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RNA structuredness of viral genomes

® Many examples of structured, functional RNAs In untranslated regions
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How to assess global RNA structuredness?

® MFE Z scores as a proxy for RNA
structuredness
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Data Set

Bal’flfnor_e Unsegmented Segmented Total

classification
ssRNA(+) 1333 373 1706
sSRNA(-) 355 1118 1473
dsRNA 73 890 963
dsDNA 714 0 714
2475 2381 4856



Structuredness coding/non-coding regions

SSRNA(+) SSRNA(-),5-3 sSRNA(-),3-5 dsRNA,5-3 dsRNA,3-5
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Structuredness coding/non-coding regions

SSRNA(+) SSRNA(-),5-3 sSRNA(-),3-5 dsRNA,5-3 dsRNA,3-5
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Structuredness coding/non-coding regions

Anhembi virus, segment L (Bunyavirus)
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ean Z score of ssKN

+) families

2.22
-2.03
GC content
0.275 0.463 0.696

Steitzviridae (GC: 0.505)
Narnaviridae (GC: 0.517)
Fiersviridae (GC: 0.494)
Mayoviridae (GC: 0.447)
Mitoviridae (GC: 0.389)
Leviviridae (GC: 0.504)
Duinviridae (GC: 0.439)
Cornidovirineae (GC: 0.394)
Marnaviridae (GC: 0.430)
Secoviridae (GC: 0.439)
Solemoviridae (GC: 0.496)
Bromoviridae (GC: 0.439)
Alvernaviridae (GC: 0.551)
Botourmiaviridae (GC: 0.514)
Nodaviridae (GC: 0.517)
Astroviridae (GC: 0.475)
Tombusviridae (GC: 0.494)
Caliciviridae (GC: 0.507)
Carmotetraviridae (GC: 0.518)
Kitaviridae (GC: 0.418)
Dicistroviridae (GC: 0.392)
Flaviviridae (GC: 0.512)
Arnidovirineae (GC: 0.509)
Picornaviridae (GC: 0.459)
Barnaviridae (GC: 0.463)
Virgaviridae (GC: 0.426)
Closteroviridae (GC: 0.406)
Alphatetraviridae (GC: 0.564)
Hepeviridae (GC: 0.544)
Tymoviridae (GC: 0.554)
Sinhaliviridae (GC: 0.515)
Nanidovirineae (GC: 0.464)
Polycipiviridae (GC: 0.375)
Benyviridae (GC: 0.413)
Potyviridae (GC: 0.424)
Iflaviridae (GC: 0.393)
Mesnidovirineae (GC: 0.388)
Ronidovirineae (GC: 0.451)
Alphaflexiviridae (GC: 0.501)
Endornaviridae (GC: 0.408)
Betaflexiviridae (GC: 0.440)
Togaviridae (GC: 0.507)
Tornidovirineae (GC: 0.402)
Matonaviridae (GC: 0.696)
Solinviviridae (GC: 0.355)
Deltaflexiviridae (GC: 0.535)
Monidovirineae (GC: 0.275)

-2.0 -1.5 -1.0
Mean Z score
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Maturation protein Maturation protein

Phage example [sSRNA(+)]

https://viralzone.expasy.org/163

Viruses|Orthornavirae|LenarviricotalLeviviricetes|Norzivirales|Fiersviridae|Enterobacteria phage M

lys
lys
mat =
mat rep

‘plasmid-specific’ phage; only infects bacteria that have conjugative plasmids of incompatibility group M by adsorbing to the plasmid-encoded pili
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https://viralzone.expasy.org/163

Nucleoprotein (N)

Transcription

VIRION factor VP30

Sudan ebolavirus
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https://viralzone.expasy.org/207

A & Q Q Q A
Reston ebolavirus Q’Q@ @ é’bo Q{& %QQ /\é
TAFV | 0.678 0.603 0.634 0.598 0.596 1 .
Bombali ebolavirus suov | 0.597 0.578 0.6 0.594 1 mRNA editing
RESTV — 0.597 0.582 0.602 1 E
sGFf
Zaire ebolavirus (-) strand RNA genome
- 0633 0605 1 nucleotide identity GP] GP2
BOMV 0.602 1 = '
Tai Forest ebolavirus 3-OH—{ NP |vp35{vpd0isGP jr—vp30Hwp24{ L 5
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Trailer

© ViralZone 2017

Delta peptide
Cleavages by host fu rln Swiss Institute of Bioinformatics

Bundibugyo ebolavirus

0.2
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Mean_z

Eoolavirus example [ssRNA

Sudan ebolavirus

Reston ebolavirus

(-) strand RNA genome
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Leader
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Transcription
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Polymerase A\ ' &
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Polymerase (L)
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JmRNA editing
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© ViralZone 2017
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All densities Ebolavirus, wlen 100
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leader region=

Mean Z score

Ebolavirus example [ssRNA(-)

RNALfold (filtered for z=-2) with Mean Z, wlenl00 - Zaire ebolavirus
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Structuredness of gene start regions

Are they accessible”?
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Structuredness of gene start regions

/ score vs. opening energy around gene start

Flaviviridae
Alphaflexiviridae
Deltaflexiviridae
Betaflexiviridae
Gammaflexiviridae
Tymoviridae
Bromoviridae
Closteroviridae
Endornaviridae

Tornidovirineae
Cornidovirineae
Nanidovirineae
Monidovirineae
Polycipiviridae
Marnaviridae
Picornaviridae
Solinviviridae
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Structuredness of gene start regions
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Opening Energy

Structuredness of gene start regions

Z score vs. opening energy CDS +30nt

Flaviviridae

Tornidovirineae

@ @
30 A © Alphaflexiviridae @ Cornidovirineae
o @ Deltaflexiviridae @ Nanidovirineae
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© Gammaflexiviridae @ Polycipiviridae
© Tymoviridae @ Marnaviridae
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Structuredness of gene start regions
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RNA(-) 5'-3’

Yueviridae
Qinviridae
Myriaviridae
Natareviridae
Chuviridae
Aliusviridae
Pneumoviridae
Mymonaviridae
Paramyxoviridae
Xinmoviridae
Filoviridae
Bornaviridae
Nyamiviridae
Sunviridae
Rhabdoviridae

Lispiviridae
Artoviridae
Orthomyxoviridae
Hantaviridae
Mypoviridae
Arenaviridae
Phasmaviridae
Nairoviridae
Phenuiviridae
Leishbuviridae
Fimoviridae
Cruliviridae
Peribunyaviridae
Tospoviridae
Wupedeviridae

—4

Mean Z score of interval around CDS+30
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VWhere we are

® \/iruses differ in their RNA structuredness;
many viruses are more structured than
expected

o GC content is not always a proxy for RNA
structuredness

® Some viruses achieve high structuredness
despite low GC content

22

1he next steps

® Analyse structuredness of human mRNAS

® Assess the impact of codon usage bias on
RNA structuredness

® Synbio: Study the impact of alternative
genetic codes on RNA structuredness




Acknowleagements

TBI Vienna Auburn University
Teodora Bucaciuc Mracica Joanna Sztuba-Solinska
vO Hofacker
Ronny Lorenz University of Lethbridge

Trushar Patel

Boston University University of Leipzig

—lke Muhlberger Mario Mol

o SR - S
michaelwolfinger.com @mtwolfinger m LVO}\G/%I'SI’[&’[


https://twitter.com/mtwolfinger
http://www.univie.ac.at
http://www.tbi.univie.ac.at
https://michaelwolfinger.com

