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Given a target sequence, predict its 2D structure
GGGAAGAUAUAAUCCUAA
UGAUAUGGUUUGGGAGUU
UCUACCAAGAGCCUUAAA
CUCUUGAUUAUCUUCCC s
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_ RNA 2D sequence design

Given target 2D structure, predict a sequence that folds
to form that structure
GGGAAGAUAUAAUCCUAA
UGAUAUGGUUUGGGAGUU A,
UCUACCAAGAGCCUUAAA s

CUCUUGAUUAUCUUCCC

International Institute of Molecular and Cell Biology in Warsaw
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RNA Design — brute force?

Brute force approach — 4U*6P?2 for an RNA having
u unpaired and p paired residues ...

(.....)) nt=10,u=6,p =4

No. of possible sequences = 147456

((((...((...))--))) nt=22,u=10,p=12

No. of possible sequences = 4.9810 111
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EteRNA benchmark
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I RNA Design — existing methods -
limitations

* No pseudoknots

* No multimer design

* Not checking for oligomerization
* No temperature dependency

* No alternative structures

* No ,natural” sequences

International Institute of Molecular and Cell Biology in Warsaw
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DesiRNA — 2D design
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DesiRNA — algorithm for secondary structure design

* use both positive and negative design

« an algorithm which maximizes the appearance

of the target secondary structure in the thermodynamic ensemble
« consider oligomerization (monomers vs homooligomers)

« designs alternative structures

GGGAAGAUA
UAAUCCUAA
UGAUAUGGU
UUGGGAGUU
UCUACCAAG
AGCCUUAAA
CUCUUGAUU
AUCUUCCC
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DesiRNA - algorithm
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1 2 34 56
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1 2 34 56 1 2 34 56
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!Alternative structures— graph coloring

1 2 34 56 1 2 34 56

In alternative structures sequence design the graphs have to be
,bipartite” (node of one color can be only connected to nodes
of the second color)
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_ DesiRNA — scoring functions

Ed-Epf: Energy of the desired structure (Ed) minus free energy
of the thermodynamic ensemble (Epf)

1
—xEd—E

s = exp| -

pf]

Ed-MFE: Energy of the desired structure (Ed) minus Minimum Free Energy (MFE)
1-MCC: One minus Matthews Correlation Coefficient (MCC).

sin_Epf: Sequence Length Normalized Epf.

1-precision: One minus precision (TP/(TP+FP)).

1-recall: One minus recall (TP/(TP+FN)).

Edef: deviation of the RNA secondary structure ensemble from the target structure, normalized by

sequence length

20
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DesiRNA

rv\ﬂ\
Yoxs’ * Design single chain RNA SR
* Design multimeric RNA NEREERE

« Various types of constraints:

Structure CCCCCC CCCCCC D IMMMMN)
Sequence GAUUANNNNAAGCAGUNNNNUCCANNNNN

. CCCCCC CCCCCC D IMMMMN)
Alternative structures CCCCCC (e, 1339)))
Pseudoknots CCCCLD- CCCCCCTT MM NN

Oligomerization

Homo/ Heterodimers

Prevented
ACGU%

patterns AAAA, GNRA, GGGC

« BONUS: It is extremely fast and lightweight!

21
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EteRNA benchmark - results
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Image:

EteRNA benchmark - results

EteRNA benchmark

N. Badepally

== 1 minute
== 1 hour
== 24 hours
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The performance

DesiRNA
time

E100 V1 | E100 V2

60s 90 85
1h 95 95
24h 100 97
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A

Models: Naeim

A
G

C

C

Alternative structures

52% VS 22%

A
// (Of the 5% best scored models from SImRNA simulation)
cC s

G s
G s
U
C
U

C
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l Homodimer vs homonomer

ZANA
P N
R0 A B on g
N—A C A U—Aa
C A
oy o —E
\_\Aﬂ _ H—N G—C c—aG
o N—N
Ne—N N—N C—G U—A
N—H —C A—U
A _HCN —c A C —c
N A:m _CC A:g
NN N GC G
N N—A Co U—A
Cu_~A C— C A c—
H H—N c— U—A
N—N N—N G—C A—U
NN - c—¢ °Te
A C A—N A_UC A—U
N —N A —C
N N A A

RNA-II
structure
Mom19-| Mom19-1| 553 ID:
98.675% of best 100% of best
scored models scored models

) . 27
Models: Naeim International Institute of Molecular and Cell Biology in Warsaw




Pseudoknotted structure - glmS
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l Pseudoknotted structure - FSE
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GitHub

https://github.com/fryzjergda/DesiRNA

[I] README  3[2 Apache-2.0 license

DesiRNA

DesiRNA is a state-of-the-art RNA sequence design tool, that stands out for its speed, lightweight nature, ease of
installation, and user-friendly interface.

python 3.6 Pythontested 3.9.x | 3.8.x | 3.7.x | 3.6.x build ‘passing
repo status M last commit fmarch’| License Apache 2.0

installable via ‘Conda

Features

¢ Super Fast: Utilizes Replica Exchange Monte Carlo for efficient computations.
e Installation: Simple to install and requires only Python3.

¢ Versatile Design Capabilities:
C cl U



https://github.com/fryzjergda/DesiRNA
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Conclusions

DesiRNA works like a charm

The only method that solves the whole Eterna benchmark
Extremely fast and lightweight

User-friendly, easy to install

Good documentation

Alternative structures design, negative design, homodimer/monomer

design — and more!
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Thank you!
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