Plant Breeding and OR

Operations Research (OR) is a technical discipline concerned with making better decisions through
mathematical, statistical, and computational modeling. By transforming complex real-world
problems into structured analytical frameworks, OR seeks to minimize cost, maximize efficiency,
and optimize the use of scarce resources. Over decades of development, it has produced a set of
classical problem archetypes—Assignment, Knapsack, Transportation, Facility Location, Shortest
Path, Vertex Cover, Traveling Salesman, Scheduling, Queuing, Inventory Control, Resource
Allocation, and Clique problems—that together form the foundation of modern optimization. NSIP
Genetics was founded in 2006 to extend these optimization principles to plant breeding.

In breeding each cycle requires critical decisions under uncertainty—how to select parents,
allocate resources, balance trait performance with diversity, and manage risk across generations.
These challenges mirror classical OR problems in structure and complexity. Advancement
decisions, for instance, can be formulated as a blend of the Knapsack and Facility Location
problems, where a breeder must choose a limited number of lines that collectively maximize
genetic gain while maintaining diversity. Similarly, marker set optimization parallels network and
coverage problems such as the Traveling Salesman or Vertex Cover problems, depending on
whether the goalis to preserve genetic relationships or maximize allele representation with minimal
redundancy.

More dynamic breeding problems align with stochastic and multi-stage optimization. Trait
introgression, which introduces valuable alleles into elite germplasm, can be modeled as a multi-
stage stochastic process that manages uncertainty and decisions across successive breeding
generations. Sampling plan optimization—determining how many progeny to produce from each
cross—extends this logic into a two-stage, multi-objective framework balancing expected
performance, diversity, and operational limits. Each of these formulations allows breeders to
translate biological uncertainty into structured, solvable models.

Even the management of genetic diversity itself connects directly to classical OR concepts. The
Core Collection Optimization problem, for example, is mathematically analogous to the Obnoxious
Facility Location or Maximum Diversity problems, which aim to maximize the distance—or minimize
the overlap—between selected entities. By framing breeding challenges through these well-
established optimization paradigms, NSIP equips breeders with a rigorous, data-driven framework
for decision-making that combines the quantitative precision of Operations Research with the
creative insight of plant breeding.

NSIP Genetics website: https://genetics.nsiplants.com/
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Replacing intuition and luck with a formal
approach to decision-making.
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