Workshop: A Maximum Likelihood Method For Quasispecies Spectrum Assembly
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RNA viruses depend on error-prone RNA polymerase for
replication within an infected host. These errors lead to a
high mutation rate which creates a highly diverse population
of related variants [1]. This viral population is known as a
quasispecies. As breakthroughs in next-generation sequenc-
ing have allowed for researchers to apply sequencing to
new areas, studying genomes of viral quasispecies is now
realizable. By understanding the quasispecies, more effective
drugs and vaccines can be manufactured as well as cost-
saving metrics for infected patients [2] implemented.

The problem of assembling the quasispecies spectrum is
difficult for several reasons. Long conserved regions make
it difficult to distinguish quasispecies in addition to the dif-
ficulty in correctly matching reads in overlapping segments.
Furthermore, we are required to rank the quasispecies by
frequency. It is not difficult to see that the quasispecies
spectrum assembly problem is NP-hard via reduction from
SUBSET SUM. One possible approach is to utilize a parsi-
monious objective. This optimization approach attempts to
minimize the number of distinct quasispecies that explains
the given read-data. However, a straightforward parsimony
objective will not take into account frequencies over reads.
Previous approaches have utilized min-cost flows, proba-
bilistic methods, shortest paths, and population diversity for
the quasispecies spectrum assembly problem [3], [6], [5],
[4].

We propose a maximum-likelihood based approach for
the quasispecies spectrum assembly problem inspired by
minimum entropy principles. This approach is validated
against simulated HCV amplicon data as well as actual HBV
data.
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