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Genetic Diversity

No one knows the diversity in the world, not even to
the nearest order of magnitude. ... We don't know
for sure how many species there are, where they
can be found or how fast they're disappearing.
It's like having astronomy without knowing where
the stars are. E. O. Wilson

Genetic Diversity

Ye that are of good understanding note
the doctrine that is hidden under the
veil of the strange verses.

Lasciate ogni speranza voi ch’entrate
Dante Canto Il

Genetic Diversity-Methodology
Cladistics

* Arranging organisms into groups that
include a common ancestor

* Focus on

» Shared derived characteristics

» Parsimony

* ORIGINS

* Hypothesis generated




Genetic Diversity-Methodology

Cladistics

e Arranging organisms into groups
« Focus on origins

e Groups are related by descent
 Divergence occurs by bifurcation

» Shared derived characteristics

» Parsimony

» Change occurs in lineages over time
e Hypothesis generated
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Retroviruses

Classification by RT Sequence into

Seven Families

Spumavirus exog. human disease unc

MLV endo/exo oncogene
numerous mammals, [XMRV]
Lentiviruses HIV-1,-2, SIV, EIAV
CAEV, VISNA
D-type viruses primates-MPMV,
%'—?}7pe viruses endog/exogen milk-.
borne agent-nf&(Re T cell lymphoma i
ALV-related endog/exogen avian
oncogene

BLV‘HTLV exo0g, no oncogenes,
Line length not to scale\cdNRJHERE 1S NO UNIFORM TIME SCALE




Lentivirus relationships
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Early Events in HIV-1 Infection

e Attachment

* Fusion

e Transport

* Integration

HIV Infectivity, but not Production Requires Protease

RNA Expression

Virus Assembl
and Production!

Cumulative U.S. AIDS Cases

_as f 2/83 N~1,000

Each point = 30 cases ™



Cumulative U.S. AIDS Cases Cumulative U.S. AIDS Cases
of 5/85 N~10,000 f 7/89 N~100,000
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Each point = 30 cases i Each point = 30 cases

Cumulative U.S. AIDS Cases Cumulative U.S. AIDS Cases
as of 12/95 N~500,000 --as of 9/97 N~626,334




HIV-1 PANDEMIC

Total 33,200,000

2007

HIV Spread — Worldwide Diversity
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Chimpanzee Origins of HIV-1

Hahn and coworkers JV 2005

HIV Spread — Worldwide Diversity

HIV Spread- Founder effects

HIV Spread- Founder effects
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a0cratic Republic

FIG. 5. Chimpanzees huntand eat other prirmates. An adult male chimpanzee from the Ngogo community (Kibale
National Park, Uganda) feeds on the arm of a female red colobus monkey (photograph courtesy of John Mitani)

Genetic Diversity Increases in Linear
Fashion Early in HIV Infection

25 @ % APD in single variant infections

0.3 mutations/genome/day

Average pairwise distance, %

Days post seroconversion
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Non-Linear Kinetics of Emergence of
pro-pol Diversity over Time
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Replicating Population Size
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HIV Population Sizes in Chronic Infection
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HIV Population Genetics

* HIV populations PRIOR to therapy
* Diverse

» Large

» Change slowly

Distinguishing Acute from Chronic
HIV Infection

Acute Chronic

Time Consuming
Expensive
NOT Routine

2.3 32 T
2 0 2 0
Nucleotide Substitutions (x100) Nucleotide Substitutions (x100)

HIV Genotyping

Plasma +Exo%enous R
RNA +dNTPs
Reverse transcribe viral
RNA in plasma into
cDNA copy




Sequence Processing
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Sequence Processing

AMBIGUOUS BASE CALL

Applied Population Genetics

with Population Based Sequencing
A. Acute Infection: No ambiguities

TGTACAGAAATGGAAAAGGAAGGAAAAATTTCAAAAATTGGGCCTGAAAATCCATACAATACTCCAGTATTTGCC
AT/ AGTACTAAAT \TTAGTAGATTTCAGAGAACTTAATAAGAGGACTCAAGACTTCT
GGGAAGTCCAATTAGGAATACCACATCCCGCAGGGTTAAAAAAGAAAAAATCAGTAACAGTACTGGATGTGGGT
GATGCATATTTTTCAGTTCCCTTAGATAAGGACTTCAGGAAGTATACTGCATTTACCATACCTAGTATAAACAATG
AGACACCAGGGATAG
ATACCAGTACAATGTGCTTCCACAAGGATGGAAAGGATCACCAGCAATATTTCAAAGTAGCATGACAAAAATCTT
AGAGCCTTTCAGAAGAAAATATCCAGACATAGTTATCTATCAATACATGGATGATTTGTATGTAGGATCTGACTTA
GAAATAGGGCAGCATAGAATAAAAGTAGAGGAACTGAGAGAACATCTGTTGGAGTGGGGGTTTACCACACCAGA
CAAAAAGCATCAGAAAGAACCTCCATTCCTTTGGATGGGTTATGAACTCCATCCTGATAAATGGACAGTACAGCC
TATAGAGCTGCCA

B. Chronic Infection: 0.7% of base calls are ambiguous

TGT R CAGAACTAGAAAAGGAAGGAAAGATTTCAAAAATTGGGCCTGAAAATCCATATAATACTCCAGTATTTGC
CATAAAGAAAAAAGACAGTACCAAATGGAGA

AAAGTAGTAGATTTCAGAGAACTGAATAARAGAACTCAAGACTTCTGGGAAGTTCAATTAGGAATACCACATCC
CGCAGGGATAAAAAAGAACAAGTCAGTAACA

GTATGGATGTGGGTGATGCATATTTCTCAGTTCCCTTAGATGAAGATTTCAGGAAGTATACTGCATTCACCATAC
CCAGTATAAACAATGAGACACCAGGGATTAGATATCAGTACAATGTGCTTCCACAGGGATGGAAGGGGTCACCA

GCAATATTCCAI RAGTAGCATGACAAAAATCTTAGAGCC'I'I'I'I'AGAAAACAGAATCCAGACATAG'I'I’ATCTATCAA
TACGTR GATGATTTGTATGTAGGATCTGACTTAGAAATAGGGCAACATAGAGCAAAAGTAGAGGAACTGAGA

M AACATCTGTTGAAGTGGGGGTTTTGCACACCAGATGAAAAGCATCAGAAAGAACCTCCATTCCTTTGGATGG
GITAIGAACTCCATCCIGATAMIGGACAGIACAGCCIATAGIGCIGCCA

Ambiguity Captures A Portion of Sequence Diversity

tajority Tho-TAGG




Polymorphisms that Accumulate in HIV-1 pro-pol During Chronic
Infection Are Frequent And Abundant

Abundance of minor allele
(parcent)
i

pro-pol nucleotide

Sequence Ambiguity Reflects Genetic Diversity
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y=1.13x-0.1
r2=0.71
p < 0.0001

Genetic Ambiguity (percent)
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Sequence Ambiguity Distinguishes Chronic From
Recent HIV Infection

Methods
Sequencing
= Randomizad sample training sal
SensfivitySpecilicity
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Sequence Ambiguity Distinguishes Chronic From
Recent HIV Infection
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Recent Chronic
Sensitivity: 74.5%
Specificity: 87.2%




Identifying Recent HIV-1 Infection

« HIV-1 pro-pol diversity increases in bimodal fashion
following infection

« During chronic infection, polymorphisms are frequent and
abundant

* Polymorphisms are detectable by population based
sequencing as ambiguous bases

« Bioinformatic methods can distinguish recent from chronic
infections

< Estimate HIV incidence
< Simultaneous determination of transmitted resistance
* Phylogenetic analyses

« ldentify transmission networks

« Determine relative contributions of acute and chronic
infections to transmission.
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