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STATISTICAL PROTEOMICS AND BIOINFORMATICS

What 1s proteomics?

Biological questions and technologies

® Protein quantification in label-free workflows

Joint analysis of multiple features and conditions

® Protein quantification in label-based workflows

Appropriately account for the labeling structure

® Mass spectrometry-based imaging

Account for the spacial heterogeneity of spectral data



STATISTICAL PROTEOMICS AND BIOINFORMATICS

® Proteomics: system-wide characterization of all proteins

Sequence, structure, localization, abundance, PTMs, interactions

® More challenging than gene expression

Complexity
= Human genome: ~20,000 protein coding genes
= Their translation+splicing+proteolysis: ~50,000-500,000 proteins
= Somatic DNA rearrangements and PTM: ~10 million
Dynamic range
= > 10 orders of magnitude in plasma

= Unlike nucleotides, proteins cannot be amplified

® How to make progress?
Sample preparation, separation, sensitive instruments

Statistical experimental design and accurate analysis
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Global proteomic workflows

counting MS/MS peak isobaric peptide labeling labeled synthetic metabolic
spectra integration (ITRAQ) peptides labeling (SILAC)
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Targeted proteomic workflows

counting MS/MS peak isobaric peptide labeling labeled synthetic metabolic
spectra integration (ITRAQ) peptides labeling (SILAC)
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SRM: yeast proteome
LC-MS: Human diabetes (Picotti et al, 2009)

SRM: Human ovarian cancer
Affy: ALL (Acute Leukemia) (Hittenhain et al, 2012)

Difference of intensiti’es
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What 1s proteomics?

Biological questions and technologies

Protein quantification in label-free worktlows

Joint analysis of multiple features and conditions

Protein quantification in label-based worktlows

Appropriately account for the labeling structure

Mass spectrometry-based imaging

Account for the spacial heterogeneity of spectral data
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AGATCGATCAGTCAGTACTAGTACT  Perfect Match (PM) probe
AGATCGATCAGTGAGTACTAGTACT MisMatch (MM) probe

® Oligonucleotide microarrays G
RMA: Tukey Median Polish PM m F"’O'-"etPair
MM se
= Robust averaging of all probes Fluorescent image
afra}"SPeCiﬁC summary Sebastiani et al, Statistical Science, 2003.

® Proteomics
Number and quality of features per protein vary widely
Missing features introduce imbalance
Label-based workflows combine multiple samples
= blocking structure

Targeted workflows create a nested structure protein/peptide/transition

® LExplicit probabilistic models best represent the data
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Deviation from the reference due to
log( Expected Random
peak = reference + LC-MS + condition + feature X condition +  biol. + meas.
intensity) abundance feature interaction replicate error
Yijkl = H111 = C; + (F x C)4j4 SEAC (e &l
iid 5
where P =C=FxC)iy=FxC);=0 Eijkt ~ N (O’UErmr, ijk)
and (a) reduced scope of biological replication: S (C)~1~Ell) =i
(b) expanded scope of biological replication: S(C) ;) < N (O, a%)
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Mol. Cel. Proteomics, 2012 T ime
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Quantity of interest:

HO = [h1gh nm, 6]- — [IOW nm, 6]- — =)

Model-based estimate and test statistic:
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e

Veavi Chang Meena Choi  Tim Clough

Since 2010:
e extensive documentation

A variety of quantitative workflow

- Global, targeted, data-independent e published case studies
- Label-free and label-based * protocols for typical analyses
: : e 13 tutorials and workshops

Accounts for experimental designs

- Group comparison, time course T

: [ Since 2011:

Data visualization & QC oS ) !‘\
Model-based analysis e over 50 unique downloads

- Model fitting and inference e over 50 mailing list members Skyline

Planning future experiments
- Sample size, resource allocations Ruedi Aebersold 1. -hael

ETH MacCoss

Eidgendssische Technlsche Mochschule 2irich
Swiss Federal Institute of Technology Zurich
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What 1s proteomics?

Biological questions and technologies

Protein quantification in label-free worktlows

Joint analysis of multiple features and conditions

Protein quantification in label-based worktlows

Appropriately account for the labeling structure

Mass spectrometry-based imaging

Account for the spacial heterogeneity of spectral data
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Label-based workflows help separate the
biological and the technological variation
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More complex but similar linear
mixed effects models

Systematic deviations from the mean Statistical interactions
Overall : by by Run by Random
= Subject +Feature+Run .
mean ¥ or = il g B subject 7 feature feature error
Yijkim = p + 1y +S8G)wn+t Fa +Rp+ (T x S)ij+ I+ (R X F)pim~+  €ijkim
Fixed/Random F F F/R F F/R F/R F F/R R: N(0,0?)
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