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Abstract

Genomic research is one of the tools for elucidating the
pathogenesis of diseases of global health relevance and pav-
ing the research dimension to clinical and public health
translation. Recent advances in genomic research and tech-
nologies have increased our understanding of human dis-
eases, genes associated with these disorders, and the rele-
vant mechanisms. Genome-wide association studies (GWAS)
have proliferated since the first studies were published sev-
eral years ago and have become animportant toolin helping
researchers comprehend human variation and the role ge-
netic variants play in disease. However, the need to expand
the diversity of populations in GWAS has become increas-
ingly apparent as new knowledge is gained about genetic
variation. Inclusion of diverse populations in genomic stud-
ies is critical to a more complete understanding of human
variation and elucidation of the underpinnings of complex
diseases. In this review, we summarize the available data on
GWAS in recent African ancestry populations within the

western hemisphere (i.e. African Americans and peoples of
the Caribbean) and continental African populations. Fur-
thermore, we highlight ways in which genomic studies in
populations of recent African ancestry have led to advances
in the areas of malaria, HIV, prostate cancer, and other dis-
eases. Finally, we discuss the advantages of conducting
GWAS in recent African ancestry populations in the context
of addressing existing and emerging global health condi-
tions. ©2014S. Karger AG, Basel

Introduction

Since the first genome-wide association studies
(GWAS) publication a few years ago, there has been a sig-
nificant increase in studies that use GWAS as a tool to
identify genetic variants associated with communicable
and non-communicable diseases. GWAS have also been
used to identify variants that influence human traits in-
cluding eye color, hair color and anthropometric charac-
teristics [1-3]. Genomic variations have been associated
with drug resistance and treatment outcome [4]. The
number of GWAS and pharmacogenomics studies that
have identified single nucleotide changes associated with
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treatment outcomes is rising [5-7]. In other areas of re-
search, genomic studies have led to a greater comprehen-
sion of disease progression and pathogenesis in Crohn’s
disease and several neurological disorders [8, 9]. In-
creased identification of variants associated with mono-
genic and polygenic disorders could contribute to more
accurate diagnosis, effective clinical management, and
specialized treatment improving the health of individuals
and populations affected by these disorders [10, 11].

An Overview of Diversity in GWAS Data

Despite the expansion of GWAS tools to identify dis-
ease- or trait-related variants in human populations, ad-
equate studies inclusive of diverse populations are lack-
ing. Previous assessments of the representation of non-
European populations in GWAS utilizing publically
available databases have revealed significant underrepre-
sentation of these populations in published GWAS [12-
14]. We queried the Research Portfolio Online Reporting
Tools (http://projectreporter.nih.gov/reporter.cfm) to
determine the numbers of NIH-funded GWAS focused
on or utilizing non-European populations. Our search
yielded 2,267 current NIH-funded studies matching the
search term ‘genome-wide association studies’ as of mid
2014. For a more accurate comparison, we used search
terms such as African American, Hispanic, or Jewish an-
cestry also utilized by aforementioned publications. For
ongoing studies (e.g. 2011) in the National Institutes of
Health Research Portfolio Online Reporting Tools,
GWAS accounted for only ~14, ~3, and <1% for African
American, Hispanic, or Jewish ancestry populations, re-
spectively. Subsequent analysis of published GWAS from
PubMed using the same search terms produced 4,942
publications, of which African Americans accounted for
~3% with Hispanics and Jewish accounting for <1%,
which are essentially in agreement with the previous re-
ports. From the 2011 data, African Americans represent-
ed the largest non-European population included in
GWAS.

Recently, several GWAS have included African ances-
try populations in their discovery (initial stage) or repli-
cation datasets. From January 2009 to May 2010, 21 such
studies have been included in the National Human Ge-
nome Research Institute (NHGRI) GWAS catalogue [13].
We chose to use the NHGRI GWAS catalogue for our
review on African Americans and African ancestry popu-
lations because the catalogue includes literature that
meets stringent inclusion criteria (http://www.genome.
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gov/gwastudies/). Moreover, analysis using the NHGRI
GWAS catalogue produced results that reflect paucity of
data for the African American population. In this review,
we examine and briefly summarize several GWAS in dia-
sporic African populations and continental African pop-
ulations from publications in the NHGRI GWAS cata-
logue until mid 2014.

Advantages of Conducting GWAS in African
Americans and African Ancestry Populations

Arguments have been made for broader inclusion of
populations of African ancestry in GWAS [12-16]. With
the underrepresentation of African ancestry populations
in GWAS, one might ask: what is the utility in genetically
characterizing populations of African ancestry? The oc-
currence of some genetic variants shows considerable fre-
quency variation across populations which also includes
the frequency of the risk allele, frequency of causal and
correlated variants, and prevalence of diseases. Genetic
determinants of disease and their effect sizes have also
been shown to vary significantly between European and
non-European populations such as populations of Afri-
can ancestry [12]. It has been demonstrated that variants
associated with diseases found in European ancestry pop-
ulations do not always replicate in non-European popula-
tions [9, 17, 18]. GWAS conducted in European popula-
tions have frequently failed replication in non-European
populations for several reasons, including differences in
allelic architecture, linkage disequilibrium, and con-
founding of environmental factors across populations
[14]. As the continent where the human species originat-
ed, Africa harbors populations with longer histories com-
pared to European populations [19, 20]. GWAS provide
opportunities for characterization of longer population
histories and greater genetic heterogeneity found in Afri-
can populations, allowing more accurate construction of
ancestral haplotypes which cannot occur in non-African
populations [21]. If one cannot determine the original
haplotype, African populations offer opportunities to de-
termine the evolutionary histories of these variants [22].
For example, the genetic origins of fragile X syndrome via
haplotype analysis of the X chromosome have been well
characterized in European populations [23]. However,
the haplotypic origins of this mutation in African popula-
tions are yet unknown, even though fragile X syndrome
has been found in an African population [24]. This syn-
drome and other Mendelian disorders offer a model to
understand the evolutionary history of monogenetic dis-

Public Health Genomics 2015;18:40-51 41

DOI: 10,1159/0003679¢62


http://dx.doi.org/10.1159%2F000367962

orders as humans migrated out of Africa. The informa-
tion could also contribute to greater understanding of re-
combination and evolution of genes in the X chromo-
some. Thus, inclusion of populations of African ancestry
and other diverse populations in GWAS is critical to un-
derstanding human variation in both monogenetic and
more complex disorders.

Notable Discoveries from GWAS in African American
and African Ancestry Populations

Non-Communicable Diseases

GWAS have had considerable influence on the identi-
fication of genetic variants associated with non-commu-
nicable diseases. We have identified several GWAS on
non-communicable diseases and also traits that have
been conducted with African ancestry populations. Pub-
lications from these studies are listed in online supple-
mentary table 1 (for all online suppl. material, see www.
karger.com/doi/10.1159/000367962). Asthma is a com-
plex non-communicable disease that significantly affects
both the young and old. Approximately 15 million Amer-
icans are affected, with ~5,500 deaths attributed to com-
plications [25]. Hospitalizations for asthma are 2-3 times
higher for African Americans compared to other ethnic
groups [25, 26]. GWAS exploring the genetic basis of this
multifactorial disease in African ancestry populations
have identified several associated genes (online suppl. ta-
ble 1). Susceptibility loci for asthma were first identified
in children of European ancestry (from Europe and the
US) and then replicated in African American children
[27]. Variants in the genes CRBI1 and PDE4D were associ-
ated with asthma in children of European ancestry [27,
28]. For African American populations, association with
asthma was found for variation in the gene DENNDIB,
but not in CRBI or PDE4D [27, 28]. SNP variants found
in intergenic regions near ADRA1B, PRNP, GNA13, and
DPPI10 have been implicated in asthma and allergic dis-
eases in African American and African Caribbean popu-
lations, but have not been replicated in European popula-
tions [29]. PDE4D, a regulator of airway smooth muscle
contractility has been replicated in several European and
Hispanic populations, but not in populations of recent
African origin [28]. Over 43 genes associated with asthma
have been identified [30]. However, few of them have
been replicated via subsequent GWAS in other popula-
tions [30].

Asthma is a serious chronic disorder characterized by
airway inflammation [31]. The inflammatory process in
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asthma is characterized by a significant elevation of white
blood cell count (e.g. eosinophils, neutrophils and other
white blood cells) [32]. GWAS have provided evidence
that variation in white blood cell count in African Amer-
icans has a genetic component. GWAS have replicated
genes on 17q21.1 in 2 cohorts of African Americans [33,
34]. Interestingly, 17q21.1 is also associated with inflam-
mation and with childhood asthma [35]. This provides
evidence suggesting that in some disorders the genetics of
traits and diseases could be similar, as observed in white
blood cell count, asthma and 17q21.1 [33].

Unlike asthma, the primary genetic variant underlying
sickle cell disease (SCD) has been identified, but the tools
of GWAS are being used to determine the nature of the
genetic modifiers associated with phenotypic diversity in
SCD. Genes implicated in SCD severity include BCLIIA,
which has been shown to modulate fetal hemoglobin lev-
els and has been confirmed in GWAS in African Ameri-
cans [36]. Sex-stratified analysis indicated GLP2R is an
important modifier of fetal hemoglobin in males [36].
There has not been an established connection between
SCD and asthma. Evidence supports asthma and SCD as
distinct comorbid conditions [37]. However, some argue
that the high prevalence of asthma in individuals with
SCD suggests that the underlying mechanisms of the 2
diseases might be similar [38, 39]. GWAS of sickle cell
anemia in African Americans have produced associations
with OTUB3 and KCNK6 [40]. KCNK6, a member of the
K* channel protein family, is expressed in cardiomyo-
cytes and in airway epithelial cells [41, 42]. KCNKG6 also
showed differential expression in pulmonary artery en-
dothelial cells when exposed to sickle cell plasma [40].
This suggests an uncharacterized role of KCNK6 in SCD.
For both asthma and SCD, the complexity of the pheno-
type would suggest that genetic heterogeneity is a major
contributor to both diseases, so careful classifications of
individuals based on clinical subphenotype or other clas-
sification schemes and the use of appropriate genetically
matched controls might be worthwhile.

GWAS have identified several loci that are associated
with prostate cancer (online suppl. table 2). Eeles et al. [43]
found 9 SNPs in 7 genomic regions dispersed among 5
chromosomes in patients with prostate cancer. Some of
these variants were replicated in GWAS of African Amer-
ican males. However, the majority of associations were
not replicated, which may have been due to the small sam-
ple sizes of the 2 studies [44]. Several of these genes includ-
ing TET2, NKX3.1 and ITGA6 have been found to have
oncogenic properties. ITGA6 is necessary for tumor for-
mation in breast cancer cells, but its expression is down-
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regulated in cervical cancer [45, 46]. Some groups have
reported TET2 associated with hematological cancers in-
cluding myeloid leukemia and thrombocytosis [47-49].
NKX3.1 encodes an androgen-regulated transcription
factor expressed in luminal epithelial cells in the prostate
[50]. The function of NKX3.1 is to prevent other genetic
insults from initiating tumor growth because overexpres-
sion of NKX3.1 in vitro inhibits cell proliferation and for-
mation of anchorage-independent cell groups, which has
been associated with early stages of prostate tumorigene-
sis [51]. Additional evidence suggests that the loss of
NKX3.1 leads to aberrant regulation of gene clusters,
which is a major initiating factor for prostate tumorigen-
esis [50]. NKX3.1 has an indispensable role in prostate
cancer and is regarded as the ‘gatekeeper’ to prevent tu-
morigenesis [50, 52]. Subsequent GWAS using Tobago-
nian men as the replication sample have not found an as-
sociation between prostate tumor development and TGF-
BR3, a tumor suppressor with a significant role in prostate
tumor development [53, 54]. These data suggest that the
mechanism which produces tumorigenesis in prostate
cells or other cell types could have different associated ge-
netic variants in some non-European populations.

Recently, a GWAS and a family-based association
study were conducted on podoconiosis (geochemical
non-filarial elephantiasis of the lower legs). So far, this
study is the only published GWAS on non-communi-
cable diseases among continental African population
groups. The findings have shown that variants in HLA-
DRBI1, HLA-DQBI and HLA-DQA1 genes are associated
with risk of susceptibility to podoconiosis [55]. Further
evidence for the HLA class II association was found with
HLA typing that showed HLA-DRBI*0701, HLA-
DQAI*0201 and HLA-DQBI*0202 are risk variants.
These alleles may have a functional role in presenting an-
tigens (currently unknown) to T cells and imply that
podoconiosis may be a T-cell-mediated inflammatory
disease [55].

In the past decades, considerable progress towards un-
derstanding the neurogenetics of social behavior has used
twin studies to establish the heritability of several behav-
ioral phenotypes [56]. These studies have produced sub-
stantial amounts of data including the association of oxy-
tocin and vasopressin with several aspects of social behav-
ior and also suggest that structural variants might
predispose families or individuals to such behaviors and
neuropsychiatric disorders [56-58]. Many of these stud-
ies need replication in non-European populations.

Numerous reports have explored the genetic under-
pinnings of schizophrenia (online suppl. table 1). This
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psychiatric disorder is a complex disease with heredity
often playing a substantial role in predisposition to the
disorder [59]. Several genes have been implicated in
schizophrenia; however, previous findings have not been
replicated, causing some to argue that new approaches
and fundamental rethinking of schizophrenia are re-
quired [60, 61]. For example, HISTIH2AG, HISTIH2AB
and other genes are implicated in schizophrenia in Afri-
can Americans and populations of European ancestry
without achieving genome-wide significance [62]. Bipo-
lar disorder is a neuropsychiatric disorder characterized
by episodic mania and depression. Similar to schizophre-
nia, bipolar disorder has a significant genetic component
with heritability of ~80% [63]. GWAS of this disorder in
African Americans and European ancestry populations
yielded an association with DPY19L3 which was found to
be not significant after correcting for genome-wide mul-
tiple testing [64].

Several groups have used GWAS to understand the ge-
netic components of dependent behaviors ranging from
alcohol dependence to smoking behavior [65]. In Euro-
pean ancestry populations, a variant located in a potential
transcription factor-binding site upstream of IL15 is cor-
related to smoking frequency [65]. Cigarette smoke has
been found to have decreased IL15 expression and dimin-
ished activation of downstream signaling molecules [66].
It would be interesting to look at the mRNA/protein lev-
els of these individuals to determine the expression of
IL15. This would suggest a mechanism of smoking behav-
ior that could also be associated with interleukins charac-
terized in immunity [67]. If IL15 is truly associated with
smoking behavior, therapeutic interventions could be de-
veloped based on the characterized function of IL15 in
immunity [68]. For other behaviors, including alcohol
dependency, GWAS in which African American patients
were included have not yielded SNPs with genome-wide
significance [69, 70]. These studies have found areas in
the genome that are correlated with dependence behav-
iors. For example, a region on chromosome 11 is de-
scribed as a candidate locus for alcohol dependence [69].
For dependency behaviors, replication of previous asso-
ciations found in African Americans has been difficult.

GWAS exploring cardiovascular diseases have re-
vealed several association signals (online suppl. table 1).
GWAS of African American hypertensive patients found
associations with genes involved in systolic blood pres-
sure including an Na/K*/Ca exchanger (SLC24A4), and a
class of calcium channel blockers (CACNAI1H), PMS]I,
YWHAZ, and IPO7 [71]. With the largest sample size us-
ing multiple cohorts of American Americans, Fox et al.
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[72] were not able to replicate initial genetic associations
for systolic or diastolic blood pressure. They suggest that
within this large multiple cohort study, several issues (e.g.
the heterogeneity in blood pressure measurement across
centers, the number of individuals on blood pressure-
lowering medication, antihypertensive medication, and
the median age of cohorts) may have biased the results
toward the null hypothesis [72].

GWAS on cardiac left ventricular hypertrophy and
stroke have showed associations with variants in RAI14,
and CD36 for left ventricular hypertrophy and NINJ2 and
CD36 for stroke, showing that CD36 is implicated in both
conditions [73, 74]. CD36 is a receptor with diverse func-
tions including negative regulation of angiogenesis, inter-
nalizing pathogens in immune response, and facilitating
lipid transport and muscle lipid utilization [75]. The lipid
utilization function of CD36 is also implicated in signal-
ing for systolic blood pressure for hypertension and adi-
pose energy storage in obesity and diabetes [71, 75].
CD36-mediated signaling could provide an example of
common signaling paradigms in which other effectors
could interact between pathways of hypertension, diabe-
tes, stroke, and cardiovascular disease. Further character-
ization in non-European populations of CD36 function
in these different conditions is warranted.

In addition to identifying genes associated with non-
communicable disorders, GWAS can also be used to
identify genotypes associated with various treatment out-
comes. In hypertension, variants in LYZ, YEATS4, and
fibroblast growth factor receptor substrate 2 (FRS2) are
associated with differential responses to antihypertensive
drugs (e.g. thiazide diuretics) commonly used to regulate
blood pressure [17]. In African Americans, the variant
located in YEATS4 was significantly associated with good
response to thiazide diuretics [17]. Thiazide diuretics can
be used to distinguish good responders (patients that
show improvement on diuretics) from non-responders
or bad responders (patients with a negative response to
diuretic medications for the treatment of hypertension).

Communicable Diseases

One of the major infectious diseases affecting sub-Sa-
haran African populations is malaria. Studies have been
conducted to characterize the regions of the Plasmodium
falciparum genome under positive selection in order to
monitor the development of drug resistance in the para-
site [18]. Additionally, GWAS have utilized cases in en-
demic areas to determine loci in the human host that in-
fluence disease outcomes [76]. The rationale is that host
genetics accounts for ~25% of the risk for life-threatening
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malaria, or more specifically, the anticipated effects of he-
moglobinopathies (e.g. a-thalassemia) would only ex-
plain ~2.5% of the total variation. Thus, it is hypothesized
that protective genes of hemoglobinopathies result in
small population effects suggesting that malaria resis-
tance is under multigenic control with each individual
gene having a relatively small impact [77]. Jallow et al.
[76] identified genetic variants close to SOCI, HBB and
DDC as protective against severe malaria in children (on-
line suppl. table 3). SOC1 is a scaffolding protein with
multiple functional motifs mediating interactions with
other signaling molecules [78]. Similar to other Gab pro-
teins, SOC1 is involved in signaling pathways mediated
by receptor and non-receptor protein tyrosine kinases
and is important in immunity [79]. Dihydroxyphenylala-
nine decarboxylase converts specific chemical precursors
to dopamine and serotonin via decarboxylation which
also functions in cellular immunity and resistance to par-
asitic infections via melanization [80]. The hemoglobin {3
locus (HBB) has been replicated in several studies as a
major locus for malaria resistance and is reviewed in oth-
er papers [81, 82]. The locus has been under positive se-
lection in humans because of its role in malaria resistance
[83]. These data suggest that resistance to malaria infec-
tion also includes immune response mechanisms, which
need further characterization.

GWAS have also been performed to identify genetic
variants associated with pulmonary tuberculosis in West
Africans [84]. The nearest genes to the variants identified
were GATA6, CTAGEI, RBBP8, and CABLES] along with
several unannotated open reading frames [84]. GATAG6 is
a transcription factor identified as regulating the local ep-
ithelial innate immune response, with an essential func-
tion maintaining the lung epithelium [85, 86]. In addi-
tion, other reports indicated that GATAG6 regulates the
temporal appearance and number of bronchioalveolar
stem cells, making GATAG6 essential for proper lung epi-
thelial regeneration [87]. Human GATAG expression has
a protective function in lung epithelial cells exposed to
Pseudomonas aeruginosa [85]. Other genes involved in
immunity have also been identified in diseases caused by
viruses. For example, HLA-B located at chromosome
6p21 has been found to influence the HIV viral load in
both African Americans and Europeans [88-90]. Pelak et
al. [89] found that HLA-B*5703 influences the viral load
variation in African Americans. HLA-B*5703 has not
been found in European populations studied and has an
allele frequency of ~5.8% in the Yoruba, indicating that
its presence in African Americans is likely due to African
ancestry [91]. The closely related allele HLA-B*5701 is
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also important in HIV-1 control; it has an allele frequen-
cy ~6.1% in Europeans, but has not been found in the
Yoruba [91, 89]. Other determinants of HIV infection
and viral load could lie within the HLA locus which has
also been linked to HIV viral load [88]. In general, these
data suggest that the mechanistic control of HIV in dif-
ferent populations (i.e. African Americans and Europe-
ans) is similar [90].

One major influence on treatment outcomes for hepa-
titis C viral infections is a variant upstream of IFNL3, en-
coding interferon-A-3 [6]. This variant is associated with
sustained absence of detectable virus or a sustained viro-
logical response (SVR). Using GWAS, Ge et al. [6] ob-
served that almost half of the difference in SVR between
populations could be accounted for by the difference in
the frequency of the C allele between African Americans
and Europeans. In viral infections, the mechanism of
clearance seems to suggest that the variants are similar
across populations, but it is the frequency of the variants
that lead to differences in responses in diverse popula-
tions [6]. Additional research is needed to determine
common variants that influence viral response.

Lessons from Previous GWAS

Some lessons have emerged from GWAS that can in-
form other genomics-related studies. The unique lessons
acquired from studies of non-European populations,
such as African Americans, Caribbeans, Hispanic Amer-
icans, and Africans are largely due to their increased ge-
netic diversity. First, GWAS in one African population or
diasporic African population may not always be replicat-
ed in another African or diasporic African population be-
cause of population diversity and allele frequency differ-
ences. Thorough understanding of population structure
between and within these populations is needed when
performing GWAS analysis. Currently, reference se-
quences for the majority of African or diverse popula-
tions are not available (with the exception of the limited
number of African populations in the HapMap and 1000
Genome Project databases). To circumvent this major
problem, DNA sequencing is required to characterize
population genetic diversity which can be used to gener-
ate very robust results [76]. This method overcomes is-
sues of incorrect imputation due to the lack of inappro-
priate reference populations. Second, the use of geneti-
cally matched controls from reference populations is also
critical in GWAS. The introduction of non-genetically
matched controls can decrease the statistical power to de-
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tect associations in GWAS or may result in spurious as-
sociation because of population structure. Third, careful
ascertainment of the phenotype is crucial to prevent re-
sidual confounding effects of unmeasured phenotypes
[9]. Fourth, generally weaker linkage disequilibrium pat-
tern in African populations is both an advantage and a
disadvantage. Weaker linkage disequilibrium allows for
improved localization of associations. On the other hand,
coverage is lower, and tag SNPs are less efficient in Afri-
can or African ancestry populations, making the initial
discovery of association signals using the same commer-
cial platforms used in European population GWAS less
efficient in these populations. Moreover, improved local-
ization and refinement of association signals have been
demonstrated in African Americans and African popula-
tions leading to successful discoveries in infectious dis-
ease susceptibility [76, 92]. Some initial studies using Eu-
ropean populations have failed to replicate findings in
African ancestry populations suggesting some pheno-
types may show genetic heterogeneity between popula-
tions [14]. Finally, many GWAS that involved African an-
cestry populations do not have adequate sample sizes. It
is recommended that investigators should use appropri-
ate sample sizes when performing GWAS in non-Euro-
pean populations; essentially, the samples sizes should be
larger when compared to European populations to ac-
count for additional genetic diversity within the African
ancestry populations.

Limitations of current GWAS are related to both the
tools and methods. Currently, many GWAS in African
populations are performed using arrays designed for Eu-
ropean populations, directly or indirectly capturing ~60%
of the genomic variation in any African population, leav-
ing 40% of these variants unassayed [93, 94]. These limita-
tions also result in the lack of discovery of variants that
could significantly contribute to the phenotype. Several
non-profit entities have developed partnerships with for-
profit corporations to enhance variant coverage and pow-
er of genotyping arrays for African ancestry populations.
Contemporary efforts to develop an African Diaspora
Power SNP Chip that aims to contribute to a deeper un-
derstanding of genetic variation particularly in admixed
African ancestry populations in the Americas is under-
way. As part of this effort, whole genome sequencing of
~700 African ancestry samples via the Consortium on
Asthma among African-ancestry Populations in the
Americas has identified about 22 million novel variants,
and the design of the array that includes common tag
SNPs is anticipated to be valuable, particularly for ad-
mixed African ancestry populations in the Americas
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(http://www.cidr.jhmi.edu/supported/20140519_Afri-
canDiasporaPowerChip2.pdf). However, given the vast
genetic diversity of continental African populations that
are not adequately represented by admixed Africans in the
diaspora [19], sequencing of more divergent and diverse
African population groups will uncover novel genetic
variation and will be valuable for developing widely rep-
resentative sequence reference panels and genotyping ar-
rays.

Finally, methods that capture gene-environment in-
teractions are not well developed, despite the acknowl-
edged complexity of disease. Statistical genetics methods
only capture genetic variation, but gene-environment in-
teraction in the African and African ancestry context may
be more important due to the different environments in
which African populations have evolved and live. As
GWAS move forward, methods will be needed to detect
gene and environment interactions in disease associa-
tions that could be significantly different within and
among different African and African ancestry popula-
tions.

The Future of Genomic Studies in African and African
Ancestry Populations

Recently, initiatives such as the Human Heredity and
Health in Africa (H3Africa) Initiative jointly funded by
the US National Institutes of Health and the Wellcome
Trust in the UK have awarded genomic research funding
to Africa-based researchers with an aim to build genomic
research capacity locally [95]. H3Africa along with other
ongoing projects, such as the African Genome Variation
Project  (http://www.sanger.ac.uk/research/initiatives/
globalhealth/research/africangenome.html), will help to
elucidate the genetic landscape of population groups
across sub-Saharan Africa and advance future genomic
research endeavors in Africa.

Inclusion of African ancestry populations offers sub-
stantial advantages to investigators, but many challenges
also exist in study design, implementation and data inter-
pretation [95]. While problems in study design can often
be localized and efficiently addressed, data interpretation
in these populations could be difficult because of several
challenges which include: (1) ascertainment of markers,
(2) decreased levels of tag-SNP portability and (3) in-
creased genotype imputation error [12]. Available soft-
ware can be utilized to address many issues that arise
from analyzing GWAS data in diverse populations [96].
Several methods have been designed to address unique
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issues in assessing population stratification of popula-
tions with admixed ancestries [97-99]. These new meth-
ods improve the ability to correctly account for several
confounding factors which, if not properly addressed,
could lead to serious errors in modeling data.

The art of conducting genomic studies in populations
identified by ancestry is as important and daunting as the
science itself. The unique and shared historical, social,
cultural, and economic contexts within and between pop-
ulations must be taken into account throughout the con-
ceptualization and implementation of these studies. A
growing body of research is exposing and exploring the
range of ethical and policy issues pertaining to informed
consent, data and sample sharing, management of results
and secondary findings, and other aspects of genomic re-
search in African and African ancestry populations [96,
100-107]. In addition, ongoing community and public
engagement in these and other populations involved in or
affected by genomic research is increasingly highlighted
as a means of building relations, facilitating understand-
ing through exchange of information, and enhancing col-
laboration between researchers and communities [108-
112]. As cutting edge genomic research gradually prolif-
erates throughout Africa and the African diaspora,
opportunities and challenges related to the identification
and resolution of emerging issues will multiply. It is es-
sential that our current training efforts adequately foster
the development of researchers in these locations who
can rigorously examine these issues.

Conclusions

GWAS have uncovered genetic variants associated
with susceptibility for several different traits and disease
conditions including asthma, cancer, obesity, hyperten-
sion, blood pressure, and malaria in recent African ances-
try populations. GWAS involving non-Europeans such as
African American and African ancestry populations have
greatly lagged behind the increasing number of GWAS
that have been published. Some existing GWAS that use
non-European populations at replication omit these pop-
ulations in the initial discovery phase, resulting in subse-
quent failure to replicate the associated variant(s). Failure
to replicate genetic variants associated with the pheno-
type of interest in these populations could be erroneously
attributed to differences in population structure, allele
frequencies and environmental factors suggesting the
need to include larger cohorts of non-European popula-
tions in both discovery and replication.
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Whereas non-communicable diseases impose huge
burdens on US populations, infectious diseases have tra-
ditionally been more relevant and problematic on the Af-
rican continent. However, within Africa, the increase in a
more sedentary lifestyle, in conjunction with high-caloric
diet is contributing to increases in the prevalence of sev-
eral categories of non-communicable diseases. Both the
relevance of infectious diseases and increasing prevalence
of disease due to lifestyle offer unparalleled advantages of
African populations in understanding the genetic and en-
vironmental underpinnings of diseases in human popula-
tions. Another unique advantage of African populations
in discerning the evolutionary history of disease variants
and haplotypes has not been well exploited and may pro-
vide directions in understanding pathways and mecha-
nisms of human diseases [12-14]. Finally, the potential
role of genomics research with more diverse non-Euro-
pean populations in understanding health disparities
should be emphasized. Several projects are underway to
characterize human genetic and phenotypic variation
(http://1000genomes.org and http://news.sciencemag.

org/scienceinsider/2010/06/uk-to-sequence-10000-ge-
nomes.html). However, without the inclusion of multiple
populations of African ancestry, the data generated by
these multinational collaborative efforts might have a lim-
ited benefit to humanity as a whole. Advances in genomics
should help ameliorate rather than contribute to health
disparities among diverse populations. With the collab-
orative efforts of global scientists and local communities,
and the development of new data analysis capacity, state-
of-the-art genomics research is poised to take advantage
of humanity’s most diverse populations and return the
greatest benefit in the improvement of human health.
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