
Quantum Approximation for 
Phylogenetic Tree Construction

Rationale

Phylogenetic tree construction is a 
fundamental problem in evolutionary biology 
and bioinformatics.

However, the number of possible tree 
topologies grows super-exponentially with 
the number of taxa, making exhaustive 
search infeasible.

Many phylogenetic inference criteria, 
correspond to NP-hard optimization 
problems, motivating the exploration of 
alternative computational paradigms.

Problem Statement

• Phylogenetic tree inference requires the 

use of convoluted search algorithms
• Finding the optimal tree is computationally 

intractable for large datasets

• Classical methods rely on heuristics 

without guarantees of global optimality

• The applicability of quantum optimization 
algorithms to this problem remains largely 

unexplored

Maximum Parsimony as Optimization

• Tree inference formulated as a 
combinatorial optimization problem

• Parsimony score expressed as a cost 
function

• Tree validity enforced via constraint 
penalties

Expected Outcomes

• A Hamiltonian/QUBO formulation of 

maximum parsimony inference
• A working QAOA-based proof-of-concept 

implementation

• Empirical comparison with classical 

parsimony methods

• Insights into the practical limits and 
potential of QAOA for phylogenetics

Research Aim

To evaluate whether a QAOA-based 
optimization approach can effectively solve 
the phylogenetic inference problem, starting 
with maximum parsimony, and how it 
compares to classical parsimony heuristics.
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Quantum Approximate Optimization 
Algorithm (QAOA)

• Alternates between two quantum 
operations

• HC : encodes the optimization 
objective (parsimony score)

• HM : explores the solution space
• Parameters are classically optimized

Hamiltonian / QUBO Formulation

• Total cost = parsimony + constraint 
penalties

• Low energy = valid tree with few 
changes

• High energy = invalid or suboptimal 
tree

Phylogenetic Tree Comparisons

• Trees inferred using QAOA and 
classical heuristics

• Computational performance metrics 
for the four methods

• Compared using parsimony score 
and topology

• Highlights similarities and differences 
in solutions

QUBO Conversion 

• Tree structure encoded using binary 
variables

• Parsimony score expressed as a 
quadratic cost function

• Constraints added to penalize invalid 
trees

Methodology


