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Genetic Diversity 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 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 III

Genetic Diversity-Methodology 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 Genetic Diversity-Methodology 
Cladistics
• Arranging organisms into groups 
• Focus on origins
• Groups are related by descent
• Divergence occurs by bifurcation
• Shared derived characteristics
• Parsimony
• Change occurs in lineages over time

• Hypothesis generated
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Spumavirus  exog. human disease unce

Retroviruses
Classification by RT Sequence into 

Seven Families 

Retroviruses
Classification by RT Sequence into 

Seven Families 

MLV endo/exo oncogene 
numerous mammals,  [XMRV]

Lentiviruses HIV-1,-2, SIV, EIAV,
CAEV, VISNA

D-type viruses Primates-MPMV, 
SAIDSB-type viruses endog/exogen milk-
borne agent-mouse

BLV-HTLV exog, no oncogenes, 
neoplasms

ALV-related endog/exogen avian 
oncogene

Some T cell lymphoma in

Line length not to scale  AND THERE  IS NO UNIFORM TIME SCALE



Lentivirus relationshipsLentivirus relationships

HIV-2
SIV-smm

SIV-syk

HIV-1
SIV-cpz

SIV-agm

VMV
CAEV

EIAV
BIV

FIV

SIV-mnd
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Early Events in HIV-1 Infection

• Uncoating

• Reverse 
Transcription

• Transport

• Integration

• Attachment

• Fusion

Late Events in HIV-1 Infection

RNA Expression

Virus Assembly
and Production

HIV Infectivity, but not Production Requires Protease
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HIV Spread – Worldwide DiversityHIV Spread – Worldwide Diversity

HIV 
Genetic 

Variation

Bushmeat Trade in Central and West Africa 

Poacher Chophouse Bushmeat market

Home
Restaurant

www.karlammann.com



Chimpanzee Origins of HIV-1Chimpanzee Origins of HIV-1

Hahn and coworkers JV 2005Hahn and coworkers JV 2005
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HIV Spread – Worldwide DiversityHIV Spread – Worldwide Diversity
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HIV Spread- Founder effectsHIV Spread- Founder effects
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Geographic Geographic 
Distribution Distribution 

of HIVof HIV--2 2 
InfectionInfection
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HIVHIV--2 2 
casescases

reported reported 
in USin US

Greater Spot Nosed Monkey

Genetic Diversity Increases in Linear Genetic Diversity Increases in Linear 
Fashion Early in HIV InfectionFashion Early in HIV Infection
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Non-Linear Kinetics of Emergence of
pro-pol Diversity over Time

NonNon--Linear Kinetics of Emergence ofLinear Kinetics of Emergence of
propro--polpol Diversity over TimeDiversity over Time
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HIV Population Sizes in Chronic InfectionHIV Population Sizes in Chronic Infection

HIV Population GeneticsHIV Population Genetics

• HIV populations PRIOR to therapy
• Diverse
• Large
• Change slowly
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ChronicChronic

Distinguishing Acute from Chronic Distinguishing Acute from Chronic 
HIV InfectionHIV Infection

Time ConsumingTime Consuming
ExpensiveExpensive

NOT RoutineNOT Routine

HIV GenotypingHIV Genotyping

Plasma +Exogenous RT

Reverse transcribe viral 
RNA in plasma into 

cDNA copy

PCR 
amplify 
pol
gene

Sequence 
determination

+dNTPsRNA



Sequence ProcessingSequence Processing Sequence ProcessingSequence Processing

A

G

AMBIGUOUS BASE CALLAMBIGUOUS BASE CALL

TGTACAGAAATGGAAAAGGAAGGAAAAATTTCAAAAATTGGGCCTGAAAATCCATACAATACTCCAGTATTTGCC
ATAAAGAAAAAAGACAGTACTAAATGGAGAAAATTAGTAGATTTCAGAGAACTTAATAAGAGGACTCAAGACTTCT
GGGAAGTCCAATTAGGAATACCACATCCCGCAGGGTTAAAAAAGAAAAAATCAGTAACAGTACTGGATGTGGGT
GATGCATATTTTTCAGTTCCCTTAGATAAGGACTTCAGGAAGTATACTGCATTTACCATACCTAGTATAAACAATG
AGACACCAGGGATAG
ATACCAGTACAATGTGCTTCCACAAGGATGGAAAGGATCACCAGCAATATTTCAAAGTAGCATGACAAAAATCTT
AGAGCCTTTCAGAAGAAAATATCCAGACATAGTTATCTATCAATACATGGATGATTTGTATGTAGGATCTGACTTA
GAAATAGGGCAGCATAGAATAAAAGTAGAGGAACTGAGAGAACATCTGTTGGAGTGGGGGTTTACCACACCAGA
CAAAAAGCATCAGAAAGAACCTCCATTCCTTTGGATGGGTTATGAACTCCATCCTGATAAATGGACAGTACAGCC
TATAGAGCTGCCA

TGTRCAGAACTAGAAAAGGAAGGAAAGATTTCAAAAATTGGGCCTGAAAATCCATATAATACTCCAGTATTTGC
CATAAAGAAAAAAGACAGTACCAAATGGAGA

AAAGTAGTAGATTTCAGAGAACTGAATAARAGAACTCAAGACTTCTGGGAAGTTCAATTAGGAATACCACATCC
CGCAGGGATAAAAAAGAACAAGTCAGTAACA
GTATGGATGTGGGTGATGCATATTTCTCAGTTCCCTTAGATGAAGATTTCAGGAAGTATACTGCATTCACCATAC
CCAGTATAAACAATGAGACACCAGGGATTAGATATCAGTACAATGTGCTTCCACAGGGATGGAAGGGGTCACCA

GCAATATTCCARAGTAGCATGACAAAAATCTTAGAGCCTTTTAGAAAACAGAATCCAGACATAGTTATCTATCAA

TACGTRGATGATTTGTATGTAGGATCTGACTTAGAAATAGGGCAACATAGAGCAAAAGTAGAGGAACTGAGA

MAACATCTGTTGAAGTGGGGGTTTTGCACACCAGATGAAAAGCATCAGAAAGAACCTCCATTCCTTTGGATGG
GTTATGAACTCCATCCTGATAAATGGACAGTACAGCCTATAGTGCTGCCA

A. Acute Infection: No ambiguities 

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

Applied Population Genetics Applied Population Genetics 
with Population Based Sequencingwith Population Based Sequencing

Ambiguity Captures A Portion of Sequence DiversityAmbiguity Captures A Portion of Sequence DiversityAmbiguity Captures A Portion of Sequence Diversity



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

Polymorphisms that Accumulate in HIVPolymorphisms that Accumulate in HIV--1 1 propro--polpol During Chronic During Chronic 
Infection Are Frequent And AbundantInfection Are Frequent And Abundant

Sequence Ambiguity Reflects Genetic Diversity  Sequence Ambiguity Reflects Genetic Diversity  Sequence Ambiguity Reflects Genetic Diversity  
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Average Average PairwisePairwise Difference (percent)Difference (percent)

yy = 1.13x = 1.13x -- 0.10.1
rr22 = 0.71= 0.71
pp < 0.0001 < 0.0001 

Sequence Ambiguity Distinguishes Chronic From 
Recent HIV Infection  

Sequence Ambiguity Distinguishes Chronic From Sequence Ambiguity Distinguishes Chronic From 
Recent HIV Infection  Recent HIV Infection  

Sequence Ambiguity Distinguishes Chronic From 
Recent HIV Infection  

Sequence Ambiguity Distinguishes Chronic From Sequence Ambiguity Distinguishes Chronic From 
Recent HIV Infection  Recent HIV Infection  

1.21.2

Test SetTest Set

Sensitivity: 74.5%Sensitivity: 74.5%
Specificity: 87.2%Specificity: 87.2%



Identifying Recent HIV-1 InfectionIdentifying 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 

• Identify transmission networks 

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