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Abstract The Enhancer of Zeste Polycomb group pro-

teins, which are encoded by a small gene family in Ara-

bidopsis thaliana, participate to the control of plant

development. In the tomato (Solanum lycopersicum), these

proteins are encoded by three genes (SlEZ1, SlEZ2 and

SlEZ3) that display specific expression profiles. Using a

gene specific RNAi strategy, we demonstrate that repres-

sion of SlEZ2 correlates with a general reduction of

H3K27me3 levels, indicating that SlEZ2 is part of an

active PRC2 complex. Reduction of SlEZ2 gene expression

impacts the vegetative development of tomato plants,

consistent with SlEZ2 having retained at least some of the

functions of the Arabidopsis CURLY LEAF (CLF) protein.

Notwithstanding, we observed significant differences

between transgenic SlEZ2 RNAi tomato plants and Ara-

bidopsis clf mutants. First, we found that reduced SlEZ2

expression has dramatic effects on tomato fruit develop-

ment and ripening, functions not described in Arabidopsis

for the CLF protein. In addition, repression of SlEZ2 has no

significant effect on the flowering time or the control of

flower organ identity, in contrast to the Arabidopsis clf

mutation. Taken together, our results are consistent with a

diversification of the function of CLF orthologues in plants,

and indicate that although partly conserved amongst plants,

the function of EZ proteins need to be newly investigated

for non-model plants because they might have been

recruited to specific developmental processes.
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Université de Bordeaux, Bâtiment A3, INRA, 71 Avenue

Edouard Bourlaux, 33140 Villenave d’Ornon, France
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Introduction

Polycomb group (PcG) proteins were initially identified in

Drosophila for their role in repressing the expression of

homeotic genes (Orlando and Paro 1995; Grimaud et al.

2006). Since then PcG proteins have been identified in

several organisms from Drosophila to plants and mammals,

where they are involved in the long-term repression of gene

expression (Köhler and Villar 2008). They contribute to

specifying cell-specific expression patterns that are neces-

sary for proper development, thereby determining a type of

cell memory through consecutive cell divisions (Köhler

and Hennig 2010).

PcG proteins function as multi-proteins complexes,

known as Polycomb Repressive Complex 1 and 2 (PRC1

and PRC2). Although the precise molecular mechanisms

responsible for gene repression by the PRCs are not fully

understood, the classical view describes the following

sequential events: (1) recruitment of the PRC2 at a given

locus; (2) trimethylation of histone H3 on lysine 27

(H3K27me3) at this locus by the PRC2; (3) recognition of

H3K27me3 by the PRC1; (4) monoubiquitination of the

histone H2A by the PRC1 leading to a stable repression

state (Wang et al. 2004). Recent studies suggest that this

classical view may not correspond to a general mechanism.

For example, the PRC1 can be recruited to some target

genes in the absence of any H3K27me3 (Schoeftner et al.

2006; Tavares et al. 2012) and recruits the PRC2 itself

(Yang et al. 2013; Molitor et al. 2014; Blackledge et al.

2014).

Contrary to PRC1 components (Molitor and Shen 2013;

Kim and Sung 2014), proteins constituting PRC2s are

highly conserved from animal to plant systems and have

also been identified in unicellular algae (Shaver et al.

2010). In Drosophila, the PRC2 complex is composed of

four core proteins encoded by unique genes: the Suppressor

of Zeste (12) [Suz(12)], the Enhancer of Zeste [E(z)], the

Extra Sex Comb [Esc] and the P55 protein. The methyla-

tion activity of the PRC2 complex is carried out by the

E(z) protein which contains the SET domain characteristic

of histone methyl transferases (Cao et al. 2002; Czermin

et al. 2002; Kuzmichev et al. 2002; Müller et al. 2002). In

A. thaliana, genetic and biochemical evidence suggest that

at least three PRC2 complexes are present that differ by

their composition in E(z) and Suz(12) paralogs (Luo et al.

2000; Spillane et al. 2000; Yadegari et al. 2000; Köhler

et al. 2003; Chanvivattana et al. 2004; Katz et al. 2004;

Wang et al. 2006; Wood et al. 2006; De Lucia et al. 2008).

The A. thaliana genome contains three genes encoding

E(z) proteins, namely MEDEA, CURLY LEAF and SWIN-

GER (Goodrich et al. 1997; Grossniklaus et al. 1998;

Kiyosue et al. 1999; Luo et al. 1999; Chanvivattana et al.

2004), and three other genes, EMRYONIC FLOWER 2

(EMF2), VERNALIZATION 2 (VRN2), and FERTILISA-

TION-INDEPENDENT SEED 2 (FIS 2) encode Suz(12)

proteins (Luo et al. 1999; Gendall et al. 2001; Yoshida

et al. 2001). Five genes encode p55 homologues, namely

MULTISUPPRESSOR of IRA 1 to 5 (MSI1 to 5), only one

of which has been shown to be part of PRC2, MSI1

(Derkacheva et al. 2013). On the other hand, ESC is

encoded by a unique gene, FERTILIZATION INDEPEN-

DENT ENDOSPERM (FIE) (Ach et al. 1997; Ohad et al.

1999; Hennig et al. 2003, 2005). Specific PRC2s control

particular aspects of plant development (Mozgova et al.

2015; Xiao and Wagner 2015). For example, seed devel-

opment is controlled by the MEDEA-FIS2-PRC2 (Chaud-

hury et al. 1997; Grossniklaus et al. 1998; Kiyosue et al.

1999; Ohad et al. 1999; Spillane et al. 2000; Yadegari et al.

2000; Köhler et al. 2003), transition from vegetative

growth to flowering by the CLF/SWN-EMF2-PRC2 (Ki-

noshita et al. 2001; Yoshida et al. 2001; Chanvivattana

et al. 2004; Jiang et al. 2008), and the induction of flow-

ering in response to vernalization by a third PRC2, that

contains CLF/SWN and VRN2 (Wood et al. 2006; De

Lucia et al. 2008).

Although the understanding of PRC2 function is much

less advanced in other plants, recent studies have outlined

the conservation of PRC2 protagonists among the plant

kingdom, suggesting a strong functional conservation

during evolution. This has been evidenced by the partial

complementation of fie mutations between A. thaliana and

mosses (Mosquna et al. 2009). Components of PRC2

complexes, such as E(z), Suz(12) or Esc, have however

been duplicated in many plants therefore generating par-

alogous genes (Danilevskaya et al. 2003; Butenko and

Ohad 2011). The diversification of PRC2s in plants seems

to be dependent on the species under study, as is their

recruitment for the control of specific developmental pro-

cesses. For example, the AtMEDEA and AtFIS2 genes are

specific to A. thaliana and related species, where they are

essential for the inhibition of central cell proliferation in

the absence of fertilization (Spillane et al. 2007; Miyake

et al. 2009). Other PcG proteins may fulfill this function in

some other plant species like rice, as suggested by the

analysis of rice transgenic RNAi lines where both OsFIE1

and OsFIE2 were down-regulated (Li et al. 2013). But this

may be not a general fact, as in Hieracium pilosella there is

no evidence for autonomous central cell proliferation after

down regulation of the unique HFIE gene in the embryo

sac (Rodrigues et al. 2008). In this context, the tomato

plant, which originates from the Andean region in South

America, forms fleshy fruits, a developmental process not

found in the plant model A. thaliana (Moyle 2008). Hence,

tomato has become a recognized model system to study
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fleshy fruit development and a wide range of genomic and

genetic resources have been developed (Fei et al. 2011)

that led to the recent release of the tomato genome (Con-

sortium 2012). Although most studies on tomato plant and

fruit development have relied on molecular genetics and

metabolomics approaches (Giovannoni 2007), epigenetic

mechanisms are emerging as important regulators of

tomato fruit development, as illustrated by the identifica-

tion of the Cnr epiallele responsible for the inhibition of

fruit ripening caused by a high DNA methylation level in

the CNR gene promoter region (Manning et al. 2006; Chen

et al. 2015). Analysis of DNA methylation in tomato fruits

showed tissue-specific changes in the overall DNA

methylation levels and patterns during fruit development

(Teyssier et al. 2008) and locus specific loss of DNA

methylation during ripening (Zhong et al. 2013, Liu et al.

2015). Furthermore it has been recently shown that a DNA

demethylase gene governs tomato fruit ripening (Liu et al.

2015). Beside DNA methylation, genes involved in histone

regulation, such as the DE-ETIOLATED1 (DET1) gene,

were also shown to play a role during fruit ripening

(Benvenuto et al. 2002; Davuluri et al. 2004). To further

characterize the contribution of histone modifications to the

control of fruit development and quality, we have initiated

the study of PRC2s in the tomato plant (How Kit et al.

2010). The tomato genome contains only one ESC and one

Suz(12), but three E(z) genes. Two of them, SlEZ1 and

SlEZ2, respectively orthologous to the A. thaliana SWIN-

GER and CURLY LEAF genes, encode proteins targeted to

the nucleus whereas the third gene, SlEZ3, was suggested

to encode a truncated protein lacking the SET domain.

Functional analysis of the SlEZ1 gene provided evidence

that the corresponding protein is specifically involved in

determining the carpel number of tomato flowers and in

stamen development (How Kit et al. 2010).

In the present work we now show that in addition to

SlEZ1 and SlEZ2, SlEZ3 is also likely to encode a func-

tional E(z) protein. All three SlEZ genes are expressed in

all organs analyzed, albeit with specific expression pro-

files. Since both SlEZ2 and SlEZ3 appear likely to have

been generated following the duplication of a CLF-like

ancestor gene, we have analyzed whether SlEZ2, which

presents the highest homology level with AtCLF, is its

functional homologue. Reduction of SlEZ2 gene expres-

sion resulted in a decrease in the H3K27me3 mark, con-

sistent with SlEZ2 being involved in an active tomato

PRC2 complex. RNAi plants displayed various pheno-

types consistent with SlEZ2 having a pleiotropic role in

this plant species. However, contrary to AtCLF in A.

thaliana, SlEZ2 function is not restricted to plant growth,

leaf formation, and flower development, but seems to have

been recruited to new functions in fruit development and

ripening.

Materials and methods

Plant materials and growth conditions

Germination of tomato seeds (Solanum lycopersicum, cv

WVA106) was performed in vitro in a growth chamber with

a day/night temperature of 25/21 �C and a 12 h/12 h day/

night photoperiod. After germination in vitro, tomato

plants were grown in glasshouse conditions in spring or

autumn. Leaves at selected developmental stages were

collected and immediately frozen in liquid nitrogen. Fruits

were harvested at 5, 10, 20 days post anthesis (dpa),

breaker (35dpa), orange and red ripe stages of fruit ripen-

ing. All fruits were measured and hand-dissected imme-

diately after harvest in order to separate seeds and locular

tissue from pericarp and columella. Pericarp and columella

were frozen in liquid nitrogen and stored at -80 �C until

processed. Seeds were separated from the locular tissue by

using a nylon mesh, dried and stored at 4 �C. Stamens,

petals, sepals, styles, and ovary structures, collected from

open and closed flowers, were hand dissected and observed

using a Leica binocular MZFLIII microscope equipped

with a Leica DC300F Camera.

Transgenic plant regeneration

To specifically repress SlEZ2 gene expression, an RNAi

construct was generated using the 3’ untranslated region

(UTR) of the SlEZ2 gene cloned in sense and antisense

orientations in plasmid pK7GWIWG2 (I) (http://gateway.

psb.ugent.be/vector/show/pK7GWIWG2). For SlEZ2 pro-

moter analysis, a 2633-bp fragment of the SlEZ2 gene

promoter region was inserted upstream of the EGFP and

GUS reporter genes carried by the binary vector

pKGWFS7,0. These two recombinant plasmids named,

respectively, pK7GWEZ2 and pKGWFSEZ2, were inde-

pendently introduced in the Agrobacterium tumefaciens

strain GV3101.

Subsequently, tomato cotyledon transformation was per-

formed as described in Gonzalez et al. (2007). Eight in vitro

kanamycin resistant SlEZ2 RNAi T0 plants were selected

from independent calli and cultured as described in How Kit

et al. (2010). After transfer to greenhouse, six transgenic

plants could grow (namely 2–4, 2–5, 2–6, 2–9, 2–11 and

2–14) and generated T1 seeds. Genomic PCR was used to

confirm that the six remaining lines were transgenic. We

classified the T1 plants based on the level of SlEZ2 expres-

sion, as determined by semi-quantitative RT-PCR on total

leaf RNA. Plants from each group that displayed a 3:1 ratio

on kanamycin, indicative of a single locus insertion, were

selected for further study. Ten T1 plants were grown to

obtain seeds. Homozygous T1 plants were identified on

kanamycin plates (100 % of kanamycin resistant T2 seeds)
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for lines 2–9 and 2–5. Analyses were performed on T2 seeds

obtained from a given homozygous T1 plant selected based

on their residual SlEZ2 expression levels. In the case of line

2–11 and 2–14, T1 hemizygous plants were obtained, and T2

plants were therefore analyzed to determine whether they

were hemizygous or homozygous.

Two independent lines transformed with pKGWFSEZ2

were selected and T2 plants were used for GUS staining.

Histochemical localization of GUS activity in tomato

plants

Localization of GUS activity was performed essentially as

described in Gallusci et al. (1994). Freshly harvested plant

material (leaf, flower, fruits at various developmental

stages) were used un-dissected (leaf, flower, fruit) or hand-

sectioned with a razor blade to expose internal tissues

(flowers, fruits). Tomato samples were immerged in

staining buffer (Gallusci et al. 1994) and vacuum infiltrated

for 3 min (3 9 1 min). The reactions were carried out at

37 �C for 12 h. Samples were washed and cleared in 70 %

(v/v) ethanol at room temperature to remove pigments.

Observations were performed using a Leica binocular

MZFLIII microscope equipped with a Leica DC300F

Camera.

RNA extraction and RT-PCR analysis

Frozen leaf and fruit tissues were ground to powder in

liquid nitrogen. Total RNA were isolated from 100 mg of

powder using Trizol reagent (Invitrogen) followed by a

turbo DNase (Ambion) treatment according to manufac-

turer’s recommendations. RNA quality was controlled by

electrophoresis on 1 % agarose gels and RNA was quan-

tified using a Nanovue (GE Healthcare) spectrophotometer.

To control for genomic DNA contamination, quantitative

PCR was performed on total RNA using Ef1a primers

(Table S2). One lg of total RNA were reverse transcribed

with Improm II enzyme (Promega) using oligo d(T)

primers according to manufacturer’s instructions.

Semi-quantitative RT-PCR analyses were performed as

described in How Kit et al. (2010), and PCR products were

analyzed on 1.5 % agarose gels.

Real time RT-PCR analysis was performed using the

Biorad CFX C1000TM Thermal Cycler (CFX96TM Real-

Time system). Primers were designed to amplify fragments

of approximately 100 bp (Table S2). PCR reactions were

performed using IQTM SYBR Green Supermix 2X

according to manufacturer’s instructions (Biorad) in 96

well plates (BIORAD). Typical reactions contained 4 pmol

of each primer, 4 lL of ten times diluted RT reactions

(corresponding to 20 ng of total RNA), and 10 lL of

SYBR Green Supermix (2X) in a final volume of 20 lL.

Amplifications of EF1 and ACTIN fragments were used as

controls for normalization. For each gene, differences

between samples were calculated using the DDCt method.

Each PCR analysis was performed in triplicate using cDNA

synthesized from two to four independent RNA extractions

each prepared from a minimum of three independent bio-

logical replicates.

Western blot analysis

Equal amounts of nuclear protein extracts proteins (10 lg)
(Gendrel et al. 2005), were separated on a 12 % SDS/

PAGE and transferred to a nitrocellulose membrane (Mil-

lipore). Histone levels were determined using anti-H3

(Millipore 07-690), anti-H3K27me3 (Millipore 07-449)

and HRP conjugated goat anti-rabbit IgG antibodies

(Agrisera AS09602). The chemiluminescent signals were

detected with the ECL Prime Western Blotting Detection

Reagent (Amersham) using the ChemiDocTM MP Imaging

System (Bio-Rad). The quantification was performed with

the Image Lab Software (Bio-Rad). H3K27me3, H3 and

secondary antibodies were diluted, respectively, 1/2500th,

1/50,000th, and 1/2500th fold.

Cutin monomer and wax analysis

Cuticular waxes were extracted by immersing fruits for

30 s in chloroform containing docosane as internal stan-

dard. Extracts were dried under nitrogen flux and lipids

were derivatized and analyzed as previously described

(Bourdenx et al. 2011).

For the cutin monomer analysis, 1 cm diameter fruit

epidermis discs were cut off, carefully scratched with a

scalpel blade in order to remove exocarp cells, and incu-

bated 30 min in hot isopropanol at 85 �C. After cooling,
samples were extensively delipidated by extracting the

soluble lipids, then dried and depolymerized as described

(Domergue et al. 2010). Extraction, derivatization and

analysis were perfomed as previously described (Domer-

gue et al. 2010).

Results

The tomato genome contains three E(z) genes

that display specific expression patterns

In a previous study, we demonstrated that in addition to

SlEZ1 and SlEZ2, respectively orthologous to the SWN and

CLF genes of A. thaliana, the tomato genome contains

SlEZ3, a third E(z) gene also orthologous to CLF, with a

stop codon interrupting the coding sequence at position

1104 (How Kit et al. 2010). Screening of an S. peruvianum
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EST library (http://solgenomics.net/) allowed the identifi-

cation of a full length SlEZ3 mRNA (VO2SLM0055024.2)

that lacks this stop codon. Re-cloning of SlEZ3 cDNAs

from S. lycopsersicum (WVA106) fruits and leaves RNA

revealed that this gene generates three distinct mRNAs, one

of them potentially encoding a protein with all character-

istics of functional E(z) proteins (Fig S1).

To detect possible overlaps between the expression

patterns of all tomato SlEZ genes, the expression levels of

each gene was analyzed in tomato leaves, flowers, apex,

stem and fruits using real time RT-PCR. As shown in

Fig. 1, SlEZ1, SlEZ2 and SlEZ3 are expressed in all tomato

plant organs tested, albeit with different expression pro-

files. Consistent with previous analyses, SlEZ1 mRNA

accumulates in all organs and is most abundant in flowers

and in expanded leaves (How Kit et al. 2010). Low

expression levels were detected in stems and stem apices,

with a 4 fold reduction as compared to closed flowers. It is

noteworthy that SlEZ1 expression remains stable in the

pericarp of developing fruits, with expression levels in the

same range as found in leaves and open flowers (Fig. 1A).

This contrasts with SlEZ2 mRNA abundance, which

decreases during organ development (Fig. 1B). SlEZ2

mRNA is therefore abundant in young fruit pericarp but

becomes barely detectable during fruit ripening. A similar

observation was made during leaf development. Significant

variations were also observed between organs with a very

high expression level, observed in closed and open flowers,

as compared to fruits. Finally, SlEZ3 mRNA displays a

pattern of accumulation in leaves similar to SlEZ1 mRNA,

characterized by an increase during leaf expansion

(Fig. 1C). SlEZ3 transcript abundance decreases during the

period of fruit growth corresponding to the cell expansion

phase before increasing again as fruits ripen.

Taken together these results indicate that SlEZ genes

follow contrasting expression patterns, consistent with the

hypothesis that tomato E(z) proteins perform specific

functions during tomato plant and organ development. The

low expression level of SlEZ3, together with the numerous

changes observed in the structure of this gene as compared

to SlEZ2 (Fig S1) would suggest that the latter is the

functional homologue to the Arabidopsis CLF gene.

In planta SlEZ2 gene expression patterns

To analyse SlEZ2 tissue-specific expression pattern, a

transcriptional fusion between a 2633 bp SlEZ2 promoter

(pSlEZ2) fragment and the GUS reporter gene was gener-

ated in the vector pKGWFS7. Among the transgenic lines

obtained, two were shown to have a single transgene

insertion and were selected for further study. Consistent

with RT-PCR analysis (Fig. 1 and How Kit et al. 2010),

the SlEZ2 promoter region was found to direct GUS

expression in all tested organs (Fig. 2). In open flowers,

the GUS staining was distributed uniformly in the sepals

but was restricted to the petal margins (Fig. 2C, D) and to

the adaxial part of stamens (Fig. 2A). The different parts

of the pistil were intensely stained: the whole ovary

(Fig. 2E), the stigmata, and the style (basal and apical parts

together with the transmitting tract) (Fig. 2B). Such a

pattern is consistent with in situ hybridization results

described in How Kit el al (2010) showing the accumu-

lation of SlEZ2 mRNA in most part of the flower and

indicate that the promoter fragment used here is sufficient

for proper SlEZ2 gene expression. The pSlEZ2-driven GUS

staining was also found in fruits at all developmental

stages, with a progressive reduction of staining intensity as

fruit developed (Fig. 2F, G), consistent with the reduction

in SlEZ2 mRNA accumulation observed in the pericarp of

developing tomato fruits (Fig. 1). All fruit tissues were

stained, including the seeds. Finally in young developing

leaves (Fig. 2H), the blue color was not evenly distributed

but was mainly located at leaf margins corresponding to

the sites of lobe formation.

In conclusion, SlEZ2 is expressed in most plant organs,

but displays cell-type specific expression in leaves, petals

and style. On the other hand, young fruits and sepals were

uniformly stained.

The tomato SlEZ2 protein belongs to an active

PRC2 complex leading to trimethylation of H3K27

To study the function of SlEZ2 in tomato, we used a gene

specific RNAi approach designed to specifically target the

SlEZ2 mRNA (‘‘Materials and methods’’). Eight primary

transformants (T0) were selected from independent calli,

among which only six were viable. Indeed, two T0 plants

were lost after transfer to the greenhouse following arrest

of the shoot apical meristem. Residual SlEZ2 expression

was subsequently measured in T0 and T1 plants, and lines

2–9, 2–11 and 2–14, that displayed the lowest SlEZ2

mRNA levels, were selected for further studies. All sub-

sequent experiments were performed on T2 plants derived

from single T1 parents that were either homozygous (T1

plants 2–11, 2–9) or hemizygous (T1 plants 2-14) for the

transgene (‘‘Materials and methods’’). Non transgenic

plants were used as controls. In addition RNAi plants

affected in the expression of SlEZ1 only (How kit et al.

2010) were grown at the same time as SlEZ2 RNAi plants,

and were used to verify that developmental alterations of

SlEZ2 RNAi plants were specific to these plants. Expres-

sion levels of SlEZ2 were reduced in leaves of all T2

transgenic plants with residual expression levels ranging

from 47 to 52 %, as compared to WT leaves of the same

age (Fig. 3A). SlEZ1 and SlEZ3 gene expression remained

essentially unchanged (Fig. 3B, C).
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In Arabidopsis leaves, it has been established that the

partial impairment of PRC2 function results in a global

decrease in the abundance of the histone H3 lysine 27

trimethylation (H3K27me3) mark (Katz et al. 2004; Lafos

et al. 2011). Western blot analyses of leaf nuclear proteins

showed a reduction ranging from 30 to 50 % in H3K27me3
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Fig. 1 Abundance of SlEZ

mRNA in different tomato plant

organs. RT-QPCR analysis

performed as described in the

methods using primers for

SlEZ1 (A), SlEZ2 (B), SlEZ3
(the longest transcript shown in

Fig. S1), (C) and ACTIN and

EF1a as control genes

(table S1). Relative

quantification has been

performed using the DDCt
method. Leaves are numbered

relative to the plant apex: leaves

3 and 4 (L3-4) were pooled and

correspond to young expanding

leaves, leaves 8 (L8) were fully

expanded and leaves 16 (L16)

were old leaves but not

senescing. CF: Closed Flowers

2 days before anthesis; OF:

Open Flowers at anthesis; A:

cauline Apex; S: Stem; 5dpa,

10dpa, 20dpa, B, O and RR:

fruit pericarp (P) hand dissected

respectively at 5, 10 and

20 days post anthesis (dpa),

breaker (B), orange (O) and red

ripe (RR) stages. For each gene,

values have been reported to

gene expression level in leaves

3–4 that represents the 100 %.

Data are means of RT-QPCR

experiments performed on three

independent biological

replicates analyzed as described

in the methods. For each gene,

student tests were performed

using as reference either 3–4

leaves (black stars) or 5dpa

fruits (grey stars), *p\ 0.05,

**p\ 0.01, ***p\ 0.001
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abundance in the three tested tomato T2 transgenic plants

compared to WT (Fig. 3D, Fig S2), consistent with a par-

tial loss of PRC2 activity in the SlEZ2 RNAi tomato plants.

Plants with reduced SlEZ2 gene expression are

affected in several aspects of vegetative development

Although limited, the reduction in SlEZ2 gene expression

(Fig. 3) resulted in several alterations during tomato plant

vegetative development (Fig. 4). As mentioned above,

strong effects were already observed in T0 plants, some of

them developing only a few leaves prior to meristem arrest.

A similar phenotype was found in T2 plants from line

2–11. Out of 20 germinated T2 plants from line 2–11, half

developed two to three leaves before meristem arrest

(Fig. 4A), which in most cases resulted in plant death

shortly after germination. Occasionally, a secondary

meristem was initiated (Fig. 4B) that led to normal plant

development. In addition, all T2 RNAi plants were char-

acterized by a significant size reduction that ranged

between 40 and 74 % (Fig. 4C and Table S1). Size

reduction was due to a decreased number and shorter

internodes (Table S1). Occasionally, fasciated stems

formed on secondary axes (Fig. 4D). Leaves of transgenic

plants displayed a reduction in the number of secondary

and intercalary leaflets (Fig. 4E, F and Fig. S2a (Jasinski

et al. 2008)). Variability in leaf phenotype intensity was

observed between lines and occasionally between plants of

the same line, the most severe phenotypes being observed

on lines 2–11 and 2–14 (Fig. S2b). Leaflet shape was also

affected. Primary leaflet serration was reduced although not

abolished and secondary leaflets, characterized by an

asymmetrical growth of the abaxial versus adaxial surface,

became curly and crinkled and eventually fused to the leaf

axe (Fig. 4I–N) Although such modified leaflets were

occasionally observed in WT plants, their frequency

increased significantly in SlEZ2 silenced lines (Fig S3).

Altogether, these results demonstrate that SlEZ2 knock-

down leads to pleiotropic effects on tomato plant vegeta-

tive development.

3 mm 3 mm 3 mm

1mm 1mm 1mm 1mm 1mm

(A) (B) (C) (D) (E)

(F) (G) (H)

Fig. 2 Histochemical localization of GUS activity in T2 tomato

plants transformed with a pSlEZ2::GUS construct. Tomato tissues

have been harvested and treated as described in ‘‘Materials and

methods’’. Fully opened flowers were harvested at anthesis and hand

dissected after GUS staining except for carpel coloration: stamen (A),

style (B), sepal (C), petal (D) and carpel (E). Immature green fruits

(F, 20 dpa), ripening fruits (G, orange stage) and young leaf (H) are

shown. Carpel and fruits were cut before staining to allow efficient

diffusion of the staining solution
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Studies in A. thaliana described that a lack of PCR2

activity leads to upregulation of two MADS-box (AtAG and

AtSHP1) and two class I KNOX genes (AtKNAT2 and

AtSTM) in leaves (Katz et al. 2004; Lafos et al. 2011). The

tomato genes SlTAG1, SlTAGL1, SlTKN4 and LeT6,

respectively orthologous to AtAG, AtSHP1, AtKNAT2 and

AtSTM were analyzed in a gene targeted approach to mea-

sure their expression level in fully expanded tomato leaves

when these genes are normally weakly expressed. None of

these genes were consistently upregulated in the transgenic

lines under study. In contrast to the expected results, SlTAG1

was consistently down regulated in transgenic leaves as

compared to WT leaves of the same age (Fig S4) which may

suggest an indirect regulation of this gene by SlEZ2.

SlEZ2 down regulation affects flower and fruit

development

Contrary to WT flowers characterized by a style enclosed

within the stamen cone (Fig. 5A), transgenic plants from

all generations tested (T0, T1 and T2) developed abnor-

mally shaped flowers with twisted stamens leading to style

exposition (Fig. 5B, E–H), outgrowths on petals and sta-

mens (Fig. 5B–D), style enlargement (Fig. 5I, J), altered

sepal shape (Fig. 5K, L), and occasionally sepals with extra

lobes (Fig. 5M). However, neither stamen number and

identity nor pollen production and fertility were modified.

Although regularly observed the frequency of these phe-

notypes varied between lines (Fig. S5).

Fruit set from transgenic lines 2–9, 2–11 and 2–14, was

not as high as in the WT, as revealed by the analysis of

flower abortion rate (Fig. S4). Moreover the increased

frequency of flower abortion in the SlEZ2 RNAi plants was

strictly correlated with the increase in the percentage of

abnormal flowers most likely due to a decrease in self-

pollination efficiency leading to fruit development abortion

(Fig. S4). Alternatively the decrease in transgenic fruit set

could reveal a function for SlEZ2 in fruit set and/or during

early fruit development. In order to discriminate between

these two possibilities, manual pollination of transgenic

flowers with WT pollen was performed, leading to trans-

genic fruits with increased seed content that grew similarly

to the WT controls (Fig. S5). Thus, providing WT pollen

restored seed set and thereby fruit development indicating

that the transgene per se did not affect fruit set and growth

kinetic.

Fruits from lines 2–9, 2–11 and 2–14 either selfed or

back-crossed, were different from WT fruits in several

other aspects, including their shape, texture, color, and

surface aspect (Fig. 6). Transgenic fruits were flat and

much softer when fully ripe than the spherical WT fruits

(Fig. 6A, B). In some cases, fruit resistance could not even

be measured, such as those produced by plants from line

2–11. The color of transgenic fruits was also different from

WT fruits of the same age. Hence, immature green fruits

from the transgenic plants were light green to white, with

some irregular green dots whereas those from WT plants

were largely green with some regular light slightly yellow

streaks. Also the mature fruits from both WT and trans-

genic plants were largely red, although red color intensity

0
50

100
150

SlEZ3

0
20
40
60
80

100
120

re
sid

ua
le

xp
re

ss
io

n 
(%

) 

SlEZ2

**
****

0
50

100
150

SlEZ1
*

WT                    2- -9 2 11 2-14

WT      2- -9 2 11 2-14 WT 2- -9 2 11 2-14

100                          104           42         45            46

WTA     WTA WTA WTB   2- -9 2 11 2-14
5μg       10μg    20μg       10μg        10μg 10μg 10μg

H3

H3K27me3

Line
Protein amount

Re
sid

ua
l e

xp
re

ss
io

n 
(%

)
(A)

(B) (C)

(D)

Fig. 3 SlEZ gene expression in SlEZ2 RNAi transgenic tomato plants

(A–C) and H3K27me3 mark abundance (D). (A–C) RT QPCR

analysis were performed as detailed in the methods using RNA

samples prepared from fully expanded leaves (12th leaf from apex) of

WT and transgenic plants of lines 2–9, 2–11 and 2–14 and primers

specific to SlEZ2 (A), SlEZ1 (B) and SlEZ3 (C) genes (Table S1

supplementary data) as indicated. Relative quantification was per-

formed using the DDCt method. For each gene, expression values are

normalized to null transformed wild-type (WT) control plants

(100 %). Data ± sd are means of three independent biological

replicates (three different T2 plants for each line) performed using

two independent RNA preparations obtained from three different

cultures (A–C). Student’s t-tests indicate significant difference at 0.05
(*), 0.01 (**) or 0.001 (***). (D) Abundance of trimethylation of

lysine 27 of histone 3 (H3K27me3) and histone 3 (H3) are quantified

by western blot analysis using the same plant samples as in (A–C).
Values represent the ratio between signals obtained with H3 and

H3K27me3 antibodies quantitated with Chemi-Capt software using

the Western blot shown here. An independant Western blot with equal

amounts of nuclear porteins isolated from leaf samples of WT and

transgenic plants of lines 2–9, 2–11 and 2–14 are shown in Fig S2
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(A) (B) (C) (G) (I) (L)

(D) (E) (F) (H)

(J) (M)

(K) (N)

Fig. 4 Abnormal stem and growth phenotypes displayed by SlEZ2

silenced plants. (A) Three weeks old plantlet of line 2–11 showing

meristem arrest. (B) Five weeks old plantlet of line 2–11 that initiates

a secondary meristem (white arrow) after primary meristem arrest.

(C) Representative plant of line 2–11 (left) displaying a reduced

growth 52 days after germination in comparison to control plant

(right). (D) Fasciated stem on a T2 plant from line 2–9. Leaves from

WT (E) and T2 transgenic (F) plants. Primary leaflets from WT

(G) and a T2 transgenic (line 2–11) (H) plant showing reduced

serration. Secondary leaflets from WT (I) and transgenic lines (J–N).
Secondary leaflets from the transgenic plants show asymmetric

growth between the adaxial and abaxial surfaces leading to crinkled

surfaces (J–N) which are sometimes fused to the axe (N). Bars: 5 cm

(E–F), 1 cm (G–N)

3 mm

(A) (B) (C) (D)

(E) (F) (G) (H) (J)

(I)

(K) (L) (M)

3 mm

3 mm 3 mm

1 mm

3 mm3 mm

3 mm

3 mm3 mm

3 mm

1 mm

3 mm

Fig. 5 Flower phenotypes. (A) Wild type (WT) open flower with

closed staminal cone; (B) abnormal flower from line 2–9 showing

slightly twisted stamens (arrow head) and serrated petals with ectopic

organs (white arrows); ectopic outgrowth formed on petals (left WT,

right transgenic) (C) or stamens (D). Stamens from WT (left) and

transgenic flower (right) (E); compared to WT control flowers (F),

transgenic stamens are slightly (G) or strongly (H) modified. (I)
Styles of T2 RNAi plant flowers (right) are larger than WT styles

(left) and (J) eventually fasciated. Transgenic sepals are larger (left)

than wild type sepal (right) (K), have modified shape (left and middle:

transgenic; right: wild type,) (L), or present extra lobes (M)
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was often reduced in transgenic fruits consistent with their

slightly reduced lycopene content (Fig S5). In addition, as

transgenic fruits appeared brighter than WT (Fig. 7A, Fig

S7), showed orange dots on their surface and shriveled

more rapidly than WT when left overripe, we also analyzed

their surface (Fig. 6, Fig S7). Contrary to WT fruits,

transgenic SlEZ2 RNAi fruits are sticky and present a

higher trichome density at maturity as compared to WT

fruits, as revealed by binocular microscopy observations

(Fig. 7B). In addition, fresh pealed outer epidermis

observed under optical microscope appeared smoother than

that of wild-type fruits. Surface irregularities due to the

cutinized epidermal cell walls which separates two adja-

cent epidermal cells, were large and clearly visible on wild

type fruits, but were thinner and hardly visible on trans-

genic fruits (Fig. 7C). consistent with an alteration of their

cutin content (Petit et al. 2014). This was confirmed by

measuring major components of epicuticular waxes and

cutin monomers in transgenic fruits. We found a significant

decrease in four cutin acid monomers (p-coumaric acid,

hexadecane-1,16-dioic acid, 16-OH hexadecanoic acidand

10,16-diOH hexeadecanoic acid) in transgenic fruits as

compared to WT fruits (Fig. 7D). In contrast, transgenic

fruits contain significantly more C32 alkane and C31 iso-

alkane, two major components of the epicuticular waxes,

than the wild type (Fig. 7D). Finally all lines occasionally

developed fruits with extra carpels (Fig. 6C–H) that

developed internally to the sepals. In addition to carpels,

ectopic flowers and/or leaves were observed (Fig. 6G, H).

In summary, SlEZ2 gene repression leads to modifica-

tions in flower morphology, as well as various alteration of

fruit development, including control of carpel initiation,

fruit development and ripening, and modification of fruit

cuticle formation.

Discussion

E(z) genes in tomato

Polycomb proteins have been intensively studied in the

model plant A. thaliana, leading to the demonstration that

they constitute three different PRC2 complexes which are

essential for developmental transitions during plant devel-

opment (Köhler and Villar 2008; Holec and Berger Holec

2012). Notwithstanding, study of the specific function of

Arabidopsis E(z) proteins has proven to be challenging

because they are encoded by three closely related genes

with partly redundant functions: SWN, CLF and MEA

(Hennig and Derkacheva 2009). MEDEA is specifically

involved in controlling the central cell division in the

female gametophyte and early seed development (Gross-

niklaus et al. 1998) whereas the CLF protein is essential for

Arabidopsis vegetative development (Goodrich et al.

1997). However, the functional redundancy between SWN

and CLF, revealed by the severe defects of clf swn double

mutants, masks their specific functions (Chanvivattana

et al. 2004; Schubert et al. 2005).

As in A. thaliana (Butenko and Ohad 2011), tomato

E(z) proteins are encoded by a multigenic family composed

of three genes (How Kit et al. 2010). Notwithstanding, the

situation differs markedly between these two plant species.

Firstly, in tomato the CLF gene has been duplicated to give

SlEZ2/SlCLF1 and SlEZ3/SlCLF2, whereas SWN has not.

Hence, SlEZ1/SlSWN is unique in tomato and there is no

gene orthologous to MEDEA, a gene paralogous to SWN in

Arabidopsis (Spillane et al. 2007). Finally, whereas Ara-

bidopsis swn mutants have no phenotype, SlEZ1 knock-

down in tomato impacts stamen development and carpel

number indicating that the functional balance of individual

E(z) proteins has diverged between these two plants (How

Kit et al. 2010).

SlEZ2 is a functional E(z) protein

To determine to what extent SlEZ2 has functions in tomato

plants similar to AtCLF in Arabidopsis, RNAi plants that

are specifically affected in the expression of the SlEZ2 gene

have been generated. Surprisingly we failed to obtain

plants with a residual SlEZ2 gene expression below 40 %.

This is significantly higher than the remaining SlEZ1

mRNA level observed in SlEZ1 RNAi lines that ranged

between 20 and 40 % (How Kit et al. 2010) and suggests

that SlEZ2 may have essential functions in tomato. Indeed,

the global level of the H3K27me3 mark was reduced in

SlEZ2 RNAi plants compared to WT, to an extent com-

parable to the reduction of H3K27me3 observed in the

bFig. 6 A Atypical fruits from SlEZ2RNAi plants. 1 Transgenic fruits

obtained after self-pollination of plants from line 2–9 (upper) and WT

(lower) harvested at 20dpa. 2 Fruits from WT plants (lower) and fruits

from line 2–9 (upper) at the red ripe stage obtained after backcrossing

transgenic flowers with WT pollen. Bars: 1 cm; (B) Measurement of

fruit pericarp softening with a penetrometer. Student statistic test

shows significant difference at 0.05 (*), 0.01 (**) or 0.001 (***).

(C) Ectopic organ development on SlEZ2 RNAi plants. Fruits with

additional carpel from line 2–9 (1–3, 5), 2–11 (4) and 2–14 (6). Extra

carpel number varied from two (2) to more than 10 carpels (1, 3, 4)

that developed internally giving a ‘‘fruit in a fruit’’ phenotype (1),

were fused to fruits (2) or remained separated from each other (3) or

from the main fruit (4). Extra carpels developed concomitantly to the

main fruit (2–3) or their formation was delayed, which resulted in

young developing carpels when fruits were already mature (4).

Ectopic leaves (5) and flowers (6) development in addition to

abnormal carpels
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Arabidopsis clf-28 loss of function mutant (Lafos et al.

2011). This result indicates that SlEZ2 is a functional

E(z) protein which cannot be fully complemented by either

of the two other SlEZ proteins. This implies that SlEZ3 has

rapidly evolved since the gene duplication event that

generated SlEZ2 and SlEZ3, consistent with the significant

modification of the SlEZ3 gene structure compared to

SlEZ2 and AtCLF and the identification both in leaves and

fruits of multiple SlEZ3 RNA forms (Fig S1) as was

described for its petunia counterpart PhCLF1 (Mayama

et al. 2003). The absence of full complementation of SlEZ2

functions by other SlEZ genes is also consistent with the

observation that SlEZ2 displays an expression pattern dis-

tinct from SlEZ1 and SlEZ3, being characterized by a high

expression level in young developing tissues that decreases

in mature organs. GUS staining further indicated that

SlEZ2 gene expression in leaves is restricted to margins,

and is highly expressed in flowers and young fruits, as

previously observed using in situ hybridization (How Kit

et al. 2010), both of which are tissues containing actively

dividing cells (Hagemann and Gleissberg 1996; Berger

et al. 2009). This is consistent with the gene being involved
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Fig. 7 Surface analysis of red ripe fruits. (A–C) and quantification of

the major cutin acid monomers and wax aliphatic components (D).
(A) Fruits from WT (upper) and from line 2–9 (lower) showing

differences in color and brightness, (B) fruit surface viewed at a

shallow angle with a stereomicroscope, and (C) fresh pealed outer

epidermis observed under optical microscope. Scale bar 1 cm in (A),
2 mm in (B) and 30 lm in (C). (D) Quantifications (lg of

components by cm2 of fruit fresh weight) were performed with 3

fruits of 3 transgenic plants for each line. All these fruits presented

altered color and texture. Major components of cutin and epicuticular

waxes are respectively 10, 16-diOH hexadecanoic acid (10,16-diOH

C16:0), p-coumaric acid (Coumaric acid), hexadecane-1,16-dioic acid

(C16:0 DCA), 16-OH hexadecanoic acid (16-OH C16:0), 9,10,18-

triOH octadecanoic acid (9,10,18-triOH C18:0) and C31 iso-alkane

(iso-ALK31), C31 alkane (ALK31), C32 alkane (ALK32). Student

statistic test shows significant difference at 0.05 (*), 0.01 (**) or

0.001 (***)
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in the early reprogramming of chromatin states during

organogenesis.

SlEZ2 is the tomato functional ortholog to CLF

Similar to the clf mutation in Arabidopsis, SlEZ2 knock

down leads to phenotypes that affect several aspects of

plant development. These include plant size reduction and

shorter internodes, flower development and leaf shape

alterations, all of which are consistent with the idea that

SlEZ2 is the functional ortholog to AtCLF. Yet there are

many phenotypic differences between tomato SlEZ2 RNAi

plants and Arabidopsis clf mutants. For example, leaves

from SlEZ2 RNAi plants display decreased complexity and

crinkled leaflets but are never curly contrary to the leaves

of Arabidopsis clf mutants. In a similar way, SlEZ2 RNAi

flowers are characterized by twisted stamens and out-

growths on petals whereas flowers from Arabidopsis clf

mutants lack petals and have staminoid petals. Another

difference corresponds to the absence of effect on flower-

ing time contrary to Arabidopsis clf mutants that flower

3 weeks earlier than WT plants under short days conditions

(Goodrich et al. 1997).

Although such phenotypic differences may reflect a

diversification of SlEZ2 function as compared to AtCLF,

other reasons could account for these observations. Firstly,

SlEZ2 RNAi plants still accumulate SlEZ2 mRNA (60 % of

WT level) and most likely SlEZ2 proteins, whereas null clf

mutants produce no functional CLF protein and are there-

fore likely to display more pronounced phenotypes

(Goodrich et al. 1997). Secondly, the E(z) gene family

composition differs between Arabidopsis and tomato. As a

consequence, eventual functional complementation

between SlEZ genes may lead to situations distinct from

Arabidopsis. Indeed, our previous results suggest that the

functional balance between SlEZ1/SlSWN and SlEZ2/

SlCLF has diverged between tomato and Arabidopsis (How

Kit et al. 2010). However, we cannot formally rule out a

partial complementation of SlEZ2 by SlEZ1, which would

be reminiscent of the situation already described in Ara-

bidopsis between SWN and CLF (Chanvivattana et al.

2004). Finally SlEZ3, a protein not found in Arabidopsis,

might also be able to partly complement SlEZ2 function,

thereby also contributing to the phenotypic differences

between Arabidopsis clf mutants and tomato SlEZ2 RNAi

plants.

SlEZ2 has acquired new functions in tomato

We also found that SlEZ2 RNAi plants produced fruits with

developmental alterations. Such phenotypes were never

observed in Arabidopis clf mutants or in Arabidopsis plants

impaired for other PRC2s (Katz et al. 2004). Interestingly

there has been no clear description of the role of PcG in

Arabidopsis fruits with the exception of FIE suppressed

plants, which are characterized by multi-carpel gynoecia

(Katz et al. 2004) and clf mutants which were reported to

occasionally produce flowers with unfused carpels

(Goodrich et al. 1997). Given the very specific alterations

of fleshy fruit phenotypes, these results suggest a specific

recruitment of SlEZ2 in fruit development, a function not

identified for the Arabidopsis CLF protein. Most notably,

tomato fruits from SlEZ2 RNAi plants showed modified

shapes, texture, and color. Interestingly fruit shape and

texture depend on events occurring early during fruit

development (Chaı̈b et al. 2007; van der Knaap et al.

2014), concomitant to the highest expression level of SlEZ2

(Figs. 1 and 2, How Kit et al. 2010). In addition, changes in

the surface of SlEZ2 RNAi fruits were correlated to low

cutin content and a high trichome density, suggesting a role

for SlEZ2 in the control of tomato fruit epidermis cell

identity. This is reminiscent to a recently identified func-

tion of Arabidopsis PRC2s that were suggested to control

guard cell fate stability by repressing stomatal stem cell

genes in cotyledons (Lee et al. 2014).

However, effects on fruits trichome could also be indi-

rect due to the altered cuticule composition. In plants,

cuticle formation is an important epidermal property and

all aerial epidermal cells produce cuticle (Javelle et al.,

2011). Although no direct link between epidermal cell fate

specification and cuticle biosynthesis has been made, sev-

eral Arabidopsis lines with mutations in genes involved in

cutin biogenesis show severe defects in cuticle composi-

tion, together with abnormalities in the development of the

epidermis. For instance, knock-down mutations in genes of

the fatty elongation complex (AtKCR-RNAi lines or pas2-1

mutant) display strong developmental defects, such as

spontaneous organ fusions and abnormal epidermal cell

morphology (Faure et al. 1998; Beaudoin et al. 2009).

Mutations in the ABCG11 transporter which is involved in

cutin precursor export lead to numerous organ fusion

events, development of asymmetric stomata, shorter tri-

chomes with irregular branching or collapsed trichomes

(Bird et al. 2007; Panikashvili et al. 2007). These data

together with others hint at a complex cross-talk between

cuticle formation and epidermis differentiation, but also

underlie the difficulty of functionally separating both.

Contrary to this study, the functional analysis of SlEZ1

had not revealed any role for this protein in tomato fruit.

Knocking down FIE, a partner of the EZ proteins in PRC2

complexes, resulted in tomato lines characterized by

increased sepal and petal numbers in flowers, fused ovules

and pistils, and parthenocarpic fruit formation (Liu et al.

2012). Although Liu et al. (2012) demonstrated that SlFIE

could interact with SlEZ2, the phenotypes described in that

study are different from those of SlEZ2 RNAi plants. As

Plant Mol Biol (2016) 90:485–501 497

123



FIE is encoded by a unique gene in tomato, knockdown of

this gene may have a stronger effect than SlEZ2 as the

corresponding protein is expected to be present in all PRC2

complexes.

Noteworthy, although several genes orthologous to CLF

target genes in Arabidopsis have been analyzed, none of

them was found to be consistently upregulated in the

tomato lines analyzed in this work (Fig. S4). Indeed, SlEZ2

gene repression was limited to 40 % and had a significant

but limited impact on the global level of H3K27me3

abundance. This in turn may results in transient and/or

weak effects on gene expression. Consistent with this view,

the most affected transgenic plants were not viable in our

conditions, and all studies were therefore performed on

plants presenting rather mild phenotypes. Several other

reasons could explain such a result: the morphology of

SlEZ2 RNAi leaves was not observed in any tomato single

mutant described in the literature. Hence the identification

of the genes whose expression is deregulated in the trans-

genic tomato plant leaves and in a more general way

flowers and fruits is not simple, and will require tran-

scriptomic studies and genome wide analysis of

H3K27me3 distribution. Furthermore, the gene deregula-

tion may be restricted to a small number of cells during a

short developmental window. It has now been shown that

tomato leaf morphogenesis involves complex regulatory

genes networks implying dynamic spatial and temporal

gene activity (Bar and Ori 2014). Finally, only a limited

number of H3K27me3 targets are mis-expressed in Ara-

bidopsis PcG mutants (Weinhofer et al. 2010; Bouyer et al.

2011; Farrona et al. 2011; Lafos et al. 2011), suggesting

that in most cases their deregulation also depends on the

presence of other regulators, and/or epigenetic marks.

Conclusion

Altogether the functional analysis of SlEZ2 indicates that

this gene has retained most of the ancestral functions of the

tomato CLF like gene that generated SlEZ2 and SlEZ3.

However, our results also demonstrate that SlEZ2 is likely

to have additional functions in fleshly fruits and support the

idea that E(z) proteins have been recruited to specific

processes during the evolution of land plants (Butenko and

Ohad 2011). So far, the results described here are consis-

tent with SlEZ2 participating to a functional PRC2 com-

plex. Indeed other tomato PRC2 components need to be

identified, but as the tomato genome contains only one

ESC like and one Su(z)12 like encoding gene, it is likely

that both proteins will contribute to all tomato PRC2

complexes. Tomato PRC2s could be defined by their

E(z) component, contrary to A. thaliana where the speci-

ficity of PRC2s relies on the combination between the

E(z) and the Su(z)12 protagonists. Hence, this work toge-

ther with previous results (How Kit et al. 2010) is consis-

tent with at least two tomato PRC2 complexes, respectively

containing SlEZ1 or SlEZ2, with partially overlapping

functions in plant, flower and early fruit development. It is

not clear at this time whether a third complex containing

the SlEZ3 protein also exists, although this gene is likely to

encode a functional E(z) protein.

Transcriptomic together with ChIP-SEQ analysis of

tomato plants impaired in PRC2 function will provide a

more precise view of the functions of PRC2s in this plant

and will probably highlight further differences with Ara-

bidopsis and other plant species.
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