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Abstract of Thesis

Quantification of gene expression on mRNA level is one of the most important tasks of modern biology. High
precision of such quantification is of utmost importance for drawing correct conclusions about cellular
processes. Real-time quantitative polymerase chain reaction (RT-qPCR) is currently considered the most precise
and most sensitive method of quantifying mRNA. However, the standard experimental procedure in RT—qPCR
experiment requires the use of reference genes for normalization. The behavior of popular reference genes
during long-term biological processes, such as iPS reprogramming, development or aging, has never been
investigated. In the initial part of my work, I investigate the behavior of 12 commonly used housekeeping
genes for their suitability in RT-gPCR experiments during a representative long—term process, iPS
reprogramming, and find that these genes are unsuitable for normalization procedures due to their fluctuation,
making standard RT-qPCR inapplicable to iPS reprogramming. Second, I proceed to develop a new methodology
for RT-qPCR experimentation that does not require the use of reference genes. Importantly, my methodology
increases the precision of obtained measurements while reducing experiment-associated labor and cost. Third,
I go on to apply this new methodology to the investigation of the behavior of 70 housekeeping genes during
the iPS reprogramming, demonstrating high potential of the new methodology for high—throughput use. The results
obtained in the course of the analysis reveal previously unknown patterns of gene dynamics during iPS
reprogramming. I found a collective pattern in the rise of most ribosomal genes’ expression, with the exception
of small ribosomal subunits Rpsl8 and Rps9, during the reprogramming process. Furthermore, I found that cell
systems associated with growth inhibition, such as apoptosis—associated genes, ubiquitin system genes, or
tumor suppressor genes, are collectively down-regulated. Moreover, the analysis showed that there exists a
time—dependent pattern in gene expression dynamics of chosen genes, and hints at the existence of an unknown
event early in the reprogramming process. These results showcase successful application of my newly developed
methodology for gene expression analysis in long—term biological processes, and its notable precision in

detection of gene expression changes.
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