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RNA medicine

…AUGCAGCAAAUGAUAGGCA…

Neurological and 
Other Diseases

Retroviruses + other 
pathogens

Source:  Wolfe lab, Harvard

HIV-1 model from Weeks lab, UNC



Which sequences 
form this 
Target 
Structure?
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Which answer is right?

No expert or computer model can tell these designs apart.

GGAAAGAGACUCAACAGGCUGGAAACAGGC
UGAAAGUACAGAGUUGGAAACAACGGUACA
AAAGAGUCUCAAAGAAACAACAACAACAAC

GGAAACGCACUCAACGCAAGCUUCUGCUAG
CGAAAGAGCUUUGACGUGUACGUCUGCUCA
CGAGAGUGCGAAAGAAACAACAACAACAAC



Which answer is right?
Nature Scores!

Taipan
by Penguian

NUPACK 08
by NUPACK

Correct Incorrect



Citizen Science

NASA ClickWorkers Zooniverse Projects
2000

Image Analysis
2007

Image and 
Data Analysis

Foldit
2008

Computational 
Bioscience

EteRNA
2011

Experimental 
Bioscience



Played by Humans. Scored by Nature

Game Interface Voting

SynthesisResults



Played by Humans. Scored by Nature

Crowdsourcing the 
Scientific Method



Computers

Humans

Humans
Computers



How is this happening?



Discovery of New Rules
All GC-pairs in the in 
multiloop junctions, have to 
turn in same direction. (Red 
nucleotide to the right and 
green nucleotide to the left.) 
Exception: the GC-pair 
connecting multiloop and 
neck, are allowed to turn in 
both directions, without 
being penalized. 

~ Eli Fisker

http://getsatisfaction.com/people/eli_fisker


!

EteRNAbot



Computers

Humans



Humans
EternaBot

Computers



Humans
EternaBot

Computers
Lee, Kladwang … EteRNA players (2014), Proc. Natl. Acad. Sci.



elNando888

 I like the idea of shapes and 
constraints that help us discover 
where the model does not work 

lroppy:

Score: ??

Score: ?? Score: ??



Syntheses / round32

84,142 Registered Players

5,756 Lab Players

Designs / round1000



Print
• Print custom microarray 
• Random barcoding 
• Amplification 
• Transcription

Probe
 MAP-seq on Illumina 



Every design gets 
synthesized





A new gameplay

Massively Parallel 
Experiments

Tiny Paper

On Spirals and 
Boostpoints

Eli Fisker, Jonathan Hall, Starryjess

Introduction  ––––––––––––––––––––  ––––––––––––––––––––
Methods  ––––––––––––  ––––––––––––  ––––––––––––
Results  ––––––––––––   ––––––––––––   ––––––––––––   ––––––––––––   –––––––––––– 
Conclusion ––––––––––––––––––––   ––––––––––––––––––––

 Complex  
Hypothesis





Scientific 
Literature

RNA spiral

On RNA spirals and boostpoints 
E Fisker, starryjess, B. Townshend - eternagame 

... The arrow indicates the presumed direction of  
RNA exit. The spiral model obtained 



Experimentally validated 
knowledge creation

At a rate comparable to all 
current labs.



Design Interface Design Browser

Results Browser Synthesis

Experiments in game play Predictive power: real-world  
RNA design 

On Spirals and 
Boostpoints

Eli Fisker, Jonathan Hall, Starryjess

Introduction  ––––––––––––––––––––  ––––––––––––––––––––
Methods  ––––––––––––  ––––––––––––  ––––––––––––
Results  ––––––––––––   ––––––––––––   ––––––––––––   ––––––––––––   –––––––––––– 
Conclusion ––––––––––––––––––––   ––––––––––––––––––––

Players as scientific authors 



https://eternagame.org

150,0000 
registered 

players

Eterna 

The biggest 
games have 

>2,500,000,0000 
downloads

Silicon Valley: we need you! 
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