
Tracing individual genetic variation using pooled samples

For large-scale studies in human, animal, and plant genetics, the cost of genotyping is an important
concern. We will develop computational methods to reconstruct the genotypes for all individuals, while
performing fewer tests than the total number of individuals in the population.

Imagine you want to detect the single carrier of a rare mutation among a larger group. You have some 30
odd samples to test. How many tests do you need to identify the carrier? 30, one per individual? Far fewer
than that. Two schemes to do it quicker, by pooling samples based on binary numbering, or by a row/column
structure, could bring it down to as little as 5 attempts.

The goal of this project is to use pooling methods on a wider scale for genotyping of samples. By com-
bining partially uncertain information from pooled experiments, with the known structure of linkage in pedi-
grees, reconstruction of individual genotypes with high accuracy will be possible. Similar schemes will also
be applied to another case of sparse, but cost-effective, genotypes – those derived by low-coverage sequenc-
ing. When pedigrees are not available, patterns of linkage disequilibrium can also be used. The main insight
is that genetic variations located close to each other tends to be inherited together, unchanged. Genotypes
will systematically be recovered by extending computational methods for filling in missing genotypes (im-
putation) to explicitly model uncertain and incomplete genotypes, from pooled data and from low-coverage
sequencing.

Imputation methods are already a crucial step in preprocessing of genotype data. Hence, it makes sense
to create cost-effective experiment designs aiming for optimal results post-imputation. In the project, we will
build on our joint experience in developing imputation methods for various population structures. Specifi-
cally, we will extend the work by the main supervisor in using statistical hidden Markov models for superior
handling of uncertain observed genotypes.

Pooling of samples into a single experiment or test reaction is a common method to decrease experiment
costs, in many fields. In this project, we aim to use pooled experiments in single nucleotide polymorphism
(SNP) arrays, together with computational methods, to uniquely reconstruct the genotypes for all included
individuals. This is accomplished by using multiple, overlapping pools. The total number of assays needed
decreases, compared to testing individuals separately. Thus, more individuals can be genotyped at identical
cost. When pooling, the identity of carriers of rare variants can be deduced directly, through the pattern of
detection in overlapping pools. Common variants, on the other hand, can easily be imputed using computa-
tional methods through linkage to the rare variants. After having established pooling using repeated pooling
within the same group, elucidating single carriers uniquely, we will also do statistical modelling of probable
carriers, using random pools. This practice decreases the chance of resolving any single marker position
uniquely, but increases the chance of giving the overall block of inherited genetic material (haplotype) of
each individual a unique signature.

By decreasing the number of tests needed, one can include more individuals in studies, or choose to
perform the tests using denser SNP panels, i.e. testing for a higher number of distinct genetic variants.

The project joins bioinformatics, statistical modelling, a direct connection to agricultural applica-
tions, and a need for high-performing computing implementations on current multicore and manycore
architectures. We seek a student who want to turn current experimental workflows on their head by
reworking the computational methods used to analyze them.
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