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ABSTRACT 

PURPOSE: To investigate the existence of retina-specific PRPF31 isoforms and to study 

PRPF31 expression in this and in other human tissues, with the aim of providing a 

mechanistic link between mutations in such an essential and ubiquitously-expressed gene 

and retinitis pigmentosa, a disorder restricted to the eye. 

METHODS: Alternatively spliced PRPF31 transcripts from human retina and other 

tissues, as well as from cultured human cell lines, were investigated by RT-PCR, 

quantitative PCR, cloning and sequencing. 

RESULTS: Database searching revealed the presence of a retina-specific PRPF31 

isoform in mouse, which could not, however, be experimentally identified in transcripts 

from human retina or from a human whole eye. Nevertheless, four different PRPF31 

isoforms, that were common to all analyzed tissues and cell lines, were isolated. Three of 

these harbored the full-length PRPF31 coding sequence, whereas the fourth was very 

short and probably non-coding. The amount of PRPF31 mRNA was previously found to 

be lower in patients with mutations in this gene than in healthy individuals, making it 

likely that retinal cells are more sensitive to variation in PRPF31 expression. However, 

real-time PCR experiments revealed that PRPF31 mRNA levels in human retina were 

comparable to those detected in other tissues. 

CONCLUSIONS: Our results show that the retina-restricted phenotype caused by 

PRPF31 mutations cannot be explained by the presence of tissue-specific isoforms, or by 

differential expression of PRPF31 in the retina. As a consequence, the etiology of 
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PRPF31-associated retinitis pigmentosa likely relies on other, probably more subtle 

molecular mechanisms. 
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INTRODUCTION 

 

 Retinitis pigmentosa (RP, OMIM 268000) is the most common form of hereditary 

retinal degeneration, affecting 1 in 4,000 individuals worldwide. Clinically, it is 

characterized by constant loss of vision that can lead to complete blindness, as a 

consequence of the progressive death of the photoreceptors, the light-sensing cells of the 

retina.1 

 Genetically, RP is highly heterogeneous, with ~ 50 genes or loci found so far to 

be involved in the disease. Most of these genes are retina-specific or have a well-defined 

role in the physiology of photoreceptors [RetNet, http://www.sph.uth.tmc.edu/retnet/]. 

The remainders are expressed in many tissues or are ubiquitous and yet cause a 

phenotype that is retina-specific. Among the latter are four genes associated with 

autosomal dominant RP and encoding pre-mRNA splicing factors: PAP-1 (RP9), 

PRPF31 (RP11), PRPF8 (RP13), and PRPF3 (RP18).2-6 These genes are extremely 

conserved in all eukaryotes and essential for survival, as shown by experiments in yeast.7-

9 

 Pre-mRNA splicing is the process by which intervening sequences (IVS, or 

introns) are removed from nascent transcripts and exonic sequences are joined together, 

to produce mature messenger RNA. It occurs in a large macromolecular complex, the 

spliceosome, and it can either give rise to a single type of mRNA molecule (constitutive 

splicing) or to different mRNA populations, through the process of alternative splicing. 

The importance of alternative splicing has become particularly evident after the 
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conclusion of the human genome sequencing project, which has revealed that only 

~20,000-25,000 genes exist, while the conceptual translation of EST libraries shows that 

there are at least four times as many proteins in human cells. This discrepancy can indeed 

be explained by taking into consideration alternative splicing that, according to current 

estimates, occurs in more than 50% of human genes.10 In addition to providing different 

biochemical/biological functions, alternative splicing events can also be used to produce 

tissue-specific transcripts of the same gene, similarly to what is done by post-translational 

modifications such as phosphorylation, acylation, glycosylation, sumoylation etc.11 

 Mechanisms linking mutations in the above-mentioned splicing factors and retina-

specific cell death are currently unknown; however, some theoretical models exist. The 

most accepted one is based on the hypothesis of increased vulnerability of photoreceptors 

to a generally-reduced splicing activity. According to this model, mutations in these 

splicing factors would cause splicing deficiency in all tissues, however only 

photoreceptor cells would be affected because of their high demand for mRNA 

production (such as mRNA encoding rhodopsin and other phototransduction proteins). 

This model presumes that mRNA amounts produced by the retina greatly exceed mRNA 

levels produced by other tissues.12 An alternative model proposes that these mutations do 

not affect general splicing, but rather impair the splicing patterns of retinal genes. A third 

model postulates the existence of a retina-specific isoform of any of these RP-associated 

splicing factors. This isoform would be translated into a protein having a function 

specific to the retinal tissue, perhaps through interaction with the other RP-associated 

splicing factors. As support for this hypothesis, retina-specific or retina-prevalent 
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isoforms of other RP-causing genes have been described for RPGR13 (X-linked RP), 

USH2A14 (Usher syndrome and recessive RP) and, notably, IMPDH115 (dominant RP). 

 PRPF31 (also called RP11 or hPRP31) encodes an essential pre-mRNA splicing 

factor required for the assembly and recycling of the U4/U6.U5 tri-snRNP complex, 

which is in turn crucial for splicing.4,16 Depletion of PRPF31 by RNAi in mammalian 

cells has been shown to block spliceosome assembly and therefore splicing, which leads 

to cell death by apoptosis.17 At the molecular level, lymphoblast cell lines derived from 

patients with PRPF31 mutations yield a decreased level of functional PRPF31 mRNA, as 

a consequence of a rapid degradation of the mutant mRNA by nonsense mediated decay 

(NMD).18-20 Reduced mRNA leads to a decrease in the level of PRPF31 protein in the 

cell and therefore likely causes RP via a haploinsufficiency mechanism.20 Recent reports 

of patients carrying heterozygous deletions within the PRPF31 region21,22 also support 

this model. Microarray analyses of mature mRNA from these same lymphoblast cell lines 

do not show any bias in the production of mRNA from spliced vs. unspliced 

housekeeping genes, possibly indicating that these mutations do not impair splicing as a 

general process,19 against the predictions of the mainstream model (increased 

vulnerability of photoreceptors with respect to other tissues). 

 In this study, we investigate the existence of possible PRPF31 retina-specific 

isoforms and analyze the expression of PRPF31 in the retina in comparison to other 

human tissues, in order to provide support to any of the theories linking mutations in 

splicing factor genes and dominant RP. 
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MATERIALS AND METHODS 

 

Cell lines and tissue samples. The following human cell lines were used: HeLa 

(epithelial cells), A431 (fibroblasts), Y79 (retinoblastoma) and ARPE19 (retinal 

pigmented epithelia-derived cells). The cells were propagated at 37° C in the following 

growth media: HeLa and A431 cells were grown in DMEM+GlutaMAX-I (Gibco), Y79 

cells in RPMI 1640+GlutaMAX-I (Gibco/Invitrogen, Carlsbad, CA) and AREP19 cells in 

N1 growth medium [DMEM-F12 (Sigma-Aldrich, St. Louis, MO) supplemented with 

0.6% glucose (Sigma-Aldrich), 0.11% NaHCO3 (Sigma-Aldrich), 5 mM Hepes 

(Gibco/Invitrogen), 1x N1 Supplement (Sigma-Aldrich) and 1 mM glutamine (Sigma-

Aldrich), as final concentrations]. All media were supplemented with 10% heat-

inactivated Fetal Calf Serum (Sigma-Aldrich). 

 Total RNA samples from human retina, brain, heart, testis and skeletal muscle 

were purchased from Clontech (Mountain View, CA). All tissue samples were a pool 

from different individuals displaying different gender and age, who died of sudden death 

or trauma. Specifically, retinal RNA used in our investigations was obtained by pooling 

total RNA preparations from 29 Caucasian individuals (males and females) who died 

from trauma or sudden death. These donors, aged 20 to 60, had all morphologically 

normal retinas. cDNA from a whole human eye was also acquired from commercial 

sources (BioChain, Hayward, CA). 
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RT-PCR and cloning. Total RNA samples from cell lines were prepared with the 

RNeasy Mini kit (Qiagen, Venlo, The Netherlands), according to the manufacturer’s 

instructions for the isolation of total RNA from animal cells, and subsequently treated 

with 10 U of RNase-free DNase (Roche, Basel, Switzerland) for 30 min at 37° C, 

phenol/chloroform extracted and precipitated with ethanol. Reverse transcription 

reactions were performed by using 2 µg of total RNA as template and oligo-dT as primer, 

with the ProtoScript cDNA Synthesis kit (New England Biolabs, Ipswich, MA). The 

reaction was carried out for 2 h at 42° C. Following the cDNA synthesis, the remaining 

RNA was eliminated by treatment with RNase H for 20 min at 37° C.  

 Semi-quantitative PCR reactions were performed with the Expand High-Fidelity 

PCR System (Roche) for 30 cycles. The following primers were used: GAPDH-E7: 5’-

tgcctcctgcaccaccaact-3’, GAPDH-E8: 5’-gccatccacagtcttctggg-3’, RHO-E3: 5’-

atccccgagggcctgcagtgc-3’, RHO-E5: 5’-gaggcctcatcgtcacccagtg-3’, PRPF31-E1: 5’-

acagtggtgcgcggagag-3’, PRPF31-E2: 5’-cgccaagctatgggatagtaaga-3’, PRPF31-E4: 5’-

cggcctccactggtccc-3’, PRPF31-E8: 5’-cacgatgtcactgtggtagatgt-3’ and PRPF31-E14: 5’-

cttggacacacgcagtcatt-3’, where “E” indicates the exon in which the primer lies. 

 The obtained PCR products were assessed by agarose electrophoresis, cut from 

the gels, purified using the PeqGold Gel Extraction kit (Peq Lab, Erlangen, Germany), 

and cloned into the pCRII-TOPO cloning vector (Invitrogen). The cloning reactions were 

used to transform competent TOP-10 E. coli cells (Invitrogen) and individual clones were 

sequenced with either insert-specific or vector-specific primers. To analyze PRPF31 

isoforms ten clones were sequenced for each PCR band. To identify PRPF31 isoforms in 
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human tissues, 30 clones of E1-E14 PRPF31 PCR product were sequenced for every 

tissue. 

 RT-PCRs performed with primers PRPF31-E1 (forward) and PRPF31-E4 

(reverse) were further analyzed by polyacrilamide gel electrophoresis with the eGene 

HDA-GT12 Multi-Channel Genetic Analyzer (eGene Inc., Irvine, CA), to maximize 

separation of the obtained bands, ranging from 306 to 336 bp. 

 

Quantitative-PCR (Q-PCR). Real-time PCR was performed to quantify PRPF31 mRNA 

in HeLa cells and in different human tissues by using the 18S ribosomal RNA, as well as 

GAPDH and ACTB (Actin β) mRNA as endogenous controls. 

 Real-time PCRs were performed by using the ABI Prism 7500 Sequence Detector 

in a final volume of 20 µl containing Power SybrGreen (Applied Biosystems, Foster City, 

CA) and 18S ribosomal RNA specific primers or PRPF31 specific primers in exons 3 and 

5.20 For the GAPDH and ACTB reactions, commercial master mixes were used (Applied 

Biosystems). As amplification template, 4 µl of cDNA corresponding to 20 ng of 

retrotranscribed RNA was used.  

 Relative quantification of the PRPF31 mRNA amount was done by using the 

“standard curve” method. Standard curves for PRPF31, GAPDH, Actin β mRNA and 

18S RNA were generated via 5 serial dilutions over a 250-fold range using a pool of 

cDNA samples. Individual Ct values from each gene were interpolated from the relevant 

standard curve, and the amount of PRPF31 mRNA for each time point was quantified 
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relative to each endogenous control. Each quantification was the average of two 

independent experiments, and each PCR amplification was performed in triplicate. 

 

Western blots. HeLa cell nuclear extracts were prepared as described previously.23 

Twenty micrograms of such extracts were loaded on 8% SDS-PAGE to be analyzed by 

western blot. The western blotting procedure is essentially as described in one of our 

previous communications.24 The primary antibodies used are: N-terminal anti-PRPF31 

antibody20 and C-terminal anti-PRPF31 antibody.4 The secondary antibody used to reveal 

the primary antibodies was polyclonal swine anti-rabbit-HRP antibody (Dako, Glostrup, 

Denmark).  
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RESULTS 

 

In silico analysis of PRPF31 isoforms: The PRPF31 gene is highly conserved in all 

eukaryotes. Using comparative genomics, we first analyzed its conservation between 

human and mouse. At the DNA level, the two coding sequences show 89.7% identity; in 

addition, size and structure of all coding exons are conserved. The constitutively-

expressed form of PRPF31 encodes in both human and mouse proteins that are 

499-amino acid (aa) long. Their alignment reveals 99.0% amino acid identity between the 

two species and 99.6% conservation, by ClustalW alignment. 

 This extremely high conservation between human and mouse, at the DNA as well 

as the protein level, suggests also conservation of splicing events, including those 

originating putative retina-specific variants. Therefore, we investigated both human and 

mouse EST databases for PRPF31 alternative splicing isoforms. Analyses of the 

FastDB25,26 and Ensembl27 databases showed that, in addition to the constitutively-

expressed PRPF31 isoform that yields full-length PRPF31 protein, at least 4 other human 

and 3 other mouse PRPF31 isoforms exist (data not shown). Among all these, only one is 

specific to the retina, and is detected in mouse. This isoform partly shares its 5’ region 

with full-length PRPF31 (with the exception of the first 59 codons) and has a distinct 3’ 

sequence, because it retains intron 7 and uses an alternative poly-adenylation site in 

intron 9 (cDNA clone AK044457; Figure 1). Conceptual translation of this mRNA yields 

a protein of 195 aa with distinct N- and C-termini in comparison to the constitutive 

PRPF31 protein. 
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PRPF31 isoforms in human: To experimentally investigate PRPF31 alternative splicing, 

we first analyzed PRPF31 transcripts by PCR on cDNA derived from human retina from 

29 control donors, a whole eye (positive control), and HeLa cells (negative control) with 

primers located within the first and the last exon. The obtained amplification products 

always separated into two distinct DNA bands of 333 bp and 1550 bp (Figure 2A), which 

were cloned and sequenced. 

 The 333 bp band resulted in all samples from the joining of exon 1 to exon 12 of 

PRFP31, using the constitutive splice sites, followed by exons 13 and 14. Conceptual 

translation of this isoform yields three possible open reading frames (ORF). The first one 

would be a target for degradation by NMD, since it contains a premature stop codon. The 

second results in a hypothetical protein that would use an AUG codon within exon 13 and 

it would stop in exon 14, producing a 28-aa long peptide with a predicted molecular 

weight of 3.1 kDa. Neither of the two antibodies that were available to us would 

recognize this protein, since it is devoid of both the N- and C-terminal epitopes used to 

raise them. The third ORF could also be translated into a hypothetical protein that would 

have both the start and stop codons within exon 14; it would be only 17-aa long and have 

a predicted molecular weight of 1.9 kDa. If expressed, this peptide should be recognized 

by the C-terminal anti-PRPF31 antibody; however, we could not detect it by western blot, 

possibly because of its small size (data not shown). In addition, the same mRNA isoform 

can be found as the human EST clone BM772272 and as one of the Vega transcripts in 

Ensembl; this latter database proposes no protein product for this mRNA isoform. 
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 Sequences obtained from the cloning of the 1550-bp band revealed in all samples 

three distinct PRFP31 isoforms, which were further confirmed by a second round of PCR 

amplification of PRPF31 exons 1 to 4, followed by agarose gel separation and excision, 

as well as additional cloning and sequencing (Figure 2B). These three isoforms resulted 

from the use of the constitutive 5’ splice site (ss) in intron 1 (IVS1) in combination with 

the constitutive 3’ ss in the same IVS or with either of two alternative 3’ ss (Figure 2C). 

The first alternative ss is located 23 nt and the second one 30 nt upstream of the 

constitutive 3’ ss. All three isoforms should produce full-length PRPF31 protein, since 

the translation start codon is within exon 2 (Figure 2C).  

 We then performed western analyses with two different antibodies raised against 

peptides derived from either the N- or the C-terminus of the PRPF31 protein,4,20 to test 

for the presence of possible isoforms at the protein level. For this analysis we used HeLa 

nuclear extracts, since protein extracts from the human tissues assayed in expression 

experiments were unavailable, and all identified mRNA isoforms were shown to be 

invariantly expressed in all tested cell lines and human tissues (see below). Both 

antibodies identified a single protein band of 61 kDa, which corresponds to full-length 

PRPF31; no additional bands were detected (Figure 3). 

 

Analysis of PRPF31 expression: We next investigated whether the retina-restricted 

pathological effect of PRPF31 mutations could be due to differential expression or to a 

differential splicing pattern of this gene in retina vs. other tissues. First, we compared 

PRPF31 expression in the eye and the retina vs. standard laboratory cell lines of ocular 

origin or not (HeLa, A431, Y79 and ARPE19) by semi-quantitative RT-PCR. PRPF31 
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PCR products, obtained with primers that allowed the amplification of various parts of 

the mRNA (exons 1-14, exons 2-14, exons 2-8 and exons 1-4), revealed that in all 

instances PRPF31 expression was much lower in the human eye or retina than in any of 

the cell lines (Figure 4A). However, this difference in expression disappeared when 

ocular or retinal PRPF31 mRNA was compared with transcripts from various normal 

human tissues (Figure 4B), indicating that the increased levels of PRPF31 expression 

displayed by human cell lines were likely due to the high growth rate, and hence splicing 

demand, typical of cultured cells. Indeed, when directly compared with HeLa cells, all 

normal tissues displayed markedly reduced levels of PRPF31 transcripts (Figure 4B). RT-

PCR products obtained with primers located in exons 1 and 4 were apparently less 

abundant when cDNAs from eye and retina, as well as form skeletal muscle, were used as 

template material. However, the semi-quantitative nature of these amplifications did not 

allow a precise assessment of these cDNA amounts, which were then further measured by 

Q-PCR (see below). Furthermore, the relative ratio of the 3 isoforms producing the 1550 

bp band was always roughly the same in all tissues analyzed (70% constitutive PRPF31 

isoform, i.e. exons 1-14; 20% exon 1+30 nt from IVS1+ exons 2-14; 10% exon 1+23 nt 

from IVS1+exons 2-14, not shown). 

 In addition, amplification of cDNA from the different human cell lines (Figure 

4A) and tissues (Figure 4B), with primers located in the first and the last exon of PRPF31, 

invariably produced only the two DNA bands corresponding to the PRPF31 isoforms 

described above (at 1550 and 333 bp), as confirmed by cloning and sequencing. Since 

these isoforms were present in all cell lines and tissues tested, we concluded that none of 

them is specific to or is specifically absent from the retina. Use of other combinations of 
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primers in the coding sequence of PRPF31, to exclude the possibility of preferential 

amplification of one isoform by a given set of primers, as well as to test the presence of 

the human equivalent of the murine AK044457 isoform, did not result in the appearance 

of additional isoforms (Figure 4). We also investigated the presence of putative 

alternative transcripts extending before the first or after the last canonical exons by 

performing 5’ and 3’ RACE on RNA from human retina, brain, heart, testis and skeletal 

muscle. No additional or retina-specific isoforms could be detected by such analyses 

(data not shown). 

 To precisely assess the amounts of PRPF31 mRNA in different normal tissues and 

refine the data obtained by semi-quantitative methods, we measured PRPF31 expression 

by Q-PCR. We initially normalized PRPF31 mRNA levels to the expression of 3 

housekeeping genes: the 18S ribosomal RNA, ACTB and GAPDH. Subsequent analysis 

of these reference genes by the geNORM software28 revealed that the only reliable gene, 

expressed at a constant rate across all analyzed tissues, was the 18S ribosomal RNA, 

which was therefore the only one retained for quantification of PRPF31 expression. The 

Q-PCR results were consistent with semi-quantitative RT-PCR amplification and 

indicated that PRPF31 mRNA expression in the retina was similar to that in the brain or 

heart and inferior only to high-proliferating samples such as testis and HeLa (Figure 5). 
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DISCUSSION 

 

 Proteomic and functional diversity in metazoans is largely generated through 

alternative splicing,29 resulting in isoforms that may have distinct cellular functions, as 

well as different temporal and spatial expression patterns.30 In the case of RP, relevance 

of alternative splicing has already been demonstrated by the retina-specific or retina-

prevalent isoforms of IMPDH1, RPGR and USH2A.13-15 

 In this study, we examined the presence of retina-specific isoforms of PRPF31, 

which could explain the retina-restricted pathological phenotype caused by mutations in 

this ubiquitous gene. We selected this gene following the identification in expression 

databases of a PRPF31 retina-specific isoform in the mouse, while the 3 other RP genes 

encoding splicing factors produce only one major transcript in mouse and human 

tissues.5,31-32 However, we could not detect this murine retina-specific PRPF31 transcript 

in a human eye or retina, nor from freshly-dissected retinas and other tissues or organs 

from mouse (data not shown), indicating that this particular mRNA form may represent a 

very rare alternative splicing event with no major biological functions, or perhaps a 

database artifact. Indeed, this specific variant seems to be present only in the single entry 

AK044457, among more than 300 available PRPF31 expressed sequences deposited in 

public databases. 

 Nevertheless, we identified four different PRPF31 transcripts, ubiquitously 

expressed in all different cell lines and normal human tissues tested. Three of these 

contained the same coding sequence, since alternative splicing affects the 5’UTR, but not 
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the reading frame (as confirmed by western blot analyses, showing the presence of a 

single band, corresponding to the full-length protein). These transcripts could have 

variable translation efficiencies, because of their different 5’UTRs, and therefore lead to 

variable amounts of PRPF31 protein in different tissues. However, our data suggest that 

these isoforms invariably contribute in constant proportions to the total PRPF31 

expression in all tissues. The fourth identified PRPF31 transcript (exon 1 + exons 12-14) 

is also expressed in a ubiquitous fashion and can potentially encode only short peptides, 

if it is translated at all. Altogether, our results show that none of the identified variants 

could per se explain the retina-restricted phenotype associated with PRPF31 mutations, 

since all cells and tissues analyzed display the same pattern of PRPF31 transcripts. 

Therefore, it is likely that mechanisms other than alternative splicing of PRPF31 mRNA 

are involved in the molecular etiology of the disease. 

 Since retina-specific isoforms could be ruled out, we next investigated whether 

differential PRPF31 expression in retina vs. other human tissues could explain the 

disorder. It has been previously shown that PRPF31-associated RP occurs when an 

insufficient amount of the PRPF31 protein is made, either because of large genomic 

heterozygous deletions21,22 or of mutations that are sensitive to NMD, which destroys all 

PRPF31 mRNA produced by mutant alleles.20 Furthermore, semi-quantitative RT-PCR 

analysis of different human tissues (including retina) has suggested that another RP gene, 

PRPF8, might be over-expressed in the retina with respect to other tissues.5 Our Q-PCR 

results show that PRPF31 expression is comparable across all tissues analyzed and is in 

particular very similar in retina, brain and heart, making it unlikely that retina could have 

a higher demand for this splicing factor than these other organs. As concerns spatial 
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distribution, it has been recently shown by in situ hybridization that PRPF31 is expressed 

in all retinal layers in human and mouse, with a gradient from the ganglion cell layer 

(strong expression) to photoreceptors (very low expression).33 However, both these in 

situ analyses and our Q-PCR measurements were limited to mRNA levels only, and 

therefore we cannot exclude that there may be a difference in the amount of PRPF31 

among tissues at the protein level, which could be caused by different translational 

yields,34 tissue-specific codon-mediated translation control,35 or different stability of the 

translated product. This issue remains then open, and should be addressed by careful 

assessment of PRPF31 protein distribution and of possible post-translational 

modifications within the human retina. 

 Altogether, our results seem to indicate that the etiological mechanisms for 

retinitis pigmentosa caused by mutations in splicing factor genes may rely on subtle 

alterations of the pre-mRNA splicing process, possibly via the reduced processing of 

transcripts that are important for retinal maintenance and function. Very recently, the 

molecular mechanisms of another neurodegenerative disease, spinal muscular atrophy 

(SMA, OMIM 600354) have been elucidated.36 SMA is characterized by the 

degeneration of motor neurons and occurs when the splicing protein SMN is mutated. 

More specifically, it has been shown that absence of SMN in mouse causes ubiquitous 

and generalized splicing defects that are nonetheless pathogenic for specific cell types 

and are more pronounced on pre-mRNA carrying particular sequences.36 An intriguing 

possibility is therefore that a similar situation could occur when RP-associated splicing 

factors are mutated and photoreceptors, instead of motor neurons, become the primary 

targets of splicing impairment. 
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FIGURE LEGENDS 

 

FIG. 1. Schematic representation of PRPF31 isoforms in human and mouse, as 

detected in silico. 

Constitutive human and mouse PRPF31 isoforms are shown, as deduced from publicly-

available databases. The representation of the mouse exons and introns are drawn to scale, 

as well as the exons of the human isoform. PRPF31 introns from the human sequence, 

which have different sizes with respect to the murine sequence, are rescaled to allow the 

alignment of the exons between the two species. Lines joining different exons indicate 

the constitutive splicing pattern (above the exons) or alternative splicing pattern (below 

the exons). Asterisks indicate the position of the translation initiation codons. 

 

FIG. 2. Experimentally determined PRPF31 isoforms. 

A) cDNA derived from 29 control human retinas, a whole eye, and HeLa cells was 

amplified with primers located in exon 1 (E1) and exon 14 (E14, the last exon) of 

PRPF31. Two PCR bands were obtained. The band at 1550 bp represents a mix of three 

PRPF31 isoforms, detailed in panels B and C. The 333 bp band is a single isoform of 

PRPF31 (E1 spliced to E12+E13+E14), as indicated. M, DNA ladder (sizes in bp). 

B) Analysis of the 3 PRPF31 isoforms producing the 1550 bp band shown in panel A, 

obtained by RT-PCR with primers complementary to exons 1 and 4. The image shows 

normalized electropherograms from capillary polyacrylamide gel electrophoresis (left), 

their corresponding reconstructed images (middle), as well as the size and the structure of 
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these isoforms (right), as deduced after further agarose gel separation, band excision, 

cloning and sequencing. 

C) Representation of the sequences spanning the variable region from the 3 PRPF31 

isoforms from panel B. The end of the exon 1 (E1), part of the intron 1 (IVS1) and the 

beginning of the exon 2 (E2) of PRPF31 are depicted. Constitutive 5’ and 3’ splice sites 

are shown in green and orange, respectively, the two alternative 3’ splice sites in red, and 

the translation start codon in blue. 

 

FIG. 3. Western blots of PRPF31 protein. 

A HeLa nuclear extract was analyzed by western blots with either N-terminal or C-

terminal anti-PRPF31 antibodies, as indicated at the bottom of the images. Both 

antibodies reveal the presence of a single 61 kDa band, that corresponds to full-length 

PRPF31. The sizes of protein ladder (M, in kDa) are indicated on the left of the blots. 

 

FIG. 4. PRPF31 mRNA expression in cell lines (A) and various normal human 

tissues (B). 

cDNA from the indicated samples was used in semi-quantitative RT-PCRs, with primers 

for PRPF31 (exons E1 to E14, E2 to E14, E2 to E8 and E1 to E4), GAPDH (exons E7 to 

E8), and the rhodopsin gene (RHO; as specific marker of rod photoreceptors; exons E3 to 

E5), as indicated on the left of the gels. The sizes of PCR products are indicated on the 

right of the gels. The lane “-“ shows the negative control of the RT-PCRs. 
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FIG. 5. Quantitative PCR analysis of PRPF31 mRNA expression in various normal 

human tissues. 

cDNA from HeLa cells and five normal human tissues was amplified by Q-PCR with 

primers for PRPF31 (exon 3 to exon 5). The expression was normalized to the 18S 

ribosomal RNA. The result represents an average of two independent experiments done 

in triplicate. 
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