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The science
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The genome project - finished 2001



Mapping human proteins



Probing one protein at a time
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Cell junctions
Nucleus
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Nucleoli Mitochondria



The Human Protein Atlas

• Image based map of protein distribution in human tissue and cells

• Open-access biological database with >150.000 users/month

• Started in 2003, headed by Prof. Mathias Uhlén

• www.proteinatlas.org

Uhlen et al “Tissue-based map of the human proteome”, Science 347(6220), 2015

Uhlen et al “Towards a knowledge-based Human Protein Atlas”, Nature Biotechnology 28(12):1248-50, 2010



The Cell Atlas

High-resolution subcellular  
map of all human proteins in 
the human cell



Behind the scenes at SciLifeLab



The Protein Atlas team



Supervised learning

• Given sets of labeled data classify a new example

Biologists Computationalists

Do Biology Analyze Biology

???
Comp. Biologists



Citizen Science











Real MMO games
3 BILLION HOURS PER WEEK



Largest Sci-Fi “Massively Multiplayer Online”game

~ half million players

~ 40000 players online at any time





Integration with game narrative

The drifters…
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Integration with game narrative

… Prof Lundberg and the Sisters of EVE
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Rewards and motivation in-game
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Scientific aim of Project Discovery

• Refine details in the 
Protein Atlas
(27 patterns instead of 20)

• Compare the performance of 
– Few experts

– Many gamers

– Artificial intelligence





Results

>115.000 players13.109.057 classifications5.523.203 minutes50 working years!!!



Are we out of a job?

• Gamers are fast

• Gamers are free

• Gamers are tireless

….

BUT Gamers are gamers

11 Apr 2016
Emma Lundberg, Science for Life Laboratory, KTH, Stockholm, 

Sweden
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The cytoplasm problem

• Frequent classes give frequent rewards

• Agreement with consensus gives rewards 

11 Apr 2016
Emma Lundberg, Science for Life Laboratory, KTH, Stockholm, 

Sweden
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Cytoplasm? Cytoplasm

Membrane



The cytoplasm problem

• Frequent classes give frequent rewards

• Agreement with consensus gives rewards 

11 Apr 2016
Emma Lundberg, Science for Life Laboratory, KTH, Stockholm, 

Sweden
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Cytoplasm? Cytoplasm

Cytoplasm!



Accuracy
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New Rods & Rings findings 

Average per-class precision: 74 %

Nucleoli sub-classification

Nucleus sub-classification

Cell-to-cell variation

mainly in nucleus

Results – players provide valuable data



New findings – Rods & Rings

• Fairly uncharacterized cellular structure

• 3 known protein components

Project Discovery has identified 
109 new protein candidates



Media coverage





Classes at University

IRL In-game





EVE fanfest live “science – off”



Project discovery – a mini game for pattern recognition

1. Demonstrate the power of combining science and gaming 

2. Refine the details in the Human Protein Atlas

3. Increased awareness of proteins and the Human Protein Atlas

Play the game: www.eveonline.com/discovery

Contact: emma.lundberg@scilifelab.se



Deep Neural Network (DNN) 
architecture



DNN: Input layer

• Vector of features
as input

• Features are 
normalized

• No computation
done yet!



DNN: Hidden Layers

• Connected nodes
• Activation 

functions
–Applies 

calculations to 
input data

• Allows for non-
linear decision 
boundaries



DNN: Output Layer

• Final activation 
function
–What function 

determines what 
the output 
represents

• Outputs 
probabilities of 
each label
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THE CELL ATLAS
• Launch: 4 Dec 2016 @ ASCB
• A high resolution map of the subcellular human proteome
• Poster in Science
• Project Discovery data integrated



Project discovery – the team


