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Thesis topics

Note that all thesis topics are described in English but you can of course write your thesis in German
as well if nothing else is stated in the description.

All our theses require that you have basic knowledge in R programming from our core modules.

Please contact the potential supervisor for more information on the topics. You can start anytime if
not stated otherwise.

Predictive Modelling based on Machine Learning

The core of this thesis is a large multi-environment trial dataset. It is necessary to process the raw
phenotypic and genotypic data and then conduct a thorough analysis of the data with regard to geno-
types and field locations. The final objective is to implement Machine Learning algorithms to create
predictions of yield and other traits across years and environments.

Target group: Master students of Nutzpflanzenwissenschaften, Umweltwissenschaften, or Agrobio-
technology
Supervisor: Philipp Heilmann (Philipp.G.Heilmann@agrar.uni-giessen.de)
Requirements: some experience + strong interest in programming (R or Python)

Simulation study: Haplotype-based cross-planning in wheat or barley

Selection has been used in plant breeding for a very long time in order to identify the best individuals
from a breeding population and improve the performance of crops by producing progeny only from
those. The availability of marker data expanded the possibilities for selection: Markers can be used
to estimate the genotypic value of individuals and select those with the highest estimated genotypic
value. For example, from 300 selection candidates, 100 are evaluated for their yield in field trials. They
are then genotyped with 5,000 SNP markers and an effect is assigned to each of the markers. The
other 200 individuals then only have to be genotyped and their potential yield is estimated from the
marker effects without the need to conduct any additional field trials. This is called genomic selection
or genomewide prediction.

Data from genomic selection can also be used in order to plan crosses: The marker effects are used
to identify the combinations of genotype with the most promising offspring, i.e. those offspring which
combines the most positive alleles for the trait of interest.

In your thesis, you will investigate the potential of haplotype blocks for this purpose. Haplotype blocks
can be used instead of single SNPs to make the predictions. Here is how they work: The genome is par-
titioned in many segments, so-called haplotype blocks, based on different criteria. The marker effects
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are then estimated for the blocks, not for the SNPs. It remains unclear, however, how the haplotype
blocks should be ideally built and if they really have advantages over the use of single SNPs.

You will conduct a simulation study with the R package SelectionTools with a data set with either
wheat or barley lines.
Target group: Master students of Nutzpflanzenwissenschaften or Agrobiotechnology
Supervisor: Dr. Carola Zenke-Philippi (carola.zenke@agrar.uni-giessen.de)
Requirements: At least one of our master modules completed successfully.

Simulation study: Breeding program with unreplicated field trials

Selection in breeding programs is usually based on the phenotypic values of genotypes which are esti-
mated from multi-environment field trials. The rationale behind this is that these phenotypic values
are good approximations for the true genotypic values which are unknown but are what is of real
interest to breeders. The simulation study of Terraillon et al. (2022) showed that the correlation bet-
ween estimates of the genotypic values from unreplicated field trials and the true genotypic values is
just as high as the correlation between the phenotypic values from multi-environment trials and the
true genotypic values. Using the estimates of the genotypic values from unreplicated field trials for
selection might result in lower costs without a reduction in selection gain.

In your thesis, you will conduct a simulation study that compares the standard approach (selection
with phenotypic values from multi-environment trials) to selection based on estimates of the genotypic
values from unreplicated trials. The calculations will be done in R.
Target group: Master students of Nutzpflanzenwissenschaften or Agrobiotechnology
Supervisor: Dr. Carola Zenke-Philippi (carola.zenke@agrar.uni-giessen.de)
Requirements: At least one of our master modules completed successfully.

Haplotype stacking in wheat

Selection has been used in plant breeding for a very long time in order to identify the best individuals
from a breeding population and improve the performance of crops by producing progeny only from
those. The availability of marker data expanded the possibilities for selection: Markers can be used to
estimate the genotypic value of individuals and select those with the highest estimated genotypic value.
This is called genomic selection or genomewide prediction. Another alternative is to identify chromoso-
me stretches (haplotype blocks) that carry a positive net effect on the trait of interest and try to select
genotypes that carry as many haplotype blocks with positive effects as possible (“haplotype stacking”).

The project “HaploSelekt” aims to apply haplotype stacking in wheat. In your thesis, you will inve-
stigate which haplotype blocks are promising candidates for selection. You will work with real data
from the project. The calculations will be done in R.
Target group: Master students of Nutzpflanzenwissenschaften or Agrobiotechnology, Bachelor stu-
dents of Agrarwissenschaften
Supervisor: Dr. Carola Zenke-Philippi (carola.zenke@agrar.uni-giessen.de)
Requirements: At least one of our core modules completed successfully.

Simulation study: Cross planning in maize

Selection has been used in plant breeding for a very long time in order to identify the best individuals
from a breeding population and improve the performance of crops by producing progeny only from
those. The availability of marker data expanded the possibilities for selection: Markers can be used
to estimate the genotypic value of individuals and select those with the highest estimated genotypic
value. For example, from 300 selection candidates, 100 are evaluated for their yield in field trials. They
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are then genotyped with 5,000 SNP markers and an effect is assigned to each of the markers. The
other 200 individuals then only have to be genotyped and their potential yield is estimated from the
marker effects without the need to conduct any additional field trials. This is called genomic selection
or genomewide prediction.

Data from genomic selection can also be used in order to plan crosses: The marker effects are used to
identify the combinations of genotype with the most promising offspring. Different measures (selection
criteria) exist to determine what “most promising” acutally means.

The thesis consists of a simulation study in R with the package Selection Tools. The simulation
investigates which selection criteria should be applied to get the best results.
Target group: Master students of Nutzpflanzenwissenschaften or Agrobiotechnology
Supervisor: Dr. Carola Zenke-Philippi (carola.zenke@agrar.uni-giessen.de)
Requirements: At least one of our master modules completed successfully.
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