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Abstract

With the completion of the human genome sequencing project, attention is
currently shifting toward understanding how genetic variation, such as single
nucleotide polymorphism (SNP), leads to disease. To identify, understand, and
control biological mechanisms of living organisms, the enormous amounts
of accumulated sequence information must be coupled to faster, cheaper,
and more powerful technologies for DNA, RNA, and protein analysis. One
approach is the miniaturization of analytical methods through the application
of microfluidics, which involves the manipulation of fluids in micrometer-
sized channels. Advances in microfluidic chip technology are expected to play
a major role in the development of cost-effective and rapid DNA analysis
methods.

This thesis presents microfluidic approaches for different DNA genotyping
assays. The overall goal is to combine the potential of the microfluidic lab-on-
a-chip concept with biochemistry to develop and improve current methods
for SNP genotyping. Three genotyping assays using miniaturized microfluidic
approaches are addressed.

The first two assays are based on primer extension by DNA polymerase. A
microfluidic device consisting of a flow-through filter chamber for handling
beads with nanoliter liquid volumes was used in these studies. The first assay
involved an allelespecific extension strategy. The microfluidic approach took
advantage of the different reaction kinetics of matched and mismatched
configurations at the 3’-ends of a primer/template complex. The second assay
consisted of adapting pyrosequencing technology, a bioluminometric DNA
sequencing assay based on sequencing-bysynthesis, to a microfluidic flow-
through platform. Base-by-base sequencing was performed in a microfluidic
device to obtain accurate SNP scoring data on nanoliter volumes. This
thesis also presents the applications of monolayer of beads immobilized by
microcontact printing for chip-based DNA analysis. Single-base incorporation
could be detected with pyrosequencing chemistry on these monolayers.

The third assay developed is based on a hybridization technology termed
Dynamic Allele-Specific Hybridization (DASH). In this approach, monolayered
beads containing DNA duplexes were randomly immobilized on the surface of
a microheater chip. DNA melting-curve analysis was performed by dynamically
heating the chip while

simultaneously monitoring the DNA denaturation profile to determine the
genotype. Multiplexing based on single-bead analysis was achieved at heating
rates more than 20 times faster than conventional DASH provides.
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