
Quantitative genetics and bioinformatics for studying haploid selection 

 

Is the “race” between sperm towards the egg an important driver of genetic selection 

in vertebrates? How can we interpret genomic data for experiments trying to test this, 

and how can we model and simulate the likely outcome of such experiments? In this 

project, we will devise new computational implementations and methods to answer 

these questions in the model system of zebrafish. 

 

 
 

Background 

Evolutionary conflicts resulting from genetic differences between units of 

selection across different levels of biological organization, e.g. species, sexes, 

individuals, cells, organelles and genes form the basis of most fields of evolutionary 

biology. 

In general, the focus has nonetheless been on the main part of the lifecycle, what 

individuals are being selected. Sexually reproducing species tend to have two parts of 

the lifecycle, the haploid phase and the diploid phase. In higher animals, the haploid 

phase consists solely of the gametes (sperm and eggs). Selection based on the genetic 

diversity in animal sperm has generally been ignored, while it has been recognized in 

plants. There is growing evidence that genetic and epigenetic effects transferred 

through gametes may affect the performance of the resulting offspring. Very recent 

results produced in the Immler lab provide striking indications for effects of sperm 

phenotypes on offspring fitness and establish links between these sperm phenotypes 

and the underlying sperm genotypes. Clearly, it is time to reconsider haploid selection 

in animals. 

 

Aim of PhD 

The assays we have to most readily study sperm selection focuses on sampling 

pools of sperm from individual males, where the pools have been subjected to some 

selection criteria, e.g. the ability to swim towards a sucrose gradient. To look for genetic 

associations in this setting is quite dissimilar from classic analyses, which tend to focus 

either on large unrelated populations, or individuals with known pedigrees from 

multiple families. All sperm from a single male are siblings. An understanding is 

needed for how to accurately model different scenarios. 

This modelling will begin by creating a simulation pipeline for diverse scenarios, 

based on best-practice methods for population simulation, but adapted to the specific 

setting of accurate modelling of gametes and eventual sampling of pools of gametes. 



The recent advances in high-throughput sequencing and computational power make it 

both relevant and realistic to create a very accurate simulation-based model. Using such 

a pipeline, the influence of different genetic architectures can be evaluated, as well as 

different “non-ideal” scenarios such as allele-based bias in sequencing, genetic drives, 

individual deviations in recombination rates, genome alignment errors etc. 

With a proper simulation pipeline, null distributions can be derived (e.g. supposed 

data from experiments without selection). Such data can be corroborated against 

specific real data from null experiments. The extreme tails of the distributions can be 

used for ascertaining significance of the true selection experiment counterparts. 

Identifying justifiable significance thresholds in this specific family of experiment 

designs is a partially unsolved challenge. Based on the knowledge gained from 

simulations and real experiments, analytical models can then be put up that generalize 

these distributions to wider cases, including the dynamics when moving beyond a single 

haploid stage into a full series of haploid-diploid-haploid-diploid multi-generational 

selection experiments. 

A background in at least one of the fields computational statistics, parallel 

programming, bioinformatics, and quantitative or population genetics is beneficial. 

The exact balance between simulation method development, data analysis 

development, practical data analysis from individual experiments, and 

development of new analytical haploid selection models will be dependent on the 

interests of the student.  
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