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Summary (Abstract) of doctoral thesis contents

East Africa is characterized by high levels of genetic, linguistic and cultural diversity.
Studies have shown that, in Africans, there is a strong correlation between genetic and
linguistic families. Focusing on the Sudanic region of east Africa, a recent study based
on genome-wide SNP data found two substructures in the Sudanese population. The
two substructures were related to Afro-Asiatic and Nilo-Saharan/Niger-Congo
linguistic families. Furthermore, the Afro-Asiatic family contains several groups with
different genetic background which need to be elucidated. Here, | studied the genetic
diversity of HLA class | genes in eight ethnic groups from east Africa. The samples |
used represent three countries in East Africa; Sudan, South Sudan and Ethiopia. The
samples from Sudan have wide geographical distribution and all samples belonged to
three known African linguistic families; Afro-Asiatic, Nilo-Saharan, and Niger-Congo.
| first sequenced the samples using next generation sequencing method on Miseq
platform. Then | analyzed the sequence data and identified HLA-A, HLA-B and
HLA-C genotypes. While identifying the genotypes, | found four mutations not
previously seen in their sequence background, which can be considered as new allele.
I confirmed all of the mutations by Sanger sequencing. The genotypes data were then
used to calculate the allele frequency and determine the allele frequency distribution
of each group. To find out how diverse the study populations are, | calculated
heterozygosity and Fst values which indicated high level of heterozygosity and
population differentiation.

To examine the population structure | performed principal component analysis (PCA)
using the identified alleles frequencies. | found most of the variances were explained
by the first and the second principal components (PC). The PCA identified three
clusters that correlated with linguistic families of the study groups. The first cluster
was defined by alleles common to the Nilo-Saharan groups. The second cluster was
defined by alleles that are frequent in Afro-Asiatic groups and third cluster was
defined by alleles of the Sudanese Arab groups. Interestingly, the division in cluster 3
between Arab and the other groups in the Afro-Asiatic family was not previously seen
in SNP data, suggesting there is further substructure within this family.

For the further analysis, | focused on cluster 3 and tried to find whether the identified
alleles are on the same chromosome, | estimated haplotype frequencies and compared
it to the previous clustering patterns. | found alleles of the most frequent haplotypes
are also found in the same cluster and those alleles are informative for differentiation
between groups because they have similar pattern of allele frequency distribution.
Having identified the informative alleles in cluster 3, | checked whether they are
tightly linked by estimating pairwise linkage disequilibrium (LD) between alleles at
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the three HLA loci. | observed that alleles of HLA-B and HLA-C are in perfect LD
most of the times. On the hand, alleles of HLA-A showed relatively lower LD scores;
this is expected as LD decays with increase in physical distance along the
chromosome.

Furthermore, | decided to trace the ancestry of cluster 3 alleles so | searched for the
Arab frequent haplotypes in other population in the Allele Frequency Net Database
(AFND), which is the largest database for global distribution of HLA alleles.
Interestingly, the most frequent 2-loci haplotypes (HLA-B and HLA-C) among Arab
groups were not found in All Sub-Saharan African population and found mainly in
Asia, Europe and North America. More interestingly, I found the most frequent B-C
haplotype among Sudanese Arabs (B*51:01-C*15:02) has 4.7% frequency in the Saudi
Arabian population.

Finally, finding cluster 3 alleles exclusively outside Africa strongly suggested that the
Sudanese Arab groups have experienced gene flow from non-African sources. To
further understand the structure of the Sudanese groups in the context of other
populations, I integrated data from AFND including populations from Sub-Saharan
Africa, Middle East and Europe. PCA on the integrated data sets confirmed the
previously seen clustering patterns in our own data. Intriguingly, the last PCA showed
Arab groups from Sudan were the closest to all non-African populations, particularly
populations from the Middle East like the Saudi one.

In conclusion, this study identified four new HLA alleles and established a map of
HLA class I allele and haplotype frequencies in Sudan. Furthermore, a new
substructure within Afro-Asiatic groups was found, which separates Sudanese Arabs
from non-Arabs. The new substructure seems to be affected by gene flow from the
Middle East.
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Summary of the results of the doctoral thesis screening
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