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Slowly evolving populations
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Slowly evolving populations
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Slowly evolving populations
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evolutionary processes « statistics of trees <~ patterns of genetic diversity

— time resolved data allows direct observation
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Rapidly evolving populations

Influenza H3N2: 2003-2005

Date aics
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RNA viruses evolve 10° times than eukaryotes

— direct observation of the dynamics
— good understanding of the phenotype
- HIV and influenza viruses




History of HIV
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HIV-1 infection and immune selection
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 rapid evolution facilitates chronic infection
« paradigmatic example of host-parasite co-evolution
» can be studied in exquisite detall

Image: wikipedia
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Sequencing of serial HIV-1 RNA samples
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Sequencing of serial HIV-1 RNA samples
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Sequencing of serial HIV-1 RNA samples
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The dynamics of mutations
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What is an appropriate model?

108 All patients, all fragments
107 NN T .| e—e HIV, depth >= 500 | -
Q [ : : : . ]
N : | | - | = Bolthausen Sznitman ]
< — Kingman
~10° | ; -
g 5
% |
2 |
S 10° b : :
o :
O :
Il ;
by :
@ 10 b i ;
Q :
2 5
) :
L |

103 b R TATEe |

102 L . ol L R | . L l L L . I

10 102 10" 0.5 1-10" 1-102 1-10

derived allele frequency



Why does it look like Bolthausen-Sznitman?

A large fraction of genetic variation is under selection
— there is a broad fitness distribution
— successful parents have successful offspring
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Coalescence with selection
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Coalescence with selection
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Coalescence with selection
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Coalescence with selection

&Z; Branching process approximation:

T P(n|xi, 7)

RN and Hallatschek, PNAS, 2013



Coalescence with selection

&Z; Branching process approximation:

T P(n|xi, 7)
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Does a sample (blue dots) have a common ancestor tau generations ago?
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All other merger rates also suggest a Bolthausen-Sznitman coalescent

RN and Hallatschek, PNAS, 2013



Allele frequency spectra
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Genetic diversity in adapting populations
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Continuous cross-over from neutral to strongly selected
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Continuous cross-over from neutral to strongly selected
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Continuous cross-over from neutral to strongly selected
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Extension to recombining populations
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Site frequency spectra
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Phylogenetic trees In different regions
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Recombination facilitates adaptation
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Constrasting behavior:
* Non-synonymous diversity is low, region specific rate of evolution
« Synonymous diversity keeps increasing, rate is identical across regions

« Synonymous diversity is inversely related to non-synonymous divergence



Recombination facilitates adaptation
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Predicting Influenza evolution?

 the virus changes its antigenic properties

« vaccines need frequent updates

date cutoff = 2008-08-31 ) nodes past this date will appear gre) Lo



Predicting Influenza evolution?

date cutoff = 2015-02-12 ()} nodes past this date will appear gre) dasel,



Predicting Influenza evolution?

Best pick for new vaccine!

present
Given the branching pattern, can we

 predict fithess?
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Fithess can be inferred from trees
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Fithess can be inferred from trees
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Fithess can be inferred from trees
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High fithess corresponds to local bursts

At short times: /da: g(gj,t|y’t’) ~ Y(t—t")

2
- the product of propagators and prior: ~~ eYT—y"/2



High fitness corresponds to local bursts

At short times: /da: g(gj,t|y’t’) ~ Y(t—t")

a2
—————= the product of propagators and prior: ~ e¥? Y /2

LBl = local tree length
weighted by distance

1A



RN, Russell, Shraiman. eLife, 2014

http://flu.tuebingen.mpg.de

| reset |

date cutoff = 2008-08-31 =) nodes past this date will appear grey.



RN, Russell, Shraiman. eLife, 2014
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Past evolution of influenza A/H3NZ2 is predictable
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* requires only tree as input: generally applicable
— emerging diseases

— cancer cell populations



nextflu

Real-time tracking of seasonal influenza
H3N2 virus evolution in humans
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with Trevor Bedford, available at nextflu.org
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Real-time tracking of seasonal influenza
H3N2 virus evolution in humans
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Summary

« HIV-1 evolution can be followed in exquisite detalil

* RNA virus evolution is driven by ubiquitous selection

« Genealogies share properties with the Bolthausen-Sznitman coalescent
* Fitness can be inferred from trees

 Influenza evolution is predictable

» Browser-based tools to integrate information
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