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RNA Background

* Messenger RNA (mMRNA)
* Transfer RNA (tRNA)

growing peptide chain

W~ incoming tRNA
® AR bound to amino acid
outgoing .
empty tRNA N C ¢
tRNA | tRNA
\ UUU|CUA
VAVAVAWAVAY

UGGAAAUGGAAAGAUUUCAAAUGGUUCAAA
messenger RNA

ribosome

Peptide Synthesis



RNA Background

* Messenger RNA (mRNA)
* Transfer RNA (tRNA)
* Ribosomal RNA (rRNA)

protein

ribosome

ribosomal RNA
(rRNA)



aminoacid

RNA Background ——g
messenger RNA ribosomal RNA transfer RNA
* Messenger RNA (mRNA) (MRNA) (rRNA) (tRNA)

* Transfer RNA (tRNA)
* Ribosomal RNA (rRNA)



TYPES OFRNA
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TYPESOFRNA

RMAsz involved in protein synthesis o
Type » Abbr. * Function # | Dig*—temtinm o [ Maf o LDALA sl = ::
Regulatory RMAs = : ———
Messenger RMA mRMA Codes for protein All Type . Abbr. s Function
Fubosomal RHA rRNA Transiation Al aRMA, Transcriptional attenuation  mRMA degr

Antisense RNA e — =

Signal recognifion particle RMA | TSL RNA or SRP RMA | Membrane integration All azsRMA stabilization / Translation block B
Transfer RMNA tRMA Trans=lation All ' | Cis-natural antisense = =
- - ) - cis-MNAT Gene regulation
Transfer-messenger RMNA tmRMA Rescuing stalled ribosomes | Bar | transcript
| Q. P — S .-
= - . i - 3 p———
RMNAs involved in post-transcriptional modification or DNA replication LpE sl UL JEE TR O E R F ST ] s
Type ¢ Abbr. ¢ Function ¢ Distrib Long nomcoding RMA IncRMA Regulation of gene transcriplion, epigen
Small nuclear RMA snEMA Splicing and other funclions Eukaryotes 2 | pricroRMA miRMA, Gene regulation — =
Small nucleolar RMA snoRMA Mucleofide modification of RMAS Eukaryotes 2 Piwi-interacting RNA piRNA T e e _ - ::_
SmY RMA Sy mRMNA tranS-SpliEil‘lg Mematodes small iI'ItEFfEI'iI'I-;I RMA SiRMA Gene rwulatinn = -
Small Cajal body-specific RNA Type of snoRNA; Murlantida mncdifiration of - - = - —- - - - [
sca iti =
RNA RNAs Parasitic RNAs -
Type ¢+ | Function e Diztribution .
Guide RNA gRMA mARMNA nucleotide Zalf-
Retrotransposon . Eukaryotes and some baclena
: . propagating
Ribonuclease P RMase P tRMNA maturation
) Information Double-siranded RMA viruses, positive-sense RMNA viruses, negative-sense RMA
_ RMase ) Viral genome . . L o . —
Ribonuclease MRP MRP rRMA maturation carner viruses, many satellite viruses and reverse franscribing viruses -
o Self- —_
Y RMNA RMA processing, Viroid . Infected plants —ee
propagating
Telomerase RMA Component | TERC Telomere synthe: Self
. El1-
Spliced Leader RNA SLRNA | mRNAtranssplic | SSElERNA - ating | Teced cells
Other RNAs =
Type | Abbr. + Function + | Distribution * | Ref. S
Vault RNA | vRMA, vIRNA | Expulsion of xencbiotics {conjectured) [24]
GlycoRMA | - Unknown



Motivation




Motivation

e RNA function tied to structure




Motivation

e RNA function tied to structure

e Advancementsin science




Motivation

e RNA function tied to structure
* Advancementsin science

e Advancements in medicine
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Nucleotides break down into three key
elements

* Aromatic nitrogenous bases
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RNA: A closer look

Nucleotides break down into three key
elements

* Aromatic nitrogenous bases

* Ribose sugarrings
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RNA: A closer look

Nucleotides break down into three key
elements

* Aromatic nitrogenous bases
* Ribose sugarrings

* Phosphate groups
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RNA: A closer look

Nucleotides break down into three key
elements

* Aromatic nitrogenous bases
* Ribose sugarrings

* Phosphate groups
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RNA is structurally determined by
interactions

* Base pairing hydrogen bonds
* Sugar-base stacking
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RNA 3D
Structure

Prediction

Early Attempts
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RNA 3D
Structure

Prediction

* First beganin 1960

Early Attempts

* “in silico”
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Homology
Modeling
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Fragment-based
Assembly

* MC-Fold/MC-Sym
* Assemble

* RNAComposer
 3dRNA
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RNA-Puzzles:
Evaluating RNA
Structure Predictions

* Launched in 2010
* 38 challenges

e 2 projects




RNA-Puzzles:
Evaluating RNA
Structure Predictions

« Compared against reference
structure

* Several similarity metrics
* |nteraction Network Fidelity (INF)
* INF-WC

e RNA-Puzzles




12 Years of
Challenges

* INF-WC:0.75-1.0
* INF-NWC:~0
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CASP
Recap

« CASP launched (1994)

* Fully automatic web-
server prediction (2000)

* AlphaFold enters (2020)
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Figure 3. Numbers of ENA and protein structure predictions made in
RNA-Puzzles and CASP competitions The solid lines represent the num-
bers of groups competing in CASP and RNA-Puzzles; the dashed lines are
for the number of protein/RNA targets From 2010 1o 2021, RNAS were
predicted only in RNA-Puzzles and in 2022, CASP included also RNA tar-
gets, which is responsible for the recent spike in targets and groups involved
in 3D BNA structure prediction.



CASP-RNA

e RNA Puzzles web server
(2015)

* Deep learning models
(2022)

« CASP-RNA (2022)
* 42 groups
* 12 RNA sequences

e 18teams used DL
models

* DeepFoldRNA

* RhoFold

* trRosettaRNA

e OpenComplexRNA

* Top 4 were non-ML







Low Quality and Quantity

Table 1.  Numbers ol all PDB-released structures (%) and residues in X-ray and cryo-EM structures (**) with high resolution (<2.0 .i]- over decades. In
the first column, amino acids are abbreviated as AAs, and nucleotdes as nts

<1980 19811990 19912000 2001-2010 2011-2022 Total % of the total
Proteins (* 78 634 12 121 43 205 108 677 164 715 91.57
AAs <20 A (**) 5050 45 236 | 609 401 11 350 238 28 513 777 41 563 702 99,78
RNA (*) _ 2 23 306 1392 4488 6211 3.45
RNA nts <20 A (**) 0 0 1270 5974 26 921 34 165 0.08
DNA (*) ) 1 0] 1061 2009 5800 8962 498
DNA nts <2.0 A 0 238 5430 15 730 18 107 59 505 0.14




Complexity of
RNA
Architecture

AISP:7.7A

* A-form antiparallel double helix is the easiest
* RNA junctions are complex and challenging
* Scarce data for non-Watson-Crick base pairs

* |Inter-/Intra-molecular interactions




Limited
Sequence and
Alignment
Data
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Figure 5. Rfam versus Pfam alignments compared based on (A) a number
of sequences, (B) a number of columns and (C) the average pairwise percent
wdentity for each family. The points on the plots indicate the mean, and the
vertical bars indicate the standard deviation.



Challenges with

use of RNA
Alighments

1) Rfam construction is expensive
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Figure 5. Rfam versus Pfam alignments compared based on (A) a number
of sequences, (B) a number of columns and (C) the average pairwise percent
wdentity for each family. The points on the plots indicate the mean, and the
vertical bars indicate the standard deviation.



Challenges with

use of RNA
Alighments

1) Rfam construction is expensive

2) RNA alignments are smaller
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Figure 5. Rfam versus Pfam alignments compared based on (A) a number
of sequences, (B) a number of columns and (C) the average pairwise percent
wdentity for each family. The points on the plots indicate the mean, and the
vertical bars indicate the standard deviation.
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Challenges with
use of RNA

Alighments

1) Rfam construction is expensive
2) RNA alignments are smaller
3) Rfam has global biases

4) Inconsistency with NWC base
pairs
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Challenges with use of RNA Alighments

1) Rfam construction is expensive
2) RNA alignments are smaller
3) Rfam has global biases
4) Inconsistency with NWC base pairs
5) Secondary structure representation

6) Lack of pseudoknots



The Future
RNA

Prediction

Landscape




Speculations

AlphaFold took 50 years

AlphaFold trained on 170,000
proteins

Pfam has 19,632 alignments
Rfam will have 19,000 in 70 years




Improvements

RNA motifs and global structures

More research on molecular
interactions

Improved benchmarking
Improved MSA

Consistent annotation of RNA
families

Incorporation of new technologies




Call to Action




Thank You!
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