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The genotype-phenotype problem 
gets very complicated at the step from proteome to metabolome

Proteome Metabolome



Sample/
All steps from cells to 
digests in 96 well
plate format

Sample peparation:
96-well based semi-automated
Protein extraction, digestion
and SPE clean-up

Data acquisition:
- Analytical  LC or micro LC 
- 1- 5min gradients, 800µL/min
- SWATH acquisition 
- Scanning SWATH
- DIA-PASEF
- ZenoSWATH

Data-processing

DIA-NN

> 384 samples/batch Up to 1800 proteomes
per week 
per mass spectrometer

Scales with network
& cluster
>100s samples per day

Scaling to thousands of LC-MS proteomes
Sample preparation, high-flow LCs, Scanning SWATH acquisition, DIA-NN

Messner et al, Cell Systems, 2020
Demichev et al, Nature Methods, 2020
Messner et al, Nature Biotechnology, 2021



The proteome efficiently captures human physiology

6Controlled human intervention study, with  S. Farooqi, CIMR, Cambridge

Young, healthy individuals were exposed to extreme 
fasting and re-feeding over several days

- Plasma samples were collected over time and measured with our 
platform, requiring 1-5µL of the samples

- The proteomes identify the individual, the response to the 
nutritional intervention and, the inter-individual differences 
capturing all aspects of personalized medicine

- Trained machine learning algorithms derive a compendium of 
physiological parameters from the single blood proteome 
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Predicted using machine learning from proteomes



Recording large human population baselines for genotype-phenotype 
mapping
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Population Structure
Of a on 2,000 individuals Fenland pilot

 Generation Scotland (~24,000 samples)
 Fenland study (~12,500 samples)
 eurac CHRIS (~5,000 samples)
 Genomics England  rare disease (~5,000 samples)
 Vivaldi Carehome study (~7,000 samples)
 COVID study cohorts (>5,000 samples)
 Targeting >100,000 proteomes 
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Fast plasma proteomes classify COVID19 patients

Messner et al, Cell systems, 2020
Messner, Demichev, et al, et al, Nature Biotechnology, 2021

Florian Kurth, Pinkus Tober-Lau,
Leif Sander, PA-COVID19 StdGrp



A COVID 19 peptide panel panel assay predicts outcome in 
severely affected COVID19 patients

Collaborations with Inoviv, Agilent, SCIEX. Wang, Hartl, Sirka et al, medRxiv
Panel is now implemented at Charité‘s routine lab and can be requested  by 
physicians as part of care



A proteome for 5k yeast gene deletions

Christoph Messner 
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Perturbed

Gset Enriched

amino acid metabolic process

nucleobase 
containing
small molecule 
metabolic
process

rRNA processing

ribosome
biogenesis

Metabolism and translation are the biggest 
responders to gene deletions

How does perturbation of a function 
affect all other functions ?Proteome-Scale ‘Cause and Consequence’ Maps

C. Messner, S. Aulakh



The relationship of growth rate and proteome



Aneuploidies explain strong proteomic changes in many slow 
growing cells



The unsolved problem of aneuploid dosage compensation

Torres et al, 2007 (A. Amon Lab)
Pavelka et al, 2010 (R. Li lab)



Essentially no chromosome-wide dosage 
compensation in synthetic aneuploids

Strains & transcriptomes: Torres et al, 2007. Proteomes: Scanning SWATH



A proteome for ~900 natural yeast isolates
of which 19% carry natural aneuploidies 

Peter et al, Nature, 2018Gianni Liti, Joseph Schacherer, et al.



Aneuploidy is transmitted from genome, to transcriptome 
to proteome in natural strains, but…

Julia Münzner, Pauline Trebulle, Federica Agostini



Aneuploidy is dosage compensated at the chromosome 
wide-level, at the proteome.



Quantifying dosage-compensation across natural 
isolates and lab strains

Julia Münzner
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