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In their Opinion article published recently
in Trends in Biochemical Sciences [1],
Tress and colleagues proposed that only
a minor fraction of splice variants
detected in transcriptome profiling data
are translated and, therefore, that most
splice variants have little or no function.
Their proposal stems primarily from an
attempt to detect splice variants at the
protein level using over 100 published
liquid chromatography-coupled to
tandem mass-spectrometry (LC-MS/
MS) data sets from diverse cell and tissue
types, as well as inferences drawn from
evolutionary comparisons of alternative
exons [2]. In this Letter, I discuss issues
with the authors’ analyses and interpre-
tations. I also summarize recent results
supporting the contrary conclusion,
namely that a major fraction of alternative
splicing (AS) events detected in transcrip-
tome profiling data is translated.

It is estimated that approximately 95% of
multiexonic human genes give rise to
transcripts containing more than 100 000
distinct AS events [3,4]. The majority of
these AS events display tissue-dependent
variation and 10–30% are subject to
pronounced cell, tissue, or condition-spe-
cific regulation [4]. The latter events are
significantly enriched for evolutionary
conservation and frame-preserving poten-
tial. Moreover, dozens of independent
studies have shown that subsets of
differentially regulated AS events are
significantly enriched ingenes that function
in common biological processes and
pathways, and that, where characterized,
exons in these splicing ‘networks’ have
important functions [5,6]. For example,
AS networks function extensively in the
remodeling of cytoskeletal interactions,
signaling cascades, and gene regulatory
pathways, and the literature contains
hundreds of examples in which translated
splice variants contribute important roles in
development, cell and tissue homeostasis,
animal behavior, diseases, as well as other
processes. Nevertheless, given the
intrinsic challenges of assessing the func-
tionality of protein isoforms, determining
the overall fraction of biologically relevant
AS remains an important and timely
question.

In their analyses, Tress and colleagues
applied stringent mapping and filtering
criteria requiring detection of one or more
peptides that distinguished splice iso-
forms from a gene, and where the pep-
tides also had to be detected in more than
one independent data set by at least two
different calling methods [2]. The authors
found peptide evidence for only 246 alter-
native isoforms (or a total of 282 AS
events). They then simulated the number
of splice variants they expected to detect
in the LC-MS/MS data based on assump-
tions about relative isoform expression
(Box 4 in their article and as reported in
[2]). One model assumed that all tran-
scripts are expressed equally, while the
other allowed for 50-fold greater abun-
dance of one isoform relative to other
isoform(s). Based on these models, the
observed numbers of genes expressing
multiple isoforms fell short of the
expected numbers by 15.5 and 5.7-fold,
respectively.

Important questions relating to the
authors’ findings are: (i) are their obser-
vations surprising given inherent technical
limitations associated with the detection
of splice variants using LC-MS/MS data,
the modeling approaches they used, and
in the context of previously published
knowledge of splice variant abundance?;
(ii) are their conclusions justified based on
their findings?; and (iii) what is the actual
Trends
fraction of splice variants that [80_TD$DIFF]is
translated?

A major challenge associated with using
LC-MS/MS data for the detection of
splice variants is their limited coverage
and sensitivity. For complex samples,
such as those analyzed by the authors,
the number of peptides far exceeds the
number of sequencing cycles provided by
a mass spectrometer, resulting in under-
sampling and a consequent lack of detec-
tion reproducibility between samples [7].
This limitation is especially relevant to the
detection of splice variants since the
probability of detecting a peptide that
maps specifically to [81_TD$DIFF]a variably expressed,
alternatively spliced sequence (i.e., an
exon–exon junction, exon, or intron) is
significantly less than the probability of
detecting a peptide that maps to a con-
stitutively expressed sequence. Further
compounding negative detection rates
is that subsets of AS events most likely
to be translated, in particular those that
are cell, tissue, or condition-differentially
regulated (see above), will be represented
by peptides that are even more sparsely
distributed across the LC-MS/MS data
analyzed by the authors, and, therefore,
even less likely to be detected by their
methods. For example, what is not men-
tioned in their Opinion article, but is men-
tioned in their previously published work
[2], is that their methods detect cell and/or
tissue-specific splicing events in ameager
14 genes. Unfortunately, the authors’
models for estimating expected numbers
of detected splice variants fail to take
these [82_TD$DIFF]and possible additional sources of
false negative detection into account (see
also below). Consequently, the authors’
conclusion that most genes express a
single predominant isoform is compro-
mised by the inherent limitations of the
data and analysis methods they have
used.

It is well established that mostmammalian
AS events are species specific and under
relaxed selection pressure, and that the
corresponding alternatively spliced
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transcripts are typically expressed at
lower levels in a given cell or tissue type
(but not necessarily in every cell or tissue
type, for the reasons summarized above)
compared with [83_TD$DIFF]main or ‘principal’ iso-
forms [8]. However, this does not mean
that such events are not translated or lack
function. Given that absolute quantifica-
tion strategies in mammalian cells have
indicated that most protein variance can
be explained by mRNA variance [9], it is
important to recognize that, aside from
the sources of false negative detection
including but not limited to those summa-
rized above, the lack of detection in LC-
MS/MS data of a large fraction of splice
variants with potential to code for protein
may be because they fall below the abun-
dance range modeled by the authors. For
example, in marked contrast to the find-
ings and assertions of the authors, tens of
thousands of splice variant transcripts
have been detected in polysome fractions
[10,11]. Moreover, by using ribosome
profiling data from different cell types, it
was shown recently that splice junction
sequences representing approximately
75% of total exon skipping events
detected in medium to high abundance
transcripts by RNA-Seq were engaged by
ribosomes [12]. [84_TD$DIFF]The majority of these
ribosome-engaged exon-skipping events
[85_TD$DIFF]have frame-preservation potential, and all
of them correspond to AS events
detected previously in transcript
sequence data from diverse cell and tis-
sue types [13].

In summary, when collectively consider-
ing multiple sources of false negative
detection rates for splice variants in LC-
MS/MS data, previous results demon-
strating that protein abundance is pre-
dominately related to transcript
abundance, and recent results from
detecting splice variant sequences asso-
ciated with ribosomes, it is apparent that
most splice variants detected in transcrip-
tome profiling data are likely translated.
Therefore, it is possible that most splice
variants contribute to cellular function.
Unfortunately, the authors of [1] have
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unnecessarily dismissed as a ‘theory’ a
large body of experimental data from
numerous laboratories demonstrating
extensive roles for AS in the remodeling
of cellular networks that have diverse
roles in critical biological processes. Nev-
ertheless, the authors of [1] have drawn
attention to the importance of obtaining
reliable, quantitative measurements of
translated splice variants to assess pos-
sible biological significance. In this regard,
data-independent acquisition mass-
spectrometry strategies that are less
prone to the stochasticity of the shotgun
proteomic data sets analyzed by Tress
and colleagues have already shown
[86_TD$DIFF]promise for the more comprehensive
detection of translated splice variants
and will undoubtedly prove to be valuable
in future studies [7,14]. Moreover, it is
important to appreciate that it can take
a single research group years of effort to
determine the [87_TD$DIFF][79_TD$DIFF]biological function of a sin-
gle AS event. As such, an important goal
for future studies will be to further develop
high-throughput methods for interrogat-
ing the functions of splice variants. In the
meantime, one should be mindful of the
old aphorism, ‘absence of evidence is not
evidence of absence’.
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There are two assertions that might be
considered polemical in our Opinion arti-
cle [1]: the first is that most protein-coding
genes have a single main isoform, and the
second is that most annotated alternative
transcripts do not generate functionally
important gene products. While alterna-
tive isoforms can have important cellular
roles, we believe that alternative splicing is
not the key to proteome complexity.

In his letter [2] [83_TD$DIFF]Professor Blencowe asks
three rhetorical questions. The first is
whether our results are surprising given
the limitations of shotgun mass spec-
trometry (MS). Here [84_TD$DIFF]Professor Blencowe
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