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Circadian clocks allow organisms 
to adjust multiple physiological 

and developmental processes in antici-
pation of daily and seasonal changes 
in the environment. At the molecular 
level these clocks consist of interlocked 
feedback loops, involving transcrip-
tional activation and repression, but 
also post-translational modifications. In 
a recently published work we provided 
evidence that PRMT5, a protein argi-
nine methyl transferase, is part of a novel 
loop within the circadian clock of the 
plant Arabidopsis thaliana by regulating 
alternative splicing of key clock mRNAs. 
We also found evidence indicating that 
PRMT5 has a role in the regulation of 
alternative splicing and the circadian 
network in Drosophila melanogaster, 
although the clock connection in the 
latter is more elusive and seems to be at 
the output level. We conclude that alter-
native precursor messenger RNA (pre-
mRNA) splicing is part of the circadian 
program and could be a main actor in the 
fine-tuning of biological clocks. Here, we 
embrace the alternative splicing process 
as part of the circadian program and dis-
cuss the possibility that this mechanism 
is of fundamental relevance for the fine-
tuning of biological clocks.

Most organisms have the ability to antici-
pate their physiological and develop-
mental processes to daily and seasonal 
environmental changes. This anticipatory 
behavior to the recurrent conditions has 
been shown to enhance fitness of organ-
isms1 and relies on an internal circadian 
clock. This clock is synchronized by dif-
ferent external signals, such as light/dark 
or high/low temperature cycles.2 In plants 
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and animals, it consists of interlocked 
negative feedback loops involving tran-
scriptional activation and repression, but 
also post-translational modifications.3 
In Arabidopsis thaliana, the expression 
of 30% of the genes is regulated by the 
clock, and up to 90% oscillates at the 
transcript level under cycling environ-
mental conditions.4 This observation 
reflects the importance of the circadian 
clock in the control of basic cellular and 
organismal processes.

Different steps of gene expression are 
key processes that could fine-tune the 
clock in different organisms. One of these 
steps is pre-mRNA splicing, a mechanism 
catalyzed by the spliceosome complex, by 
which introns are removed and exons are 
joined together to form mature mRNA. 
In many cases, the splicing process can 
create alternative mRNAs from the same 
precursor by varying the selection of the 
included/excluded regions. This mecha-
nism, known as alternative splicing, is 
an important source of protein diversity 
in multicellular eukaryotes.5 Since splic-
ing variants often have different functions 
and regulatory features, the regulation of 
alternative splicing represents a power-
ful tool to control gene expression. In 
humans, around 95% of the transcripts 
with at least two exons undergo alterna-
tive splicing6 and this mechanism has 
also been associated with the etiology 
of several diseases.7 In spite of the great 
extent of knowledge in humans and other 
organisms, alternative splicing in plants 
is just arising as an important process 
regulating key cellular functions and the 
transcriptome,8 and very few physiologi-
cally relevant events have been described 
in references 9 and 10.
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some genes follow a circadian pattern that 
is severely disrupted in prmt5 mutants, 
showing that the circadian clock modu-
lates alternative splicing through PRMT5. 
Recent evidence supports the idea that 
other components of the central oscilla-
tor suffer alternative splicing of their own 
pre-mRNA,8 reinforcing the idea of a new 
feedback loop within the circadian clock 
(Fig. 1A). Thus, coupling alternative 
splicing to the circadian clock could con-
tribute to fine tuning circadian rhythms 
in several cellular processes including the 
core oscillator itself.

Since PRMT5 is conserved from yeast 
to humans, we next decided to evalu-
ate its role in Drosophila melanogaster 
another model organism that had char-
acterized mutants for the PRMT5 ortho-
log. We found that PRMT5 plays a key 
role in alternative splicing, similar to the 
one described for Arabidopsis thaliana.11 
Even more, we also found an over-repre-
sentation of events with alterations in 5'ss 
selection. However, the role of PRMT5 in 

been also shown by another recent pub-
lication.16 Looking for the mechanism 
underlying these phenotypes, we found 
that prmt5 mutants have altered expres-
sion of two Pseudo Response Regulator 
(PRR) family members, PRR7 and PRR9, 
which are components of a feedback loop 
close to the core oscillator.17 Surprisingly, 
these clock components are regulated in 
a different manner: PRR7 expression is 
regulated through transcription, while 
PRR9 expression is regulated by transcrip-
tion and alternative splicing (Fig. 1A). 
Furthermore, global analysis using tiling 
arrays as well as a high resolution RT-PCR 
panel18 revealed a broad participation of 
PRMT5 in alternative splicing. This pro-
cess can occur in different ways: exons can 
be included or skipped or can be extended 
(modulating 5' and 3' splice site selection), 
and introns can be retained or eliminated. 
Our results show an over-representation 
of events with alterations in 5' splice site 
(5'ss) selection. Moreover, the relative 
amounts of different splicing variants of 

In a recent study we reported a 
new clock mutant in the plant model 
Arabidopsis thaliana. This long-period 
mutant has a defective PRMT5 gene,11 
which encodes an enzyme whose sequence 
is conserved from yeast to humans, and 
whose biological activity is to catalyze the 
symmetric dimethylation of arginines. 
Histones and non-histone proteins have 
been shown to be targets for this post-
translational modification.12 Furthermore, 
this mark seems to be essential for physi-
ological and morphological processes in 
Arabidopsis thaliana, since the lack of it 
induces flowering defects and morpholog-
ical changes in the leaves.13-15 In addition 
to previously described roles, we found 
this protein to be necessary for proper 
functioning of the circadian clock and to 
be a main component of a newly described 
regulatory loop within the central oscilla-
tor (Fig. 1A), since it regulates the tim-
ing of expression of the core clock genes 
CCA1, LHY and TOC1, and has itself a 
circadian pattern of expression, which has 

Figure 1. Schematic representations of circadian clock mechanisms for Arabidopsis thaliana and Drosophila melanogaster. the role of PrMt5 is shown 
in the model, although the connection with the core oscillator is different for Arabidopsis thaliana (A) and Drosophila melanogaster (B). In both organ-
isms, gene expression can be modulated by alternative splicing or transcription levels, and both of them are controlled by the circadian core and in 
turn control the core oscillator, which leads to understanding alternative splicing and transcription as regulators of the core oscillator themselves.
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mRNA splicing. Proc Natl Acad Sci USA 2010; 
107:19114-9.

23. Pomeranz Krummel DA, Oubridge C, Leung AKW, 
Li J, Nagai K. Crystal structure of human spliceo-
somal U1 snRNP at 5.5 A resolution. Nature 2009; 
458:475-80.

several Arabidopsis thaliana Sm proteins 
have been identified as targets of PRMT5 
methylation.22 Those data are consistent 
with structural analysis demonstrating 
the relevance of Sm proteins in the 5'ss 
recongnition.23

The dual and conserved roles of 
PRMT5 in different layers of gene expres-
sion in distantly related organisms makes 
it a perfect candidate to be selected or co-
opted to fine tune the circadian clocks 
and/or their outputs, even more than once 
throughout evolution.
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the control of the circadian clock seems to 
be more elusive. At the behavioral level, 
mutant flies lacking PRMT5 activity are 
arrhythmic. Expression patterns of core 
oscillator genes are slightly affected, but 
they are not arrhythmic. Thus, in flies, 
PRMT5 operates mainly by modulating 
the connection between the core oscilla-
tor and its outputs, rather than on the core 
oscillator itself. Furthermore, in contrast 
to what was observed in Arabidopsis, in 
flies, PRMT5 gene expression is not under 
the control of the circadian clock, rein-
forcing the idea of a more elusive connec-
tion between PRMT5 and the circadian 
clock in flies than in plants (Fig. 1B).

Finally, on one hand, PRMT5 modu-
lates the expression of several genes in 
Arabidopsis and Drosophila, which is 
expectable due to the fact that it is a global 
transcriptional repressor.19 On the other 
hand, independently of the differential 
roles with respect to the clock, PRMT5 
seems to have conserved roles on the inti-
mate alternative splicing mechanism in 
both plants and flies, by enhancing the 
recognition and usage of weak 5'ss during 
the splicing reaction. Alternative splicing 
is a co-transcriptional process that can 
be regulated by histone modifications20,21 
and also by the assembly of the spliceo-
some over the pre-mRNA. The latter 
depends on the post-translational modi-
fication state of the proteins involved in 
the spliceosome machinery. Our evidence 
supports the hypothesis that PRMT5 
methylation of Sm proteins (components 
of the spliceosome), rather than an epigen-
etic regulation, is essential for proper rec-
ognition of weaker 5'ss. This is supported 
by recently published findings, where 


