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CCR5A32 deletion confers
resistance to HIV infection

Liu et al. (1996, Cell)
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Adjusted (for age and sex) r=0.206, P = 0.030.
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Transmission couple

data problem
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* Very little data on transmission chains!

» Infections outside the couple

« Cannot control for within-host evolution

Hollingsworth et al. (2010, PLoS Path)
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Transmission chain & phylogeny
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Phylogeny of infections
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Do patients close In
the phylogeny have
similar trait values?
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Low variance in contrasts indicates that infections
close in the phylogeny have similar traits

This measure is known as phylogenetic signal

Phylogeny explains trait distribution assuming
brownian motion evolution

Genetic heritability can be inferred from
phylogenetic signal using ABC methods
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Low variance in contrasts indicates that infections
close in the phylogeny have similar traits

This measure is known as phylogenetic signal

Phylogeny explains trait distribution assuming

brownian motion evolution

Genetic heritability can be inferred from
phylogenetic signal using ABC methods

15&8@88&& - B
4
:

Blomberg's K

15

10

o—

Power

00 02 04 06 08 1.0

EEEEEEEEEE

l

T T T T T T
00 02 04 06 08 1.0

h2

T T |
00 02 04 06 08 1.0

h2

= d=1
. —1— high signal

|

7

%

1

t

Q F
I ¢
b 8

0.7

low signal d=0.2

Freckleton et al. (2002, Am Nat)
Blomberg et al. (2003, Evolution)
Shirreff et al. (2013, EMPH)



Set-point virus load is partly ‘heritable’
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Set-point virus load is partly ‘he

ritable’

N couples Heritability Study (reference) Country, subtype(s) Adjustments
97 36% (6 to 66%) Hollingsworth et al. (17) | Uganda, mostly A, D, and recombinants | Age, sex, subtype, symptomatic genital
ulcer disease (GUD)
Age, sex, subtype, sexually transmitted
141 44% (19 to 69%) Lingappa et al. (18) Partners in Prevention (14 sites in East infection, GUP: circumcision, hormonal
and Southern Africa), diverse subtypes contraceptive use, source partner
characteristics
195 26% (8 to 44%) Yue et al. (19) Zambia, mostly C o e e e
partners
Overall summary
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Fraser et al. (2014, Science)
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Why shouldn’t HIV virulence be ‘heritable’?
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Why shouldn’t HIV virulence
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1) Rugged fitness landscape?

Virulence evolution is
slow due to strong
(epistatic) constraints

Hinkley et al. (2011, Nat Genet)



(b) Influx of
resting cells
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More virulent strains are less competitive

(they pay a cost to activate target cells that
benefit to all strains)
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3) Within-host evolution Is a ‘dead-end’
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3) Within-host evolution is a ‘dead-end’
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3) Within-host evolution is a ‘dead-end’
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Virulence is (partly) heritable, it affects infection fitness...

How does it evolve?



1) More virulent strains are more competitive WH

2) More virulent strains are more transmitted
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2) More virulent strains are more transmitted



Variablility of set-point virus load
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Benefit: virulence
Increases
transmission rate

—ffect on infection fitness
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HIV virulence evolution (Switzerland)
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HIV virulence evolution (USA)
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HIV virulence evolution and HAA
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In summary...

HIV virulence is partly ‘heritable’ from one infection to the next

3 explanatory hypotheses: the WH fithess landscape is rugged, virulent
strains are less competitive, within-host evolution is a ‘dead-end’

Immunosuppression can favor more virulent strains

HIV-1 virulence seems adaptive for the virus (increased transmission)

Is the evolution towards the ESS affected by public health policies?
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Coinfection, Immunosuppression and virulence
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All three together...

Transmission \

T Initial infection,
of virus to new host WMn Within-host adaptation
. - in virulence is slow due
‘ J \ to within-host trade-offs,
or rugged fitness landscape
Viral life cycle expansign

@ Mechanism 2

Systemic infection + replication in body compartments
(gut, lymphatic tissues, spleen, brain, genital tract...)

Lymphyioges:

Transmission

Within-host adaptation is

i : | ’ nearly neutral with respect
- A~ to traits that determine set-
o ‘ % point viral load

Virus stored in

reservoir of stable @ Mechanism 3
integrated provirus — — Acute infection,
in long-lived 4 genotype of initial
resting T cells virus influences set-
point viral load
Uncertainty
around which Preferential
virus is transmitted transmission Within-host
of stored viruses adaptation is
Storage of mostly an
\ viruses in long- evolutionary
lived memory dead end
CD4 T cells

Fraser et al. (2014, Science)
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K (Blomberg et al. 2003, Evolution)

- K is based on the MSE (or on the
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variance in 1C) ’ n—1
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derived from the phylogeny (MSE)
MSE 1
- The ratio is a function of V, the Y — tr(V) — "
. . . MSE n-—1 Yy vl
variance-covariance matrix



K (Blomberg et al. 2003, Evolution)

- K is based on the MSE (or on the

- . MSE( =
variance in 1C) n—1
+ The amount of phylogenetic signal (U—a)T (U—a) U =DX
IS given by the ratio between MSE MSE = : .
from data points (MSEg) and MSE = DVD" =1
derived from the phylogeny (MSE)
MSE 1
- The ratio is a function of V, the Y — tr(V) — "
. . . MSE n-—1 Yy vl
variance-covariance matrix

 To correct for tree structure and tree size, the ratio is corrected by the
expected value of X:

MSE, MSEq
K = observed VST / expected VST
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Heritability and phylogenetic signal
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signal

- Heritability is the proportion of the genetic variance
In the phenotypic variance in a population
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signal

- Heritability is the proportion of the genetic variance VAR(G)

In the phenotypic variance in a population h?

* Phylogenetic signal is usually defined for species
(not populations)...
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- Heritability is the proportion of the genetic variance VAR
[ u . . - 2 (G)
In the phenotypic variance in a population h* =

* Phylogenetic signal is usually defined for species
(not populations)...

* ... but phylogenies of infections are built over a
population of infected patients




Heritability anad

- Heritability is the proportion of the genetic variance VAR
[ u . . - 2 (G)
In the phenotypic variance in a population h* =

* Phylogenetic signal is usually defined for species
(not populations)...

* ... but phylogenies of infections are built over a

population of infected patients

- One can also show the equivalence between the
two using Lynch’s phylogenetic mixed model
(Housworth et al. 2004, Am. Nat.)




- Create phylogenies on which traits evolve
with a heritability 42
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2hylogenetic signal estimators

* K (Blomberg et al. 2003, Evolution)

- combines independent contrasts and a randomisation test (p-value)
* robust
* limited for large trees

« estimated on a ML tree

- Pagel’s A (Freckleton et al. 2002, Am. Nat)

+ based on a maximum likelihood approach
» sensitive to small variations in the phylogeny

 estimated on a set of trees obtained from a Bayesian inference



Other estimators...
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Virus control over spVL
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