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Role of African Genetic Diversity in Diseases
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ABSTRACT: Human adaptability and history sculpt the variation in genes and make them vulnerable to infectious
diseases. By using a computational algorithm, African genomes and their immigration are being studied to reveal the
spreading of different diseases in humans, animals, and plants. There are different genetic bases that make the
differences in terms of disease vulnerability in different organisms. Development in genetics and bioinformatics have
been providing us good tools that find the genes which are involved in the disease. Strains of Newcastle disease virus
(NDV) are found in poultry in West and Central Africa. In Africa, Sweetpotato is a widely grown crop, and there are
certain strains of viruses found in Sweetpotato. The viruses that are spreading disease in Sweetpotato are SPFMV
(Sweetpotato Feathery Mottle Virus), SPMMYV (Sweetpotato Mild Mottle Virus), SPCSV (Sweetpotato Chlorotic Stunt
Virus).

KEYWORDS: Genetic diversity, African Population, Infectious Diseases, Bioinformatics Tools, Isozyme.
LINTRODUCTION

Genetic diversity refers to the total number of genetic characteristics in the genetic makeup of any species. The
adaptations in which populations adapt to environmental changes are due to genetic diversity. Multigene mechanisms
are involved in the genetic vulnerability to diseases.
If the genetic vulnerability of any infectious disease in humans is considered, then the population level is more
important than the individual level to study the disease. Pathogens diversity and their distribution over a region are also
affected by the geographical and zonal distribution.
There are two main approaches to study the genetic diversity in diseases.

e (Candidate gene approach

e Linkage approach
In the first approach that is the Candidate gene approach, the hypothesis is formed that a given gene or gene set is
involved in the disease vulnerability.
In the linkage approach, with the help of the microsatellites, the specific region of the genome is discovered from the
whole genome which causes disease vulnerability.
Lod score is used in the parametric linkages.

(probability of data if disease and

marker are linked)

Lod = log 10

(probability of data if disease and

marker recombine freely)
Newcastle disease in poultry is caused by a virus named avian paramyxovirus. Newcastle disease virus (NDV) is
subcategorized into lentogenic, mesogenic, asymptomatic enteric on the basis of their severity in the chickens (OIE.
2012). In West Africa, virulent and avirulent strains of the Newcastle virus are found. In sub-Sahara Africa virulent
strains of the Newcastle disease virus are found.
Sweetpotato Virus Disease is the most destroying syndrome in sweet potatoes.in Africa Sweetpotato production
affecting the virus is revealed(Karyeija et.al., 1998).
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Human diseases are linked with protein misfolding. The diseases that are linked with Intrinsically disease proteins
(IDPs) and Intrinsically disease regions (IDRs) are genuine and in huge numbers. New tools in bioinformatics showed
the characterization of diseases associated with IDPs and IDRs unfoldome. Intrinsically Disease Proteins (IDPs) have
some unique structural and functional characteristics that are involved in the pathogenesis of many diseases.

Genetic Susceptibility to infectious diseases

The following conditions are fulfilled in the gene identification methods (Cooke GS et.al., 2001).

1- Phenotypic traits are defined aunthentically

2- Genetic component of vulnerability to any disease is strong enough

3- A few number of genes are involved in the vulnerability to a disease

4- Availability of the involved Mendalian inheritance genes

It is discovered that infectious diseases depend upon the complex interactions between genes and their environmental
parameters. It is revealed that neutral genes in the population or species have a direct relation with the time elapsed due
to the reason they have common ancestors (Historical Markers).

Neutral polymorphism has limited predictive power on adaptive polymorphism by its very nature. On the other hand, it
offers a basic population genetic framework for the species under investigation, as well as information on the degree of
genetic similarity across populations, migration and genetic exchange rates, and a variety of other characteristics.

Isozyme discovery

Because a direct study of genetic polymorphism was not accessible in the late 1970s, population genetics had a
theoretical foundation that was extremely speculative, but it has now been proven to be correct. The research was
reported in Nature Biotechnology. In the 1970s and 1980s, isoenzymes were all the rage. A staggering amount of
documents covering virtually the whole reign of the living were published. Indeed, Multilocus enzyme
electrophoresis(MLEE) is an excellent example of a “generalist” genetic marker, one that may be used for any
organism(Tibayrenc M, 1998).For finding the genetic variability in Human Multilocus enzyme electrophoresis is used
(Nei M et.al., 1993).

Genetic Diversity and population in Africa

Demographic history (e.g., changes in population size, short- and long-range migratory events, and mixing) as well as
locus-specific factors like natural selection, recombination, and mutation impact the pattern of genetic diversity in
current African groups (Pilkington MM et.al., 2008). Despite the importance of Africa in understanding contemporary
human origins and disease genetic risk factors, it has been underrepresented in human genetic studies. Much of what
we know about genetic variation comes from a small number of Africa’'s 2000 ethnolinguistic groupings, and the
majority of this information comes from mtDNA and Y chromosome research (Garrigan D et.al., 2007).

Additional substructure exists among African groups, according to analyses, notably between hunter-gatherer and
agriculturalist communities (Jacobsson M et.al., 2008).

The CEPH diversity panel, on the other hand, only contains eight African groups, four of which are agricultural Bantu-
speakers with recent shared ancestry.

Infectious diseases in Human Population of Africa

In humans, host genetic diversity influences vulnerability to a variety of infectious illnesses. A multitude of genetic
modifications that offer infection resistance has developed as a result of repeated exposure to various pathogens.
Despite the fact that the number of known candidate genes for infectious diseases has grown, progress in identifying
genes that impact infectious disease susceptibility and/or resistance in various African groups has been modest.
Malaria, AIDS (Autoimmune Deficiency Syndrome), and tuberculosis are some of the major diseases that spread in the
huge population.

Malaria is the major population disease in Africa. About 90% population in Sub-Sahara Africa is affected by Malaria
(Frodsham AJ et.al., 2004). Plasmodium falciparum parasite-infected more than 500 million population in Africa. Red
blood cells play an important role in the immune response against Malaria.

Numerous studies have found that the genetic vulnerability to malaria infection differs among ethnically varied African
groups. For example, a variation in the promoter region of the IL4 gene is linked to a reduction in P. falciparum
infection in pastoralist Fulani from Mali, as demonstrated by reduced parasite burden, while no such genetic
relationship is seen in the pastoralist Fulani from Nigeria (Dolo A et.al., 2005).
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The second infectious disease is Autoimmune Deficiency Syndrome (AIDS) which is caused by Human
Immunodeficiency Virus (HIV). 75-84% of deaths in Sub-Sahara Africa are caused by HIV(Winkler C 2004). Some
individuals who were exposed to HIV, rapidly increase in the disease's advanced stages. Some individuals did not
infect with AIDS despite the exposure to HIV(O’Brien SJ et.al., 2004).HIV enters the host cells through Chemokine
receptors (O’Brien SJ et.al., 2004) .it is demonstrated that the CCR2 gene act as a resistance in HIV.

Infection with Mycobacterium tuberculosis, which leads to tuberculosis, is a leading cause of death worldwide,
especially in resource-poor nations. Furthermore, in Sub-Saharan Africa, HIV infection is closely linked to an increased
risk of tuberculosis (TB) (Corbett EL et.al., 2006). In Africa, TB rates range from 50-300 cases per 100,000 people
(215). In African communities, genetic diversity has been found to impact susceptibility to tuberculosis.

preading of Tuberculbgi.s TB

R
Fig 3.
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Infectious disease | Known genes associated with disease Effect of genetic loci on infection or disease References
susceptibility in Africans progression
HIV/AIDS Chemokine receptor 2 (CCR2) CCR-2 641 allele associated with | disease progression (146,235)
Human leukocyte antigen (HLA) Locus HLA A2/6802 supertype and HLA DRBI1*01 (121
associated with | HIV infection i female sex workers
from East Africa
Killer mmunoglobin- like receptors (KIR) KIR3DS | m combination with HLA-B Bwd—8(lle (95,126)
associated with | disease progression n
AfncanAmenicans and West Affican sex workers
Interferon regulatory factor (IRF-1) Three polymorphisms (located at 619, microsatellite (15)
regron, and 6516 of genes) associated with |
susceptibility to infection in East African sex workers
TRIM5a 1360 and 43Y alleles protectagainst HIV infection m | (108)
African Americans
APOBEC3G 186R allele associated with T discase progression in (8)
Afnican Americans
CULS Haplotypel0 associated with T disease progression of | (9)
HIV-1 in African Americans
Tuberculosis Human homolog of natural-resistance—-- Several polymorphisms (5° microsatellite repeat, ( 19,204,188)
associated macrophage protein 1 (NRAMP1) INT4,, and adeletion in 3° UTR) associated with T risk
for tuberculosts in East and West Africans
UBE3A T-bpdeletion at 57 end of UBE3A gene associated with | (27)
1 susceptibility in West African families
Chromosome 15 and X chromosome Unknown loct on these chromosomes associated with | (20)
1 tuberculosis susceptibility
Human leukocyte antigen (HLA ) locus DRB1*1302 allele and DQB1*0301— 0304 alleles (1135)
associated with T tuberculosis susceptibility in Venda
population from South Africa
Vitamin D receptor (VDR) locus F-b-A-T haploty pe associated with | susceptibility n | (115)
a South African population
Vitamin D receptor VDR) locus Polymorphism at codon 352 of VDR gene associated (20)
with |susceptibility m Gambian population
Vitamin D receptor (VDR) locus Polymorphisms ( Fokl and Apal) associated with T (149)
susceptibility in West African families.
CD209 Promoter —336G allele associated with | susceptibility | (215)
in West Africa and Malawi
Promoter —336A and —871G alleles associated with | | (18)
susceptibility m admixed colored population from
South Africa
Intron 6 variant associated with T susceptibility in (149)
West African population
Pentraxin 3 (PTX3) (-A-(r haplotype associated with | susceptibility in (149)
West Africa
Malaria B-globin gene HbS, HbC, and HbE alleles associated with | malana | (13a,216a)
susceptibility in East and West Africans
w-globin gene a+-thalassemias associated with | malaria (58a)
susceptibility in East Africans
f-globinfe-globm genes HbS and a+-thalassemia variants mherted together (232)
associated with 1 susceptibility in East Africans
Dufty gene FY*0 allele associated with | malaria susceptibility m | (83,86)
Afnicans

Table 1. Infectious diseases and the associated genes in the African Population

Bioinformatics tools used for disease identification

Infectious illness diagnosis and surveillance are becoming more common because of bioinformatics tools and
procedures that analyze next-generation sequencing (NGS) data. Reviewing the use of bioinformatics tools, common
databases, and NGS data in clinical microbiology, with an emphasis on molecular identification, genotyping,
microbiome research, and antibiotic resistance studies, is of interest. Bioinformatics tools are widely utilized in
pathogen detection, characterization, and typing. Following the growing use of genomic methods in the diagnosis and
treatment of viral, bacteria, and fungal infections, this study was published.
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Tool Names URL
1. Lasergene http://dnastar.com
2. CLCbio workbench http://www.clcbio.com/products/clc-main-workbench/
3. Geneious http://www.geneious.com/
4. ChimeraSlayer http://microbiomeutil.sourceforge.net/#A_CS
5. AmpliconNoise http://qiime.org/scripts/ampliconnoise.html
6. CATCh http://science.sckcen.be/en/Institutes/EHS/MCB/MIC/Bioinformatics/CATCh
7. Mauve http://gel.ahabs.wisc.edu/mauve
8. UCHIME algorithm http://driveS.com/usearch/manual/uchime_algo.html
9. mothur https://www.mothur.org/
10. DECIPHER http://DECIPHER.cee.wisc.edu

Table 2. Bioinformatics tools

H3ABIONET is widely used network for analyzing and collecting the genomic data in Africa. Another network or
approach was developed named, NETMAP that was used for the precise Data transfer between Africa and the rest of
the world (https://redcap.h3abionet.org/h3aprdb/).

For the analysis of Malaria, RV-approach was used.RV-approach consists of two steps.
1- Screening of antigen from the whole protein sequence by using tools such as,SignalP, VaxiJen, TMHMM etc.
2- Predicting the immunogenicity of T-cells epitope by using NetCTL program.

II. CONCLUSIONS

The study of ethnically varied human groups, particularly in Africa, is critical for recreating human evolutionary
history and understanding the genetic foundation of complex diseases and phenotypic adaptability. Malaria, AIDS, and
Tuberculosis are the major diseases found in the African population.

As mentioned in this review, several bioinformatics tools are available for evaluating data in the fight against and
control infectious illnesses. However, bioinformatics tools for drug resistance testing, pathogen-host interaction, and
treatment outcomes are available. The need to make bioinformatics tools and their application is more accessible and
integrated with clinical microbiology and infectious diseases.
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