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ABSTRACT

RBFOX2 controls the splicing of a large number of
transcripts implicated in cell differentiation and de-
velopment. Parsing RNA-binding protein datasets,
we uncover that RBFOX2 can interact with hnRNPC,
hnRNPM and SRSF1 to regulate splicing of a broad
range of splicing events using different sequence
motifs and binding modes. Using immunoprecipita-
tion, specific RBP knockdown, RNA-seq and splice-
sensitive PCR, we show that RBFOX2 can target
splice sites using three binding configurations: sin-
gle, multiple or secondary modes. In the single bind-
ing mode RBFOX2 is recruited to its target splice
sites through a single canonical binding motif, while
in the multiple binding mode RBFOX2 binding sites
include the adjacent binding of at least one other
RNA binding protein partner. Finally, in the sec-
ondary binding mode RBFOX2 likely does not bind
the RNA directly but is recruited to splice sites lack-
ing its canonical binding motif through the binding
of one of its protein partners. These dynamic modes
bind distinct sets of transcripts at different positions
and distances relative to alternative splice sites ex-
plaining the heterogeneity of RBFOX2 targets and
splicing outcomes.

INTRODUCTION

Alternative splicing decisions are regulated by up to one
thousand RNA-binding proteins (RBPs) that bind to pre-
mRNAs in the nucleus (1–4). Many of these splicing fac-
tors are expressed in a tissue, condition or disease-specific
manner leading to programmable modification of splicing
patterns (5–13). One of the most studied alternative splic-
ing factors is the master regulator of tissue-specific alterna-
tive splicing RBFOX2 (7,14–17). The RBFOX family also
includes RBFOX1 and RBFOX3 (18). All RBFOX pro-
teins contain a central RNA recognition motif that recog-

nizes a consensus sequence, (U)GCAUG, usually found in
the introns that flank target exons (19,20). RBFOX pro-
teins promote exon skipping when they bind upstream of
the alternative exon but inclusion when they bind down-
stream of this exon (15,16,21,22). Despite their common
consensus RNA-binding motif, these proteins are only par-
tially redundant in vitro, and in vivo they are mostly ex-
pressed in different tissues (7,14,18). RBFOX1 is expressed
in the brain, heart and muscles but not in ovaries, and RB-
FOX3 is expressed exclusively in the brain (7,14,18). RB-
FOX2 is more widely expressed, especially in muscle and
mesenchyme/mesoderm, and it is the only member of the
RBFOX family that is found in ovary and breast tissues
(16,21).

RBFOX2 was implicated in the development of ovar-
ian and breast cancer as well as epithelial to mesenchymal
transition (EMT), which is essential for cancer metastasis
(21,23,24). EMT-associated splicing is only partially regu-
lated by RBFOX2 and requires the expression of a large
number of RNA-binding proteins including ESRPs, CELF,
MBNL, hnRNPs, SAM68 and SRSF1 (17,24,25). The ex-
pression of RBFOX2 increases after induction of EMT
(26) and RBFOX2-depleted cells undergo an EMT with no
obvious morphological differences from the control cells
(23). Nevertheless, cell invasion is significantly reduced in
RBFOX2-depleted tumor cells, suggesting that RBFOX2
enables epithelial cells to gain invasive properties during
EMT (23). The role of RBFOX2 in regulating EMT appears
to be linked to its role in cancer development. RBFOX2 ex-
pression is significantly lower in epithelial ovarian cancer
than in normal tissues (17,21). Decreasing the level of RB-
FOX2 in cancer cell lines shifts many alternative splicing
events in the same direction as in breast and ovarian cancer
tissues. Similarly, RBFOX2 also regulates subtype-specific
splicing in a panel of breast cancer cell lines (21). The rel-
ative importance of RBFOX2 in cancer might be partially
due to differences in cell lines. However, several reports have
shown that differences in RBFOX2 expression could also be
observed between normal and cancer cells of the same type.
For example, laser-dissected tissue of the normal ovary and
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ovarian tumor microenvironment have clear differences in
RBFOX2 expression (16).

In the last few years, it has become clear that RBFOX2
recognizes different sets of alternatively spliced RNAs in
different tissues and not all of the identified splicing targets
of RBFOX2 harbor its RNA-binding motif (7,15,19,27).
Indeed, several studies have identified RBFOX2-dependent
alternative exons that are not located near a canonical
(U)GCAUG motif as well as the presence of the motif not
resulting in the expected splicing outcome (16,27–29). For
example, in several documented cases the presence of the
binding site upstream of the exon results in exon inclusion
rather than exclusion (17,21,29,30). The origin of this be-
havior is not clear, but it was suggested that it might be ex-
plained in part by a large number of RBFOX2-interacting
proteins that can act as recruiters, chaperones or co-factors
capable of modifying the alternative splicing activity of RB-
FOX2. Indeed, it was shown that RBFOX2 forms a part of a
‘large assembly of splicing regulators’ (LASR), a multimeric
complex containing the proteins hnRNPM, hnRNPH, hn-
RNPC, Matrin3, NF110/NFAR-2, NF45, and DDX5 (28).
Strikingly, only the binding motifs of hnRNPC and hn-
RNPM, among these proteins, were found enriched near
RBFOX2-binding sites and their contribution to RBFOX2
function remains limited to a few examples (28). In other
cases, RBFOX2 was found to interact with, and its splicing
target was affected by, the 3′ end formation factor CPSF2
(31). These studies suggest that the effect of RBFOX2 on
splicing is mediated by other proteins. However, it is not
clear how and when these proteins influence RBFOX2 func-
tion.

Here, we systematically analyzed the contribution of the
proteins that physically or functionally interact with RB-
FOX2 on mRNA binding and splicing to identify the main
proteins associated with RBFOX2 binding and function.
Our results indicate that RBFOX2 is recruited to its tar-
geted RNA using different binding modes and protein part-
ners permitting the regulation of a broad range of splice
sites exhibiting different sequence motifs and functional
outcomes.

MATERIALS AND METHODS

Identification of RBFOX2 associated proteins

To examine the systems biology of the archetypal splic-
ing factor RBFOX2 we collected proteins that physically
interact with RBFOX2 by mass spectrometry (32) or co-
sedimentation assays (28) or have similar effect on splicing
(31) and examined the compiled dataset using DAVID v6.8
web server (38) and those accumulating in the nucleus were
retained for further analysis (Supplementary Table S1).

Motif detection in RBP binding sites

This study used a panoply of published crosslinking and
immunoprecipitation sequencing (CLIP-seq) experiments.
The binding sites of RBPs were obtained from enhanced
CLIP-seq (eCLIP-seq) experiments in HepG2 cell lines
from the ENCODE project (33,34), except for CPSF2 for
which no eCLIP-seq dataset is yet available. The peaks were

defined by the narrowbed files for two replicates from the
ENCODE project. We then merged the peaks using Bed-
tools v2.25.0 (35), and the centers of the merged peaks were
considered to be the binding positions of the RBP. This pro-
cess defined between ∼70 000 (RBFOX2) and ∼800 000
(hnRNPC) binding sites for each RBP eCLIP-seq experi-
ment. For CPSF2, the binding sites were obtained from in-
dividual nucleotide resolution CLIP-seq (iCLIP-seq) exper-
iments performed by Misra et al. (31). The centers of their
CPSF2 binding windows were considered to be the binding
positions, which gave ∼1,700,000 binding sites. Based on
the frequency of the known motifs near the protein binding
sites we selected an 80 nt window, located 60 nt upstream
to 20 nt downstream of the binding center (illustrated in
Supplementary Figure S1A), and scanned it for the pres-
ence of the RBP motif. The motifs considered for each RBP
were those defined in the web supplement of Ray et al. (36),
and listed in Supplementary Table S2. Three datasets, each
containing 1 000 000 randomly chosen genomic windows
of 80 nt, were used as background sequences for motif en-
richment analysis. Statistical significance was determined
by chi-squared tests with R v3.3.0.

Identifying overlapping RBP binding sites

The binding sites of two RBPs were considered as overlap-
ping if the distance between the two centers was within 20nt.
They were considered as adjacent if the distance was be-
tween 20nt and 60nt. For enrichment analysis, the extent
of overlap, between RBFOX2 and other RBPs considered,
was compared to the extent of overlap between two RBPs
that are unrelated to splicing or to RBFOX2: FXR2 or
NCBP2. Statistical significance was determined using chi-
squared tests with R v3.3.0.

Formaldehyde crosslinking and immunoprecipitation (IP)

For each IP reaction 2 × 107 SKOV3.ip1 cells were sus-
pended in crosslinking buffer (HEPES 20 mM, KCl 10 mM,
MgCl2 1.5 mM) at 1×106 cells/ml and incubated with 0.2%
(v/v) fresh formaldehyde for 10min on ice, then quenched
with glycine (final concentration 0.25 M) for another 10min
on ice. Cells were then broken with a Branson sonicator.
Whole cell extract was treated with 15 ug of RNase A to
eliminate protein-protein interactions via RNA bridges. IP
was performed as previously described (37). Briefly, 5�g
of antibody (RBFOX2: BETHYL A300-864A; hnRNPC:
MBL RN052PW; hnRNPM: SANTA CRUZ sc-20001;
SRSF1: invitrogen Catalog #32-4500) was incubated with
50�l Dynabeads (Invitrogen catalog #11041 or #11203D)
for 30min at room temperature. The beads-antibody com-
plex was then incubated, with a cell lysate from 2 × 107

SKOV3.ip1 cells, overnight at 4◦C. The mix was washed
to prevent unspecific binding. The protein was then eluted
with 0.1 M glycine, pH 2.5 for 3 min at room temperature.
Tris buffer pH 8.0 and Laemmli buffer were added to the
elution to neutralize the pH and preserve the sample. Sam-
ples were heated for 1 h at 95◦C to reverse cross-linking be-
fore Western Blot.
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RNA immunoprecipitation

RNA-IP was performed as described in the previous sec-
tion using whole cell extracts but with no formaldehyde
crosslinking and no RNase treatment. During the last
wash, 10% of the mix was taken to confirm the IP effi-
ciency by Western Blot. The remaining mix was treated
with proteinase K and the RNA was extracted using acidic
phenol/chloroform/isoamyl alcohol mix (125:24:1 pH 4.3
Thermofisher, Canada) followed by chloroform extraction.
The RNA was precipitated with 95% ethanol containing 2%
potassium acetate. The RT-qPCR was performed in three
independent biological replicates each with three technical
replicates. Reverse transcription (RT) was performed us-
ing immunoprecipitated RNA, random hexamers (3 �M),
dNTP (1 mM), 20 units of RNaseOUT (Thermofisher,
Canada) and 1 unit of locally produced Moloney Murine
Leukemia Virus-RT (MMULV-RT) in a total volume of
20 �l. The RT reaction was carried out for a single cycle
of 25◦C/5′, 42◦C/60′ and 65◦C/20′. cDNA was diluted us-
ing 580 �l of nuclease free H2O and stored at –20◦C. Titer
tests were performed to determine optimal cDNA concen-
tration and reduce sample-specific RT and PCR biases. The
PCR reactions was performed in an Eppendorf Mastercy-
cler RealPlex. The 10 �l reaction mix included 3 �l of di-
luted cDNA, 200 nM primers and 5�l of BioRad iTaq Uni-
versal SYBER Green Supermix. No-RT and no-template
reaction mixes were used as negative controls. The targeted
sequences were amplified for 50 cycles (60◦C/30′, 72◦C/30′
and 72◦C/30′). The primers used for RT-qPCR are listed in
Supplementary Table S9. Primer specificity and PCR effi-
ciency were validated as previously described (38,39). The
RNA concentration detected in the samples precipitated
using antibodies against the protein of interest (IP) was
compared to that obtained after mock precipitation using
IgG. The fold enrichment was calculated using the follow-
ing equation: Enrichment = 2∧(CqIgG – CqIP) where Cq is
the quantification cycle. The statistical significance of differ-
ence in RNA concentrations between conditions were cal-
culated using two-sided Student’s t-test assuming unequal
variances performed on R v3.3.0 software.

RBP knockdowns

RBP knockdowns were performed using siRNA obtained
from IDT and their sequences are listed in Supplementary
Table S3. SKOV3.ip1 cells were transfected with 10nM of
each siRNA using Invitrogen Lipofectamine 2000. RNA
was extracted from mock and siRNA-transfected cells,
72 h post-transfection as previously described (38,39).
RNA quantity, purity and integrity were assessed on
a NanoDrop™ 8000 Spectrophotometer and an Agilent
2200 TapeStation. Samples with RNA integrity number
(RIN) higher than 9 were reverse transcribed and 1 ng
of cDNA was used for the RT-qPCR as described above.
The PCR primers used are listed in Supplementary Ta-
ble S4. The relative mRNA expression was calculated us-
ing the following equation: Rel Expknockdown = 2∧(Cqmock –
Cqknockdown)Gene/2∧(Cqmock – Cqknockdown)House keeping. Only
the knockdowns resulting in >60% reduction in RNA
amount as detected by RT-qPCR were considered for fur-
ther analyses.

RNA-seq analysis

Strand-specific cDNA libraries were prepared using the pre-
viously described TGIRT-seq protocol (40) and sequenced
using Illumina Nextseq 500. We obtained an average of 98M
paired-end reads per sample, with a minimum of 75M reads.
The quality of paired-end RNA-seq reads was examined
using Fastqc v0.10.1, then trimmed using Trimmomatic
v0.38 (41) with the following parameters LEADING:30
TRAILING:30 SLIDINGWINDOW:4:15 MINLEN:50.
Reads retained by the trimming were further trimmed to
a fixed length of 50 nt. The reads were aligned against
human reference genome hg19 (obtained from UCSC
genome browser golden path ftp://hgdownload.soe.ucsc.
edu/goldenPath/hg19/chromosomes/) using Tophat (v2.0.9,
Bowtie 2.1.0.0, Samtools 0.1.19.0) with default parame-
ters (42–44). The sequencing depths and alignment rates
for each sample are listed in Supplementary Table S5.
The output files were then sorted and indexed using Sam-
tools. Insert sizes were estimated using PICARD (v2.10.9-
SNAPSHOT, http://broadinstitute.github.io/picard/; Broad
Institute). Gene expression levels were calculated using
CoCo v0.2.1p2 and Ensembl genome GRCh37 release 87
(45,46).

Alternative splicing analysis and validations

Differential alternative splicing analysis of cassette exons
was performed using MISO (0.4.9) with the annotation for
hg19 provided by MISO (47). In each biological replicate,
an event was considered affected by an siRNA against an
RBP if (a) at least 150 reads were mapped to the event in
the mock sample, (b) the absolute splicing shift was greater
than 15%, and (c) the Bayes Factor was >10. An event was
considered affected by the knockdown of an RBP if it was
affected by both siRNAs used in the gene knockdown, as
described in the RBP knockdown section above, and when
the shift was in the same direction in each case. Splicing
events detected, by RNA-seq, to be regulated by RBPs are
listed in Supplementary Table S6. Splice sensitive end-point
RT-PCR was used to validate the splicing events detected by
RNA-seq analysis as previously described (16). The primer
sequences and tested events are listed in Supplementary Ta-
ble S7.

Identifying splicing events bound by RBPs

The genomic positions of splicing events obtained from the
MISO analysis were compared with eCLIP binding sites of
RBPs described above using the bedmap program of Bed-
tools v2.25.0. A splicing event was considered as bound by
an RBP if the cassette exon or its flanking introns inter-
sected with at least one binding site of the RBP. For each
event, the binding sites closest to the upstream exon, cas-
sette exon or downstream exon are listed in Supplementary
Table S8. The Table contains information on the exons near
which the closest binding sites were found, including the dis-
tance between the centre of the binding sites and the exons
(negative values for upstream binding, 0 for binding within
exons, and positive values for downstream binding). Sup-
plementary Table S8 also contains information on the RBPs
that bind to the binding sites, presence of the motifs, and the

ftp://hgdownload.soe.ucsc.edu/goldenPath/hg19/chromosomes/
http://broadinstitute.github.io/picard/;
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binding category. The density of binding sites, defined as the
number of binding sites found in each window divided by
the number of splicing events, was then plotted for the cas-
sette exon and 2500 nt intronic regions flanking the splice
sites. Intronic regions were divided into windows of 100 nt,
while the cassette exons were divided into: 5′ (up to 100 nt),
3′ (up to 100 nt) or middle (rest of the exon when the exon
is longer than 200 nt).

Classification of RBP binding sites

Binding sites were classified as (a) single-binding sites when
they bind and contain the motif of a single RBP, (b)
multiple-binding sites if they bind and contain the motif of
more than one RBP, (c) secondary-binding sites if they bind
more than one RBP but harbour the motif of only one of
these interacting proteins or (d) Unknown sites for those
that do not meet any of the previous criteria.

Gene ontology

Gene ontology analysis was performed on the Metascape
v6.8 web server on a list of genes associated with the splicing
events of interest (48) using splicing events not affected by
RBP knockdown as negative control (with at least 150 reads
mapped to the events in the mock samples and < 5% change
in PSI in any replicate).

Domain prediction

Human genome annotation files and protein sequences
were obtained from Ensembl (GRCh38, release 103). In-
terProScan v5.40–77.0 (49) was used with default op-
tions to predict domains and important sites in each pro-
tein. Predicted domain location in the protein was com-
pared to the genomic annotation to obtain its correspond-
ing genomic location. The genomic locations of events
identified by RNA-seq (in human genome version hg19)
were first converted to GRCh38 using the UCSC genome
browser LiftOver function (https://genome.ucsc.edu/cgi-
bin/hgLiftOver) then compared to the locations of pre-
dicted domains to identify domains that overlap with alter-
natively spliced exons regulated by each binding mode, as
well as exons not affected by the depletion of any of the four
investigated RBPs. Chi-squared tests were performed to in-
vestigate whether the proportion of alternatively spliced
events overlapping with each domain is significantly dif-
ferent from the non-affected events, and P-values were ad-
justed using the Benjamini-Hochberg Procedure.

RESULTS

RBFOX2 identifies its target RNAs as part of a modular com-
plex of RNA binding proteins

Most of the splicing events regulated by RBFOX2 do not
contain a canonical RBFOX2-binding motif (15,50,51). It
was previously proposed that at least some of these events
are regulated through the binding of RBFOX2 chaperones
or cofactors like CPSF2 or hnRNPM (28,31). Indeed, RB-
FOX2 interacts with many different proteins but their con-
tribution to the selection of RBFOX2 splicing targets, and a

full characterization of the functional complex responsible
for RBFOX2 RNA selectivity, is still lacking (28,31). To un-
derstand the mechanism by which RBFOX2 selects its tar-
get RNAs, we scanned the literature and public databases
to compile RBFOX2-interacting proteins, with the goal of
examining their contribution to the binding, and splicing,
of RBFOX2 targets. Nuclear proteins predicted to physi-
cally interact with RBFOX2 by mass spectrometry (32) or
co-sedimentation assays (28), or to have similar effect on
splicing (31) were identified. Those with established RNA-
binding patterns, as defined by previously published RNA
crosslinking (e.g. eCLIP or iCLIP) and RNA binding mo-
tifs (37,38) were retained for further analysis, as described
in Figure 1A. In total this literature search identified 630
RBFOX2-interacting proteins (Supplementary Table S1).

Most of the interacting partners are likely not RNA-
binding proteins and just eleven of the 630 RBFOX2-
interacting proteins had established RNA-binding mo-
tifs and binding sites, all of which were identified using
eCLIP and iCLIP (Figure 1A and Supplementary Table
S2). Of these eleven RBFOX2 binding proteins with es-
tablished binding patterns, only three (hnRNPM, CPCF2
and hnRNPC) were previously suggested to function as
RBFOX2 splicing cofactors (28,31) that may influence
its splicing and or binding activity, while the remain-
ing 8 (hnRNPK, RBM5, TIA1, Sam68, U2AF1, QKI,
IGF2BP1 and SRSF1) were not previously shown to af-
fect RBFOX2 binding. Intriguingly, we found that 60%
of RBFOX2-binding sites (∼40 nt long) that contain the
canonical RBFOX2 binding motif (GCAUG) overlapped
with the binding sites of one or more of these RBFOX2-
interacting proteins (centers of binding sites within 20
nt). Furthermore, an even larger proportion (i.e. 75%) of
RBFOX2-binding sites lacking the canonical motif overlap
with binding sites for the other proteins (Figure 1B and Sup-
plementary Figure S1B). These observations suggest that
RBFOX2-interacting proteins have the potential to influ-
ence the selection of RBFOX2 targets and may function, at
least in some cases, as chaperones that recruit RBFOX2 to
RNA in the absence of its canonical RNA-binding motif.

Comparing the overlap between RBFOX2-binding sites
and each of its eleven interacting proteins to the overlap
observed with non-RBFOX2-interacting and non-splicing-
regulating RNA-binding proteins (e.g. FXR2 and NCBP2)
indicated that the putative binding sites for all but one
RBFOX2-interacting proteins (CPSF2) are significantly en-
riched p<2.2e-16 near RBFOX2-binding sites (Figure 1C).
Nine of the eleven interacting proteins each overlapped with
>10% of the RBFOX2-binding sites, and the highest level of
overlap with RBFOX2 binding sites is observed for RBM5,
TIA1, IGF2BP1 and SRSF1 (Supplementary Figure S1B).
In the majority of cases the RNA-binding proteins tested
bound to the RNA within 20 nucleotides from the cen-
ter of RBFOX2 binding sites, except for CPSF2, which is
found to bind adjacent to RBFOX2 binding sites (60 nu-
cleotides away from the center of the canonical RBFOX2-
binding site, Supplementary Figure S1C). The canonical
motifs of seven RBFOX2-interacting proteins (hnRNPC,
hnRNPM, Sam68, RBM5, U2AF1, QKI and SRSF1) are
enriched within their RBFOX2-overlapping binding sites
(Figure 1D and Supplementary Figure S1D). This suggests

https://genome.ucsc.edu/cgi-bin/hgLiftOver
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Figure 1. Identification of RBFOX2 binding cofactors. (A) Strategy for the identification of potential RBFOX2 cofactors. Proteins with predicted physical
or functional association with RBFOX2 were identified from the literature (28,32,54) and their overlap with RBFOX2 binding sites was examined. The
number of known and newly identified (putative) cofactors are indicated at the bottom. (B) RBFOX2-interacting proteins differentially associate with
RBFOX2-binding sites lacking canonical RBFOX2 motifs. The proportion of RBFOX2-binding sites containing (+, n = 31,344) or lacking (−, n =
42,360) RBFOX2-binding motifs that overlaps with the binding sites of zero, 1–2 or more than 2 interacting proteins is shown as bar graphs. The statistical
significance of the difference between the binding sites containing or lacking an RBFOX2 binding motif was calculated using chi-squared test and the P-
value indicated on top. (C) Binding of RBFOX2-interacting proteins is significantly enriched at RBFOX2-binding sites. The fold-enrichment of RBFOX2-
interacting proteins in RBFOX2-binding sites was calculated in comparison with their distribution to the overlap with binding sites of non-splicing related
RBPs and normalizing by the number of binding sites established for each RBP. The four asterisks indicate p< 2.2e-16 determined by chi-squared tests.
(D) Identification of the binding motifs of RBFOX2-interacting proteins that are enriched in RBFOX2-binding sites. The fold-enrichment, of the binding
motif of each of the RBFOX2-interacting proteins in their RBFOX2 overlapping binding sites, was calculated relative to the background of random
genomic sequence. The p-value of the difference in the motif distribution between the overlapping binding sites and the genome was calculated and
indicated by the asterisks as in (C). (E) The motifs of RBFOX2-interacting proteins are differentially enriched in binding sites lacking RBFOX2 motifs.
The motif enrichment of RBFOX2-interacting proteins in RBFOX2-binding sites containing and lacking RBFOX2 motifs were compared and significance
of the difference calculated and indicated as in (C). (F) Validation of RBFOX2 core protein interactions in the ovarian cancer cell line SKOV3.ip1. Cell
extracts were prepared from SKOV3.ip1 cells and RBFOX2, hnRNPC, hnRNPM and SRSF1 were immunoprecipitated and the associated proteins were
immunoblotted using protein-specific antibodies. The two RBFOX2 protein isoforms are indicated by the open bracket. (G) The core RBFOX2 interacting
proteins recruit RBFOX2 to RNA lacking an RBFOX2 motif. The SRSF1, hnRNPC and hnRNPM genes were knocked down in SKOV3.ip1 cell lines and
the co-immunoprecipitation of RBFOX2 with RNA lacking canonical RBFOX2 binding motifs was examined by RT-qPCR. Enrichments were calculated
relative to values obtained from mock precipitation with rabbit IgG. The error bar indicates the standard deviation obtained from three independent
biological replicates. The significance of difference before and after the siRNA knockdown was evaluated by two-sided Student’s t-tests assuming unequal
variances and the resulting P-value is indicated on top. (H) Schematic illustration of RBFOX2 partner proteins and their contribution to RNA binding. The
RBFOX2-interacting proteins identified in (C) are presented by the ellipses in relation to the degree of their association with the RBFOX2 protein’s RNA-
binding site. Black, gray, light grey and white ellipses indicate major recruiters of RBFOX2, minor recruiters of RBFOX2, cooperative factors that stabilize
RBFOX2-RNA interaction by binding to adjacent sequence and factors that do not directly bind to RBFOX2-targeted RNA sequences, respectively.
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that in most cases these seven proteins bind in proximity
of RBFOX2 binding sites using their own canonical bind-
ing motifs and as such they may influence RBFOX2 bind-
ing. Surprisingly, the highest level of motif enrichment is
found in RBFOX2-binding sites overlapping with the bind-
ing sites of the canonical SR protein splicing factor SRSF1,
which has not previously been linked to RBFOX2 (Fig-
ure 1D). Out of the 7 RBPs only 3 (hnRNPC, hnRNPM
and SRSF1) overlapped with more than 10% of RBFOX2
binding sites lacking its motif (Figure 1E). This indicates
that out of the 11 proteins tested hnRNPC, hnRNPM and
SRSF1 are the most likely to recruit RBFOX2 to splice sites
lacking its binding motif. Indeed, RBFOX2-binding sites
lacking its motif featured more motif-containing binding
sites of hnRNPC, hnRNPM and SRSF1 than RBFOX2
motif-containing binding sites. This further supports the
idea that these proteins may act as recruiters of RBFOX2
(Figure 1E). To directly confirm the interaction of RBFOX2
with hnRNPC, hnRNPM and SRSF1, we examined the co-
precipitation of these proteins by pulling them down using
antibodies against each of the four proteins in the ovarian
cancer cell line SKOV3.ip1, which was previously used to
link RBFOX2 to splicing in ovarian cancer (38,52). As in-
dicated in Figure 1F, antibodies against any one of these
four ‘core’ proteins co-immunoprecipitated all three other
components, consistent with the view that they are either a
part of the same complex or at the very least form a dynamic
network of flexible and interchangeable binary complexes.

To determine the contribution of the three core proteins
(hnRNPC, hnRNPM and SRSF1) to RBFOX2 target se-
lectivity, we next examined the impact of their knockdowns
on the binding of RBFOX2 when its binding motif is ab-
sent. We used antibodies against RBFOX2 to immunopre-
cipitate it before and after the knockdown of each of the
three core proteins in SKOV3.ip1cells and monitored the
co-immunoprecipitated RNA by RT-qPCR. As indicated in
Figure 1G, RBFOX2 binding to RNAs lacking canonical
RBFOX2 motifs required the presence of the partner pro-
tein associated with the binding motif found near the tar-
geted splice site. We conclude that SRSF1, hnRNPC, and
hnRNPM can indeed function as bona fide recruiters of
RBFOX2. As illustrated in Figure 1H, overall, the data in-
dicate that the RBFOX2 complex selects its RNA targets
mostly through the combinatorial binding of hnRNPC, hn-
RNPM and SRSF1 to their nearby binding sites. However,
based on the protein interaction and RNA binding data de-
scribed in Figure 1C–E, it is also possible that, in a smaller
number of cases, RBFOX2 may be recruited to RNA by
RBM5 or U2AF1 and its binding stabilized by the 3′ end
formation factor CPSF2. Since hnRNPK, IGF2BP1 and
TIA1 interact with RBFOX2 but do not directly bind to
most RBFOX2-binding sites it is more likely that these pro-
teins either indirectly or allosterically influence RBFOX2
function rather than acting as direct recruiters of RBFOX2.

RBFOX2 may alter splicing through the binding of its protein
partners

Analysis of the RBFOX2-interacting protein binding pat-
terns suggests that each of these proteins can bind either
directly through its canonical binding motif or by protein-

protein interactions as part of the complex but it is not
clear whether both of these binding modes contribute to
the splicing decision. Therefore, we examined the impact
of depleting each of the RBFOX2 core interacting pro-
teins (RBFOX2, hnRNPC, hnRNPM and SRSF1) on the
splicing of simple cassette exons and investigated the ef-
fect of each knockdown on splicing with respect to their
binding and motif distributions. Each RBP was knocked
down in SKOV3.ip1cells using two independent siRNAs
and the knockdown efficiency was confirmed by RT-qPCR
and Western Blot as indicated in Supplementary Figure
S2A and S2B. In general, depleting one RBP had little ef-
fect on the expression of the other RBPs, indicating that the
effects on splicing are specific to the depleted RBP and not
an indirect effect of cross-regulation between the interact-
ing proteins (Supplementary Figure S2A–C). RNA samples
from the successful knockdown of two independent biologi-
cal replicates were sequenced to identify splicing events reg-
ulated by each RBP. 45 to 65 such altered splicing events for
each RBP as determined by RNA-seq were then verified us-
ing splice sensitive endpoint RT-PCR (Supplementary Fig-
ure S2D and Supplementary Table S7). As indicated in Fig-
ure 2A, the knockdowns resulted in varying effects on the
splicing of cassette exons. As measured by RNA-seq, the
largest number of affected splicing events arose from the
depletion of hnRNPC followed by RBFOX2, SRSF1 and
hnRNPM. Depletion of hnRNPC or SRSF1 caused more
exon exclusion than inclusion. In contrast, hnRNPM deple-
tion had the opposite effect leading to more exon inclusion,
while RBFOX2 depletion resulted in equal numbers of exon
inclusion and exclusion events. This indicates that RBFOX2
and its interacting partners affect splicing in a modular and
RBP-specific manner and not as a fixed complex with a sin-
gle splicing outcome.

To determine the contribution of their binding to the ef-
fect of the different RBPs on splicing we examined the bind-
ing motif distribution of the different RBPs near the af-
fected splicing events. First, we verified the accuracy of the
binding patterns predicted by eCLIP by re-examining the
association of the predicted binding sites found near the
affected splicing events with the different RBPs, using the
same SKOV3.ip1cell lines used for sequencing. As shown in
Figure 2B and Supplementary Figure S3A, all the mRNA
carrying the predicted binding sites by eCLIP that we ran-
domly chose for testing were enriched in the protein frac-
tions precipitated by their respective RBPs. Based on these
results we then compared the splicing events affected by the
knockdown of each RBP with their respective binding sites
predicted by eCLIP. As expected, most splicing events af-
fected by the depletion of one RBP had at least one binding
site of this RBP and binding sites were enriched in alter-
natively spliced regions (Figure 2C). Most canonical bind-
ing sites (binding sites containing canonical binding motif)
are found in events affected by hnRNPC knockdown and
most sites lacking canonical motifs are found in RBFOX2-
affected splicing events. Indeed, 40% of the splicing events
affected by RBFOX2 knockdown were not associated with
clear RBFOX2 binding site. This trend was also maintained
when examining the motif distribution in the binding sites
of the different RBPs. Once again for all RBPs except RB-
FOX2, most binding sites contained the cognate protein’s
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Figure 2. RBFOX2-interacting proteins alter splicing using different combinations of binding sites and motifs. (A) Impact of the knockdown of RBFOX2
and its interacting proteins on splicing. RBFOX2, hnRNPC, hnRNPM and SRSF1 were knocked down using two distinct siRNAs in SKOV3.ip1 cells and
the RNA was sequenced using TGIRT-seq. Cassette exon events with at least 150 aligned reads and that were significantly altered by the RBP knockdown
(|�� | ≥ 15%, Bayes factor ≥10) were identified and the number of affected inclusion and exclusion events presented in the form of a bar graph. Binominal
tests were performed to evaluate the significance of changes in splicing ratio. (B) Confirmation that RBFOX2 core proteins interact with their splicing
targets in SKOV3.ip1 cells. RBFOX2 and its protein partners were immunoprecipitated as described in Figure 1G and the enrichment of 15 randomly
selected splicing events affected by each protein knockdown was evaluated using RT-qPCR. Error bars indicate standard deviation of the enrichment
distribution. (C) Identification of the binding sites and motifs located near the splice targets of RBFOX2 core proteins. The distribution of the motifs and
binding sites near splice sites affected by the knockdown of RBFOX2 (n = 391), hnRNPC (n = 540), hnRNPM (n = 207) and SRSF1 (n = 322) were
identified and compared to those obtained with unaffected splice sites (n = 14 457). Black, light grey, dark grey, and white columns indicate splice sites
featuring a binding site with a canonical motif, binding sites without motif, motifs without binding or neither motif nor binding site. The significance of
difference between the affected and unaffected splice sites was evaluated using Chi-squared tests and the obtained p-values indicated on top. (D) RBFOX2-
interacting proteins bind to RBFOX2-targeted splice sites lacking the RBFOX2 binding motif. The percent overlap between motifs containing and motifs
lacking binding sites near each RBP targeted splice sites was determined and is shown in the form of a bar graph. (E) Binding of RBFOX2-interacting
proteins to splice sites affected by the knockdown of non-binding RBPs. The splice sites affected by, but not bound to, each RBP were identified and their
association with the other interacting proteins examined and presented in the form of a bar graph. Single, Multiple and ‘No’, indicate splice sites associated
with one, more than one or no proteins, respectively. (F) Validation of RBFOX2 core proteins binding to targeted splicing events lacking eCLIP sites. The
association of RBFOX2 and its partners with targeted splice sites that lack eCLIP binding was monitored using immunoprecipitation as described in
Figure 1G and the data shown in the form of a bar graph. 10 splicing events are randomly selected for each RBP and the error bars indicate the standard
deviation of the enrichment distribution.
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expected canonical motifs (Figure 2C). Comparison of the
motif ’s distribution in the binding site with their random
distribution in the genome indicates that the reduced mo-
tif enrichment of RBFOX2 relative to its protein partner is
not due to variation in the redundancy/simplicity of mo-
tifs. In 35% of the cases, RBFOX2 binding in the absence
of a canonical motif could be explained by the presence of
a canonical binding site of one of its partner proteins (Fig-
ure 2D). This motif-independent binding was less evident
in the case of hnRNPC, hnRNPM and SRSF1. Similarly,
most (80%) RBFOX2-dependent splicing events that do not
feature its binding sites include a canonical binding site of
one of its partners, which could be co-immunoprecipitated
with RBFOX2 (Figure 2E and F and Supplementary Figure
S3B). These data indicate that in most cases hnRNPC, hn-
RNPM and SRSF1 act as recruiters of RBFOX2 to splice
sites lacking its binding site. This mode of indirect recruit-
ment (binding through the binding motif of a protein part-
ner) is also observed in the cases of hnRNPC, hnRNPM
and SRSF1 (Figure 2E and F and Supplementary Figure
S3B). Collectively, >90% of all the splicing events affected
by RBFOX2, hnRNPC, hnRNPM and SRSF1 included
a canonical binding site and motif of at least one of the
four interacting proteins. Together these data indicate that
RBFOX2′s effect on splicing is not limited to splicing events
featuring its canonical binding site but it could also modu-
late splicing after indirect recruitment by one of its protein
partners.

RBFOX2 identifies splicing targets using three different bind-
ing modes

To better define the different binding configurations of RB-
FOX2, we classified the binding events based on the pres-
ence of the binding motif and the overlap between the dif-
ferent RBFOX2-interacting protein binding sites. As indi-
cated in Figure 3A, the splicing events affected by RBFOX2
could be divided into three groups. The first include a sin-
gle canonical RBP binding site (single), the second include
overlapping canonical binding sites of two or more proteins
(multiple), and the third (secondary binding) includes two
overlapping binding sites, one of which contains a canoni-
cal binding motif and the second lacking known motifs. To
determine the contribution of the different proteins to the
different modes of RBFOX2 binding, we monitored the ef-
fect of knocking down RBFOX2-interacting proteins on the
association of RBFOX2 with its targeted RNA. Overall, the
knockdowns of RBFOX2-interacting proteins were more
likely to inhibit RBFOX2 binding in the multiple mode than
in the single and secondary modes of binding (Figure 3B
and Supplementary Figure S4). Together these data suggest
that the contribution of RBFOX2-interacting proteins to
RNA binding varies between binding modes and the part-
ner protein is most often required for splicing control in the
multiple binding mode.

The splicing outcome of RBFOX2 core proteins is determined
by the identity and position of their primary binding site

To evaluate the functional relevance of the binding modes
we examined their distribution near the different splice sites

and their association with exon inclusion. In the majority
of cases, at least one protein binding site was identified in
the 500 nucleotides adjacent to the splice sites affected by
the proteins’ knockdown (Figure 4A, listed in Supplemen-
tary Table S9). The majority of splice sites (635 sites, 70.4%)
featured a single motif-containing binding site (single bind-
ing mode), while 133 sites or 14.7% of the splice sites had
two or more motif containing binding sites (multiple bind-
ing mode). Finally, 144 sites or 14.9% included one motif
containing binding site and one motif lacking binding site
(secondary binding mode). The location of binding sites
and percent inclusion of the adjacent cassette exons var-
ied based on the identity of primary binding protein. For
example, while most canonical RBFOX2, hnRNPC and
hnRNPM-binding sites were found in the intronic sequence,
many more SRSF1 primary binding sites were found within
the cassette exon. The splicing outcome of RBFOX2 core
proteins also varied based on the binding location, and
the identity, of the primary binding protein (Figure 4B).
Binding of RBFOX2 downstream of the cassette exon in-
creased the chance of exon inclusion (knockdown increases
exclusion), while binding of hnRNPC and hnRNPM down-
stream of the exon or the binding of SRSF1 to the exon
increased exclusion (knockdown increased inclusion). The
distance between the binding site and the splice site also had
an effect on splicing in a protein-dependent manner. For ex-
ample, binding far from the splice site increased exon inclu-
sion when hnRNPC and hnRNPM are the primary binders
(decreased inclusion upon knockdown) and inhibited inclu-
sion when RBFOX2 is the primary binder (increased inclu-
sion upon knockdown, Figure 4B). Notably, the binding
location and splicing outcome also varied between bind-
ing modes (Figure 4C and D and Supplementary Figure
S5). As summarized in Figure 4D, RBFOX2 single binding
is more likely to cause exon inclusion when bound down-
stream than upstream of the exon. In contrast, in secondary
mode RBFOX2 binds predominantly within the cassette
exon or downstream of the exon via the canonical binding
of SRSF1. Similarly, SRSF1 usually causes exon inclusion
by binding to the cassette exon in the single binding mode,
while it binds more frequently to the flanking introns in the
multiple and secondary modes. We conclude that exon in-
clusion is determined at least in part by the location and
identity of the RBFOX2-interacting protein’s primary bind-
ing site.

RBFOX2 binding modes regulate the splicing of genes with
different functions

To explore the possible functional implications of the varia-
tion in RBFOX2 binding modes, we identified the gene on-
tology terms and reactome pathways of the genes affected
by each binding mode. As indicated in Figure 5A and Sup-
plementary Figure S10, genes targeted by the different bind-
ing modes featured distinct gene ontology terms. The single
binding mode associated with genes implicated in cell pro-
liferation and survival (e.g. cell division, apoptosis and cell
adhesion) while the multiple and secondary modes associ-
ated with genes implicated in different levels of RNA syn-
thesis and metabolism (e.g. transcription, translation and
splicing). The function of the targeted genes also varied be-
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Figure 3. RBFOX2 regulates splicing using different binding configurations. (A) Types and distribution of RBFOX2 binding modes. The splice sites affected
by the RBFOX2 knockdowns were separated into groups of single, multiple and secondary binding modes based on the number of binding site and the
presence of canonical motifs. RNA binding proteins, binding motifs and mRNA are indicated by circles, rectangles and solid lines, respectively. (B) Effect
of knocking down RBFOX2 protein partners on the different binding modes of RBFOX2. RBFOX2 was immunoprecipitated in SKOV3.ip1 cells before
and after the knockdown of hnRNPC, hnRNPM and SRSF1 and the association of splice sites with RBFOX2 was examined using RT-qPCR. Shown are
the percent of RBFOX2 binding sites in each binding mode that bind less efficiently to RBFOX2 after the knockdown of RBFOX2-interacting proteins.
Binding was considered affected when the association with RBFOX2 was reduced by 40% and with p-value of <0.05. The different modes of binding are
illustrated at the bottom. F indicates RBFOX2.

tween the primary binding proteins, albeit to a lesser extent.
Most primary binding protein-dependent differences were
detected in the single mode, while most functional over-
lap was observed in the secondary binding mode (Figure
5B). The functional specialization of the binding modes is
also supported by differences in the function of the protein
domains targeted by the different binding modes (Supple-
mentary Figure S6). The single-binding-targeted domains
were implicated in cytoskeleton remodeling consistent with
the gene ontology’s predicted effect of single binding on
cell proliferation. Similarly, the multiple mode affected the
splicing of domains implicated in transcription, corroborat-
ing the corresponding proposed gene ontology effect. To-
gether these data suggest that the cellular effects of RB-
FOX2 and its partner proteins may vary based on the bind-
ing mode and identity of the primary binding protein.

DISCUSSION

In this study, we demonstrate that RBFOX2 splice site se-
lection and outcome is modified at least in part by a set
of core RNA binding proteins that include hnRNPC, hn-
RNPM and SRSF1 (Figures 1 and 2). The results con-
firm previously proposed interactions between RBFOX2
and hnRNPM and hnRNPC (28) and identify new physical
and functional interactions between RBFOX2 and SRSF1,
which is implicated in development and cell differentiation
(53–56). SR proteins are considered to be ‘essential’ alter-
native splicing factors whereas RBFOX2 is the archetypal
‘facultative’ alternative splicing factor and as such connect-
ing SRSF1 with RBFOX2 places these two proteins’ inter-
actions at the very hub of alternative splicing. RBFOX2-
interacting proteins do not only recruit RBFOX2 to RNAs
lacking an RBFOX2 binding motif but they may also mod-
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Figure 4. The location and splicing outcome of RBFOX2 core proteins is determined by the identity of the primary binding protein. (A) Distribution of
RBFOX2 core proteins’ binding sites relative to alternatively spliced exons. The distribution of the different protein binding sites in the 2500 nucleotides
adjacent to the splice sites affected by the knockdown of RBFOX2 core proteins is plotted as a line chart. The solid line indicates all detected binding
sites while the dashed line indicates the closest binding sites to the exon/intron boundary. The positions of the exons (boxes) and introns (dashed line)
are indicated on top. (B) Correlation between the identity of the primary binding protein and the splicing outcome. The percent exon inclusion (Inc) and
exclusion (Exc) associated with the closest motif containing binding site was determined and plotted as a function of the cassette exon (upper panel) or the
exon/intron boundaries (lower panel). Up, E2 and Down indicate binding sites found within 500 nucleotides upstream of the cassette exon, the cassette
exon, and 500 downstream of the cassette exon, respectively. Proximal and ‘distal’ indicate binding sites found within 500 nucleotides of the cassette
exon and more than 500 nucleotides from the cassette exon, respectively. The number of events in each category is indicated at the bottom of the panel.
The significance of the difference between the proportion of inclusion and exclusion events associated with each primary binding protein was calculated
using Chi-squared tests and the p-value indicated on top. (C) Comparison between the location of the primary binding site and splicing outcome of the
different RBFOX2 binding modes. The location of the primary binding sites (colored dots) of RBFOX2 and its partner proteins was determined in the
single, multiple and secondary binding modes and plotted relative to their targeted splice sites. The significance of difference between the binding-site-
distribution in each binding mode was calculated using Chi-squared tests and indicated on the right. (D) Schematic representation of the effect of the
different RBFOX2 binding configurations on splicing. Green (F), orange (C), magenta (M) and blue (S) circles represent RBFOX2, hnRNPC, hnRNPM
and SRSF1, respectively.
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Figure 5. RBFOX2 binding modes target genes with different cellular functions. (A) Gene ontology analysis of genes targeted by the different RBFOX2
binding modes. Genes undergoing splicing events regulated by the different binding modes were determined and the enriched functions evaluated using
gene ontology. Terms with Benjamini-adjusted p-value <0.05 were retained. The significance of difference in gene ontology between the different binding
modes is calculated using Chi-squared tests and indicated on the right. (B) Descriptive representation of the gene ontology-predicted cellular functions
affected by the different RBFOX2 binding modes as a function of the primary binder. The identity of the primary binding protein is indicated near its
targeted cellular functions. (C) Proposed model of RBFOX2 binding and function. RBFOX2, hnRNPC, hnRNPM and SRSF1 are depicted as green,
orange, magenta and blue ovals, respectively. The boxes and lines indicate exons and introns respectively.

ify the position of RBFOX2 binding relative to the splice
site and its effect on the adjacent exon (Figure 1 and 4).
RBFOX2-interacting proteins do not affect splicing as one
static entity with a single splice outcome but rather through
modular binding configurations with different targets and
functional outcomes. This modular binding mode explains
why many RBFOX2-targeted splicing events do not con-
tain the RBFOX2 canonical (U)GCAUG binding motif

and why RBFOX2 does not always bind at a fixed dis-
tance from the targeted alternative exons. We have shown
the RBFOX2-interacting proteins may recruit it to splice
sites lacking its binding motif and modify RBFOX2 bind-
ing position and splice outcome (Figures 1 and 4). The dif-
ferent binding configurations of RBFOX2 target genes with
different cellular functions explain how a single RNA bind-
ing protein may contribute to different and even opposing
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cellular functions (Figure 5). Together our results suggest
a model of cooperativity between RNA-binding proteins
that broadens the range of splice targets and functional out-
comes beyond the limits of any single protein or splicing
factor.

We find that only 64% of all splicing events affected by
the depletion of RBFOX2 are actually bound directly by
RBFOX2 and only 51% are bound through the canonical
RBFOX2 motif (Figure 2). Traditionally, splicing events af-
fected, but not bound, by a given RBP were considered ar-
tifacts caused by strain or technique variations or by sec-
ondary cascading effects of RBP depletion. However, the
results presented here indicate that these events are likely
direct targets of other components of the complex. This is
supported by the fact that more than 80% of the RBFOX2-
dependent splice sites were bound by at least one of its in-
teracting proteins. Furthermore, we have shown that the al-
ternatively spliced exons affected by RBFOX2 directly in-
teract with RBFOX2 core proteins in the same cell line ex-
hibiting the splicing event (Figure 2B and F). Therefore, we
argue that most of the splicing events affected by the de-
pletion of RBFOX2 in cell lines are genuine splicing tar-
gets of this protein. Indeed, given that we have only tested
two out of the five proteins forming the stable (LASR) com-
plex, it is quite possible that all RBFOX2-dependent splic-
ing sites are bound to one, or more, RBFOX2-interacting
proteins. However, it is also possible that RBFOX2 influ-
ences splicing through flexible and exchangeable configu-
rations that may include a single protein, distinct binary
complexes or multi-protein complexes. As the binding pat-
terns of other RBFOX2-binding proteins are established,
we will then be able to directly assess this hypothesis. That
said, it remains formally possible that, in certain cases, weak
or non-canonical RBFOX2 motifs contribute to the bind-
ing of these orphan splice sites lacking the canonical motif
(19,57). However, these possible weak motifs are unlikely
to be sufficient for binding since only one suboptimal motif
(GCACG) and one weak motif (GCCUG) (57) are slightly
enriched in orphan sites lacking the motif of all four RB-
FOX2 core complex proteins (Supplementary Figure S7)
and none are enriched in the binding sites related to splic-
ing.

Most alternative splicing factors tested experimentally
were found to bind many sites across the transcriptome,
even in unspliced RNA, making the interpretation of the
functional or biological significance of these binding sites
difficult (15). This also extends to cases where many binding
sites of an RNA-binding protein are found in the same in-
tron, making it difficult to identify the effective binding site
regulating splicing. Here we have demonstrate that in most
cases at least one RBP-binding site is found within 500 nu-
cleotides of the splice site, suggesting that binding near the
splice site is critical, if not essential, for the function of the
RBFOX2 complex in splicing (Figure 4). This, of course,
does not necessarily mean that distal binding sites are not
effective or functional. Indeed, it was previously shown, us-
ing mini-genes, that in certain cases, distal binding sites may
affect splicing, and several mechanisms were suggested for
this effect, like RNA looping-out (58). However, the distri-
bution of RBFOX2-binding sites near their targeted splic-
ing events suggests that, at least for the RBFOX2 complex,

the distal binding sites are rarely sufficient for splicing in the
absence of any other proximal sites (Figure 4).

The systems analysis of RBFOX2′s splicing events, RNA-
binding sites and interacting proteins presented here allows
us to formulate a model where the cellular impact of RB-
FOX2 is defined by its mode of binding (Figure 5C). Ac-
cording to this model, RBFOX2 uses a variety of protein
partners in various configurations to identify RNA featur-
ing different motifs and binding sites. Depending on the
composition of the binding complex and the identity of
the primary binding sites, RBFOX2 and protein partners
may target genes with different functions. According to this
model, altering the expression or activity of RBFOX2 and
partner proteins increases the regulatory spectrum of RB-
FOX2 and permits independent or differential regulation of
different subsets of RNA targets. Indeed, it is now possible
to explain how RBFOX2 programs the splicing of a specific
group of mRNAs in different cells with the same level of
RBFOX2 expression. Clearly there are considerable chal-
lenges ahead to decipher the repertoire of complex func-
tional interactions of splicing factors, which are also exac-
erbated by the existence of multiple alternative isoforms of
the splicing factors themselves.
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