
Introduction

• Latent reservoir remains an area of active research, an HIV cure necessarily 
addresses the latent reservoir

• Studying the latent reservoir in vivo is expensive and difficult due to its 
relatively small size and the timescale involved

• Simulating the dynamics of the latent reservoir can provide deep insights into 
the interactions at play that cannot be easily captured through in vivo studies

• Clonality describes how many identical sequences there are in the latent 
reservoir – it is evidence of proliferation through clonal expansion 

• Current measures of clonality uses a proportionality statistic that has not 
been evaluated for efficacy
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Defining the Simulation model
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• Simulation of within-host 
dynamics and evolution 
conducted in R using twt
package (github.com/poonlab/twt) 

• Gillespie method to sample 
discrete events over reverse 
time

• Model dynamics controlled by 
13 parameters

• e.g. starting size, 
transmission & transition 
rates

• INDELible used to simulation 
sequence evolution on output
trees from twt



Proportional, GINI and Pairwise Clonality Scores 

• Proportional clonality score – the 
proportion of sequences in a 
sample that have at least one other 
identical sequence is the gold 
standard for calculating clonality

• Gini coefficient has been used as a 
summary statistic to quantify viral 
population diversity [2,3]

• Proportional clonality score and 
Gini Coefficient scores were 
unresponsive to changes in drivers 
of clonal expansion  

• We propose the pairwise clonality 
score, calculated as the proportion 
of total pairwise comparisons that 
are identical

In above example:
Proportional Clonality = Identical / non-identical
Proportional Clonality =  5/6
Proportional Clonality =  0.8333

Gini Coefficient           =  0.222

Pairwise Clonality       =  4/15
Pairwise Clonality       =  0.267

Identical Comparison, n=4

Non-Identical Comparison, n=11

Sequence  A, n = 2

Sequence B, n =2 

Sequence C, n=3



• GINI Coefficient is a flawed measure. GINI coefficient generally has an inverse relationship with diversity. However 
populations where all sequences are identical, Gini Coefficient is zero. Within-host HIV populations are regularly completely 
identical [4].

• Pairwise clonality significantly associated with increases in drivers of clonal expansion  (p < 0.005 )

• Pairwise clonality captures information about the population structure & has useful statistical properties. 
• Pairwise comparisons are independent comparisons – good for statistical tests

High clonality scores found despite of increased clonal 
expansion



Conclusions
• Current measures of clonality (proportional clonality & GINI coefficient) 

are not associated with clonal expansion

• Clonality is not a definite sign of clonal expansion, especially when 
studying a viral population that contains early integrations

• Pairwise Clonality score captures population structure and responds to 
drivers of clonal expansion in various simulated scenarios

[1] Fletcher, W. & Yang, Z. (2009). Indelible: A flexible simulator of Biological Sequence Evolution. Molecular Biology and Evolution, 26(8), 
1879–1888. https://doi.org/10.1093/molbev/msp098 

[2] Russell AB, Trapnell C, Bloom JD. Extreme heterogeneity of influenza virus infection in single cells. Elife. 2018 Feb 16;7:e32303. doi: 
10.7554/eLife.32303. PMID: 29451492; PMCID: PMC5826275.

[3] Thapa, D. R., Tonikian, R., Sun, C., Liu, M., Dearth, A., Petri, M., Pepin, F., Emerson, R. O., & Ranger, A. (2015). Longitudinal analysis 
of peripheral blood T cell receptor diversity in patients with systemic lupus erythematosus by next-generation sequencing. Arthritis research 
& therapy, 17(1), 132. https://doi.org/10.1186/s13075-015-0655-9

[4] Leitner T. The Puzzle of HIV Neutral and Selective Evolution. Mol Biol Evol. 2018;35(6):1355-1358. doi:10.1093/molbev/msy089

References


