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Abstract

Although eukaryotic cells express a wide range of alternatively spliced transcripts, it is not clear
whether genes tend to express a range of transcripts simultaneously across cells, or produce
dominant isoforms in a manner that is either tissue-specific or regardless of tissue. To date, large-
scale investigations into the pattern of transcript expression across distinct tissues have produced
contradictory results. Here, we attempt to determine whether genes express a dominant splice
variant at the protein level. We interrogate peptides from eight large-scale human proteomics
experiments and databases and find that there is a single dominant protein isoform, irrespective of
tissue or cell type, for the vast majority of the protein-coding genes in these experiments, in partial
agreement with the conclusions from the most recent large-scale RNAseq study. Remarkably, the
dominant isoforms from the experimental proteomics analyses coincided overwhelmingly with the
reference isoforms selected by two completely orthogonal sources, the consensus coding sequence
variants, which are agreed upon by separate manual genome curation teams, and the principal
isoforms from the APPRIS database, predicted automatically from the conservation of protein
sequence, structure, and function.
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INTRODUCTION

Alternative splicing of mMRNA can generate a wide range of mature RNA transcripts. It has
been estimated that alternative splicing of pre-mRNA occurs in 95% of multiexon human
genes.12 EST and cDNA sequence evidence3 and microarray data® strongly support the
expression of multiple alternative mRNA transcripts from the same gene, and manual
genome annotation projects are confirming ever more alternative splice variants: the
GENCODE 20° human gene set has slightly more than 20 000 protein-coding genes but
over 93 000 coding transcripts. As long as they are translated into stable proteins,® the 73
000 alternative transcripts have the potential to expand the cellular protein repertoire.’

Although there is abundant evidence for the expression of multiple transcripts in cells, it is
less clear whether these transcripts are expressed more or less equally across tissues or
whether it would be biologically relevant to designate one transcript per gene as dominant
and the rest as alternative. The question of whether genes have dominant transcripts is one
that is becoming ever more important with the growth in the numbers of alternative
transcripts annotated in the databases.

Three contrasting large-scale studies came to different conclusions. An EST-based study
with 13 different tissues® predicted that primary tissues generally had a single dominant
transcript per gene. By way of contrast, a large-scale study using RNAseq? found that more
than three-quarters of protein-coding genes had cell-line-specific dominant transcripts and
that those genes with the most splice variants had more dominant transcripts. Most recently,
a second study of RNAseq data from the Illumina Human BodyMap project found that
approximately half the genes expressed in the 16 tissues studied had the same major
transcript in all tissues, 10 whereas another third of the genes had major transcripts that were
tissue-dependent. One curious result was that the major transcript was noncoding in close to
20% of the protein-coding genes.
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To date, no equivalent study has been carried out at the protein level. Indeed, the extent to
which the expression of alternative transcripts affects cellular protein diversity is still open
to question. Peptide evidence from MS/MS proteomics experiments has been used to
demonstrate the expression of alternative protein isoforms, but no reliable study has
identified more than 150 pairs of alternative isoforms.®

At least part of the reason for the low numbers of alternative isoforms detected in these
studies is the relatively low coverage of peptides from proteomics experiments; mass
spectrometry only identifies a fraction of the peptide ions in protease digests.}1 However,
many experiments identify many fewer alternative isoforms than would be expected, even if
the low peptide coverage is taken into account.6:12-14

Ning and Nesvizhskiil® carried out a study on the feasibility of combining data from
RNAseq and proteomics to search for alternative isoforms. Although they found a
relationship between RNAseq and proteomics expression at the gene level, the fraction of
alternative isoforms identified from the corresponding RNAseq data was “substantially
lower than the number expected.” The results from all these proteomics studies suggest that
alternative isoforms may be expressed infrequently, in very few tissues, or have very short
half-lives.

Here we have attempted to determine whether protein-coding genes have dominant isoforms
using reliable peptide evidence from eight separate large-scale MS analyses. We mapped at
least two peptides to 63.9% of the human gene set and identified alternative splice isoforms
for just 246 human genes; this clearly suggests that the vast majority of genes express a
single main protein isoform. These main experimental isoforms found strong support from
both consensus coding sequence (CCDS) transcripts'8 and APPRIS principal isoforms, 17
whereas the agreement with dominant transcripts from RNAseq data was less clear.

PROCEDURES

We collected the peptides for the analysis from eight distinct large-scale proteomics data
sets: the PeptideAtlas!® and NIST (http://peptide.nist.gov/) databases and six published
large-scale experiments.5:19-23 For the Wilhelm analysis,23 we only included the peptides
from the publically available Cellzome experiments on human tissues.

The eight studies covered a huge range of tissues and cell types: the peptides from the
PeptideAtlas database cover 51 different tissues, cell types, and developmental stages,
whereas the Geiger?! study interrogated 11 different cell types. The spectra from the
PeptideAtlas database were only part of the NIST database and the Ezkurdia® analyses. The
Kim?22 and Wilhelm analyses peptides were generated from 30 and 35 distinct tissues types
(51 tissues in total).

FILTERING LOW-RELIABILITY PEPTIDE IDENTIFICATIONS

The peptides from the eight data sets were subjected to a series of rigorous filters to remove
as many likely false-positive peptides as possible from all analyses. First, we eliminated all
nontryptic and semitryptic peptides; only peptides that were fully tryptic for at least one
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annotated isoform were included. Fully tryptic peptides included C- and N-terminal peptides
and N-terminal peptides with the initial methionine cleaved. We only allowed missed
cleavages when they were supported by the presence of one the cleaved tryptic subpeptides.
The same rules were applied to the peptides cleaved by the enzyme LysC in the Nagaraj2®
and Wilhelm analyses. Search engines cannot easily distinguish leucine from isoleucine; so
for the purposes of our analysis, leucine and isoleucine were considered indistinguishable
from each other. Peptides that mapped to more than one gene were not included in the
experiment.

Multiple search engines can be used separately to increase coverage?2-24 or combined to
improve reliability.2°> To be more rigorous, we only included peptides identified by the
intersection of two search engines where possible. In practice, this meant that we excluded
peptides identified by just one of the five search engines included in the NIST database,
those peptides identified by just one of the two search engines in the Kim analysis, and those
peptide-spectra matches with an Andromeda?® score of less than 100 in the Nagaraj, Geiger,
and Wilhelm analyses. Excluding peptides below this score improves the false-positive rate
because peptides identified by Andromeda with scores of less than 100 are not always in
agreement with those identified by Mascot? for the same spectra.28

The peptides from the Ezkurdia analysis had a peptide FDR of 0.1%, whereas the
PeptideAtlas peptides have a peptide-spectrum match (PSM) FDR of 0.0002%. The peptides
from the Munoz analysis had a peptide FDR of 1%.

Even after the filtering we carried out for this analysis, peptides identified just once over
eight such large-scale experiments have a much higher probability of being false-positive
spectra matches, so we only considered peptides that were identified in two or more of the
eight data sets. The main isoforms were determined by counting the number of experimental
peptides that mapped to each isoform. A single peptide was enough to discriminate between
isoforms in a gene.

We identified a total of 149 954 highly reliable gene discriminating peptides. The peptides
were mapped to the protein isoforms annotated in the GENCODE 20 human gene set. The
number of gene-discriminating peptides that mapped to each gene in the GENCODE 20 set
is shown in Figure S1 (Supporting Information). The manual GENCODE annotations are
highly enriched in alternative isoforms; the gene set has a mean of four protein-distinct
isoforms per gene. GENCODE 20 was filtered for pseudoautosomal genes and for read-
through transcripts. The GENCODE 20 gene set we used is annotated with 19 906 protein-
coding genes that can produce 83 229 sequence-distinct protein isoforms. A total of 15 548
genes are annotated with more than one splice isoform.

The numbers of peptides, genes, and dominant transcripts identified from each of the
experiments after filtering is shown in Table 1 of the Supporting Information.

PRINCIPAL SPLICE ISOFORMS

The APPRIS database determines principal splice isoforms on the basis of the conservation
of protein features, including protein structural and functional data and information from
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cross-species conservation. Splice isoforms in APPRIS are annotated with protein structural
information via mapping to structural homologues and with functional information from the
conserved, functionally important amino acid residues predicted by firestar?® and from Pfam
functional domains.2® The conservation information used to select principal isoforms comes
from protein alignments between vertebrate orthologues. The highest-scoring isoform from
the analyses is chosen as the principal splice isoform.

The features that determine the principal isoform are useful for discriminating between
splice isoforms because they have a high degree of conservation. For example, protein
structural and functional domains and motifs have evolved over huge evolutionary
timeframes, so isoforms that have lost these features are not likely to be the principal
isoform.

RNASEQ COUNTS

The in-house RNAseq analysis was carried out with CD14-positive, CD16-negative classical
monocyte sample C000S5B1 from the BLUEPRINT consortium. We used the alignments
generated for release November 8, 2014, as aligned by the consortium.30

We removed reads with a Phred score lower than 15 as well as duplicate reads and used the
intersectBed tool included in bedtools, version 2.18.2,31 with parameter c. We counted the
number of reads that mapped on transcripts annotated with a coding sequence (CDS); for
this purpose, we used the annotation file from GENCODE19.% We only counted reads that
mapped to CDS exons. The transcript with the most reads was determined to be the major
variant.

RESULTS AND DISCUSSION

We collected peptides from eight large proteomics data sets and subjected them to a series of
rigorous filters as detailed in the section above. After filtering, there were 149 954 highly
reliable peptides, 111 382 of which discriminated between isoforms from the same gene. We
mapped these peptides to the annotations in the GENCODE 20 gene set (equivalent to
Ensembl 76).32 We detected at least two peptides for 12 716 (63.9%) of the protein-coding
genes but found alternative protein isoforms for just 246 genes (1.2%), which meant that the
vast majority of genes had peptide evidence for just one protein isoform. This is in line with
findings from similar proteomics experiments.6:13.14

Peptides do not provide complete sequence coverage (even when they do, they are not
evenly distributed across the sequences), so counting abundances in a way similar to
RNAseq reconstruction methods is inappropriate. Instead, we determined a main proteomics
isoform by counting the total number of peptides that mapped to each splice isoform
annotated for a gene. The isoform with the highest number of peptides was the main
proteomics isoform. In this way, we could identify a unique main proteomics isoform for
5011 genes. Of the remaining 7705 identified genes, 3977 were annotated with a single
protein coding isoform, 3703 had too few isoform discriminating peptides to identify
isoforms, and just 25 had evidence of alternative splicing where the main isoform could not
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be distinguished because the total number of peptides was the same for the two splice
isoforms.

HOW DOES THE MAIN PROTEOMICS ISOFORM COMPARE WITH OTHER
REFERENCE ISOFORMS?

The number of peptides that map to each isoform is a particularly simple estimation of
cellular dominance, one that can only work because we detect few alternative isoforms. To
determine whether these counts had a biological reference, we investigated the relationship
between the main proteomics isoform and three different reference isoforms: the isoform
with the longest sequence, the unique CCDS variants, and the APPRIS principal isoforms.
The results of all the comparisons are shown in Table 1 and the results for the individual
experiments are shown in supplementary Table 1.

CCDS variants are based on genomic evidence and are variants that are mutually agreed on
by teams of manual annotators from the National Center for Biotechnology Information, the
Wellcome Trust Sanger Institute, the European Bioinformatics Institute and the University
of California Santa Cruz. A total of 13 297 GENCODE 20 genes were annotated with a
single CCDS variant. This unique manually curated variant agreed with the main proteomics
isoform for a remarkable 98.6% of the 3331 genes that we compared.

APPRIS annotates principal isoforms on the basis of conservation of structure and function
and selected a main isoform for 15 172 of the GENCODE 20 coding genes. We were able to
compare the APPRIS principal isoforms and the main proteomics isoforms over 4186 genes
and found that the main proteomics isoform agreed with the isoform with the most
conserved protein features for 97.8% of these genes (4093).

The longest sequence is the method of choice for selecting a representative variant for
publicly available databases (except Ensembl) and for practically all large-scale
experiments. Here the agreement between the longest isoform and the main proteomics
isoform will be high if the peptides we find are randomly distributed among the isoforms.
We compared the longest isoform to the main proteomics isoform over all 5011 genes with a
defined main proteomics isoform. The longest isoform coincided with the main proteomics
isoform for 89.6% of the genes. The agreement between the main proteomics isoform and
the reference isoforms selected by the other two methods was substantially higher than with
the longest isoform.

We further investigated the agreement between the APPRIS, CCDS, and main experimental
variants, looking at those 3015 genes where all three data sets had a single dominant
isoform. Here, the CCDS variant and the main proteomics isoform were in agreement for
99.37% of the 3015 genes, whereas the agreement between the main proteomics isoform and
the APPRIS principal isoform was 99.5% over the same genes.

For those few genes where there was disagreement between the main isoforms, several
disagreements were due incomplete gene models. One example is the gene KIAA1468,
which codes for a LisH domain and HEAT-repeat-containing protein. This gene is annotated
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with four variants in the GENCODE human annotation, two of which are of the most
interest: KIAA1468-001 and KIAA1468-002 (Figure 1). The transcripts differ in two
regions: KIAA1468-002 has an inserted exon (exon 18), whereas the two transcripts also
possess a pair of mutually exclusive homologous exons (exon 21a in KIAA1468-001 and
exon 21b in KIAA1468-002). CCDS and APPRIS select KIAA1468-001 as their main
isoform, whereas more peptides map to KIAA1468-002. However, the reason that more
peptides map to KIAA1468-002 is that there is more peptide evidence for exon 21b than for
exon 21a; there were no peptides for exon 18. APPRIS favors KIAA1468-001 because
KIAA1468-002 has no evidence in the protein databases in contrast to KIAA1468-001,
which is conserved back to Danio (Figure 1b), whereas the inserted exon 18 would break the
likely 3D structure (a HEAT-repeat solenoid, Figure 1c). The mutually exclusive
homologous exons 21a and 21b are both found in teleosts, meaning that the splicing event
occurred over 400 million years ago. The conservation of these two exons strongly suggests
a functional relevance. Exon 18 is only conserved in macaque. This evidence suggests that
the gene model for KIAA1468 is missing a variant that has conserved exon 21b but does not
have inserted exon 18 (Figure 1).

The close agreement between these three orthogonal methods of selecting a reference
isoform, proteomics, APPRIS, and CCDS, clearly demonstrates that the dominant isoforms
from all three methods are highly reliable and reflect the biological reality for most genes.

PROTEOMICS AND RNASEQ AGREEMENT

We also looked at the agreement between the main proteomics isoform and the dominant
isoforms form the most recent RNAseq analysis, the Human BodyMap study.10 Here, the
authors found that 4199 genes had a major dominant transcript (defined as a transcript with
at least 5-fold higher abundance than any other) that recurred across cell lines, whereas 5228
genes had 5-fold dominant transcripts that recurred across all tissues. The authors carried out
a comparison with the APPRIS principal isoform as part of the paper and found that the
approximately 5000 genes with 5-fold abundance agreed with the APPRIS principal
isoforms in over 60% of the genes, whereas those with 2-fold dominance agreed with the
APPRIS principal isoform only 45.6% of the time.

We compared the main proteomics isoform from our study with the 5-fold dominant RNA
variants from the BodyMap study. These are the transcripts that had 5-fold dominance
across cell lines or tissues, i.e., the dominant transcripts with the clearest evidence. We could
only compare over a limited set of genes because the Gonzalez-Porta analysis was carried
out with annotations from Ensembl 66 (GENCODE 11). We excluded all genes and
transcripts with changed identifiers and those genes where the RNAseq data had chosen a
noncoding transcript as the 5-fold dominant variant. The main proteomics isoform agreed
with the tissue-recurring 5-fold dominant transcripts from the Human BodyMap study for
77.2% of the 1038 genes that could be compared, whereas the agreement with the cell-line-
recurring 5-fold dominant transcripts was 81.6% over 762 comparable genes (Table 1).

The agreement between RNAseq 5-fold dominant transcripts and the main proteomics
isoform was better than the agreement between the 5-fold dominant transcripts and the
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APPRIS principal isoforms that was reported by the authors of the Human BodyMap study
but still was some way short of the agreement between the main proteomics isoform and the
APPRIS and CCDS reference isoforms.

It is somewhat surprising that the agreement between the main proteomics isoform and the
5-fold dominant RNAseq transcripts is considerably worse than the agreement with APPRIS
principal isoforms and CCDS unique variants. One reason may be that there are substantial
differences between what is expressed at the transcript level and what is expressed at the
protein level. The Human BodyMap study? found that 20% of the 5-fold dominant
transcripts were noncoding transcripts and surmised that a substantial portion of the
transcripts expressed are never destined for translation and may have a function related to
gene expression. Other groups have suggested that discrepancies between proteomics and
RNAseq datal1° could be due to factors such as mMRNA and protein turnover rates, post-
transcriptional editing,32 or translational efficiency.34

In this study, there seems to be a clear difference in the length of the main variants
determined from the two experimental methods. The main proteomics isoform agrees with
the longest isoform in almost 90% of comparable genes, whereas the Gonzalez-Porta
study10 reported that the dominant transcripts only agreed with longest CDS in 50% of the
genes. This squares with our results: in 27 of the 36 genes where neither the 5-fold dominant
transcript nor the longest isoform agrees with the main proteomics isoform, the 5-fold
dominant variant does not coincide with the longest variant.

As an example, the gene CRIP2, cysteine-rich protein 2, has been well studied.3® The
structure of the first domain has been solved (entry 2CU8 in the Protein Database,3®) and the
second domain is a duplication of the first. The main proteomics isoform also has support all
the way back to Danio rerio in the protein databases. Both the longest isoform and the 5-
fold dominant variant would break the 3D structure of the CRIP2 zinc-binding domain
(Figure 2). The isoform from the 5-fold dominant transcript is considerably shorter than the
main proteomics isoform.

The gene PSMD13, a regulatory subunit of the 26S proteasome3” that is involved in the
degradation of ubiquitinated proteins, has nine coding transcripts. In this gene, the 5-fold
dominant transcript selected by the RNAseq study is again much shorter and is tagged as a
nonsense-mediated decay variant (Figure 2). Although the 3D structure of the PSMD13 gene
product has not been solved, similar structures exist for the whole protein. The main
proteomics isoform maps well to the structure; the 5-fold dominant transcript, if translated,
would only have 72 residues and would break the 3D structure. The 5-fold dominant
transcript does not have support in the protein databases, whereas the main proteomics
isoform is supported all the way back to the first eukaryotes because homologues of
PSMD13-001 can be found in both fungi and plants.

To investigate why isoforms from 5-fold dominant transcripts tended to be shorter than the
main proteomics isoform, we looked at raw RNAseq reads from the BLUEPRINT project.
We mapped the raw reads to genes from the GENCODE 19 gene set and used these reads to
select a dominant transcript in the same way as what we had used to calculate the main
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proteomics isoform, i.e., we determined the dominant transcript to be the transcript that had
the highest total number of reads that mapped to the CDS. The agreement with the main
proteomics isoform is shown in Table 1.

Without any filtering of the RNAseq data, the agreement between the dominant transcript
calculated from raw reads and the main proteomics isoform was 85.8%. This agreement is
already better than that between the proteomics main isoform and 5-fold dominant
transcripts taken from the Human BodyMap study, where only 5-fold major dominant
transcripts were compared. When we looked at those genes that had one transcript with
twice as many reads as the next (1018 genes), the agreement between proteomics and
RNAseq major variants was 95%. This indicates that RNAseq reads do indeed contain a
signal that can be used to select the main isoform.

CONCLUSIONS

We mapped highly reliable peptides from eight large-scale proteomics studies to 64% of
protein coding genes. For the vast majority of these genes, the peptides mapped to a single
splice isoform, and we could distinguish a main protein isoform from the peptide data for
5011 genes. The main isoform from these proteomics experiments was simply the isoform
with the most mapped peptides. This simple method for selecting the main isoform works
well because large-scale proteomics experiments identify very few alternative protein
isoforms when false-positive matches are rigorously filtered.

This main isoform agreed with reference isoforms from two very different sources, the
principal isoforms from the APPRIS database and the unique CCDS variants. Indeed, for
those genes where all three sources selected a main variant, the agreement between the
APPRIS principal isoform, the unique CCDS variant, and the main proteomics isoform was
almost perfect (over 99%).

The main proteomics isoform was determined from an extensive set of rigorously filtered
experimental peptides, CCDS variants are chosen from genomic evidence by agreement
between separate manual curation teams, and APPRIS principal isoforms are generated
automatically using the conservation of protein features. The clear agreement between three
orthogonal sources significantly reinforces the probability that the main proteomics isoform
is the dominant protein isoform in the cell.

The agreement between the main proteomics isoforms and APPRIS principal isoforms
demonstrates that the cellular machinery tends to express the most conserved splice isoform
and the one that best preserves the conserved structural and functional features of the
protein. This opens the door to using computational predictions for reference isoforms for all
protein coding genes. APPRIS currently houses annotations for six species but could be
extended to predict principal isoforms for more genomes. This would enable the protein
isoforms that are most likely to be the main cellular isoform to be prioritized in experiments
and large-scale data analyses.

The discrepancy between the carefully selected RNAseq major dominant transcripts and
proteomics main isoforms is interesting. Even though we made the comparison only with
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coding transcripts that had 5-fold dominance across cell lines or tissues, the agreement did
not exceed 82%. The dominant transcripts from the raw RNAseq reads appear to agree more
often with the main proteomics isoform. Although part of the reason for this will be that
more RNAseq reads map to longer sequences, it does suggest that either transcript
expression is very different from protein expression for many genes or that transcript
reconstruction methods may not be interpreting the RNAseq reads correctly. Recent large-
scale comparisons have been critical of the accuracy of much of the transcript reconstruction
process.38:39 It may be that RNAseq deconvolution algorithms have a preferential bias for
shorter transcripts. The set of approximately 3000 genes with reliably identified dominant
isoforms that we have generated in this experiment would make an ideal gold standard set
for validating RNAseq reconstruction algorithms.

The dominant protein isoform that we identify with the peptide data is expressed across the
range of tissues and cell lines interrogated by the eight proteomics analyses. For those more
than 95% of genes with a main experimental proteomics isoform, the remaining annotated
transcripts will be alternative isoforms that are likely to be expressed in lower quantities, in
limited tissues, or have a limited half-lives, if expressed at all. Our results reaffirm the
concept of the gene, underline the importance of protein-level conservation, and will have a
substantial effect on our understanding of cellular biology. We believe that these results
open a new line of research that will be followed by many other experimental and
computational investigations into the distribution and molecular functions of splice
isoforms.
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Figure 1.

The main proteomics, CCDS, and APPRIS isoforms differ because of the gene model. (A)
The 3’ exons from two KIAA1468 transcripts. The arrows highlight the differences in the
two transcripts (KIAA1468-001 and KIAA1468-002), inserted exon and exon 18 in
KIAA1468-002 and a pair of mutually exclusively spliced exons (exons 21a and 21b). We
find peptides for both mutually spliced exons but not for exon 18. Both CCDS and APPRIS
select KIAA1468-001 because it does not have exon 18, but there are more peptides for
mutually exclusive exon 21b from KIAA1468-002 than for exon 21a. (B) The orthologues
found by the APPRIS database that align without gaps to the sequence of KIAA1468-001.
(C) The structure of a protein similar to that encoded by KIAA1468, 1B3U. The region
coded by the mutually exclusive homologous exons is shown in orange, the region where
exon 18 from KIAA1468-002 would produce an insertion is shown in purple.

J Proteome Res. Author manuscript; available in PMC 2016 February 26.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Ezkurdia et al. Page 14

A CRIP2-001

CRIP2-002
- - s

CRIP2-008
i

|
I CH—H]

Species %ID
Homo sapiens  100.00
C. |l familiaris ~ 95.19

Bos taurus 93.75 <« <-£ 2Cus
Mus musculus ~ 92.79 & , RN D

R. Norvegicus 9279 ¢} \ ;%:. Y, N }@\ Y
M. domestica ~ 91.83 O ) O/

A. Carolinensis  86.06 ¢

Danio rerio 76.44

D PSMD13-001

PSMD13-003

PSMD13-002
+——A 11 e

F
Species %ID f -
Homo sapiens  100.00 \ ' 1

Pan troglodytes 99.73
C | familiaris 98.94

Sus scrofa 98.40 %
Bos taurus 98.14

Rattus norvegicus 96.81

4CR4

Mus musculus ~ 96.54 7 & J
A carolinensis 94.95 & j
Gallus gallus 94.47 P 7
Danio rerio 79.37
Oryza sativa 38.97
N crassa 34.40 C

Figure 2.

The main proteomics isoform, the longest isoform, and the 5-fold dominant variants for
CRIP2 and PSMD13. (A) Transcripts from the GENCODE gene model of CRIP2. The
transcripts selected by the proteomics experiment (CRIP2-001 in orange), the RNAseq
experiment (CRIP2-008 in blue), and the longest variant (CRIP2-002 in green) are compared
and the number of peptides detected for each isoform are shown in the right. The exons in
yellow show the exons for which a 3D structure has been solved. (B) The orthologues found
by the APPRIS database that align without gaps to the sequence of CRIP2-001. (C) The
structure of the first domain of CRIP2, 2CU8, highly similar to domain 2 of CRIP2. (D)
Transcripts from the GENCODE gene model of PSMID13. The transcripts selected by the
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proteomics experiment (PSMD13-001 in orange), the RNaseq experiment (PSMD13-002 in
blue), and the longest variant (PSMD13-003 in green) are compared and the number of
peptides detected for each isoform are shown in the right. The nonfilled exons are not
translated. (E) Model organism orthologues that align without gaps to the sequence of
PSMD13-001 only. (F) The structure of a protein similar to PSMD13-001, 4CR4. The
residues that would be coded by nonsense-mediated decay variant PSMD-002, if translated,
are shown in blue.
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