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Prediction in living systems
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Prediction in living systems

Serena hitting a ball male moths searching for females
M. Vergassola et al
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observations — probabilistic map of sources
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Prediction in living systems
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Prediction in living systems
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Viral evolution

Influenza A/H3N2

* evolution of influenza H3N2
looks linear

* one trunk driving evolution

* low diversity, strong selection
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Antigenic map

* antigenic distance =
similarity of response to
antibody sera
(hemmaglutination inhibition)

* often projected onto 2D map
(dim. reduction)
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Immune "shape space”

* shape space: space of antibodies covering all possible specificities (Segel and Perelson 1989)

* antibodies have cross-reactivities

antigens covered
by both antibodies

* low-dimensional: dimensions 5 to 8 for all antigens (Smith et al 1997)

even lower for given family of targets e.g. HA



Co-evolution model

* antibodies and antigens live in same space
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4 evolutionary trends
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Phase diagram
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Coarse grained model
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Antigenic wave

* simulations: same behaviour as agent-based model
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Population control - main wave direction

* non-constant population size — continuous negative drift Rouzine and Rozhnova 2018
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Population control - main wave direction

* non-constant population size — continuous negative drift Rouzine and Rozhnova 2018

* population size regulated by immune pressure
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* speed regulated by population size  (Neher and Hallatschek 2013)
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Shape of the wave

* comparison to simulations
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Position of the wave: effective EOM

* motion driven by fitness gradient
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Angular diffusion and persistance time
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Angular diffusion and persistance time

at large times de =+/8D (1 + (VT)_l)fj_(t)
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Predictability and splitting

can one predict where the virus is going? t>T SR \/S_D
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analytical theory of co-evolution in phenotypic space
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