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The World's Deadliest Animals

Number of people killed by animals, 2015
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Chikungunya Virus (CHIKV)

® Family /ogaviridae / genus Alphavirus; mosquito-borne (Aedes spp.)

® Single-stranded (+) sense RNA virus

® “Chikungunya” (Makonde language): “Disease that bend up the joints”

® Chikungunya fever: febrile iliness, arthralgia, rash, rarely causes hemorrhagic complications

® Enzootic In tropical and subtropical regions of Africa
® [irst outbreak described 1952 In Tanzania

® NoO vaccine available
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Alphavirus Genome Organization

Alphavirus genomic RNA

Non-structural polyprotein Structural polyprotein
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e Non-segmented, single-stranded, (+)-sense RNA genomes of 11-12kB length

e Capped and polyadenylated

o AV genomes appear to host cells as mRNA for immediate translation upon entry into the cytoplasm



Part I: Phylogeograpny



CHIKV Epidemic Spre
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CHIKV Phylogeography ECSA-IOL
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CHIKV Phylogeography ECSA-MASA
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Part |l: Conserved ncRNASs



Conserved RNAs in Viral UTR: ZIKV @

SL1 SL2 WDB DB 3'-SL




Conserved RNAs in Viral 3’'UTR: ZIKV
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SL1 SL2 WDB DB 3'-SL

e Accumulation of short flavivirus RNA (sfRNA) upon infection

e Stable decay intermediates produced by partial exoribonuclease degradation

o Xrn1 is efficiently stalled at conserved xrRNA structures
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Conserved RNAS N Viral 3UTR
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e Accumulation of short flavivirus RNA (sfRNA) upon infection

e Stable decay intermediates produced by partial exoribonuclease degradation

o Xrn1 is efficiently stalled at conserved xrBNA structures
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Conserved RNAS N Viral 3UTR
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P Yv '-r-"r'}

SfRNA mediates
3 pathogenicity !

€

>

‘ 5' 3

e Accumulation of short flavivirus RNA (sfRNA) upon infection

e Stable decay intermediates produced by partial exoribonuclease degradation

o Xrn1 is efficiently stalled at conserved xrBNA structures
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Conserved RNAs in Viral 3UTR

SLA SLB DB1
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e Accumulation of short flavivirus RNA (sfRNA) upon infection

How to find them?

e Stable decay intermediates produced by partial exoribonuclease degradation

o Xrn1 is efficiently stalled at conserved xrBNA structures
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Conserved RNAs in Viral 3UTR
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RNA Covariation as Evolutionary Trait

® High mutation rate in RNA viruses due to error-prone RdRP

® [or base parr (i,)): GC/CG/AU/UA/GU/UG
® (Consistent mutation: different standard combinations

e Compensatory mutation: both positions are mutated

® Presence of both strongly supports predicted base pair (i,))
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RNA Covariation as Evolutionary Trait

® High mutation rate in RNA viruses due to error-prone RdRP

® [-or base parr (i,)): GC/CG/AU/UA/GU/UG
® Consistent mutation: different standard combinations

e Compensatory mutation: both positions are mutated

® Presence of both strongly supports predicted base pair (i,j) T
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RNA Covariation as Evolutionary Trait
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RNA Covariation as Evolutionary Trait
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RNA Covariation as Evolutionary Trait
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RNA Covariation as Evolutionary Trait
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RNA Covariation as Evolutionary Trait
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RNA Covariation as Evolutionary Trait
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RNA Covariation as Evolutionary Trait
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RNA Covariation as Evolutionary Trait
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RNA Covariation as Evolutionary Trait
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RNA Covariation as Evolutionary Trait
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RNA Covariation as Evolutionary Trait
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CHIKV 3'UTR: Sequence Repeats

/A poly (A)

/A poly (A)

/A poly (A)

v e N /N poly (A)

/N poly (A)
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GET + SAG
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Repeat Sequence

Pfeffer et al., Virology (1998)
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CHIKV 3'UTR: Sequence Repeats

A\ poly (A)
SF-
type A\ poly (A)
/A poly (A)
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Pfeffer et al., Virology (1998)
Repeat Sequence

—lements (RSE

Chen et al., PLoS Pathog. (2013)
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CHIKV 3'UTR: Sequence Repeats

Peffer et al., Viro

Repeat Segu

ogy (1998)
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—lements (

Do they form RNA structures ?
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Chen et al., PLoS Pathog.(2013)
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CHIKV 3'UTR

e ECSA-IOL

....................... ECSA-MASA

{AU L-Am
AUL-As

—--AUL-Cbn

110 full length CHIKV 3’'UTRs
Variable length (510Nt — 930nt)

Structural alignments + Covariance models

Thermodynamic modelling based on Vienna

SNA

34
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Conserved RNA Structures
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CGGAAGAGAUGUAGGUACUUAAGCUUCUUAAAAGCAGCCGAACUCACUUUGAGAUGUAGGCAUAGCAUACCGAACUCUUCCA

Conserved RNA Structures

CHIKV 3'UTR
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CHIKV 3'UTR: Conserved RNA Structures
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CHIKV 3'UTR: Conserved RNA Structures
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CHIKV 3’'UTR: Conserved RNA Elements
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CHIKV-Cbn Accessibility
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CHIKV 3’'UTR Overview
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summary

® | ineage-specific non-coding

RNA architecture
® Conclusive mapping of
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=S to structured and unstructured regions

o CHIKV 3'UT

® [ndividual lineages show varied replication potential in mosquito / vertebrate cells

R stem-loops do not stall exoribonucleases

® A-rich unstructured repeats are likely sponge
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RNA-binding proteins like Hu
RNAS are encoded needs 1o be established
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