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ABSTRACT

ABSTRACT

This dissertation consists of two parts. The first part is the
development of a new real-time PCR genotyping approach using
displacing probes, the second part is the development of another new
real-time PCR genotyping method using phosphorothioate-modified

allele specific primers with proofreading DNA polymerase.

In the first part, a new real-time PCR genotyping approach using
displacing probes was developed. Displacing probes are composed of
two complementary oligonucleotides with different length. The longer
positive strand is labeled with a fluorophore at the 5'-end and the
shorter negative strand is labeled with a quencher at the 3'-terminus, so
that the fluorophore and the quencher groups are in close contact in the
duplex probe. Thus, in the absence of a target, the probe is
non-fluorescent due to the contact-quenching effect between the
fluorophore and the quencher. In the presence of a target, the negative
stand can be displaced and the fluorophore becomes fluorescent. Such
displacing probes are readily capable of discriminating between targets
that differ by only a single nucleotide. The specificity of displacing
probes could be simply assessed through denaturation analysis before
genotyping was implemented and the probes designed with maximal
specificity also showed the greatest detection sensitivity. The ease in
design, the simple single-dye labeling chemistry, and the capability to
adopt degenerated negative strands for point mutation genotyping

make the displacing probes both cost-effective and easy in use.

In chapter one, the feasibility of this method was first tested by
detecting the five different types of mutation in the human B-globin
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gene with constructed plasmid templates. The robustness of this
approach was then validated by simultaneous genotyping of the five
different types of mutation with 255 clinical samples of humane
genomic DNA. Sixty-two human genomic DNA samples with nine
known genotypes were accurately detected, 32 random clinical
samples were successfully screened, 116 DNA samples were all
correctly genotyped in a double-blind analysis, and 45 clinical samples
of 15 Chinese families for the prenatal diagnosis of B-thalassemia were

all exactly genotyped.

In chapter two, based on the above work, a multiple real-time
PCR detection of mutations in a single-tube using displacing probes
was then developed. A slow annealing PCR was used to amplify a 500
bp amplicon including four mutations, and real-time PCR
simultaneous detection of four mutations in a single tube was achieved

using four mutant displacing probes.

In chapter three, an accurate, yet inexpensive and high-throughput,
method for determining the allele frequency of biallelic

polymorphisms in pools of DNA samples was developed.

The combined merits of reliability, flexibility, and simplicity
should make the method of real-time PCR genotyping using displacing
probes suitable for routine clinical testing, large-scale genetic
screening, large population-based epidemiology study, detecting
meaningful polymorphic differences in candidate gene association

studies, and genome-wide linkage disequilibrium scans.

In the second part, another new real-time PCR genotyping

method using phosphorothioate-modified allele specific primers with
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proofreading DNA polymerase was developed. Normal ARMS primers
display misincorporation when used for real-time PCR genotyping
with SYBR Green I. Primer stabilisation is a key requirement to
enable the application of proofreading to allele specific primers
genotyping. Introduction of one or more phosphorothioate linkages
into the 3’ terminus of the primer enhance the inhibition of
exonuclease activity of T4 DNA polymerase. The allele specific
primer with phosphorothioate modification of 3’ terminus in the last
nucleotide had a much stronger inhibition ability contrasted with the
second nucleotide of the 3’ terminus, and the phosphorothioate
modification of last two nucleotides of the 3’ terminus got the best
result of the inhibition of exonuclease activity. Real-time PCR
genotyping with proofreading DNA polymerase got similar results,
phosphorothioate modification of last two nucleotides of the 3’

terminus of the allele specific primers coupled with proofreading DNA
polymerase could remarkably reduce misincorporation and enhance
the amplification fidelity of PCR. A new real-time PCR genotyping
method using double-stranded allele specific primers with
phosphorothioate modification of last two nucleotides of the 3’

terminus was then developed. These results suggest that the use of
phosphorothioate-modified  primers and proofreading DNA
polymerase will offer a simple and cost-effective means to improve
fidelity in a range of allele specific primers based genotyping assay

formats.

Keywords: Displacing probes; Phosphorothioate modified primers;
Real-time PCR genotyping
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