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ProRata: a Software Package with Improved Point and Interval Estimation of
Protein Abundance Ratio for Quantitative Shotgun Proteomics
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Overview

Peptide Quantification

Protein Quantification

Graphical User Interface

Research Objectives:

Development of a free computer program for quantitative proteomics data analysis.

Key Features:

Applicability to all existing isotopically labeling techniques.

Robust peptide abundance ratio estimation with bias and variability scoring.
Accurate protein abundance ratio estimation with confidence interval evaluation.
Graphical user interface for interactive data interrogation and result validation.

ProRata
www.MSProRata.org
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Quantitative Shotgun Proteomics

Treatment Control
Metabolic
Cell culture labeling Cell culture
Cells Cells
Cell Lysis lCeII Lysis
Y l ICAT 4
Proteins Proteins
Proteolysis Proteolysis
H,'80
Peptides Peptides
=
@ Mixing
LC -MSMS

) I SEQUEST, MASCOT,
Peptide Identification XITandem, DBDigger etc.

Protein Identification DTASelet, ProteinProphet,
Scaffold,etc.

Peptide Quantification
RelEx, ASAPRatio
XPESS, MSQuant etc.

Protein Quantification

Data Analysis Challenges For Quantitative Proteomics:

Isotopic Labeling Methods:
- Metabolic labeling (1N, 13C and SILAC):
Mixing of the two samples at the earliest stage.
Requirement of cell growth with defined media
« Isotope-coded affinity tags (ICAT):
Mixing of the two samples before proteolysis.

Selected quantification of peptides with cysteine
residues.

+ H,80 proteolysis with trypsin
Applicability to most proteome samples.

No correction to the bias to protein abundance
ratios introduced during cell lysis and
proteolysis

LC —MS/MS Measurement:

Liquid chromatography separation: resolve
peptides into chromatographic peaks.

MS/MS scans: fragments peptides for amino
acid sequence inference

MS scans: measures the relative abundance of
the isotopologue pairs of peptides

Challenge for peptide abundance ratio estimation: highly variable signal-to-noise ratios of the ion chromatograms requires a
robust estimation algorithm and a confidence scoring method for expected estimation error.

Challenge for protein abundance ratio estimation: Multiple peptides with inconsistent log-ratios and different estimation
confidence from a protein requires a rigorous algorithm for “weighing” the peptides to yield an accurate point estimate and a

precise confidence interval estimate.

Estimation of Peptide Abundance Ratio and Profile Signal-to-Noise Ratio

The data analysis pipeline for

quantitative proteomics

Novel algorithms employed in
ProRata:

- Parallel paired covariance for
chromatographic peak
detection

- Principal component
analysis for peptide
abundance ratio estimation
and scoring
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Detection of Peptide
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Parallel Paired Covariance

The algorithms were tested with six standard mixture of isotopically
labeled Rhodopseudomonas palustris proteomes.

Experimental Material and Methods:

1.

2.

Preparation of two identically grown metabolically labeled R. palustris
cultures, one with N labeling and the other one with 15N labeling.

Mixing of the two extracted proteomes at following ratios of total
protein amount: 4N : 5N = 10:1, 5:1, 1:1, 1:5 and 1:10.

Analysis of the standard mixtures with 12-step MudPIT on a LTQ-MS
instruments.
Heatmap histogram of log-ratio and log-S/N: ‘

Profile S/N is correlated with the variability and bias of
peptide log-ratio estimation.

Summary of Peptide Quantification Results for the Standard Mixtures

Standard Mixtures Peptice Courts Lo-ratio Log-3iN
Mk Logratio MO0 MROD SIC*  Cuantifizd Mezian | AADY | Median | AAD -
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Peptide Abundance Ratio Estimation
and Profile S/N Calculation
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Estimation of Protein Abundance Ratio from Peptide Abundance Ratio Scored with Profile S/IN

Profile Likelihood Algorithm Point Estimation:

Maximum Likelihood Estimation

Interval Estimation: Profile Likelihood Confidence Interval
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Benchmark of Profile Likelihood Algorithm Performance with Standard Mixtures

Comparisons of protein log-ratio estimation accuracy
between the RelEx program (Ref: MacCoss, M.J. et al. Anal
Chem. 2003. 75(24): p. 6912-21.) and the ProRata proaram
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Summary of Protein Quantification Results for the Standard Mixtures

Histogram of confidence interval width for the
quantified proteins
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Hypothesis testing with confidence
interval estimates

S tardard mixture Frkincom Log-ratio pointestination | Corfiderce interval estimation | Hypo tlests testirg
“NYN  logmto  Identifed Crunifed Median AAD* Medin witth Corfiderce kvel | Sigrifrarce  Power
1ida 00 1,302 117 -0.2 0. 318 1.4 93% B4

1ib 00 1,348 1,071 -0z 0. 361 1.4 924 10% -
51 23 1,324 1,054 1.8 0. 481 1.4 0% %

15 =23 1,263 1,024 2.1 0. 390 1.4 924 9T
101 33 1475 1,096 2.5 0. 581 1.6 B8% 96%
110 =33 1312 1,000 -3.1 0.638 1.6 BTY - 98%

Irenge 1,362 1,060 0. 458 1.5 0% [ 95%

Interactive Data Interrogation for Result Validation

Main program window: a hierarchical view of Annotated MS/MS scan for peptide identification valiation
the proteomics results — — -
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Conclusions

Parallel paired covariance algorithm is developed for robust peak detection in low-S/N selected ion chromatograms from
peptide isotopologue pairs

Principal component analysis algorithm allows accurate peptide abundance ratio estimation and the estimation variability and
bias are correlated with profile signal-to-noise ratio.

Profile likelihood algorithm gives maximum likelihood point estimation and profile likelihood confidence interval estimation for
protein abundance ratios.

Graphical user interface of ProRata enables manual validation of the protein quantification results
The ProRata program is freely available for download at http://www.MSProRata.org
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