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In the cell nucleus, the packaging of 
the DNA into chromatin represses 

transcription by restricting the access of 
transcriptional regulators to their bind-
ing sites and inhibiting the progression 
of RNA polymerases during transcript 
elongation. To efficiently transcribe genes 
in the context of chromatin, eukaryotes 
have a variety of transcript elongation 
factors promoting transcription in vivo. 
The facilitates chromatin transcrip-
tion (FACT) complex consisting of the 
SSRP1 and SPT16 proteins, is a histone 
chaperone that assists transcription by 
destabilizing nucleosomes in the path 
of RNA polymerases. In a recent study, 
we report that Arabidopsis FACT is 
critically involved in different aspects of 
development including leaf growth and 
the transition to flowering. Moreover, 
FACT was found to interact genetically 
with HUB1 that mono-ubiquitinates his-
tone H2B. Depending on the underlying 
process that is regulated by the two com-
plexes, there appear to be different levels 
of interaction.

The FACT heterodimer purified from 
human cells was shown to assist transcrip-
tion by RNA polymerase II (RNAPII) 
from chromatin templates.1 It promotes 
transcript elongation by facilitating the 
removal of histone H2A/H2B dimers 
from nucleosomes of transcribed genes.2 
Yeast FACT (consisting of SPT16 and 
the SSRP1-like protein POB3) can reor-
ganize nucleosomes without require-
ment of H2A/H2B removal into a form, 
in which the nucleosomal DNA is more 
accessible.3 Thus, FACT is a chromatin 

factor that in concert with other transcript 
elongation factors assists the passage of 
RNA polymerase through chromatin by 
destabilizing nucleosomes without ATP 
consumption.4,5

In plants, both subunits of the FACT 
complex are conserved and SSRP1 has been 
studied in quite some detail. Mediated 
by its HMG-box DNA-binding domain, 
maize SSRP1 binds with high affinity to 
DNA structures and it interacts preferen-
tially with structurally flexible DNA sites.6 
The DNA binding is modulated by phos-
phorylation catalyzed by the protein kinase 
CK2.7 SSRP1 interacts with nucleosome 
particles and associates with nuclease 
sensitive maize chromatin.8 Consistently, 
using immunofluorescence Arabidopsis 
FACT is detected in euchromatin, but 
not in heterochromatic chromocenters. 
Typical of transcript elongation factors, 
the FACT subunits associate with the 
entire transcribed region of active genes in 
Arabidopsis, but not with non-transcribed 
genes or intergenic regions.9

Both genes encoding FACT subunits 
are essential in yeast and the mouse SSRP1 
is critical for cell viability.4,10,11 Since plants 
are excellent models to study the role of 
transcript elongation factors in the devel-
opment of multicellular organisms,12,13 
in a recent study we have examined 
Arabidopsis mutant lines harboring 
DNA insertions in the SSRP1 and SPT16 
genes.14 For one of the analyzed plant lines 
(ssrp1-1) carrying an insertion in exon 1 
of SSRP1, we were unable to obtain plants 
homozygous for the insertion, suggesting 
that the gene is also essential in plants. 
The other tested lines, ssrp1-2, spt16-1 
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expression of specific genes.21,22 Hence, 
chromatin-modifying complexes that alter 
histones might act as an interface between 
environment and RNAPII-mediated gene 
expression to modulate leaf plasticity. It 
will be interesting to study whether there 
is crosstalk between the HUB1 or FACT 
complexes and signaling components 
related to the perception of environmental 
or stress conditions.

In Arabidopsis, the transition to flow-
ering is controlled by a network of positive 
and negative regulators including a variety 
of chromatin factors. Several protein com-
plexes involved in chromatin remodeling 
and histone modifications contribute to 
the regulation of the expression levels of 
the central floral repressor FLC controlling 
the transition to flowering.23,24 Among the 
positive regulators of FLC is HUB1, as 
FLC expression is downregulated in hub1 
mutants and, consistently, the mutant 
plants show accelerated flowering.25-27 
Similarly, mutant plants with reduced 
expression of the FACT subunits, SSRP1 
and SPT16, are early flowering and display 
reduced FLC transcript levels. Analysis 
of double mutant plants affected in the 
expression of both HUB1 and FACT sub-
units revealed that their flowering time is 
in between the parental lines,14 suggest-
ing that HUB1 and FACT promote FLC 
expression and the transition to flower-
ing, but that they act independently on 
the induction of flowering. Interestingly, 
mutations of both SSRP1/SPT16 and 
HUB1 cause reduced transcript levels of 
FLC, while the expression of reference 
genes is not decreased by reduced amounts 
of these chromatin modifiers.14,25 Similarly, 
an effect on FLC expression by alterations 
in chromatin structure (while the expres-
sion of other genes is not changed) is also 
observed for defects in other Arabidopsis 
chromatin modifiers that promote chro-
matin-regulated transcription, including 
a chromatin-remodeling complex of the 
SWR1-type and the histone H3 meth-
yltransferase SDG25.28,29 Consistently, 
transcript profiling experiments revealed 
that defects in various chromatin modi-
fiers, including HUB1 and SDG25, cause 
differential expression of only a subset 
of genes.18,28 Experiments with various 
chromatin factors have demonstrated that 
proper expression of FLC appears to be 

complexity and different from those of 
elo or hub1 mutants (Fig. 1). It suggests 
that the different complexes might regu-
late different pathways contributing to leaf 
size and shape. Double mutants were con-
structed between hub1 and the ssrp1/spt16 
mutants and their leaf phenotype was 
studied to determine genetic interaction.15 
The leaf lamina areas of double mutants 
were strongly reduced as compared to the 
one of the single mutants; the synergistic 
effect on leaf growth indicated that FACT 
and HUB1 act independently on the 
same growth pathways.14 Double mutants 
had asymmetrically serrated leaf shapes 
with reduced venation complexity com-
parable to the FACT mutants indicating 
that FACT is epistatic to HUB1 and that 
both share these developmental pathways. 
The conclusion is that FACT and HUB1 
both affect leaf growth and development 
through the regulation of common path-
ways either in a redundant way (growth) 
or in a sequential way (development). Leaf 
size and shape depend on environmental 
conditions such as day length and water 
deficit.20 This so-called leaf plasticity 
shows the impact of the environment on 
the genetic regulation of leaf development. 
Upon external stimuli, the post-transla-
tional modifications of nucleosomal his-
tones change. For example, light regulates 
histone acetylation levels and consequently 

and spt16-2 are viable and have reduced 
levels of SSRP1 and SPT16. However, the 
mutant plants are severely affected in vari-
ous aspects of growth and development 
including leaf growth and architecture, 
bolting time, flower architecture and seed 
production. Moreover, FACT was found 
to interact genetically with the histone 
H2B mono-ubiquitinase HUB1.14 Here, 
we focus on the role of FACT and HUB1 
in Arabidopsis leaf development and in 
the transition to flowering.

Leaf size and shape are species specific 
and genetically determined by a large 
number of genes that upon mutation alter 
the leaf phenotype.15 Local manipulation 
of cell division and cell expansion showed 
that these are important parameters for leaf 
form.16,17 Besides cell cycle regulators and 
transcription factors, enzymes and com-
plexes that control chromatin status and 
hence the regulation of RNAPII accessi-
bility to genes, impact leaf size and shape 
through these cellular parameters.18,19 
Indeed, the histone H3 acetyl transferase 
complex, Elongator and HUB1, affect 
both cell proliferation during leaf growth, 
but leaf size and shape are distinct in both 
mutants. The FACT mutants, ssrp1-2, 
spt16-1 and spt16-2 also have leaves with 
reduced lamina area due to reduced cell 
proliferation, but are asymmetrically 
serrated with severely reduced venation 

Figure 1. Rosette leaf size and shape of mutants in FACT, Elongator and HUB1 chromatin-related 
factors. The spt16-1 and ssrp1-2 mutants are in Col background and the elo3-1 and hub1-1 mutants 
are in Ler background. Twenty-four-day-old plants were grown on rockwool watered with Hypo-
nex solution in growth chamber using conditions of 100 µmol/m-2sec-1 cool white light intensity, 
16 hrs light, 21°C and 60% relative humidity.
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particularly sensitive to changes in chro-
matin structure. Therefore, the FLC locus 
represents a promising model for further 
studies addressing the role of chromatin-
mediated activation and repression of gene 
transcription.
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