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Abstract

Single cell research is an exciting and rapidly expanding field in the molecular biology research
and diagnostics. Sensitive, rapid and accurate mutation detection from one single cell has a
diverse application in medical research along with clinical diagnostic procedures. Our main
objective in this study is to develop a single cell analysis protocol can be utilized in mutation
detection at the level of individual cells and to demonstrate whether this protocol can be used as
a universal step prior to molecular analysis of a single cell. Cells from different sources,
including lymphocytes, buccal cell, skin fibroblast, leukemia cell line K562 and human
blastomeres were tested. Several lysis buffers and protocols were used to examine each type of
cells aimed to conclude the best accurate and sensitive result. In order to achieve our aim, we
deployed the detection of HBB mutations in -thalassemia as a model.

Aimed to perform this goal, an experimental plan was laid out, that begins with mapping the
mutational landscape of the HBB gene in sickle cell disease and B thalassemia samples from the
western region of the kingdom of Saudi Arabia. The decision to choose HBB as model is driven
by the fact that there is a high prevalence of Hemoglobinopathies (blood disorders caused
primarily by HBB mutations) in Saudi Arabia. as well as the diseases caused by HBB mutations
are monogenic diseases that can be easily determined by simple method in a short time. Sanger
sequencing of the HBB gene from genomic DNA was first utilized to identify the most common

mutations and setup a validation tool for the gPCR approach we adopted as the primary assay for



mutation detection. Custom-made TagMan® SNP genotyping assays were designed and
validated for the rapid detection of IVS-1-1 (G>A), IVS-1-5 (G>C), codon 39 (C>T), and IVS-I-
110 (G>A) mutations in 257 transfusion-dependent -thalassemia patients and patients attending
pediatric hematology clinic in King Abdulaziz University Hospital( KAUH). We illustrate that
IVS-1-5 (rs33915217) is the most common single nucleotide variant in our cohort with the
variant allele constituted 26% of the total alleles investigated. The results showed that TagMan®
SNP genotyping assays are rapid, accurate and cost-effective method for the initial screening of
B-thalassemia cases which will minimize the need for direct sequencing of the HBB gene. In
order to apply the SNP genotyping assays at the single cell level, six different single cell
preparations and sources were tested. The most suitable single cell protocol was found to be the
combined use of the alkaline lysis buffer (ALB) with dithiothreitol (DTT) as an additive. DNA
isolated in this manner was demonstrated to be useable in TagMan® SNP genotyping as well as
whole-genome amplification (WGA). A demonstration of the application of this single cell
isolation and analysis protocol on human blastomeres, where DNA isolated was subjected to
WGA, followed by array comparative genomic hybridization (a-CGH) to test for aneuploidy as
well as SNP genotyping was illustrated.

In conclusion, the outcomes of this study will lay the foundations for single cell research at King
Abdulaziz University and transfer this important technology to our locality. Future work in this
area will be able to benefit from the experiences and protocols refined in this study to attempt to
tackle difficult scientific questions related to cellular heterogeneity and mosaicism.



