Illuminating nonsense-mediated mRNA decay
by polysome fractionation

James P. B. Lloyd'?, Courtney E. French3, and Steven E. Brenner12:3

l.u X
Download PDF

Department of Plant and Microbial Biology, 2Center for RNA Systems Biology, 3Department of Molecular and Cell Biology, University of California, Berkeley, CA 94720, USA

Alternative splicing coupled to
nonsense-mediated mMRNA decay
regulates gene expression

Alternative splicing coupled to nonsense-mediated MRNA
decay (NMD) pathway regulates thousands of genes in human
cells. NMD degrades transcripts with a premature termination
codon (PTC) although the features that define a stop codon as
premature are poorly understood. Here we use RNA-seq data
from a polysome fraction experiment to better characterize
NMD targeting features in human cells.

Alternative splicing can differentially introduce a PTC
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What targets transcripts to NMD?

n mammals, exon-junction complex (EJC) model states that a
PTC,, targets a transcript to NMD. A PTC,,,,, IS a stop codon
ocated =250 nucleotides of an exon-exon junction [1]. But there
IS also evidence that a long 3° UTR can trigger NMD in yeast,
plants, flies and mammals [2].
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Hypothesis

Given that NMD targets are expected to be degraded during
the pioneer round of translation [3], we predict that many would
pe bound by a single ribosome. NMD targets In yeast are
oredominantly found in the monosome fraction [4] and In
numans, exons harboring PTCs are depleted from the
polysome fraction [5].

AIMS
1. Investigate whether NMD targets are predominantly found
In the monosome fraction

2. Test If features proposed to trigger NMD lead to an
accumulation of transcripts in the monosome fraction

RNA-seq of polysome fractions
reveals the translation state of
transcripts

Transcripts bound by ribosomes can be separated into
fractions on a mass gradient and then sequenced. Using such
data, we can determine if NMD targets are abundant in the
monosome fraction and use monosome fraction abundance to
iInfform our understanding of the mechanisms of NMD
targeting. We analyzed polysome fraction data from Floor and
Doudna [6].
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RNA-seq

We normalized by taking the transcript abundance (transcripts
per million; TPM) and adjusted for the amount of RNA in each
fraction (area under the curve), while accounting for the ratio
of MRNA to rRNA in each fraction.

Modified from [6]
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Transcripts with a PTC,,,,, are
enriched in the monosome fraction

Below is a example where the inclusion of a single exon with a
PTC.,, that changes the accumulation pattern across the
polysome fractions.

SRSF6 PTC,,,, isoform SRSF6 PTCL,,, isoform

o Y — A —

: 7.5 :
30 Peak abundance in - Peak abundance m the
the poly8+ fraction ™ |- monosome fraction
5.0
20 |
Transcript expression . ——

In the two replicates

_ 2.5 T
10 Average e |
expression : .
> e _® + ++ 1

Transcripts per million (TPM)

Y | — 0.0 |
@ A P AP AP (@ © ¥ A A AP P @
0 P PP PP P O Q0\‘\ «© Qo\\ Qo\\ Qo\\ Qo‘8 Qo‘\ Qo‘\ Qo\‘\

Polysome fraction Polysome fraction

* The PTC;,, transcript isoform is highly abundant in the
poly8+ fraction, consistent with it being highly translated

* The PTC,, targeted isoform has peak abundance in the
monosome fraction, consistent with being targeted to NMD

Longer 3’ UTRs do not lead to

enrichment in the monosome fraction

We next examined If the length of 3 UTRs affects the
distribution of transcripts across the polysome fractions
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* Transcripts with long 3° UTRs are not enriched Iin the
monosome fraction compared to other transcripts

* This suggests that long 3°' UTRs are not a major feature
targeting transcripts to NMD

* However, long 3' UTR transcripts could be targeted to NMD
after the pioneer round of translation.

Upstream ORF-containing
transcripts are enriched in the
monosome fraction

Upstream ORFs (UORFs) are short open reading frames located
In the 5’ leader sequence. Some have been shown to target
transcripts to NMD. To identify uORFs involved with NMD, we
looked at those that target a transcript to the monosome fraction
and what features might influence this.
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* UuORF-containing transcripts are more abundant in the
monosome fraction than transcripts without an uORF

* A strong Kozak sequence around the uORF start codon
leads to more monosomal transcripts

To test the EJC model for NMD targeting, we examined the
relationship between the last exon-exon junction position
relative to the stop codon and polysome fraction accumulation.
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* Transcripts with a PTCg,, are more likely to have peak
abundance in the monosome fraction than transcripts
without
* This is consistent with 3° UTR exon-exon junctions and
the exon junction complex being potent stimulators of
NMD

Conclusions

+ Many PTC;,, transcripts accumulate in the
monosome fraction. This is consistent with these
transcripts being NMD targets

* Longer 3" UTR transcripts are not enriched Iin the
monosome fraction. This suggests that they are not
targeted to NMD, at least during the pioneer round
of translation

« Upstream ORFs with strong start codon contexts
appear to be potent triggers of NMD and/or
translation repression of transcripts
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