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Origins of HIV
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Zoonosis of SIV/HIV-1
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Disease progression
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Drug targets
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Fusion inhibitors

Reverse transcriptase inhibitors
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Integrase inhibitors
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Genome and drug resistance
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B 27,672 9,557 25,469 29,800 3,840 191
A 4,672 262 3,849 1,285 337 1
C 10,391 1,208 8,623 7,774 1,154 2
D 1,751 299 1,319 778 138 6
F 1,105 1,526 723 732 228 4
G 1,570 339 1,577 2,003 152 1
CRFO01_AE 6,021 186 5,638 3,852 1,121 1
CRF02_AG 4,217 215 2,906 1,779 548 2
Other 1,617 261 1,957 3,063 237

Total 59,016 13,853 51,961 51,066 7,755 208

Image: https://en.wikipedia.org/wiki/HIV_genome#mediaviewer/File:HIV-genome.png
Shafer RW(2006). Rationale and Uses of a Public HIV Drug-Resistance Database. Journal of Infectious Diseases 194 Suppl 1:S51-8



Drug resistance
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HIV and the iImmune system

CD4+ (infected cell) The virus changes
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« MHC molecules present 8-10aa peptide

CD8+ (killer cell)

« Which peptides are presented depends on the HLA genotype

« HIV avoids presentation by adapting to the HLA genotype Image: pasteur.fr



Modeling of the virus population
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CTL escape
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Inferring CTL escape rates
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Inferring CTL escape rates
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 additive model for growth rate
« each locus parametrized by escape rate & establishment time

« maximize the likelihood of the sample

Kessinger, Perelson, RN. Frontiers in Immunology



CTL escape rates
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Estimating CTL escape rates
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HIV infection
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HIV vs S. aureus evolution
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Recombination in HIV

Template switching during reverse transcription: 3-10 times (Levy et al, 2004)



Recombination in HIV
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Synonymous and nonsynonymous mutations
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* neutral mutations spread by chance:
fixation probability == frequency
» deleterious mutations disappear

* beneficial mutations spread

Fabio Zanini, RN, J Virology, 2013
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Fixation probability
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RNA structure
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Synonymous mutations break RNA structures

Mutations that fix are not part of Simulations: most synonymous
RNA structures. sites are weakly deleterious
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Fabio Zanini, RN, J Virology, 2013



Population genetic models
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Neutral coalescence

Any pair of lineages merges independently — simply predictions for diversity
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Adapting populations
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Stochastic at the high fithess tail:
« Similar to stochastic FKPP, see work by Kessler, Levine et al

« But: No deterministic limit. Velocity grows without bounds as N grows
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Coalescence in adapting populations

X, Branching process approximation:
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n;
Does a sample (blue dots) have a common ancestor T generations ago?
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All other merger rates also suggest a Bolthausen-Sznitman coalescent

Brunet et al, PRE, 2007, RN and Hallatschek, 2013



Coalescence in adapting populations
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Coalescence by selection

« universal: many selected mutations — same tree statistics

adaptive evolution deleterious mutation
selection balance

fithess fitness




Coalescence by selection

« universal: many selected mutations — same tree statistics

adaptive evolution deleterious mutation
selection balance

NN

fitness fitness

» explicit predictions for observable quantities (allele frequency spectra)
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Coalescence by selection

« universal: many selected mutations — same tree statistics

adaptive evolution deleterious mutation
selection balance

NN
fitness fitness

» explicit predictions for observable quantities (allele frequency spectra)
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« extension to sexual species: recombination and linkage blocks
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chromosome ' & ' RN, Kessinger, Shraiman, PNAS, 2013



From neutral to strong selection
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Summary

RNA viruses sample every single mutation, many double mutations

Coevolution with the immune system
- CTL escape: few sites — largely idiosyncratic

- antibody escape: many mutations — statistical patterns

Theory of adaptation
- tractable coalescence model — verifiable predictions for diversity

Predict influenza evolution - next week
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