Navigating the genetic variability of
HIV with interdisciplinary tools.
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What an interdisciplinary background might look
like:

5 years and counting..
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Quick outline

e 3 examples of using models from other disciplines
to tackle problems in HIV.

1. Using linguistics to analyze HIV study enrollment
data.

2. ldentifying agents of selection using artificial
intelligence.

3. Inferring the date of HIV infection, and timing the
emergence of adaptations, using population
genetics.



1. Linguistics and HIV enroliment data.

Studying hidden populations.

e A hidden population is comprised of individuals
sharing an attribute that is difficult to identify,
carries a social stigma, or is illegal.

® ¢e.g.,Injection drug use.

e Such attributes can be associated with a higher
risk of HIV infection.

e (Can be sampled along social networks (peer
referral).



1. Linguistics and HIV enroliment data.

Respondent-driven sampling (RDS).
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Recruitment of injection drug users in
Tijuana, Mexico.
Poon et al. (2009) PLoS ONE 4(9).



1. Linguistics and HIV enroliment data.

Interpreting RDS data.

e Study recruitment of injection drug user network is
a “branching process” (tree-shaped).

e |[s there variation in recruitment behaviour?

e Do recruits emulate the behaviour of their
recruiters?

e A model from linguistics (Chomsky 1955) is useful
for studying hidden variation in tree structures.



1. Linguistics and HIV enroliment data.

Using linguistics to analyze recruitment trees.

# “Sentence ™ F

the man Verd NP
took the book
S Study is initiated.
(G) [] Seed individual enrolls into study.
v O
(A(GGH)) [] Seed recruits three peers into study.
[]
v QS
(A(AAB(GH))) ] ] Subsequent recruitment by peers.
[]
\ CK:D B Termination of study, coupons no
(A(AAB(A(a)B))) ] longer issued to recruits.



1. Linguistics and HIV enroliment data.

Recruits emulate the recruitment behaviour of their
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2. Agents of selection

Agents of selection on HIV.

e Much of HIV evolution is driven by the host-
specific Immune response.

* e.g., human leukocyte antigens (HLAs), antibodies

e encoded by highly variable regions of the human
genome.

e (Can offer significant protection from HIV infection
(HLA B*5701 in elite controllers).



2. Agents of selection

ldentifying agents of selection.

e A statistical association between a polymorphism in
the HIV genome and a factor in the environment can
be due to:

1. a “true” effect of the factor on HIV;

2. confounded by a correlation between factors in the
environment;

3. confounded by an epistatic interaction between
polymorphisms in HIV.

e How can we tell these apart?



2. Agents of selection

Confounding - the “ice-cream” problem.

Consider a public swimming
pool.

lce-cream sales are correlated
with drownings.

Bad A.l. (red) would conclude
that eating ice-cream makes
you drown.

Good A.l. (green) would
recognize that this association
Is confounded by sunny days.




2. Agents of selection

Bayesian networks.

e A class of models from artificial intelligence
(machine learning).

e \Variables are represented as “nodes” in a graph.

e Arrows (edges) are drawn to represent a conditional
dependence of variable X on Y.

e CQriginates from Sewall Wright’s method of path
coefficients.



2. Agents of selection

Graph inferred from analysis of HIV-1 and HLA
variation among n=886 patients in BC.
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3. Timing HIV infections.

Studying within-host HIV evolution.

e Next-generation sequencing enables us to
sequence 1,000’s of HIV genomes from an infection
INn one run.

e |deal raw material for analyzing how HIV evolution
unfolds within a patient.

e No software - we have to make the tools ourselves.



3. Timing HIV infections.

The coalescent.

* A retrospective model from population genetics.

* Predicts the time since the most recent common
ancestor of a random sample from a population.

e (Combine with a model of molecular evolution
(molecular clock) and serial samples.

e (Can estimate the time of infection; when certain
mutations emerged.



3. Timing HIV infections.

HIV transmission bottleneck causes time to MRCA
to predict time of infection.
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3. Timing HIV infections.

Reconstruct HIV evolution along coalescent tree
to time emergence of adaptations.
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