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Abstract Many genes are temporally and spatially regulated during embryogenesis in higher plants. Although many
studies have examined transcriptional factors relating to gene regulation during embryogenesis, the molecular mechanisms
relating to the initiation of embryogenesis are still unclear. In animals, it was reported that gene regulation by chromatin
remodeling contributes to embryogenesis. In contrast, the relationship between chromatin remodeling and the initiation of
embryogenesis in higher plants remains to be determined. LEAFY COTYLEDON1 (LEC1) is an important factor in early
embryogenesis and is ectopically expressed in the pkl1-1 mutant, which is deficient in chromatin remodeling factor.
Therefore, there is a high probability that chromatin remodeling regulates the expression of LEC1. To confirm this
possibility, the histone methylation level, which is involved in chromatin remodeling, was examined for the genomic region
of LEC1 by chromatin immunoprecipitation analysis. In the promoter region of LEC1, methylation of histone H3 lysine 4 in
somatic embryos was higher in rosette leaves. SET domain-containing proteins are an important factor in histone
methylation. To isolate the SET domain-containing protein genes (SET gene) involved in Arabidopsis thaliana
embryogenesis, expression analyses using RT-PCR were performed. Among 37 SET genes, seven were found to have a high
probability of involvement in embryogenesis.
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In higher plants, embryogenesis is the developmental
process that usually begins once the egg has been
fertilized, and is temporally and spatially regulated.
Although the molecular biological mechanism of
embryogenesis is of interest, the zygotic embryo is
not well understood. Detailed analyses of zygotic
embryogenesis are hampered by the difficulty of
isolating sufficient amounts of zygotic embryos in early
stages. Therefore, somatic embryogenesis has been
extensively used as an experimental model system
to examine physiological, biochemical, and molecular
biological events during zygotic embryogenesis. Somatic
embryos show a similar morphological change (globular
stage, heart-shaped stage, and torpedo-shaped stage) to
zygotic embryos, and grow to seedlings. A number of
genes involved in embryogenesis have been isolated
(Meinke et al. 1995; Thibaud-Nissen et al. 2003;
Takahata et al. 2004), and the transcription factors
of LEAFY COTYLEDON1 (LEC1), LEC2, FUSCA3
(FUS3), and ABSCISSIC ACID INSENSITIVE3 (ABI3)

have been shown to play key roles in the control of early
embryo development (Parcy et al. 1997). However, the
molecular biological mechanism of the initiation of
embryogenesis remains unclear.
Recently, it was shown that “chromatin remodeling”
is involved in phase changes and cell differentiation
in animals (Simon et al. 2002). Chromatin remodeling
contributes to the control mechanism of inherited
information, which is different from the stable information
of DNA. This mechanism regulates the higher structure
of chromatin switching between “heterochromatin” and
“euchromatin” conditions in which DNA is tightly or
loosely packaged by nucleosomes, respectively. Because
tightly packed DNA cannot interact with transcriptional
factors, chromatin remodeling is involved in the
regulation of gene expression over the entire genome
(Mellor 2005).
The relationship between embryogenesis and chromatin
remodeling has already been reported in animals. For
example, Meisetz is important for the progression
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of early meiotic prophase in postnatal testis (Hayashi
et al. 2005). In Arabidopsis, the relationship between
embryogenesis and chromatin remodeling has also been
established. PICKLE (PKL) is reportedly a chromatin
remodeling factor that influences the expression of
embryo-specific genes, such as LEC1 in Arabidopsis
(Ogas et al. 1999; Rider et al. 2003). Since the pkl1-1
mutant shows embryonic traits due to the ectopic
expression of LEC1 after germination, it is thought that
the expression of LEC1 is regulated by the alteration of
chromatin structure and that PKL represses embryonic
identity during germination via the regulation of certain
genes, such as those related to embryogenesis. Therefore,
LEC1 may be a good marker for the identification
of chromatin remodeling related genes involved in
embryogenesis.
Many factors are involved in regulation by chromatin
remodeling. One of the most important is the histone
modification enzyme (Loidl 2004). The N- and C-termini
of histone are subjected to a variety of post-translational
modifications including methylation, acetylation, and
phosphorylation (Jenuwein and Allis 2001). A number of
reports indicate that histone methylation has important
functions in the epigenetic control of gene expression
and chromatin packaging, especially in differentiation
(Tariq and Paszkowski 2004). For example, in
Drosophila and mice, histone methylation is important in
regulating the expression of Hox genes, which control
segmental patterning during development (Pirrotta 1998;
Terranova et al. 2006).
Methylation of the 9th and 27th lysine from the
N-terminus of histone H3 (H3K9 and H3K27,
respectively) is a characteristic of heterochromatin,
whereas methylation of the 4th and 36th lysine from
the N-terminus of this protein (H3K4 and H3K36,
respectively) is thought to be characteristic of euchromatin
(Jenuwein and Allis 2001). In Arabidopsis, the expression
profile of FLOWERING LOCUS C (FLC), which
encodes a flowering repressor and is involved in
vernalization, is reportedly associated with methylation
at H3K4, H3K9, and H3K27 (Bastow et al. 2004;
Sung and Amasino 2004; Finnegan et al. 2005). After
vernalization, the methylation level of H3K4, surrounding
the region of the transcription start site of the FLC gene,
and the expression level of FLC, are reduced, whereas
the methylation level at H3K9 and H3K27 are increased.
Among enzymes involved in the methylation of
histone, SET domain-containing proteins have been
shown to mainly contribute to methylation. The SET
domain is a conserved amino acid sequence among
the E(z), TRX, and Su(var)3-9 groups in Drosophila
(Tripoulas et al. 1996; Baumbusch et al. 2001). In the
Arabidopsis genome, 37 genes were predicted to encode
SET domain-containing proteins (SET genes) from their
sequences (Baumbusch et al. 2001). These SET genes are

divided into four groups based on conserved domains, as
typified by the ones in Drosophila: the enhancer of zeste
(E(z)) group (MEA, CLF, and SWN); the trithorax
(TRX) group (ATX1 to 5 and ATXR1 to R7); the absent,
small, or homeotic discs (ASH) group (ASHH1 to H4
and ASHR1 to R3); and the suppressor of variegation 39 (Su(var)3-9) group (SUVH1 to H10 and SUVR1 to
R5). There are a few reports that the E(z) and Su(var)3-9
groups are involved in the formation and maintenance
of heterochromatin, respectively (Goodrich et al. 1997;
Lindroth et al. 2004). In contrast, the TRX and ASH
groups seem to be involved in the formation and
maintenance of euchromatin, respectively (Goodrich
et al. 1997; van Lohuizen, 1998; Alvarez-Venegas et
al. 2003; Zhao et al. 2005; Saleh et al. 2007; Pien
et al. 2008). However the function of SET genes
in Arabidopsis is not well understood. Because the
initiation of embryogenesis is regarded as a phase change
from somatic to embryonic conditions, chromatin
remodeling is thought to contribute to the regulation of
fertilization and early embryogenesis. In this study,
we examine the possibility that the expression of LEC1
is regulated by chromatin remodeling via histone
methylation and that some SET genes are involved in
embryogenesis.

Materials and methods
Plant materials
Arabidopsis thaliana (L.) Heynh. (Ecotype Columbia) was
used for the plant material. The flower buds, flowers, and
siliques at various days after flowering (DAF) were harvested
and stored at 80°C until use.

Induction of Arabidopsis somatic embryos from
vegetative tissues
Induction of Arabidopsis somatic embryos from vegetative
tissues was performed according to the method of IkedaIwai et al. (2003). Seeds were surface-sterilized with
1% NaClO solution for 15 min and washed with sterile
distilled water. They were placed on agar-solidified (0.8%)
phytohormone-free B5 medium for germination at 21°C under
continuous light (white light at 50 m mol photons m2 s1 ).
Germinated 5-day-old seedlings were used in the experiments.
Shoot-apical-tip explants (about 1 mm in length) of 5-day-old
seedlings were placed on agar-solidified, phytohormone-free
B5 medium containing 0.7 M mannitol. After 8 h, the explants
were washed with liquid B5 medium and transferred to agarsolidified B5 medium containing 4.5 m M of 2,4-D without
0.7 M mannitol. These were cultured for 2–3 weeks at 21°C
under continuous light (white light at 50 m mol photons m2
s1).

RT-PCR analysis
Total RNA was extracted using the GET Pure RNA Extraction
Kit (Dojindo, Japan) according to the manufacturer’s instructions.
RNA was extracted from 10 mg samples of buds, flowers,
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siliques, leaves, and shoot apical meristem (SAM). For RT-PCR
analysis, the first-strand cDNA was synthesized from 1 m g total
RNA using the SuperScript-First cDNA Synthesis System for
RT-PCR (Invitrogen, USA) with an oligo dT extension (5GTAAAACGACGGCCAGTCCCTTTTTTTTTTTTTTTTT3). PCR amplification was performed using Amplitaq Gold
(Applied Biosystems, USA). The primers used for RT-PCR
analysis are given in Supplemental Table 1. The reactions were
carried out on a thermal cycler, with denaturation starting at
94°C for 10 min, followed by 30 cycles at 94°C for 30 s, 55°C
for 30 s, and 72°C for 1 min, with a final extension at 72°C for
5 min. Each experiment was repeated three times.

Chromatin immunoprecipitation analysis for the
LEC1 gene
Chromatin immunoprecipitation (ChIP) assays for methylated
H3K9 and H3K4 were performed according to the method of
Gendrel et al. (2002) with modification. Antibodies recognizing
methylated H3K9 (Upstate Biotechnology, USA) and methylated
H3K4 (Abcam, UK) were used. Somatic embryo samples and
2-week-old rosette leaves of 100 mg were used in the assay.
Tissues frozen in liquid nitrogen were ground to a fine powder
and re-suspended in 30 ml of cold extraction buffer 1
(Supplemental Table 2). The slurry was filtered through two
layers of Miracloth (MERCK, USA) and the solution was
centrifuged at 3,400g for 20 min. The pellets were resuspended in 1 ml of extraction buffer 2 (Supplemental Table
2), and the solution was then centrifuged at 14,000g for
10 min at 4°C. The pellets were re-suspended in 300 m l of
extraction buffer 3 (Supplemental Table 2). Then 300 m l of
extraction buffer 3 were added to a new, clean tube and resuspended pellets were layered on top of the extraction buffer.
These were centrifuged at 14,000g for 60 min at 4°C. The
pellets were re-suspended in 500 m l of nuclei lysis buffer
(Supplemental Table 2) and digested with micrococcal nuclease
for 2 h on ice. Then, 10 m l of 0.5 mM EDTA were added to stop
digestion and the samples were centrifuged at 14,000g for
10 min at 4°C. Supernatants were transferred to new tubes
and centrifuged at 14,000g for 10 min at 4°C, and then
transferred to new tubes. These samples were diluted 10 times
with ChIP dilution buffer (Supplemental Table 2). To remove
the non-specific binding protein using Protein A agarose beads
(Upstate Biotechnology, USA), the samples were pre-cleared
by adding 40 m l of beads equilibrated by ChIP dilution buffer
(Supplemental Table 2). Then, 600 m l of pre-cleared samples
were divided among 4 tubes, and 5 m l of anti-methylated H3K9
and anti-methylated H3K4 were added to two tubes each, one
of which had no antibody added (mock) and the other of which
had only the initial material (input). The samples were incubated
on a rotating mixer wheel overnight at 4°C. Immune complexes
were collected by adding 40 m l of Protein A agarose beads
and rotating for 1 h at 4°C. The beads were collected by
centrifugation at 800g for 2 min at 4°C. These were washed
with 1 ml of each buffer (Supplemental Table 3) for 5 min at
4°C, and twice with 1 ml of TE. Immune complexes were
eluted by 500 m l of elution buffer (Supplemental Table 2) for
15 min at 65°C with agitation. Immune complexes were then
separated from the beads by centrifugation at 800g for 2 min.
Immune complexes were incubated in 20 m l of 5 M NaCl for
6 h at 65°C. To eliminate proteins, 10 m l of 0.5 M EDTA, 20 m l

of 1 M Tris-HCl (pH 6.5), and 1 m l of 20 mg ml1 proteinase K
were added and incubated for 1 h at 45°C. After treatment with
phenol:chloroform (1 : 1), DNA was recovered by EtOH
precipitation with 15 m g of glycogen. The DNA was
resuspended in 25 m l of TE, and 1.5 m l of this solution were
used for quantitative PCR.

Quantitative PCR for ChIP analysis
The amount of precipitated DNA in ChIP assays was quantified
by Quantitative-PCR using a LightCycler (Roche Diagnostics,
Germany) with the LightCycler FastStart DNA Master SYBR
Green I (Roche Diagnostics, Germany). Cycling and reaction
conditions were mediated according to the manufacturer’s
instructions. An optimal concentration of magnesium in the
PCR reaction solution was maintained for each primer set. To
quantify the amount of precipitated DNA, the pGEM T Easy
Vector (Promega, USA), containing DNA from each region,
was used as a standard. No template controls were included in
quantification to ensure that the results were not influenced by
primer-dimer formation. The amount of precipitated DNA in
each sample was normalized using a primer pair specific for the
5 end of ACTIN2/7, which is a constitutively expressed gene
assumed to be euchromatic (An et al. 1996). The primers used
for the quantitative PCR analysis are given in Supplemental
Table 4. Each experiment was repeated three times.

Results
Expression patterns of LEC1 during somatic
embryo induction
Stress induction of somatic embryos has been reported in
some plant species, such as carrot (Kamada and Harada
1979) and Arabidopsis (Ikeda-Iwai et al. 2003). In
carrots, it is known that embryogenesis-related genes
are induced by various kinds of stress treatments
(Nishiwaki et al. 2000; Kikuchi et al. 2006), and novel
embryogenesis-related genes have reportedly been
isolated using this system (Tanaka et al. 2009). In
Arabidopsis, somatic embryos were formed on shootapical-tip explants by osmotic stress and 2,4-D, but no
somatic embryos were induced on 2-week-old rosette
leaf explants. To verify whether embryogenesis-related
genes were expressed during stress treatment in
Arabidopsis as in carrots, we analyzed the expression of
LEC1 using material from before and after stress
treatment. Expression of LEC1 was strongly induced by
stress treatment in shoot-apical-tip explants, but not in
rosette leaf explants (Figure 1). From these results, we
suggest that expression of LEC1 is associated with the
induction of somatic embryos. This system may be
useful for the screening of candidate genes involved in
somatic embryogenesis.
ChIP analysis for the location of the LEC1 gene
LEC1 expression was induced by the somatic embryo
induction system (Figure 1). It was predicted that the
methylation level of the genomic region of LEC1 would
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Figure 1. Expression analysis of LEC1 genes in the stress induction
system of somatic embryos. (A) Diagram of the culture system for
stress-induced somatic embryogenesis. The black arrows (0 and 8 h)
indicate the time course for the culture system. Red circles indicate
sampling points. The red X indicates that a somatic embryo was not
formed. (B) Lane 1: Shoot-apical-tip explants before osmotic stress
treatment; lane 2: shoot-apical-tip explants after osmotic stress
treatment; lane 3: 2-week-old leaves before osmotic stress treatment;
lane 4: 2-week-old leaves before osmotic stress treatment. PCR
products of 10 m l from the sample cDNA using specific primer set of
LEC1-F and LEC1-R. (Supplemental Table 2) were loaded on an
agarose (1.5%) gel.

change if chromatin remodeling regulates LEC1
expression. Therefore, to clarify the association between
LEC1 expression and methylation of the histone in
the location of LEC1, ChIP analysis was carried out
using the somatic embryo and rosette leaves. Four parts
from the genomic region of LEC1 (promoter region,
surrounding region of the transcription start site, first
intron, and 2nd exon) were selected and analyzed for
histone methylation (Figure 2A). In this analysis,
methylation of H3K4 and H3K9 was investigated as the
typical markers of chromatin status in euchromatin and
heterochromatin, respectively. We observed high
methylation of H3K4 in the promoter region of the
somatic embryo (Figure 2B), whereas in rosette leaves,
methylation of H3K4 was not detected in promoter
region and higher in other parts of the genome. In
contrast, low methylation of H3K9 was only seen in the
surrounding region of the transcription start site in
somatic embryos (Figure 2C), and was hardly detected in
other regions in both of somatic embryo and rosette
leaves. From these results, we suggest that H3K4
methylation at the histone of the promoter region may be
involved in LEC1 expression.

Figure 2. ChIP analysis of the genomic region of LEC1. (A)
Schematic of the LEC1 genomic region around the promoter from
1100 to the 3 UTR. The box indicates the exon region. The positions
from which the primer designed for ChIP comes from are indicated by
bars and the primer position is shown by numbers over the bars. (B, C)
Histone methylation level of H3K4 and H3K9 in the genomic region of
LEC1 by ChIP assay, respectively. Black bars indicate the methylation
level in embryos, whereas gray bars indicate that in leaves.

Expression profile of SET genes before and after
fertilization in Arabidopsis
From the comparison of histone methylation between
somatic embryos and rosette leaves, the histone
methylation pattern was altered in the promoter region of
LEC1 (Figure 2B and C). To identify the SET genes
involved in this alteration from among the 37 predicted
SET genes in Arabidopsis, we performed an expression
analysis using RT-PCR of inflorescences and siliques. To
evaluate the expression in other stages of the life cycle
of Arabidopsis, flower buds, flowers (1–2 days after
flowering), and siliques (5 mm), containing eggs before
fertilization, fertilized eggs, and early zygotic embryos,
were examined. In total, 31 SET genes were expressed in
all tissues (Figure 3), whereas 6 of the predicted genes
were not expressed. The expression levels of most genes
were not altered during embryo development; only that
of MEA increased. From these results, the 6 unexpressed
or undetected SET genes were removed as candidates and
were not used in the following experiments.
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Figure 3. Expression analyses of SET genes in inflorescences and
siliques. Results of RT-PCR from E(z), TRX, ASH, and Su(var)3-9
groups. Lane 1: flower buds; lane 2: flowers; and lane 3: siliques. PCR
products of 10 m l from the sample cDNA using specific primers
(Supplemental Table 1) were loaded on an agarose (1.5%) gel.

Evaluation of candidate genes using the stress
induction system of somatic embryos
The expression profiles of 31 SET genes were evaluated
in shoot-apical-tips and rosette leaves by RT-PCR before
and after stress treatment. To confirm embryo formation
in each experimental batch, a part of the explants was
used as material for the induction of somatic embryos.
Only MEA showed specific expression in shoot-apical-tip
explants, but its expression did not change with stress
treatment. In contrast, other SET genes were expressed in
both explants by stress treatment (Figure 4). Among the
31 genes, the expression levels of 7 (SWN, ATXR3,
ASHH1, ASHH2, SUVH2, SUVH5, and SUVH6)
increased with stress treatment, while the expression of 3
genes (ATXR1, ATXR4, and ATXR6) was reduced (Figure
4). These tendencies were observed in both shoot-apicaltip and rosette leaf explants. On the other hand, the
expression of 12 SET genes was specifically changed
in leaves by stress: 7 (ATX3, ATX4, ATXR5, ASHR1,
SUVH1, SUVH9, and SUVR3) exhibited increased
expression and 5 (ATXR1, ATXR2, ATXR4, ATXR6, and
ASHR3) had reduced expression.

Figure 4. Expression analysis of SET genes in the stress induction
system of somatic embryos. Results of RT-PCR of the E(z), TRX,
ASH, and Su(var)3-9 groups. Lane 1: shoot-apical-tip explants before
osmotic stress treatment; lane 2: shoot-apical-tip explants after osmotic
stress treatment; lane 3: 2-week-old leaves before osmotic stress
treatment; and lane 4: 2-week-old leaves before osmotic stress
treatment. PCR products of 10 m l from the sample cDNA using specific
primers (Supplemental Table 1) were loaded onto an agarose (1.5%)
gel.

Discussion
Association between embryogenesis and
chromatin remodeling
Histone methylation is responsible for the higher
structure of chromatin and the regulation of gene
expression. Methylation of H3K4 indicates a euchromatin
state and leads to active gene expression (Jenuwein and
Allis 2001). On the other hand, methylation of H3K9
indicates the heterochromatin state and inactive gene
expression (Jenuwein and Allis 2001). In this study, we
showed that the expression of LEC1 increased with stress
treatment (Figure 1). Expression of LEC1 is reportedly
involved in chromatin remodeling because LEC1 is
ectopically expressed in pkl1-1 mutant, which is deficient
in chromatin remodeling factor (Ogas et al. 1999;
Rider et al. 2003). Therefore, we expected the histone
methylation status to differ between tissues expressing
LEC1 (somatic embryos) and those not expressing LEC1
(rosette leaves), as the expression of LEC1 is regulated
by chromatin remodeling. To evaluate whether chromatin
remodeling is involved in embryogenesis, we investigated
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histone methylation in the genomic region of LEC1 by
ChIP analysis using somatic embryos and rosette leaves.
The results showed that the H3K4 methylation level in
the promoter region was higher in somatic embryos than
in rosette leaves (Figure 2B). Chromatin remodeling is
reported to mainly regulate the higher structure of
chromatin in the promoter region (Mellor 2005).
However, methylation of H3K9 was not detected in the
promoter region of rosette leaves (Figure 2C). Histone in
the promoter region of seedlings is reportedly modified
by H3K27 methylation, which is detected in the promoter
region of repressed genes (Zang et al. 2007). Therefore,
repression of LEC1 in the vegetative phase may have
been involved in H3K27 methylation of the promoter
region, but not in H3K9 methylation. From these results,
we suggest that chromatin remodeling in the promoter
region of LEC1 may regulate gene expression. H3K9
methylation was only detected at the surroundiug region
of transcription start site in somatic embryos (Figure
2C); however, H3K4 methylation was also detected at the
surroundiug region of transcription start site in somatic
embryos (Figure 2B). Therefore, methylation at the
transcription start site may not be involved in the
expression of LEC1.
SET genes expressed in Arabidopsis embryonic
tissues
In total, 37 SET genes were predicted for Arabidopsis
based on sequence information. These genes were
divided into four groups based on their functional
domains. From the expression analysis of inflorescences
and siliques, 6 of the 37 genes were not expressed in
any tissue (Figure 3). Furthermore, these 6 predicted
SET genes were also not expressed in vegetative tissues
(data not shown). From these data, these 6 predicted SET
genes might not function in the zygotic embryo and
vegetative phase, whereas 31 SET genes were expressed
in somatic embryos, 3, 12, 6, and 10 of which
belonged to the E(z), TRX, ASH, and Su(var)3-9 groups,
respectively. Because some SET genes show redundancy
in Arabidopsis (Baumbusch et al. 2001), it is thought that
these 31 SET genes also work redundantly in each group.
Candidates for SET genes involved in
embryogenesis
The SET genes were divided into 4 groups (Su(var)3-9,
ASH, TRX, and E(z)) based on their functions and
functional domains. We predicted that up-regulated SET
genes in induction of somatic embryo were expressed in
the embryo and function in embryogenesis. Results of
expression analysis using the stress induction system of
somatic embryos indicated that 7 SET genes had a higher
probability of being involved in embryogenesis than the
others (Figure 4). Among the 4 groups, Su(var)3-9 was
reported to manage the maintenance of heterochromatin,

which is mainly involved in the transposons and
centromere regions (Lindroth et al. 2004). The Su(var)39 group may be indirectly involved in the expression of
embryogenesis-related genes. The SUVH2, SUVH5, and
SUVH6 genes are of interest, because their expression
increased in the stress induction system of somatic
embryos (Figure 4). Furthermore, the suvh2 mutation is
reported to cause ectopic heterochromatization (Naumann
et al. 2005) and SUVH6 is involved in the maintenance
of heterochromatin in Arabidopsis (Ebbs et al. 2005).
In mice, the methylation level of histone throughout
the whole genome was reportedly altered during the
formation of germ line cells (Seki et al. 2005). Since
germ line cells, as well as somatic embryos, are derived
from cells in somatic tissues via re-differentiation
(Surani 2001), genome-wide heterochromatization might
be a necessary component of embryogenesis in plants via
re-differentiation.
The expression levels of ASHH1 and ASHH2, from the
ASH group of genes, increased in the stress induction
system in the somatic embryo (Figure 4). ASHH2 has
been reported to be involved in the transition from the
vegetative to the reproductive phase, as ashh2 showed
early flowering and suppression of FLC (Zhao et al.
2005). Therefore, ASHH2 may be involved in
phase transition from reproductive to embryogenesis.
However, ashh2 did not have an abnormal phenotype in
embryogenesis. The amino acid sequence of ASHH1 is
similar to that of ASHH2. Therefore, ASHH1 and ASHH2
may function redundantly in early embryogenesis.
The TRX and E(z) groups may function competitively
and be involved in the activation and silencing of gene
expression in plants, respectively (Goodrich et al. 1997),
and both groups are involved in the regulation of the
expression of morphogenesis-related genes in Arabidopsis
(Goodrich et al. 1997; Saleh et al. 2007). Therefore, it is
expected that genes in these two groups that exhibit
increased expression under stress treatment have a
high probability of involvement in the expression of
embryogenesis-related genes than other SET genes. MEA
is reportedly expressed in the embryo and endosperm
and involved in embryo and endosperm development via
genome imprinting (Autran et al. 2005; Leroy et al.
2007). This report concurs with the expression analysis
that MEA is specifically expressed in siliques (Figure 3).
However, the expression pattern of MEA was not greatly
changed by induction of the somatic embryo (Figure 4).
High expression levels of MEA may not be necessary to
form a somatic embryo. In the TRX and E(z) groups,
only the expression levels of SWN and ATXR3 increased
with stress treatment. ATXR3 may function in the
expression of embryogenesis-related genes, which are
repressed by the E(z) group in the vegetative and
reproductive phase, because the TRX and E(z) groups
are competitive with each other. However, there have
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been no reports on the function of ATXR3 and the
phenotype in atxr3 plants. Therefore, it is important to
analyze the double mutant of atxr3 and other ATXR
genes. On the other hand, for SWN, it was reported that
LEC1 was ectopically expressed in the double mutant of
CLF and SWN after germination (Makarevich et al.
2006). SWN has been reported to work redundantly with
MEA, and mutations of SWN enhance embryo lethality in
MEA mutants (Wang et al. 2006). SWN might repress the
genes that are not involved in embryogenesis, and SWN
is an important factor in the repression of LEC1 in the
vegetative phase. Because plant SET proteins work
redundantly in many cases, analysis using clf/swn double
mutants might clarify whether SWN is responsible for the
regulation of histone methylation in the expression of
LEC1.
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