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Outline: Comparing Protein & RNA Abundance
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to work in the Center o Affect translation &
o Quantifying the moderate relationship between
statistical correlation protein & RNA
between protein & RNA o Feature integration to find
o PARE server small subset of UORFs

e EMpire (Current result) that most alter translation

o Leveraging the correlation to e Future Direction:

better assign peptides to Protein v RNA using matched
isoforms samples in the Brainspan

o EM algorithm better assigns dataset + single-cell data

dominant isoforms, with
greater interpretability



Why relate amounts of protein & mRNA?
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Early result on mRNA vs Protein, using 2D gels
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PARE: Protein Abundance and mRNA Expression Correlation Tool r
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Integration of RNA-seq and Proteomic Data for Isoform Interpretation
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Set isoform-level priors — Assign to isoforms

N genes
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[Carlyle, Kitchen et al. (2018) Journal of Proteome Research]
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Challenge for Isoform-Level Interpretation of Proteomics Data
Multimapping

» Different assays reflecting expression at various levels
 More reads at earlier stage assay (RNA-Seq > FP > MS)

* Leverage other assays for better estimation

~\

( toy example: resolving the isoforms of Protein X prior: nalve RNA-seq
peptides: | 1 = YRNA

5  Protein X-001

e  Protein X-002

o _-/\l/\-/\l/\-/\l/\-/\_/\l-
e N
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[Carlyle, Kitchen et al. (2018) Journal of Proteome Research]
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EMpire (Expectation Maximisation Propagation of Isoform abundance from RNA Expression)
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[Carlyle, Kitchen et al. (2018) Journal of Proteome Research]
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EMpire (Expectation Maximisation Propagation of Isoform abundance from RNA Expression)

[ toy example: resolving the isoforms of Protein X prior: nalve RNA-seq
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[Carlyle, Kitchen et al. (2018) Journal of Proteome Research]

2= while the naive prior gets stuck with three equally likely isoforms: naive RNA
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Larger principal isoform dominance = Less ambiguity in major isoform identification
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Biologically informative priors improve
isoform level interpretation of MS/MS peptides,
by increasing dominance of principal isoform

naive prior

. nave atter

FOHNA prior

raANA alter

raANA + FP prior

cluster 1D

[Carlyle, Kitchen et al. (2018) Journal of Proteome Research]
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protein level change

0

-1

Upstream open reading frames (UORFs)
may shift the expected balance between mRNA & protein

Mr_

uORF

[0 uORF gain
0 uORF loss

10 11 12 13 14 15 16 17 18 19 20
# study subjects increasing power

»
»

In Battle et al. 2014 data uORF gain & loss assoc.

protein level change.

uORF CcDS

[Zhang et al., Trends in Biochemical Sciences (‘19)]

uORF CDS
translation
5'- ATG |

{ATG | - 3

suppression
5 TTG |

T

A translation phenotype
— ATG | - 3 {dusecaese risk

UORF regulation can be affected by mutation

[McGillivray et al., NAR (‘18)]
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ribosome profilng labeled uORFs

genome-wide uORFs
N = 1.3 million

From a “Universe” of 1.3 M
pot. UORFs

The population of functional
uORFs may be significant

C
® '“"“:°3°' “s?”‘n . ribosome profiling labeled UORFs
populetion size unknown known population size
high false negative rate high false positive rate
all uORFs all uORFs

B Ribosome profiling experiments have low overlap in
identified uORFs.

@ This suggests high false-negative rate, and more
functional uORFs than currently known.

[McGillivray et al., NAR (‘18)]
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Prediction & validation of
functional uORFs using 89 features

All near-cognate start codons predicted.

Cross-validation on independent ribosome profiling datasets and
validation using in vivo protein levels and ribosome occupancy in
humans (Battle et al. 2014).
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[McGillivray et al., NAR (‘18)]
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A comprehensive catalog of functional uORFs

@positive score
Onegative score
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T sl

| | 180K Large predicted positive set
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intersected with disease associated “ke|Y to E,iﬁceot translation
variants. eCalibration on gold standards, suggests

[McGillvray et al., NAR (‘18)] getting ~70% of known
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Leveraging New Datasets
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Schematic workflow
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MicroRNA intervention

Cytoplasm

Nuclear Cytoplasmic

Active Gene

-

Inactive Gene

MicroRNAs

Sousa et al., Science 2017, 358, Pgs. 1027-1032.
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