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Background 
- RNA structure plays a key role in disease… RNA medicine
- Spinal Muscular Atrophy, many forms of Parkinsons, HIV/retroviruses can be traced 

to defects in the the way that RNA’s fold up 

Citation (2)



Quick History of Citizen Science 
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Goal - design sequence to fold into target
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DEMO



“Designed 
by humans, 
scored by 

nature”
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Main Results 

37,000+ members in the EteRNA online team, generated 100k+ data points 

Developed human authored RNA design rules 

Developed an algorithm: EteRNAbot using submissions from users and 
experimental validation scores  
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Scoring structures



Strengths 

● Hugely popular 



Strengths 

● Hugely popular - but small number of experts
● Successful crowdsourced hypothesis generation and validation 
● EteRNAbot outperformed the best software structure prediction packages to 

date (NUPACK and RNAInverse) 
● Novel angle: experimental validation of designs 



Weaknesses 

Complicated to orchestrate

● governance, what to incentivize, manage limited experimental resources
○ ~84k registered players, ~6k lab players, 1k designs/round, 32 

syntheses/round 
● Many participants complained the “voting” was a popularity contest
● Could have gone deeper into debugging software edge cases experimentally
● Training tool for scientists?  



Extension of work since publication 

Collected design summaries submitted 
by users into academic papers 

Collaborating on new tasks 



Thanks!
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Determining crystal structures through 
crowdsourcing and coursework  

Scott Horowitz, Brian Koepnick, Raoul Martin, Agnes Tymieniecki, Amanda A. Winburn, Seth Cooper, Jeff Flatten, David S. Rogawski, 
Nicole M. Koropatkin, Tsinatkeab T. Hailu, Neha Jain, Philipp Koldewey, Logan S. Ahlstrom, Matthew R. Chapman, Andrew P. 

Sikkema, Meredith A. Skiba, Finn P. Maloney, Felix R.M. Beinlich, Foldit Playersw, University of Michigan studentsw, Zoran Popovic, 
David Baker, Firas Khatib & James C.A. Bardwell 

presented by Doris Mai 
01/18/18 



New feature in Foldit: 
Electron Density Puzzle 





1. What is this puzzle 

2. Who is best at solving it 

3. What does the result mean  
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protein crystals diffraction pattern electron density map 

https://3c1703fe8d.site.internapcdn.net/newman/gfx/
news/hires/2015/quantumcoher.jpg 

https://askabiologist.asu.edu/sites/default/files/
resources/articles/crystal_clear/CuZn_SOD_C2_x-
ray_diffraction_250.jpg 

http://www.xtal.iqfr.csic.es/Cristalografia/
archivos_07/densidad-mapa.jpg 



http://images.slideplayer.com/13/3866819/slides/slide_25.jpg 



“85% of deposited protein crystal structures 
contain discernable errors” 

Touw, Wouter G., Robbie P. Joosten, and Gert Vriend. "New 
biological insights from better structure models." Journal of 
molecular biology 428.6 (2016): 1375-1393. 



Which one is better? 

Touw, 2016. 



1. What is this puzzle 

2. Who is best at solving it 

3. What does the result mean  



●  Goal: Build the best structure for YPL067C (yeast protein) 
●  Provided: protein sequence, a secondary structure 

prediction, electron density map 
●  Competitors: 

○  Foldit players 

○  Crystallographers 

○  Undergrads 

○  Phenix autosolve, MR-Rosetta 
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Metric 

●  Root mean square deviation of bonds and angles 

●  Number and severity of steric clashes 

●  Rfree  

●  Ramachandran outliers 



SB228 slides by Michael Levitt 
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figure 2 



1. What is this puzzle 

2. Who is best at solving it 

3. What does the result mean  



Differences on the building result 

●  Better side-chain conformations 

Foldit players 
Crystallographers 

Supplementary, figure 5 



Differences on the building process 

●  Foldit players used various types of tools, including 

modifications on secondary structure 

●  Foldit players sampled conformational space widely  



Implication 
Human intervention  

Collaboration More extensive algorithm 

http://cdn.onlinewebfonts.com/svg/img_164622.png 
https://www.shareicon.net/data/
256x256/2016/01/23/707692_apple_512x512.png 



Critique 



figure 2 



Supplementary, figure 4 





●  Goal: Build the best structure for YPL067C (yeast protein) 
●  Provided: protein sequence, a secondary structure 

prediction, electron density map 
●  Competitors: 

○  Foldit players 

○  Crystallographers 

○  Undergrads 

○  Phenix autosolve, MR-Rosetta 



●  Goal: Build the best structure for YPL067C (yeast protein) 
●  Provided: protein sequence, a secondary structure 

prediction, “experimentally phased, density refined” map 
●  Competitors: 

○  Foldit players 

○  Crystallographers 

○  Undergrads 

○  Phenix autosolve, MR-Rosetta 



Critique 

●  Foldit players’ models pruned based on 
crystallographers’ models 
○  “Regions where the density was very poor and decisions … about 

whether to keep trying to build or not proved to be the hardest part" 

●  Phase information not easily available 


