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Growing interest in alternative splicing in plants and the extensive sequencing of new plant genomes necessitate more precise
definition and classification of genes coding for splicing factors. SR proteins are a family of RNA binding proteins, which
function as essential factors for constitutive and alternative splicing. We propose a unified nomenclature for plant SR proteins,
taking into account the newly revised nomenclature of the mammalian SR proteins and a number of plant-specific properties of
the plant proteins. We identify six subfamilies of SR proteins in Arabidopsis thaliana and rice (Oryza sativa), three of which are
plant specific. The proposed subdivision of plant SR proteins into different subfamilies will allow grouping of paralogous
proteins and simple assignment of newly discovered SR orthologs from other plant species and will promote functional

comparisons in diverse plant species.

SR proteins are a family of important RNA
binding proteins, which are conserved in
higher eukaryotes and function as essential
factors for constitutive and alternative splic-
ing. They contain one or two N-terminal
RNA binding domains (RBDs; also known as
RNA recognition motifs [RRMs]) and an Arg/
Ser-rich (RS) C-terminal region and as such
contribute significantly to the proteome
complexity of higher eukaryotes. Since their
discovery ~20 years ago, they have been
studied intensively ina number of organisms,
specifically in mammals, Drosophila mela-
nogaster, Caenorhabditis elegans, and
plants. These studies also uncovered several
other roles for SR proteins, such as their
involvement in mRNA nuclear export, mMRNA
stability, translation, genome maintenance,
and oncogenic transformation (Huang and
Steitz, 2005; Long and Caceres, 2009; Zhong
et al.,, 2009). Their multifunctional roles
illustrate the importance of SR proteins
in regulating gene expression at various
levels.

The historical timeline of SR protein
discovery and the imprecise definition of
what constitutes a bona fide SR protein left
the field with somewhat arbitrary classifi-
cations and nomenclature of proteins (dis-
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cussed in Manley and Krainer, 2010). In
particular, the existence of many additional
proteins with RS domains that do not
necessarily possess an RRM domain in-
troduced further confusion. Due to the
importance of SR proteins as regulators
for proper gene expression and protein
diversity, the splicing community recently
proposed a more precise definition of SR
proteins and a unified nomenclature for
each SR protein (Manley and Krainer,
2010). To begin with, the approach was
limited to the best investigated mammalian
genes and proteins. Manley and Krainer
(2010) proposed that SR proteins be de-
fined solely according to their sequence
properties: one or two N-terminal RRMs
(RBDs; PF00076) followed by a down-
stream RS domain of at least 50 amino
acids with >40% RS content characterized
by consecutive RS or SR repeats. This
definition allowed the identification of 12
SR proteins in humans (see Table 1 in
Manley and Krainer, 2010).

We supported the initiative for the re-
vised nomenclature of the mammalian SR
proteins. However, adapting this system to
SR proteins in plants has proved difficult as
the plant proteins have certain peculiarities.
Phylogenetic studies of SR proteins and
the recent completion of several plant
genomes revealed a larger number of
diverse SR proteins in comparison to those

encoded by metazoan genomes. For ex-
ample, according to the currently used
nomenclature, Arabidopsis thaliana pos-
sesses 19 SR genes compared with 12
SR genes in humans or seven in C. elegans.
The genomes of rice (Oryza sativa; lida and
Go, 2006; Isshiki et al., 2006) and Brachy-
podium (International Brachypodium Ini-
tiative, 2010) encode for 22 and 17 SR
proteins, respectively. In addition to clear
orthologs for some of the human SR pro-
teins, such as SRSF1 (formerly SF2/ASF),
SRSF2/SC35, and SRSF7/9G8, there are
plant-specific SR proteins in Arabidopsis
and other plants that are unusual in their
domain structures. For instance, At-RSZ32
and At-RSZ33 have RRMs with significant
similarity to human SRSF6/SRp55 and
a canonical RS domain; however, they
possess two zinc knuckles and have an
acidic C-terminal extension rich in Ser and
Pro residues. These features also distin-
guish these proteins from the mammalian
SRSF7 and its three Arabidopsis orthologs
containing one zinc knuckle (At-RSzZp21/
SRZ21, At-RSZp22/SRzZ22, and At-
RSZp22a). Four SC35-like (SCL) proteins
(At-SCL28, At-SCL30, At-SCL30a, and
At-SCL33/SR33) have canonical RRMs
with sequence similarity to SRSF2; how-
ever, they possess an N-terminal exten-
sion rich in Arg, Pro, Ser, Gly, and Tyr
residues, which places these proteins in



a plant-specific subfamily. The proteins of
the RS subfamily lack the highly conserved
SWQDLKD motif in their second RRM and
possess an RS domain with many RS
dipeptides. In general, although plant SR
proteins possess highly conserved RRMs,

their RS domains are more divergent,
contain additional/novel domains, and
seem to have evolved for more specific
protein—protein interactions. For example,
the RS domains of Arabidopsis orthologs of
SRSF7 have an RS content below 40%.

New protein /gene

Subfamily name Aliases symbol
SR subfamily At-SRp30 At-SR30
At-SRp34, SR1 At-SR34
At-SRp34a At-SR34a
At-SRp34b At-SR34b
BEM KN 2 Os-SRp32 0s-SR32
Os-SRp33a Os-SR33a
0s-SRp33b 0s-SR33
Os-SRp20* 0Os-SR40
RSZ subfamily At-RSZp21, SRZ21 At-RSZ21
At-R8Zp22, SRZ22 At-RSZ22
ZnkK At-RSZp22a At-RSZ22a
M 0s-RSZp21a 0s-RSZ21a
0s-RSZp21b 0Os-RSZ21
0s-RSZp23 0s-RSZ23
SC subfamily At-SC35 At-SC35
Os-SC35a 0Os-SC34
RRM SR 0s-SC35b 0s-SC32
Os-SC35¢ Os-SC25
SCL subfamily At-SCL28 At-SCL28
At-SCL30 At-SCL30
At-SCL30a At-SCL30a
At-SCL33, SR33 At-SCL33
RRM SR Os-SCL25 Os-SCL25
Os-SCL26 Os-SCL26
0s-SCL30a 0s-SCL30a
Os-SCL30b Os-SCL30
- Os-SCL28
- 0s-SCL57
RS2Z subfamily At-RSZ32 At-RS2732
2 ZnK At-RSZ33 At-RS2Z33
0s-RSZ36 0s-RS2Z36
ERA .. SR _ 0s-RSZ37a 0s-RS2Z37
0s-RSZ37b 0s-RS2Z38
0s-RSZ39 0s-RS2Z39
RS subfamily At-RSp31a At-RS31a
At-RSp31 At-RS31
RRM RRM RS At-RSp40, At-RSp35 At-RS40
At-RSp41 At-RS41
Os-RSp29 0Os-RS29
Os-RSp33 0Os-RS33

0s01g21420™

September 2010 2927

COMMENTARY

Another peculiarity of plant SR proteins is
their large and varying number. Both plant-
specific SR proteins and those with clear
orthologs in metazoan lineages are present
in plants as multigene families. For example,
12 of the 19 Arabidopsis SR genes exist

Accession Referencet
At1g09140 8
At1g02840 6,8
At3g49430 11
Atdg02430 11

0s03922380 4

0s05g30140 4

0s07g47630 4
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At1g23860 1,9

At4g31580 1,9

At2g24590
0s06g08840
0s02g54770
0s02939720

At5g64200
0s08g37960
0s07g43050
0s03g27030

At5g18810
At3g55460
At3g13570
At1g55310

0s07g43950

0s03g25770
0s02g15310
0s12g38430

0503924890

0Os11g47830

At3g53500
At2g37340
0s05g02880
0s01g06290
0s03g17710
0s05g07000

At2g46610
At3g61860
At4g25500
At5g52040

0s04g02870
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Figure 1. Domain Architecture of the Arabidopsis and Rice SR Protein Subfamilies and the Newly Proposed Protein/Gene Symbols.

The proteins of the SR subfamily (orthologs of mammalian SRSF1/SF2/ASF) possess an evolutionary conserved SWQDLKD moitif in their second RRM
followed by an RS domain with characteristic SR dipeptides. The RSZ subfamily (orthologs of mammalian SRSF7/9G8) consists of SR proteins with one Zn
knuckle. The SC subfamily (orthologs of SRSF2/SC35) contains proteins with a single RRM followed by an RS domain. The plant-specific SCL subfamily
(SC35-like) is similar to SRSF2 (RRM domain) but has an N-terminal charged extension. The proteins of the plant-specific RS2Z subfamily possess two Zn
knuckles and have an additional SP-rich region following the RS domain. The plant-specific RS subfamily proteins contain two RRMs (without the SWQDLKD
motif) followed by the RS domain rich in RS dipeptides. *, truncated protein; **, full-length protein. References: 1, Golovkin and Reddy (1998); 2, Golovkin and
Reddy (1999); 3, lida and Go (2006); 4, Isshiki et al. (2006); 5, Kalyna and Barta (2004); 6, Lazar et al. (1995): 7, Lopato et al. (1996); 8, Lopato et al. (1999b); 9,
Lopato et al. (1999a); 10, Lopato et al. (2002); 11, Lorkovi¢ and Barta (2002).
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as duplicated pairs of paralogs (Kalyna and
Barta, 2004). The SR genes in rice and
Brachypodium genomes are also ex-
tensively duplicated. Whole-genome and
extensive segmental duplications are
prominent features in the evolution of plant
lineages. This amplification resulted in
multiple paralogous genes coding for SR
proteins in Arabidopsis, rice, and other
plants, which created several subgroups.
Sequence alignments support subdivision
into several subfamilies, in which members
of each group have similar domain organi-
zation and likely originated from a common
ancestor (Kalyna and Barta, 2004; lida and
Go, 2006; Kalyna et al., 2006). However,
each plant species has experienced whole-
genome and segmental duplications to
a different extent. The proposed subdivi-
sion of plant SR proteins into different
subfamilies will allow grouping of paralo-
gous proteins and simple assignment of
newly discovered SR orthologs from other
plant species. In addition, exon-intron struc-
tures of genes coding for SR proteins are
conserved across plant species within
each subfamily (lida and Go, 2006; Kalyna
et al., 2006) and can serve as an additional
criterion for their assignment. Currently, six
subfamilies of SR proteins can be identified
in Arabidopsis on this basis (Figure 1).

As outlined above, the differences be-
tween the plant and metazoan SR proteins
necessitate a different nomenclature system
to account for the special requirements for
defining and naming plant SR proteins. We
propose the definition of a plant SR protein
as follows: one or two N-terminal RRMs
(RBDs; PF00076) followed by a downstream
RS domain of at least 50 amino acids and
a minimum of 20% RS or SR dipeptides.
Furthermore, the high conservation of gene
structures in plant SR protein subfamilies will
allow newly discovered SR proteins to be
placed in the proper subfamily.

Using these criteria, Arabidopsis has 18
SR proteins. There are two cases of pre-
viously annotated Arabidopsis SR proteins
that must be reconsidered and now fall
outside the proposed definition of SR
proteins: SR45 and SR45a. SR45 has
been regarded as a classical SR protein
because it could complement an animal in
vitro splicing extract deficient in SR pro-

teins (Ali et al., 2007). However, this
criterion was excluded in the recent pro-
posal for mammalian SR protein nomen-
clature (Manley and Krainer, 2010). In
addition, this protein possesses two RS
domains (N- and C-terminal), and its closest
homolog in humans is RNPS1, an RNA
binding protein initially identified as part of
the exon junction complex and later found to
beinvolved in posttranscriptional processing
and mRNA export (Lykke-Andersen et al.,
2001). The second Arabidopsis protein,
SR45a (Tanabe et al., 2007), is a homolog
of metazoan Tra-2 and does not qualify as
an SR protein according to the criteria pro-
posed by Manley and Krainer (2010).

We suggest a standardized nomencla-
ture for plant SR proteins, which consist of
the following components: (1) a species
identifier based on the Latin binomial (e.g.,
At for Arabidopsis thaliana; Os for Oryza
sativa); three-letter prefixes can be used in
ambiguous cases; (2) an abbreviation of
the subfamily (Figure 1); (3) a calculated
molecular weight of the longest protein
isoform; and (4) a suffix (a, b, c, etc.) where
required to distinguish paralogous proteins
with the same calculated molecular weight
belonging to the same subfamily.

We hope that the unified nomenclature
proposed here will facilitate assignment of
new plant SR proteins as they are being
discovered and will promote functional com-
parisons in diverse plant species. Although
the extensive sequencing of new plant ge-
nomes might necessitate definition of addi-
tional SR protein families, we believe that the
initiative for a clear classification of SR pro-
teins will provide benefits both for established
researchers and scientists becoming involved
in the field of RNA binding proteins and their
functions, especially in an era of growing
interest in alternative splicing in plants.
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