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SUPPLEMENTAL INFORMATION ON GENES WITH MICROARRAY DETECTED TISSUE-
SPECIFIC AS LEVELS 
 
Selected AS events associated with muscle tissues 
Several of the genes containing alternative exons that are differentially regulated in muscle-based tissues 
have known functions in muscle and/or have been implicated in diseases associated with muscle tissues. 
The largest AS level change among the ~10 muscle-associated AS events was detected in transcripts 
from the Mitofusin-2 (Mfn2/Fzo) gene, a GTPase involved in mitochondrial fusion that undergoes 
increased expression in skeletal muscle after exercise, and Mfn2 expression in skeletal muscle may be 
altered by obesity (Bach et al., 2003; Chen et al., 2003; Cartoni et al., 2005; Neuspiel et al., 2005). This 
muscle-specific AS event was validated by RT-PCR assays (data not shown). Another large muscle-
specific AS change was found in Musashi2/Msi2h, which encodes an RNA-binding protein involved in 
neural stem cell development (Sakakibara et al. 2001, Sakakibara et al. 2002, Aubert et al. 2003). In 
another example, we detected a muscle-specific AS difference in transcripts encoding the RNA binding 
Fox/Fxh/Rbm9 AS factor, which regulates AS in muscle as well as in other tissues (Jin et al., 2003; 
Nakahata and Kawamoto, 2005; Underwood et al., 2005). Fox-2 contains a previously documented pair 
of mutually exclusive alternative exons, involving one exon (B40) that is highly included in brain and 
one exon (M43) that is highly included in muscle (Nakahata and Kawamoto, 2005). Our data indicates 
that the B40 exon is actually highly included in all tissues except muscle. This suggests that muscle-
specific regulation of the B40 exon is important for controlling the function of Fox-2 in muscle tissue.  
 
We found correlated, muscle-associated AS in two exons of Sorbin, the SH3 domain containing 1 
(Sorbs1)/c-cbl-associated protein (CAP)/ponsin/SH3P12. Sorbs1 is involved in insulin receptor signalling 
(Ribon et al. 1998a, Baumann et al. 2000, Kimura et al. 2001, Mitra et al. 2003), and it also functions in 
cell adhesion (Ribon et al. 1998b, Mandai et al. 1999). Mutations in Sorbs1 have been associated with 
obesity and type 2 diabetes (Lin et al. 2001, Yang et al. 2003). Sorbs1 mRNA has complex AS isoform 
patterns with widely varying tissue distributions (Mandai et al. 1999, Lebre et al. 2001, Lin et al. 2001, 
Zhang et al. 2003, Alcazar et al. 2004, Matson et al. 2005). One exon (25) of mouse Sorbs1/CAP has 
been found to be muscle-specific (Zhang et al. 2003), and this exon does not correspond to the two exons 
(5th and ~13th) we observe to have muscle-specific AS changes.  
 
Protein tyrosine phosphatase-like member a (Ptpla) has been found to be most highly expressed in mouse 
muscle tissues (Uwanogho et al. 1999, Li et al. 2000). A tRNA-like SINE exonic insertion in the dog 
Ptpla gene results in splicing defects that result in autosomal recessive centronuclear myopathy (Pele et 
al. 2005). We observed muscle-related AS changes in exon 5 of Ptpla, and two isoforms of the 
orthologous exon 5 of dog Ptpla included and excluded were found in skeletal muscle (Pele et al. 2005). 
Sarcolemma-associated protein (Slmap) is a sarcoplasmic membrane protein that is a component of the 
centrosome (Wigle et al. 1997, Wielowieyski et al. 2000, Guzzo et al. 2004). Slmap has been associated 
with muscle excitation and contraction (Guzzo et al. 2004), and deregulated expression of the shortest 
splice isoform of Slmap correlates with endothelial dysfunction in type 2 diabetic mice (Ding et al. 
2005). Exclusion of two conserved alternative exons from Slmap in rabbit muscle tissues was previously 
described (Wielowieyski et al. 2000), and we observed the muscle-associated exclusion of one of these 
exons (referred to as exon IV in Wielowieyski et al. 2000).  
 
We found ~5 cases in which there appeared to be an AS pattern common to CNS and muscle tissues. One 
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such gene is Sorting nexin-14 (Snx14), a gene expressed in the mouse nervous system (Carroll et al. 
2001). Snx14 is a member of the sorting nexin family which is known to be involved in phospholipid 
binding and endocytosis (Worby et al. 2003). Requiem/Ubi-d4/Dpf2 is a d4-zinc finger domain-
containing transcription factor involved in apoptosis (Gabig et al. 1994, Chestkov et al. 1996, Gabig et al. 
1998, Mertsalov et al. 2000). Alternative splicing of Requiem/Ubi-d4/Dpf2 does not appear to have been 
previously described, and our data leads us to suggest a potential common AS regulation of 
Requiem/Ubi-d4/Dpf2 in neural and muscle tissues. A couple of uncharacterized genes (4632411B21Rik 
and R3Dhm2/1300003K24Rik) with common muscle and CNS AS patterns were also observed. 
 
Embryonic-specific AS events 
We observed embryonic-specific AS patterns for several genes. Drebrin (Dbn1) is associated with the 
cytoskeleton and cell-cell junctions (Shirao 1995, Peitsch et al. 1999, Butkevich et al. 2004). Dbn1 has 
known functions in embryonic brain development (Kojima et al. 1988, Kojima et al. 1993, Shirao 1995, 
Mizui et al. 2005), adult neurons (Shirao et al. 1992, Jin et al. 2002, Kobayashi et al. 2001, Shim and 
Lubec 2002), stomach, and kidney (Peitsch et al. 1999, Keon et al. 2000, Peitsch et al. 2003). Exon 11a 
of mouse Dbn1 was found to be excluded specifically in embryonic brain and included in adult brain (Jin 
et al. 2002); embryonic and adult brain specific splice isoforms have also been found in chicken (Kojima 
et al. 1993). Consistent with these results, we find that exon 11a highly excluded in embryonic tissues. 
Paralemmin (Palm) is a plasma membrane-anchored protein with known roles in embryonic and adult 
brain and eye (Burwinkel et al. 1998, Kutzleb et al. 1998, Bagchi et al. 2003, Castellini et al. 2005, Basile 
et al. 2006). Exon 8 of Paralemmin has been previously found to be increasingly included during the 
progression of mouse brain and eye development (Kutzleb et al. 1998, Castellini et al. 2005), and we 
observe a large increase in exon 8 inclusion in adult tissues relative to the embryonic tissues. SC35 is a 
pre-mRNA splicing factor of the SR protein family (Xu and Maniatis 1992, Sureau and Perbal 1994). 
SC35 autoregulates the alternative splicing of its pre-mRNA (Sureau et al. 2001). We observed an 
embryonic-specific change in splicing of SC35, consistent with previous observations that SC35 isoform 
levels have been observed in uterus and embryos during pregnancy (Nie et al. 2000, Nie et al. 2002, 
Salamonsen et al. 2002).  
 
The proto-oncogene Ect2 encodes a RhoGEF that regulates cytokinesis in mammals (Miki et al. 1993, 
Takai et al. 1998, Tatsumoto et al. 1999, Kimura et al. 2000, Saito et al. 2003, Saito et al. 2004, Liu et al. 
2004) and Drosophila (Prokopenko et al. 1999, Somers and Saint 2003, Schumacher et al. 2004, 
Smallhorn et al. 2004). We observed an embryonic-dependent change in AS of Ect2, and potential tissue-
specific isoforms of Ect2 do not appear to have been previously described. DNA polymerase alpha 
subunit B (Polr2) is required for DNA replication in all eukaryotes (Collins et al. 1993, Miyazawa et al. 
1993, Mizuno et al. 1998, Mizuno et al. 1999, Nishikawa et al. 2000). An embryonic-associated AS 
change in exon 2 of Polr2 was observed; however, transcript levels from this gene appear to be much 
higher in embryonic versus other tissues. Embryonic-related AS changes were also found in 
uncharacterized genes including.  Transmembrane protein 39 A (Tmem39a).  
 
CNS-regulated AS events in genes associated with signalling pathways 
Many of the genes found to undergo CNS-specific AS in our study act in signalling pathways. In the 
interest of brevity, only the known or putative functions of these genes in the nervous system, as 
described in the published literature, are summarized below. Several of the CNS-specific alternative 
exons belong to genes involved in the Rho/Rac/Cdc42, Rap, MAPK, and CAMKII signalling pathways. 
Significant CNS-specific AS changes were detected in four members of the Rap1 pathway (Rap1ga1, 
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Rap1gds1,  Rap1gef4, Rap1gef6). Alternative isoforms of human Rap1GAP1 are important in neurite 
outgrowth (Jordan et al., 2005). Rapgef6 has been linked to both neurogenesis and gliogenesis 
(Kempermann et al., 2006). Three alternative isoforms of human Rapgef6/PDZ-GEF2/RA-GEF2 have 
been studied, and the orthologous exon that we detected as having a neural-specific AS change appears to 
distinguish the highly expressed full-length PDZ-GEF2A (which we find to be more included in CNS) 
and the low abundance C-terminally truncated PDZ-GEF2B isoforms (Gao et al., 2001; Kuiperij et al., 
2003).  
  
We detect a CNS-specific AS event in transcripts of the Rap1 GTP-GDP dissociation stimulator 1 
(Rap1gds1)/Smg (p21)/GDS1. This protein activates the Rho, Ras, and Rap1 GTPases and has been 
found to act in cell survival pathways (Kaibuchi et al., 1991; Mizuno et al., 1991; Shirataki et al., 1991; 
Kotani et al., 1992; Orita et al., 1993; Rebhun et al., 2000; Takakura et al., 2000). Rap1gds1 does not 
appear to have a known neural function, and to our knowledge only an uncharacterized variant of 
Rap1gds1, detected in bovine brain, has been reported (Kaibuchi et al., 1991). CNS-specific AS level 
differences were detected in  three mitogen-activated protein kinase (MAPK) pathway components 
(Map3k4,  Map4k6 and Mapkapk3). Mouse Map3k4/MEKK4/MAPKKK4 mutants have neural tube 
development defects (Abell et al., 2005; Chi et al., 2005). Our data indicates that exon 16 of 
Map3k4/MEKK4 is more highly included in CNS tissues relative to other tissues. Alternative isoforms of 
MEKK4alpha and MEKK4beta which, respectively, contain or lack this exon, have been reported but 
their splicing patterns were not noted to differ across eight mouse tissues that were analyzed (Gerwins et 
al., 1997). Mouse Map4k6/Misshapen/NIKs-related kinase (MINK) is upregulated in the postnatal brain, 
and its C. elegans ortholog, mig-15, is required for correct axon guidance (Dan et al., 2000; Poinat et al., 
2002). Human Map4k6/hMINK has been reported to have at least five splice isoforms, and the exon that 
we observe to be more highly excluded in CNS tissues appears to be orthologous to an exon previously 
reported to be excluded in the hMINKgamma (primarily brain) and hMINKdelta (primarily muscle) 
isoforms (Hu et al., 2004). 
 
The calcium/calmodulin-dependent protein kinase (CaMK) pathway is known to be regulated by 
alternative splicing (Bayer et al., 2002; Xu et al., 2005). We find that two members (Camk2d and 
Camk2g) of the CaMK pathway undergo AS in a CNS-specific manner. The role of CaMKII in the 
nervous system has been well studied (Colbran and Brown, 2004). . Camk2d is alternatively spliced 
during neural development (Donai et al., 2000), and both Camk2d and Camk2g have astrocyte-specific 
alternative isoforms (Vallano et al., 2000). CaMKII phosphorylates PSD-95/Dlgh4 and dynamin/Dnm1 
(two other genes with neural-specific AS discussed below) in the postsynaptic density of rats (Yoshimura 
et al., 2000).  
 
Arhgef7/betaPIX, GIT2, and Scribbled are signalling genes, that we detect to undergo CNS-specific AS. 
Arhgef7/betaPIX is a Rho family (Rho, Rac, and Cdc42) guanine exchange factor that regulates dendritic 
spine morphogenesis and the synapse formation in hippocampal neurons in a pathway dependent on the 
GIT2 homolog GIT1 (Zhang et al., 2005). The CNS-specific event we observed in Arhgef7/betaPix 
appears to be the 177-bp exon that is included in the betaPIX-b isoform found in brain and testes (Kim et 
al., 2000). GIT2 is an ADP-ribosylation GTPase-activating protein that undergoes complex AS patterns, 
and GIT2 is known to interact with Arhgef7/betaPIX and the postsynaptic cytomatrix protein Piccolo 
(Premont et al., 2000; Kim et al., 2003). Scribbled is necessary for neural tube development in mice 
(Murdoch et al., 2003), and human Scribbled forms a complex with Arhgef7/betaPIX and GIT1 
(Audebert et al., 2004; Lahuna et al., 2005). Thus, the neural-specific function of the Scribbled/betaPIX 
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complex is likely regulated by AS. Arhgef7/betaPIX also interacts with the POPX2/FEM-2/Protein 
phosphatase 1F/Ppm1f (Koh et al. 2002), and Ppm1f contains another CNS-specific AS event. In 
addition, POPX2/FEM-2/Ppm1f interacts with Calcium/Calmodulin-dependent kinase II/CaMKII (Tan et 
al. 2001, Harvey et al. 2004). Other Rho family signalling proteins found to be associated with CNS-
specific AS based on our data are IQGAP1,Vav2, Dock9/Zizimin1 and Dock10/Zizimin3. Vav2 has been 
implicated in axon guidance and neurite outgrowth (Aoki et al., 2005; Cowan et al., 2005).  
 
We detect CNS-associated AS events in transcripts of two related Rho family GEFs, Dock9/Zizimin1 and 
Dock10/Zizimin3, which have not yet been found to have a neural-related function (Cote and Vuori, 
2002; Meller et al., 2002; Meller et al., 2004; Meller et al., 2005; Nishikimi et al., 2005). A large CNS-
specific difference in AS was detected for two exons of Dock9/Zizimin1, which has been noted 
previously to have five alternatively spliced isoforms that are conserved between mouse and human 
(Nishikimi et al., 2005). Although Dock9/Zizimin1 and Dock10/Zizimin3 were found to be expressed in 
several mouse tissues (including brain), the tissue distributions of the various splice isoforms of this gene 
were not determined (Nishikimi et al., 2005). Based on our results it is possible to speculate that certain 
splice forms of Dock9/Zizimin1 and Dock10/Zizimin3 have neural-specific functions. 
 
A CNS-specific AS event was detected in phospholipase C-beta 4/Plcb4, a protein that is involved in the 
metabotropic glutamate neurotransmitter signalling pathway and synaptic depression in the cerebellum 
(Kim et al., 1997a; Hashimoto et al., 2001; Hirono et al., 2001; Miyata et al., 2001; Miyata et al., 2003). 
Alternative splicing of Plcb4 transcripts was previously shown to be regulated by Nova-2 (Ule et al., 
2005).  
 
We detect CNS tissue-specific AS of transcripts corresponding to three protein tyrosine phosphatases, 
including two events in Ptprf, one in Ptprk, and one in LMW-PTP/Acp1. Neural-specific AS of the 
Ptprf/LAR receptor protein phosphatase has been previously reported (Zhang and Longo, 1995; 
Honkaniemi et al., 1998; Zhang et al., 1998). Ptprf/LAR functions in excitatory synapse development 
(Van Lieshout et al., 2001; Dunah et al., 2005). Ptprk has been found to stimulate neurite growth via the 
MAPK pathway (Drosopoulos et al., 1999).  
 
OPA1 is a dynamin-related GTPase that regulates mitochondrial fusion and morphology (Cipolat et al., 
2004; Griparic et al., 2004), and mutations in OPA1 result in the hereditary neuropathy Autosomal 
dominant optic atrophy 1 (Alexander et al., 2000; Delettre et al., 2000). A distinct mRNA isoform of 
mouse OPA1, with enriched expression in forebrain, cerebellum and brain stem, relative to other tissues, 
has been reported, but the specific exon(s) accounting for these different isoforms was not determined 
(Misaka et al., 2002).  
 
Our observations lead us to conclude that AS regulates multiple components of Rap, Rho, MAPK and 
CAMK signalling pathways in a nervous system-specific manner. In particular, GTPase-activating 
proteins and guanine exchange factors appear to be highly regulated by AS in the CNS. 
 
CNS-regulated AS in genes associated with cytoskeletal functions. 
We detected an overrepresentation of CNS-specific splicing events in transcripts that are known to be 
involved in cytoskeletal-associated functions. Two CNS-specific AS events were detected in transcripts 
of the actin-binding LIM protein 1 (Ablim1) gene, which is a component of the actin cytoskeleton (Roof 
et al., 1997) and regulates axon guidance (Erkman et al., 2000; Lu et al., 2003). The C. elegans ortholog 
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of Ablim1, UNC-115, is an effector of the Rac signalling pathway and is associated with the actin 
cytoskeleton during axon pathfinding, and the gene controls neuronal morphogenesis (Wightman et al., 
1997; Lundquist et al., 1998; Struckhoff and Lundquist, 2003; Yang and Lundquist, 2005). We also 
detect a CNS-specific AS event in transcripts of Dystonin/BPAG1. This protein connects the actin and 
microtubule-based cytoskeletons (Yang et al., 1996; Yang et al., 1999), and is involved in the 
neurodegenerative-disorder Dystonia musculorum (Brown et al., 1995), nervous system development 
(Guo et al., 1995), myelination (Saulnier et al., 2002), and retrograde axonal transport (Liu et al., 2003). 
Neural-specific splice variants of Dystonin/BPAG1 transcripts have been reported (Leung et al., 2001; 
Okumura et al., 2002), although they do not correspond to the CNS-specific AS event we have identified. 
Transcripts of the synaptic nuclear envelope 1 (Syne-1/Nesprin-1/CPG2) gene, which encodes an actin-
binding protein that anchors the synaptic nuclear envelope to the cytoskeleton at neuromuscular junctions 
(Apel et al., 2000; Zhang et al., 2002; Grady et al., 2005), were detected to undergo CNS-specific AS. 
This observation is consistent with the previous finding of a brain/synapse-specific splice isoform 
(CPG2) which regulates endocytosis of glutamate receptors (Cottrell et al., 2004).  
 
We detect CNS-specific AS of Tropomodulin 2 (Tmod2) transcripts. Tmod2 is an actin filament capping 
protein (Cox and Zoghbi, 2000). Mice without Tmod2 have learning and memory deficits and enhanced 
long-term potentiation (Cox et al., 2003). The rat ortholog, N-tropomodulin, is known to bind to brain 
tropomyosin (Watakabe et al., 1996). We observe CNS-specific splicing of Alpha-spectrin 2 (Spna2) 
exon 4; a similar change in the inclusion level was also noted by Ule et al. (2005). Spna2 binds to actin 
cytoskeleton components in a neural-specific manner (Clark et al., 1994; Gelot et al., 1994; Schmitz, 
2001), and Spna2 has been found in complex with the neurotransmitter receptor 5-HT(2C) (Becamel et 
al., 2002).  
 
Dematin/Epb4.9 is an actin and spectrin interacting cytoskeletal protein required for erythroid membrane 
stability (Rana et al., 1993; Azim et al., 1995; Azim et al., 1996; Azim et al., 1999; Khanna et al., 2002; 
Frank et al., 2004). It is also known to modulate MAPK pathways (Lutchman et al., 2002). Two brain-
specific splice isoforms of human dematin/Epb4.9 have been identified (Kim et al., 1998), one of which 
corresponds to a highly significant CNS-specific AS event we have observed. These findings suggest a 
currently unknown neural-specific function for dematin/Epb4.9. 
 
We detected CNS-specific AS in transcripts encoding two myosins, Myo5a (which has a pair of 
positively correlated exons) and Myo6. Myosin Va is an actin-based processive motor that transports 
synaptic vesicles in axons (Prekeris and Terrian, 1997; Bridgman, 1999; Naisbitt et al., 2000; Libby et 
al., 2004; Watanabe et al., 2005). Myo6 functions in AMPA/glutamate receptor endocytosis, and Myo6 
deficient mice have abnormal neurons and astroglia (Wu et al., 2002; Osterweil et al., 2005). Kinesins are 
molecular motors that move cargo along microtubules, and they are important in directional transport in 
axons and dendrites (Hirokawa and Takemura, 2005). We observe CNS specific AS of an exon in 
transcripts of kinesin-superfamily associated protein 3 (Kifap3/KAP3/SMAP), a component of the KIF3 
complex involved in axonal vesicle transport during the processes of neurite growth and neuroepithelial 
development (Yamazaki et al., 1996; Takeda et al., 2000; Teng et al., 2005). Additionally, human 
KAP3/SMAP interacts with components of the Rap1 and MAPK signaling pathways, including 
SmgGDS/Rap1gds1, which we observe to also have a CNS-specific AS event (see Table 1 and 
Additional Data File 3) (Shimizu et al., 1996; Nagata et al., 1998). We also find that exon 9 of transcripts 
of the microtubule-associated gene CLASP1 undergoes neural-specific splicing, and this finding is 
consistent with the previous observation that this exon is regulated by Nova-2 (Ule et al., 2005). The 
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Drosophila and vertebrate orthologs of CLASP1 are involved in axon guidance (Lee et al., 2004).  In 
summary, our results reveal that the transcripts of multiple actin, myosin and microtubule-based 
cytoskeletal components are regulated in a CNS-specific manner by AS. 
 
CNS-regulated AS events in genes associated with vesicle transport 
Vesicle-mediated transport is essential in many neural processes including the transport of 
neurotransmitters to the synapse (Li and Chin, 2003). We observed neural-specific splicing of transcripts 
of several genes encoding vesicular transport proteins. Two exons of ADP-ribosylation factor (ARF) 
GTPase activating protein-1 (ArfGAP1), which regulates COPI vesicles during ER-Golgi transport, 
appear to undergo significant negatively-correlated AS, and the exons have distinct inclusion levels in 
CNS tissues. This pair of ArfGAP1 exons has recently been shown to be spliced in a brain-specific 
manner in rat with the same pattern we observe (Parnis et al., 2006). 
 
We detect a large CNS tissue-specific difference in the AS levels of transcripts encoding Dynamin 1 
(Dnm1), a GTPase necessary for synaptic vesicle endocytosis (Smillie and Cousin, 2005; Yamashita et 
al., 2005). Eight splice isoforms of Dnm1 have been identified in rat tissues (Cao et al., 1998). Dynamin 
has also been linked to the actin cytoskeleton (Orth and McNiven, 2003; Schafer, 2004). Thus, ArfGAP1 
and Dynamin 1 are GTPases involved in vesicular transport regulated by AS. The Rab GTPase 
interacting proteins Rab6ip2/ERC1/CAST2 and Rab3ip/Rabin3/Rabin8 show large nervous system-
associated differential AS levels. Rat Rab6ip2/ERC1/CAST2/ELKS interacts with presynaptic active 
zone RIM (Rab3-interacting molecule) proteins to regulate neurotransmitter release in an AS regulated 
process (Wang et al., 2002). Rab6ip2 binds Rab6 GTPase, which is involved in the endosome-Trans 
Golgi Network vesicular transport pathway (Monier et al., 2002). We observe significant negative 
correlation between two alternative exons in Rab6ip2; one of these exons is orthologous to the human 
Rab6ip2/ERC1b brain-specific exon (Wang et al., 2002), while the other exon is orthologous to exon 14a 
of human ELKS/Rab6ip2, which was found to be more highly excluded in brain (Nakata et al., 2002; 
Deguchi-Tawarada et al., 2004). Transcripts of Rab3ip/Rabin3/Rabin8, a Rab8-GEF and Rab3A binding 
protein involved in actin remodeling and polarized vesicular transport, were found to have a CNS-
specific AS event (Brondyk et al., 1995; Hattula et al., 2002). Alternative splicing of 
Rab3ip/Rabin3/Rabin8 does not appear to have been described previously. Therefore, some of the Rab 
GTPase vesicular transport pathways could be regulated by AS of Rab6ip2/ERC1/CAST2, and 
Rab3ip/Rabin3/Rabin8.  
 
The syndapin II/PACSIN2 protein is involved in receptor mediated endocytosis and actin cytoskeleton 
organization, and the related syndapin I protein is involved in synaptic vesicle endocytosis (Ritter et al., 
1999; Modregger et al., 2000; Qualmann and Kelly, 2000; Kessels and Qualmann, 2002; Kessels and 
Qualmann, 2004). We detect a CNS tissue-associated AS event in syndapin II, and this suggests a 
possible nervous system-specific function for this protein. Synaptosomal associated protein 23 (SNAP-
23) is a t-SNARE involved in vesicle membrane fusion during exocytosis in many tissues; in neurons, 
SNAP-23 releases glutamate receptors to the cell surface (Washbourne et al., 2004; Fournier and 
Robinson, 2006). Nervous system-associated exclusion level changes are observed for two exons in 
SNAP-23 transcripts. Five splicing isoforms of the human SNAP-23 have been previously described, but 
the tissue specificity of these isoforms was not established (Shukla et al., 2001). SNAP-23 and Dynamin 
1 have been found to be part of a membrane-bound protein complex involved in endocytic vesicular 
transport (Predescu et al., 2003).  
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Significant positive correlation of AS levels for two exons in Exoc7/Exo70 transcripts (Figure 2) was 
observed, and both exons display neural specific AS level differences. Exoc7/Exo70 is a component of 
the exocyst complex involved in vesicle-mediated exocytosis (Kee et al., 1997), and it is directly 
involved in the membrane targeting of the neurotransmitter receptors for GABA and NMDA (Farhan et 
al., 2004; Gerges et al., 2006). Highly significant CNS-specific AS levels were observed in an exon of 
Postsynaptic-density 95(PSD-95)/Discs, large homolog 4 (Dlgh4). PSD-95 is a well-studied protein 
involved in synaptic vesicle maturation (reviewed by (Hata and Takai, 1999; Kim and Sheng, 2004), and 
multiple splice isoforms have been observed (Bence et al., 2005).  
 
We detect a CNS-specific AS event in Src homology 3-domain growth factor receptor-bound 2-like 
(endophilin)interacting protein 1 (Sgip1). Sgip1 regulates energy balance in the rat hypothalamus 
(Trevaskis et al., 2005), and is known to interact with endophilins, which are proteins involved in 
synaptic vesicle endocytosis (Trevaskis et al., 2005). Synaptogyrin 1 (Syngr1) is a synaptic vesicle 
component with roles in synaptic plasticity and Ca2+-dependent exocytosis (Stenius et al., 1995; Kedra 
et al., 1998; Janz et al., 1999; Sugita et al., 1999; Belfort and Kandror, 2003), and mutations in Syngr1 
have been associated with schizophrenia and bipolar disorder (Verma et al., 2004; Verma et al., 2005). 
Human Syngr1 has an alternatively spliced form that is highly expressed in brain (Kedra et al., 1998), 
and the exon associated with this isoform may be orthologous to the mouse alternative exon we detect as 
having CNS-specific AS. Collectively, the CNS-specific AS patterns described above lead us to conclude 
that vesicle-mediated transport is highly regulated by AS in the nervous system. 
 
CNS-specific AS events in genes with known neural functions 
We detect a CNS-specific AS event in transcripts encoding adenosine deaminase ADARB1/ADAR2, an 
RNA editing enzyme that alters glutamate receptor mRNAs (Lai et al., 1997; Yang et al., 1997; Higuchi 
et al., 2000). The AS of ADARB1/ADAR2 is auto-regulated by RNA editing (Rueter et al., 1999; Slavov 
and Gardiner, 2002; Kawahara et al., 2005). The CNS-regulated exon (referred to as exon 1b) in Adarb1 
is not conserved in human. Insertion of exon 1b results in a frameshift that potentially results in 
expression of a truncated protein (Slavov and Gardiner, 2002). Expression of exon 1b was previously 
surveyed only in brain and liver (Slavov and Gardiner, 2002). We observed reduced inclusion levels of 
exon 1b specifically in CNS tissues, which suggests a possible role for this exon in controlling the CNS-
specific activity of Adarb1.  
 
Amyloid beta (A4) precursor protein-binding, family B, member 1 (Appb1)/Fe65 is a ligand of beta-
amyloid precursor, which is involved in Alzheimer's disease (Sabo et al., 2003; Wang et al., 2004a). 
Human Fe65 transcripts undergo neural-specific splicing of exon 9 (Hu et al., 1999); we detect a CNS-
specific AS event involving what appears to be a rarely-included cassette exon between the first and 
second constitutive exons of the mouse Fe65 gene. Membrane associated guanylate kinase inverted 1 
(MAGI-1)/BAI1-associated protein 1 (BAIAP1) is a tight-junction protein that is involved in Delta-
Notch and Rap1 signalling in the nervous system (Dobrosotskaya et al., 1997; Shiratsuchi et al., 1998; 
Mino et al., 2000; Wright et al., 2004; Mizuhara et al., 2005; Sakurai et al., 2006).  We detect CNS-tissue 
specific AS of two exons in MAGI-1 transcripts (exons 15, ~20). Brain-specific AS has previously been 
observed for human and mouse exon 15 (Laura et al., 2002; Sugnet et al., 2006). MAGI-3 is a paralog of 
MAGI-1 that has also been implicated in nervous system Delta-Notch signalling, and MAGI-3 binds 
beta1-adrenergic receptor thereby inhibiting ERK/MAPK signalling (Wu et al., 2000; Wright et al., 2004; 
He et al., 2006). We observe CNS tissue-specific AS of the penultimate exon in MAGI-3, which was also 
found to be brain-specific by Sugnet et al. (2006).  
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An AS event displaying a large CNS-specific exon inclusion level difference was observed in transcripts 
of the Tight junction protein 4 (Tjp4/Pilt), and human Pilt is known to interact with the synapse 
associated protein 97/hDlg1 (Kawabe et al., 2001). The Kinase D-interacting substrate of 220 kDa 
(Kidins220)/ankyrin repeat-rich membrane spanning protein (ARMS)/C330002I19Rik functions in 
neuronal signalling pathways involving neurotrophin and ephrin receptor tyrosine kinase, Rap1-mediated 
MAPK and protein kinase C/D pathways (Iglesias et al., 2000; Kong et al., 2001; Arevalo et al., 2004; 
Cabrera-Poch et al., 2004; Chang et al., 2004; Luo et al., 2005; Arevalo et al., 2006).  
 
Transcripts encoding a meningioma-expressed antigen (MGEA6/MEA6/CTAGE5) have been reported 
previously to undergo tumor-specific AS (Heckel et al., 1997; Comtesse et al., 2002; Usener et al., 2003). 
We detect a CNS-specific AS event in MGEA6 transcripts. We also detect a pronounced CNS-specific 
differential AS event in transcripts encoding mahoganoid/mahogunin ring finger 1 (Mgrn1). 
Homozygous Mgrn1 knockout mice show neuronal degeneration and astrocytosis phenotypes (He et al., 
2003). Mgrn1 has E3-ubiquitin ligase activity and this suggests that it may have a role in proteolysis (He 
et al., 2003).  
 
We detect CNS-specific AS of exon 11 (referred to as EIII) in transcripts of Meis2/Mrg1, a 
homeodomain transcription factor involved in mouse brain development and Meis2 is known to regulate 
the transcription of the dopamine D1 receptor gene in adult brain tissues (Cecconi et al., 1997; Oulad-
Abdelghani et al., 1997; Toresson et al., 2000; Yang et al., 2000). The C. elegans ortholog of Meis2 (unc-
63) is required for neuroblast migration (Yang et al., 2005), while the Drosophila ortholog is involved in 
axonal patterning (Nagao et al., 2000). Four splice isoforms of mouse Meis2 are known: Meis2a and 
Meis2b, which include the EIII exon, are most abundant in brain, and Meis2c and Meis2d, which exclude 
the EIII exon, and are most abundant in female genital organs (Oulad-Abdelghani et al., 1997). 
Consistent with these previous findings, our data indicate that the EIII exon is more highly included in 
the nervous system, as compared to the profiled other tissues.  
 
Neogenin (Neo1) is a cell-surface receptor involved in axon guidance that mediates the effect of the 
repulsive guidance molecule, and is also known to regulate neuron survival in vertebrates (Vielmetter et 
al., 1994; Gad et al., 1997; Meyerhardt et al., 1997; Matsunaga et al., 2004; Rajagopalan et al., 2004). We 
detect strong negative correlation between the AS levels of two alternative exons in Neo1 transcripts (see 
Figure 2). One of these is the fourth alternative exon (Exon ~21),  which overlaps the coding region of 
the cytoplasmic domain of the protein, and this exon has been shown previously to be regulated during 
mouse embryogenesis (Keeling et al., 1997).  
 
NFATc3/NFATx/NFAT4 is a calcineurin-regulated transcription factor that regulates axon outgrowth, 
neuronal apoptosis and astrocyte function (Graef et al., 2003; Jones et al., 2003; Jayanthi et al., 2005). 
Four splice isoforms of human NFATc3/NFATx/NFAT4 have been identified and shown to be expressed 
at variable levels across tissues. An orthologous isoform (NFATx2) has also been identified although its 
tissue distribution was not well characterized (Imamura et al., 1998). We detect CNS-specific inclusion 
of an alternative exon in mouse NFATx2; the NFATx1 isoform lacks this alternative exon (Liu et al., 
1997).  
 
The purinergic receptor P2X4 regulates presynaptic glutamatergic transmission in neurons in a dynamin-
dependent endocytic process, and studies using rat nerve injury models have shown that P2X4 mediates 
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allodynia in spinal microglia (Bobanovic et al., 2002; Tsuda et al., 2003; Ashour and Deuchars, 2004; 
Schwab et al., 2005). We detect CNS-specific AS of a cassette exon that was previously reported to differ 
between splice isoforms of P2X4 (P2X4 and P2X4a; (Townsend-Nicholson et al., 1999). The distribution 
of these isoforms was only studied in brain in this previous study, and evidence has also been presented 
suggesting that human P2X4 is alternatively spliced in a brain subregion-specific manner (Carpenter et 
al., 1999) .  
 
In agreement with a previous study (Zhao and Manley, 1996), we find that a splice isoform of RNA 
poly(A) polymerase/Papola  named PAP IV is enriched in brain tissues. This alternative isoform of PAP 
may be involved in polyadenylation at synapses (Huang et al., 2002).  
 
We detect a CNS-specific AS event in transcripts of Protein-L-isoaspartate (D-aspartate) O-
methyltransferase 1 (Pcmt1). Mice deficient in Pcmt1 die from seizures, and have impaired spatial 
memory and synaptic function (Kim et al., 1997b; Yamamoto et al., 1998; Kim et al., 1999; Ikegaya et 
al., 2001). Consistent with our data, Pcmt1 has been reported to have testis and brain specific isoforms 
(Galus et al., 1994; Mizobuchi et al., 1994; Ogawara et al., 2002).  
 
Mutation of the polyglutamine tract of Ataxin-2/Sca2 results in the neurodegenerative disease 
spinocerebellar ataxia 2 (Imbert et al., 1996; Pulst et al., 1996; Sanpei et al., 1996; Huynh et al., 2000). 
We observe that exon 21 of Sca2 transcripts is included at higher levels in CNS tissues, compared to the 
other microarray-profiled tissues. The tissue specificity of this AS event was not apparent from a 
previous study which surveyed only five mouse tissues (Affaitati et al., 2001).  
 
Hsp47/Serpinh is a collagen-binding protein with a putative role in nervous system development and glial 
cell protection (Walsh et al., 1997; Acarin et al., 2002). Our data  indicate that two adjacent exons in 
Hsp47 transcripts display a positively correlated CNS-specific pattern. AS of these exons was previously 
shown to induced by heat shock (Takechi et al., 1994).  
 
We detect a previously unreported CNS-specific AS event in transcripts encoding the potassium-
dependent sodium/calcium ion exchanger NCKX2/Slc24a2, which is involved in mediating calcium ion 
clearance in axon terminals (Tsoi et al., 1998; Dong et al., 2001; Lee et al., 2002; Sergeeva et al., 2004). 
 
The mouse transcription factor Tcf12/HEB/ME1/REB/ALF1/HTF4 has an expression profile indicative 
of a role in nervous system development and neuronal plasticity (Neuman et al., 1993; Chiaramello et al., 
1995; Uittenbogaard and Chiaramello, 1999; Uittenbogaard and Chiaramello, 2002), and its ortholog in 
Drosophila (daughterless) is involved in neural precursor development (Caudy et al., 1988; Vaessin et 
al., 1994; Hassan and Vaessin, 1997; Ramain et al., 2000). In agreement with previous observations 
(Nielsen et al., 1992), we detect CNS-specific AS of an alternative exon in Tcf12 transcripts.  
 
We detect a CNS-specific AS event in transcripts of the uncharacterized mouse gene 1810044A24Rik, an 
ortholog the human protein NIK and IKK-beta-binding protein (NIBP). NIBP was recently shown to be 
involved in NF-kappaB and nerve growth factor pathways, and siRNA knockdown of NIBP prevents 
neurite extension (Hu et al., 2005). 
 
We detect a CNS-specific AS event in transcripts of the F-box protein 25 (Fbxo25), which is involved in 
protein ubiquitination, and Fbxo25 has been found to be disrupted in a patient with mental retardation 
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and epilepsy (Hagens et al., 2006; Maragno et al., 2006). Alternative exons have been identified in 
human and mouse Fbxo25, but the tissue distributions of the alternative splice isoforms of this gene were 
not determined in detail (Hagens et al., 2006).  
 
CNS-specific AS events in genes without known neural functions or genes that are not well 
characterized 
We observed many cases of CNS-specific AS changes in mRNAs of uncharacterized genes or genes 
without a known neural function. A core component of the cytoplasmic mRNA decay sites, referred to as 
GW/P-bodies, GW182/Tnrcc6a (Eystathioy et al. 2002, Yang et al. 2004), shows a large CNS-specific 
AS change in one exon. Human GW182 has recently been identified as being an important part of 
microRNA-based mRNA decay and RNA interference in GW/P-bodies (Liu et al. 2005A, Liu et al. 
2005B, Jakymiw et al. 2005, Lian et al. 2006). GW182/Tnrcc6a was originally noted for containing a 
large number of CAG repeats that are often found in genes associated with neurological disorders 
(Margolis et al. 1997), and GW182 was identified as an autoantigen from a patient with sensory ataxic 
neuropathy (Eystathioy et al. 2003). Two isoforms of human GW182 differing by exon 10 (likely the 
exon we observed) have been described, but their tissue distribution was not determined (Eystathioy et al. 
2002). Thus, the observed AS change may reflect an specific need requirement for GW182-mediated 
mRNA decay in neural tissues.  
 
Target of myb-like 2 (Tom1l2) and its homologs have recently been found to be involved with clathrin 
recruitment to endosomes and Src signalling (Katoh et al. 2006, Puertollano 2005, Franco et al. 2006). 
The large CNS-specific AS change we detect in Tom1l2 transcripts leads us to suggest a potential 
function of Tom1l2 in synaptic vesicle endocytosis.  
 
We found a large AS change in HIV-Rev binding protein (Hrb)/RIP, an ArfGAP domain-containing that 
in vertebrates is implicated primarily in sperm formation (Kang-Decker et al. 2001, Juneja 2005) and 
nuclear export of HIV mRNA (Fritz et al. 1995, Fritz et al. 1996, Bogerd et al. 1995, Fridell et al. 1996, 
Sanchez-Velar et al. 2004). The Drosophila ortholog of Hrb, Drongo, has been implicated in both 
neurogenesis and oogenesis (Pritchard et al. 1997). In addition, Hrb interacts with Eps15 (Doria et al. 
1999), and Eps15 is a clathrin receptor-mediated endocytic protein that has been implicated in synaptic 
vesicle recycling, nerve terminal stimulation, and glutamate receptor endocytosis (Chen et al. 1999, 
Salcini et al. 2001, Pula et al. 2004). We suggest that this combined evidence supports the hypothesis that 
mouse Hrb/RIP may be involved in nervous system function through endocytosis in an AS-regulated 
manner.  
 
The uncharacterized gene Claudin containing domain 1 (Cldnd1)/1110019C08Rik has a human ortholog 
(C3orf4/Cldnd1) that has been found to have distinctive expression patterns in the myelin-producing 
regions of the brain, and it contains a domain that is present in a peripheral myelin protein (PMP-
22/EMP/MP20/Claudin domain) (Fayein et al. 2002). Together with the detection of the large CNS-
specific AS change that we observe, the evidence suggests a potential function of Cldnd1 in the nervous 
system.  
 
 
A CNS-specific AS change was also detected in Polybromo 1 (Pb1)/BAF180 transcripts. We found 
correlated CNS-related changes in the splicing of two exons in Pb1/BAF180, and multiple alternatively 
splice isoforms have been identified previously in the human ortholog (Horikawa et al. 2002). Our 
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findings lead us to speculate about a potential neural-specific function for the PBAF/SWI/SNF-B 
complex; this possibility is supported by the existence of a distinct but related neural-specific chromatin 
remodeling complex called bBAF (Olave et al. 2002).  
 
OS-9/4632413K17Rik binds to N-copine, which is involved in synaptic plasticity in a calcium-dependent 
manner (Nakayama et al. 1999). An isoform of mouse OS-9, which includes an alternative exon that we 
detect to have a CNS-specific AS change, was previously found to bind to meprin-beta, while the isoform 
with the exon excluded was shown not bind to meprin-beta (Litovchick et al. 2002).  
 
Acbd4 and Acbd5 are two highly homologous proteins that contain acyl-coenzyme A binding domains. 
Apart from the cloning from a brain cDNA library and expression profiling of Acbd5/KIAA1996 as part 
of a large-scale project (Ohara et al. 2002), both Acbd4 and Acbd5 appear to be uncharacterized. The 
significant CNS-related AS changes in exons from both Acbd4 and Acbd5 we have detected lead us to 
believe that these proteins could have a common function in the nervous system. Proline arginine rich 
coiled coil 1/RPRC1/BC019977 is an uncharacterized gene containing an alternative exon that we and 
Sugnet et al. (2006) have found to have neural-associated AS change. RPRC1 is part of a small family 
that contains an E-MAP-115 domain, which is present in the microtubule associated protein ensconsin/E-
MAP-115/MAP7 (Faire et al. 1999, Bulinski et al. 2001).  
 
Lrp12/St7 is a lipoprotein receptor that has been found to be misregulated in certain cancer cells (Qing et 
al. 1999, Battle et al. 2003, Garnis et al. 2004). We observed neural-regulated splicing of exon 7 of 
Lrp12, and the splicing of this exon is regulated by Nova-2 (Ule et al. 2005). 
 
MATERIALS AND METHODS 
 
Correlation of AS levels between exons in the same gene 
Multiple distinct AS events from the same genes were grouped. The standard Spearman rank correlation 
coefficients were calculated for each pair of exon exclusion levels in the same gene. Also, the partial 
Spearman correlation coefficients of each exon’s exclusion level with respect to the corresponding 
transcript levels (mean of the C1 and C2 probe levels) were calculated to remove possible effects of co-
transcriptional coupling and/or technical error due to the changes in transcript level/measurement error. A 
lower threshold on acceptable expression levels was taken to be the 95th percentile of ~100 negative 
control probes on the arrays (the 95th percentile was found to be 5.25 on arcsinh scale), and AS events 
with transcript levels below this threshold were removed before analysis. Data for duplicate AS events 
were also removed before analysis. The exon pairs chosen for RT-PCR testing had absolute values of 
partial Spearman correlations greater than 0.6. The GenASAP values shown in Figure 2 and in Additional 
Data File 1 Figures 1 and 2 are based on a calibration method (Shai et al. 2006) using 241 RT-PCR 
measurements (not including RT-PCR measurements corresponding to the correlated exons in Additional 
Data File Figure 1), and there is a small but acceptable increase in measurement bias associated with 
these calibrated values. 
 
A permutation-based resampling procedure was used to assess the statistical significance of the 
correlations. All exon labels and associated AS level profiles were randomly permuted so that exons from 
different genes were assigned to the same gene label. The correlations were computed as before, and this 
procedure was repeated 1000 times. The mean of the number of times a correlation coefficient greater 
than a given level (empirical cumulative distribution function) was observed in the permuted data was 
determined. These procedures were executed using the R statistical programming language/environment 
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(Ihaka and Gentleman, 1996; www.r-project.org). 
 
Exon locations were mapped to the UCSC mouse genome assembly mm7 (Hinrichs et al. 2006) using 
NCBI-BLAST (Altschul et al. 1997). The Galaxy program (Giardine et al. 2005) was used to determine 
the number and lengths of exons in the interval between each exon pair using tracks containing exons 
from the UCSC Known mouse genes,  Refseq genes, Ensembl genes, and MGC genes (Hinrichs et al. 
2006). Where necessary, separate tracks were merged into a single track without any overlapping regions.  
 
Detection of tissue group-specific AS events and transcript levels from microarray data 
Tissues were classified into two main groups, one comprising central nervous system (brain and spinal 
cord) tissues and one group for all other tissues. Since the AS data often involves multiple outliers, we 
used robust linear models as implemented in the rlm function of the R package MASS (Venables and 
Ripley, 2002). It is not certain that the assumptions of normally distributed errors implicit in the use of 
standard linear models is correct for any given AS event. Thus, we used bootstrap resampling of model 
residuals using methods in the R package boot (Davison and Hinckley, 1997) to determine two-sided p-
values that represent the fraction of bootstrap resamples in which the tissue grouping parameter's t-
statistic was greater than observed for the model using the actual data. This procedure was implemented 
using a method adapted from Fox (2002). Additionally, we added to the model the corresponding event's 
transcript levels on each array (average of the C1 and C2 probe measurements) as a covariate to account 
for possible transcriptional coupling and/or technical error contributing to varying AS prediction 
qualities. The ~30 events referred to in the text as having significantly correlated AS-transcript level 
changes are events that show significant corrected p-values when using the model without transcript 
levels as a covariate, but that do not have significant corrected p-values when transcript levels are used as 
a model covariate. Each AS event's model residuals was resampled 100,000 times. This method is similar 
to that previously used to determine brain-regulated AS events from microarray data (Sugnet et al., 
2006).  
 
For an AS event to be included in our analyses, we required that expression (average of the probe set C1 
and C2 probe measurements) was above the 95th percentile of background control probes in all 7 CNS 
tissues and in 8 other tissues. Due to the inherent measurement error of 10-15% for the GenASAP 
method (Pan et al., 2004; Pan et al., 2006), we required that the absolute value of the mean difference 
between the groups was at least 15% for the event to be considered a CNS-specific AS event. To account 
for the 3,707 comparisons made, a False Discovery Rate correction (with the original adjustment method) 
was used with a threshold of 0.05 (Benjamini and Hochberg, 1995). The muscle and embryonic tissue 
groups were analyzed using the procedures as above, with the groupings changed accordingly. Genes 
with CNS-specific transcript levels were determined using a resampling-based method and a FWER 
maxT correction using methods implemented in the R package multtest (Ge et al., 2003, Gentleman et al. 
2004). 
 
Further analyses of CNS-specific events 
In most cases, the significance of proportion comparisons were calculated with Fisher's Exact test (R 
function fisher.test). In the case of the comparison of proportion of CNS-specific events with EST/cDNA 
evidence of isoform conservation, a logistic regression model (R function glm) was used with the tissue 
grouping effect, and CNS counts for both isoforms in mouse and human EST databases were included as 
covariates in order to correct for the higher counts of ESTs in the CNS-specific group. A t-test of the 
Tissue effect in the model was performed to assess the adjusted significance of the CNS grouping. EST 
counts used in the above analysis were from Pan et al. (2005). 
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The phastCons Most Conserved elements (Siepel et al., 2005) for mouse assembly mm7 (August 2005) 
were imported from the UCSC Genome Browser (Hinrichs et al., 2006) into the Galaxy program 
(Giardine et al., 2005). The number of nucleotides in the upstream and downstream intronic regions of 
the AS events on the array that overlap these Most Conserved elements was calculated using the 
Coverage command of the Galaxy program. Then, empirical cumulative distribution function plots of the 
number of nucleotides overlapping Most Conserved elements in each given region were created using the 
ecdf function in the stats package of the R language. The “other” events group definition was defined as 
those events that were tested using the linear model methods (ie. events that have expression above the 
95th percentile of negative control probes in all 7 CNS tissues and >= 8 other tissues) and are not CNS-
specific events.  
 
Gene Ontology enrichment analysis 
Gene Ontology (GO) enrichment analysis was performed using GOstat (Beissbarth and Speed, 2004). 
GOstat was used to determine p-values and these were calculated using a one-sided Fisher's exact test. 
These p-values were then False Discovery Rate-adjusted (Benjamini and Hochberg, 1995) to control for 
false positives due to the large number of GO terms tested. We assessed the over-representation of GO 
terms in the set of genes with CNS-specific AS events (including the events with significant AS-
transcript level correlation), relative to the set of all other AS genes represented on the microarray that 
had expression above background in a sufficient number of tissues (i.e. all 7 CNS tissues  and 8 other 
tissues).  
 
Literature searching 
The gene names and aliases of the tissue-specific events were retrieved from NCBI Entrez Gene database 
(Maglott et al. 2005), and the names of the orthologs of these genes were retrieved from the NCBI 
Homologene database (Wheeler et al. 2006). Using these gene names and aliases, Medline searches were 
performed using Pubmed (Wheeler et al., 2006). Literature searches were also performed using the text 
mining programs Chilibot (Chen and Sharp, 2004) and the Agilent Literature Search (Vailaya et al., 
2005) plugin of the Cytoscape program (Shannon et al. 2003). Full-text articles were searched to find 
cases of tissue-specific functions and known alternative isoforms/exons. The Online Predicted Human 
Interaction Database (OPHID) (Brown and Jurisica, 2005) was searched for protein-protein interactions 
between genes with tissue-specific AS events. The Osprey program (Breitkreutz et al., 2003) was used to 
create a network diagram showing relationships between genes with CNS-specific AS events in 
signalling, cytoskeletal, and vesicle-mediated transport pathways, nervous system functions, and 
biological pathways. 
 
Motif searches and analyses 
Ab initio motif search 
The ab initio motif search was performed using a modified version of the SeedSearcher algorithm 
(Barash et al., 2001). SeedSearcher identifies sequence motifs that discriminate a set of query sequences 
(the "positive" group) from a pool of control sequences (the "negative" group). In the present study, the 
following positive groups were defined: (a) CNSex - all alternative exons with higher exclusion ratios in 
CNS tissues; (b) CNSin - all alternative exons with higher inclusion ratios in CNS tissues; (c) CNSch – 
all alternative exons that present higher inclusion or exclusion ratios in CNS tissues. For each of these 
positive groups the non CNS-regulated AS events were used as the comparison or “negative” group. We 
searched for discriminative motifs in the following regions: the alternative exons ("A"), the constitutive 
exons directly upstream and downstream of each alternative exon (C1 and C2, respectively), the 150nt 
regions directly upstream and downstream of the alternative exons (AI1, AI2) and the 150nt intron 
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regions downstream of C1 (C1I1) and upstream of C2 (C2I2). To identify motifs which may operate in a 
flexible manner from one of two different regions, we also searched in the following concatenated 
regions: C1_C2, C1_A, A_C2, AI1_AI2, C1I1_AI1, AI2_C2I2 and C1I1_C2I2.  
 
SeedSearcher was configured to search for motifs comprising short subsequences (or “seeds”) of 5-20 nt 
with various degrees of sequence flexibility (i.e. "wild cards"). Based on initial tests we constrained the 
search runs to motifs of 5 nt (no wild cards), 6 nt (no wild cards), 7 nt (one wild card), 8 nt (2 wild cards) 
and 10 nt (with 2, 3 or 4 wild cards). SeedSearcher was configured to score each motif by assigning a 
hypergeometric p-value representing the probability of observing at least the same number of sequences 
from the "positive" group with the motif, given its abundance in the positive and negative groups (Barash 
et al., 2001). To correct for multiple hypothesis testing (each search setting included evaluating many 
possible motifs and therefore each motif can be considered as a “hypothesis”) we used a random 
permutation test in which we computed the empirical p-value of scores in each setting, using 250 shuffled 
data sets such that the gene labels associated with the AS events and their corresponding exon and intron 
sequences were randomly associated with one another. We reported only motifs that had an empirical p-
value < 0.05.  
 
The statistical significance correction described above was aimed to handle multiple hypothesis testing 
resulting from many highly correlated motifs observed in a single search. However, our search also 
included motifs of different length and over different sequence definitions, some of which were 
concatenations. The p-value correction described above does not address this. To assess the statistical 
significance of the results under these search configurations, we also computed, using the 250x shuffled 
runs described above, the average and standard deviation for the number of motifs we observe as passing 
the corrected (empirical) p-value threshold, for each sequence/group search configuration and for the 
total number of all searches for each sequence or group. These results, along with the implied z-score of 
the number of motifs we observe are summarized in Additional Data File 8. Finally, We note that 
observing a motif as enriched in a concatenated region (e.g. AI1_AI2) does not necessarily mean it is not 
enriched in only a single region (e.g. AI1), nor does this imply that the change in its score over a single 
region is significant. For example, several of the motifs listed in Additional Data File 8 where found to 
have a similar score between single sequence areas and concatenations of two areas. 
 
Comparisons of SeedSearcher-detected motifs with previously defined motifs: 
Statistically significant motifs were compared against a database comprising previously reported, 
experimentally-defined, motifs associated with splicing (Fairbrother et al., 2002; Cartegni et al., 2003; 
Wang et al., 2004b; Zhang and Chasin, 2004; Stamm et al., 2006). These comparisons were performed 
using an algorithm that computes a similarity score for any two given PSSM (Position Specific Scoring 
Matrix), based on the best ungapped alignment of the two, allowing for partial overlap (Friedman et al., 
manuscript in preparation). The score for the alignment is based on the sum of the scores for all pairs of 
aligned positions. The score for aligning two positions (i.e. two distributions over A/C/G/U in this case) 
is based on the Jensen Shannon (JS) divergence (Lin et al., 1991) between the two distributions, 
penalized by the JS divergence between the average of the two distributions and the background 
distribution. Positions in non-overlapping regions are assumed to be aligned against a background 
distribution, which is uniform by default. For any motif aligned against a known motif of length K, we 
computed the empirical distribution of the scores we observe when aligning the motif against 10000 
randomly chosen motifs of length K (the random motifs are generated by sampling from the set of all 
positions in the known motifs data base). If the score of the search motif aligned to a known motif has an 
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empirical p-value <0.005, we report the two as similar and present the alignment (refer to Additional 
Data File 5).  
 
Searching with subsequences of known motifs: 
We also searched the query sequences summarized above for enrichment of cis elements with a previously 
described link to regulation of AS in the nervous system (Additional Data File 6). The same scoring system 
(based on the hypergeometric p-value) was employed as described above. Since many of the reported 
motifs were either very short (i.e. 4 or 5 nt) or quite long (>12nt) we searched for all possible 
subsequences (i.e. with 1 nt shift) of length 7, 8, and 10 nt of the original motifs. Motifs less than 7 nt in 
length were self-concatenated to generate longer motifs for these searches. A total of ~350 subsequences 
were used in the searches. Results are only reported for enriched subsequences with a hypergeometric p 
value score <0.001 (Additional Data File 7). 
 
Motif searching with Improbizer: 
To further validate our motif search results and ensure the difference between our results and those reported 
by Sugnet et al. is not just a result of a difference in the motif search algorithm, we also performed motif 
search with the Improbizer software used by Sugnet et al. We used the same event groups and sequence 
regions as described above to perform ab initio motif searches with the Improbizer algorithm described by 
Sugnet et al (2006). The searches were performed as per instructions provided by the Improbizer browser 
(http://www.soe.ucsc.edu/~kent/improbizer/improbizer.html). Default parameters were used, with the 
number of reported motifs increased to 5 to avoid missing any significant motifs (in practice only the first 
one or two motifs reported in each search were found to be significant as described below). We ran each 
Improbizer search an additional 250 times using the randomization option of the software. Motifs were 
scored as significant if they exceeded the 95 percentile of the scores of the matching 250 random runs 
(i.e. their score had an empirical p-value less then 0.05 according to these score definitions).  
 
Motif conservation analysis: 
A SeedSearcher motif detected in a specified mouse sequence was considered to be "conserved" if the 
same motif could also be detected within the corresponding intron or exon sequence of the orthologous 
human gene (i.e. the actual motif location need not be the same). Thus, this definition of conservation 
does not rely on a specific global alignment and is not effected by insertion/deletion events that shift the 
motif. Accordingly, the conservation ratio (CR) of a SeedSearcher motif in a given set of sequences was 
defined as the ratio between the number of mouse sequences it was originally found in and the number of 
orthologous human sequences it was found to be conserved in.  To analyze the relative conservation of 
the motifs identified by SeedSearcher, we performed the following procedure: First, the mouse exon 
sequences were mapped to the UCSC human genome hg18 based on pre-computed blastZ alignments 
using the Galaxy program (Giardine et al. 2005).  The 150 nucleotide flanking intron sequences were 
then extracted from the same human genome build based on the exon coordinates. Of the original 3707 
cassette events, 3164 to 3410 events could be unambiguously mapped to the corresponding human 
genomic sequences, depending on the sequence region. The size of the "positive" CNS groups originally 
defined for the SeedSearcher analysis varied from 35 (CNSex, "C1_A" exon region) to 100 (CNSch, 
C2I2 region). We then estimated the average CR (P) of motifs of a specific configuration (i.e. same 
length and number of wild card positions) in a specific sequence region and for a given set of events (e.g. 
CNSin) by randomly sampling 1000 subsequences of the specified configuration from the same group of 
sequences.  We then compared the number of times (X) a given motif identified by SeedSearcher was 
found to be conserved out of the total number of times (N) it occurred in the given set of sequences, and 
computed the statistical significance of this conservation ratio using the tail of a Binomial distribution 
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(Binomial p-value(X|N,P)). This statistical test corresponds to the following hypothesis testing: 
Assuming the conservation of the given motif's occurrences has the same ratio as the average one (P), 
what is the probability of observing its conservation in at least X out of N occurrences? If this latter 
probability is low (p-value < 0.05) we reject this hypothesis and declare the motif to be significantly 
conserved. The results are summarized in Additional Data File 10. For 25/26 of the motifs analyzed, their 
CR was found to be higher in the "positive" groups (a positive number in column "RatioDiff" in the 
table), i.e. the motifs were found to be more conserved in the groups identified with CNS regulated 
splicing. The average CR for randomly selected motifs was also found to be higher in the "positive" 
groups (a positive number in column "RandRatioDiff" in the table). This result is consistent with the 
observation of enrichment of PhastCons regions in the intron sequences flanking the CNS regulated AS 
events (see main text; Sugnet et. al, 2005). Most importantly, 20/26 of the motifs had a CR that is higher 
than the average “background” conservation level in the same regions, and in 17 of these cases this 
difference was found to be statistically significant (last column in Additional Data File 10) 
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Additional Data File 2: Information on tissue-specific AS events.  
The columns are labeled as follows: Id, Array event Identifier; accession, GenBank accession id; gene, 
original Unigene cluster used; UGCluster, updated Unigene cluster; Name, long form description of the 
gene name; Symbol: The NCBI Gene Symbol Pattern; the tissue-specific AS pattern associated with the 
respective tissues listed. The label “CNS-Cotranscriptional” denotes events which  have significant CNS-
specific AS change p-values  using a model that does not take transcript levels into account but are not  
found to have significant p-values when transcript levels are taken into account. 
 
Additional Data File 3: Information on CNS-regulated AS events.  
A more detailed version of Table 1 (main text) indicating relevant information on individual AS events in 
the published literature, and the corresponding references (included above).  
 
Additional Data File 4: Information on correlated pairs of AS events belonging to the same genes.  
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Each row contains data for an exon pair. The columns are labeled as follows: Gene_id,  Unigene 
identifier for the gene; Accession, Genbank accession number used; Spearman_normal_cor, the standard 
Spearman correlation of AS levels; Spearman_partial_cor, the partial Spearman correlation with respect 
to transcript levels; Lower partial correlation indicates that transcript levels are correlating with AS 
levels; GeneName, the long description of the gene name; Symbol, the standard NCBI Gene symbol for 
the genes; num_obs, the number of tissues with transcript levels above the 95th percentile of the negative 
control probes; dist_between, the genomic distance between the exons; num_exons_between, the number 
of exons separating the exon pair; length_exons_between, the nucleotide length of all the exons 
separating the exon pair. 
 
Additional Data File 5: Motifs associated with CNS-specific AS events detected from ab initio 
searches. 
The following terminology/abbreviations are used: 
Group  
Refers to the group a sequence/motif is correlated with. The following groups were defined:   
CNSex -  The group of alternative exons displaying preferential exclusion in CNS tissues 
CNSin -  The group of alternative exons displaying preferential inclusion in CNS tissues  
CNSch - The group of alternative exons displaying preferential inclusion or exclusion in CNS tissues. 
Location 
Refers to the exonic and intronic sequence region(s) a motif is found to be significantly enriched in. The 
following locations were searched: 
A - The alternative exon 
C1 - The constitutive exon upstream of the alternative exon 
C2 - The constitutive exon downstream of the alternative exon 
AI1 - The 150 nt intronic region upstream of the alternative exon 
AI2 - The 150 nt intronic region downstream of the alternative exon 
CII1 - The 150 nt intronic region downstream of the C1 exon 
C2I2 - The 150 nt intronic region upstream of the C2 exon 
“-“ - Indicates a concatenation (with a 20 nt spacer) of two of the regions listed above. 
Score 
Hypergeometric p-values are given The second number is the original p-value (-log10 transformed) and the 
first is the corrected p-value (also –log10 transformed), as described above in the Materials and Methods. 
ScoreParams: 
Gives the parameters for the hypergeometric-based score (see Materials and Methods). 
X - the number of sequences from the "positive" group (i.e. number of CNS–regulated AS event sequences 
from the Up, Down or Change groups) found to have the motif 
N - the number of events in the "positive" group. 
M - the total number of events (both "positive" and "negative" groups). 
K - the total number of events found to have the motifs (in either the "positive" or the "negative" group). 
KnownCompare: 
This column list the known motifs that were found to be similar to each motif. 
It includes the best alignment of the two motifs, the estimated p-value of the alignment score and references 
to the relevant literature (see Materials and Methods) 
 
Additional Data File 6: Experimentally-defined sequences/motifs associated with neural-specific AS 
used for searches (refer to Materials and Methods above for details).  
 
Additional Data File 7: Motifs associated with CNS-specific AS events detected from searches using 
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subsequences of known motifs. 
Experimentally-defined motifs/subsequences significantly enriched in exons and introns associated with 
CNS-regulated AS events identified in the AS microarray data (refer to Materials and Methods). 
Experimentally defined sequences were broken down into overlapping 7 to 10 nt subsequences, and these 
were used in the searches. The “Motif/Subseq” column shows the search subsequence. The “Description” 
column shows the name of the splicing factor (if known; refer to Table S5A) following by the notation: 
_x_y, where x indicates the length of the subsequence and y indicates the location of the subsequence 
within a longer sequence. All possible subsequence of length x and overlapping by 1 nt were used in the 
searches. 
The following abbreviations are used: 
Group - Refers to the group a sequence/motif is correlated with. The following groups were defined:   
CNSex -  The group of alternative exons displaying preferential exclusion in CNS tissues 
CNSin -  The group of alternative exons displaying preferential inclusion in CNS tissues  
CNSch - The group of alternative exons displaying preferential inclusion or exclusion in CNS tissues. 
Location – Refers to the exonic and intronic sequence region(s) a motif is found to be significantly 
enriched in. The following locations were searched: 
A - The alternative exon 
C1 - The constitutive exon upstream of the alternative exon 
C2 - The constitutive exon downstream of the alternative exon 
AI1 - The 150 nt intronic region upstream of the alternative exon 
AI2 - The 150 nt intronic region downstream of the alternative exon 
CII1 - The 150 nt intronic region downstream of the C1 exon 
C2I2 - The 150 nt intronic region upstream of the C2 exon 
“-“ - Indicates a concatenation (with a 20 nt spacer) of two of the regions listed above. 
hgPval - Indicates the hypergeometric p-value of the motif (refer to Materials and Methods above) in the 
specified group and location. 
 
Additional Data File 8:  Number and statistical significance of ab initio motifs detected at each 
exonic and intronic location, and in each group. 
Locations and groups with the highest numbers of statistically significant motifs are highlighted in 
yellow. Abbreviations are as listed above in the Table S5 legend. 
 
Additional Data File 9: Motifs associated with CNS-specific AS events detected by searching with 
the Improbizer program. 
Abbreviations are as listed above in the Table S5 legend. 
 
Additional Data File 10: Conservation levels of motifs associated with CNS-specific AS events 
detected from ab initio searches 
The Following abbreviations are used: 
Grp – The groups as defined in Table S5 legend. 
Seq - The sequence regions as defined in Table S5 legend. 
Pos – The number of  events where the motif was found in the "positive" group matching the definition in 
"Grp". 
PosC – The number of conserved "positive" motif occurrences, i.e. when the motif found in a sequence 
from the "positive" group and was also found in the corresponding region in the orthologous human gene. 
Neg – The number of events where the motif was found in the "negative" group matching the definition 
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in "Grp". 
NegC – The number of conserved "negative" motif occurrences, i.e. when the motif was found in a 
sequence from the "negative" group and was also found in its orthologous human sequence. 
RatioP – (PocC/Pos) The ratio of conserved motif occurrences in the "positive" group matching the 
definition in "Grp". 
RatioN – (NecC/Nec) The ratio of conserved motif occurrences in the "negative" group matching the 
definition in "Grp". 
RatioDiff – (RatioP – RatioN) The difference in conservation ratio of the motif between the "positive" 
and "negative" groups matching the definition in "Grp". Colored indicates a higher conservation in the 
"positive" set . 
RatioRandPos – The average ratio of conservation of random motifs, of the same complexity as the given 
motif, in the "positive" group matching the definition in "Grp". 
RatioRandNeg – The average ratio of conservation of random motifs, of the same complexity as the 
given motif, in the "negative" group matching the definition in "Grp". 
RatioRandDiff – (RatioRandPos – RatioRandNeg). The difference in average conservation ratio of 
random motif between the "positive" and "negative" groups matching the definition in "Grp". Colored 
indicates a higher conservation in the "positive" set . 
-log10(pvalPC) – The statistical significance of the conservation ratio of the motif in the "positive" group 
matching the definition in "Grp", based on the Binomial tail distribution. P-values are –log10 
transformed. P-values less then 0.05 ( i.e. larger then 1.31 after transformation) are colored. 
 
 
ADDITIONAL DATA FILE FIGURE LEGENDS 
 
Figure 1. Correlation between GenASAP and RT-PCR values for percent exon exclusion levels of 
correlated pairs of AS events. 
GenASAP values and RT-PCR measurements for percent exon exclusion levels were compared for exons 
belonging to pairs of correlated exons, for six pairs of correlated AS events across ten mouse tissues (120 
independent measurements). An overall Pearson correlation coefficient >8.0 was observed.  
 
Figure 2. RT-PCR analysis of pairs of AS events belonging to the same genes with predicted 
correlated exclusion levels. 
Refer to Figure 2 (main text) legend. 
 
Figure 3. Analysis of exon counts and nucleotide distances between pairs of exons belonging to the 
same genes that display correlated splicing patterns. 
 
(A) Empirical cumulative distribution function plot of the proportion of alternative exon pairs with 
intervening exon counts that are less than or equal to a given value on the x-axis. 
 
(B) Empirical cumulative distribution function plot of the proportion of alternative exon pairs with 
intervening exon lengths (in nucleotides) that are less than or equal to a given value on the x-axis. 
 
(C) Empirical cumulative distribution function plot of the proportion of alternative exon pairs with 
intervening pre-mRNA lengths (or genomic distances, in nucleotides) that are less than or equal to a 
given value on the x-axis. 
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In all plots, the three curves show the group without high correlation (-0.6 < Correlation < 0.6, black, 
n=564), the group with high negative correlation (Correlation <= -0.6, red, n=16), and the group with 
high positive correlation (Correlation >= 0.6, blue, n=22), where Correlation is the standard Spearman 
correlation. 
 
 
Figure 4. Analysis of microarray profiled genes with CNS-specific transcript levels 
(A) Heatmap showing genes with the top 100-most significant transcript level differences between CNS 
and non-CNS tissues, in which the rows and columns have been 2-dimensionally hierarchically clustered. 
Increasingly bright yellow represents lower transcript levels, and increasingly bright cyan blue represents 
higher transcript level. The range of values is from 4 to 9.5 on the arcsinh scale. CNS tissues are 
indicated.  
(B) AS levels detected in the same set of genes as shown in (A). The order of the rows and columns are 
the same as in (A). 
 
 
Figure 5. Conservation analysis of intronic regions flanking CNS-specific AS event exons.  
Empirical cumulative distribution function plots of the numbers of nucleotides in a given intronic region 
that overlap with phastCons Most Conserved elements which are among the most highly conserved 
regions in several vertebrate genomes (Siepel et al., 2005) are shown. The y-axis represents the number 
of all AS events in a group that have less than or equal to a given number of nucleotides present in the 
Most Conserved elements as shown on the x-axis. The plots for the CNS-specific AS events are shown in 
blue with closed circles, and the plots for the other events are shown in red with open circles. 
(a) The plot for the intronic region from 1 to 50 nt upstream of the exon. 
(b) The plot for the intronic region from 1 to 50 nt downstream of the exon. 
(c) The plot for the intronic region from 51 to 100 nt upstream of the exon. 
(d) The plot for the intronic region from 51 to 100 nt downstream of the exon. 
(e) The plot for the intronic region from 101 to 150 nt upstream of the exon. 
(f) The plot for the intronic region from 101 to 150 nt downstream of the exon. 
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