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Coalescent theory is a major research subject in population and evolutionary genetics.
Applying coalescent theory to inference problems in genetics requires the development of
efficient and accurate methods for computing the coalescent likelihood. However, accu-
rate computation of coalescent likelihood in many settings is computationally difficult.

In this talk, I will present some of my recent work on developing algorithms for accurate
computation of coalescent likelihood and their applications. I will focus on the multi-
species coalescent, which is one of the causes of the so-called ``gene tree and species tree
problem''. It is commonly observed that phylogenetic trees (called gene trees) inferred
from DNA sequences of individual genes may be different from the species-level phylo-
genetic tree (called the species tree). Given a gene tree topology and a species tree, the
likelihood of the gene tree (called gene tree probability in the literature) is the probability
of observing the gene tree topology on the species tree under coalescent theory. I will de-
scribe an algorithm for computing this coalescent probability, which is much faster than
a previous algorithm. I will then present applications of using the coalescent likelihood
in inferring species/population evolutionary history under two different situations: infer-
ence using a single inferred gene tree topology from gene sequences of each gene, and
inference based on considering all gene trees implied by the haplotypes of a gene if infinite
sites model is assumed.
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