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Phylogenetic networks are essential graphical models in evolutionary biology, used to represent
complex non-vertical inheritance events such as hybridization, horizontal gene transfer,

and recombination. While phylogenetic trees have been extensively studied, the mathematical
properties of networks remain a challenging frontier in bioinformatics.

This talk presents a comprehensive study of four core classes of phylogenetic networks:
Tree-child (TC), Galled (GN), Reticulation-visible (RV), and Galled Tree-child (GTC) networks,
alongside a generalization of TC networks to the d-combining case. By employing the
Component Graph Method and advanced tools from Analytic Combinatorics including generating
functions, singularity analysis, the Laplace method, and the Lagrange inversion formula

we provide a rigorous framework for their enumeration.
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