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Significance

It is generally accepted that humans evolved in Africa, but several opposing
conceptual models representing our origins have been proposed. Our study
sheds light on the divergence of human populations on the African continent and
challenges traditional models, suggesting a new framework - represented by a
tangled vine with offshoots - where stem populations separated, but continually
exchanged genetic material. This work would not have been possible without
sequencing the most genetically diverse human genomes in the world -
contemporary African DNA is not only key to understanding deep human history,
but is central to answering other health-related questions.

Genetic models of human evolution

The study of human evolution has been a subject of great interest as we seek to
understand the origins and history of our species. One of the fundamental
organising concepts in biology is the “tree of life”, which was the predominant
model of human evolution for many years. This model of human population
divergence from a single ancestral population in Africa, was supported by the
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existing genetic data, but was difficult to align with the evidence of Homo
sapiens fossils and archaeological sites across the continent .

Fossils and archaeological records indicate the presence of anatomically modern
humans across Africa between 300,000 and 100,000 years ago. Several key
fossils, such as those found at Jebel Irhoud in Morocco, Herto in Ethiopia, and
Klasies River in South Africa, demonstrate that anatomical features that
originated in Homo sapiens were present throughout the continent during this
period. Additionally, archaeological sites associated with Homo sapiens,
particularly from the Middle Stone Age, are widely distributed across Africa,
including the site with the oldest footprint identified 2. The question of whether
these populations represent the direct ancestors of contemporary humans or
represent isolated local populations remained unanswered. Due to recent
advances in population genetic tools, more complex modelling and inference
using larger datasets have become possible 3.

The discovery of Neanderthal admixture in Eurasian populations prompted
research that suggested that an archaic hominin "ghost" population contributed
to African populations 4. These studies indicated that such a model could better
explain the observed genetic data, particularly in western, southern, and central
African populations. However, these studies contrasted only a single-origin
model with an archaic hominin admixture model, leaving out other plausible
models .

Challenging the Genetic Models: the study and its methodology

We aimed to discriminate between a broader set of demographic models by
analysing the genomes of contemporary populations from diverse regions in
Africa . We considered four main models: single-population expansion, single-
population expansion with regional persistence, archaic hominin admixture, and
multi-regional evolution °. By including genetically and geographically diverse
populations, we were able to infer demographic models that better explain the
observed genetic diversity.

Critical to this study, we obtained whole-genome sequencing data for four
African populations. The Nama from South Africa are an indigenous population
that form part of a larger group of geographically close and culturally related
individuals known collectively as the “Khoe-San”. The Khoe-San are reported to
have the most divergent lineages of any other living population grouping and it is
believed that they have largely remained isolated until ~2000 years ago.
Participants from the Mende from Sierra Leone, the Gumuz from Ethiopia, and
eastern African agriculturalists (Amhara and Oromo) were also included. British
individuals were included as a representative of back-to-Africa gene flow and
recent colonial admixture in South Africa. To account for gene flow from
Neanderthals in Europeans, a high-coverage ancient Neanderthal genome was
included in the analysis.

The results of our analyses confirmed the inadequacy of tree-like models and
provided insights into more complex population structures. Rather than a simple
single-origin model or archaic hominin admixture model, the best-fit models
involved population reticulation, migration between early hominin populations,
and divergence followed by merger events - a tangled vine with weakly
separated offshoots instead of a tree of life (Figure 1) . These “weakly structured
stem” models indicated major stem lineages in southern, eastern, and



western/central Africa during the late Middle Pleistocene, followed by subsequent
fragmentation and combination of subpopulations. The inferred models
suggested that the Middle to Late Pleistocene was a critical period of change,
with merger events between divergent stems likely influenced by shifts in wet
and dry conditions across the African continent. The findings also highlighted the
ongoing contribution of one of the stems to western Africans during the Last
Glacial Maximum, indicating gene flow in western and/or central Africa. In
addition to distinguishing between models of early human history, by including
many present-day individuals and groups we can better predict and describe
genetic variation for people living today, making these models more broadly
useful.

It is often stated that “All models are wrong, but some are useful” (quote
attributed to the statistician George Box). This highlights how constructing
detailed models of human history is challenging, as model misspecification is
inherent in such studies. It is also difficult to explore all plausible models,
including the possibility of more complex models that involve additional stems or
hybrid scenarios. The study's interpretations were also subject to uncertainties in
estimating divergence times and migration rates, emphasizing the need for
further research and testing with ancient DNA samples (though rarely found in
Africa) and additional populations.

Why do we need to sequence additional African genomes?

Africa is home to the greatest level of genetic diversity in the world. Historically,
genomic research has been biased towards populations of European and Asian
ancestry, leading to an underrepresentation of African populations in genomic
studies ’. Results from these investigations may not be applicable to individuals
with more diverse ancestries. To prevent further disparities, and to improve
knowledge about human history, health and disease, it is imperative to include
diverse genetic data sets. However, efforts have been made to address this
imbalance and increase the representation of African genomes in genomic
databases. Initiatives such as the African Genome Variation Project (AGVP) and
the H3Africa (Human Heredity and Health in Africa) Consortium have been
instrumental in collecting genomic data from diverse African populations #°. A
recent study which sequenced 180 individuals from 12 indigenous African
populations identified millions of unreported variants, many with functional
consequences '°. Even so, there are definitely not enough African genomes
sequenced (from modern or archaic samples) to represent the genetic diversity
on the continent, but there is a drive by scientists to correct this .

The establishment of local sequencing facilities on the African continent is
another important step, as some African countries do not allow the export of DNA
samples. Locally in South Africa we are fortunate to have access to several
sequencing facilities, such as the South African Medical Research Council
Genomics Platform, as well as the Centre for Epidemic Response and Innovation
(CERI) Genomics Centre at Stellenbosch University, to name but two 2. While
significant progress has been made in recent years, it is important to note that
the sequencing of African genomes is an ongoing process, and there is still much
work to be done. Access to African genomes will advance our knowledge of
human evolution and improve our analyses of genomic variation linked to
complex health traits.

How can African genomes contribute to health?



African genomes are not only key to deciphering human history, but can advance
our understanding of how to use population-specific variants in health and
disease so as to implement precision and preventative medicine on the
continent. Many African countries face a significant burden from infectious
diseases, as well as non-communicable diseases such as diabetes,
cardiovascular disorders, and certain types of cancer. African genomes can aid in
understanding the genetic basis of these diseases, identifying high-risk
individuals, and developing targeted prevention and treatment strategies. This
genetic data can also shed light on host-pathogen interactions and contribute to
the development of vaccines and therapeutics.

However, to make precision and preventative medicine a reality for all,
investigations of population genomics in diverse populations from across the
world are crucial. As an example, a study involving South Africans that included
Nama DNA as a reference population, identified ancestry-specific expression
quantitative loci (eQTLs) associated with tuberculosis and type 2 diabetes that
could potentially guide the search for new therapeutic targets for these diseases
in African populations 3. It is troubling that three African-specific eGenes would
have been missed if we did not consider the genetic ancestry of the study
participants. This was also the case in a genome-wide association study of
tuberculosis **.

It is unfortunate and concerning that the genetic data currently available are
clearly not representative of the world’s population. These datasets may also not
be relevant to understudied groups and could even be unhelpful or misleading
when determining genetic risk profiles for diseases in these settings, as a clear
understanding of local population genomics is needed . At the same time,
developing economies, especially those in Africa, bear the brunt of
socioeconomic inequalities, poor living conditions and disease. Primary
healthcare incorporating genomics could assist developing economies in not only
diagnosing and treating diseases, but by helping to prevent diseases, resulting in
cost savings.

Societal impact

As mentioned above, a number of consortia have made significant contributions
to include more diverse populations that have historically been
underrepresented, and contributed to the training and development of African
genetic researchers. Clearly global cooperation is key in these consortia, as our
collaboration has also shown. We have worked together on a number of studies
involving population genetics as well as genetic susceptibility to tuberculosis
since 2009 '2°. This longstanding collaboration has resulted in many co-
authored manuscripts, grants and the training of PhD students. However, none of
this work would have been possible without the study participants. We have
made several trips to provide feedback on the research, and build on community
participation and collaboration. As part of this collaboration, local clinics were
better equipped and community members were trained to assist with
recruitment (Figure 2). Such efforts can help to promote science education and a
culture of science in communities.

Conclusion



Our study highlights the critical role that DNA from contemporary Africans can
play in understanding deep human history. By integrating the genetic data of a
large number of contemporary individuals and groups, we can better anticipate
and explain genetic variation in present-day individuals, allowing us apply these
models to health-related research concerns. There is clearly still much to be
learnt by focusing on genetic data from contemporary individuals, especially
when ancient DNA - crucial in revealing intriguing history and answering
important concerns - may not exist for the relevant time periods, as is typically
the case in Africa. Overall, our study contributes to a better understanding of
human and specifically African population history and highlights the limitations of
simplistic models, encouraging the re-evaluation of previous interpretations of
genomic and fossil data.
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Figure 1: New “weakly structured stem” models of human evolution with a)
continuous migration and b) multiple mergers: where stem populations
separated, but continually exchanged genetic material. From Ragsdale et al ! and
licensed under CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/).

Figure 2: Human genetics research is built on community participation and
collaboration. As part of our research, local clinics were better equipped and
community members were trained to assist with recruitment. Pictured here are
study co-investigators, the study nurse and community members involved in

recruitment.


https://creativecommons.org/licenses/by/4.0/



