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Abstract

Developments within the field of genetic analysis have during the last decade
become enormous. Advances in DNA sequencing technology have increased
throughput from a thousand bases to over a billion bases in a day and
decreased the cost thousandfold per base. Nevertheless, to sequence complex
genomes like the human is still very expensive and efforts to attain even higher
throughputs for less money are undertaken by researchers and companies.

Genotyping systems for single nucleotide polymorphism (SNP) analysis
with whole genome coverage have also been developed, with low cost per SNP.
There is, however, a need for genotyping assays that are more cost efficient
per sample with considerably higher accuracy. This thesis is focusing on a
technology, based on competitive allele-specific extension and microarray
detection, for genetic analysis. To increase specificity in allele-specific
extension (ASE), a nucleotide degrading enzyme, apyrase, was introduced to
compete with the polymerase, only allowing the fast, perfect matched primer
extension to occur. The aim was to develop a method for analysis of around
twenty loci in hundreds of samples in a high-throughput microarray format.

A genotyping method for human papillomavirus has been developed,
based on a combination of multiplex competitive hybridization (MUCH) and
apyrase-mediated allele-specific extension (AMASE). Human papillomavirus
(HPV), which is the causative agent in cervical cancer, exists in over a hundred
different types. These types need to be determined in clinical samples. The
developed assay can detect the twenty-three most common high risk types,
as well as semi-quantifying multiple infections, which was demonstrated by
analysis of ninety-two HPV-positive clinical samples.

More stringent conditions can be obtained by increased reaction
temperature. To further improve the genotyping assay, a thermostable enzyme,
protease, was introduced into the allele-specific extension reaction, denoted
PrASE. Increased sensitivity was achieved with an automated magnetic system
that facilitates washing. The PrASE genotyping of thirteen SNPs yielded
higher conversion rates, as well as more robust genotype scoring, compared
to ASE. Furthermore, a comparison with pyrosequencing, where 99.8 % of the
4,420 analyzed genotypes were in concordance, indicates high accuracy and
robustness of the PrASE technology.

Single cells have also been analyzed by the PrASE assay to investigate loss
of alleles during skin differentiation. Single cell analysis is very demanding due
to the limited amounts of DNA. The multiplex PCR and the PrASE assay were
optimized for single cell analysis. Twenty-four SNPs were genotyped and an
increased loss of genetic material was seen in cells from the more differentiated
suprabasal layers compared to the basal layer.

Keywords

http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-4330


ISBN: 978-91-7178-609-8 |
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-4330

Genotyping, single nucleotide polymorphism (SNP), protease-mediated allele-
specific extension (PrASE), microarray, tag-array, competitive hybridization,
human papillomavirus (HPV), single cell, loss of alleles, differentiation,
epidermis.

http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-4330

