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Protein Structure Prediction: How do you predict the
structure of a protein from its amino acid sequence?

1. Homology or template-based modeling: given a
particular protein sequence, search for a homolog

2. Ab initio structure prediction: when no homologs,
combine deterministic & stochastic approaches to predict

structure
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Prediction

Searches
conformational space
using fragment
assembly

Refines
structure

e Deterministically finds * Using Monte Carlo
various protein A methods and
fragments : Rosetta all atom

* Applies Monte Carlo energy function
methods to position

HEPRENIS

e Evaluates empirically-
derived knowledge-
based Rosetta energy
function to do so

This cycle is repeated many times.



Introduction: Rosetta’s Components

* Deterministic: fragment finding and assembly

* Stochastic: energy minimization; structure perturbation & refinement



Challenges with Rosetta

* Free energy landscape is large
* Suboptimal conformations pursued in effort to minimize energy



Experimental Hypothesis:
What if we replaced stochastic components
with human decision making and retained
deterministic components?



FoldIt: Game Development for Protein

| Imag:eth et. al.



Foldlt: Game Development for Protein
Structure Prediction

* User tools reflect deterministic Rosetta algorithms
* Meant to minimize local energy

 Scoring: computes energy same way Rosetta does, but multiplies by 100; goal
is to get higher score.

* Player intentions parallel stochastic processes
 Searches conformational space instead of computer doing so

* Meant to be approachable for players from all backgrounds



Foldlt: Game Development for Protein
Structure Prediction

* https://www.voutube.com/watch?v=IGYJyur4dFUA
*1.40-1.55 important



https://www.youtube.com/watch?v=lGYJyur4FUA
https://www.youtube.com/watch?v=lGYJyur4FUA

Experimental Methods: Comparing human
structure prediction accuracy to Rosetta’s

Posed series of Compared how

10 blind structure . similar both
Rosetta predicted
structures were

the 10 structures

prediction
puzzles to human to native (using
players RMSD)




Experimental Methods: RMSD (Root mean
squared deviation)

* Measure of similarity between two structures for a given protein

* Must align the two structures being compared before measuring
RMSD



Results: Human intuition is very effective

Table 1| Blind data set

Puzzle ID Foldit Cot r.m.s.d. Rebuild and refine Cat Native Method Number of residues Figure(s)
r.m.s.d.

986875 X : 2kpo NMR 99 3a-c, Supplementary 4
986698 1.8 27 2kky NMR 102 3d, e

986836 5.7 6.6 3epu X-ray 136 2c, Supplementary 6d
987088 3.5 43 2kpt NMR 116 2a, b, Supplementary 6a, b
987162 4.5 5.2 3lur X-ray 158 Supplementary 6¢
98/076 S a5 2kpm NMR 81 2e, Supplementary 5¢
986629 35 33 2kk1 NMR 135 Supplementary 5b
987145 26 23 3nuf X-ray 105 2d, Supplementary 5a
986844 6.9 5.8 2ki0 NMR 36 Supplementary 10a
986961 10.6 5.7 2knr NMR 118 Supplementary 10b

A listing of all the Foldit puzzles run in the blind data set. A Ca r.m.s.d. comparison to the native structure is given between the best-scoring model produced by Foldit players and the best-scoring
model produced by the Rosetta rebuild and refine protocol, given the same starting model(s). Solutions considerably better with one method than the other are indicated in bold. The solved
structures (which were released after each puzzle ended) are represented by their Protein Data Bank (PDB) codes. Results from these Foldit puzzles can be accessed on the Foldit website by
replacing ID with the corresponding Foldit puzzle ID in http://fold.it/portal/node/1D. 2kky, 2kpt, Zkpm, 2kk1 and 2knr were taken from the CASD-NMR experiment™. 2kpo was provided by N. Koga
and R. Koga. 2ki0 and 3epu were found by searching for unreleased structures on the PDB website (http://www.rcsb.org/pdb/search/searchStatus.do). 3lur and 3nuf were provided by the Joint
Center for Structural Genomics (JC5G). The location of figures containing results for each puzzle are provided in the last column.

Image: (Seth et. al.
2010)



Results: Scenarios in which humans

performed better

* Cases with substantial backbone remodeling so exposed hydrophobic

residues faced inwards

Figure 2 | Structure prediction problems solved by Foldit players.
Examples of blind structure prediction problems in which players were
successfully able to improve structures. Native structures are shown in blue,
starting puzzles in red, and top-scoring Foldit predictions in green. a, The
red starting puzzle had a register shift and the top-scoring green Foldit
prediction correctly flips and slides the B-strand. b, On the same structure as
above, Foldit players correctly buried an exposed isoleucine residue in the
loop on the bottom right by remodelling the loop backbone. ¢, The

top-scoring Foldit prediction correctly rotated an entire helix that was
misplaced in the starting puzzle. d, The starting puzzle had an exposed
isoleucine and phenylalanine on the top, as well as an exposed valine on the
bottom left. The top-scoring Foldit prediction was able to correctly bury
these exposed hydrophobic residues. e, Another successtul Foldit helix
rotation along with a remodelled loop that correctly buries an exposed
phenylalanine. Images were produced using PyMOL software''.

Image: (Seth et. al.



Results: Humans more likely to “take risks”
sampling than Rosetta

* Rosetta’s stochastic Monte Carlo methods aim to minimize energy
while humans are more likely to create high energy intermediates,
knowing they will lead to lower energy structures.

* Humans can distinguish which starting point is most useful.

 Human players restructure significantly to improve hydrophobic
burial and hydrogen bond quality.



Foldit’s social & psychological dimensions

* Complexity, creativity, & collaboration in search process
*Inter-group competition

*Retaining engagement & “thrill” factor

* Motivation & rewards structure



Foldit’s social & psychological dimensions

GROUP PUZZLE SCORE
Anthropic Dreams 1329: Unsolved ... 36 9 240
BIOL 4030 Winter 2017  Beginner Puzzle...ign 8877
Beta Folders 1328: 85 Residu...ir';t 10,621
Contenders 1327: Revisitin...one 9,327
Anthropic Dreams Beginner Puzzle-...nis 5,254
Hotoc}de Beginner Puzzle..yle 3,388
Gargleblasters Beginner Puzzle...ign 10,942
i{utucyrl:le. Beginner Puzzle...ity i4.439
Kotocycle Beginner Puzzle...zle 8,582
FULL

SOLOISTS

PLAYER

EVOLVERS

Bruno Kestemont 11 12
AeonFluff 100] 216
bertro |23 T

gitwut (10 4

jfryk 100 474

d_chasy 100 3100
cinnamonkitty 100 251
cinnamonkitty 100| 251

florashaman 100 114

GROUPS TOPICS
PUZZLE SCORE
1329: Unsolved ... 96 9,239
Beginner Puzzle...ign 8879
1328: 85 Residu...int 10,620
1327: Revisitin...one 9,327
Beginner Puzzle...nis 0254
Beginner Puzzle...yle 8,598
Beginner Puzzle...ign 1i.DES
Beginner Puzzle...ity 14,530
Beginner Puzzle...zle 8,680

FULL

https://fold.it/portal/info/fa

q



Limitations of Foldit

* Players are reliant on Foldlt’s user tools (e.g. visual cues, available
moves)
* Had trouble folding an extended protein chain
* Tools may limit breadth of intuition

* Maintaining user engagement & sustaining interest



Possible Future Directions

* Psychological studies of player motives and behavior to improve
existing PSP algorithms

* Applications to drug discovery-related research areas



Introduction to
RNA Design and EteRNA
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Importance of RNA Structure (1)

Riboswitch & “miRNA alterations are related to cancer” (Calin et al., 2006)

Unbound Expression Platform

Aptamer

5'mRNA 3

Aptamer-Metabolite binding

N

Expression Platform

5'mRNA 3

Upon binding, structural
changes occur that turn
off gene expression

Wikibooks - Riboswitch

MicroRNA signatures in
human cancers

George A. Calin and Carlo M. Croce

Abstract | MicroRNA (miRNA ) alterations are involved in the initiation and progression of
human cancer. The causes of the widespread differential expression of miRNA genesin
malignant compared with normal cells can be explained by the location of these genes in
cancer-associated genomic regions, by epigenetic mechanisms and by alterations in the
miRNA processing machinery. MiRNA-expression profiling of human tumours has identified
signatures associated with diagnosis, staging, progression, prognosis and response to
treatment. In addition, profiling has been exploited to identify miRNA genes that might
represent downstream targets of activated oncogenic pathways, or that target protein-
coding genes involved in cancer.

Calin et al., (2006)



Importance of RNA Structure (2)

Sinha et el., (2010) Reprogramming bacteria to seek and destroy an herbicide

- Manipulate E. Coli’s RNA to follow herbicide
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RNA Design: Computational Determination

SIAM J. APPL, MATH. © Society for Industrial and Applied Mathematics
Vol. 35, No. 1, July 1978 0036-1399/78/3501-0006 $01.00/0

ALGORITHMS FOR LOOP MATCHINGS*

RUTH NUSSINOV, GEORGE PIECZENIK,f JERROLD R. GRIGGS{
AND DANIEL J. KLEITMANS§

Abstract. A simplified (two-base) version of the problem of planar folding of long chains (e.g., RNA
and DNA biomolecules) is formulated as a matching problem. The chain is prescribed as a loop or circular
sequence of letters A and B, n units long. A matching here means a set of A-B base pairings or matches
obeying a planarity condition: no two matches may cross each other if drawn on the interior of the loop.
Also, no two adjacent letters may be matched. We present a dynamic programming algorithm requiring
O(n 3) steps and O(n 2) storage which computes the size of the maximum for the given A-B base sequence
and which also allows reconstructing a particular folded form of the original string which realizes the
maximum matching size. The algorithm can be adapted to deal with sequences with larger alphabets and
with weighted matchings.

An algorithm is also presented for a modified problem closer to the biochemical problem of interest:
We demand that every match must be adjacent to another match, forcing groups of two or more parallel
matches.

Some results on the expected maximum matching size are presented. As n o0, at least 80% of the
vertices can be matched on the average on an A-B string of size h.

We briefly discuss the practical application of the algorithm by using contracted versions of very long
molecules with a preliminary block construction. A maximum matching 1s presented for the J-gene of the
¢ X174 DNA virus. We conclude by stating some problems requiring further study.

Nussinov et al., 1978

Table 4. Nearest neighbor parameters for G- U base-pairs

Nearest-neighbor ~ AG3; (kcal/mol) Error AH? (kcal/mol) Error AS° (eu)® Error®
2467 ~055 032 321 276 _86 845
T -136 024 881 210 _240 644
i ~141 0.24 —5.61 213 -135 653
seay —211 025 —1211 22 322 681
s ~153 027 833 233 219 714
ne ~251 025 ~12.59 218 325 667
s 127 028 _12.83 244 873 747
Pl 047 (<05 096 1347 837 —a49 2565
2EU +1.29 0.56 1459 492 512 15.08
oot —412 054 ~30.80 887 860 23.70
ey ~1.00 030 —6.99 264 ~193 8.09
ges 4030 0.48 ~9.26 419 3058 1286
Each Terminal

G.u¢ +0.45 - +3.72 - +10.5 -

Matthews et al., 1999



RNA Design: Pseudoknots
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Pseudoknot found in telomerase
(Wikipedia)
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Design Interface: Tutorial / Badge Collections




Design Interface: Lesson

B2 [Nucleotide Mixer] Level 8 of 11

Mission Accomplished!

Congratulations!
You've unlocked Hints!

™

There are two basic kinds of loops: end loops and
internal loops. Usually, loops are the least stable
parts of a shape.

End loop Internal loop

Feedback

PLAYER RANK POINTS

toretorell 83598 1005
jesikmin 83611 1000
suzyq272 83611 1000

NEXT PUZZLE




Design Interface: Challenge Puzzles

Y e 1- e rn O BLE?EQITEA NEW WAY - i fezzes @ &

[) . TO TARGET TUBERCULOSIS
Solve Puzzles. Invent Medicine.

Challenges [ GolToPlayerPuzzies’ sort by Postdate Number of people cleared Reward Length HOME

@ Single only @ Switch only @ Uncleared _

Simple Hairpin Hairpin Series Hairpin RNA NEWSFEED

2 63163 © 25 18 54823 © 35 12 53005 © 50
COMMUNITY

RESOURCES

Loop Strategy - Learn Y RNA - Difficulty Synthetic RNA-
about the 1-1 Loop Level 0 Difficulty Level 0

ONLINE (27)
@ 37244 © 55 12 42922 © 100 12 42446 © 100 LIVE CHAT i
cynwulf28: no worries
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LinkBot:
https://docs.google.com/document/
d/1rLM72Sij8_j9Z044h71tYXQkYP
wurfXogxoL 18NXbl-8
caro9923:
http://www.eternagame.org/sites/d
efault/files/chat screens/239236_1
484658965.png
caro9923: Hello, can you please
? -
Oryza sativa 4 - Oryza sativa 5 - Chlamydomonas help me? [ need to remove a G-C
Difficulty Level 0 Difficulty Level 0 reinhardtii - Difficulty MasterStormer: hi
12 31628 © 100 18 28244 © 100 Level 0 MasterStormer: are you still here?
iz 22706 0 100 xx_kemi_xx12: HI
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1
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Demo!



RNA Design Rules
from a
Massive Open Laboratory

Jesse Min
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Emergence of RNA Folding Models: ViennaRNA

Hofacker et al., (2004) RNA secondary structure analysis using the Vienna RNA
package

1) Classical minimum free energy algorithm (Zuker and Stiegler., 1981)

2) Partition function algorithm (McCaskill., 1990)

3) Suboptimal folding algorithm (Wuchty et al., 1999)



A

% cat 5s.seq
> 58

UCAAUAGCGGCCACAGCAGGUGUGUCACACC CGUUCCCAUUCCGAACACGGAAGUUAAGACACCUCACGUGGAUGACGGUACUGAGGUACGCGAGUCCU
% RNAfold -p < 5s.seq > 5s.fold

RNAfold -p < 5s.seq » 5s.fold

moritz ~/TeX/CP/fig> cat 5s.fold

5s
UCAAUAGCGGCCACAGCAGGUGUGUCACACC CGUUCCCAUUCCGAACACGGAAGUUAAGACACCUCACGUGGAUGACGGUACUGAGGUACGCGAGUCCU
SIS0 R € (S { PPN 5 s {1 (SR ) W DRSS B )10 IS € o { GPRRRR ( (AA ASS GRS D) RRR D e DEA R RESO AR D HAD) bR RSy 88 [}
(AU (R O (1 o (El{eamvee oo DH b DD e OO LG G DD D)D) o [-52.08)
i 14848

frequency of mfe structure in ensemble 0.0008 0.000814848
% gv 58 ss.ps

% gv 5s_dp.ps

% mountain.pl 5s_dp.ps | xmgrace -plpe

B

Position k Hofacker et al., (2004)



Citizen Science: Massive Open Laboratory

Limitations of current approach

- Small group of professional scientists must interpret empirical data
- How about with ML and visualization tools?

Massive Open Laboratory ) : Play Now
1) Simulated molecules £ AP
2) Remote experimental pipeline Opent

3) Design RNA structures

Welcome to eterna!l
You play by designing RNAs, tiny molecules

of every cell.

http://www.eternagame.org/web/



Design Interface: Challenge Puzzles
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Lab Interface (1)

$.eterna

Solve Pt nvent Medicine

\ OpenTB
HELP CREATE A NEW WAY
TO TARGET TUBERCULOSIS

Paper Labs

Participate in amazing projects created by both Eterna players and professional scientists.
Total 11000 designs will be selected for synthesis on February 28, 2017 9:00PM PST.

! o e et [

Single-input switches, revisited ", EINando888

featured by Stanford University

As we are waiting for experiments to complete on the most recent round of player's OpenTB designs, we are taking a
refresher here and going back to some simpler, single-input puzzles. The Eterna community previously succeeded in
creating 'perfect’ switches that respond to a small drug-like molecule called flavin mononucleotide.

Now, by testing if we can get efficient switches with a larger variety of inputs -- tryptophan, arginine, theophylline -- we
can prepare for designing eventual diagnostics that could sense small molecules and drugs in the bloodstream. And
We can compare our results to prior work from expert labs on these similar problems!

Good luck! These should be much easier than openTB, so we are looking for designs from as many players as
possible. We may have a few more puzzles out in this series in early 2017.

Participate

OpenTB - Flush Stack Experiment [‘ calebgeniesse

rank #52269 (@) 2800  Logout

HOME

NEWSFEED

COMMUNITY

RESOURCES

LIVE CHAT

cynwulf28: no worries

Warren09: .boost

LinkBot:
https://docs.google.com/document/
d/1rLM72Sj8 j9Z044h71tYXQKYP
wurfXogxoL 18NXbl-8

caro9923:
http://www.eternagame.org/sites/d
efault/files/chat_screens/239236_1
484658965.png

caro9923: Hello, can you please
help me? | need to remove a G-C

MasterStorm
MasterStormer: are you still here?

xx_kemi_xx12: HI

Astromon: hi

alecpikachu:
http://www.eternagame.org/sites/d
efault/files/chat_screens/238564_1
484694237.png




Lab Interface (2)

g OpenTB josikmi
e T e r n G HELECREATE A NEW WAY k52200 @) 0 ghguout Lab info

9 . TO TARGET TUBERCULOSIS
Solve Puzzles. Invent Medicine.

Admin: EINando888
Single-input switches, revisited HOME
Research affiiation : Stanford University
As we are waiting for experiments to complete on the most recent _
round of player's OpenTB designs, we are taking a refresher here and 8
going back to some simpler, single-input puzzles. The Eterna NEWSFEED
community previously succeeded in creating ‘perfect' switches that Selection method : User Voting
respond to a small drug-like molecule called flavin mononucleotide.

Synthesis slots : 3600

Now, by testing if we can get efficient switches with a larger variety of COMMUNITY Number of your votes : 0

inputs -- tryptophan, arginine, theophylline -- we can prepare for

designing eventual diagnostics that could sense small molecules and Designs you submitted : 0
drugs in the bloodstream. And we can compare our results to prior RESOURCES

work from expert labs on these similar problems! Designs submitted : 1168

Good luck! These should be much easier than openTB, so we are
looking for designs from as many players as possible. We may have
afew more puzzles out in this series in early 2017. News from Lab Admins

Current Round
LIVE CHAT ONLINE (27)

Lab Tracker

1£28: i
Same State - Tryptophan A Exclusion - Tryptophan A Same State - Tryptophan B w:r:;""og: _Eg;;fmes

LinkBot:
A 300 4 300 A 300 https:/docs.google.com/document/

d/1rLM72Sj8_j9Z044h71tYXQKYP
wurfXogxoL 18NXbl-8

caro9923:
http://www.eternagame.org/sites/d
efault/files/chat_screens/239236 1
484658965.png

caro9923: Hello, can you please
help me? | need to remove a G-C

Accepting Ordering DNA Synthesizing Getting Data Results Posted
Submissions Template RNA
MasterStormer: hi
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Exclusion - Tryptophan B Same State - Theophylline A Exclusion - Theophylline A xx_kemi_xx12: HI
s 1 S Astromon: hi Synthesis Results
A 300 A 300 A 300 alecpikachu:

http: g glsites/d . : ;
ios/chal Sereens/23a56 1 This lab does not have synthesized designs yet.
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Remote Lab
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Lee et al., (2013)



Result Viewer

Lee et al., (2013)



Results & Rule Collections

Winners, (22 out of 34)
User Name Puzzle Title Solution Title
Eli Fisker AV[C] - DEC Rocketdog 42 mod 3

jandersonlee AV/IC] - INC jl-acinc 7061024 G53+G85 Eli
Eisker mod #MUTATE2

jandersonlee AV/[C] - INC jl-acinc 7061024 G52+U53 Eli
Fisker mod #MUTATE2

jandersonlee AV/IC] - INC jl-acinc 7061024 U52+U53 Eli
Fisker mod #MUTATE2

LN

jandersonlee AJ/[C] - INC jl-acinc 7061024 G53+U56 Eli
Fisker mod #MUTATE2

(m

jandersonlee AV/[C] - INC jl-acinc 7061024 G52+G85 Eli
Fisker mod #MUTATE2

jandersonlee AV/[C] - INC jl-acinc 7061024 U52+G53 Eli
Fisker mod #MUTATE2

joy45 BV/IC] - INC B/C INC J1

mat747 AVIC] - INC Single #MUTATE 7061024 G85 Eli 100
Fisker mod

T & HE

mat747 [AVICI - INC Sinale #MUTATE 7061024 US3 Eli 100

Review results Lab Info

-
-
-
-
-
-

Lee et al., (2013)




Puzzles (with increasing design difficulty)
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EteRNABot

A Basic Test

Clean Plot, stack caps, and safe GC

Direction of GC-pairs in multiloops + neckarea
Berex Test

Numbers of Yellow Nucleotides per Length of String
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Significance: User-created Design Rules

User-created design rules

- Player-created Guides
- Multi-loop Guides
- Negative Design Rules
- Penalties on special structures (repetitions, tetraloop similarity, and
twisted base pairs)



http://eternawiki.org/wiki/index.php5/Player-Created_Guides
http://eternawiki.org/wiki/index.php5/Player-Created_Guides
https://docs.google.com/document/d/13dHMZ6zLweRl-JHN8zviB--lxv9fM0dMc8DKcdxSprY/edit
https://docs.google.com/document/d/13dHMZ6zLweRl-JHN8zviB--lxv9fM0dMc8DKcdxSprY/edit

Significance: Feedback from Real Experiments

Previous Efforts

Year

2001

2008

2011

2012

Paper Authors
Can distributed volunteers accomplish massive data analysis tasks? Kanefsky et al.
Galaxy Zoo: The large-scale spin statistics of spiral galaxies in the Land K et al.

Sloan Digital Sky Survey
Algorithm discovery by protein folding game players Khatib F et al.

Increased Diels-Alderase activity through backbone remodeling guided | Eiben CB et al.
by Foldit players

Lee et al., (2013)

- Collectively generate and test hypotheses through actual experiments



Limitations: What is the next step?

Engineering Cost
Theoretical Explanation
More Incentive

Social Prejudice



Limitations: What is the next step?

Treuille et al., (2014) Scientific rigor through videogames

- Budget
- Career risk

- Generalization
- Schindel et al., (2005) DNA barcoding a useful tool for taxonomists
- Helmstaedter et al., (2013) Cellular-resolution connectomics: Challenges of dense neural
circuit reconstruction



Principles for Predicting RNA
Secondary Structure Design
Difficulty

Jeff Anderson-Lee, Eli Fisker, Vineet Kosarajul, Michelle Wul,
Justin Kongl, Jeehyung Leel, Minjae Leel, Mathew Zadal, Adrien
Treuillel, Rhiju Dasl, Eterna Players



Presentation Overview

o Paper Focus/Main Idea

o Difficult Structures

o Short Stems
o  Symmetry
o  Structural Motifs

o Impact
o Weaknesses



Inverse Folding Problem

e Know to be hard Image Source: Project-Team Amib: INRIA
e Unknown which Ao :

structures are tractable

e Paper set forth measures RaCESCCaeLlelde
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Research Process

e Although “RNA design rules from a massive open laboratory” was revolutionary
with 37,000 authors, the lead authors were scientists

e In “Principles for Predicting RNA Secondary Structure Design Difficulty” the lead
authors are Eterna players: the revolution continues

e Jeffrey Anderson-Lee: computer systems manager

o  “It's really a bit amusing, I guess it's stretching [the journal’s] boundaries a bit.”
e Eli Fisker: Librarian
o “When the scientist is away, the lab rat will play”



Overview

o Paper Structure/Main Idea

o Difficult Structures

o Short Stems
o  Symmetry
o  Structural Motifs

o Impact
o Weaknesses




Difficult Structures

e The paper gathers knowledge from the EteRNA player community
e Compares player input to automated design algorithm performance
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|dentifying Difficult Problems

e Player’s use problem solving, problem creation, algorithm integration and
scripting tools to test hypotheses about difficulty
e Player insight is synthesized online in community wiki: crucial to research

page || discussion edit | | history

Main Page

Welcome to the EteRNA Wiki

ain page EteRNA is a game where players become citizen scientists,
« Eterna Wiki Home working together to better understand and predict the behavior of RNA.

introduction to the game
= What is RNA?
= What is EteRNA?

resources for players

= FAQ

= EteRNA Dictionary

= Tips and Tricks

w Player-Created
Guides
Puzzle Walkthroughs
Puzzle Maker
Lab
Online Databases
Computational Tools
Educational
resources

= Script Documentation

iscellaneous

= Blogs
= Quotes and jokes

Intro

= HELP - Get started playing EteRNA

= FAQ

= EteRNA Dictionary

= LinkBot - How to summon links in chat

Resources

= Tips and Tricks

= Player-Created Guides
= Puzzle Walkthroughs
= Puzzle Maker

= Lab

= Online Databases

= Computational Tools

= Educational resources

Community

EteRNA has a great community and encourages your participation
» Code of Conduct & - Our community guidelines
= Join Groups - Find groups where common interests & goals are shared
= Eternacon - IRL gathering of players, scientists, and developers at Stanford University
= Interesting Chats - Place to record interesting chat sessions

Meetings

= Dev Chat - Share ideas to help EteRNA become better, every Friday at 12pm PST.
Weeks alternate being led by Devs and Community members.

= Stanford Lab - See Das Lab scientists present cool projects, often the first Friday of
the month at 9am PST

= EteRNA University - Review lessons from past classes, and teach or attend new ones.
Everybody has a skill or talent - share yours by teaching a class!




Short Stems

e Structures joined by short Shortie 4 Shortie 6

stems are difficult
e Multiplicity of short stems
affects free energy

5 3
Image Source: Principles for Predicting RNA D . . . . . D . . D . .

Secondary Structure Design Difficulty




Symmetry

® True symmetry is rare in naturally occurring RNA \Water Strider
structures
e Authors postulate this is due to difficulty of design

Ooooo

Image Source: Principles for Predicting RNA Secondary Structure Design Difficulty



Structural Motifs

e Player designated “zig-zags” are an example of
player discovered difficult structural motifs

e “Zig-zags” close to multi-loops cause current
design algorithms to fail

e Again, rare in nature

OO0O0O0on

Image Source: Principles for Predicting RNA Secondary Structure Design X
S Mutated Chicken Feet




Overview

o Paper Structure/Main Idea

o Difficult Structures

o Short Stems
o  Symmetry
o  Structural Motifs

o Impact
o Weaknesses
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Weaknesses

e Focus on in-silico test
e No in vitro or in vivo testing
o The authors do not include benchmark evaluation on EteRNABot, an
algorithm designed for in vitro success



Questions?



Additional Slides



https://docs.google.com/a/stanford.edu/presentation/d/1YJJ_SCzr7liyp4zKky2Iusg9t3SxLL_3e8Fi_THMcYE/edit?usp=sharing
https://docs.google.com/a/stanford.edu/presentation/d/1YJJ_SCzr7liyp4zKky2Iusg9t3SxLL_3e8Fi_THMcYE/edit?usp=sharing

