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Overcoming missing data in phylogenetic analysis of shotgun sequencing to detect HIV adaptation to immune response
One determinant of the rate of progression towards AIDS in HIV infection is the effectiveness of the cytotoxic T-lymphocyte (CTL) response wherein CTLs induce apoptosis of infected cells.  The rapid HIV mutation rate allows an HIV population to quickly diversify and adapt to its host immune system.  Analyzing adaption in an viral population typically requires tracing the evolutionarily relationships reconstructed in a phylogenetic tree from viral genetic sequences.

Next-generation shotgun sequencing efficiently captures the vast genetic variation within an HIV population for wide genomic regions.  However, the random staggered overlap between aligned shotgun reads introduces a high percentage of unknown homology across sequences, reducing the accuracy of the reconstructed phylogenetic tree and limiting the utility of shotgun data for phylogenetic analysis.
We developed the Umberjack software pipeline to overcome the challenges of phylogenetic analysis of shotgun sequencing by sliding windows along an alignment, and aggregating evolutionary statistics amongst the phylogenies reconstructed from the windows.  Feature importance from random forests trained to predict error in Umberjack estimates on simulated data indicate the sliding window approach mitigates the negative effects of recombination and missing data on phylogenetic reconstruction and the inference of evolutionary statistics.

Applying Umberjack to longitudinal shotgun sequencing of HIV populations extracted from 31  treatment-naive patients, we detected sites undergoing significant directional selection to escape the CTL response.  Overall genetic diversification was strongest amongst samples during the first year of infection.  CTL response escape mutations occurred earliest in the HIV genes nef and gag and were maintained throughout sampling with little reversion to wild type. 
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