han, Y. Wang, Z. X. Zhang and Z. H. Han
(2012). Variations in leaf morphology and DNA
methylation following in vitro culture of
Malusxiaojinensis.Plant Cell Tiss Organ Cult.
111:153-161

Jasencakova, Z. and A. Groth (2010). Restoring chromatin
after replication: How new and old histone marks
come together. Semin. Cell & Dev. Biol.,21(2):231-
1.

Joshi, R. and P. Kumar (2013). Regulation of some somatic
embryogenesis in crops: a review. Agri. Reviews,
34(1): 1-20.

Kondo, M. C.,S.F. Jacoby and E.C. South (2018). Does
spending time outdoors reduce stress? A review of
real-time stress response to outdoor environments.
Health &place., 51:136-150.

Law J. A. andS. E. Jacobsen (2010). Establishing,
maintaining and modifying DNA methylation
patterns in plants and animals. Nat Rev Genet 11:
204-220.

Li, Z., B. Li, J. Liu, Z. Guo, Y. Liu, Y. Li, W. Shen, Y.
Huang, H. Huang, Y. Zhang and A. Dong (2016).
Transcription factors AS1 and AS2 interact with
LHP1 to repress KNOX genes in Arabidopsis. J.
Integr. Plant Biol., 58:959-970.

LoSchiavo, F.L. Pitto, G. Giuliano, G.Torti, V. Nuti-
Ronchi, D. Marazziti, R. Vergara, S. OrselliandM.
Terzi (1989). DNA methylation of embryogenic
carrot cell cultures and its variations as caused by
mutation, differentiation, hormones  and
hypomethylating drugs. Theor. Appl. Genet., 77:
325-331.

Miguel, C. and L.Marum (2011). An epigenetic view of
plant cells cultured in vitro: somaclonal variation
and beyond, J. Exp. Bot., 62:3713-3725.

Nagaty, A. M., A. H. Belal, M. D. EI-Deeb, M. M. Sourour,
and E. A. Metry (2007). Production of genetically
modified peach (Prunus persica L. Batsch) El-
Sheikh Zewaied cultivar plants. Journal of Applied
Sciences Research, 3(11): 1600-1608.

Nagaty, A. M. (2012). Establishment of Regeneration
system for Taif peach (Prunus persica L. Batsch)
cultivar (Balady cultivar) in Taif, KSA. Journal of
American Science, 8(4): 232-239.

337

Pasqual, M., J. D.Soares and F.A. Rodrigues (2014).Tissue
culture applications for thegenetic improvement of
plants.Inbiotechnology and plant  breeding:
applications and approaches for developing
improved cultivars; Borém, A., R.Fritsche-Neto,
Eds.; Elsevier Inc.: London, UK, vol. 225, pp. 157—
199.

Pérez-Clemente, R. M., A., Pérez-Sanjuan, L., Garcia-
Férriz, J.-P., BeltranandL.A.Cafias  (2004).
Transgenic peach plants (Prunuspersica L.)
produced by genetic transformation of embryo
sections using the green fluorescent protein (GFP) as
an in vivo marker. Mol. Breed. 14: 419-427.

Pérez-Jiménez, M.E.  Cantero-Navarro,  F.Pérez-
Alfoceaand).  Cos-Terrer  (2014).Endogenous
hormones response to cytokinins with regard to
organogenesis in explants of peach (Prunuspersica
L. Batsch) cultivars and rootstocks (P.persica x
Prunusdulcis). Plant Physiol. Biochem., 84:197—
202.

Pérez-Jiménez, M.,A. Carrillo-Navarro andJ. Cos-Terrer
(2012).Regeneration of peach (Prunuspersica L.
Batsch) cultivars and Prunuspersica x Prunusdulcis
rootstocks via organogenesis.Plant Cell Tissue
Organ.Cult., 108: 55-62.

Pérez-Jiménez, M.M.B. Lopez-Soto andJ. Cos-Terrer
(2013). In vitro callus induction from adult tissues of
peach (Prunuspersica L. Batsch).In Vitro Cell. Dev.
Biol. Plant, 49: 79-84.

Pooler, M. R. and R. Scorza (1995): Regeneration of Peach
[Prunus persica L. Batsch) rootstock cultivars from
cotyledons of mature stored seed. Hort Science, 30:
355 —356.

Ran, L., M., Lia, H. X.Fana, J. J. Jiang,Y. P. Wang and V.
Sokolov (2016).Epigenetic variation in the callus of
Brassica  napusunder  different  inducement
conditions.Russ. J. Genet., 52(8):802-809.

Ricci, A., L. Capriotti,B. Mezzetti,O. Navacchi and S.
Sabbadini (2020). Adventitious shoot regeneration
from in vitro leaf explants of the peach rookstock
Hansen 536. Plants, 9: 755-768.

Sabbadini, S., A. Ricci, C. Limera, D. Baldoni, L. Capriotti
and B. Mezzetti (2019). Factors affecting the
regeneration via organogenesis, and the selection of
transgenic calli in the peach rootstock Hansen 536
(Prunuspersica x Prunusamygdalus) to express an
RNAI construct against PPV virus.Plants, 8:178-
182.

Schauer, S. E., T. A. Golden, D. S. Merchant, B. N. Patra, J.
D. Lang, S. Ray, B. Chakravarti, D. Chakravarti and
A. Ray (2013). DCL1, a Protein that Produces Plant
MicroRNA, Coordinates Meristem  Activity.
Project: miRNA in plant biology. BioRxivdoi:
http://dx.doi.org/10.1101/001438

Schmittgen, T. D. and K. J. Livak (2008). Analyzing real-
time PCR data by the comparative ct method. Nature
protocols, 3(6):1101-1108

Scofield, S., W. Dewitteand). A. Murray (2014). STM
sustains stem cell function in the Arabidopsis shoot
apical meristem and controls KNOX gene expression
independently of the transcriptional repressor AS1.
Plant Signal Behav., 9(6):628934-1-5.


http://dx.doi.org/10.1101/001438

Roba M. Ismail et al.

Shibahara, K. and B. Stillman (1999). Replication-
dependent marking of DNA by PCNA facilitates
CAF-1-coupled inheritance of chromatin. Cell, 96:
575-585.

Shin, J.,S. Bae and P.J. Seo (2019). De novo shoot
organogenesis during plant regeneration. J. EXp.
Bot.,7:63-72.

Taskin, K. M., A.Ozbilen, F.Sezer, N. Cérdiik and D. Erden
(2015).Determination of the expression levels of
DNA methyltransferase genes during a highly
efficient  regeneration system via  shoot
organogenesis in  the  diploid  apomict
Boecheradivaricarpa. Plant Cell Tiss.Organ.Cult.,

121: 335-343.
Thorstensen, T., P. E. Grini and R. B. Aalen (2011).SET
domain  proteins in  plant  development.

Bioch.etBiophys. Acta, 1809:407—420.

Taylor-Teeples, M., A.LanctotandJ. L. Nemhauser (2016).
As above, so below: Auxin's role in lateral organ
development. Develop. Biol., 419(1): 156-164.

Thorat, A. S., N. A. Sonone, V. V. Choudhari, R. M.
Devarumath and K. H. Babu (2018). Plant
regeneration from direct and indirect organogenesis
and assessment of genetic fidelity in
Saccharumofficinarum using DNA-based markers.
Biosci.Biotechnol. Res. Commun., 11: 60-69.

Tompa, R., C. M. McCallum, J. Delrow, J. G. Henikoff, B.
van Steensel and S. Henikoff (2002). Genome-wide
profiling of DNA methylation reveals transposon
targets of CHROMOMETHYLASES. Curr Biol 12:
65-68

Wojcik, A. M. and M.D.Gaj (2016).miR393 contributes to
the embryogenic transition induced in vitro in
Arabidopsis via the modification of the tissue
sensitivity to auxin treatment. Planta, 244: 231-243.

Wojcikowska, B.,A. M. Wdjcik, and M.D. Gaj (2020).
Epigenetic regulation of auxin-Induced somatic
embryogenesis in plants. Int. J. Mol. Sci., 21: 2307-
2330.

Wu, Y. J,, S. L.Zhang, M. Xie, J. W. Chen, G. H. Jiang, Y.
H. Qinand Q. P. Qin (2006): Genetic transformation
of peach immature cotyledons with its antisense
ACO gene. Yi Chuan, 28: 65-70.

Xin, G. L., J. Q. Liu, J.Liu, X. L.Ren, X. M.Du, andW. Z.
Liu (2019). Anatomy and RNA-Seq reveal
important  gene  pathways regulating  sex
differentiation in a functionally Androdioecious tree,
Tapisciasinensis. BMC plant biol.,19: 554 (1-21).

Yan, G.H. and Y. Zhou (2002): Plant regeneration from
excised immature embryos of peach (Prunus persica
L.). Acta Hort. Sin., 29:480-482.

Zhang, H., Z. Lang and J.-K.Zhu (2018). Dynamics and
function of DNA methylation in plants. Nature Rev.
Mol. Cell Biol., 19: 489-506.

Zhang, Y.andD.Reinberg (2001). Transcription regulation
by histone methylation: Interplay between different
covalent modifications of the core histone tails.
Genes Dev., 15: 2343-2360.

Zhao, X. Y., Y. H. Su, Z. J. Cheng and X. S. Zhang
(2008).Cell fate switch during In vitro plant
organogenesis. J. Integr. Plant Biol., 50:816-824.

& A il 8 jlaial) £ 8 B Aiadll 43) gl Ada yal) cillial) Glaad sl el

4 o) a8 dena 93 A dasa z‘éhggi Jgana Ll Fldelan) Cada ay

a8l ¢ (ARC) &1 )3l &igadll 3850 ¢« (AGERI) &3 41 ol duigh) Cigay agaa ¢ bl )yl Jgail) anid 1

raa 83l (ARC) 48130 Sigasd) 38 e « (AGERI) 41,50 &) dusigh) & g g ¢ i gl g g 9 9 bl plaasS a2
raa ¢ sl Jadi ¢ Ol ¢ G ) Anala ¢ Al 21 30 o gl A8 ¢ A LN a3

raa B3l (ARC) 481030 &igadd) 58 5a ¢ (AGERI) 41550 4o 0 daigh) & gy dgaa ¢ 45030 iy S L o gaal) a4

O Adlide S iy i OB a8l ) s (e gl Guiall 4y il \g}‘)\jﬂ\gk\ Al (s A 5l 028 8

Lw el e Jgandl @i (IBA) 2 €l 5isn S50l 5 (IAA) 2l s J 5315 (TDZ) s el 5 (BA) Gl i, salll cilalaia
Chromomethylase 3 i el oS el 4 0 a5 JAA Sia) jade 0.5 ae BA il e 1.5 aladiul xie el salel

(CMT3), Domains Rearranged Methyltransferase2 (DRM2), Fertilization Independent Endosperm (FIE2) and
Chromodomain Protein Like Heterochromatin Proteinl (LHP1), Pickle (PKL), Proliferating Cell Nuclear Antigen
5l a8 5 & Al a4y padll e 81 L3 (PCNA), Shoot Meristemless (STM) and DICER-LIKEL (DCL1)
e 3a8 cpinlys e il il el Jle 5 55 BA J dusla 5 S s

338



