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The Genetics of HIV and Humans




‘Had the AIDS epidemic started 20 years eatrlier, ....we would have
had little knowledge of retroviruses, of the function of lymphocytes,
or had much of a technology to allow such rapid advances in
treatment and care’. Gazzard 2013
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Virus pathogenesis and genetics

Virus Variation  Adaptiveimmune system Human genetics
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Virtuous circle of early virus genetics (~1990s)
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Table 2. Zidovudine sensitivity of HIV variants with defined mutation
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Evolution of drug resistance drug therapy
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HIV genome sequencing 2015
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Restriction of V3 region sequence divergence in
the HIV-1 envelope gene during antiretroviral
treatment in a cohort of recent seroconverters

Astric Gall', Steve Kaye’, Stéphane Hué’, David Bonsall’, Richard Rance’, Gregory J Baillie', Sarah J Fidler?,

Jonathan N Weber’, Myra C McClure? , Paul Kellam =" and the SPARTAC Trial Investigators
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Phylogenetics

Viral gene sequences Genetic ancestry

4
1 AAAGTTCTCAGACT...

2 AAAGTTCTCACACT... 3

3 AATGTTCTCAGACT o
'Rl 2
4 AATGTTCTCAGACT...
O 1
Genetic distance
Phylogenetics

Model of molecular evolution
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ART supresses HIV genetic variation

- Evidence for complete virus replication suppression?

) p=0.013 —
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Genetic diversity & HIV infection phenotypes
- large scale studies
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Every place in an HIV genome (~9000 bp) and a human genome (3 billion bp) represents
a significance test for genetic variation associated with the phenotypic trait.

* Large multiple testing problem — corrected p-values

» Different frequencies of variants (common >5%, rare < 5%)
* Therefore need large sample sizes and/or large effect sizes

McLaren & Carrington, Nature Immunology 2015,16(6), 577-583



Genetics and HIV infection phenotypes

Heritability is proportion of variance in phenotype explained by variation in genotype
Heritability can be measured by:
e Comparing parents and offspring
e Genome-wide association studies

Virus Variation Adaptive immune system Host genetics

Estimates from clinical data on VL ? GWAS on VL set-point
33% (20-46%) 13%
Recent small studies on VL
23% (0-50%)



Full HIV genome sequencing, Group M & O
2015 HIV Sequence compendium has 5834 near full HIV-1 genomes
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Get to 20K HIV genomes
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Human genome variation — so far not that successful when
applied to HIV disease phenotypes
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Host Genetics of infection - genome wide
association studies (GWAS)

IFITM3 - Influenza
A - delCCR5 - HIV

Effect size . IL28 - HCV
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Host Genetics of HIV infection - things GWAS misses

pH independent

Plasma membrane fusion

Actin cortex
. disassembly
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Smith etal. 2014, Currentopinionin virology 4,71-77
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rs12252-Cis associated with rapid progression of acute HIV-1 infection
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If IFITM genes are so important, why have they never
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B cell receptor repertoires — the last genetic frontier

~3x10° different
antigen binding CDR3s
in a human

~0.5x10° new HIV
viruses per day
(untreated)

Can an individuals antibody

diversity, history of infection

and potential for heterotypic

response be defined digitally
using BCR sequencing.

Can an deeper
understanding of virus
population genetics
inform vaccine studies
and efficacy in small
scale studies



Network structures within B cell receptor sequence space
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Sequencing (310-360 bp amplicons)
50-100,000 reads

Bashford Rogers et al, BMC Immunology 2014, 15(29),
Bashford Rogers et al, Genome Research 2013, 23(11), 1874-1884



Can functional B cell repertoire sequence guide
vaccination strategies
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Conclusions

Virus Variation Adaptive immune system Human genetics

* Understanding HIV genetics in the 1990s contributed greatly
to drug development and treatment strategies.

e Large scale genetics of virus and human are affordable,
ongoing and should finally reveal the heritability of HIV
infection phenotypes.

* Insights gained will help towards HIV cures, therapies and
preventions.
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