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Plant flowering is a crucial developmental transition from

the vegetative to reproductive phase and is properly timed

by a number of intrinsic and environmental cues. Genetic

studies have identified that chromatin modification influ-

ences the expression of FLOWERING LOCUS C (FLC), a

MADS-box transcription factor that controls flowering

time. Histone deacetylation and methylation at H3K9 and

H3K27 are associated with repression of FLC; in contrast,

methylation at H3K4 and H3K36 activates FLC expression.

However, little is known about the functions of histone

arginine methylation in plants. Here, we report that

Arabidopsis Shk1 binding protein 1 (SKB1) catalyzes his-

tone H4R3 symmetric dimethylation (H4R3sme2). SKB1

lesion results in upregulation of FLC and late flowering

under both long and short days, but late flowering is

reversed by vernalization and gibberellin treatments. An

skb1-1flc-3 double mutant blocks late-flowering phenotype,

which suggests that SKB1 promotes flowering by suppres-

sing FLC transcription. SKB1 binds to the FLC promoter,

and disruption of SKB1 results in reduced H4R3sme2,

especially in the promoter of FLC chromatin. Thus, SKB1-

mediated H4R3sme2 is a novel histone mark required for

repression of FLC expression and flowering time control.
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Introduction

The lifespan in flowering plants is highly controlled by

a developmental switch for the vegetative to reproductive

transition. Investigations in Arabidopsis have identified four

major pathways (photoperiod, vernalization, gibberellin

(GA) and autonomous) involved in regulating flowering

time (Komeda, 2004; He and Amasino, 2005). The photoper-

iod and vernalization pathways render Arabidopsis able to

flower in response to external cues. The vernalization path-

way accelerates flowering, and at least three genes (VRN1,

VRN2 and VIN3) are involved (Gendall et al, 2001; Levy et al,

2002; Sung and Amasino, 2004). vrn1, vrn2 and vin3 mutants

reduce the vernalization response. VRN1 and VRN2 are

expressed constitutively, but VIN3 expression is cold induced.

The photoperiod flowering pathway is controlled by

CONSTANS, CRY2, FHA, GIGANTEA, FT and FWA, and mu-

tants for all are weakly or not at all sensitive to cold treatment

(Martinez-Zapater and Somerville, 1990; Koornneef et al,

1991; Guo et al, 1998; Searle and Coupland, 2004).

The autonomous pathway is defined by a group of late-

flowering mutants fca, fpa, fve, fld, ld, fy and flk, whose

expression does not depend on photoperiod (Koornneef et al,

1991; Lee et al, 1994; Macknight et al, 1997; Schomburg et al,

2001; He et al, 2003; Simpson et al, 2003; Ausin et al, 2004;

Lim et al, 2004; Mockler et al, 2004). In contrast to photo-

period mutant plants, the autonomous mutant plants exhibit

a marked reduction in flowering time under vernalization

treatment (Koornneef et al, 1991). Thus, vernalization can

overcome the requirement for the autonomous pathway.

In promoting flowering, GA increases the expression of

SOC1 and LEAFY, whereas photoperiod controls flowering

time through regulation of CO (Komeda, 2004; He and

Amasino, 2005). Autonomous and vernalization pathways

both control flowering by decreasing of FLC mRNA level

(Komeda, 2004; He and Amasino, 2005). FLC is a MADS-

box transcription factor that plays a central role in blocking

developmental transition from the vegetative to flowering

stage (Michaels and Amasino, 1999a; Sheldon et al, 1999).

Loss of FLC function elevates the expression of SOC1 and FT,

two flowering-time integrator genes, and leads to earlier

flowering (Hepworth et al, 2002). The late-flowering pheno-

type in autonomous pathway mutant plants was blocked by

introducing flc (Michaels and Amasino, 2001; He et al, 2003).

Vernalization accelerates flowering by a permanent epige-

netic repression of FLC expression despite the presence of

autonomous pathway mutations (Komeda, 2004).

Recent studies have revealed that FLC-mediated transition

of flowering time is associated with histone covalent mod-

ification, including acetylation and methylation (He and

Amasino, 2005). The autonomous pathway repressors FLD

and FVE, as components of an HDAC complex, inhibit the

expression of FLC by increasing deacetylation of FLC chro-

matin (He et al, 2003; Ausin et al, 2004). Vernalization also

elevates deacetylation of histone tails of FLC chromatin and

at the same time, increases methylation in H3K27 and H3K9,

and decreases methylation of H3K4 (Bastow et al, 2004; He

et al, 2004; Sung and Amasino, 2004; Mylne et al, 2006; Greb
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et al, 2007). Recently, methylation of H3K36 was found to be

a histone mark required for increasing FLC expression in

Arabidopsis (Zhao et al, 2005).

In addition to acetylation and methylation at lysines,

methylation at histone arginine is a covalent modification

that results in monomethylarginines, asymmetric dimethyl-

arginines or symmetric dimethylarginines (Bedford and

Richard, 2005; Wysocka et al, 2006). In humans, of nine

protein arginine methyltransferases (PRMT1–9), three

(PRMT1, PRMT4 and PRMT5) have been identified as methy-

lating arginines of histones H2A, H3 and H4 (Bedford and

Richard, 2005; Cook et al, 2006). PRMT5, also called JBP1 or

Skb1, is the only enzyme that methylates histone arginines in

symmetric dimethylation (Gilbreth et al, 1996; Pollack et al,

1999; Bao et al, 2001; Bedford and Richard, 2005; Wysocka

et al, 2006). Histone arginine methylation has been shown to

regulate chromatin remodelling, gene transcription, and cell

proliferation and differentiation (Bedford and Richard, 2005;

Ancelin et al, 2006; Wysocka et al, 2006; Dacwag et al, 2007;

Liu et al, 2007). In plants, however, the biological functions of

histone arginine methylation have never been elucidated.

In this report, we present the identification and character-

ization of a protein arginine methyltransferase SKB1 involved

in controlling flowering time. The late-flowering phenotype

of T-DNA insertional skb1 mutant plants is due to upregula-

tion of FLC expression. SKB1 binds to FLC chromatin and

catalyzes H4R3 symmetric dimethylation (H4R3sme2).

H4R3sme2 is a novel histone mark associated with FLC

expression.

Results and discussion

Loss or gain of SKB1 function alters flowering time in

Arabidopsis

The Arabidopsis genome contains a single-copy SKB1 gene

(At4g31120; see www.arabidopsis.org) of 23 exons

(Figure 1A). Arabidopsis SKB1, encoding a 642-amino acid-

protein of approximately 72 kDa (Figure 1B and C), shows

high homology with the human PRMT5 (Pollack et al, 1999).

SKB1 is about 58% identical to PRMT5 over a motif for the

S-adenosylmethionine binding site and the C-terminal region

of 338 amino acids, and the similarity is about 74% over the

same region (see Supplementary Figure S1). SKB1 contains

consensus methyltransferase regions I, post I, II, III, and a

THW loop in the C-terminus (Pollack et al, 1999; Zhang et al,

2000; Zhang and Reinberg, 2001; Bedford and Richard, 2005)

(Figure 1A), which is an evolutionarily highly conserved core

region found in homologous proteins of diverse organisms

(see Supplementary Figure S2).

To characterize the function of SKB1, we identified two

T-DNA insertional mutants (skb1-1 and skb1-2) at the

At4g31120 region of Arabidopsis in a Columbia (Col) genetic

background from the Salk T-DNA collection (Alonso et al,

2003). Polymerase chain reaction (PCR) confirmed that the

T-DNA in skb1-1 and skb1-2 was inserted in exon 21 and

intron 22, respectively (Figure 1A) and appeared not to affect

the expression of the four genes flanking SKB1 (Figure 1D).

The full-length SKB1 mRNA was undetectable in the skb1

mutants, and neither mutants expressed the SKB1 protein

(Figure 1E). Both skb1-1 and skb1-2 plants flowered much

later than wild-type plants under a long-day photoperiod

(Figure 2A and B). In addition, as compared with wild-type

plants, skb1 plants had an increased number of rosette leaves

(26 leaves as compared with 12 for wild-type plants at

bolting) (Figure 2B and C), and displayed severe develop-

mental retardation 14 days after germination (DAG)

(Figure 2D), which is often associated with late-flowering

mutants (Lee et al, 1994; Schomburg et al, 2001; He et al,

2003; Simpson et al, 2003; Ausin et al, 2004; Kim et al, 2004;

Lim et al, 2004; Mockler et al, 2004; Henderson et al, 2005).

The skb1 mutant plants also formed leaves slightly more

curled and darker than wild-type plants and showed slightly

reduced fertility (B85% of wild-type seed set when self-

pollinated), although floral organs were normal (data not

shown). The late-flowering phenotype observed only in

homozygous plants revealed that the skb1 mutation is

recessive.

We introduced a 35SHSKB1 construct that expressed SKB1

cDNA constitutively into skb1-1 mutant plants. 35SHSKB1

could rescue the skb1-1 mutant, resulting in transgenic plants

with a wild-type phenotype (Figure 2C). Further, by introdu-

cing 35SHSKB1 into wild-type plants, plants overexpressing

SKB1 had early-flowering features (Figure 2E and G), and

SKB1-promoted flowering time showed a stoichiometric

relation with SKB1 protein level (Figure 2F and G). As loss

of SKB1 function induced late flowering and overexpression

of SKB1 resulted in early flowering, we concluded that SKB1
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Figure 1 Structure of the SKB1 gene and identification of skb1
mutants. (A) Structure of the SKB1 gene and a diagram of the
SKB1 protein. Exons are indicated as boxes and introns as lines.
T-DNA insertions in skb1 mutants are indicated by arrowheads. The
SKB1 methyltransferase regions I, post I, II, III, and THW loop are
shown in black. (B) A 72-kDa 6�His-tagged full-length SKB1
protein purified from Escherichia coli. (C) Western blot detection
of Arabidopsis endogenous SKB1 protein with the use of polyclonal
anti-SKB1 antiserum. (D) RT–PCR analysis of the expression of
genes upstream and downstream of skb1-1. (E) RT–PCR (upper
panel) and Western blot (lower panel) analyses of SKB1 expression
in wild-type Col and skb1-1 and skb1-2 plants 20 days after sowing;
ACTIN7 serves as an internal control; total proteins stained with
Coomassie blue showed equal loading.
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is a positive regulator of floral initiation. Gain-of-function

35SHSKB1 transgenic plants flowering early resembled those

from a previous report showing that overexpression of FLK, a

gene of the autonomous pathway, accelerates the flowering

process (Mockler et al, 2004), but differed from FVE-over-

expressing plants, which did not show altered flowering time

(Ausin et al, 2004).

SKB1 is a new member of the autonomous pathway

repressing FLC expression

As four major pathways (photoperiod, vernalization, GA and

autonomous) have been found to regulate flowering time in

Arabidopsis thaliana (Komeda, 2004), we sought to identify

the pathway that SKB1 was involved in by treating skb1

mutant plants with the different physiologic conditions.

Under long- or short-day photoperiods, both skb1-1 and

skb1-2 mutant plants displayed later flowering than wild-

type plants, but flowered later in short day than in long day

(Figure 3A and C), which indicates that skb1 mutants were

sensitive to photoperiod. After exposure to vernalization,

skb1 mutant plants flowered rapidly (Figure 3A and B),

which is similar to results for several autonomous pathway

mutants (Schomburg et al, 2001; He et al, 2003; Simpson

et al, 2003; Ausin et al, 2004; Lim et al, 2004; Mockler et al,

2004; Henderson et al, 2005). GA treatment reversed in part

the delayed flowering of skb1 mutant plants (Figure 3A and

D), an observation consistent with that of the autonomous

pathway mutants flk and fca, which respond to both verna-

lization and GA (Michaels and Amasino, 1999b; Mouradov

et al, 2002; Lim et al, 2004). Taken together, these results

suggest that SKB1 is a new member of the autonomous

pathway and prevents late flowering.

To investigate the molecular mechanism underlying the

late-flowering phenotype of skb1, we examined the transcript

levels of critical genes in the different flowering pathways

(Komeda, 2004; He and Amasino, 2005). Consistent with

their showing a normal photoperiod-responsive phenotype,

skb1 mutants and wild-type plants did not show a significant

difference in transcript levels of GI and CO genes, two key

components of the photoperiod pathway (Samach et al, 2000;

Suarez-Lopez et al, 2001); SPY in the GA pathway (Tseng

et al, 2004); VRN1 and VRN2 in the vernalization pathway

(Gendall et al, 2001; Levy et al, 2002) (Figure 3E). The

expression of LD, in the autonomous pathway upstream of

FLC (He and Amasino, 2005), did not differ between skb1-1

and wild-type plants. The expression of the flowering repres-

sor gene FLC, however, was significantly upregulated in skb1-

1 mutant plants (Figure 3E). Increased FLC expression is a

characteristic of other autonomous mutants such as fca, ld,

fy, fld, flk, fpa and fve (Schomburg et al, 2001; He et al, 2003;

Simpson et al, 2003; Ausin et al, 2004; Mockler et al, 2004;

Henderson et al, 2005). Loss of SKB1 downregulated LFY,

FT and SOC1, and upregulated EMF1, EMF2 and TFL1

(Figure 3E). LFY, FT and SOC1 are all downstream of FLC

and are expressed in an FLC-dependent manner (He and

Amasino, 2005). The function of EMF1, EMF2 and TFL1

genes may not influence the four flowering pathways, but

their reduced expression induces early flowering (Shannon

and Meeks-Wagner, 1991; Moon et al, 2003; Komeda, 2004).

To examine whether accumulation of FLC mRNA directly

results in late flowering in skb1 mutant plants, we introduced

skb1-1 into an FLC-null mutant, flc-3 (Michaels and Amasino,

1999a). The late-flowering phenotype of skb1-1 was sup-

pressed by flc-3 (Figure 3F and G). Thus, the flowering time
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Figure 2 Phenotype of skb1 mutants and SKB1 overexpression. (A) Wild-type Col (Col) and skb1 mutations grown under long-day (LD)
conditions for 35 days after germination (DAG). (B) Col and skb1-1 mutant at the flowering stage grown under LD. (C) Flowering times of Col,
skb1 mutants and transgenic plants under LD. (D) Col and skb1-1 mutant at 14 DAG under LD. (E) Col- and SKB1-overexpressing (S1) plants at
24 DAG under LD. (F) Abundance of SKB1 protein levels in homozygous transgenic seedlings (12 DAG under LD) determined by Western blot
with anti SKB1 antibody. (G) Flowering times of the transgenic plants in (F) under LD. Bars represent means7s.d. of rosette leaf number at
bolting. For each line, 20 plants were scored.
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control by SKB1 is targeted towards FLC expression. The

skb1-1 flc-3 double-mutant plants (14.8 rosette leaves) flow-

ered later than flc-3 (9 rosette leaves) or wild-type Col plants

(12.7 rosette leaves) but much earlier than skb1-1 mutant

plants (27 rosette leaves). It is likely that FLC-independent

factors also contribute to the later flowering phenotype of the

skb1 mutants. This assumption is consistent with the pre-

vious observation of upregulated expression of EMF1, EMF2

and TFL1 (Figure 3E).

Expression pattern of SKB1 protein and mRNA

The temporal and spatial expression patterns of the SKB1

protein was analyzed with the use of a specific antibody

against SKB1 (Figure 1C). Western blotting results showed

that SKB1 was highly expressed in flowers, roots and siliques,

but less so in stems and mature leaves (Figure 4A). The SKB1

protein was maintained at high levels during vegetative

development (from 5 to 20 days after germination)

(Figure 4B). Consistent with the protein expression pattern,

SKB1 RNA was more abundant in shoot apex, young leaves

and leaf primordia, floral and inflorescence meristems

(Figure 4C–E), and was also expressed in gynoecium, sta-

mens, sepals and young siliques (especially ovules), but not

as much in older leaves, petals and vascular tissues

(Supplementary Figure S3). This expression pattern was

similar to that of genes affecting flowering transition (Lee

et al, 1994; Michaels and Amasino, 1999a; Schomburg et al,

2001; He et al, 2003, 2004; Simpson et al, 2003; Ausin et al,

2004; Bastow et al, 2004; Mockler et al, 2004; Henderson

et al, 2005; Zhao et al, 2005).

Arginine methyltransferase SKB1 methylates H4R3sme2

both in vitro and in vivo

PRMT5, the human homologue of SKB1, methylates histones

H2A, H3 and H4 (Pollack et al, 1999; Ancelin et al, 2006;

Dacwag et al, 2007). To examine whether Arabidopsis SKB1

methylates histone arginines, we assayed in vitro a GST-SKB1

fusion protein, purified by affinity chromatography from

Escherichia coli, for methylation activity, with histones and

myelin basic protein (MBP) used as substrates. Both histone

and MBP were methylated, but of the five histones (H1, H2A,

H2B, H3 and H4), only H4 was methylated (Figure 4F). We then

used specific antibodies to examine whether SKB1 methylates

H4R3. GST-SKB1 catalyzed H4R3 symmetric dimethylation

(H4R3sme2) but not asymmetric dimethylation (Figure 4G),

which suggests that SKB1 can symmetrically methylate H4R3 as

does PRMT5 (Pollack et al, 1999; Ancelin et al, 2006).

We then examined whether SKB1 methylates H4R3 in vivo.

Figure 4H shows the skb1 mutants, with no difference from

wild type in the level of asymmetric dimethylated H4R3, but

markedly reduced level of symmetric dimethylated H4R3,

which indicates that H4R3 contains symmetric and asym-

metric forms of dimethylation, and that SKB1 is a major

enzyme controlling H4R3 symmetric dimethylation in

Arabidopsis. Further investigation revealed that impaired

H4R3 symmetric dimethylation had little effect on dimethy-

lated H3K4, H3K9 and acetylated H4K5 and H4K8 (Figure 4H).

SKB1 and the histone mark H4R3sme2 are associated

with FLC expression

The level of H4R3sme2 was also examined during develop-

mental stages of the wild-type Col line. Plants grown under

short- and long-day conditions at 5, 9, 14 and 20 days after

germination were collected for protein isolation. SKB1 pro-

tein levels were weakly increased with plant age under short-

day condition (Figure 4I) and slightly decreased with age

under long-day conditions (Figure 4B). Consistent with SKB1

expression, H4R3sme2 was maintained at high levels during

vegetative development under both short- and long-day

photoperiods, but showed a weak increase under short-day
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and a slight decrease under long-day condition with plant age

(Figure 4I). As FLC is also highly expressed at these states

(Michaels and Amasino, 1999a), SKB1 activity and H4R3sme2

could be associated with FLC expression. This association was

further confirmed by tissue-specific differences. Both FLC and

SKB1 are highly expressed in young leaves and apical meris-

tems, with low levels in old leaves (Michaels and Amasino,

1999a) (Figure 4A–E). Indeed, H4R3sme2 was also detected at

high levels in young leaves and apical meristems, but at low

levels in old leaves (Figure 4J).

We then examined H4R3sme2 in other late-flowering mu-

tants: fld-4 and fve-3, two autonomous pathway mutants

upregulating FLC expression by increasing histone acetyla-

tion (He et al, 2003; Ausin et al, 2004; Kim et al, 2004).

Histone-enriched proteins were isolated from plants grown

for 20 days after germination under long-day conditions. The

level of H4R3sme2 in both fld-4 and fve-3 mutant plants did

not significantly differ from that in wild-type plants

(Figure 4K), which suggests that increased histone acetyla-

tion resulting from loss of FLD or FVE function may not affect

the H4R3sme2 mark on global level.

SKB1 associates with FLC chromatin and is required for

symmetric dimethylation of H4R3 in FLC chromatin

The transcription of FLC regulated through chromatin remo-

delling has been well studied (He et al, 2003, 2004; Bastow

et al, 2004; Zhao et al, 2005). In addition, the mammalian

SKB1 homologue PRMT5 interacts with chromatin and sup-

presses gene transcription (Bedford and Richard, 2005). We

thus asked whether SKB1 binds to the five FLC chromatin

regions covering its promoter (region A), the first exon

(region B) and the first intron (regions C–E), as was pre-

viously reported (Bastow et al, 2004) (Figure 5A). Chromatin

immunoprecipitation (ChIP) assay revealed that SKB1 anti-

body could specifically pull down the FLC promoter (region

A) (Figure 5B), a chromatin region that is critical for FLC

transcription (He et al, 2003; Bastow et al, 2004). SKB1

association with other regions (B–E) was undetectable

(Figure 5B). By contrast, SKB1 antibody could not pull

down DNA in regions A–E in the skb1-1 mutant

(Figure 5B). Consistent with SKB1 strongly binding to the

FLC promoter, the FLC promoter also showed a high level of

H4R3sme2 in the wild type; in contrast, the skb1 mutant

showed greatly decreased H4R3sme2 (Figure 5B and

Supplementary Figure S4).

In addition, consistent with a previous report (Bastow et al,

2004), dimethylation in H3K9 was undetectable in

all regions in both wild-type and mutant plants (Figure 5C).

The asymmetric dimethylated H4R3 was weakly detected at

FLC chromatin regions A, B, D and E, with no difference

between the wild type and skb1 mutant (Figure 5C).

Compared with the wild type, the skb1 plants showed no

change in the levels of dimethylated H3K4 in all regions

(Figure 5C). The acetylation in H3K14 was found in all regions
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(A–E) both in the wild type and skb1 mutant, with increased

levels in skb1 mutant in regions A–E (Figure 5C and

Supplementary Figure S4), which is consistent with a previous

report of hyperacetylation activating FLC expression (He et al,

2003; Ausin et al, 2004). These findings suggest that SKB1

affects flowering development by alterating FLC expression via

symmetric dimethylation of H4R3 in its promoter.

Based on our findings, we propose that SKB1 methylates

H4R3 of the FLC chromatin symmetrically, which in turn

suppresses FLC expression to induce flowering. H4R3 is also

asymmetrically dimethylated by PRMT1 in animal cells,

which facilitates subsequent acetylation at H3K9, H3K14,

H4K5 and H4K12 and is required for transcriptional activa-

tion (Huang et al, 2005). Interestingly, in plants, reduced

H4R3 symmetric dimethylation resulting from SKB1 knock-

down has no effect on H4R3 asymmetric dimethylation but,

rather, increases H3K14 acetylation in the FLC chromatin and

activates or maintains its transcription (Figure 5B and C).

This finding suggests that symmetric and asymmetric di-

methylations in H4R3 have distinct functions in regulation

of chromatin status and gene transcription. Further explora-

tion will define the difference in biological function between

symmetric and asymmetric dimethylation in H4R3.

Materials and methods

Plant materials and growth conditions
Arabidopsis ecotype Columbia (Col) was used in this work. skb1-1
and skb1-2 alleles were isolated from the SALK T-DNA collection
(Salk_065814 and Salk_095085). flc-3, fld-4 and fve-3 were
described previously (Michaels and Amasino, 1999a; He et al,
2003; Ausin et al, 2004). Plants were grown at 221C under long-day
(16 h light and 8 h dark) or short-day (8 h light and 16 h dark)
conditions. Vernalization treatment was as described (Bastow et al,
2004) and GA treatment was as described (Lim et al, 2004).
Flowering time was measured as the number of rosette leaves at
bolting.

RT–PCR analysis
RNA was isolated from 20-day-old seedlings grown under long-day
conditions with use of TRI reagent as recommended by the
manufacturer. cDNAs were synthesized from 2.0mg of total RNA
by use of Superscript reverse transcriptase. RT–PCR was performed
with gene-specific primers (see Supplementary Table SI) and runs
were 18–25 cycles depending on the linear range of products for
each gene.

Western blot analysis
Histone-enriched protein extraction from 20-day-old seedlings with
or without vernalization treatment was as described (Houben et al,
2003). Western blot analysis was performed with Upstate antibodies
against histone H4 dimethyl Arg 3 (catalogue no. 07-213), H4 acetyl
Lys 5 (catalogue no. 07-327), H4 acetyl Lys 8 (catalogue no. 07-
328), H3 dimethyl Lys 4 (catalogue no. 05-790), H3 dimethyl Lys 9
(catalogue no. 05-768), H3 acetyl Lys 14 (catalogue no. 07-353), H3
(catalogue no. 07-690) and with Abcam antibodies against H4
symmetric dimethyl Arg 3 (catalogue no. 5823). Anti-SKB1
polyclonal antibody was generated with 6�His-tagged full-length
SKB1 protein purified from E. coli.

In situ hybridization
Tissue preparation of 10-, 21- and 26-day-old seedlings grown under
long day, digoxigenin labelling of RNA probes and in situ
hybridization were performed as described (Wu et al, 2006). DNA
fragments containing the 330-base-pair (21–350) coding region of
SKB1 were used as sense and antisense probes.

Chromatin immunoprecipitation
ChIP assay involved the usage of 20-day-old seedlings grown under
long-day conditions as previously described (Bowler et al, 2004).
Primers and PCR detection of FLC regions were as described
(Bastow et al, 2004).

Constructs, protein purification and methylation analysis
Full-length SKB1 cDNA was cloned into pBI121, resulting in the
binary vector p35SHSKB1, which was introduced into Agrobacter-
ium tumefaciens to transform Arabidopsis plants. Full-length SKB1
cDNA was cloned into pGEX4T-1 in-frame. GST-SKB1 expression,
purification and methylation assays were as previously described
(Bao et al, 2001).

Supplementary data
Supplementary data are available at The EMBO Journal Online
(http://www.embojournal.org).
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