

[image: image]





FRONTIERS EBOOK COPYRIGHT STATEMENT

The copyright in the text of individual articles in this ebook is the property of their respective authors or their respective institutions or funders. The copyright in graphics and images within each article may be subject to copyright of other parties. In both cases this is subject to a license granted to Frontiers. 

The compilation of articles constituting this ebook is the property of Frontiers. 

Each article within this ebook, and the ebook itself, are published under the most recent version of the Creative Commons CC-BY licence. The version current at the date of publication of this ebook is CC-BY 4.0. If the CC-BY licence is updated, the licence granted by Frontiers is automatically updated to the new version. 

When exercising any right under the CC-BY licence, Frontiers must be attributed as the original publisher of the article or ebook, as applicable. 

Authors have the responsibility of ensuring that any graphics or other materials which are the property of others may be included in the CC-BY licence, but this should be checked before relying on the CC-BY licence to reproduce those materials. Any copyright notices relating to those materials must be complied with. 

Copyright and source acknowledgement notices may not be removed and must be displayed in any copy, derivative work or partial copy which includes the elements in question. 

All copyright, and all rights therein, are protected by national and international copyright laws. The above represents a summary only. For further information please read Frontiers’ Conditions for Website Use and Copyright Statement, and the applicable CC-BY licence.



ISSN 1664-8714
ISBN 978-2-8325-3424-3
DOI 10.3389/978-2-8325-3424-3

About Frontiers

Frontiers is more than just an open access publisher of scholarly articles: it is a pioneering approach to the world of academia, radically improving the way scholarly research is managed. The grand vision of Frontiers is a world where all people have an equal opportunity to seek, share and generate knowledge. Frontiers provides immediate and permanent online open access to all its publications, but this alone is not enough to realize our grand goals.

Frontiers journal series

The Frontiers journal series is a multi-tier and interdisciplinary set of open-access, online journals, promising a paradigm shift from the current review, selection and dissemination processes in academic publishing. All Frontiers journals are driven by researchers for researchers; therefore, they constitute a service to the scholarly community. At the same time, the Frontiers journal series operates on a revolutionary invention, the tiered publishing system, initially addressing specific communities of scholars, and gradually climbing up to broader public understanding, thus serving the interests of the lay society, too.

Dedication to quality

Each Frontiers article is a landmark of the highest quality, thanks to genuinely collaborative interactions between authors and review editors, who include some of the world’s best academicians. Research must be certified by peers before entering a stream of knowledge that may eventually reach the public - and shape society; therefore, Frontiers only applies the most rigorous and unbiased reviews. Frontiers revolutionizes research publishing by freely delivering the most outstanding research, evaluated with no bias from both the academic and social point of view. By applying the most advanced information technologies, Frontiers is catapulting scholarly publishing into a new generation.

What are Frontiers Research Topics? 

Frontiers Research Topics are very popular trademarks of the Frontiers journals series: they are collections of at least ten articles, all centered on a particular subject. With their unique mix of varied contributions from Original Research to Review Articles, Frontiers Research Topics unify the most influential researchers, the latest key findings and historical advances in a hot research area.


Find out more on how to host your own Frontiers Research Topic or contribute to one as an author by contacting the Frontiers editorial office: frontiersin.org/about/contact





The ethics and challenges of studying the genetics of marginalized populations

Topic editors

Arslan A. Zaidi – University of Pennsylvania, United States

Keolu Fox – University of California, San Diego, United States

Katrina Claw – University of Colorado, United States

Tina Lasisi – University of Michigan, United States

Citation

Zaidi, A. A., Fox, K., Claw, K., Lasisi, T., eds. (2023). The ethics and challenges of studying the genetics of marginalized populations. Lausanne: Frontiers Media SA. doi: 10.3389/978-2-8325-3424-3





Table of Contents




Editorial: The ethics and challenges of studying the genetics of marginalized populations

Tina Lasisi, Katrina G. Claw, Keolu Fox and Arslan A. Zaidi

Underrepresented Populations at the Archaic Introgression Frontier

Fernando A Villanea and Kelsey E. Witt

The Articulation of Genomics, Mestizaje, and Indigenous Identities in Chile: A Case Study of the Social Implications of Genomic Research in Light of Current Research Practices

Constanza P. Silva, Constanza de la Fuente Castro, Tomás González Zarzar, Maanasa Raghavan, Ayelén Tonko-Huenucoy, Felipe I. Martínez and Nicolás Montalva

Using Indigenous Standards to Implement the CARE Principles: Setting Expectations through Tribal Research Codes

Stephanie Russo Carroll, Ibrahim Garba, Rebecca Plevel, Desi Small-Rodriguez, Vanessa Y. Hiratsuka, Maui Hudson and Nanibaa’ A. Garrison

Precision Medicine Needs to Think Outside the Box

Daphne O. Martschenko and Jennifer L. Young

Recommendations for Sustainable Ancient DNA Research in the Global South: Voices From a New Generation of Paleogenomicists

Maria C. Ávila-Arcos, Constanza de la Fuente Castro, Maria A. Nieves-Colón and Maanasa Raghavan

Study the forest, not only the trees: Environmental exposures, not genomes, generate most health disparities

Taylor V. Thompson and Katherine C. Crocker

Beyond race: Recruitment of diverse participants in clinical genomics research for rare disease

Jennifer L. Young, Meghan C. Halley, Beatriz Anguiano, Liliana Fernandez, Jonathan A. Bernstein, Matthew T. Wheeler, Holly K. Tabor Undiagnosed Diseases Network Consortium 

Ethical challenges in genetic research among Philippine Indigenous Peoples: Insights from fieldwork in Zamboanga and the Sulu Archipelago

Jae Joseph Russell B. Rodriguez, John Meldwin D. Cuales, Michael James B. Herrera, Louward Allen M. Zubiri, Richard N. Muallil, Altan I. Ishmael, Edlyn B. Jimenez, Mark Stoneking and Maria Corazon A. De Ungria

Core issues, case studies, and the need for expanded Legacy African American genomics

Fatimah Jackson, Carter Clinton and Jennifer Caldwell



		EDITORIAL
published: 22 August 2023
doi: 10.3389/fgene.2023.1260457


[image: image2]
Editorial: The ethics and challenges of studying the genetics of marginalized populations
Tina Lasisi1*, Katrina G. Claw2, Keolu Fox3 and Arslan A. Zaidi4*
1Department of Anthropology, University of Michigan, Ann Arbor, MI, United States
2Division of Biomedical Informatics and Personalized Medicine, Colorado Center for Personalized Medicine, University of Colorado Anschutz Medical Campus, Aurora, CO, United States
3Department of Anthropology, Global Health Program, University of California, San Diego, La Jolla, CA, United States
4Genetics, Cell, and Developmental Biology Department, Institute of Health Informatics, University of Minnesota, Saint Paul, MN, United States
Edited and reviewed by:
Dov Greenbaum, Yale University, United States
* Correspondence: Tina Lasisi, tlasisi@umich.edu; Arslan A. Zaidi, szaidi@umn.edu
Received: 17 July 2023
Accepted: 24 July 2023
Published: 22 August 2023
Citation: Lasisi T, Claw KG, Fox K and Zaidi AA (2023) Editorial: The ethics and challenges of studying the genetics of marginalized populations. Front. Genet. 14:1260457. doi: 10.3389/fgene.2023.1260457

Keywords: genetics, genomics, ethics, marginalized/vulnerable population, diversity and inclusion
Editorial on the Research Topic 
The ethics and challenges of studying the genetics of marginalized populations


This Research Topic, entitled “The Ethics and Challenges of Studying the Genetics of Marginalized Populations,” offers a pointed examination of the ethical considerations embedded within the study of genetics in historically underrepresented groups. Although there is much discourse on the need to include data from historically marginalized groups in genetics research, we believe that true inclusion lies not only in the diversification of samples but also that of researchers. As such, we have made a concerted effort in this Research Topic to invite contributors from diverse backgrounds.
Martschenko and Young open the discussion by challenging precision medicine’s overreliance on broad racial and ethnic classifications. Their provocative critique reminds us that until our collective approach to precision medicine fully engages the complexity and full spectrum of human diversity, it will continue to fall short.
Silva et al.'s case study on the intersection of genomics, mestizaje, and Indigenous identities in Chile further deepens the discourse around the complexities of identity and representation in genetic research. Their cautionary narrative underscores the potential dangers of identity erasure and fetishization of indigeneity, urging the research community to maintain sensitivity towards the social complexities entangled in the field of genomics.
Taking a more environmental lens, Thompson and Crocker critique the common predilection for a genome-focused approach in health studies. They argue that significant health disparities are rooted in environmental factors rather than genetic differences, urging for a comprehensive approach that addresses these social and environmental aspects.
Through their practical work in Zamboanga and the Sulu Archipelago, Rodriguez et al. elucidate the unique ethical challenges associated with conducting genetic research among Indigenous Peoples. Their important work underscores the necessity of respecting the sovereignty of Indigenous Peoples over their genetic information and of developing respectful, equitable research partnerships.
Villanea and Witt address the challenging Research Topic of underrepresented populations in archaic introgression research. Their insightful piece raises vital concerns about potential inequities in research design, highlighting the necessity for equitable research practices and fair benefit sharing.
Jackson et al. provide a necessary critique regarding the underrepresentation of African Americans in genomic studies and present compelling case studies that illustrate the pressing necessity of ensuring broad and fair representation in genetic research.
In their exploration of data sovereignty, Carroll et al. propose the crucial need for Indigenous standards in control and oversight of biomedical data, offering a distinct perspective on the implementation of the CARE Principles for Indigenous Data Governance.
Finally, Young et al. view the challenge of recruiting diverse participants in genomics research through a nuanced lens, highlighting the influence of sociodemographic factors on research participation and emphasizing the importance of various recruitment strategies to ensure diversity.
This set of insightful articles offers a rich palette of perspectives on the myriad ethical challenges faced in genetic studies involving historically marginalized populations. Each piece, while unique in its approach, unites in its mission to shed light on these challenges and deliver potential solutions.
These contributions have critical implications for the wider scientific community, both in terms of advancing our understanding of the genetic architecture of disease risk specifically for non-European (descent) populations, and in highlighting the ethical challenges and proposed solutions for involving and studying marginalized populations. This collective body of work enriches our scientific dialogue, urging us towards more ethical and inclusive research practices.
The contributions illuminate a multifaceted picture of the current status of diverse genetic studies and advocate for a deeper engagement with marginalized populations. The sobering reality of ongoing inequities in the field underscores reliance on past models of research, which are unsatisfactory, and urges a shared vision for the future, where genetic studies are representative, ethical, and equitable.
Importantly, these discussions emphasize the importance of meaningful community involvement, transparent communication, and respect for cultural histories and identities. As we move forward, we must ensure that all populations can participate in, contribute to, and potentially benefit from advances in genetic research. This work underscores the compelling need to continually revisit and reconsider the ethics and practices not only in genetics but in all scientific fields engaging with marginalized populations.
This Research Topic can serve as a foundation to broaden and deepen future research efforts, ultimately enhancing and enlightening our collective understanding of human health and disease.
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INTRODUCTION
Recent advancements in the recovery of ancient genomes have yielded high-coverage sequences for two archaic human species: Neanderthals and Denisovans. Perhaps more surprisingly, direct comparisons of archaic and modern human genomes have revealed a complex landscape of admixture between both archaic species and modern humans (Browning et al., 2018; Villanea and Schraiber, 2019). While we call these regions of the human genome “archaically introgressed”, they are functional contributors to the living human gene pool, affecting our health and fitness. For Neanderthals in particular, early archaic ancestry maps focused on modern Eurasians, as hundreds of genomes from Europe and East Asia were readily available from the 1000 Genomes Project (see Sankararaman et al., 2014; Vernot and Akey, 2014). Coupled with the geographic distribution of Neanderthal archaeological sites, which are largely located in Europe, this created a strong impression to the larger public that individuals of European descent, in particular, carried archaic genomic elements, which coincided with a larger interest in commodifying archaic ancestry by personalized genomic companies—as evidenced by 23 and Me incorporating a report of Neanderthal ancestry into their mainline product.
As scientific efforts progressed to identify regions of the modern human genome that originated in these archaic populations, in a twist of irony, European populations were found to retain the smallest component of both Neanderthal and Denisovan genome ancestry outside of African populations (Sankararaman et al., 2016). Current archaic genome studies indicate that South Asian populations, as defined by the 1000 Genomes Project (which encompasses populations from Bangladesh, India, Pakistan, and Sri Lanka), have a larger component of Neanderthal ancestry than Europeans, East Asians, or Maritime Southeast Asians (Witt et al., 2021 bioRXiv, Figure 1). Conversely, Maritime Southeast Asian populations retain a larger component of the genome, and more unique variation, of Denisovan ancestry (Sankararaman et al., 2016; Vernot et al., 2016, Figure 1). As studies continued to identify regions of the human genome enriched for archaic ancestry at the population level, a consistent pattern emerged for the distribution of archaic ancestry: for a vast majority of genes found in modern humans, archaic variants appear to have been removed from the gene pool by negative natural selection (Harris and Nielson, 2016; Petr et al., 2019), but there is also enrichment in a minority of functional regions that indicate positive selection (Racimo et al., 2017; Jagoda et al., 2018). Thus, the focus has shifted from viewing archaic ancestry as a quirk of human evolution into understanding the functional importance of these rare genomic regions enriched for archaic ancestry.
[image: Figure 1]FIGURE 1 | Venn diagrams illustrating how archaic variants are shared between Europeans (EUR), East Asians (EAS), and South Asians (SAS) as defined by the 1000 Genomes Project, and Maritime Southeast Asians (MSA) from the Simons Genome Diversity Project for Neanderthal-unique (A) and Denisovan-unique (B) variants. The listed percentages are the percent of the total number of Neanderthal-unique or Denisovan-unique variants. It is not always possible to accurately display all possible overlaps with a four-circle Venn diagram, so any sets that are not shown have percentages included below each Venn diagram, with the circles overlapping listed. For example, “EAS/EUR” refers to all variants that are shared between East Asians and Europeans but are not found in South Asians or Maritime Southeast Asians.
FUNCTIONAL IMPORTANCE OF ARCHAIC ANCESTRY
There are multiple examples of archaic gene variants that helped modern humans to adapt to novel environments as they expanded throughout the world, such as differences in UV radiation exposure, temperature, dietary composition, and pathogen exposure. Functional genes enriched for archaic ancestry include the Neanderthal BNC2 and OCA2 variants related to skin pigmentation (Sankararaman et al., 2014; Vernot and Akey 2015; Gittelman et al., 2016); the OAS locus and Toll-like receptor loci related to immune response (Mendez et al., 2012; Dannemann and Kelso 2016; Gittelman et al., 2016; Sams et al., 2016); and the TBX15/WARS2 locus related to lipid metabolism (Racimo et al., 2017). Furthermore, there is mounting evidence that the bulk of contributions to modern human fitness and health from archaic ancestry is through non-gene functional portions of the human genome, which are far more difficult to conceptualize (Dannemann et al., 2017; Petr et al., 2019; Silvert et al., 2019). For example, some enhancer regions show enrichment in Neanderthal alleles, such as adipose-related tissues and primary T-cells (Dannemann et al., 2017; Petr et al., 2019; Silvert et al., 2019), plus, up to an additional forty-two tissues in humans show significant enrichment of archaic alleles in enhancers, with the highest rate of enrichment identified in adipose-related tissues and immune cells (Silvert et al., 2019).
Adaptive introgression seems particularly prominent in immune-related functional genome elements, suggesting that Neanderthals and Denisovans harbored many alleles adapted to local pathogens that were positively selected after introgression into modern humans (Ahlquist et al., 2021). Genes that encode proteins that interact with RNA viruses are also enriched for introgressed alleles (Enard and Petrov, 2018). Similarly, polygenic adaptive introgression has been reported in pathways associated with immunity (Gouy and Excoffier 2020). Finally, population transcriptome studies of immune response to viral and bacterial pathogens have found many gene expression and splicing differences between individuals of European and African ancestry that appear to be driven by Neanderthal introgressed alleles, providing further support for their regulatory impact on immunity (Nedelec et al., 2016; Quach et al., 2016; Rotival et al., 2019). Recently, a study reporting the expression of Neanderthal non-gene elements found as many as 292 expression-modulating variants in human lineages, most of them related to immune function, underlining the importance of archaic variation in modulating the expression of modern human genes (Jagoda et al., 2021). Although the archaic populations that admixed with modern humans are now extinct, the archaic variation remaining in the human gene pool can have significant impacts on health, especially immune function, and therefore is an important target for genomics and biomedical research.
IMPORTANCE OF NON-EUROPEAN GENOMES FOR UNDERSTANDING ARCHAIC GENETIC VARIATION
The field of genomics has a well-known Eurocentric bias, where European populations are more broadly sampled and variation found in European populations is far better characterized than other populations (e.g. Popejoy and Fullerton, 2016). Interestingly, despite this thorough sampling, a larger potential for discovering novel adaptive archaic introgression exists in non-European genomes, as Europeans have some of the lowest proportions of both Neanderthal and Denisovan ancestry outside of African populations (Sankararaman et al., 2014, 2016).
Given the recent interest in identifying archaic functional variants in modern humans, a more effective study design is to examine diverse populations that have thrived in varied environmental conditions, to identify archaic variants that may have been adaptive. For example, the most compelling case of adaptive introgression of an archaic gene to date is the high-altitude adaptation of Tibetans achieved through selection for the archaic variant of the EPAS1 gene, which was introduced into the ancestral Tibetan populations through admixture with Denisovans (Huerta-Sánchez et al., 2014; Zhang et al., 2021). This example highlights how genetic variation unique to Tibetans was paramount in understanding the role of archaic variation in modern humans in the first place, variation that simply does not exist in any other population. Another example of an adaptive archaic variant found in underrepresented populations is a Denisovan variant of TBX15, which is found at high frequency in Greenlandic Inuit (Racimo et al., 2018). This Denisovan haplotype is found in many Indigenous populations of the Americas at a high frequency (>0.8), and in Inuit specifically has a strong signal of positive selection. TBX15 is linked to a number of phenotypes, including lipid metabolism, especially at cold temperatures, which suggests that the Denisovan variant may have been adaptive for humans as they populated the Arctic. The archaic alleles are also in linkage disequilibrium with a SNP that is linked to waist-hip ratio, with an effect size of 0.034 (Heid et al., 2010; Fumagalli et al., 2015). This SNP was identified in European populations, but the haplotype in Greenlandic Inuit is not well-characterizing, underlining the need for further study of these underrepresented populations. These two examples suggest that the further study of populations that are generally underrepresented in genomic research, including Melanesians, Southeast Asians, and Indigenous American populations, could yield additional novel archaic functional variants.
While many of the early genetic analyses of archaic ancestry in modern humans have focused on continental Eurasian populations (especially Europeans and East Asians), Papuans and other populations in Oceania have a unique distribution of archaic ancestry (Figure 1). Papuans have a high proportion of Neanderthal ancestry, but most notably they have an extremely high proportion of Denisovan ancestry compared to other populations worldwide - in some populations, as high as 5% (Sankararaman et al., 2016; Vernot et al., 2016). Additionally, evidence suggests that Papuans have Denisovan ancestry from two genetically distinct Denisovan populations (Browning et al., 2018; Jacobs et al., 2019). This is evident as the majority of Denisovan variants in Papuans are not shared with Eurasian populations (Figure 1). Recently, the Ayta Magbukon people in the Philippines have been reported to possess Denisovan ancestry proportions even higher than that of Papuans (Larena et al., 2021). Southeast Asia also has a long history of occupation by multiple archaic hominins, including Homo erectus (Rizal et al., 2020) and Homo floresiensis (Brown et al., 2004; Sutikna et al., 2016), and possibly a new hominin, currently named Homo luzonensis (Detroit et al., 2019). Some of these hominins may have lived in the region around the same time period, and some likely overlapped with humans although evidence for gene flow between these hominins and modern humans has yet to be identified (Teixeira et al., 2021).
Another underrepresented group of populations with an interesting legacy of archaic ancestry are Indigenous Americans. Indigenous American populations today are the descendants of individuals who populated the American continent in a process that started at least 25,000 years before present (Bennet et al., 2021). Indigenous American individuals carry archaic genomic elements at frequencies comparable to modern East Asian individuals (Sankararaman et al., 2016), indicating that the first American migrants already carried archaic genomic elements. In the 25,000 or more years since these founding populations migrated to the Americas, these peoples would have encountered numerous novel environments, and adapting to meet those environmental challenges helped to shape their genomes into the unique populations living today. This long adaptation process would have undoubtedly also impacted the distribution of archaic genomic elements in Indigenous American populations.
The European colonization of much of the American continent has also left a profound impact on its inhabitants, visible in the genomes of all individuals today, as most modern Indigenous American individuals have both European ancestry as a result of colonization and African ancestry as a result of African individuals being forcibly relocated through the slave trade. This admixture has also affected the amount of archaic ancestry in modern Indigenous American populations: admixture with Europeans and Africans, which have slightly less and significantly less archaic ancestry respectively, resulted in a dilution of archaic ancestry in modern Indigenous American descendants (Figure 2). Natural selection has been an important force in shaping Indigenous American genomes, both pre-admixture (Williams et al., 2014; Reynolds et al., 2016) as well as post-admixture (Ongaro et al., 2021). Recent admixture between populations can have both positive and negative health consequences: for example, individuals with recent ancestors from multiple worldwide populations show reduced risk for some genetic disorders but an increased incidence of autoimmune disease (Rudan, 2006; Martin et al., 2017). Therefore, the dilution of archaic elements in modern Indigenous populations could provide health benefits, but could also have a negative impact on health: by replacement with maladaptive gene variants, by breaking up existing epistatic gene interactions, or by interactions between gene expression-modulating variants. Because of these changes to genetic architecture as a result of admixture following European contact, advances in personalized medicine for Indigenous American individuals could be extremely beneficial, yet any future endeavor requires addressing a long history of bad faith interactions between geneticists and Indigenous American communities.
[image: Figure 2]FIGURE 2 | Frequency of the archaic variant of SNPs in three genes reported under selection in modern Indigenous American populations: MUC19 (Racimo et al., 2016; Reynolds et al., 2019), SLC16A11 (Williams et al., 2014), and SLIT2 (Reynolds et al., 2019). The frequency in ancient individuals was calculated from various pre-European colonization genomes available in the literature (see Figure Methods).
While it is clear that the study of archaic introgression in modern humans would benefit from the analysis of populations that are often underrepresented in genomic research, a balance must be struck between the scientific desire for knowledge and respect for these populations and their right to control their own data. Past work by geneticists with marginalized communities has often been exploitative, involved little interaction between researchers and communities after samples were collected, and rarely resulted in benefits for the individuals being studied (e.g., Hart and Sobraske, 2003). This history of poor interactions between the scientific community and marginalized populations has resulted in the erosion of trust in scientists, and some communities have rightfully placed a moratorium on genetic research to limit the infliction of future harms (Begay et al., 2020; Claw et al., 2021). Many Indigenous scholars have provided suggestions and guidelines to ensure that future genomic research is conducted in an equitable way that ensures communities are able to make their own decisions concerning their research and data, and also equipping them to conduct the research themselves (Claw et al., 2018; Fox, 2020; Hudson et al., 2020; Tsosie et al., 2020).
Community organization is key for maintaining data sovereignty and creating leverage for the distribution of material benefits arising from unique genomic variation. The Khoisan communities of South Africa have published the San Code of Research Ethics (globalcodeofconduct.org/affiliated-codes/), in which they collectively dictate how they will interact with researchers. Global measures implemented to help ensure communities being studied benefit from the material returns of genetic research include the “Nagoya Protocol on Access and Benefit-sharing” (cbd.int/abs/); an international agreement that established guidelines for “sharing the benefits arising from the utilization of genetic resources in a fair and equitable way”, and as of November 2020 the agreement has been ratified or accessioned by 132 countries. Other communities have also chosen to control their own genetic resources. For example, the Native BioData Consortium (NBDC, https://nativebio.org/), was founded in 2018 by Indigenous scientists as a biobank for Indigenous communities. The NBDC also conducts its own research projects and hosts training workshops for Indigenous students. Further examples of community interests built into genomic projects include initiatives such as Variant Bio (variantbio.com/), a company which forms partnerships with communities possessing unique genetic diversity, builds the priorities of the communities into their study designs, and is committed to redistributing royalties from any medically important discoveries originating from their genomes.
In the near future, research into further evolutionary adaptations born of archaic genome elements will drive the need to genotype other underrepresented populations globally. As the funding available for these studies is largely Eurocentric, but the genetic diversity of interest exists outside of Europeans, this may result in exploitative research designs. Because of this asymmetry, it is paramount to build scientific capacity within these communities, and prioritize funding for existing scientists of underrepresented populations. At the same time, community engagement needs to be built into all levels of study designs; research and funding schemes must be intrinsically flexible to accommodate the priorities of the communities co-designing the studies.
Likewise, ultimate control of data sharing should be managed directly by community-lead organizations. While open science has been championed as an ideal model, the current application of open science has neither benefited Indigenous communities, nor is it particularly “open” as it is currently implemented. As an example, publicly available human genomic data is already compartmentalized between repositories such as the 1000 Genomes Project, the Simons Genome Diversity Project, and the Human Genome Diversity Project, among other more specialized databases, in addition to research groups that host and maintain their own data, such as the Neanderthal and Denisovan genomes from the Max Planck Institute for Evolutionary Anthropology. Each one of these entities determines what permissions are required to access their data, meaning that in practice, there is not one centralized way to access human genomic data. Going forward, the addition of community-led data management would maintain similar compartmentalization as exists today, but provide Indigenous communities with leverage in negotiations on how that data is used (Mc Cartney et al., 2022). As legal protections and community engagement procedures are more well-established in some regions of the world than others, the community-involved research should be conducted not just with respect to local laws, but in a way that truly puts decision-making in the hands of the populations being studied. Finally, the format for the dissemination of results should recognize the communication traditions of participating communities to maximize digestibility of scientific and medical findings, to ensure transparency and informed consent during every study step. This transparency in reporting should also explicitly inform the financial potential for practical applications of new findings, to provide leverage for the negotiations of royalties from any medically important discoveries stemming from their unique genomic ancestry.
FIGURE METHODS
Figure 1 To identify sites containing archaic alleles, we used a method previously employed by Witt et al. (2021, biorXiv) that considers archaic alleles to be shared with modern humans and Neanderthals/Denisovans, present in African populations at a frequency of less than 1%, and present in a population outside of Africa with a frequency of at least 1%. We used the 1000 Genomes Project (1KGP) genomic data for our African comparison population and identified archaic alleles in the non-African 1KGP populations as well as Papuans, whose genomes were collected as part of the Simons Genome Diversity Project (SGDP). We classified those populations into regions (Americas, Europe, East Asia, South Asia, and Papua New Guinea, as defined by the 1KGP and SGDP, and determined which positions in the genome contained archaic alleles for each region. To examine the patterns of variant sharing between Neanderthals and Denisovans separately, we only considered variants present in one population and absent from the other, which we term Neanderthal-unique and Denisovan-unique variants.
Figure 2 Modern frequencies were calculated from four populations publicly available in the 1000 Genomes Project. Frequencies in ancient individuals were calculated by combining high coverage (>1X) pre-European contact genomes from the literature, including nine individuals from California and one from Ontario (Scheib et al., 2018), four from Peru (Lindo et al., 2018), four from Patagonia (de la Fuente et al., 2018), one from Alaska (Moreno-Mayar et al., 2018), and one from Montana (Rasmussen et al., 2014).
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1 INTRODUCTION
Genomic research has contributed significantly to our understanding of present-day human biological diversity, health, and disease. However, at the same time, genomic research has historically excluded marginalized groups. In the past decades, the increased access to genomic technologies and data has been paired with efforts to improve sampling diversity by including African descendants and Indigenous peoples. The rationale of these efforts is that disparities in research participation can potentially lead to inequalities in the benefits derived from genomic research (Lee, 2021). Nonetheless, this diversification push has had its pitfalls without clear protocols that improve protection to participants’ DNA data access, data use, and intellectual property against commodification (Fox, 2020). Moreover, Indigenous participation in research continues to be framed in colonial power structures, which are often masked in “reciprocity” and “justice” undermining Indigenous peoples’ sovereignty, self-determination, and governance (Tsosie et al., 2021).
In several Latin American countries, genomic research has advanced two apparently contradictory discourses framed within the mestizo rhetoric: mestizaje, perceived as genetic homogenization, and Indigenous “purism”, understood as the existence of groups with unmixed genetic ancestry (TallBear, 2013b). These discourses entwine the ideas of genomic ancestry and identity and are perpetuated in academia, either by contributing to the erasure of Indigenous identities under the Mestizo/Hispanic/Latino umbrella or by the fetishization of indigeneity by using genetic categories based on a racial logic. The articulation of genetic ancestry with the mestizo and Indigenous identities, and their particularities, have been discussed more extensively in the past decades in Brazil, Colombia, and Mexico (Simpson, 2000; Beltrán et al., 2014; Wade et al., 2014b; Kent et al., 2014). It has been proposed that biogeographical ancestries (e.g., European, African, and Amerindian, also called Native American) can evoke different ideas of ancestry, appearance, culture, class, region, and nation, mainly among those outside the genetic research field (Wade et al., 2014b). However, we highlight that the genomic research approaches and interpretations by many experts in Latin America reflect an ongoing global phenomenon in science where peoples’ cultural histories and gene histories are entangled (TallBear, 2013a). This phenomenon of racialized thinking in genomics is embodied in the concept of nation or “genetic citizenships” (Wade et al., 2014b; Wade et al., 2015), which contributes to further stigmatization of historically discriminated populations.
This opinion contributes to this discussion by focusing on two main points. First, we discuss how genomic research opportunistically benefits from the two allegedly contradictory discourses present in the mestizo rhetoric; a single mestizo national identity based on genetic admixture and Indigenous “purism” based on the articulation of genetic diversity and ethnicity. Second, we situate this problem in the underexplored Chilean sociopolitical context and suggest strategies to improve Indigenous communities’ agency in research settings, contributing to future guidelines on genomic research.
2 GENOMICS AND THE LATIN AMERICAN CONTEXT
2.1 Genomic Research and the Mestizaje Rhetoric
The invention of Latin America as a geopolitical entity had the aim to fulfill the promise of a “civilization” distanced from the Old World by creating a new cohesive identity (Torres Martínez, 2016). A critical component of this civilizing project was the mestizaje (or mestiçagem in Portuguese), defined as the admixture of different cultures and racial groups (Wade, 2003). For the Mexican philosopher José Vasconcelos, the mestizo represented a “cosmic race” that combined the virtues of Indigenous and Europeans by constituting “the moral and material basis for the union of all men into a fifth universal race, the fruit of all the previous ones and amelioration of everything past.” (Vasconcelos and Sánchez, 1966). His ideas reflect the heart of the mestizaje as a racial project and building block for the construction of several Latin American national identities; rhetoric that culturally and racially homogenizes populations by erasing the Indigenous by either racial amalgamation or replacement (Tuck and Yang, 2012; Telles and Bailey, 2013). The mestizaje rhetoric has mutated in conjunction with the particular sociocultural history of each country, reflected in specific policies and institutions. Furthermore, it has also changed with the development of biotechnologies, including multidimensional ethno-racial concepts such as phenotype classifications, self-identification (Paredes, 2018), and now, DNA ancestry, showing how the implementation of these technologies are far from being neutral (Wade et al., 2014b).
Despite the efforts of scientists to distance themselves from racial categories, the scientific literature continues to use terms such as “DNA ancestry” similarly to racial categories (i.e., continental ancestries), which today are a component of the contemporary mestizaje rhetoric. Although the study of genetic variation can provide insights into the relatedness and migration histories of a person’s ancestors, these are not equal to cultural identity or belonging (TallBear, 2013a; Roth et al., 2020). Thus, by positioning DNA as an essentialist marker of shared identity, there is a danger of equating genetic histories with cultural/ethnic identities (Simpson, 2000), a consequence that is permeating the mestizaje rhetoric.
In Latin America, the vast majority of human genomic projects have focused on estimating degrees of genetic admixture within nations (Acuña et al., 2000; Wade et al., 2014b; Eyheramendy et al., 2015; Homburger et al., 2015; Adhikari et al., 2016; Berrios, 2016). Such focus aimed at demonstrating that racial categories are useless and that genetic ancestry estimation would be the only deracialized approach to understand genetically mixed societies (Pena, 2000; Wade et al., 2014a; Kent et al., 2015; Mostrador, 2019). Some of these projects not only fall into a genetic fetishism to elucidate historical problematics (TallBear, 2013b), but also reinforce the discourse of a single mixed entity that cannot be differentiated (Kent et al., 2014), endorsing the mestizo rhetoric and nationhood (Séguin et al., 2008), yet avoiding any discussion about race (Rodríguez Mega, 2021). In addition, genomic studies have also focused on the genomic articulation of indigeneity or the essentialization of ethnicity into imagined genetic communities (Simpson, 2000) or discrete genetic clusters. This has been achieved by differentiating the mestizo from the Indigenous or by isolating one or several Indigenous genetic components (Wang et al., 2008; Verdugo et al., 2020).
We observe how genomic research in Latin America opportunistically profits from two apparently contradictory discourses: differentiation and homogeneity, both embedded in the mestizaje rhetoric under a scientific rationale. This rationale can achieve truthful results as it supposedly excludes the influence of cultural and social preconceptions (Wade et al., 2014b). However, scientists hold ethical, moral, and political positions that guide their research questions, objectives, approaches, results, and interpretations. The two assumptions ingrained in the mestizaje rhetoric are often the starting point of most research efforts in Latin America, such as the case of Chile. On the one hand, the mestizaje rhetoric treats genetic admixture as a continuum, where the degree of mestizaje can establish, allegedly, that some people are more Indigenous than others. This genetic admixture ladder is articulated with the attribute of indigeneity and, thus, privileges genetic ancestry as a proxy to define Indigenous populations (TallBear, 2013a; Walker et al., 2016). On the other hand, genetic admixture supports the mestizo rhetoric of unifying and homogenizing populations under a single national identity (Pena, 2000; Kent et al., 2015; Alpaslan-Roodenberg et al., 2021). Under this logic, the Indigenous/European admixture represented in the mestizo signifies the “genetic dissolution” of the original pre-Hispanic Indigenous, foregrounding the idea that either contemporary Indigenous peoples do not exist or are less Indigenous than their ancestors (Tuck and Yang, 2012). This conceptualization can have detrimental consequences in research and sovereignty for Indigenous peoples. For example, a recent publication on ancient DNA suggests that Indigenous heritage is embedded in the mestizo national identity of most Latin American countries (Alpaslan-Roodenberg et al., 2021). Therefore, the implementation of similar research standards used in the US for Indigenous engagement and consultation could be counterproductive, and thus Indigenous consultation is not needed (Alpaslan-Roodenberg et al., 2021). However, the authors assume the total integration of Indigenous identities into the mestizo national identity, questioning the presence of Indigenous voices and disregarding sociocultural processes in these regions. Moreover, it represents a convenient assumption maintaining the status quo of research practices in Latin America and profiting from the lack of legal protection.
2.2 Indigenous Peoples and Genomic Research in Chile
In Chile, around 12.8% of the total population self-identifies as Indigenous. However, none of the 11 Indigenous groups (Mapuche, Aymara, Diaguita, Lickanantay, Quechua, Rapa Nui, Colla, Kawésqar, Chango, Yagán, and Selk’nam) are constitutionally recognized, meaning that collective and territorial rights, sovereignty, and self-determination are not guaranteed by the Chilean State (CIPERChile, 2019). Thus, there is an increased legal vulnerability of Indigenous peoples in Chile, compared to other Latin American countries (Fuentes et al., 2017). This situation is expected to change with the direct participation of Indigenous representatives in the current constituent assembly (Fuentes, 2021).
Chilean genomic research has followed the international trends, prioritizing the genetic characterization of the national mestizo population (Ruiz-Linares et al., 2014; Berrios, 2016; Paschetta et al., 2021), but also articulating genetic ancestry and ethnic identity by exploring the “origins” (i.e., ethnogenesis) of these populations (Acuña et al., 2000; Fuentes et al., 2014; Rothhammer et al., 2017; Verdugo et al., 2020). Furthermore, genomic research in Chile has also aimed at identifying informative ancestry markers to characterize specific clusters or ethnic groups (e.g., Mapuche and Aymara), in some cases linking them to diseases (Andia et al., 2008; Bermejo et al., 2017; Díaz-Peña et al., 2020; Jackson et al., 2021; Koenigstein et al., 2021). These concepts of genetic admixture, mestizo, or Indigenous DNA are continuously being tossed into the wider society and become part of popular discourses (Simpson, 2000), creating societal narratives about scientifically identifying who are the “real” Indigenous and a way to differentiate who belongs to a specific ethnic group.
Troubling narratives have been derived from genomic research on Indigenous peoples, such as the existence of a “Diaguita DNA” to be studied (ChileGenómico, 2019) and the genetic origin of the Chilean mestizo (Berrios, 2016), which serve to essentialize identities based on genetic categories. Genetic groupings can be variable and arbitrary across studies and go as far as labeling physical traits employing ethnonyms, all in a manner that worryingly brings race-based categorization to mind. In addition, studies about the correlation of disease biomarkers with Mapuche ancestry wrongly equate genetic ancestry to ethnicity as the cause of higher gallbladder cancer risk (Bermejo et al., 2017; Jackson et al., 2021). While genetic factors underlie disease susceptibilities, such singular narratives of Indigenous genetic ancestry percentage impacting disease risk drive us away from discussions regarding sociocultural (e.g., diet), socioeconomic, and geographical (rural vs. urban) factors, which could have a broader impact on prevention and health equity policies. Thus, although these research examples preach to be a first step to address racial health disparities, in reality, they evoke race-like categories (Wade et al., 2014b) that further stigmatize Indigenous peoples as genetically different from Chileans/Latinos. However, the bioethics committees at Chilean academic institutions still have to further develop specific protocols to incorporate Indigenous voices in conversations on ethical sampling procedures, informed consent, data privacy, result interpretations, and science communication. Although there is a need to create legal, regulatory, and normative instruments appropriate to the current challenges of genomic research that guarantee Indigenous communities’ participation and protection of their genetic data, these changes will take time. We believe that, in the meantime, the alternative path is to empower Indigenous communities in research settings. This alternative gathers the sociopolitical responsibility for reparation that we, researchers, have in the face of a persistent history of bad practices.
3 STRATEGIES FOR MORE ETHICAL AND EQUITABLE RESEARCH
Often, research has been done on Indigenous peoples, instead of for, with, or by them (Dalton, 2002). Further, in territories where the government does not constitutionally recognize Indigenous peoples, the improvement of research practices in academia needs to start by empowering Indigenous communities in research settings instead of relying on the goodwill of the researchers or expecting academic institutions to make amends. There are great international examples of inclusive research by Indigenous researchers from the United States, Canada, Australia, and Aotearoa on community-based research, mentoring, and mechanisms to empower Indigenous peoples in Western research settings (Claw et al., 2018; Tsosie and Claw, 2020). In order to implement some of Claw et al., 2018 guidelines in the Chilean context, where this discussion is just beginning, we consider a need for a radical shift in how research is conducted. Therefore, we propose to: first, establish long-term partnerships between researchers and Indigenous communities with bidirectional educational purposes (Tsosie and Claw, 2020). This approach will allow the integration of cultural perspectives into research, which has the advantages of creating better-informed, ethical, culturally appropriate, and respectful science (Claw et al., 2018; Begay et al., 2020). Second, academic institutions and researchers should advocate and support educational, mentorship, and training opportunities for Indigenous peoples as researchers. For example, in the US, Canada, Australia, and Aotearoa, researchers have developed the Summer internship for INdigenous peoples in Genomics (SING) workshop to discuss the uses, misuses, and limitations of genomics as a tool for Indigenous peoples’ communities. Further, the long-term aim is to propel Indigenous peoples in science research, leadership, and teaching careers at all levels, making genomic research by and for Indigenous peoples. We expect these initial steps to promote a shift in the current research ethos in the region by improving research practices, scientific training, and moving towards community-based collaborative practices that support Indigenous interests and concerns. Many other areas still need to be improved regarding data privacy, data ownership, and research infrastructure within communities. Our suggestions are a first step for paving the path towards more ethical and beneficial research with Indigenous communities.
4 CONCLUSION
At the heart of all the above lies a somewhat urgent need to implement mechanisms in Latin America that can secure positive engagement with genomics while countering misuses of and misinformation from it. We believe that establishing novel collaborative mechanisms between academia and Indigenous groups can introduce researchers to knowledge that recognizes forms of kinship, relatedness, ancestry, and heritage that are not reliant on DNA; forms of knowledge that recognize the different places that people’s histories and gene histories occupy. This collaborative approach is required to debunk myths about genetics and the mestizo rhetoric at large.
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Biomedical data are now organized in large-scale databases allowing researchers worldwide to access and utilize the data for new projects. As new technologies generate even larger amounts of data, data governance and data management are becoming pressing challenges. The FAIR principles (Findable, Accessible, Interoperable, and Reusable) were developed to facilitate data sharing. However, the Indigenous Data Sovereignty movement advocates for greater Indigenous control and oversight in order to share data on Indigenous Peoples’ terms. This is especially true in the context of genetic research where Indigenous Peoples historically have been unethically exploited in the name of science. This article outlines the relationship between sovereignty and ethics in the context of data to describe the collective rights that Indigenous Peoples assert to increase control over their biomedical data. Then drawing on the CARE Principles for Indigenous Data Governance (Collective benefit, Authority to control, Responsibility, and Ethics), we explore how standards already set by Native nations in the United States, such as tribal research codes, provide direction for implementation of the CARE Principles to complement FAIR. A broader approach to policy and procedure regarding tribal participation in biomedical research is required and we make recommendations for tribes, institutions, and ethical practice.
Keywords: genetic research, Indigenous, data sovereignty, data governance, CARE principles
INTRODUCTION
As technological advances have generated immense amounts of biomedical data, the Indigenous Data Sovereignty (IDSov) movement has emerged to exert stronger control and oversight over data generated from Indigenous Peoples. Once subject to localized systems of management, biomedical data are now organized and stored in large-scale databases, allowing researchers worldwide to access and utilize data for new analyses. The governance of large-scale databases, many of which adopt broad data sharing models, often stands in contrast with stricter mechanisms of protection and relationships of trust that facilitated the original data collection. This disconnect is clearly evident in the case of Indigenous communities who have often challenged the extractive nature of genetic research (Boyer et al., 2007; Shaw et al., 2013; Trinidad et al., 2015; Haring et al., 2018; Chadwick et al., 2019; Dirks et al., 2019). We support the call for more open, inclusive, and equitable participation in research and innovation to resolve the tension between openness and innovation, on the one hand, and Indigenous rights and interests, on the other. This is a tension that pervades the current discourse on genetic diversity (Hudson et al., 2020; Welch et al., 2021).
Historically, biomedical data may not have been collected or utilized in ways that align with community rights and interests. The results are research with little or no benefit to the communities from which the data originated, potential biases in data interpretation, dwindling participation in genetics and genomics research, and limited oversight by the people from whom the data are collected (Garrison et al., 2019a). These negative experiences compound as biomedical and data futures move towards big data and large-scale biobanking. At the same time, the resurgence of Indigenous self-determination and the advancement of IDSov prompts a reexamination of data governance (Kukutai and Taylor 2016a; Garrison et al., 2019a; Carroll et al., 2020; Hudson et al., 2020; Walter et al., 2021). At a fundamental level, IDSov articulates the rights of Indigenous Peoples and nations to govern the collection, application, and use of data about their peoples, communities, lands, and resources (Kukutai and Taylor, 2016b).
This article outlines the relationship between sovereignty and ethics in the context of data to describe the collective rights that Indigenous Peoples assert to increase control over their biomedical data. Then drawing on the CARE Principles for Indigenous Data Governance (Collective benefit, Authority to control, Responsibility, and Ethics), we explore how standards already set by Native nations, such as tribal research codes, provide direction for implementing the CARE Principles. We close with recommendations for using tribal codes, laws, policy documents, and protocols to operationalize the CARE Principles as a way to spur translational genetics research that benefits Native nations, as well as rural and urban Indigenous communities.
Indigenous Peoples and Data
For the purposes of this paper, we define Indigenous Peoples in the US as American Indian, Alaska Native, Native Hawaiian, and other communities who are indigenous to the US and its territories. We will use Native nations and tribes interchangeably to refer to tribal nations in the US. The federal government recognizes 574 tribes in the US as sovereign nations with their own legal and political structures to govern their citizens and homelands (Department of the Interior, 2021). In addition, many other Indigenous Peoples exert sovereignty as state-recognized (National Conference of State Legislatures, 2019) or un-recognized nations, including those in the state of Hawai’i and US territories. Sovereignty refers to the collective powers of a nation, such as the power to grant access to the population or to negotiate treaties between nations. As sovereign nations, tribes have the power to govern via their own structures, determine their own citizenship, and regulate tribal business (Duthu, 2008).
Indigenous Peoples have always been “researchers,” demonstrated by their collecting, analyzing, and managing data for decision-making, knowledge transfer, and other uses. Historical and ongoing colonialism disrupted, co-opted, and suppressed Indigenous research methodologies and methods (Smith, 2012). Indigenous data, whether born digital or not, include information, knowledge, specimens, and belongings about Indigenous Peoples to which they relate at both the individual and collective levels (Carroll et al., 2020; Rainie et al., 2019; Lovett et al., 2019). IDSov returns authority over data about Indigenous nations and their citizens, communities, and resources (wherever they may be located) back to the tribes from whom the data derive (Kukutai and Taylor, 2016b). Indigenous Data Governance (IDGov) enables tribal ways of knowing and doing to guide Indigenous decision-making; it is a practical expression of IDSov (Rainie et al., 2017; Maiam nayri Wingara, 2018).
Increasingly over the past 50 years, tribes in the US have developed policies and procedures for the oversight of research within their nations’ physical jurisdiction and beyond tribal lands. Other Native nations rely on tribal colleges, tribal organizations, or the Indian Health Service to provide research oversight on their behalf (Around Him et al., 2019). Federally-recognized tribes are in the strongest legal position to assert authority over their data (Tsosie, 2019). Non-federally-recognized tribes and Indigenous Peoples worldwide experience numerous issues in exercising rights over their data that may be different from federally-recognized tribes (Kukutai and Taylor, 2016a; Walter et al., 2021). However, we posit that learnings from federally-recognized tribes’ codes can broadly benefit Indigenous Peoples as they implement laws, policies, and practices to govern their data and research.
IDGov and tribal research governance complement one another: some data are research data that are subject to both data governance and research governance. Thus, Indigenous research governance becomes a mechanism for enhancing IDGov as tribes assert IDSov.
Indigenous Peoples’ Increased Oversight of Biomedical Research
IDSov requires heightened consideration in projects that evoke a government-to-government relationship, such as federally funded projects that seek to recruit large numbers of Indigenous Peoples nationwide. In these cases, strong relationships and effective data governance systems at the tribal level are paramount for ensuring equitable participation in federally funded research and culturally rigorous results. At the same time, non-tribal institutional policies and practices must also evolve to promote and protect the sovereign rights and interests of Indigenous Peoples.
American Indian and Alaska Native populations are not simply ethnic or racial groups, nor are they vulnerable or “special” populations. Tribes maintain a unique political status and confer citizenship just like other nation states. Tribal citizenship persists regardless of residence on or off tribal lands. Also called tribal enrollment, tribal citizenship is not the same as self-identification nor is it the same as genetic ancestry (Tallbear, 2013). Tribal citizenship is a political designation similar to US citizenship. This political designation is the foundation for IDSov. Yet, the inclusion of Indigenous people off tribal lands challenges the reach of tribal oversight of research over enrolled tribal citizens. Approximately 78% of self-identified American Indian and Alaska Native individuals live off tribal lands, and approximately 60% primarily reside in urban areas (Norris et al., 2012). For Indigenous people living off tribal lands, questions arise regarding how tribes will govern information about them when data are collected and reside outside the jurisdictional boundaries of the tribal nation. Additional questions include how other institutions, such as intertribal non-profit organizations and universities, will steward and protect data about Indigenous Peoples and individuals.
The recognition of IDSov by federal agencies and large repositories funded by organizations like the National Institutes of Health (NIH) is an important first step. The use of already existing tribal expectations delineated in reports, policies, and practices are important next steps to align federal programs with tribal rights and expectations via IDSov (Tribal Collaboration Working Group, 2018). In late 2019, the National Congress of American Indians (NCAI) (National Congress of American Indians, 2019a) asserted that even in the absence of formal tribal approval processes, researchers must establish a process to obtain approval that allows for tribal oversight of tribal data. Furthermore, the NCAI membership passed Resolution ABQ-19-061 that “calls on NIH to consult with tribal nations, provide a process for tribal nations to have oversight over any data and biospecimens from their tribal citizens, and restrict use of data associated with tribal nations until tribal oversight is in place” (National Congress of American Indians, 2019b). This resulted in developing a formal tribal consultation process (National Congress of American Indians, 2021; Haozous et al., 2021).
Tribal concerns about data use and data sharing have generated many discussions in federal agencies, universities, professional societies, and Indigenous communities. To build ethical university-tribal partnerships, it is necessary to recognize tribes as sovereign nations, acknowledge tribal intellectual property, and respect tribal data sharing preferences (James et al., 2014). Indigenous individuals’ concerns about privacy and confidentiality also extend to promotion of tribal rights to control data and protection of collective tribal confidentiality and privacy in data and research (Taitingfong et al., 2020). In interviews with Indigenous leaders, scholars, and tribal research review members, support for tribal oversight of data is seen as a viable solution to the challenges of data access, management, and sharing (Garrison et al., 2019b). Given the history of exploitative research with tribal communities, the ability of tribes to review inaccurate, harmful, or stigmatizing information before publication or distribution is crucial both to preventing the misuse of their data and to supporting sound scientific practice (Garrison et al., 2019a). This is increasingly important as biomedical and genomics research moves toward broad data sharing policies.
Indigenous data oversight has increased in response to support of broad data sharing by funders and scientists. The NIH Genomic Data Sharing policy requires federally-funded investigators to deposit de-identified data into federal databases to promote secondary analyses (National Institutes of Health, 2014). However, the policy allows a data sharing exception that recognizes some tribal laws may not permit broad data sharing (Hiratsuka et al., 2020). Some tribal laws and policies dictate that all data generated from a research study is property of the tribe and all data must be returned to the tribe at the conclusion of the study. A resulting concern about the data sharing policy is that the allowable exceptions are not clearly understood or recognized by all researchers, institutions, or journal editors. For example, some investigators who conduct research with Indigenous communities have been asked by journal editors to submit the data to federal databases, even when the agreement with the tribe is not to share data.
IMPLEMENTATION OF CARE PRINCIPLES GUIDED BY TRIBAL OVERSIGHT
The current structures that are in place for federal biomedical data governance, in particular the Common Rule (Office of Human Research Protections, 2017), fail to align with the rights and interests of Indigenous nations and communities (Hudson et al., 2020). Rather than demanding that representatives of Indigenous communities participate in these existing governance structures, we argue for sovereign control—that is, Indigenous nations controlling ownership, governing storage, and dictating parameters for data use and reuse. We also promote policy innovations for other institutions that both adhere to tribal sovereignty and protect Indigenous people living off tribal lands or who self-identify as Indigenous (i.e., not tribally affiliated).
This section introduces the CARE Principles for Indigenous Data Governance as high-level guidance for enhancing IDSov in research and data governance. This section also examines the sovereign expectations that tribes set for researchers and institutions to support Indigenous Peoples’ efforts to reclaim control and oversight of data, including biospecimens.
The CARE Principles for Indigenous Data Governance
The CARE Principles define Collective benefit, Authority to control, Responsibility, and Ethics, and their relationship to engagement with and for secondary use of Indigenous data (Research Data Alliance Interest Group, 2019). The CARE Principles and the sub-principles (see Table 1) enhance and extend the ‘FAIR Principles’ for scientific data management (Findable, Accessible, Interoperable, Reusable; Wilkinson et al., 2016) by centering equity and ethics as core guiding principles alongside those set out by FAIR. The CARE Principles reflect the crucial role of data in advancing Indigenous innovation and self-determination by focusing on people and purpose-oriented standards to be used alongside mainstream data guidelines (Carroll et al., 2020).
TABLE 1 | The CARE Principles for Indigenous Data Governance and sub-principles.
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The CARE Principles are in the early stages of implementation, with some entities leading the way by collaborating with the Global Indigenous Data Alliance (GIDA) to operationalize the principles within repositories, national ethics frameworks, and United Nations open science guidance (Australian Institute of Aboriginal and Torres Strait Islander Studies, 2020; Carroll et al., 2021; United Nations Educational Scientific and Cultural Organization, 2021; Welch et al., 2021). Large international genomics consortia are already implementing the FAIR principles, but to truly engage and demonstrate respect for marginalized, impacted, excluded, underserved populations, the CARE Principles must be integrated across institutional policies and practices (Wilkinson et al., 2016; Carroll et al., 2021). We draw on federal- and state-recognized Native nations’ research regulations (Table 2) to illustrate how these official documents’ assertions of IDSov set tribal expectations for enacting the CARE Principles. Tribal expectations include alignment with tribal priorities, recognizing the locus of control for tribal data, supporting respectful relationships, and addressing inequities in research.
TABLE 2 | The CARE Principles for Indigenous Data Governance: Tribal expectations that guide implementation.
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Below we make recommendations for tribes, other institutions, and ethical practices that leverage Native nations’ codes as standards for researchers and data stewards as they implement the CARE Principles.
Tribal Law and Policy
Native nations are increasingly using tribal codes to set standards and expectations, exerting their jurisdiction over data, interests, places, and issues both on and off reservations (National Congress of American Indians, 2019a; Hiraldo et al., 2020). Here we share some of the ways that tribes address some of the more complex issues of tribal research oversight, including jurisdiction off tribal lands and protection of individual and collective interests, to spur Native nations to create and strengthen codes as guides to use of the CARE Principles with their peoples, lands, knowledges, and resources.
The fact that most tribal citizens reside off tribal lands (Norris et al., 2012), but may participate in research, raises unique challenges to the exercise of tribal sovereignty in research. Tribes have sought to address this governance challenge by extending the application of their research codes beyond tribal lands in two situations: (1) use of materials to which tribes have a legal claim and (2) participation of tribal citizens. Some tribes extend the protection of their citizens and interests beyond their territories by linking the exercise of their sovereignty to the physical location of research materials to which they have a claim (Colorado River Indian Tribes, 2009; Gila River Indian Community, 2009; Sisseton-Wahpeton Oyate Tribe, n.d.; no date, henceforth n.d.; United Houma Nation Institutional Review Board Ordinance, n.d.; White Earth Nation, 2018; Tribal Collaboration Working Group, 2018). Other tribes address research governance challenges beyond their territories by linking the exercise of sovereignty to participation of their citizens in research, particularly in studies that implicate aspects of their tribal citizenship and affiliation in some way (Navajo Nation, 2002; Confederated Tribes of Siletz Indians, 2005; Ho-Chunk Nation, 2005; Pascua Yaqui Tribe, 2008).
Some tribal claims of ownership over specimens and data are made in the context of broader statements about tribal sovereignty. For example, the Three Affiliated Tribes (n.d.) includes a general principle of prior rights that recognizes, among other rights, “proprietary rights and interests over… all knowledge and intellectual property” associated with their resources. Similarly, the United Houma (n.d.) Institutional Review Board Ordinance codifies the rights of the Tribe, “as a self-governed and self-determined people,” to “all data and information generated and produced by… research” conducted in the community. Other codes couch the tribe’s claim to ownership of specimens and data in narrower terms (Pascua Yaqui Tribe, 2008; Confederated Tribes of Siletz Indians, 2005; Sisseton-Wahpeton Oyate Tribe, n.d.), while others stress the need for researchers to respect those claims (Mohawk Nation of Akwesasne, 1996; Cherokee Nation, 2019b).
Some codes protect not only tribal (i.e., collective) but also individual citizens’ claims to ownership and control of specimens and data (Tohono O’odham Nation, 2013; Colorado River Indian Tribes, 2009). Tribes have adopted intellectual property provisions in their codes to support individual and collective claims of ownership in specimens and data (Mohawk Nation of Akwesasne, 1996; Navajo Nation, 2002; Ho-Chunk Nation, 2005; Colorado River Indian Tribes, 2009; Turtle Mountain Band of Chippewa Indians, 2014).
Issues in research agreements pertaining to data reflect broad tribal concerns about specimens. Additional points include the need to: describe specific means of preserving confidentiality of individual and tribal data, including Assurances of Confidentiality (Mohawk Nation of Akwesasne, 1996; Ho-Chunk Nation, 2005; Gila River Indian Community, 2009); provide data disposal plans (Cherokee Nation, 2019b); and detail conditions that would allow researchers to breach their duty of confidentiality under signed agreements (Mohawk Nation of Akwesasne, 1996; Ho-Chunk Nation, 2005).
International, Federal, and Institutional Guidelines
As institutions increasingly operationalize the CARE Principles in policy and practice, understanding how high-level principles link to tribal expectations becomes paramount. While research institutions, researchers, and funding agencies must follow appropriate federal, state, and local laws, they must also follow proper engagement and consultation procedures with tribal nations to uphold tribal law and policy pertaining to research, data, and specimens. Tribal laws and processes need to be part of robust planning and policy for research institutions and programs to implement the CARE Principles. Importantly, each Native nations’ written standards apply to research relationships with that nation only. The written standards must be balanced with ongoing community relationships to give more depth and definitions to community expectations and needs. Additionally, when no laws exist, it is the responsibility of research institutions, researchers, and funding agencies to engage in a process with participating tribal nations to obtain approvals and guidance for research and data oversight (Tribal Collaboration Working Group, 2018; National Congress of American Indians, 2019a). Finally, examining the commonalities across Native nations provides insight into broad and common ethical expectations.
Evolving Ethical Practices
The CARE Principles, especially as indicated by tribal research codes, delineate standards for research practice. Training for researchers to understand tribal sovereignty, tribal codes, and review processes is necessary to provide the knowledge and tools to meet tribal ethical expectations. Supporting the CARE Principles requires an approach to biomedical research and policy that supports tribal ethics requirements, regardless if they have been codified as law.
Institutions, researchers, tribes, and Indigenous communities will benefit from careful attention to the CARE Principles to enhance trust and build meaningful relationships to ensure high quality translational biomedical science that emerges as tangible benefits for tribes and rural and urban Indigenous communities.
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Precision medicine offers a precious opportunity to change clinical practice and disrupt medicine’s reliance on crude racial, ethnic, or ancestral categories by focusing on an individual’s unique genetic, environmental, and lifestyle characteristics. However, precision medicine and the genomic studies that are its cornerstone have thus far failed to account for human diversity. This failure is made clearer when looking at individuals who encapsulate a mosaic of different genetic ancestries and do not fit neatly into existing population labels. This piece argues that precision medicine continues to rely on the same forms of crude categorization it seeks to unsettle. Until the scientific community creates inclusive solutions for individuals who fall outside or between our existing population labels, precision medicine will continue to fall short in its aims.
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INTRODUCTION
An increasing number of individuals are defying the crude systems of racial, ethnic, and ancestral categorization used in medicine and society. For instance, over the past decade, the number of Americans who self-identify as multiracial has more than doubled (https://www.census.gov/library/stories/2021/08/improved-race-ethnicity-measures-reveal-united-states-population-much-more-multiracial.html) and increased globalization and population migration have resulted in greater genetic admixture—defined as the recent combination of two or more genetic ancestries. (Korunes and Goldberg, 2021). For those of us who do not fit neatly into existing racial, ethnic, or ancestral population labels, the problematic practice of categorizing people into discrete groups can be especially exclusionary. Precision medicine is one area in which such individuals are being left behind. In this Commentary, we argue that realizing the aims of precision medicine requires the medical genomics community to comprehensively study and analyze data from those who cannot be classified into existing population labels.
Precision Medicine
Precision medicine examines how an individual’s unique genetic, environmental, and lifestyle characteristics come together to inform health. Instead of one-size-fits-all approaches to medical decisions, interventions, and treatments, precision medicine focuses on customization to the individual. Central to enabling such customization is medical genomics research–a heavily funded research priority for precision medicine (https://www.genome.gov/news/news-release/NHGRI-awards-73million-to-continue-building-Clinical-Genome-Resource-ClinGen). Researchers in medical genomics use genome-wide association studies (GWAS) to identify fine-grained differences in the DNA sequences of related and unrelated individuals. Aggregating the small effects of thousands of genetic variants identified through GWAS, polygenic scores (PGS) are used to estimate a person’s likelihood of exhibiting a particular phenotype (e.g., cardiovascular disease). Recent efforts in precision medicine have focused on how PGS might be used in combination with environmental risk scores (ERS) to screen individuals for diseases such as cancer.
The advent of precision medicine offers a precious opportunity to move beyond mutually exclusive categories such as race (Raut et al., 2021; Bonham et al., 2016) and account for human genetic diversity among individuals within and between populations. (Lewontin et al., 1972). GWAS and PGS could enable clinicians to make more accurate diagnoses and tailor treatments using an individual’s genome instead of self-identified or inferred race or ethnicity. However, while precision medicine carries the promise of improving clinical care, preventing and treating disease, and rejecting the use of race-based corrections in medicine, (Ashley, 2015; Cerdeña et al., 2020), it has thus far failed to deliver. Such failures are made clearer when examining how medical genomics handles admixed individuals who encapsulate more than one genetic ancestry.
The Limitations of Precision Medicine for Admixed Individuals
Despite the rapidly decreasing costs associated with conducting GWAS, the overwhelming majority of genomic studies use samples from European genetic ancestries (https://gwasdiversitymonitor.com/); this restricts the potential benefits of genomics research on health to a narrow subset of the global population while also introducing sampling bias. (Popejoy and Fullerton, 2016). The challenges of population stratification, coupled with Euro-centric biases in genomic databases, mean that PGS derived from GWAS have systematically lower predictive performance when applied to understudied populations. As a result, the disease risk of non-European populations, including admixed populations, are either under- or over-estimated using existing PGS. (Martin et al., 2017). Any benefits afforded by PGS are less likely to accrue among people of non-European ancestry and more likely to exacerbate health disparities in disease treatment. (Martin et al., 2019).
In an effort to increase and diversify the sampling of participants, we must build databases that better reflect the global population, and widen the applicability of precision medicine research. Initiatives such as the NIH-funded All of Us Research Program are emerging (https://allofus.nih.gov/) to respond to this unmet need. However, initiatives such as these will never realize the full benefits of precision medicine unless explicit attention is devoted to finding ways to study admixed individuals in medical genomics research; this includes both existing admixed populations (e.g., Hispanic or Latin American) and recently admixed individuals who fall outside of already-defined admixed population categories.
Although genetics researchers are beginning to conduct studies with samples from diverse populations that encapsulate more than one genetic ancestry (e.g., self-identified African American or Hispanic/Latin American), (Wojcik et al., 2019; Gopalan et al., 2021), the vast majority of studies continue to deprioritize and discard admixed samples, citing inadequate sample sizes and technical complexities. (Peterson et al., 2019; Ben- Eghan et al., 2020).
These issues are further exacerbated for recently admixed individuals. First and second-generation admixed individuals are often grouped into monolithic categories such as ‘Other admixed ancestry,’ (Morales et al., 2018) ‘Other and other admixed,’ or ‘Multiple’ (https://www.ebi.ac.uk/gwas/docs/ancestry-data). Aggregating individuals into these categories may help to increase statistical power, but it denies researchers opportunities to examine relationships between the unique sociocultural factors and genetic characteristics that come together to shape an individual’s health and well-being.
Current genomic methods are especially insufficient for analyzing data from first and second generation admixed individuals. Continental ancestry categories (e.g., European, African) are the most common type of group label in genomics research. (Panofsky and Bliss, 2017; Lewis et al., 2021). The overreliance on continental ancestry categories not only encourages dangerous slippage between genetic ancestry and race, (Panofsky and Bliss, 2017), it disincentivizes researchers from finding ways to include those who fall outside a broad continental grouping. For instance, an individual who is a recent combination of Greater Middle Eastern genetic ancestry and South East Asian genetic ancestry is likely to be categorized as ‘Other and other admixed’ and will be discarded from genomic analyses because they cannot be assigned to a distinct regional population grouping.
The current limitations of medical genomics raise important scientific and ethical considerations regarding missed scientific opportunities, underrepresentation in research, and participants’ efforts to contribute to science. It is ethically problematic to continue inequitable resource allocations that drive underrepresentation in genomic studies, (Fatumo et al., 2022), just as it is ethically problematic to recruit participants for research and then discard their contributions from analyses. The consequence of such practices for precision medicine is that many do not currently stand to benefit from research into pharmacogenetics or disease risk prediction and will continue to be left behind even as the field outwardly seeks to diversify biobanks.
Possible Solutions
To address these issues, precision medicine must first recognize, incorporate, and amplify the work of researchers who are already grappling with issues of diversity and equity in clinical and healthcare contexts in and outside of genetics. (Panofsky and Bliss, 2017; Lewis et al., 2021). This means expanding the range of voices given decision-making capacities and committing to an ethos of diversity in research and the workplace. (McFarling, 2021), (Thomas et al., 2021) Researchers must also prioritize community-engaged efforts that focus on building dynamic two-way partnerships instead of transactional exchanges for which data collection is an endpoint. Implementing more inclusive approaches to how precision medicine is carried out will introduce new perspectives and ways of thinking that can help to improve our current methods of analysis in genomics to account for admixed individuals.
In support of improving health outcomes and enhancing disease prevention and treatment, precision medicine should also consider whether existing systems of classification, methodological approaches, and research priorities are appropriate. We join others in cautioning against our default use of continental ancestral groupings in genetics. (Lewis et al., 2021). Although admixed individuals, who are considered a mixture of broad continental groups, may be used to compound population labeling, (Lewis et al., 2021), we believe that admixed individuals such as ourselves offer a chance to escape from it. The limited framework for attaining diversity in genomics have negative consequences for those of us who do not fit into a box. Therefore a critical and reflexive audit of how precision medicine research is conducted, who it benefits, and the changes required, calls for additional specific attention to those who cannot be classified using our current population schema. Studying rather than ignoring recently admixed populations is not only a scientific and ethical imperative, it will provide opportunities to develop novel methods and analytic techniques that resist continental ancestry groups and help realize the full potential of precision medicine for all. (Peterson et al., 2019).
Finally, precision medicine initiatives must prioritize investigations of the social context and the role of social and environmental factors including structural racism in shaping human health. If we want precision medicine to benefit all and not just some, the research enterprise needs to understand the systems-level factors that contribute to health disparities. (Newman, 2021). Individuals who defy the crude systems of racial, ethnic, and ancestral categorization used in medicine and society carry unique lived experiences that cannot be captured by genetics alone. These experiences are shaped by social contexts and hold potentially important health implications. Understanding the multitude of ways that individuals who do not fit into a box experience health is critical to offering genuinely customizable healthcare.
CONCLUSION
Precision medicine is failing those who do not fit neatly within our crude systems of categorization—whether they be racial, ethnic, or genetic ancestral. The limitations of precision medicine for recently admixed individuals who cannot be described using existing population labels illustrate this. Precision medicine will not dismantle our reliance on reductionist categorizations by using the very tools that require them. And, it will not improve health outcomes with biased genomic databases that leave out large swaths of the global population and distract from the social structures and systems that contribute to health. Until we recognize the limitations of our approach to precision medicine and seriously grapple with who it leaves out, we cannot rely on it to systematically improve how we prevent and treat disease.
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Paleogenomics - the study of ancient genomes - has made significant contributions, especially to our understanding of the evolutionary history of humans. This knowledge influx has been a direct result of the coupling of next-generation sequencing with improved methods for DNA recovery and analysis of ancient samples. The appeal of ancient DNA studies in the popular media coupled with the trend for such work to be published in “high impact” journals has driven the amassing of ancestral human remains from global collections, often with limited to no engagement or involvement of local researchers and communities. This practice in the paleogenomics literature has led to limited representation of researchers from the Global South at the research design and subsequent stages. Additionally, Indigenous and descendant communities are often alienated from popular and academic narratives that both involve and impact them, sometimes adversely. While some countries have safeguards against ‘helicopter science’, such as federally regulated measures to protect their biocultural heritage, there is variable oversight in others with regard to sampling and exportation of human remains for destructive research, and differing requirements for accountability or consultation with local researchers and communities. These disparities reveal stark contrasts and gaps in regional policies that lend themselves to persistent colonial practices. While essential critiques and conversations in this sphere are taking place, these are primarily guided through the lens of US-based heritage legislation such as the Native American Graves and Protection Act (NAGPRA). In this article, we aim to expand the scope of ongoing conversations by taking into account diverse regional contexts and challenges drawing from our own research experiences in the field of paleogenomics. We emphasize that true collaborations involve knowledge sharing, capacity building, mutual respect, and equitable participation, all of which take time and the implementation of sustainable research methods; amass-and-publish strategy is simply incompatible with this ethos.
Keywords: paleogenetics, sustainable research, regulation, global south, diversity, accountability
INTRODUCTION
The field of ancient DNA (aDNA) has grown from a marginal subject that faced early scepticism, to a highly attractive and expanding field that has produced significant knowledge on the evolutionary history of several species, especially our own (Orlando et al., 2021). Numerous methodological improvements, including next generation sequencing, have considerably increased the yield of authentic aDNA from degraded biological materials. This is advantageous because aDNA research requires the destruction of valuable tissues or materials, making it imperative to handle this limited resource ethically, with legitimate justification, and to secure the recovery of as much information as possible from small sample sizes.
A breakthrough in human aDNA research was the development of “capture” technology, characterizing a subset of approximately 1,240,000 genome-wide variant sites (’1240k’ panel) that are primarily informative for population history inference. Notably, the capture approach was conceptually proposed in 2014 as a strategy to “democratize” the field by offering a cost-effective alternative to whole-genome/shotgun sequencing (Pickrell and Reich, 2014). However, for commercial reasons, this capture assay was initially not publicly accessible to all research groups, which ironically did the opposite of democratization by concentrating the power of this method to groups collaborating with its developers and early adopters.
The cost benefits of this method incited the few research groups with access to this technology and those with large budgetary resources to seek and stockpile ancient human samples. The flames of this “bone rush” (Fox and Hawks, 2019) were further fanned by the sensationalization of aDNA findings via “high impact” publications and popular media, raising a number of ethical concerns (Lewis-Kraus, 2019). Many of these sample collection campaigns were initially done without strong scrutiny by the scientific community. However, in recent years, critics have raised concerns about this “grab-and-go” approach, calling out its extractive nature and lack of engagement or meaningful involvement with local researchers and communities (e.g. (Bardill et al., 2018; Claw et al., 2018; Hudson et al., 2020; Tsosie et al., 2020; Wagner et al., 2020; Argüelles et al., 2022), more references in 1). This practice is particularly conflictive when involving the collection and destruction of samples from nations in the “Global South”–a term often used to identify lower-income countries, many of which have been historically oppressed by colonialism (Dados and Connell, 2012)–by laboratories in the “Global North” (the complementary set of countries, many of which earned their higher wealth by colonization and exploitation of “Global South” nations).
Most criticisms of such unethical practices in paleogenomics research focus on United States contexts, the Native American Graves and Protection Act (NAGPRA) and Indigenous rights (Claw et al., 2018; Fox and Hawks, 2019; Wagner et al., 2020). Although a piece recommending ‘global guidelines’ for aDNA research was recently published, it was received with concern by some academics (Somel et al., 2021; Tsosie et al., 2021). As aDNA researchers from, and doing research in, Global South regions, we aim at expanding the discussion further by drawing from our own experiences to contribute to the ethical development of the paleogenomics field in Chile, India, Mexico, and Puerto Rico. We focus on four common challenges faced in our efforts to develop aDNA research programs anew as well as partner with existing programs in these places: 1) Cultural and heritage management regulations, 2) Local funding and infrastructure, 3) Local research and training capacity building, and 4) Consultation with Indigenous and descendant communities. We discuss these issues in the context of the aforementioned countries and outline recommendations from our experiences to address them, though admittedly not the only strategies for doing so.
In writing this piece, we acknowledge our positionality as researchers who may or may not share the same identities and histories with the communities with which we collaborate. We also recognize that our privileges as scientists impact our work and access to resources. The perspectives we discuss here represent our ongoing efforts as we learn, together with our community partners and trainees, how to build more sustainable, fair, and representative aDNA research programs globally.
Cultural and Heritage Management Regulations
Regulations surrounding destructive sampling and sample export for aDNA research projects vary widely and are enforced at different levels within governmental cultural or heritage institutions (Marquez-Grant and Fibiger, 2013). Regulatory bodies within these institutions are usually tasked with evaluating formal written requests to access collections and perform sampling and assure compliance with final reporting requirements. Besides institutions that enforce federal and/or state heritage regulations, in countries such as the United States and Canada, some Indigenous communities have their own regulations for genetic research studies (Claw et al., 2018, 2021; Begay et al., 2019; Wagner et al., 2020).
However, the reality in the Global South can be very different. Institutions tasked with regulating access to heritage or archaeological collections may lack or have unclear regulations and requirements, insufficient budgets or enforcement strategies to enact these regulations, or a combination thereof (e.g. (Abarca Labra et al., 2018)). This ambiguity can also affect local institutions or individuals (e.g. archaeologists leading excavations) who first receive research proposals for destructive analysis and where the sampling process itself may not be clearly defined nor accountability or follow-up measures outlined, leaving important decisions about sampling and research practices in the hands of a few.
Within Latin America, there is large variation in regulations for destructive sampling and few that are particularly dedicated to aDNA. For example, both Mexico and Chile have specific institutions dedicated to the research, conservation and protection of anthropological, archaeological, historical, and cultural heritage (National Institute of Anthropology and History (INAH) and National Monuments Council, respectively). INAH’s Archaeology Council regulates access to archaeological samples for all destructive and non-destructive analyses following institutional guidelines (Instituto Nacional de Antropología e Historia, 2019). Although the council has clear requirements for ancient bio-molecular research, some of them are not ready to be implemented (e.g., lack of infrastructure to store aDNA extracts, libraries, or genetic data). In some countries from this region, cultural artifacts and human bodies recovered from archaeological contexts are subject to a heritage process where there is a centralized entity managing their fate. This process primarily involves legal protection against destruction and variable levels of regulations for research settings, particularly if samples are leaving the country. Albeit necessary, there are some troubling assumptions under this model that are rarely discussed by aDNA researchers, particularly in relation to regulatory and state recognition of Indigenous identities, which we discuss in following sections.
In India, the Archaeological Survey of India (ASI) serves as the premier national governmental institution that oversees the cultural heritage of the country, including regulating the export of materials abroad for research. Additionally, state government archaeological departments have the autonomy to carry out the role of heritage conservation and conduct archaeological excavations in their respective jurisdictions. These institutions are well suited to implement and oversee a best-practice regulatory framework for sampling of human bodies from archaeological contexts for aDNA research (Jamir, 2022b; Pappu, 2022; Rai, 2022; Taher, 2022).
Historically unequal power relations can also shape heritage management in ways that have consequences for aDNA research as seen in Puerto Rico, which as a U.S. territory without federally recognized Indigenous nations, is excluded from NAGPRA (Rodríguez López, 2009b; d’Alpoim Guedes et al., 2021). While artifacts and human bodies recovered from archaeological contexts are considered the patrimony of all Puerto Ricans under local legislation, such laws are superseded by federal regulations (Pagán-Jiménezand Rodriguez Ramos, 2008; Rodríguez López, 2009a;, 2009b; Llorens-Liboy and Núñez, 2011). Indeed, many archaeological remains excavated in Puerto Rico were exported to the US mainland soon after the American invasion (Pagán Jiménez, 2000); well before Puerto Ricans could vote for their own government or enact modern heritage legislation. Now curated in museums and collections abroad (DaRos and Colten, 2009; Françozo and Strecker, 2017), these remains can be legally sampled for aDNA research without passing through the permitting process required by Puerto Rican authorities or consulting with island stakeholder communities.
Recommendation: Support efforts to improve local cultural and heritage management regulations and involve these institutions in the research process. Researchers can aid communities, permitting agencies, and ethical and regulatory boards seeking to develop better frameworks and guidelines for destructive aDNA analyses by holding open discussions with board members about the process, risks and potential benefits of aDNA research, and by providing detailed reports and inventories of the remaining DNA products and data files after research is concluded. Furthermore, engaging with local museums or other heritage management institutions may facilitate contacts with communities for consultations prior to study start and assist with dissemination of research results to the general public, local museums, universities or schools.
Local Research and Training Capacity Building
Although building local capacities for research is an essential first step towards ensuring sustainability, equity and inclusion within paleogenomics, many Global South nations face significant challenges in setting up training programs and maintaining research facilities. These challenges include economic austerity measures that underfund public education and scientific investment, small or nonexistent research funding streams, lack of support for research capacity building, and limited access to, or structural disparities in, higher education (Reidpath and Allotey, 2019; Reidpath and Allotey, 2020; Viera et al., 2020; Carter and Hujo, 2021).
In Latin America and the Caribbean, for example, enrollments in higher education have increased over the last decade but other inequities persist, such as patterned access to higher education based on income and low availability of coursework or degree programs in science fields (Ferreyra et al., 2017). For example, despite being a US territory, Puerto Rico’s universities are under-funded and about 42.9% of undergraduate students live below the poverty line (Nazario, 2014; Trines, 2018). As of this writing, there are limited opportunities for local undergraduate training in anthropology (Pagán Jiménez, 2000; Pagán-Jiménezand Rodriguez Ramos, 2008), and no formal graduate degree programs focused on biological anthropology, bioarchaeology, ancient DNA, or genomic science. While such programs can be pursued abroad, they often charge high tuition rates, making them unaffordable for many families, or limiting access just to high-income students. In Mexico, where a few degree programs in anthropology and genomics provide training in paleogenomics methods, severe budget cuts and government divestment threaten to reduce offerings and shutter educational institutions (Santos Cid, 2022). In India and Chile, degree programs in anthropology, archaeology, and genomics exist; however, there is currently only one functional aDNA lab in each country to train and conduct all local paleogenomics research.
Altogether, these factors make it difficult for local students to access and complete degree programs, reduce local job opportunities for scientific professionals, and accelerate brain-drain emigration patterns (Mishra, 2006; Weinberg, 2011; Docquier, 2014). In such contexts, local students may understandably see Global North countries as the only options for training, and local researchers may choose to export aDNA samples to these locations for processing and analyses. However, this creates a vicious cycle, as export means no local research is conducted, no training of students takes place, and local capacity for research remains underdeveloped.
Recommendation: Provide training opportunities to strengthen local research capacity. Researchers from Global North institutions can fund bilateral trainee exchanges with local institutions and provide wet lab and bioinformatics training in their labs. As shown by the success of the SING consortium workshops in the United states, Canada, Australia and Aotearoa (Malhi and Bader, 2015; Wade, 2018), short courses and training events can also become spaces to discuss multiple aspects of genomics research, including sampling strategies, data analyses or interpretations, and ethical considerations with local students and community members.
Local Funding and Infrastructure
Ancient DNA research requires sterile conditions for data generation and high data quality standards. This calls for an entirely separate facility dedicated to low copy number DNA processing that complies with strict criteria (Knapp et al., 2012; Fulton and Shapiro, 2019), and uses sterile molecular grade reagents and consumables (Champlot et al., 2010; Llamas et al., 2017). In the last 5–6 years, paleogenomics data generation has been overtaken by the ‘1240k’ capture panel, costing nearly $250 per reaction without accounting for shipping and other export regulatory costs. Despite its early branding as “democratizing” paleogenomics (Pickrell and Reich, 2014), the capture panel remains out of reach for many laboratories in the Global South and may become yet another means of unequitable foreign collaborations (Argüelles et al., 2022).
Altogether, the cost of establishing, maintaining, and day-to-day running of a paleogenomics facility is not an easy feat, often requiring institutional and/or governmental commitment to infrastructure (e.g., lab space, equipment) and sustenance (e.g., hiring, reagents, consumables, maintenance). Not surprisingly, paleogenomics is not a high priority research avenue in most countries battling more pressing challenges, such as health crises or economic insecurity (Maher et al., 2012; Lebel and McLean, 2018; Liverpool, 2021). This often translates to little to no support for local researchers interested in developing this field in their countries, as reflected in the current distribution of global aDNA laboratories2. For countries in the Global South that have aDNA laboratories, upkeep is often difficult with issues ranging from power shortages to infrastructural and maintenance limitations such as limited space and scope for expansion, delayed and pricey access to equipment and parts, lack of expertise to diagnose and repair breakdown of proprietary equipment, and so on. Moreover, sourcing and ordering reagents that are easily obtained in the Global North is time-consuming and often several fold more expensive elsewhere (Table 1) (Ciocca and Delgado, 2017; Valenzuela-Toro and Viglino, 2021). When adding publication and conference fees, and the US dollar advantage, the cost of conducting research becomes disproportionately higher in the Global South vis-à-vis available budgets. Ultimately, these disparities in resource availability for executing scientific programs creates opportunities for ‘grab-and-go’ strategies that further research inequity and helicopter science practices (Adame, 2021; Haelewaters et al., 2021).
TABLE 1 | Comparison of costs and delivery times for select consumables and reagents commonly used in aDNA research involving genome-wide next-generation sequencing. Cost estimates include tax, customs duties and shipping fees. Delivery times are the average number of days between ordering and arrival.
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Consultation with Indigenous and Descendant Communities
In the United States, NAGPRA legally requires researchers to identify affiliated tribal nations for consultation about research with ancestral remains. Meanwhile, in many Global South countries, in addition to the lack of legal mandates for community consultation, there are other issues surrounding unclear regulations on heritage management (discussed above), Indigenous identities, and heterogeneity in the state-Indigenous dynamics across and within regions that should be considered while enacting nuanced, community-sensitive consultation and engagement strategies.
Ethnic identity and belonging are fluid sociocultural constructs with definitions that vary over time and between populations. In some Indigenous communities, these constructs can be tied to connections with land or ancestors, and with spiritual, cultural, religious and linguistic traits, while others may invoke biological (phenotypic) features. Insights from genetic ancestry studies, if not framed sensitively and acknowledging existing identity structures, could impose upon the process of identity construction for both individuals and communities (Egorova, 2009; Gibbon et al., 2011; TallBear, 2013; Wade et al., 2015; Benn Torres and Torres Colón, 2020; Crellin and Harris, 2020). Genetic insights can sometimes conflict with community and individual beliefs or reproduce nationalistic or essentialized notions of identity that suppress the existence of Indigenous peoples.
In some Latin American countries, including Mexico and Chile, the institutional de-indigenization processes put in practice by the state emphasize that most of the population is mestizo, trivializing and legally neglecting the inherent value of Indigenous ancestry (Vasconcelos, 1997; García Deister, 2014; Manrique, 2016; Wade, 2017). While Indigenous peoples have some legal recognition in these countries, the discourse of a majority mestizo nation erases Indigenous rights over ancestral lands and heritage under the illusion that all mestizos have equal rights over Pre-Hispanic cultural heritage (Endere and Ayala, 2012; Silva et al., 2022). Afrodescendant communities, who have faced historical marginalization and invisibility in Latin American countries, encounter similar challenges because national identity in these countries is so strongly tied to mestizaje (Arocha and Maya, 2008; Weltman-Cisneros and Tello, 2013; Agren, 2020). To illustrate how this misconception can permeate scholarship, a recent piece on global guidelines for aDNA research (Alpaslan-Roodenberg et al., 2021) wrongfully claimed that mestizos in many Latin American countries “embraced their Indigenous roots”, hence the request to consult with Indigenous peoples in this region was “paternalistic” and “colonialist”. By reproducing such harmful narratives that relegate Indigenous peoples to legacies that should be considered a matter of the past and only embedded in the present-day mestizo national identity, such statements reproduce a long history of institutional discrimination and Indigenous erasure in Latin America. While consultation with Indigenous peoples for aDNA research outside the United States is a complex subject, for which NAGPRA protocols cannot be directly applied, stating that it is not needed because Indigenous identity is well represented by the mestizo population and State institutions is a fallacy and a continuation of historical harms.
In India and other parts of South Asia, the dynamics and recognition of Indigenous identities and rights in heritage management may differ from other places discussed above and even display vast intra-regional heterogeneity but, ultimately, result in a similar undermining of Indigenous engagement and involvement that are, to our knowledge, not currently mandated in archaeological (Jamir, 2022a) or aDNA research.
In this context, from an aDNA researcher’s perspective, identifying Indigenous populations that could be affiliated to individuals found in a given archaeological site or museum collection is not straightforward. In places like Mexico, where ancient empires like the Mexica invaded many territories and where multiple cultures could coexist in a single place (Mata-Míguez et al., 2012; Manzanilla, 2017), an additional layer of complexity emerges. Even if these connections can be made, challenges can surface if present-day Indigenous communities do not hold spiritual affiliation to ancestors from many generations ago (Cucina, 2013; Whittaker, 2020), if they have never been consulted about research participation before or face other more immediate challenges to their sovereignty or livelihoods (Castellanos, 2020; Hesketh, 2021; Rodriguez Aguilera, 2021). Because of the high levels of poverty and injustice most Indigenous communities in the Global South face (Hall and Patrinos, 2012; Hall and Gandolfo, 2016), an aDNA researcher can be hesitant of whether bringing yet another issue to consult and decide upon (especially one that has never been considered before) is correct or if it is invasive or imposed.
Recommendation: Prioritize community engagement as an integral part of the research design. As outlined above and elsewhere (Wagner et al., 2020), there is no one-size-fits-all set of guidelines. Instead of foregoing the engagement process entirely because of the inherent complexity, the subject of community consultation needs to be discussed thoroughly and applied to each circumstance, while including Indigenous scholars and other stakeholders in deciding the most ethical approach for each place, regardless of whether local legislation requires consultation or Indigenous approval to carry out the project. This requires dedicated time and resources to research the history and present situation of the region and communities one wants to work with, and then preparing to engage with and involve them in horizontal discussion before, during and after the project. Integrating descendant community perspectives into research should not be seen as a burden or checkboxing an outreach step (Muller and Dortch, 2020). Instead, such discussions acknowledge and respect the richness of community-based knowledge that can additionally significantly enrich the research process (Wagner et al., 2020).
CONCLUSION
To conclude, we propose applying a “glocal” approach to aDNA research in the Global South. The glocal principle highlights the importance of assessing global-local interactions by considering the local context within a coherent global pattern. As described by (Patton, 2020), global systems must be contextually sensitive and grounded in the interaction between local and global processes. In aDNA research, this would entail applying global premises of sustainability and justice and maintaining awareness of the historical harms caused by scientific colonialism, extractivism, and other forms of exploitation of Global South nations by Global North researchers (Argüelles et al., 2022). Locally, aDNA researchers must be attuned to the implications of their research, especially regarding heritage regulation and management, knowledge and resource sharing, the development or strengthening of local expertise, involvement of Indigenous communities, and conflicts that may arise with traditional knowledge systems. More broadly, institutions in the Global North, such as funding agencies and academic promotion and tenure committees, can support efforts that prioritize community engagement by recognizing or funding this work as an integral component of the research process. Importantly, we strongly believe that for the field of aDNA to meet these ethical responsibilities, the pace must not be dictated by the growth of the field (Alpaslan-Roodenberg et al., 2021), but by prioritizing the requisite time to build and implement accountability measures. Despite the time and effort required, we find that such commitments also foster the creation and maintenance of long-term partnerships which can ultimately aid the research process and lead to a more sustainable, just and inclusive paleogenomics research field for the Global South.
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FOOTNOTES
1https://elsihub.org/index.php/collection/game-bones-power-ethics-and-emerging-technology-paleogenomics-research.
2https://www.google.com/maps/d/u/0/viewer?mid=1qwXOKV5uoQntgBsxQrxS01YHpbs&ll=52.19802207086798%2C-5.195632878906142&z=5 and https://isogg.org/wiki/List_of_forensic_and_ancient_DNA_laboratories.
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As sequencing and analysis techniques provide increasingly detailed data at a plummeting cost, it is increasingly popular to seek the answers to medical and public health challenges in the DNA sequences of affected populations. This is methodologically attractive in its simplicity, but a genomics-only approach ignores environmentally mediated health disparities, which are well-documented at multiple national and global scales. While genetic differences exist among populations, it is unlikely that these differences overcome social and environmental factors in driving the gap in health outcomes between privileged and oppressed communities. We advocate for following the lead of communities in addressing their self-identified interests, rather than treating widespread suffering as a convenient natural experiment.
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INTRODUCTION
Genomics is a powerful tool, and as sequencing costs plummet, increasingly popular across research and applied fields. Such popularity does not guarantee equitability in accessibility or application. Many genetic studies have fallen into the same trap as much of western medicine, focusing on the DNA of northwestern Europeans, although little biological reason for this focus has been presented. For example, between 2005 and 2020, 88% of GWAS studies presented findings using sequences from individuals of European ancestry, and 72% reported discoveries using sequences from only the United Kingdom, US, or Iceland (Mills and Rahal, 2019). Such an asymmetry in focus has resulted in calls for more equitable focus in genetic research to reduce the perception of the white European genome as the normal, healthy state. Our colleague Dr. John M. Greally has described the current status of the field of human medical genetics as facing “a balance between ignoring whole sections of the globe, and exploiting them,” noting that “currently, we fall far to the side of ignoring” (JM Greally, personal communication). This disparity in degree of medical research effort between marginalized racialized people and white racialized Europeans and those descended from them mirrors national and global health disparities. However, genomics as a mechanism for addressing population-level health disparities (that is, differences in the burden of health insults) has serious limitations.
ENVIRONMENT AND GENETICS INTERACT TO PRODUCE HEALTH
Population-level health disparities are affected by both genetics and environmental exposures. A much-discussed 1975 study concerning deleterious multi-generational effects of environmental exposures focused on the descendants of individuals who survived the Dutch Hunger Winter (Stein and Susser, 1975). While the methodology and scientific conclusions of studies on this phenomenon are debated (Paneth and Susser, 1995; Schulz, 2010), the analytical approach of considering environmental determinants of health is sound. It is generally agreed that famine and other adverse environmental factors were drivers of long-term health challenges, not any genetic predisposition of Dutch individuals. Subsequent work has generally demonstrated that environment has profound effects on health (Emeny et al., 2021), yet disparities between Black and Indigenous communities and white communities are frequently assumed to be genetic in origin (effectively blaming the DNA of Black and Indigenous communities), rather than a consequence of environmental racism (Yudell et al., 2016; Borrell et al., 2021).
Global-scale evidence indicates that environmental, not genetic, explanations are strongly implicated in population-level health disparities. For example, life expectancy is a common public health measure (Roubal et al., 2021), and despite a fairly constant genetic background, it shifts dramatically based on environment (The World Bank, 2019a; The World Bank, 2019b). For example, immigrants to the United States from nations with lower life expectancies than the United States experience increased life expectancy beyond the average US-born individual, though their US-born descendants do not (Argeseanu Cunningham et al., 2008; Mehta et al., 2016; Bastian et al., 2020). This pattern is incompatible with a genetic explanation, especially in the presence of the dramatic environmental shifts that accompany immigration.
In the lands lately known as the United States, racialized minoritized people experience disproportionately high levels of direct and indirect environmental exposures (Mikati et al., 2018; Rubio et al., 2020). Acknowledging this reality can only strengthen genomic studies designed to improve health in our communities. For example, a study by Rastogi et al., in 2013 used a study design which matched cases and controls not merely concerning age, sex, and ethnicity, but also drawing from the same geographic area and hospital systems (Rastogi et al., 2013). Such a detailed study design can account for environmental exposures associated with geographic location (e.g., vehicle emissions, heavy metal exposure, water quality) and personal experiences of medical racism in a particular hospital system: such awareness is powerful for building health disparity-related genomics studies. Rigor is gained in the analysis of data beyond sequences, especially those data which are associated with environmental exposures relevant to the condition studied.
Environmental exposures are particularly relevant to health disparities because the prevalence of environmental exposures in a particular community may, if unexamined, result in the mistaken assumption that genetic predisposition is the only, or even primary, cause of observed disease. For example, the impacts of chronic community exposure to lead in drinking water may be misattributed to genetic factors if it generates similar symptoms (e.g., cardiovascular disease and reduced attention span) in multiple generations (see: Levallois et al., 2018). In fact, inaccessible resources, as well as exposures to environmental pollution and the psychological trauma associated with racism and targeted violence have detrimental short- and long-term effects on health of communities on the losing end of health disparities (Richardson and Norris, 2010; Ray, 2021). Interpersonal exposure-mediated health challenges are particularly key to address because they are “sticky” (that is, not confined to a single environment): visibly and hypervisibly racialized people experience racism in effectively all social and geographic locations (Negrete Alfaro, 2011; Linley, 2018; Niles et al., 2020).
DISCUSSION
Environmental exposures are the results of government policies and social practices, not endogenous biological processes (Shavers and Shavers, 2006). While the function of a DNA sequence cannot be divorced from its environment, neither can the sequence itself be used as a proxy for its environment. In other words, it is impossible for any genome to produce perfect health when immersed in an acutely unhealthy environment. With the increase in computational technology and infrastructure, it is now feasible for analyses to consider not just a DNA sequence, but myriad related variables. Indeed, in failing to do so, we are systematically excising a large proportion of relevant, high-dimensional data and thereby reducing the rigor of our work (Yearby, 2020; Harrison, 2021).
Determining which environmental variables are relevant requires a degree of expertise in community experience that is frequently absent in researchers, who are frequently outsiders. However ignorant we researchers may be, community members have detailed and long-lived expertise concerning their environments and their individual and collective health: recognizing this expertise is key to addressing health disparities, especially those of racialized and marginalized communities. Unfortunately, many of these communities have suffered extensive harm at the hands of researchers working in the name of improving health, access to resources, and human knowledge. To achieve collaboration with these communities, extra measures are necessary to safeguard community autonomy and bolster the right to withdraw consent (Zahara, 2016). Further, community-identified priorities must be recognized as the only legitimate guiding principles for research initiatives in that community. For example, the Strong Heart Study (strongheartstudy.org), an epidemiologic study of cardiovascular disease in American Indians, uses a multi-stage community consent process via which researchers apply to use tribal data for a specifically parameterized study. If consent is granted, at the conclusion of their study, the research team communicates their findings to the communities as part of their application for the communities’ consent to publish that work.
In planning studies concerning the genetics of racialized and marginalized communities, researchers must exercise trust of community members, and just as importantly, skepticism of our own processes and assumptions. In other words, communities are not study systems, to have careers built on their ongoing suffering. It is very probable that our investigations will not find that more molecular research is needed. For example, if an environmental exposure is skewed towards people with presumed (see: Yudell et al., 2016) genetic backgrounds that deviate from the European “standard”, exogenous (e.g., social, governmental) causes are implicated: in this case the path towards health equity lies in social and governmental change, not further genomic research. Only in the case of an evenly distributed exposure which disproportionately harms members of distinct communities, are molecular and genetics studies implicated as a potential source of solutions. And even in this case, it should be considered whether chronic environmental exposures may be more likely drivers than the genetic (Levallois et al., 2018). Genomic studies cannot overcome persistent engineered environmental effects.
In conclusion, we emphasize that mobilizing genetics research to serve oppressed and marginalized communities is not incompatible with ameliorating already-identified sources of harm. However, using genetics as a tool in moving towards a more equitable future requires substantial front-end labor to build structures which protect community autonomy and robust consent (Zahara, 2016). Many necessary changes are disincentivized in current academic and applied research contexts because they would increase the cost of research in terms of time, personnel, or resources. Nevertheless, we call for structural, contextual, and methodological changes in the way that health disparities and genomic research equity are approached. We advocate for following the lead of communities in addressing their self-identified interests, rather than treating widespread suffering as a convenient natural experiment. Until researchers recognize that health disparities are problems to be urgently addressed (often through non-research means), rather than opportunities for career advancement, health equity will remain merely aspirational.
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Purpose: Despite recent attention to increasing diversity in clinical genomics research, researchers still struggle to recruit participants from varied sociodemographic backgrounds. We examined the experiences of parents from diverse backgrounds with enrolling their children in clinical genomics research on rare diseases. We explored the barriers and facilitators parents encountered and possible impacts of sociodemographic factors on their access to research.
Methods: We utilized semi-structured interviews with parents of children participating in the Undiagnosed Diseases Network. Interview data were analyzed using comparative content analysis.
Results: We interviewed 13 Hispanic, 11 non-Hispanic White, four Asian, and two biracial parents. Participants discussed different pathways to clinical genomics research for rare disease as well as how sociodemographic factors shaped families’ access. Themes focused on variation in: 1) reliance on providers to access research; 2) cultural norms around health communication; 3) the role of social capital in streamlining access; and 4) the importance of language-concordant research engagement.
Conclusion: Our findings suggest that variables beyond race/ethnicity may influence access in clinical genomics research. Future efforts to diversify research participation should consider utilizing varied recruitment strategies to reach participants with diverse sociodemographic characteristics.
Keywords: rare disease, equity, genome sequencing, exome sequencing, pediatrics
INTRODUCTION
Access to clinical genomics research for people of diverse sociodemographic identities is essential for achieving equity in the distribution of benefits from the knowledge gained. Unequal access to opportunities to participate in research is not in adherence with the principle of justice, which would require that all members of society benefit equitably from scientific advancement (Green et al., 2020) Furthermore, to the extent that diverse genetic ancestries correlate with sociodemographic categories of race and ethnicity, the lack of diverse participants in genomics research reduces the broad applicability of findings and limits classification of rare variants in individuals from underrepresented groups (Bonkowsky et al., 2018; Landry and Rehm, 2018)
Calls have been made to increase recruitment of racially/ethnically diverse participants in clinical genomics research since the vast majority of participants have been of European descent (Roberts et al., 2018; Ceyhan-Birsoy et al., 2019; Fatumo et al., 2022) The issue of equity in access has been particularly pointed in the context of rare diseases, for which patients face additional challenges related to care coordination and access to knowledgeable specialists (Splinter et al., 2018; Walley et al., 2018) Over the last decade, research has advanced the use of genomic sequencing for gene discovery and diagnosis of rare diseases, with the potential to improve access to genetic diagnosis for rare disease patients (Spillmann et al., 2017; Posey et al., 2019) Indeed, as many patients face insurance and other barriers to accessing genomic sequencing in clinical care, research has become a source of access to diagnostic tools such as sequencing for patients (Delikurt et al., 2015) As a result, in the context of rare disease, failure to reduce inequities in access to research also may contribute to health disparities in access to genetic diagnosis for rare disease patients.
Prior research provides some insights into barriers to research participation that disproportionately impact certain communities. A number of sociodemographic factors are known to shape access to health research, including cultural norms and beliefs related to health and illness, lack of education, financial resources and health insurance (Lee et al., 2019; McGuire et al., 2020; Fatumo et al., 2022) Especially for historically excluded or exploited groups, a lack of trust in research–and in healthcare institutions more broadly–has been reported as a central reason for declining to participate in research. There is evidence that this is particularly problematic in clinical genomics research, where certain racial/ethnic groups report concerns about privacy and whether genomic information will be used against them by the government, healthcare system, or law enforcement–issues that disproportionately affect certain groups (Amendola et al., 2018; Claw et al., 2018; Passmore et al., 2019)
Though many barriers to clinical genomics research have been identified, the experiences of diverse participants who have successfully enrolled in clinical genomics research remain less well understood. These individuals’ perspectives are valuable insomuch as they may speak to not only potential barriers, but also the facilitators to research access. Further, the literature on barriers to access in clinical genomics research has relied heavily on the lens of race/ethnicity, with less emphasis placed on the ways in which other sociodemographic factors may shape access.
To address these gaps, we conducted interviews with parents of diverse racial/ethnic backgrounds to examine their experiences of enrolling their children in clinical genomics research, including barriers and facilitators they encountered, and how various sociodemographic factors shaped their access to research. We focused on access to clinical genomics research for diverse patients with rare genetic diseases, including barriers and facilitators to identification of research opportunities, recruitment for and enrollment in studies, and participant retention.
MATERIALS AND METHODS
Study setting
We conducted this study in collaboration with the Stanford University clinical site of the Undiagnosed Diseases Network (UDN) (Reuter et al., 2018) The UDN is a research consortium developed to advance the science of rare disease discovery and diagnosis through a case-based approach (Gahl et al., 2016) Any individual may apply to the UDN, though a referring provider letter is required. Enrollment is based on multiple criteria, including the presence of an undiagnosed condition despite thorough evaluation by a health care provider, the presence of at least one objective finding, and willingness to consent to, travel for (when necessary), and participate in the recommended clinical, research, and genetic evaluation (Ramoni et al., 2017)
As of December 2021, the UDN had evaluated over 1,500 participants and diagnosed 505 of those individuals (Network, 2021) Applicants to the UDN are (>80%) White and Non-Hispanic. The network reports no difference in rate of acceptance for different racial/ethnic groups among those who complete the application (Walley et al., 2018) At the Stanford University site 49.5% of enrolled pediatric participants identified as Non-Hispanic White, 26.3% as White Hispanic, 11.8% as Asian, 8.2% as Multiracial, and 1.5% as Black or African American.
The UDN study is approved by a central institutional review board at the National Institutes of Health and is registered at clinicaltrials.gov (NCT02450851) (Splinter et al., 2018) This study was also approved by the Stanford University Institutional Review Board.
Participant recruitment
A UDN clinical site coordinator provided the lead researcher on the study team with contact information for parents of UDN participants who previously agreed to be contacted for future research. We utilized quota sampling (Bernard, 2006) to ensure racial/ethnic diversity. We focused recruitment on Asian American and Hispanic families, the two largest racial/ethnic minority groups at the study site. We intentionally recruited non-Hispanic White participants for one-third of our sample as a comparison group. A Spanish-English bilingual clinical site coordinator and bilingual researchers helped to recruit Spanish-speaking parents. Researchers contacted potential participants through phone and email. Individuals were eligible to participate if they were the parent or legal guardian of a current UDN participant and if their primary language was either English or Spanish.
Data collection
Parents who consented to participate in the study completed a single in-depth, semi-structured interview in either English or Spanish, lasting between one and 2 hours. After reviewing the literature, the study team developed the interview guide and pilot tested it with parents with children with undiagnosed or rare diseases. The final interview guide included questions regarding the participant’s sociodemographic characteristics, family structure, their child’s diagnostic odyssey, and experiences before, during and after participating in the UDN, including barriers to and facilitators of access to research. Interviews were audio-recorded and transcribed verbatim, translated from Spanish to English (when necessary), and de-identified for analysis.
Data analysis
The research team analyzed interview data using Dedoose software (Dedoose (9.0.17), 2021) Three experienced qualitative researchers (JLY, MCH, HKT) utilized inductive and deductive approaches to conduct a comparative content analysis of the data (Miles et al., 2018) First the research team reviewed the transcripts to define deductive codes related to broad content area (e.g., “family,” “healthcare experiences,” “genetic testing experiences”). We conducted repeated interrater reliability testing in the application of these codes until the average pooled Cohen’s kappa reached κ > 0.8, indicating excellent agreement (Miles et al., 2018) We then applied the deductive broad codes to all transcripts. Drawing on inductive techniques from Grounded Theory (Strauss et al., 1998), we then used these codes to iteratively explore potential mediating factors driving similarities and differences in participants’ experiences accessing research by various sociodemographic characteristics, including race/ethnicity, primary language, education, and income. This process included attention to both expressed (emic) differences in access as well as observed (etic) differences within and across different subsets of our sample (Strauss et al., 1998)
RESULTS
Participant characteristics
We completed interviews with one parent from 30 unique families. Twenty participants completed interviews in English and 10 participants completed interviews in Spanish. Parents self-identified as Asian (n = 4), non-Hispanic White (n = 11), Hispanic (n = 14), and multiracial (n = 2). Participating parents were predominantly female (n = 27, 93.3%), and diverse in terms of income and education. See Table 1 for full sample characteristics.
TABLE 1 | Sample characteristics.
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The results of our analysis are organized into four themes regarding aspects of participants’ experiences with clinical genomics research that suggest potential barriers and/or facilitators to access. While the first two themes relate to participant race/ethnicity, the second two highlight the extent to which additional sociodemographic characteristics, beyond race/ethnicity, also may shape families’ access to clinical genomics research. Specifically, themes highlight variation in: 1) reliance on providers to access research; 2) cultural norms around health communication; 3) the role of social capital in streamlining access; and 4) the importance of language-concordant research engagement. Below we describe these four themes, the connections across themes, and provide supporting quotes.
Theme 1: Reliance on providers to access research
The first theme focuses on the role of healthcare providers in facilitating access to research. Hispanic parent participants more commonly reported relying on and trusting providers to help their child and to facilitate access to clinical genomic research. This trust existed across income and education levels, as well as English language proficiency. These parents shared a distinct description of gratitude towards providers for their persistence in searching for a diagnosis, finding therapies, and helping families navigate the medical system. This was especially relevant for parents who reported struggling to understand complex medical information and did not feel confident in their ability to provide their child with appropriate care. For example:
There’s a lot of need and more necessity in our culture because there’s a [lack of knowledge]. We don’t understand that there are different diseases that we don’t know about. So it is up to the professionals not to give up. If God gave them that knowledge to research, to study, it is so they can help more people live a life that perhaps is not normal, but is better. (P29, Mother, Hispanic)
In responding to a question about what advice they would offer to other families trying to access research, participants also described the importance of a close relationship with providers.
What I would say is … believe in the doctors. Believing that there are people who are interested in helping others, in this case the doctors who are interested in our children (P20, Mother, Hispanic)
One parent described how this relationship could be especially important for families with language barriers.
Especially for the families that don’t speak English, I would say really to have a close relationship with your primary provider–primary care. And that you feel that you could tell them anything, I think that is key. I feel a lot of parents they know something’s wrong but they don’t know how to take care of it. When my daughter was sick I didn’t know, I was young, I was naïve, I didn’t know. (P04, Mother, Hispanic)
The degree of trust in providers prominent in the narrative of Hispanic participants was distinct from that of White and Asian parents. Non-Hispanic families more commonly described compromised trust in providers, and/or the healthcare system as a whole.
We didn’t trust doctors for a very long time. (P02, Mother, Asian)
That was definitely an eye opener because I trusted our provider so much … so much. And I think it broke a lot of trust for both my husband and myself. (P15, Mother, White)
As discussed further below, White and Asian parents in our study population were more likely to report higher incomes and education levels, and this access to social capital appears to have facilitated more direct access to clinical genomics research despite distrust.
Theme 2: Cultural norms around health communication
The second theme focuses on variation in reported cultural norms around health communication. More frequently in Asian participants, communication–or lack of communication–about a child’s illness was described as shaping the ways in which they accessed research opportunities. Specifically, three out of the four Asian participants independently described a tendency for individuals in the Asian community to conceal or avoid discussing issues related to illness or disability, even among close family members. For example, P01 shared that, “it would be definitely harder for [an Asian family] to speak and talk about the situation,” and described how she herself has struggled to communicate with her parents about her child’s condition. She also shared a story of a friend and fellow Asian mother who also had only told a few people about her child’s rare disease.
Though participants narratives focused on health communication within families, they also identified implications of these cultural norms for access to research and suggested strategies to overcome this barrier. For example, P02 pointed out that putting information online is important to families who are less likely to discuss their child’s condition with others.
Get an [Asian] family to talk about a medical issue, it is not going to happen. They will hide, hide, hide. They will not be as open with sharing the data, but they are research oriented. Best thing is to put it online, they will Google the condition. Word-of-mouth will not work with 60–70% of Asians. (P02, Mother, Asian)
This challenge was not reported among other participants, who described more open communication among immediate and extended family as well as other support networks. In contrast to P01, a White mother (P16), said that “we don’t keep [our child’s] care or diagnosis or, you know, journey or anything a secret from anyone.”
Theme 3: Role of social capital in streamlining access
The third theme focused on the role of social capital–including existing social networks and the ability to find and navigate such connections–in facilitating some parents’ ability to directly access clinical genomics research. This theme was prominent in English-speaking participants of varying racial/ethnic backgrounds with high levels of education and family income, and notably absent among participants with lower levels of education and income.
For example, one parent who worked in the sciences independently identified the opportunity to participate in clinical genomics research by talking to physicians at her work about her child.
When I talked to physicians at my work, and there’s one in particular … I told her who I had reached out to and she’s like that’s perfect, go to the UDN. (P07, mother, White)
Another parent identified the opportunity to participate in research through a non-profit organization to which her family had given charitable donations in the past.
It was my husband who actually connected with [non-profit organization] and then started donating to that network–I think that’s how we got connected with the UDN and then got enrolled. (P13, mother, Asian)
Another parent found out about the opportunity to participate in clinical genomics research while he was attending a fundraising event, during which he made the acquaintance of someone directly involved in clinical genomics research.
I basically met [a doctor’s wife] at an event. At the conclusion of the event I just met her serendipitously and we were talking about kids, and I mentioned S (my daughter), and we talked a little and she said, well, you got to meet [my husband] because [he] found out last week about an $80 million National Institute of Health funded study for people with undiagnosed medical conditions. (P19, father, White)
Other parents focused on their own efforts and abilities in independently gathering information and navigating potential research opportunities. These individuals all reported having a master’s degree or higher, demonstrated a high level of genetic literacy, and described doing extensive research.
And then [the providers] went to [genetic testing] panels … but now we’re going to do whole exome, and then finally, like we were not offered whole genome but that’s when I was like, well, we’ve had two rounds of this, like I want to go somewhere else. And so that’s when we went to the UDN. (P14, Father, White)
I was kind of doing my own research and I was like, wait, I think I’ve heard of this before. And I went back and (our geneticist) told me about this! And so then I called from there. I really focused on it for the first few years, like just pursuing and pursuing, and since that had been my focus we had a lot of data already which helped I think get us in. (P06, Mother, Biracial)
Not all parents in the highest income brackets and highest level of education groups discussed leveraging social capital to directly access research. However, no families without such resources described doing so and some even noted how difficult this might be.
I see [other] parents and they look for resources, it is like, I just don’t have the bandwidth. I’m just so exhausted. (P05, Mother, Hispanic)
Theme 4: Importance of language-concordant research engagement
The fourth theme focuses on the importance of language-concordant communication in facilitating recruitment from diverse patients who had limited English proficiency (LEP). These parents stressed the value of Spanish language communication in accessing research. One LEP parent described how having a Spanish-speaking provider serve as a navigator during the application process for the UDN helped access this resource:
The geneticist, she’s a very good person, told me: “Look, here’s the form, fill it out.” At that time there was a speech therapist with my daughter and she helped me to fill the form out and entered her over the computer. (P27, Mother, Hispanic)
Another parent highlighted the importance of Spanish language services particularly in the context of genetics, due to the complexity of the conversations required. She said that although she does not always require interpretation services:
…when I go to genetics, I ask if they can give me an interpreter because the doctor talks using numbers and codes that I don’t understand. But normally I do the appointments alone. (P24, Spanish-speaking mother)
Though this participant is referring to the clinical context, her comment also has implications for clinical genomics research.
Retention of participants is an equally important aspect of access to research and Spanish-speaking parents spoke very positively about the communication and support they received from a Spanish-speaking research coordinator working for the Stanford UDN.
We’re happy with (Spanish-speaking UDN staff) who has been talking with us, she’s telling us every time they find something or if they look at something or if they have not found anything yet, but they keep letting us know. They make sure we don’t think they forget her. (P25, Spanish-speaking mother)
This experience among LEP parents stood in contrast to those described by many of the English-speaking parents. Indeed, for English-speaking parents, a lack of consistent and clear communication was their primary complaint regarding their experiences with clinical genomics research.
I would love for [the UDN] to communicate more often … I don’t want to feel like a second afterthought. (P08, Mother, White)
While we cannot conclude that Spanish language was the only driver of increased satisfaction, given the differences by language across our sample, this suggests at least a reasonable hypothesis. Providing language-concordant support in navigating study participation appeared to improve the quality of communication between participants and researchers beyond even what was experienced by English-speaking participants.
DISCUSSION
Our results describe potential barriers and facilitators to accessing and participating in clinical genomics research for parents of children with rare diseases from sociodemographically diverse backgrounds, including relationships with providers, cultural norms around communication, and access to social capital and language-concordant research resources. Parents’ narratives highlighted sociodemographic factors–including income, education, cultural norms, and language proficiency–that may play a role in shaping access, either separately or in addition to race and ethnicity.
In this study, Hispanic participants more commonly stressed the importance of having a close and trusting relationship with a provider in facilitating access to research opportunities. In contrast, Asian participants more frequently described cultural barriers to communication but also identified online resources as a potential avenue identifying research opportunities. However, it was only the subset of participants who had high income and education that reported being able to leverage social capital to facilitate access to research. The role of cultural norms, language, education, and income illustrated in our themes highlight the importance of examining multiple sociodemographic characteristics in addition to race/ethnicity when considering barriers and facilitators to clinical genomics research.
Our results align with literature on the role of communication in clinical research, and the extent to which the quality and consistency of communication may influence patient identification and enrollment practices (Sae-Hau et al., 2021) Language-concordant engagement has been shown to facilitate navigation of clinical genetic services for individuals with limited English proficiency (Pacyna et al., 2021; de Leon et al., 2022) Our study suggests that resources for communication may be equally important in genomics research, where concepts and terminology are very complex and non-native English speakers who do not typically need an interpreter may struggle with communication. Given that nearly one in 10 adults in the United States have limited English proficiency, language-concordant research services are an essential tool for inclusive research (Ryan, 2013)
Our findings also intersect in unexpected ways with the literature on the role of trust in recruitment of historically marginalized communities in clinical genomics research (George et al., 2013; Claw et al., 2018; Kraft et al., 2018; Lee et al., 2019; Armstrong and Ritchie, 2022) While this literature has emphasized trust–and specifically mistrust–as a barrier to clinical genomics research participation, Hispanic parents in our study expressed more trust in providers to identify and refer them to clinical genomics research than other parents. Prior research suggests that those who are less familiar with the bureaucracy of clinical genomics research may rely more heavily on providers and researchers to facilitate access (Levine et al., 2001) Research also points to the important role of providers in helping patients access clinical genetics services and could be expanded to understand how these providers may also facilitate participation in clinical genomics research (Chou et al., 2021) More research is needed to understand the barriers that these providers themselves may face in equitably referring patients for clinical genomic research.
Implications for clinical genomics research
Recently, leaders in the scientific community have pledged to address structural racism in biomedical research through efforts focused on diversifying the genetics workforce and research participant populations (Kaiser, 2021), changes to publication policies (Brothers et al., 2021), and to research funding (Health NIo, 2021) In addition to these efforts, our findings point to the need for an intersectional approach to recruitment and retention. Rather than using race/ethnicity as a proxy for other sociodemographic characteristics, clinical genomics researchers should plan to systematically collect a broader range of variables associated with structural inequities, such as income, education, and language proficiency. Tracking this data throughout study design, implementation, and analysis is critical to promoting greater inclusion of participants from underrepresented populations that face compounding barriers to research (Bentley et al., 2017)
Recruitment strategies must address heterogeneity in access to research. Participants in our sample varied in their pathways to accessing clinical genomics research. Some relied heavily on their clinical providers to identify opportunities and facilitate access, while others leveraged social connections and/or their own research to identify these opportunities independently. Investigators developing recruitment strategies could leverage these varied approaches to reach diverse patient populations. Online resources such as clinicaltrials.gov may be a key resource for some families but less accessible to those with limited education or English-language proficiency. For other families, tools such as patient navigation may be more helpful (Fouad et al., 2016; Uveges et al., 2018) In clinical trials research, patient navigators have been utilized to meet individual needs and address barriers or concerns of participants enrolled (Ghebre et al., 2014; Uveges et al., 2018) These programs also have the potential to serve as a conduit between clinical providers and researchers. However, research is needed to effectively translate these models into clinical genomics research for specific populations.
Clinical genomic researchers must exercise caution to avoid privileging access to research participation to only those who have the resources and skills to independently identify research opportunities. Funding agencies, such as the National Institutes of Health, could promote or incentivize the adoption of research recruitment and retention efforts that are compatible with the language and cultural diversity present in the populations.
Limitations
While the racial/ethnic diversity of our sample is a strength, our study did not include the important perspectives of other groups such as Black patients and families due to small numbers at the study site as well as lack of response to recruitment efforts. The Asian American sample was also small and included people who identified as East Asian and South Asian, thus our conclusions about this subgroup may not be broadly generalizable to the many heterogeneous cultures represented by the term “Asian.” In addition, our participants include those who were able to successfully access clinical genomics research. Although we explicitly probed for insights into reaching diverse communities more broadly, directly soliciting the experiences of those who were not able to access research, or who chose not to participate, remains critical. This is a small sample from a single clinical genomics study and further research with larger samples is needed to examine how diverse patient characteristics relate to research access, recruitment, and retention outside of the context of rare disease and clinical genomics research for diagnostic purposes.
CONCLUSION
This study suggests multiple sociodeomographic factors–including and in addition to race/ethnicity–may related to barriers and facilitators to clinical genomics research. Future research must look beyond race/ethnicity variables to better incorporate factors such as education, income, social networks, and cultural norms in planning recruitment and retention efforts to expand accessibility. Research on the ethical, legal, and social implications of genetic and genomic research often recruits convenience samples from larger genomics studies and must avoid the pitfalls and biases of convenience sampling. Facilitating research participation for all people, not just those who have sociodemographic advantages, will ensure equitable access to the direct benefits of research such as receiving a potential genetic diagnosis, as well as the indirect downstream benefits of generalizable knowledge in genomic research to communities and patients that have historically been excluded.
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The Philippines, with the recent discovery of an archaic hominin in Luzon and an extensive ethnolinguistic diversity of more than 100 Indigenous peoples, is crucial to understanding human evolution and population history in Island Southeast Asia. Advances in DNA sequencing technologies enable the rapid generation of genomic data to robustly address questions about origins, relatedness, and population movements. With the increased genetic sampling in the country, especially by international scientists, it is vital to revisit ethical rules and guidelines relevant to conducting research among Indigenous peoples. Our team led fieldwork expeditions between 2019 and February 2020 in Zamboanga and the Sulu Archipelago, a chain of islands connecting the Mindanao and Borneo landmasses. The trips concluded with a collection of 2,149 DNA samples from 104 field sites. We present our fieldwork experience among the mostly sea-oriented Sama-Bajaw and Tausug-speaking communities and propose recommendations to address the ethical challenges of conducting such research. This work contributes toward building an enabling research environment in the Philippines that respects the rights and autonomy of Indigenous peoples, who are the rightful owners of their DNA and all genetic information contained therein.
Keywords: population genetics, Philippine Indigenous peoples, research ethics, Zamboanga, Sulu Archipelago, Sama, Tausug
1 INTRODUCTION
The Philippines, an archipelagic nation in Island Southeast Asia, has figured in at least two important migration events in the region, namely the human settlement of Sunda and Sahul about 40,000 years ago (YA) (O' Connell and Allen, 2004) and the spread of Austronesian speaking farmers from Taiwan around 4,000–5,000 YA (Blust, 1995; Bellwood, 1997; Gray et al., 2009). Today the country is inhabited by more than 100 ethnolinguistic groups exhibiting cultural and phenotypic diversity (United Nations, 2007). The so-called “Negrito” phenotype possessed by certain groups (Barrows, 1910) and a “sea-nomadic” lifestyle adopted by some coastal communities (Nimmo, 2001) are of particular anthropological interest. These unique populations, along with the discovery of a new hominin species, Homo luzonensis, in the largest Philippine island of Luzon (Détroit et al., 2019), increasingly generate attention from scholars interested in how human evolution and prehistory unfolded in this part of the globe.
Of notable historical, linguistic, and anthropological importance is the Sulu Archipelago, a chain of islands stretching in a northeast-southwest direction between the Zamboanga peninsula of Mindanao Island in the Philippines and northeast Borneo (Figure 1). This area is divided into the three provinces of Basilan, Sulu, and Tawi-Tawi, which are part of the Bangsamoro Autonomous Region in Muslim Mindanao (BARMM; see list of abbreviations and acronyms used in this article). Isabela City in Basilan Island and Zamboanga City at the southwestern extremity of Mindanao Island belong to Region IX, one of the country’s 16 administrative regions. Jolo Island, near the center, was the seat of the Sultanate of Sulu, a dominant maritime power that emerged 600 years ago following the introduction of Islam (Warren, 1985). Jolo is considered the homeland of the Tausug people, whose diaspora has spread to most parts of the archipelago. Seven Indigenous languages are spoken in the island chain as defined in the Ethnologue (Eberhard et al., 2021): Yakan, Sama Bangingi, Sama Pangutaran, Central Sama, Southern Sama, Jama Mapun, and Tausug1. Except for Tausug, these languages are grouped as Sama-Bajaw and are classified under Greater Barito languages (Pallesen, 1985; Blust, 2007). Although the Tausug language is currently the region’s lingua franca, the islands are populated by economically diverse groups of Sama speakers whose dialects are associated with certain villages, islands, or municipalities (Sather, 1997; Nimmo, 2001). The Yakan and Jama Mapun reside in Basilan and Mapun Islands, respectively, both groups having unmistakable cultural and linguistic connections to the Sama. The Sama Dilaut, more commonly known as the Badjao, live in coastal stilt houses throughout the region. As former boat-dwellers, they are often described as “sea nomads” or “sea gypsies” (Sather, 1997; Nimmo, 2001; Bellina et al., 2021).
[image: Figure 1]FIGURE 1 | The Sulu Archipelago and Zamboanga City, Philippines. The map was created using QGIS version 3.22.2. A free and open-source Geographic Information System project by Open-Source Geospatial Foundation (OSGeo). http://qgis.osgeo.org.
DNA is a powerful tool for investigating questions about origins, prehistoric movements, and biological affinities. Earlier genetic studies of Philippine groups focused on uniparental lineages, shedding light on maternal and paternal histories (Tabbada et al., 2010; Delfin et al., 2011; Gunnarsdóttir et al., 2011; Delfin et al., 2014). With the development of single nucleotide polymorphism (SNP) microarrays and advanced sequencing technologies, genome-wide and high-coverage whole-genome sequence data promise more robust investigations of past demographic events and genetic adaptations (Reich et al., 2011; Lipson et al., 2014; Pagani et al., 2016; Skoglund et al., 2016; Jinam et al., 2017, GenomeAsia100K Consortium, 2019). Recent genetic studies spanning the entire country put forward far-reaching generalizations about the number, origins, and timeframe of dispersals into the Philippines (Larena et al., 2021a) and levels of archaic introgression from Denisovans (Larena et al., 2021b). Questions were raised concerning the ethical compliance of the researchers (National Commission on Indigenous Peoples, 2015; National Commission on Indigenous Peoples, 2021a; Philippine Genome Center, 2021; Rochmyaningsih, 2022). The long-term social ramifications of such alleged violations of ethical compliance are yet to be discerned. Nonetheless, past genetic studies lacking a sound ethical framework have resulted in several social harms, such as violation of individual rights, stigmatization, and general distrust of genomic research by Indigenous peoples (TallBear, 2007; Sterling, 2011; Chennells and Steenkamp, 2018). Given the growing interest from international researchers keen to study Island Southeast Asia, there is an urgent need to revisit Philippine policies, formulate clear guidelines where gaps remain, and require the compliance of all stakeholders to recognize and protect the rights of Indigenous peoples.
From 2019 to February 2020, our team conducted sampling campaigns in local communities in Zamboanga City and the Sulu Archipelago to investigate population genetic history and adaptations to a marine-oriented lifestyle. In this paper, we describe our best field practices and provide an overview of the conduct of genetic research among Philippine Indigenous peoples in compliance with existing national regulations. We intend this to be a helpful resource in reviewing research and ethical policies governing human genetics research in the Philippines.
2 ETHICAL GUIDELINES FOR HUMAN GENETIC RESEARCH IN THE PHILIPPINES
Human research in the Philippines requires compliance with national ethical rules and guidelines (Figure 2). The Republic Act No. 10532, or the Philippine National Health Research System Act of 2013, mandates that all health and health-related research should adhere to the guidelines of the Philippine Health Research Ethics Board (PHREB) (Philippine National Health Research System, 2013). PHREB adopts the WHO definition of health which is “a state of complete physical, mental, and social well-being and not merely the absence of disease or infirmity” (World Health Organization, 2006, p.1). Thus, studies involving human subjects conducted in the country, including human population genetic research, are within its purview, even if not necessarily medical in scope. They must undergo “must undergo ethical review and clearance before implementation to ensure the safety, dignity, and well-being of research participants” (Department of Science and Technology, 2012, p.1). Such reviews can only be conducted by research ethics committees (RECs) accredited by PHREB.
[image: Figure 2]FIGURE 2 | Stages of basic academic research among Philippine Indigenous cultural communities/Indigenous peoples (ICCs/IPs).
The involvement of Indigenous peoples in research adds another level of review and monitoring by institutions mandated to protect their rights and interests, primarily the National Commission on Indigenous Peoples (NCIP), established through Republic Act 8371 or the Indigenous Peoples Rights Act of 1997. The NCIP defines Indigenous peoples: as “indigenous on account of their descent from the populations which inhabited the country, at the time of conquest or colonization, or at the time of inroads of non-indigenous religions and cultures, or the establishment of present state boundaries, who retain some or all of their own social, economic, cultural and political institutions” (National Commission on Indigenous Peoples, 1997, p.3). The NCIP has published a list of Indigenous peoples it recognizes (National Commission on Indigenous Peoples, 2021b). Within BARMM, the Ministry of Indigenous Peoples Affairs (MIPA) performs similar functions and superseded the Office for Southern Cultural Communities (OSCC) after the promulgation of the Bangsamoro Organic Law in 2019.
The NCIP released two administrative orders in 2012. NCIP Administrative Order No. 1, known as “The Indigenous Knowledge Systems and Practices (IKSPs) and Customary Laws (CLs) Research and Documentation Guidelines of 2012” provides guidelines for academic research and community-initiated studies that could be used for policy formulations and/or implementation of NCIP mandates (National Commission on Indigenous Peoples, 2012a). NCIP Administrative Order No. 3 or “The Revised Guidelines on Free and Prior Informed Consent (FPIC) and related processes” applies to field-based investigations needed to ensure the protection of the rights “to ancestral domains, social justice, and human rights, self-governance and empowerment, and cultural integrity” (p.1) in projects aimed at commercializing Indigenous products and knowledge and those that could affect ancestral domains of the communities (National Commission on Indigenous Peoples, 2012b). In human genetic research, there is a need to distinguish basic academic research from studies with potential commercial gain (e.g., drug discovery), given the uncertainties in understanding bioprospecting, data and sample ownership, and the wealth of new information contained in individual genomes. Both Administrative Orders require forming an IKSP team, approving field plans, conducting iterative community consultations, and signing a Memorandum of Agreement (MoA) between the Indigenous groups, the researchers, and the NCIP. The MoA requires the researchers to return to the field sites, discuss the research findings, and consult the communities before publishing the study results. This is known as the research validation phase, which ensures the participants are among the first to learn about the results of the study.
The requirement for compliance with the NCIP AOs by researchers involved in studies with Indigenous groups was upheld in a Memorandum of Understanding (MoU) between NCIP and PHREB (Philippine Health Research Ethics Board, 2016), which aimed to reinforce each agency’s mandate. Under this MoU, researchers must obtain clearances from the NCIP and a PHREB-accredited Level 2 REC for all studies involving Indigenous peoples. This cooperation resulted in the requirement for research to include 1) an iterative and documented process of community consultations; 2) the use of informed consent forms that are understandable to all participants and preferably translated into the language of the Indigenous peoples; 3) biobanking and data sharing policies that include provisions for removal of samples/data; and 4) data privacy requirements following the Data Privacy Act of 2012.
PHREB also published the National Ethical Guidelines for Health and Health-Related Research (NEGHHR) in 2017 with a specific section on Indigenous peoples (Philippine Health Research Ethics Board, 2017). This section reiterates the requirement to obtain a clearance from the NCIP and discusses pertinent issues such as cultural sensitivity, vulnerability, and benefit-sharing and ownership. The NEGHHR also has a provision for the transfer of custody of biological samples to foreign institutions, which should follow a Material Transfer Agreement (MTA) that complies with all applicable international and Philippine regulations. The MTA must define the responsibilities of foreign researchers, including identifying a local counterpart researcher following the CIOMS guideline on collaborative partnership and capacity-building for research (Council for International Organizations of Medical Sciences, 2016).
3 METHODOLOGY: REGULATORY COMPLIANCE, SOCIAL PREPARATIONS, AND FIELDWORK
This human genetic research with linguistics and animal archaeogenetic components comprises an interdisciplinary project investigating the history and adaptations of the peoples of Zamboanga and the Sulu Archipelago. The proposal underwent technical review by the Philippine Commission on Higher Education and the Max Planck Institute for Evolutionary Anthropology as the Ph.D. thesis of JJRBR. Ethical approval to conduct the study was granted by the University of the Philippines Manila Research Ethics Board (UPMREB 2018-453-01) and the Ethics Council of the Max Planck Society (Application No: 2021-22). UPMREB continuously monitors the project implementation and reviews amendments to the approved protocol.
Following NCIP AO No. 1, the fieldworkers and the IKSP team organized iterative disclosure processes, decision-making, and MoA signing with Sama/Sama Dilaut and Yakan communities in Basilan and Zamboanga City. Upon reviewing the field report, the NCIP Region IX office issued the Certificate Precondition, which officially signifies the full compliance of the researchers to NCIP requirements. We also applied for and received similar clearances from the OSCC in Tawi-Tawi and Sulu. While the Tausug is not among the Indigenous groups recognized by the NCIP or the OSCC, we nonetheless conducted consultations at the village level and committed to a similar validation process, as we recognized the value of following similar procedures for all communities in the study. On all field trips, the team conducted community activities in the presence of NCIP or OSCC representatives.
A collaborative partnership was formalized with the Mindanao State University–Tawi-Tawi College of Technology and Oceanography (MSU-TCTO), which serves as the local counterpart university in Tawi-Tawi. The MSU-TCTO researchers assisted the research team in the field and translated consent forms and agreements into Sama and Tausug.
Because the region is recognized as a site of violent conflict (International Alert, 2020), security precautions were observed by requesting the police to accompany the research team to some sites, particularly in the Sulu province. The police officers were primarily local Tausug or Sama and were often members of the communities. In our impression, they did not influence the consent process, and their presence indicated peace and order in the vicinity. With the local government divided into provinces, cities, municipalities, and barangays (small administrative districts corresponding to villages) the team approached governors, mayors, chairpersons, or their representatives during each courtesy call, where the research was explained, and assistance in reaching the communities was sought. On-site, the team consulted with the village leaders before meeting with the locals.
Sample collections proceeded in communities that signified consent. Fieldworkers discussed the study objectives and procedures with prospective participants in the local language using visual aids (Figure 3) with assistance from locals who were native speakers of Sama or Tausug. Individual consent was signified by signing or placing thumbprints on approved forms for participation in this study, for potential secondary use of samples, and a 15-year provision for sample storage. Donors were 18 years or older, except for some children who were part of family trios. Minors completed the assent forms that accompanied the parental consent forms. The field team also collected participants’ age, birthplace, group affinity, birthplace, and group affinity for their parents and grandparents (if known), diet, lifestyle, oral health practices, height, and weight. During the interview, the research team reconstructed the pedigrees of a participant’s immediate and extended relatives. Finally, a 2 ml saliva sample was provided by each volunteer.
[image: Figure 3]FIGURE 3 | One of the visual aids used during group orientations explains how humans (manusiya’) are made up of cells containing DNA (laha’ ka’mboan lit. Blood of ancestors). Illustrated by Jacob Barbosa. Photograph from Jacob Maentz.
The research team conducted five fieldwork expeditions from 2019 to February 2020, which involved multiple trips across islands on sea vessels. It culminated in a collection of 2,149 DNA samples from 104 villages, the most extensive set of samples from any Philippine region. At the time of this writing, sample processing and data analysis are ongoing simultaneously at the Max Planck Institute for Evolutionary Anthropology, Leipzig, Germany, and the DNA Analysis Laboratory and the Philippine Genome Center at the University of the Philippines Diliman.
4 CHALLENGES AND RECOMMENDATIONS
4.1 Difficulties in communicating the value of genetic research to the communities
Communication at a basic level was a challenge from the outset. Despite being part of the Philippines, the Sulu Archipelago has a degree of distinction from the rest of the country, given its history of staunch resistance to colonial rule, a Muslim majority, and a long-standing clamor for autonomy or separation from the Philippine state. In 2019, the Bangsamoro Organic Law was ratified, formally installing a regional parliamentary government within the unitary and presidential national government (Official Gazette, 2018). The populations of the Sulu Archipelago predominantly speak languages other than the national language (Filipino), namely Sama and Tausug. Particularly in Sama Dilaut communities, many individuals had not received formal schooling and thus were not able to read and converse in Filipino.
To facilitate fieldwork, JJRBR and JMDC took on the challenge of learning to converse in the Sama language. Assisted by local partners, they explained the study, responded to questions, and conducted the interviews during community consultations in 104 field sites. During conversations in the field, it was evident that the concept of DNA was foreign to the worldview of many locals. However, they could grasp the concepts of ancestry and inheritance. Blood is viewed as a carrier of biological traits in the Filipino psyche, i.e., the gene (Tan, 2008). The idiom “it is in the blood” indicates that certain characteristics run in the family. One co-author, A.I.I. coined the term laha’ ka’mboan meaning “blood of the ancestors” as an equivalent term for DNA. In doing so, the DNA was likened to a bond that connects someone alive to one’s ancestors, and by extension, to others to whom they may be related “by blood”. That such an entity is present in all body parts made the participants appreciate why their saliva samples had to be collected. This demonstrates how scientists can communicate their research better by translating technical questions into more relatable and profound inquiries humans have always asked: where we come from and how we are related to one another.
4.2 Potential misconceptions and inconsistencies between genetic results with indigenous peoples’ oral histories
Communicating research findings accurately but in culturally acceptable ways will be challenging for the next phase of the study. Prior to publication, genetic results must undergo an output validation. The research team must return to inform and co-interpret the study findings with the communities (Figure 2). Gaps in understanding the limits of genomic inference occasionally raised inquiries on whether DNA can be used to test one’s group membership, like the “blood quantum” concept (McKay, 2021), or determine one’s descent from a prominent historical figure. Moreover, potential inconsistencies between genetic findings and folk narratives may prompt disagreeing sentiments. Previous research in other disciplines is instructive in this regard. For example, historical linguistics postulated the timing of the arrival of the Tausug in Jolo (Pallesen, 1985), which countered some local perceptions of autochthony in the region.
To avoid confusion when explaining the genetic findings, the team included researchers who teach in MSU-TCTO and belong to the Sama and Tausug communities. They are involved in discussions during data generation and analysis. In addition, the preparation for the validation phase will involve more local partners from MSU-TCTO, NCIP, the former OSCC, and MIPA. Field materials will be consulted with community leaders before they are used to resolve possible disputes with oral histories while maintaining the scientific integrity of the findings.
4.3 Defining different populations and the need for researchers to understand the cultural/historical basis for these groupings
In common practice, fieldwork in population genetic research involves recruiting participants of self-reported unadmixed ancestry who can at least ascribe that their four grandparents belong to the same ethnic group or reside in the general location. The availability of distinct groupings is desirable as most genetic analyses require that data be grouped into discrete samples representing defined ancestry groups, geographic regions, or languages of interest. However, in this study, grouping individuals into discrete clusters is challenging due to two factors: 1) the continuous nature of biological diversity and 2) the complexities of ethnonyms in the Sulu archipelago.
The arbitrariness of population boundaries becomes more apparent with increasing evidence that humans have always moved about and intermixed. Previous studies reported that Filipino groups were descended from Austronesian-speaking farmers who mixed with established local hunter-gatherers in the Philippine archipelago (Lipson et al., 2014; Jinam et al., 2017). Quasi-racial categorizations akin to those applied to continental groups (Lewis et al., 2021) are even more inappropriate when applied to very localized geographic regions, as intermarriages and migrations between islands potentially blur any semblance of genetic divides. Given this background, it will not be surprising to find genetic evidence for the mixing of Sama and Tausug ancestors and other populations integrating into the melting pot that was the Sultanate of Sulu.
Extensive analysis of historical and anthropological literature and interactions with locals proved extremely helpful in understanding the contexts of group identities and ethnonyms. From the history of the last centuries, episodes of violence and political changes have influenced human migration in the Sulu Archipelago (Warren, 1985; Nimmo, 2001), and the sea has been an avenue of migration and interactions between islands. Notably, a few villages in Tawi-Tawi were founded by Tausug or Bangingi settlers from Sulu who mixed with the neighboring populace, adopted the Sama dialect of the vicinity, and currently identify as the local Sama. Tausug and Sama intermarriages are common, resulting in children who may identify as both. It is also not uncommon for an individual to have been born in a site different from where the field collection was conducted or have one’s grandparents originating from other islands.
Ethnonyms or group names in the Sulu archipelago are multi-layered, with a few eliciting pejorative connotations. For example, “Sama” is a broad term many participants identify with when asked about group affiliation. However, the Ethnologue distinguishes between Central Sama and Southern Sama languages, broadly corresponding to the geographic distribution of dialects spoken across Sulu and Tawi-Tawi (Eberhard et al., 2021). In the field, locals do not consciously adhere to linguistic classification but would instead use an island name (e.g., Sama deya, lit. Sama on land, Sama bihing lit. Sama onshore) to specify their group identity. Likewise, the Tausug (lit. People of Sulu) may distinguish between Tau gimba (forest people) or Tau higad (shore people) or refer to names of municipalities (e.g., Tau Maimbung, Tau Parang).
Sama Dilaut is an example of an ethnonym with various connotations. It is the name former boat dwellers would use to refer to themselves, meaning “Sama of the sea”. The perceived eccentricity of “sea nomadism” practiced by the Sama Dilaut, their adherence to animistic beliefs, and their reluctance to integrate into mainstream society have contributed to their long history of social isolation and ostracism. Pejorative labels (e.g., Luwaan lit. spitted-out) were also sometimes applied to them (Nimmo, 2001). The Sama Dilaut is more commonly known by the exonym, Badjao (or Bajau), and many of them throughout the Philippines have adopted this name rather neutrally. However, researchers need to be aware of the various attitudes of other Sama (non-Sama Dilaut) communities towards being identified with the term. The attitudes range from its acceptance as being synonymous with Sama (especially in nearby Malaysia) to being appropriate only to sea nomads.
Moreover, a person’s ethnic identity may sometimes have little to do with ancestry. In Mapun, many locals who descended from Tausug ancestors, having spent their entire lives on the island and primarily speaking Jama Mapun, identify as Jama Mapun. JJRBR and JMDC later learned that “Jama” means “person” and “Jama Mapun” means a person from Mapun.
Consequently, ethnic identities in this region are not as neatly grouped as would be convenient for data analysis. The multi-layered nature of terms and the fluidity by which individuals self-identify in Sama and Tausug communities suggest that ethnic labels are not perfectly congruent with biological affinities and must be viewed with the awareness of potential bias in using these terms to categorize data. Individuals with varying levels of admixture contributed samples to this dataset - from those whose grandparents reside on the same island, to individuals who describe themselves as broadly Sama in ancestry but whose ancestors originate from different islands, to those with multiple ethnicities in their family tree. Our approach is to explore ways data can be arbitrarily grouped and examine which sets more faithfully mirror genetic clusters. We further support the recommendation to use endonyms or self-applied group names in publications, or in cases when the complete consensus among the group is lacking, the use of neutral exonyms provided with explanatory notes (Max Planck Institute for Evolutionary Anthropology, 2021).
Upon returning to the field sites, the research team will work with local partners to increase the communities’ understanding of what science can and cannot explain. Researchers will discuss the limitations of genomic inquiry and emphasize relatedness, the multiplicity of ancestors, and movements and intermixing of peoples in the past and present. As the spread of languages or cultural features may not be accompanied by the spread of genes (Diamond and Bellwood, 2003), it will be emphasized that results are not expected to fit perfectly with written or oral history, nor does genetic ancestry confer identity. The information campaign will be done with Indigenous groups, local partners in MSU-TCTO, NCIP, OSCC, MIPA, and the general public.
4.4 Diverse sectoral appreciation of the Indigenous peoples’ ownership of their samples and associated data
The ownership of biological samples and the derived genetic information is an integral component of the informed consent of human participants in a research study. However, Indigenous peoples, many of whom are socially and economically vulnerable, are not familiar with the process and may have unknowingly provided broad consent for their samples to be used and stored in local and global databases. While data sharing, rapidly publishing results, and follow-up investigations are essential to advance the field, broad consent and unrestricted access to genomic data is counter to the Indigenous peoples’ autonomy over their genomic data (Garrison et al., 2019) and excludes communities from sharing in potential benefits (Tsosie et al., 2021). Even with individual anonymization, social harms arising from the unregulated use of genomic data cannot be precluded, given that such data are usually linked to information about group affiliation.
To protect the rights of persons and their communities, the United Nations issued the Declaration on the Rights of Indigenous Peoples in 2007, which stated that “Indigenous peoples have the right to maintain, control, protect and develop their cultural heritage, traditional knowledge and traditional cultural expressions, … including human and genetic resources” (p. 3). In this framework, individuals and their communities own their genomic data, which must be recognized by the researchers conducting the primary study, and in all subsequent research arising from further use of archived biological samples and the derived genetic data. Considering secondary data usage, a system employing controlled access sharing (Byrd et al., 2020), where an access committee evaluates whether the requesting party substantially deviates from the terms of the original consent (thus warranting new iterative consultations with the community), is desirable. Data access committees must include members from Indigenous communities or government agencies mandated to protect such groups. Local leaders or representatives should foster accountability from researchers and ensure that their ownership and autonomy over their genetic data are genuinely respected.
In this study, the individual and community ownership of samples and derived genetic data is recognized and documented in the MoA signed by the University of the Philippines, the NCIP, and the recognized leaders of each Indigenous group. Moreover, the protocol for handling, storing, and analyzing data was submitted to the UPMREB, which monitors the research team’s compliance with the approved protocol. This level of transparency in the use of samples and genetic information within the parameters of the consent provided clearly manifests researchers’ recognition of the Indigenous peoples’ ownership of their samples and genetic information.
4.5 Varying compliance with ethical requirements by researchers and other stakeholders
Ethical review aims to balance the need to protect human participants from possible harm with the conduct of research that is beneficial to the community and the general public. Ethical issues have been raised concerning scientists from high-income nations conducting research among Indigenous peoples from low- and middle-income countries (LIMC) (van Teijlingen and Simkhada, 2012; Lahey, 2013; Pasic et al., 2018; Schroeder et al., 2018). All too often, this involves “helicopter research”, i.e., research conducted under different ethical standards or with less oversight, with the source country having little say in the types of studies conducted, access to biological samples and study findings, and level of benefit sharing with the participants and their communities (Nature Journal, 2022).
As local or international scientists may choose not to follow regulations for protecting human participants, the responsibility for adhering to such rules must be shared by other stakeholders (De Ungria and Jimenez, 2022). For example, scientific journals are responsible for declining the publication of studies or retracting works where ethical misconduct has been demonstrated. Most journals uphold the protection of human participants as stipulated in the Declaration of Helsinki. However, this is primarily intended for physicians conducting patient research. As the scope of research involving humans extends to other disciplines beyond medical research, journals should consider upholding other relevant international ethical guidelines (De Ungria and Jimenez, 2021). In particular, the 2016 Declaration of Taipei (World Medical Association, 2016) and the CIOMS guidelines (Council for International Organizations of Medical Sciences, 2016) cover issues relating to biobanking, databases, and various aspects of human research. Journals should also require ethical compliance to globally accepted principles and legal guidelines in countries from which those genetic samples were sourced. In June 2022, Nature reported that it is improving its policies for publishing papers, following the recommendations made during the seventh World Conference on Research Integrity (Nature Journal, 2022). However, the scope of the policy review was unclear regarding the increased protection of the human participants, including Indigenous peoples, who in many LMICs are more socially and economically vulnerable than the general population.
Additionally, funding agencies are responsible for only supporting research that is ethical and investigating any allegations of misconduct by investigators of projects they finance. For example, the European Commission upholds the Global Code of Conduct for Research in Resource-Poor Settings (Schroeder et al., 2019) as a mandatory reference for the research and development activities it supports. Among other guidelines, the code admonishes researchers to seek ethical review in the host country, when available, even if an ethics approval has already been obtained in the researchers’ home country.
Lastly, research institutions have administrative oversight over their affiliated scientists and should ensure that laws and regulations are observed correctly in jurisdictions where they conducted their field studies. Such institutions should proactively conduct fair and thorough investigations whenever misconduct accusations arise. Some recent studies on Philippine Indigenous communities allegedly did not fully comply with local policies and proceeded to conduct research without the proper clearance from institutions accredited by PHREB (Rochmyaningsih, 2022). The highest level of accountability for this work is expected from scientists who continue to claim that they have the required ethics and institutional clearances, even after being informed that this was not the case (National Commission on Indigenous Peoples, 2015; National Commission on Indigenous Peoples, 2021a; Philippine Genome Center, 2021).
While it is the primary responsibility of researchers to ensure that the conduct of research is ethical, a research’s social and scientific value is best achieved through a multi-stakeholder cooperation. This includes research institutions, funding agencies, ethics review committees, government institutions, and scientific journals (De Ungria and Jimenez, 2022). This research is being conducted under the monitoring of the UPMREB, the NCIP, and OSCC/MIPA. Moreover, reports are submitted annually to the UPMREB to document our adherence to the approved protocol. This protocol underwent an ethics review before the start of the project. Any change or amendment to protocol also undergoes an ethics review process by the committee composed of social and natural scientists, lay people, and ethics experts before implementation to ensure the protection of the study participants.
During the fieldwork, research results were communicated in the local language. Forms and documents were translated, and scientific concepts were explained through visual aids. It was nonetheless evident in many instances that the community did not fully comprehend all scientific technicalities. In this study, the participant’s willingness to be part of a population genetics study relied heavily on the community’s trust in the researchers and our partners in MSU-TCTO, OSCC, and NCIP. A response often received roughly translated to: “For as long as it is for the common good, then I am willing to take part.” Valuing reciprocity in research means being duty-bound to maintain and honor the people’s trust during and after the study for as long as genomic data remains accessible for analysis and interpretation. Because of these field experiences where the communities shared not only their samples but also their trust with the research team, we highly recommend that scientists, particularly those who engage with Indigenous peoples aspire to set an example of good research practice in the community. The research must be characterized by transparency, honesty, accountability, and regulatory compliance as concrete manifestations of how scientists should value the trust afforded by Indigenous persons and their communities.
4.6 Need to provide direct social benefits to the research participants and their communities
In living in the Sama and Tausug communities, the research team became familiar with their pressing needs, including necessities such as access to healthcare, education, and means of livelihood. Poor understanding of Indigenous cultures, even by fellow Filipinos, remains a drawback, resulting in the misrepresentation of Indigenous peoples in government and the public domain. This lack of representation often manifests in governance that fails to prevent further displacement and loss of cultural identity and ancestral domains (Seitz, 1998; Human Rights Watch, 2014; Chandran, 2018).
As academic researchers, it is well beyond our capacity to implement systemic changes that ensure these needs are met. The social aspect of population genetic research and the value of interacting with communities beyond the normal boundaries of scientific research are too often overlooked especially with the intensifying race among scientists to publish novel findings. However, scientists must remember that maximizing beneficence and reducing the risk of social harm are fundamental principles of ethical research (World Medical Association, 2013). We, therefore, recommend that researchers find creative ways of helping the communities by tapping resources, particularly those from the educational and health sectors, and communicating through their extensive networks to connect agencies and people that could assist Indigenous peoples.
In addition, education and building research capacity are areas where communities can draw much social benefit (Claw et al., 2018). In some countries, scientists foster partnerships with Indigenous peoples through scientific training and internship programs with the long-term goal of equipping Indigenous scientists to carry-out genomic research to benefit their communities (e.g., Carl R, 2018). Efforts of this type of engagement were made in partnership with the MSU-TCTO. The research team delivered lectures on genetics, linguistics, and archaeology to students and the teaching staff of MSU-TCTO, many of whom are members of the Sama and Tausug communities. In seeking their assistance, the research team aims to understand how the Indigenous peoples view the results of this study using their cultural lens to design better information materials for the communities. Moreover, the research team has committed to crafting a university-level Sama studies course as part of the project in line with the CHED’s policies to integrate Indigenous people’s studies into the higher education curricula (Commission on Higher Education, 2019).
5 CONCLUSION
Genomic technologies applied to studies of present-day and ancient populations offer unprecedented insights into our history as a human species. Whereas it could be tempting to view national ethical procedures as bureaucratic obstacles, we believe that prioritizing the welfare of communities increases the research’s overall scientific and social value. While the field has rapidly advanced, Indigenous communities who are the focal subjects of such studies, remain vulnerable and marginalized, especially in low- and middle-income settings. To bridge this gap, it is crucial to recognize Indigenous peoples as partners in the research process, as rightful owners of genetic information, and place them on the receiving end of benefits derived from the study. Moreover, it cannot be overemphasized that this is a multi-stakeholder pursuit where academic institutions, government agencies, and journals play vital roles in ensuring that the highest ethical standards are upheld. Lastly, recognizing that every Indigenous group is unique, we encourage ethical, legal, and social implications studies to be conducted during community engagements. These would entail delving into local perceptions of communities regarding consent, traditional knowledge, ownership, and their needs and values, among others.
This paper aims to contribute knowledge to researchers, regulatory agencies, and policymakers by sharing our experiences and making recommendations to address our challenges during fieldwork. We call for revisiting existing regulations to enhance the protection of human participants, especially those who belong to Indigenous groups while creating an enabling research environment for the benefit of all stakeholders. Overall, these are essential steps toward improving the governance of ethical research in the Philippines and, possibly, in other countries undergoing similar challenges, generating research outcomes that are meaningful and respectful of the rights and needs of Indigenous peoples.
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FOOTNOTES
1We apply the names of ethnic groups to the names of the languages, consistent with the Ethnologue (Eberhard et al., 2021). Whereas these may deviate from the actual terms used by locals, they are, in our opinion, more neutral to the varying degrees of usage and preference by the locals. For example, there are at least two other names for the language spoken by the Tausug, namely Bahasa Sūg and Sinug. When “Tausug language” or “speaking Tausug” appears in the manuscript, it is a shorthand for “the language spoken by the Tausug people”.
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Introduction: Genomic studies of Legacy African Americans have a tangled and convoluted history in western science. In this review paper, core issues affecting African American genomic studies are addressed and two case studies, the New York African Burial Ground and the Gullah Geechee peoples, are presented to highlight the current status of genomic research among Africa Americans.
Methods: To investigate our target population’s core issues, a metadatabase derived from 22 publicly accessible databases were reviewed, evaluated, and synthesized to identify the core bioethical issues prevalent during the centuries of the African American presence in North America. The sequence of metadatabase development included 5 steps: identification of information, record screening and retention of topic relevant information, identification of eligibility via synthesis for concept identifications, and inclusion of studies used for conceptual summaries and studies used for genetic and genomic summaries. To these data we added our emic perspectives and specific insights from our case studies.
Results: Overall, there is a paucity of existing research on underrepresent African American genomic diversity. In every category of genomic testing (i.e., diagnostic, clinical predictive, pharmacogenomic, direct-to-consumer, and tumor testing), African Americans are disproportionately underrepresented compared to European Americans. The first of our case studies is from the New York African Burial Ground Project where genomic studies of grave soil derived aDNA yields insights into the causes of death of 17th and 18th Century African Americans. In the second of our case studies, research among the Gullah Geechee people of the Carolina Lowcountry reveals a connection between genomic studies and health disparities.
Discussion: African Americans have historically borne the brunt of the earliest biomedical studies used to generate and refine primitive concepts in genetics. As exploited victims these investigations, African American men, women, and children were subjected to an ethics-free western science. Now that bioethical safeguards have been added, underrepresented and marginalized people who were once the convenient targets of western science, are now excluded from its health-related benefits. Recommendations to enhance the inclusion of African Americans in global genomic databases and clinical trials should include the following: emphasis on the connection of inclusion to advances in precision medicine, emphasis on the relevance of inclusion to fundamental questions in human evolutionary biology, emphasis on the historical relevance of inclusion for Legacy African Americans, emphasis on the ability of inclusion to foster expanded scientific expertise in the target population, ethical engagement with their descendants, and increase the number of science researchers from these communities.
Keywords: bioethics, NYABG, Gullah Geechee, genomic equity, genetic databases
INTRODUCTION: STATUS OF GENOMIC STUDIES AMONG PEOPLES OF AFRICAN DESCENT
The representation and treatment of African Americans in the biomedical, anthropological, and genomic literature has a tumultuous history. This systematic review discusses the importance of increasing genomic research performed on and for populations from underrepresented ancestries and the significance this enrichment would bring to our global genomic databases and accelerate the progress of our science. If all populations were fairly represented, the potential benefits of genomic research (e.g., better understanding of disease etiology, earlier detection ad diagnostics, rational drug design, and increased clinical care) would be available to underrepresented groups such as peoples of African descent (Fatumo et al., 2022). However, the current persistent Eurocentric bias in genomics and genetics extends through all levels of the discipline, including affecting the utility of polygenic risk scores in disease studies (Martin et al., 2019), which still have limitations for peoples of African descent since such studies are rooted in GWAS databases with a North Atlantic ancestry-centered ascertainment bias (Gultig, 2023).
In this review, we focus on Legacy African American populations, i.e., indigenous African Americans living in the United States, as a subset of peoples of recent African descent, and the reoccurring deficit of meaningful and adequate genomic studies available on this group. Legacy African Americans are the historic African American descendants of the heritage of American Slavery, Jim Crow segregation, and institutionalized racial discrimination. African American genomics is best framed within the context of continental African genomic diversity. In this review, we explore the current core issues in African American genomic studies, using two specific case studies. Here we show that the addition of genomic data from the remains of deceased individuals is a valuable and necessary adjunct to those data derived from the biological samples of living individuals and that the aDNA provides more insights than simply relying on skeletal and dental assessments alone. Using the historic New York African Burial Ground (NYABG) and the contemporary Gullah Geechee peoples of the Coastal Sea Islands and South Carolina and Georgia Lowcountry, we demonstrate the potential benefits of collecting and exploring ancient DNA (aDNA) and modern DNA samples to create a robust database capable of stimulating future research on Legacy African Americans and beginning to bring parity to genomic inquiries.
Who are Legacy African Americans? According to historical sources (Eltis and Richardson, 2015; Eltis et al., 2017), their deepest ancestral origins go back to diverse regions of continental Africa. From 1,501 to 1867, enslaved Africans were forcibly and brutally embarked mainly from eight coastal regions of Africa. According to these historical records, 5.7% embarked from Senegambia, 3.2% from Sierra Leone, 2.7% from the Windward Coast, 9.6% from the Gold Coast, 16.1% from the Bight of Benin, 12.3% from the Bight of Biafra, 46.3% from West Central Africa, and 4.1% from Southeast Africa. Prior to the aggregation of kidnapped Africans at these export sites, the Africans were part of local empires and kingdoms throughout the continent. However, the West Central African coast was the largest slaving and embarkation region throughout most of the trans-Atlantic trade in enslaved Africans (Fortes-Lima and Verdu, 2021), and it focused mainly on groups living south of the Congo River. The Gold Coast, the Bight of Benin, and the Bight of Biafra became increasingly prominent slave collecting and embarkation regions after the mid-17th century, as the trans-Atlantic trade in enslaved Africans expanded with the growth of the Plantation Economy in the Americas.
In two recent articles (Caldwell and Jackson, 2021; Jackson, 2021), Legacy African Americans are identified as the current 40+ million Black Americans with multigenerational backgrounds (legacies) of extensive contact with the North American social, cultural, economic, and legal environments. During these 400 years of exposure or approximately 16 generations (25 years per generation) of direct contact with American Slavery, Jim Crow racism and segregation, disparate health and educational opportunities, this background has uniquely shaped both their genomes and epigenomes (Jackson et al., 2018a; Jackson et al., 2018b). African Americans are the third largest ethnic group in the United States and are the results of various admixture events, with today showing common ancestry with Africans (∼82.1%), Europeans (∼16.7%), and Native Americans (∼1.2%) (Baharian et al., 2016).
Recent 20th century migrations, like the 1st and 2nd Great Migrations of African Americans, initiated greater intra-group genetic homogeneity despite populations being initially geospatially distant. For example, Detroit, MI attracted African American migrants from Louisiana and the Mississippi Delta. Chicago, IL disproportionately attracted Legacy African Americans from five counties in Mississippi. Los Angeles, CA attracted African Americans from east Texas and Louisiana with some stopping to found previously predominantly African American towns such Dearfield, CO, Nicodemus, KA, and McNary, AZ. Predominantly African American town are part of the history of America. Today, only thirteen historical African American towns survived, but their legacy of economic and political freedom is well remembered. The Oklahoma towns of Boley, Brooksville, Clearview, Grayson, Langston, Lima, Red Bird, Rentiesville, Summit, Taft, Tatums, Tullahassee, and Vernon, for example, attest to the historic settlement patterns of Legacy African Americans. African American-founded towns remained predominantly African American demographically until the towns were disbanded. Increasing urbanization of Legacy African Americans facilitated gene flow between microethnic groups that had been previously distinct local communities with their own unique biological histories, subsistence patterns, and distinct African cultural retentions from the period of enslavement and its aftermath (see (Berlin, 2010)).
METHODS AND MATERIALS
As a systematic review, we accessed a wide variety of databases in this study to develop a megadatabase. The components of this mega database include.
• TransAtlantic Slave Voyages Database. (https://www.slavevoyages.org/voyage/database) (Slave Voyages Database).
• Accessible Archives Database https://www.accessible.com/accessible/preLog (Accessible Archives)
• AnthroSource, (https://anthrosource.onlinelibrary.wiley.com) (AnthroSource Database),
• Applied Social Sciences Index and Abstracts (ASSIA), (https://about.proquest.com/en/products-services/ASSIA-Applied-Social-Sciences-Index-and-Abstracts/) (Sociological Abstracts Database),
• socINDEX,https://proxy.library.emory.edu/login?url=http://search.ebscohost.com/login.aspx?authtype=ip,uid&profile=ehost&defaultdb=sih) (Emory university)
• Social Sciences Full Text (Wilson Web), (https://www.library.nd.edu/database/4qBOLHGnSwwM0ekI4SUkKC) (Hesburgh libraries),
• Google Scholar, (https://scholar.google.com/) (Google Scholar Search Engine),
• GenBank, (https://www.ncbi.nlm.nih.gov/genbank/) (GenBank),
• 1000 Genomes Project, (https://en.wikipedia.org/wiki/1000_Genomes_Project) (1000 Genomes Project),
• Online Mendelian Inheritance in Man (OMIM), (https://www.omim.org/) (OMIM),
• NCIB Reference Sequence (RefSeq) (https://www.ncbi.nlm.nih.gov/refseq/) (NCIB Reference Sequence)
• The World Bank Database (WHO), https://databank.worldbank.org/databases/africa) (The World Bank Database)
• Open Data for Africa, (https://dataportal.opendataforafrica.org/) (Open Data for Africa),
• African American Biographical Database, (https://aabd.chadwyck.com/) (The African American Biographical Database),
• African American Home Movie Archive, (https://www.aahma.org/) (African American Home Movie Archive),
• African American Odyssey, (https://memory.loc.gov/ammem/aaohtml/aohome.html) (Hine et al., 2010),
• Afro-American Genealogical Research: Introduction (https://guides.loc.gov/african-american-genealogical-research) (Afro-American Genealogical Research, 2020)
• Records of the Continental and Confederation Congresses and the Constitutional Convention (https://www.archives.gov/research/guide-fed-records/groups/360.html) (National Archivesa)
• Annals of Congress, Vol. 1: 1st through 18th (https://memory.loc.gov/ammem/amlaw/lwaclink.html) (The Library of Congress)
• RG 233: Records of the United States House of Representatives (https://www.archives.gov/research/guide-fed-records/groups/233.html) (National Archivesb)
• American Freedmen’s Inquiry Commission, (http://www.shfg.org/resources/Documents/7-Strickland.pdf) (American Freedmen’s Inquiry Commission), and
• Sociological Abstracts, (https://proquest.libguides.com/socabs) (Sociological Abstracts).
Data from these databases were explored and integrated into our discussion of an overall set of concepts and two specific case studies of the bioethics of African American genetics. We synthesized data from these sources as well as our emic perspectives to identify the core issues prevalent during the centuries of the African American presence in North America and germane to the bioethics of genomic biomedical research in this population. The sequence of our uses of these online databases are depicted in Figure 1. Our coordinated review of the constituent databases and other sources of relevance included five steps: identification of information, screening and data-transformation of the records, determination of underlying African American conceptual issues on genetics and genomics, and incorporation of existing genetic and genomic data on Legacy African Americans. Excluded from our consideration were studies on non-Legacy African Americans, studies that did not consider continental Africans, and studies that did not test specific genetic or genomic hypotheses.
[image: Figure 1]FIGURE 1 | Sequence of development of metadatabase used in this study. All datatbases were publicly available; our strategy identified the most relevant information, refined and curated it, subjected it to uniformity procedures, and excluded al irrelevant data.
CASE STUDIES IN AFRICAN AMERICAN GENOMICS
Case #1: New York African Burial Ground (NYABG)
The NYABG is the country’s oldest and largest burial site of free and enslaved Africans ever discovered. Its origin dates to ∼1,640, with a closing date around 1797. The site spans 6.6 acres across the New Amsterdam Colony or present-day New York City (NYC) (GSA). The initial use of the burial ground coincides with the establishment of the Negro Frontier, a free African community just outside of the New Amsterdam Colony. A community that needed a place nearby to bury their loved ones without having to carry them beyond the Colony’s boundary walls or paying a fee. The NYABG was rediscovered in 1991, when 419 skeletons were unearthed during the construction of a federal building at 290 Broadwayin Lower Manhattan. Researchers at Howard University performed robust analyses and generated initial reports on the skeletal biology, history, and archaeology of the site and the population. At the conclusion of this landmark project, the skeletal remains were reburied out of respect leaving only the grave soil (collected simultaneously with the remains) for future study.
In 2015, we initiated a study investigating the soil chemistry and bacterial community diversity (including infectious disease pathogens) of the burial soil samples and their geospatial patterns. We have successfully detected all human-associated bacteria for each burial inhabitant. We have reconstructed the human microbiome for 66 NYABG individuals. Detection of human microbiome profiles gives us insight into individual and ancestral identity, living conditions, and possible causes of death of the corresponding burial inhabitant. Our findings demonstrate the capability to detect human evidence in soil that has been buried for 400-hundred-years. This demonstration serves as proof of concept to explore genomic human aDNA in the NYABG soil samples and other burial soils around the country of similar age (Clinton, 2021). Researchers have acknowledged the human microbiome as our “second genome,” i.e., an additional source of genetic diversity and identity (Grice and Segre, 2012). The potential aDNA analysis from the NYABG soil samples will allow us to capture a subset of a historical population (15,000 still buried) and enrich genomic databases with African descended genomic data. By capturing the genomic architecture of this 17th and 18th population, we can perform population genetics analyses to observe evidence of human variation and disease susceptibilities helping us to combat health disparities. We can also contribute this newly generated data to existing databases where people of African descent are underrepresented. We hope to use this investigation as a proxy for the potential to explore other African American burial grounds around the country without disturbing or destroying remains but still learn all that we can about the genetics of African Americans.
Challenges of studying historic African American remains
Several challenges must be addressed when studying historical remains (skeletal or soil) of African American populations for ethical scientific research with advanced molecular technologies. One challenge is to ensure that research on historic populations is performed in an ethical nature by protecting the sacred ground where they are buried. In addition, legislation must be established to ensure construction or housing development projects do not decimate African American burials (Clinton and Jackson, 2021). Often, these projects physically destroy burial sites and erase the existence and contributions of the buried population from history. The lack of burial site protection for African Americans promulgates the idea that they, as a population (alive or dead), are worth less than other populations in America. The lack of protection increases the difficulty for researchers to gain access to these grounds and move forward with investigations. Another challenge of studying historical remains is determining the best research team to engage with the underrepresented community and conduct the research. Performative and helicopter research are two methods of conducting predatory research where the interpretations and generation of data do not benefit the studied population. These types of research promote more harm than good, resulting in the perpetuation of mistrust between marginalized communities and scientific researchers. The appropriate research team for studying African Americans and other underrepresented and marginalized communities are those who perform research for the greater good of the community, serving their needs for increased representation in databases, accurate interpretation of generated data, and ethical applications of the research to better health outcomes. It is paramount to consider the appropriate decision-makers for how to conduct the research. Decisions should be made by educated members of the descendant community, those who are likely closely genetically and culturally related to the studied population. In some cases, the descendant community may not be the local community but genetically related descendants some distance away from the site. A third challenge is establishing where the generated data will be housed and who can access it. We propose that researchers store data in a private repository where access can be controlled by the stakeholders, i.e., the local or descendant population who will directly benefit from the research. Researchers must acknowledge the purpose, potential impacts, and sources for conducting research, generating data and reporting new findings with the scientific community, general public, and community upon which the research is performed (AABA Code of Ethics).
CASE #2: The Gullah Geechee population of the Carolina Lowcountry
The Gullah Geechee people are an historically important Legacy African American microethnic group residing largely in the Southeastern United States They are a candidate ancestral group to a diverse array of African American peoples across North America. The original migrations of the ancestral Africans moved from staging areas like Charleston, SC and the nearby Sea Island to more inward locales as the United States Frontier was pushed westward. In addition to their geographical isolation (Matory, 2008), enhanced retention of African allelic variants and cultural practices, many Gullah Geechee peoples migrated from coastal Carolinas to adjacent regions. Some Gullah Geechee who escaped enslavement, fled to join Black Seminole populations in the Spanish held territory of Florida. Creek Freedman, many derived from Gullah Geechee lineages became refugees on the Trail of Tears to Indian Territory (present day Oklahoma). When the United States government forced First Nations peoples to accept individual land allotments, many Freedmen established predominantly African American towns with other former enslaved African Americans of the Five Tribes. Here they settled together for mutual protection and economic security (Oklahoma Historical Society). Black Seminole Freedmen populations also founded communities in northern Mexico, Texas, Oklahoma, and Red Bays Settlement in Andros Island, Bahamas (Holm, 1983), escaping Florida after the first Seminole War. The notion of ancestral linkage or the Gullah Connection is commonly affirmed via historical and anthropological records, but little work has been done to confirm this genetically (Paris, 1995; Opala, 2009). We have hypothesized that Gullah Geechee genomic and cultural signals proliferate beyond their current geographical territories in diverse African American communities throughout North America (Caldwell and Jackson, 2021).
The Gullah Geechee homelands of the Lowcountry were the most affluent area of British North America during the colonial period and became an optimal site for African-derived cultures to thrive and adapt. The harsh subtropical climates, malaria transmitting mosquitoes, thick marsh and swamp lands would provide environmental insulation for the amalgamation of Africans to retain and synthesize their own cultural preferences. It also provided an ecological setting to which many Gullah Geechee peoples were preadapted genetically. Intentional admixture was encouraged by Europeans and European Americans to prevent slave revolts among newly arriving enslaved Africans (Scharff et al., 2010). However, many South Carolina slave owners would visit their plantations only as needed to avoid the harsh climates while maintaining the authority needed to ensure profitable production schedules. Physical and social isolation allowed for the unique Gullah Geechee culture to emerge as a synthesis of many African (and non-African) traditions. Their storytelling, veneration of the ancestors, belief in a higher power, and unique cultural attributes were all amplified in the setting of the Sea Islands. The emerging Gullah Geechee peoples, like their creole dialect, represents a unique fusion of Niger-Kordofan and Afro-Asiatic, Indo-European, and Southeast First Nations patterns.
Like their cultural retentions, isolation enhanced the potential for genetic drift in the population. Contemporary lineages from Sapelo Island may reflect the disproportionate influence of a founder, Bilal who became known over time as Bailey among the local Gullah Geechee peoples (Bailey, 1995). As a progenitor Legacy African American population, the Gullah Geechee should have retained ancestral markers with a stronger West and Central African signal compared to other Legacy African American populations whose African signals may have been diluted by more admixture with non-Africans. We suggest that the Gullah- Geechee genomic profiles will show distinct characteristics of endogamy and substructure when compared to other African American microethnic groups as a reflection of their unique history and preeminence. In a recent unrelated study of the Gullah-Geechee (Zimmerman et al., 2021) it was observed that, relative to non-Gullah African Americans from the Southeast United States, the Gullah exhibited higher mean African ancestry, lower European admixture, a similarly small Native American contribution, and increased male-biased European admixture. A slightly tighter bottleneck in the Gullah 13 generations ago suggests a largely shared demographic history with non-Gullah African Americans, as we observed previously (Caldwell and Jackson, 2021). Despite a slightly higher relatedness to populations from Sierra Leone (Zimmerman et al., 2021), overall, the studies demonstrate that the Gullah are genetically related to many African populations, representing an amalgamation of West and Central Africans in particular (Caldwell and Jackson, 2021).
A recent study (Zimmerman et al., 2021) confirms that subtle differences in African American population structure exist at finer regional levels. Such observations were reported decades ago (Jackson, 2004; Jackson, 2008)and their validation can help to inform medical genetics research in African Americans and guide the interpretation of genetic data used by African Americans seeking to explore ancestral identities.
Using the Ely-Jackson database, Bert Ely and others (Ely et al., 2006) completed a mtDNA analysis of 78 Legacy African Americans who lived in the Lowcountry and were considered Gullah Geechee descendants. 40% of participant Gullah Geechee had mtDNA migration patterns from West Central Africa, a proportion that resonates with our earlier studies of these peoples (Jackson, 2004; Jackson, 2008). Other Gullah Geechee mtDNA patterns were 23% from Senegambia and 18% from Upper Guinea. Over 30 percent of Ely’s Gullah Geechee participants did not have a mtDNA match with their extensive database of over 4,000 African mtDNA variants (the Ely-Jackson Database), but were clearly of African origin (i.e., most were part of the L megahaplogroup). This illustrates the current limitations of the African-centered reference databases needed for comparative reconstructions of African origins. Although half of the African American participants were able to trace their ancestry to multiple ethnic groups of continental Africa south of the Sahara Desert, Ely and his team (Ely et al., 2006) recognized that autosomal DNA would be needed to determine more information about the probably African ethnic groups of origin because mtDNA was not conclusive enough to determine a single ethnic source of maternal lineage. Ultimately, they suggested that more work should be done to geospatially map African American mtDNA haplotypes. In a more recent mtDNA study of the Gullah Geechee (Fleskes et al., 2021) all had mitochondrial lineages belonging to African haplogroups (L0-L3), with two individuals sharing the same non-African H1cb1a haplotype, while one had a Native American A2 mtDNA.
The geographic isolation of the Gullah Geechee well into the 21st century has allowed them to retain more African ancestry informative alleles and maintain more African cultural retentions than adjacent contemporary Legacy African Americans further inland. Our research among the Gullah Geechee has created a comprehensive analysis of this microethnic group to better understand how they evolved and impacted the broader African American communities. The genomic variance among the Gullah Geechee undoubtedly contribute to the dramatic patterns of health inequities in their region. Remnants of state-sponsored chattel slavery and draconian segregation laws relegated a large proportion of the African Americans to populate the Southeastern part of the United States densely and disproportionately. It is within these settings that various African American microethnic groups emerged and proliferated (Taylor, 2019). Generations later, descendants of enslaved Africans are still clustered in the Southeastern states (e.g., the Stroke Belt: North/South Carolina, Georgia, Florida, Arkansas, Louisiana, Mississippi Alabama). In these states, the prevalence of stroke, diabetes, and cardiovascular disease (CVD) are the highest nationwide (Barker et al., 2011; Karp et al., 2016). Advances in the control of modifiable biocultural risk factors that served as disease triggers given the genetic backgrounds and comorbidities of the Gullah Geechee (e.g., obesity, hypertension, cigarette smoking, and high salt diets), have produced a decline in stroke related mortality and morbidities. However, data continues to suggest major ethnic disparities in stroke related mortalities among African Americans. Heart disease is the number one killer of African American women (Esenwa et al., 2018). Poor CVD health in these communities is exasperated by the history of slavery, social segregation, lack of access to healthcare and healthcare providers, institutionalized racial discrimination, stress, and economic instability. Moreover, institutional levels of inequity, coupled with genomic mediators like the epigenome lead to physiological precursors for stroke (Kramer et al., 2017; Esenwa et al., 2018).
The scientific literature suggests that the high rates of chronic disease in African Americans are caused by the combined and compounded effects of genetic, environmental, and social factors. Yet little is known about the magnitude or geographical distribution of African American genetic diversity, cultural disease catalysts, and population substructure between and within African American populations. Due to their underrepresentation and the present bias toward European and European American genomics, research is needed to understand the effect of multiple genes, epigenetic modifiers, environment, and lifestyle and cultural risk factors that increase susceptibility of these multifactorial disorders (Grundy, 1998). We need to be able to apply network analysis and sophisticated computational biology models to depict interactions in African American populations.
In addition to considering the multiple contributing factors that influence chronic disease, our research among the Gullah Geechee suggests that ancestral analysis may uncover evolutionary contributions that have not been considered in other populations because of the ancient, frequently unacknowledged, and often unique genetic underpinnings of populations of recent African descent. Genome-wide studies (GWAS) have become important genomic tools to use in genetics to associate specific genetic variations with diseases. The method involves scanning the genomes from many different people and looking for genetic markers that can be used to predict the presence of a disease phenotype. Most GWAS are focused on Europeans (52%) and Asians (21%) (Hoffman et al., 2016a). African populations make up less than 1% of the total GWAS studies. The largest African American GWAS study consists of 8,000 individuals while the largest European American GWAS study encompasses 100,000 individuals (Abel and Schroeder, 2020). This means that means that many population-specific pathogenic variants are left undetected. Just as often, many alleles that could provide ameliorative effects for disease phenotypes also remain undiscovered. For example, African Americans are three times more likely to experience kidney failure than European Americans and African American kidney disease tracts clearly with dementia in African Americans (Laster et al., 2018; McAdams-DeMarco et al., 2018). Without the knowledge of the range of genomic diversity in our entire species, and particularly those individuals of recent African ancestry, our efforts to understand human variability adversely affects the control of associated health disparities, exaggerating these disparities over time, limiting the reproducibility of our data, and truncating the significance of our GWAS findings. Including more African-descended populations in genomic research widens the possibilities for more precise clinical application, biomedical treatments, evolutionary insights, and more equitable health policies for every population. Systematically Including African-descended groups takes the scientific community a giant step toward greater parity. For example, recent large studies (Tang et al., 2001) of GWAS for Alzheimer’s Disease in African Americans found eleven novel risk loci, seven of which were rare. Many of the exact genes differed from those identified in European American GWAS investigations. This emphasizes the importance of using genomic studies to assess the higher dementia rates among African Americans and it confirms that the most important genes associated with Alzheimer’s Disease vary between populations even though the deep ancestries of every human population can ultimately be traced to continental Africa.
Finally, our research among the Gullah Geechee suggests that an important avenue for exploring genomic and cultural variation in a geospatially complex and diffuse population such as Legacy African Americans is to study the founding population segments. The Gullah Geechee are an important African American founding population who emerged soon after Africans first were brought to the Carolina Lowcountry (Caldwell and Jackson, 2021). Researching such groups can provide important and unexpected insights into disease etiology and inheritance patterns. Two recent studies (Gupta, 2021; Zimmerman et al., 2021)confirms that subtle differences in African American population structure exist at finer regional levels, using the Gullah Geechee as an example, confirming the initial observations of substructure in African Americans in the United States. Such observations can help to inform medical genetics research in African Americans and guide the interpretation of genetic data used by African Americans seeking to explore ancestral identities. The genomics of founder populations can provide explanations for variations seen in complex disease mapping. Such efforts can also track the effects of genetic drift events and historical processes on the population, document regional changes in allele frequencies, identify evidence of cultural adaptations, and monitor the incidence and prevalence of complex disease distributions. Founding events can also be used to locate progenitor populations for contemporary admixed populations. Investigation of founding populations and more inclusive GWAS studies have the potential to capture a wide range of genetic and environmental interaction networks while appropriately contrasting estimates of genetic risk versus environmental or systematic infrastructural risks that perpetuate current disadvantageous outcomes.
Figure 2 depicts the geographical ranges of the two case studies presented in this paper.
[image: Figure 2]FIGURE 2 | Blue highlighted areas are the geospatial locations of the two case studies reported in this paper. The New York African Burial Ground is located in New York City (Lower Manhattan) while the Gullah Geechee peoples reside along the Carolina Lowlands from Wilmington, NC to Jacksonville, FL.
CORE ISSUES EMERGING FROM THE CASE STUDIES
Recently, the American Anthropological Association admitted to the racist attitudes and perceptions permeating the discipline with respect to the indigenous peoples of the Americas. As Gupta (Jackson, 1998) writes “Since its inception, the history of American anthropology has been intertwined with a record of extractive research conducted on the Indigenous communities. Anthropologists have often assigned themselves the status of ‘expert’ over the cultural narratives and social histories of the first cultures of the Americas. As ‘experts’ many anthropologists have neither respected the endogenous knowledge systems and community contributions of Native Americans (or other indigenous peoples) nor addressed the intended and unintended impacts of anthropological research on those communities. Some anthropologists now acknowledge the harms that have been caused by researchers in the discipline, but it remains the case that anthropology must explicitly address the need to change its ways.”
The same should be said for the treatment of Legacy African Americans. African-descended peoples on the continent of Africa and throughout the African Diasporas have also been historically maligned and neglected by the scientific community. Even in contemporary genomic studies it is rare to hear an emic perspective of the African American genomics interpretation. By emic, we are referring to its anthropological use in denoting an approach to the study or description of a particular language or culture in terms of its internal elements and their functioning rather than in terms of any existing external framework. For our purposes in this manuscript, each of the authors is a member of the African American community with extensive research in community engagement, historical narratives, biological anthropology, and genomics. Our perspectives are indigenous, internal to the culture, and emic capturing the sensitives and diversities within our population.
The importance of African-descended populations in genomic studies and the development of a truly global genomic database cannot be underestimated. Given the evolutionary origins of humanity in Africa, we have long argued that the various state-sponsored human genome projects should have long ago focused on the genetics of recent African descendants to adequately reflect a more plausible template for our species (Kararach et al., 2011). A quarter of a century later, we still lack an adequate African-centered database for our species. Genomic research in Africa has a long way to go and genomic research among African Americans should be more advanced than it is presently, given the physical proximity and accessibility of this segment of American society. Researchers working in Africa have only studied between 5,000 and 10,000 whole genomes from the continent, compared with as many as 1 million whole genomes worldwide. Africa has received less than 1% of the global investment in genomics research and clinical studies. Genomics studies in Africa could contribute significantly to research worldwide in understanding our species since all our lineages ultimately trace back to Africa where Homo sapiens emerged some 300,000 years ago. Even those human lineages who left continental Africa over the past 80,000 years ago and spread across the planet carry only a subset of human genomic diversity. As a result of this evolutionary history, the people of Africa today carry more genetic diversity than those of any other continent. There are segments of human genome that can only be studied in Africans since these are the only populations within in which these unique sequences and genomic components are found.
Furthermore, populations of recent African descent are a growing segment of the world community, and these populations tend to be younger, so hopefully, African-descended individuals and communities will be around longer to benefit from todays and tomorrow’s genomic innovations. In 1950 the population of Africa was 177 million and it grew 7.6 times to more than 1.341 billion in 2020. Africa is the continent with the youngest population worldwide. As of 2021, around 40 percent of the population is aged 15 years and younger, compared to a global average of 26 percent (Micheletti et al., 2020). Africa is quickly recovering from the destructive population losses associated with centuries of extractive enslavements facilitated by wars, exploitative colonialization by European and Arab powers, and years of local political mismanagement precipitated by low educational levels.
Legacy African Americans are not a genomic substitute for continental Africans as much autochthonic continental African genomic variation was lost among African Americans during the genetic bottlenecks of the transatlantic Middle Passage, the subsequent ravages of American Slavery, and the generations of forced gene flow with non-Africans. Instead, the justification for studying the genomics of Legacy African Americans stands independent and yet is connected to the need for comprehensive studies of African genetic diversity. In African Americans we have the unique opportunity as researchers to study the effects of well-specified gene-environment interactions on a historically socially restricted population that represents an amalgamation of West, West Central, and Southeast African peoples with modest gene flow from select non-African groups, primarily North Atlantic and Iberian Europeans and eastern Native American peoples.
The mobility of these early enslaved Africans was extremely circumscribed, largely following the forced migrations to North America. Countering this lack of geospatial movement was the fact that enslaved Africans represented, from the start, a broad array of geographically and culturally distinct African peoples. Initially these diverse Africans sorted themselves by their original African ethnic groups or their closest affiliates on the African continent. The initial retention of original identity provided a template for resistance among the survivors and their immediate descendants (e.g., the nearly constant slave rebellions and uprisings were often organized and implemented along African ethnic affiliation) and sexual selection (e.g., especially female-based mate selection may have been based on African ethnicity and religious preference). The effectiveness of this self-sorting was density dependent. Initially we observe genomic aggregates based upon original ethnicity, but these aggregates were strongly discouraged by slave honors because of the enhanced potential for rebellion mentioned previously. Where there were larger numbers of enslaved Africans, such as the big plantations of the Southeastern and Mid-Atlantic regions of North America and in the urban areas of the American colonies such as New Amsterdam/New York City, African genomic integrity and cultural preferences could be retained longer and more cohesively. Over time, however, within the context of institutionalized, multi-generational enslavement, self-identities were transformed, and the original African ethnic affiliations gave way to new localized identities. This is the genesis of the many microethnic communities of African Americans that today can be found throughout the homeland and satellite territories of the African-descended peoples of the Americas. African Americans follow this same generalized population biology pattern of initial fusion followed by transformation and subsequent fission.
Of the limited number of comprehensive genomic studies done on African Americans, we can already see the promise of genomics to reveal major insights. A major DNA study (Loshin, 2002) recently shed new light on the fates of the more than 12.5 million Africans who were enslaved and traded to the Americas between 1,515 and the mid-19th century. More than 50,000 people took part in the study, which was able to identify more details of the “genetic impact” the trade has had on present-day populations in the Americas. The study laid bare the consequences of rape, maltreatment, disease, and racism. More than 2 million of the enslaved men, women, and children died enroute to the Americas. But the interpretation of the results in this major paper were ahistorical and overemphasized the presumed genetic affinities of African Americans to modern day Nigeria (Jackson, 2021).
Despite the errors, if African Americans genomic studies can be a rich source of insight into human evolutionary biology and evolutionary medicine, who should own the resulting data? The question of ownership of genomic data is fraught with cultural nuance and interpretation. Data ownership refers to both the possession of and responsibility for information as ownership implies power as well as control (Githaiga, 2021).
For African-descended populations, there is no single cultural mandate among the indigenous peoples of Africa. For example, on the question of land ownership, indeed, the East African Community (Kenya, Tanzania, Rwanda, Burundi, and Uganda) is currently struggling with contentious traditional cultural perceptions of land that have defined land ownership, use and access (Stokstad, 2019). Genomic variation is a valuable resource. So, perhaps it is more analogous to trees. The oldest dictums from a collective of East African ethnic groups suggests that whoever plants a tree, owns that tree and the products of that tree (e.g., the fruit, the oil, the sap, the lumber). Even with changes in land ownership, the tree belongs to whomever planted it and his or her descendants. This is an appropriate metaphor for the control of genomic data generated in the process of biomedical research and ancient DNA studies. The data clearly stay with the population of origin and their descendants; they own the products of their ancestral trees. Descendant communities must also be engaged in the analysis and interpretation of these data. While their ownership does not preclude non-indigenous access to data, the lines of responsibility must be grounded in the African American community. The past bio-colonial paradigm of external ownership of African American genomic resources should be rejected.
Within traditional Africa, communities are generally structured hierarchically such that their organizational structure serves somewhat as a buffer against genetic exploitation. And yet, African genomic studies here have too frequently been characterized by ethical dumping, in-and-out helicopter science, and over extrapolation of limited data by Western scientists with few ties to the local communities. Researchers gathered samples with scant regard for informed consent and without giving back information and other resources to the communities they studied. Outside of structured communities in Africa, the threat of genetic exploitation was expected to be protected against by local governments. These protections have clearly not been fully effective, however. A recent prominent example has been the United Kingdom.‘s Wellcome Sanger Institute. Here, whistleblowers in 2020 privately accused Sanger of commercializing a gene chip without proper legal agreements with partner institutions and adequate informed consent of the hundreds of African people whose donated DNA was used to develop the chip (H3Africa, 2021). The institute confirmed that it did not commercialize the chips or profit from them but admitted that its relationship with some African partners has been “disrupted.” Stellenbosch University in South Africa has demanded that Sanger return these samples. Sanger’s mishandling of this extensive genomic sampling effort will likely contribute to the ongoing erosion of trust between researchers and diverse African people, setting back genomic research that could have been of benefit to Africans and their recent descendants. This controversy with a major genome research center will inevitably retard the study of African genomics because it will amplify the existing distrust between African communities and the Western scientific establishment. However, Africans have begun to initiate their own studies, aided and inspired substantially through the Human Heredity and Health in Africa (H3Africa) Initative (Jegede, 2009) led by Charles Nohuoma Rotimi who is the Director of the Trans-National Institutes of Health (NIH) center for research in genomics and global health. It is these initiatives among both Africans and African Americans that will provide the best protection against a continuation of past genomic abuses (Thompson et al., 2003; Pellegrino et al., 2007).
Additionally, the development and expansion of scientific expertise among Africans and African Americans in the genomic sciences will allow the development of significant capacity building within these segments of the scientific community and the development of trust with the larger social and cultural communities from which these new scientists have emerged. True informed consent can only come from a foundation of trust based on correct understanding. Trust is built on shared experiences, shared expectations, the anticipation of predictable outcomes, and is a central part of all human relationships. Informed consent emanates from an educated understanding of the issues at hand, an awareness of the limitations of the technology in use, an appreciation of the meaning of the results generated by the research, and past evidence of mutual goodwill among the researchers and the researched. The specifics of informed consent will vary across the range of a species, indeed across the range of a stratified subset of the species. Among African Americans, informed consent may vary across North America since the perceptions of key cultural components also diverge regionally. For example, the recognition of the rights of the dead and the veneration of ancestors vary across the geospatial range of African Americans. In African American cultures with strong African retentions, such as the Gullah Geechee peoples, the veneration of ancestors is strong and while augmented by a belief in a supreme being, prayers and/or sacrifices are also offered to the ancestors who may be conceived as minor deities. In these communities, the disposition of skeletal and dental remains, tissue samples, and DNA samples may take on additional significance. Only through careful ethnographic inquiry and structured survey methods (e.g., the collection of qualitative and quantitative data from the actual African American communities of relevance) can we begin to document the nuance of diverse perspectives evident among African Americans with respect to genomic studies. In spite of the regional substructure among African Americans, there does exist a “collective cast of mind.” (Cited in (Wolinetz and Collins, 2020)) on the many issues that determine what is collectively valued, who the people consider themselves to be, what priorities define them as to who they are, and how them perceive themselves in the larger society. Without these data providing an authentic and collective voice of the people, researchers are not only sampling blindly and magnifying disparities, but they are denying African Americans the autonomy as laid out in western ethical principles (see (Sanders, 2021)).
The troubling victimization and exploitative history of Legacy African Americans by the early biomedical and genomic science studies of the United States lays a challenging foundation for ethical future studies. Researchers must be even more careful in acquiring and documenting fully informed consent from African American individuals and communities and providing any requested feedback on the research results and needed educational opportunities. As the African American community collectively becomes more astute as to the nature of scientific research, additional ethical requirements will emerge, particularly for genomic studies. For example, the technological innovation of CRISPR Cas9 (clustered regularly interspaced short palindromic repeats and CRISPR-associated protein 9 now permits genome editing (also known as gene editing) giving scientists the ability to directly manipulate an organism’s DNA. In 2014, one of the first cases of applying this technology to humans was the editing of the genome an African American with sickle cell anemia (Frangoul et al., 2021). This disease afflicts millions of people around the world, most of them of African descent. Some 100,000 African Americans are afflicted with the disease. After 6 years of work, that experimental treatment was approved for clinical trials by the United States Food and Drug Administration, enabling the first tests in humans of a CRISPR-based therapy to directly correct the mutation in the beta-globin gene responsible for sickle cell disease (Graves et al., 2022). Yet, the application of CRISPR cas9 also reduces population variation, which, according to evolutionary theory, increases a populations vulnerability to extinction. As CRISPR-based interventions become more widespread and of public health significance, the ethical and evolutionary implications of diminished population genomic variability in the quest for immediate improvements in individual health will have to be reconciled. Undoubtedly, African American communities will figure prominently in these discussions because of the historical legacy of western science seeking pathology (in the context of disease alleles) in Black bodies.
Clearly, the larger scientific community has an obligation to promote researchers from underrepresented communities at all levels of genomic sciences. This is, in fact, the best response to past wrongs, and the strongest deterrent against future ethical abuses. Recently, Graves and others (Graves and Goodman, 2021). called for a new agenda to address inequality in science. In this call, they stressed the need to attract individuals who have been historically excluded from participation in science and highlighted the importance of engaging in substantial work to overcome the longstanding obstacles to their full participation. This call cannot be overemphasized: multidimensional African American involvement in the genomic sciences is essential to make up for the current deficiencies in the global database and, just as importantly, to rectify the inadequacies in a comprehensive understanding of the genomic ramifications the African American experience in North America. Accurate, historical and culturally-contexed interpretations of the genomic data are as important as the raw genomic data themselves. In fact, to have the latter without the former provides little good for the African American population. In the authors experiences at Howard University, we have witnessed the value of interdisciplinary input in genomic science interpretation. We also have had the firsthand opportunity to work over a number of years with the two case studies presented below, the New York African Burial Ground and the Gullah Geechee peoples of the Carolina Lowcountry, evaluating both from emic perspectives.
ORIGINS OF AFRICAN AMERICAN MISTRUST IN MEDICINE AND ITS CONSEQUENCES FOR GENOMIC STUDIES
North American patterns of institutionalized racism, state sponsored segregation, and social disenfranchisement in genomics are reflected in the historical medical practices of the country. Thus, the patterns of inequality remain a tenacious part of contemporary research practices and perceptions. Concepts such as race, ancestry, genetics, access, equity, equality, and medicine are intertwined and intractably interconnected due to the pervasive historical pattern of exploiting race as a biological construct (see (Washington, 2006)). In Medical Apartheid, Washington (Thompson et al., 2003) describes the dehumanizing processing of enslaved Africans and their African American descendants upon their arrival in the Americas resulting from the transatlantic and domestic trades as they were sold to new “owners”. Inadequate personal privacy, lack of sanitation, overcrowding, stark nutritional deprivations, and other detrimental public health conditions for enslaved Africans and their African American descendants meant enhanced exposures to infectious diseases from Europe, the Americas, and Africa, compounded by the disorders of nutritional deficiencies, the psychological and physical traumas of enslavement, and the enslaved persons preemptive status as experimental models for early biomedical studies. This was done without the documented consent whatsoever of participants and these studies were enacted without the researchers understanding for or appreciation of the ancestral backgrounds or population substructure of African Americans. Black bodies were poked and prodded, surgeries were performed without available anesthesia, and known therapeutic medications were withheld. Simultaneously, non-traditional and herbal based medicinal practices were banned in Legacy African American communities. Stories of the “strength” and “lack of pain” experienced by African American women in childbirth plague their level of care in Labor and Delivery wards today. If enslaved African Americans complained about their aliments, these nascent physician-scientists responded according to the directions of the plantation owner whose goals were consistently to maximize their economic profits. This resulted in veterinarians “practicing” on humans and harmful “quick-fixes” done more often than necessary. Early experimental studies on exploited, enslaved, and newly freed African Americans were used to bolster tainted theories about European and European American supremacy in intellect and humanity and have set the historical template for the ethical challenges we currently face in studying the genetics of these continually marginalized communities. The prejudices and beliefs of this historical time has prevailing implications, even unconsciously in contemporary western medical spaces.
The mechanisms that have contributed to the marginalization of Legacy African Americans and their descendants, the importance of performing ethically responsible research on underrepresented populations, and the consequences of performing more inclusive, unbiased research on historic and contemporary African Americans emerge directly from the case studies we present.
Learning more about the genetics of historic populations, particularly, those buried in the NYABG helps us better understand the genetic identities of free and enslaved Africans, genetic adaptation due to the world’s most extensive forced migration pressures, and genetic diseases that affected a historical population. In addition, increased knowledge of historic African American genomics allows researchers to comprehend better the genomics of living African Americans. Illuminating the genomics of African Americans is essential for several reasons such as: 1) it provides a multi-dimensional sense of identity, genomic and ancestral, that was severed by the Transatlantic Slave Trade, 2) it reveals the diversity within continental Africans, ultimately contributing to a greater understanding of all humankind and 3) it contributes to the paucity of African descended peoples in genomic databases to be used by medical professionals to make more informed diagnoses and treatment plans as we move into the age of precision medicine.
A premier concern in exploring these insights is ensuring ideal conditions (financial, ethical, and legal) are met to study African American genomic research appropriately. First, funding agencies must see the value in studying African and African American populations with an inclusive benefit for them and their descendants. Ethically responsible research to respectfully study underrepresented groups must become standard practice. Finally, legally, protections must be set to ensure the safeguarding of African American biological samples, remains, and genetic data (Jackson et al., 2021).
The need to protect African bodies was proven necessary upon the arrival of the first enslaved Africans to the United States based on the understanding that chattel slavery was dehumanizing and immoral. The need to protect African bodies from illegal biological research was a simultaneous necessity as many were purchased for the sole purpose of medical experimentation to advance the reputation and career of the purchasers (Thompson et al., 2003). An early example of using African bodies against their will and exploiting biological processes for financial and economic gain is in the work of J. Marion Sims, the “Father of Modern Gynecology” during the mid-18th century. He was praised in the medical world for his advancements in vesicovaginal fistula treatment and the first gallbladder surgery, which he developed and practiced on enslaved African women. However, it was not until recently that years of controversy stemming from Sims’ ethical practices around discovering these advancements through his unorthodox experimentation on enslaved women led to a change. While there was no compensation for African Americans, retribution came in 2018 when New York City finally removed his statue from Central Park across from the New York Academy of Medicine (Walloo, 2018). Another example involves Georgia physician W. H. Robert and his inclination to amputate the limbs of enslaved Africans for minor injuries as demonstrations for medical students. He believed that students should “hesitate much less to remove a limb … , if he be slave, than if he be a free man, and especially a white man.” This advice was based on Robert’s observation that the surgical pain felt by an enslaved person was negligible, minor compared to what a white man facing the procedure would feel (Thompson et al., 2003). The idea that people of African descent do not possess the capacity to feel pain at the same intensity as white people still resonates throughout the medical industry today. Studies found that when a Black person enters an emergency room with pain like a broken bone and then a white person enters an emergency room with the same ailment, the Black person will receive a lesser dosage and even sometimes an inferior treatment. A 2016 survey of 222 white medical students and residents revealed racial bias in pain perception and accuracy of treatment, including less effective pain-relieving options (Hoffman et al., 2016b) for African Americans. Notions such as this are the basis for large-scale socio-economic crises, like the opioid epidemic.
Scientific research on African American remains
As identified in the studies of the New York African Burial Ground, just as enslaved Africans were controlled during their lives, European enslavers and public officials carried over this control even after their death. The need to protect African remains became necessary the moment they were buried. Misusing African remains has been demonstrated across medical colleges in the United States during the late 1700s and 1800s (Shultz, 2005; Royes, 2020). Employees of medical colleges, medical students, and instructors would illegally dig up the cadavers of African Americans for anatomy instruction. The remains were used without the knowledge or permission of the person or their living relatives. The bones were never replaced after their teaching purpose was fulfilled. The affected families were never compensated. Furthermore, the bones of the unearthed individuals were never acknowledged for their contribution to scientific advancement (Thompson et al., 2003).
The Medical College of Georgia’s (MCG) participation in “grave robbing” is of relevance. In 1989, a construction project renovating the Old Medical School building uncovered an estimated 9,000 human bones (350–450 people) buried in the basement. Most of the remains were taken from a predominantly African American cemetery, Cedar Grove, years before dissection of bodies became legal in 1887 (Taylor, 2019). However, even in this blatantly illegal and morally corrupt act of stealing bodies, the MCG did little more than recognize their predatory past. Only by revisiting the MCG discovery (along with other exploitative investigations of Black bodies and mishandling of their remains) and noting where more appropriate, respectful, and ethically responsible actions could have been taken can we truly understand the unfortunate foundations of the United States medical industry.
The challenge of studying historically underrepresented populations, particularly African Americans, is that their existence (in life and death) has been undervalued. As we have seen throughout history, if a group is undervalued, there is less investment for scientific researchers and physicians to benefit that group. Benefits include but are not limited to using informed consent (by researchers and medical professionals), allowing individuals to make autonomous decisions about their medical procedures, receiving medical care using the same methods that have been developed with the reluctant participation of enslaved Africans, and assured protection for burials from graverobbers or overzealous medical students. Unfortunately, the limited investment in African American research results in a failure to learn all we can about the genomic makeup of an underrepresented group in scientific and medical research. Further, because the limitation stunts our understanding of the genomic variation and diversity in African descended peoples, the population whose origin is located on the same continent as the inception of theHomospecies, we fail to learn all that we can about the entire human population.
Absence of African genomic data in global databases
There are exceptions to the undervalued condition where historically marginalized groups, in this case, African Americans, are commoditized for their biological genomic data. Usually, these exceptions occur when research is performed to benefit European researchers and patients. An example of this exception is seen in the increasing thirst of commercial DNA testing companies to enrich their databases (Jaiswal and Halkitis, 2019). The origins of American medicine and the direction of medical practice are driving factors for inequities in our healthcare system and scientific research. As researchers work to expose, address, and dismantle how deeply entrenched biases have shaped scientific research and medicine, we are forced to consider how we presently deal with race, access, and health disparities. The reluctance of many African Americans to engage with the American medical system stems from a generational pattern of historical mistrust of the system and its founders (Gamble, 1993; Suite et al., 2007; Sirugo et al., 2019). We are approaching a fork in the road, where if researchers continue down the current path, where African descended people make up roughly 2% of global genomic database contributions (Popejoy and Fullerton, 2016), we will reach a point where African Americans are exponentially lagging (even more than the present status) in genomic research regarding health outcomes and the potential for personalized medicine applications. The large gap between the number of European participants in genomic databases and all other groups results from historical, cultural, scientific, and logistical factors sustaining bias in genomic research (Atutornu et al., 2022). Genome-wide association studies (GWAS) surveys show that over 70% of samples come from the United States, Iceland, and the United Kingdom. Choosing the path less followed means embarking upon a new Frontier where geographically and ethnically diverse genomic databases serve as an enriched reservoir for more accurate and less biased scientific research. Human genomic diversity between African genomes and the rest of the world results in differences between the variants associated with specific disorders and genes, making it more challenging to find the link between genetic variants and disease in African descended peoples. This challenge means that causal links between variants and disease cannot be trusted in medicine if the data upon which the diagnosis is formulated does not include populations from diverse ancestral backgrounds (Coles and Mensah, 2017). If an adjustment to this new path is not made, African Americans will continue to exponentially lag other groups in the race to precision medicine, or worse, be given the wrong genetic diagnosis or risk profile for disease. They will continue to be disadvantaged in genomic research opportunities leading to better overall health and access to personalized medicine applications, gene therapies, and pharmacogenomic benefits (Atutornu et al., 2022).
The historical mistrust between the African American community and the healthcare industry is a crucial factor contributing to missing data in genomic databases (Coles and Mensah, 2017). Tackling this predicament requires the continued rebuilding of confidence at every level of healthcare to demonstrate its investment in the lives of African Americans. While an exact solution is unclear, we hypothesize that once developed, it will take years of application to rebuild trust among African Americans. Researchers are working to combat the paucity of diverse data among living African Americans in genomic databases through initiatives such as the H3Africa consortium (Bentley et al., 2020) and the All of Us research program (Department of Health and Human Services, 2019). Others are working on grasping a more robust understanding of African American genetics through studying African American remains. One way to combat the missing data issue is by analyzing historic African American genomes. With the permission of the descendants of these buried populations, researchers can address the dire need to enrich genomic databases in two ways. The first is to increase the numbers of African descended genomes in the databases, and the second is by widening the breadth of information that can be learned about a population by studying individuals who lived hundreds of years ago. The relatedness of individuals in a population coalesces as you travel backward in time and thus gives researchers a broader scope of the genetics of living descendants without needing their samples directly. Genomic data from historic remains gives us insight into the health disparities, genetic variation, and disease susceptibilities of living Legacy African Americans. Research on historical remains provides a window into the genetics of living African Americans circumventing this historical mistrust and fear to ensure a future for access to precision medicine for this underrepresented group. Pushing human remains research forward, we at Howard University set out to observe human evidence in NYABG burial soil samples that have been buried for four hundred-years.
Ethical influences on genomic testing of African Americans
Prior to the inclusion of ethical principles in the routine training of physicians and scientists, enslaved and newly freed African Americans were disproportionately represented in unregulated experimental studies and were the targets of eugenic hypotheses. Once application of the ethical principles of autonomy, informed consent, privacy/confidentiality, beneficence, nonmaleficence, and justice became commonplace in western science, the collection of global genomic databases became overwhelmingly comprised of the genomic data of peoples of North Atlantic European ancestry. This current fact presents continuing limitations for all other (non-European) peoples and the extent of their deficit is proportional to their degree of difference from this North Atlantic European standard. The impact of the underrepresentation is particularly acute for associated health implications, for inadequate genomic and medical research lays a foundation for the perpetuation and amplification of current health disparities among the most disenfranchised. Populations of recent African descent, for example, have greater genetic variation when compared with other non-African populations. African Americans are an accessible population for capturing a proportion of the genomic diversity of Africa. The failure to include African Americans in genomic studies may lead to increased health disparities (Jackson, 1997); what is not known cannot be properly addressed, and vital ancestral history will continue to be missed in these communities. While race is not a genetically meaningful category, its social ramifications continue to impact biology through the enactment of racist policies and practices which result in inequities in areas such as healthcare. As we learn more about the fine mapping and interactions of ancestral origins and their correlated disease risks, researchers will be restricted in their capacity to address health disparities, evaluate appropriate applications for precision medicine, and understand the broad landscape of the human genome with such a limited and skewed global genomic database. While these limitations were recognized 25 years ago (Jackson, 1997; Jackson, 1998), the genomic community has been slow to address this equity issue.
CONCLUSION
Given these core issues, how do we forge a research agenda that addresses the expanding marginality of underrepresented groups such as Legacy African Americans (and African-descended peoples in general) (Rogers and Lange, 2013) in the face of rapid technological advances in genomics and the increasingly direct applications to genomics to clinical diagnostics and therapeutic intervention (e.g., CRISPR Cas9 gene therapy)? We posit that there is important urgency to address the current paucity of Legacy African American genomics specifically and African genomics in general. It is necessary to expand the scope and volume of inclusion for non-European populations to ensure equity in healthcare. Today, all humans alive on Earth share a common ancestor who can be traced back to continental Africa (Cann et al., 1987). Human residence has been the longest in Africa and the original population sizes were larger than elsewhere. Additionally, Africa alone comprises at least 11 ancestral groups compared to 12 ancestral groups in the rest of the world (Kwok, 2009). With the deepest evolutionary history and the greatest diversity, African genomes can tell us more about the health and existence of humankind than any other population. Genomic databases must be enriched with African descended genomes to paint the most accurate picture of who we are as a species. Perhaps efforts should be made to refine the content of current genomic databases to represent the entire human population accurately. As a step toward parity in genomics, what if databases were 90% African and 10% all other populations? This formulation would be a means to recalibrate our assessments to make them evolutionarily more profound and reflective of a broader cross-section of our species diversity. Such enhanced representativeness is also needed for the future endeavors of our species, particularly genomic modifications that will be needed to make human life on other planets sustainable. We may already have among our species the allelic variants and epigenetic markers that could augment our future extraterrestrial existence.
The most insidious shortcoming of missing genomic data from non-European populations however is the harm it poses to the health and survival of non-European peoples. Due to the paucity of genomic data on African American populations, reportedly “rare variants” do not accurately reflect the overall data but are a product of the bias due to a lack of diversity in genomic research. The absence of data leads to misdiagnosis of the origin of the disease or disorder. Additionally, if non-European populations are not adequately represented in genomic research, they cannot access its benefits, such as gene therapy and precision medicine, including pharmacogenomics that they contribute to as taxpayers. All in all, adequate representation in genomic databases translates to better and more equitable health outcomes and preventative treatment for all people. The rationale for inclusion is clear and the mechanisms needed to ensure that this inclusion is ethical are feasible. What we now lack is the will to implement these important innovations.
DATA AVAILABILITY STATEMENT
22 publicly available databases were evaluated to create the metadatabase used in this study. Links to these individual databases are provided in the text. Further inquiries about the metadatabase can be directed to the corresponding author.
ETHICS STATEMENT
The studies presented involved previously published data that were approved by Howard University’s Institutional Review Board. All participants provided written informed consent at the time data were collected. 
AUTHOR CONTRIBUTIONS
All authors contributed to the article and approved the submitted version. The concept and organization of the review paper was by FJ, the New York African Burial Ground case study by CC, and the Gullah Geechee case study by JC.
ACKNOWLEDGMENTS
We thank the All of Us Researcher Academy (NIH) and RTI for support during the revisions of this review. We also appreciate the quantitative insights of QuadGrid Data Lab in the development of the project’s metadatabase.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 AABA Code of Ethics. Available at; https://bioanth.org/documents/3/ethics.pdf#:∼:text=The%20American%20Association%20of%20Physical%20Anthropologists%20%28AAPA%29%20does,ethical%20framework%2C%20as%20they%20engage%20in%20their%20work (Accessed May 29, 2023).
 Abel, S., and Schroeder, H. (2020). From country marks to DNA markers: The genomic turn in the reconstruction of african identities. Curr. Anthropol. 61 (22), S198–S209. doi:10.1086/709550
 Accessible ArchivesAccessible archives database. Available at: https://www.accessible.com/accessible/preLog. 
 African American Home Movie Archive. Available at: https://www.aahma.org/ (Accessed May 29, 2023).
 Afro-American Genealogical Research (2020). Introduction 2020. Available at: https://guides.loc.gov/african-american-genealogical-research (Accessed September 14, 2020). 
 American Freedmen’s Inquiry Commission. Available at; https://researchworks.oclc.org/archivegrid/data/612775411 (Accessed May 29, 2023).
 AnthroSource Database. Available at: https://anthrosource.onlinelibrary.wiley.com/ (Accessed May 29, 2023).
 Atutornu, J., Milne, R., Costa, A., Patch, C., and Middleton, A. (2022). Towards equitable and trustworthy genomics research. EBioMedicine 76, 103879. doi:10.1016/j.ebiom.2022.103879
 Baharian, S., Barakatt, M., Gignoux, C. R., Shringarpure, S., Errington, J., Blot, W. J., et al. (2016). The Great migration and african-American genomic diversity. PLoS Genet. 12 (5), e1006059. doi:10.1371/journal.pgen.1006059
 Bailey, C. (1995). Personal communication. Sapelo Island, GA: University of Georgia. 
 Barker, L. E., Kirtland, K. A., Gregg, E. W., Geiss, L. S., and Thompson, T. J. (2011). Geographic distribution of diagnosed diabetes in the U.S.: A diabetes belt. Am. J. Prev. Med. 40 (4), 434–439. doi:10.1016/j.amepre.2010.12.019
 Bentley, A. R., Callier, S. L., and Rotimi, C. N. (2020). Evaluating the promise of inclusion of African ancestry populations in genomics. npj Genomic Med. 5, 1–9. doi:10.1038/s41525-019-0111-x
 Berlin, I. (2010). The making of african America: The four Great migrations. New York, NY: Viking Press. 
 Caldwell, J., and Jackson, F. L. C. (2021). Evolutionary perspectives on african North American genetic diversity: Origins and prospects for future investigations. Evol. Anthropol. 30, 242–252. doi:10.1002/evan.21910
 Cann, R., Stoneking, M., and Wilson, A. (1987). Mitochondrial DNA and human evolution. Nature 325, 31–36. doi:10.1038/325031a0
 Clinton, C. (2021). “Elemental and bacterial analysis of 17th and 18th Century New York African Burial Ground grave soil samples with bioethical implications for scientific research,” PhD dissertation (Washington: Howard University). 
 Clinton, C. K., and Jackson, F. L. C. (2021). Historical overview, current research, and emerging bioethical guidelines in researching the New York African burial ground. Am. J. Phys. Anthropol. 175, 339–349. doi:10.1002/ajpa.24171
 Coles, E., and Mensah, G. A. (2017). Geography of genetics and genomics research funding in Africa. Glob. heart 12 (2), 173–176. doi:10.1016/j.gheart.2017.07.001
 Department of Health and Human Services (2019). All of us research program. 
 Eltis, D., Engerman, S. L., Drescher, S., and Richardson, D. (2017). The cambridge world history of slavery. Cambridge UK: Cambridge University Press. 
 Eltis, D., and Richardson, D. (2015). Atlas of the transatlantic slave trade. New Haven: Yale University Press. 
 Ely, B., Wilson, J. L., Jackson, F., and Jackson, B. A. (2006). African American mitochondrial DNAs often match mtDNAs found in multiple African ethnic groups. BMC Biol. 4, 34. doi:10.1186/1741-7007-4-34
 Emory universityEmory University. Available at: https://proxy.library.emory.edu/login?url=http://search.ebscohost.com/login.aspx?authtype=ip,uid&profile=ehost&defaultdb=sih. 
 Esenwa, C., Tshiswaka, D. I., Gebregziabher, M., and Ovbiagele, B. (2018). Historical slavery and modern-day stroke mortality in the United States stroke belt. Stroke 49 (2), 465–469. doi:10.1161/STROKEAHA.117.020169
 Fatumo, S., Chikowore, T., Choudhury, A., Ayub, M., Martin, A. R., and Kuchenbaecker, K. (2022). A roadmap to increase diversity in genomic studies. Nat. Med. 28 (2), 243–250. doi:10.1038/s41591-021-01672-4
 Fleskes, R. E., Ofunniyin, A. A., Gilmore, J. K., Poplin, E., Abel, S. M., Bueschgen, W. D., et al. (2021). Ancestry, health, and lived experiences of enslaved Africans in 18th century Charleston: An osteobiographical analysis. Am. J. Phys. Anthropol. 175 (1), 3–24. doi:10.1002/ajpa.24149
 Fortes-Lima, C., and Verdu, P. (2021). Anthropological genetics perspectives on the transatlantic slave trade. Hum. Mol. Genet. 30, R79–R87. doi:10.1093/hmg/ddaa271
 Frangoul, H., Altshuler, D., Cappellini, M. D., Chen, Y-S., Domm, J., Eustace, B. K., et al. (2021). CRISPR-Cas9 gene editing for sickle cell disease and β-thalassemia. N. Engl. J. Med. 384, 252–260. doi:10.1056/NEJMoa2031054
 Gamble, V. N. (1993). A legacy of distrust: African Americans and medical research. Am. J. Prev. Med. 9 (6), 35–38. doi:10.1016/s0749-3797(18)30664-0
 GenBank. National Center for Biotechnology Information. Available at: https://www.ncbi.nlm.nih.gov/genbank/ (Accessed May 29, 2023). 
 1000 Genomes Project. The International Genome Sample Resource. Available at: https://www.internationalgenome.org/ (Accessed May 29, 2023). 
 Githaiga, N. (2021). Much ado about land in the EAC (online) institute for security studies. Available at: https://issafrica.org/iss-today/much-ado-about-land-in-the-eac (Accessed November 26, 2021). 
 Google Scholar Search Engine. Available at: https://scholar.google.com/ (Accessed May 29, 2023).
 Graves, J. L., and Goodman, A. H. (2021). Racism not race. New York, NY: Columbia University Press, 320. 
 Graves, J. L., Kearney, M., Barabino, G., and Malcom, S. (2022). Inequality in science and the case for a new agenda. Proc. Natl. Acad. Sci. U. S. A. 119 (10), e2117831119. doi:10.1073/pnas.2117831119
 Grice, E. A., and Segre, J. A. (2012). The human microbiome: Our second genome. Annu. Rev. Genomics Hum. Genet. 13, 151–170. doi:10.1146/annurev-genom-090711-163814
 Grundy, S. (1998). Multifactorial causation of obesity: Implications for prevention. Am. J. Clin. Nutr. 67, 563S–72S. doi:10.1093/ajcn/67.3.563S
 GSA. US general Services administration. Available at; https://www.gsa.gov/ (Accessed May 29, 2023). 
 Gultig, K. (2023). Puzzling our roots: What does diversity have to do with genetics and disease?Available at: https://www.vusci.org/puzzling-our-roots-what-does-diversity-have-to-do-with-genetics-and-disease/. 
 Gupta, A. (2021). Available at: https://www.americananthro.org/StayInformed/NewsDetail.aspx?ItemNumber=28239.
 H3Africa (2021). H3Africa funds scientists, advances genomics, and fosters collaboration in Africa. Available at: https://h3africa.org/index.php/2021/12/06/h3africa-funds-scientists-advances-genomics-and-fosters-collaboration-in-africa/5 (Accessed December 3, 2021). 
 Hesburgh librariesSocial sciences full Text (wilson Web). Available at: https://www.library.nd.edu/database/4qBOLHGnSwwM0ekI4SUkKC. 
 Hine, D. C., Hine, W. C., and Harrold, S. C. (2010). African-American Odyssey. 5th. New York, NY: Pearson Publications. 
 Hoffman, K. M., Trawalter, S., Axt, J. R., and Oliver, M. N. (2016). Racial bias in pain assessment and treatment recommendations, and false beliefs about biological differences between blacks and whites. Proc. Natl. Acad. Sci. U. S. A. 113 (16), 4296–4301. doi:10.1073/pnas.1516047113
 Hoffman, K. M., Trawalter, S., Axt, J. R., and Oliver, M. N. (2016). Racial bias in pain assessment and treatment recommendations, and false beliefs about biological differences between blacks and whites. Proc. Natl. Acad. Sci. 113 (16), 4296–4301. doi:10.1073/pnas.1516047113
 Holm, J. (1983). On the relationship of Gullah and Bahamian. Am. Speech 58 (4), 303–318. doi:10.2307/455145
 Jackson, F., Clinton, C., and Graves, J. (2021). Genomics of african American remains — Limits must not compound inequity. Nature 596, 35. doi:10.1038/d41586-021-02129-x
 Jackson, F., Jackson, L., and Jackson, Z. E. (2018). Developmental stage epigenetic modifications and clinical symptoms associated with the trauma and stress of enslavement and institutionalized racism. J. Clin. Epigenetics 4, 11. doi:10.21767/2472-1158.100096
 Jackson, F. (2004). Human genetic variation and health: New assessment approaches based on ethnogenetic layering. Br. Med. Bull. 69, 215–235. doi:10.1093/bmb/ldh012
 Jackson, F. L. C. (1997). Concerns and priorities in genetic studies: Insights from recent African American biohistory. Set. Hall. Law Rev. 27 (3), 951–970.
 Jackson, F. L. C. (2008). Ethnogenetic Layering (EL): An alternative to the traditional race model in human variation and health disparity studies. Ann. Hum. Biol. 35 (2), 121–144. doi:10.1080/03014460801941752
 Jackson, F. L. C. (1998). Scientific limitations and ethical ramifications of a non-representative Human Genome Project: African American response. Sci. Eng. Ethics 4, 155–170. doi:10.1007/s11948-998-0046-6
 Jackson, F. L. C. (2021). So many Nigerians: Why is Nigeria overrepresented as the ancestral genetic homeland of legacy african North Americans?Am. J. Hum. Genet. 108 (1), 202–208. doi:10.1016/j.ajhg.2020.10.010
 Jackson, L., Jackson, Z., and Jackson, F. (2018). Intergenerational resilience in response to the stress and trauma of enslavement and chronic exposure to institutionalized racism. J. Clin. Epigenetics 4, 15. doi:10.21767/2472-1158.1000100
 Jaiswal, J., and Halkitis, P. N. (2019). Towards a more inclusive and dynamic understanding of medical mistrust informed by science. Behav. Med. 45 (2), 79–85. doi:10.1080/08964289.2019.1619511
 Jegede, A. S. (2009). Culture and genetic screening in Africa. Dev. World Bioeth. doi:10.1111/j.1471-8847.2009.00259.x
 Kararach, G., Hanson, K. T., and Leutier, F. A. (2011). Regional integration policies to support job creation for Africa’s burgeoning youth population. World J. Entrepreneursh. Manag. Sustain. Dev. 7, 177–215. doi:10.1108/20425961201000035
 Karp, D. N., Wolff, C. S., Wiebe, D. J., Branas, C. C., Carr, B. G., and Mullen, M. T. (2016). Reassessing the stroke belt: Using small area spatial statistics to identify clusters of high stroke mortality in the United States. Stroke 47 (7), 1939–1942. doi:10.1161/STROKEAHA.116.012997
 Kramer, M. R., Black, N. C., Matthews, S. A., and James, S. A. (2017). The legacy of slavery and contemporary declines in heart disease mortality in the U.S. South. SSM - Popul. Health 3, 609–617. doi:10.1016/j.ssmph.2017.07.004
 Kwok, R. (2009). Cellulosic ethanol hits roadblocks. Nature 461, 582–583. doi:10.1038/461582a
 Laster, M., Shen, J. I., and Norris, K. C. (2018). Kidney disease among african Americans: A population perspective. Am. J. Kidney Dis. 72 (5), S3–S7. doi:10.1053/j.ajkd.2018.06.021
 Loshin, D. (2002). Knowledge integrity: Data ownership (online website). Available at: http://www.datawarehouse.com/article/?articleid=3052 (Accessed November 26, 2021). 
 Martin, A. R., Kanai, M., Kamatani, Y., Okada, Y., Neale, B. M., Daly., M. J., et al. (2019). Clinical use of current polygenic risk scores may exacerbate health disparities. Nat. Genet. 51, 584–591. doi:10.1038/s41588-019-0379-x
 Matory, J. L. (2008). The illusion of isolation: The Gullah geechees and the political Economy of african culture in the Americas. Comp. Stud. Soc. Cult. 50 (4), 949–980. doi:10.1017/s0010417508000406
 McAdams-DeMarco, M. A., Daubresse, M., Bae, S., Gross, A. L., Carlson, M. C., and Segev, D. L. (2018). Dementia, alzheimer's disease, and mortality after hemodialysis initiation. Clin. J. Am. Soc. Nephrol. 13 (9), 1339–1347. doi:10.2215/CJN.10150917
 Micheletti, S. J., Bryc, K., Esselmann, S. G. A., Freyman, W. A., Moreno, M. E., Poznik, G. D., et al. (2020). Genetic consequences of the transatlantic slave trade in the Americas. Am. J. Hum. Genet. 107 (2), 265–277. doi:10.1016/j.ajhg.2020.06.012
 National ArchivesRecords of the continental and confederation Congresses and the constitutional convention. Available at; https://www.archives.gov/. 
 National ArchivesRG 233: Records of the United States House of Representatives. Available at; https://www.archives.gov/findingaid/stat/discovery/233 (Accessed May 29, 2023). 
 NCIB Reference SequenceNCIB reference sequence (RefSeq). Available at: https://www/mcbo/m;,/moj/gpvrefseq. 
 Oklahoma Historical Society. "All-Black towns," the encyclopedia of Oklahoma history and culture. Available at: https://www.okhistory.org/ (Accessed May 29, 2023). 
 OMIMOnline mendelian inheritance in man (OMIM). Available at: https:www.omim.org/. 
 Opala, J. A. (2009). The Gullah: Rice, slavery, and the Sierra Leone-American connection. Charlottesville, Virginia: USIS Originally from the University of Virginia. 
 Open Data for AfricaOpen data for Africa. Available at: https://dataportal.opendataforafrica.org/. 
 Paris, P. J. (1995). The spirituality of african peoples: The search for a common moral discourse. Minneapolis: Fortress Press. 
 Pellegrino, E. D. (2007). “Introduction: Culture and bioethics: Where ethics and mores meet,” in African American bioethics: Culture, race, and identity ed . Editors E. D. Pellegrino, and L. J. Prograis (Washington: Georgetown University Press). 
 Popejoy, A. B., and Fullerton, S. M. (2016). Genomics is failing on diversity. Nature 538 (7624), 161–164. doi:10.1038/538161a
 Sociological Abstracts Database. Applied social sciences Index and Abstracts (ASSIA). Available at: https://about.proquest.com/en/products-services/socioabs-set-c/ (Accessed May 29, 2023). 
 Rogers, W., and Lange, M. M. (2013). Rethinking the vulnerability of minority populations in research. Am. J. public health 103 (12), 2141–2146. doi:10.2105/AJPH.2012.301200
 Royes, D. (2020). “Years of medical abuse make Black Americans less likely to trust the coronavirus vaccine: Reckoning with our past is crucial to getting buy-in for the vaccine. The Washington Post,” in Made by history . 
 Sanders, $ (2021). FDA approves first test of CRISPR to correct genetic defect causing sickle cell disease. Available at: https://news.berkeley.edu/2021/03/30/fda-approves-first-test-of-crispr-to-correct-genetic-defect-causing-sickle-cell-disease/ (Accessed March 30, 2021). 
 Scharff, D. P., Mathews, K. J., Jackson, P., Hoffsuemmer, J., Martin, E., and Edwards, D. (2010). More than tuskegee: Understanding mistrust about research participation. J. health care poor underserved 21 (3), 879–897. doi:10.1353/hpu.0.0323
 Schneider, S. P., and Gonzalez, F. J. (2021). Racial resentment predicts eugenics support more robustly than genetic attributions. Personality Individ. Differ. 180, 110989. doi:10.1016/j.paid.2021.110989
 Shultz, S. M. (2005). Body snatching: The robbing of graves for the education of physicians in early nineteenth century America. McFarland. 
 Sirugo, G., Williams, S. M., and Tishkoff, S. A. (2019). The missing diversity in human genetic studies. Cell. 177 (1), 26–31. doi:10.1016/j.cell.2019.02.048
 Slave Voyages Database. TransAtlantic slave Voyages database. Available at: https://www.slavevoyages.org/voyage/database (Accessed May 29, 2023). 
 Sociological AbstractsSociological Abstracts. Available at; https://proquest.libguides.com/socabs. 
 Stokstad, E. (2019). Genetics lab accused of misusing African DNA. Science 366, 555–556. doi:10.1126/science.366.6465.555
 Suite, D. H., La Bril, R., Primm, A., and Harrison-Ross, P. (2007). Beyond misdiagnosis, misunderstanding and mistrust: Relevance of the historical perspective in the medical and mental health treatment of people of color. J. Natl. Med. Assoc. 99 (8), 879–885.
 Tang, M. X., Cross, P., Andrews, H., Jacobs, D. M., Small, S., Bell, K., et al. (2001). Incidence of AD in african-Americans, caribbean hispanics, and caucasians in northern manhattan. Neurology 56 (1), 49–56. doi:10.1212/wnl.56.1.49
 Taylor, M. E. (2019). How U.S. colleges stole freshly-buried black corpses in the 1830s for study. Face2Face Africa. Available at: https://face2faceafrica.com/article/how-u-s-colleges-stole-freshly-buried-black-corpses-in-the 1830s-for-study (Accessed November 23, 2021). 
 The African American Biographical Database. Available at: http://aabd.chadwyck.com/ (Accessed May 29, 2023).
 The Library of CongressAvailable at: https://www.loc.gov/(Accessed May 29, 2023).
 The World Bank Database(WHO). Available at: https://data.worldbank.org/ (Accessed May 29, 2023). 
 Thompson, H. S., Valdimarsdottir, H. B., Jandorf, L., and Redd, W. (2003). Perceived disadvantages and concerns about abuses of genetic testing for cancer risk: Differences across african American, latina and caucasian women. Patient Educ. Couns. 51 (3), 217–227. doi:10.1016/S0738-3991(02)00219-7
 Walloo, K. (2018). Historical aspects of race and medicine: The case of J. Marion Sims. JAMA. 320 (15), 1529–1530. doi:10.1001/jama.2018.11944
 Washington, H. A. (2006). Medical Apartheid: The dark history of medical experimentation on Black Americans from colonial times to the present. New York, NY: Doubleday Books. 
 Wolinetz, C. D., and Collins, F. S. (2020). Recognition of research participants' need for autonomy: Remembering the legacy of henrietta lacks. JAMA 324 (11), 1027–1028. doi:10.1001/jama.2020.15936
 Zimmerman, K. D., Schurr, T. G., Chen, W. M., Nayak, U., Mychaleckyj, J. C., Quet, Q., et al. (2021). Genetic landscape of Gullah african Americans. Am. J. Phys. Anthropol. 175 (4), 905–919. doi:10.1002/ajpa.24333
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Jackson, Clinton and Caldwell. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


[image: image]


OPS/images/fgene-13-901515/fgene-13-901515-g002.gif
E ey
Techl v Kapgro o
gt

T
'3

S oo o e
et b it ()
: s

Tl oo ol | [ oo bt e

e o & ot | [ oo oo RSP e o
NP prvinc ot
c s

Tormab b T A

=
AT o

e kb i
colene diciomre, o

ming
R e O
e B
b g by he SP e

v L

Frld g o o
et it o
e o, gl lletion

T

T
S S | e

e





OPS/images/fgene-13-901515/fgene-13-901515-g003.gif





OPS/images/back-cover.jpg
Frontiers in
Genetics

Highlights genetic and genomic inquiry relating
to all domains of ife

The most cited genetics and heredity journal
which advances our understanding of genes from
\ans to plants and other model organisms.

it highlights developments in the function and
variability of the genome, and the use of genomic
tools.

Discover the latest
Research Topics

o= Frontiersin

Genetics

Averue du Trbunal-Fédéral 34
1005 Lausanne, Switzeriand
nontersinor.

Contactus
1021510
rontersin oro/about/contact

2 frontiers | Research Topics






OPS/images/fgene-14-843209/crossmark.jpg
©

|





OPS/images/fgene-13-949422/crossmark.jpg
©

|





OPS/images/fgene-13-949422/fgene-13-949422-t001.jpg
N %
Parent gender
Female 27 93.3
Male 3 100
Parent Race/Ethnicity
Hispanic (any race) 13 433
White (Non-Hispanic) 1 36.6
Asian-American (Non-Hispanic) 4 133
More than one race/ethnicity 2 66
Parent Preferred Language
English 20 66.6
Spanish 10 333
Household Combined Income
< $50,000 7 233
$50,000 - $100,000 7 233
$100,001 - $150,000 9 300
$150,001 - $200,000 4 133
> $200,000 3 100
Highest Education Completed
No school 1 33
Elementary school 1 33
Some high school 5 167
High school 4 133
Some college 3 100
College 7 233
Graduate degree 9 30.0
Number of Children in UDN
One 23 76.7
Two 6 200
Three 1 33
Child(ren)’s Diagnostic Status
Diagnosed 13 433
Undiagnosed 14 46.7
Emerging/Candidate Diagnosis 3 100
Total All Parent Participants 30 100

Bold values are the our participants were all parents, this is how we describe them in the
table il comparison to any dita dbout their childrei:
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Country Chile India Mexico United Stat
Reagent/Consumable Cost (USD) Time Cost (USD) Time Cost (USD) Time Cost (USI
(days) (days) (days)

Filter tips (one set of P2/P10,P100/P200 and P1000) $30 7 $75-$100 30-60 $29 14-80 $17
Sequencing (cost per Gb on the platform used most by NextSeg560 2 x 75 30 HiSeq 4000 30-60 NextSeq550 2 x 75 21-30 NovaSeq €
local aDNA facility) (18 Gb); $100 (120 Gb); $25 (18 Gb); $82 1 x 100 (45 Gt
dsDNA library reagents; 1. NEBNext End Repair (E6050S); 2. 1. $172;2. $607; 14-21 1. $100;2. $260; 120-180 1.$196:2. $624; 20-30 1. $74:2. $262;
NEBNext Quick Ligation E6056S; 3. Bst Polymerase Large 3.8137 3.8100 3.$132
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Principle/Sub-principle Quotes from Tribal Documents

Tribal Expectations

COLLECTIVE BENEFIT: Data ecosystems, including research life cycle, to be organized in ways open to collective Indigenous input and accessible for collective Indigenous

benefit

C1: For Inclusive Development and
Innovation

Researchers shall provide for Tribal oversight of projects and report
reguiarty to the Tribal Council and lisison department of project progress.
and resuls. Confederated Tribes of Sietz Indians, (2005)

“The tribe wil only support community engaged research practices, which
requires a high level of collaboration with Cherokee Nation (integrating the
ideas of the tribal into the study) and must adress Cherokee needs to
beneit the citizens. Cherokee Nation, (2019b)

C2: For Improved Governance and
Citizen Engagement

Research should not be conducted until there has been full consultation
with all potentially affected communities and individuals including all
human research subjects, and each such community and individual have
approved the research after full disclosure. Turtle Mountain Band of
Chippewa Indians, (2014)

Researchers are advised to budget funding...to provide adequate
resources to cover community education and outreach efforts. Mohawk
Nation of Akwesasne, (1996)

C8: For Equitable Outcomes Expected benefits of the proposed research, primary or secondary
findings, including immediate and long range benefits to... the Nation; the
Indiian people generally; and society generally. Ho-Chunk Nation, (2005)
Just compensation or fair retum includes but is not limited to: obtairing
copies of the research findings, authorship, co-autharship or
acknowledgment, royalties, fair monetary compensation, copyright, patent,
trademark. Mohawk Nation of Akwesasne, (1996)

Project outcomes to align with tribal needs and tribal input
to be incorporated into research process

Obigation to engage, consult, and seek approval of both
individuals and communities potentially affected by the
research

Benefits may apply broadly but such benefits must have
specific connections to tribal needs and priorities

AUTHORITY TO CONTROL: Recognition of Indigenous rights regarding research materials and data involve retun of findings to community and control of uses outside tribal

territory

Al: Recognizing Rights and
Interests

Principle of Prior Rights: This principl recognizes that Incigencus peopks,
tradiional socketies, and loca communities have pricr, proprietary rights and
interests over all ai, land, and wateways, and the natural resources within
thef teritories that they have tradtionally inhabited or used, together with all
knowledgeand intellectual property anditraditional resourcerights assodated
with such rescurces and ther use. Turtle Mountan Band of Chippewa
Indans, (2014)

This Code shall apply to all research (as defined elsewhere in this Code)
conducted within the Nation's Terrtry, whether involving hurman subjects or
not, and al research regarding materidls wherever located as to which the
Natonhasaclaim of intellectual, culura or other owrership, legalor eqitabe.
Ho-Churk Naton, (2005)

A2: Data for Governance The process of developing community-based and culturally relevant
research should directly include the tribe from the studies inception and
supports a tribal agenda (plus whenever possible include local Native
American investigators). Cherokee Nation, (2019b)

Ataminimum, the following information shall be provided by aMedical and
Health Care appiicant researcher .. (G) .. opportunity for the Community,
Districts, and indivicuals, as appropriate to have periodic reports on the
progress of the Medical Health Care Research and to comment on

periodic and draft final reports. Gila River Indian Community, (2009)

A3: Governance of Data Research information and data generated by and about Navajo
individuals, communities, culture represent inalienable intellectual
properties of the Navajo people and over which the Navajo Nation will
provide oversight. Navajo Nation, (2002)

“This principle recognizes that the Tribe and any human research subjects,
atits/their sole discretion, have the right to exclude from publication and/
or to have kept confidential, any information including information
concerning themselves, their health, or their cuture, traditional
knowledge, traditions, mythologies, or spiitual beliefs ... Three Affliated
Tribes (n.d)

Tribal claims to ownership of research materials and data,
and expressions of prior Indigenous rights to lands,
waterways, and natural resources

Findings from research to be returned to the community to
support governance and self-determination

Tribal governments have right and responsivilty to ensure
research data sed in ways consistent with community
values, interests, and priorities

RESPONSIBILITY: Researchers to respect Incigenous dlassifications, restrictions, and practices in relation to data and to advance community's capacity to manage own data

by involving members in research activities

Ri: For Postive Relationships  This principle recognizes the necessity for researchers to respect the
integrity, moralty, and spirituality of the cuiture, traditions, and
relationships of Tribal members with the world, and to avoid the imposition
of extenal conceptions and standards. Turtle Mountain Band of
Chippewa Indians, (2014)

Cultural sensitity training for the researchers as well as research
awareness presentations on the Reservation will help develop a mutual
understanding in conducting the research projects. Three Affiated
Tribes (n.d)

R2: For Expanding Capabilty and
Capacity

The Research Advisory Committee will help to ensure that the proposed
research... empowers those involved through education, training and/or
authorship. Mohawk Nation of Akwesasne, (1996)

... Provisions for Native and local preference in employment n all phases
of the project, including both on and off Reservation phases. White Earth
Nation, (2018)

RA: For Indigenous Languages
and Worldviews

Further, the Karuk Tribe asserts its age-old tradiiion of reserving domains
of knowledge for rightful and cuiturally appropriate owners, as well as
restricting access to this knowledge during certain chronological periods
as dictated by time honored Karuk Law. Karuk Tribe, (2015)

“Human Subject” means a living or nonliving individual (including human
remains) about whom a researcher conducting research obtains
information or data through interaction with the individual, involving
physical procedures by which data are gathered (for example, blood
draws), and/or manipulations of the subject o the subject’s environment.
Tohono O'odham Nation (2013)

Mutual understanding and respect crucial in engaging
Indigenous data, especially those data considered sacred
o culturally significant

Researchers to strengthen community’s abilty to manage
own datathrough training and employment opportunities i
research projects

Recognition and inclusion of Indigenous data norms and
practices throughout research process

ETHICS: Obligation to minimize risks and maximize community benefits throughout research life cycle and also to strengthen Indigenous rights by addressing power and other

imbalances

E1: For Minimizing Harm and
Maximizing Benefit

Beneficence s not met, no matter how minimal the risks, when there is no
maximized benefit to the tribe or its participants. This in turn can lead to an
injustice f the benefits gained by that research are denied to the tribe and/
or its citizens. Cherokee Nation, (2019a)

The Legislature also has a fundamental responsiilty to protect and
preserve the culture of the Nation and to ensure that the IRB permitted
activities are conducted in a way that does no harm 1o the culture of the
Nation. Ho-Chunk Nation, (2005)

E2: For Justice Both the researcher(s) and Tribe must bring eqity to any research
contract, agreement, or understanding. This includes finances,
community knowledge, networks, personnel, and political or social
power. Three Affiated Tribes (n.c.)

Community knowledge, networks, and personnel and poltical or social
power are other forms of equity useful to a project. Each of these
commodities has value and must be shared between the researchers and
the Tribe if a proper agreement s to be formulated. Turtle Mountain Band
of Chippewa Indians, (2014)

E3: For Future Use Ataminimum, the following information shal be provided by an appiicant
researcher... whether secondary use of any retained specimens is
contemplated; informed consent regarding saved specimens and future
uses... Ho-Chunk Nation, (2005)

What control will the Commurity or Medical and Health Care Research
participants have over the current and future use of the data, and how will
the control be exercised?... What control will the Community have over the
current and future use of the human biological material, and how will the
control be exercised? (9.107) Gila River Indian Community, (2009)

Cultural ham to be prevented in research and
maximization of benefis to be treated as core rather than
incidental aspect of research

Unequal relations in Incigenous research to be
acknowledged and joint efforts to be made by researchers
and tribes to address inequities through sharing of power,
people, knowledge, and resources

Disclosure, consent, and control required with respect to
secondary uses of research materials and data
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COLLECTIVE BENEFIT: Data ecosystems shall be designed and function in ways that enable Indigenous Peoples to derive benefit from the data

C1: For Inclusive Development and Innovation
Governments and institutions must actively support the use and reuse of data by Indigenous nations and communities by facilitating the establishment of the foundations for
Indigenous innovation, value generation, and the promotion of local seff-determined development processes

C2: For Improved Governance and Citizen Engagement

Data enrich the planning, implementation, and evaluation processes that support the service and policy needs of Indigenous communities. Data also enable better engagement
between citizens, institutions, and governments to improve decision-making. Ethical use of open data has the capacity to improve transparency and decision-making by
providing Indigenous nationss and communities with a better understanding of their peoples, teritories, and resources. It similarly can provide greater insight into third-party
policies and programs affecting Indigenous Peoples

C3: For Equitable Outcomes

Indigenous data are grounded in community values, which extend to society at large. Any value created from Indigenous data should benefit Indigenous communities in an
equitable manner and contribute to Indigenous aspirations for wellbeing

AUTHORITY TO CONTROL: Indigenous Peoples’ rights and interests in Indigenous data must be recognised and their authority to control such data be empowered
Indigenous data governance enables Indigenous Peoples and governing bodies to determine how Indigenous Peoples, as wel as Indigenous lands, terrtories, resources,
knowledges and geographical indicators, are represented and identified within data

A1: Recognizing Rights and Interests
Indigenous Peoples have rights and interests in both Indigenous Knowledge and Indigenous data. Indigenous Peoples have collective and individual rights to free, prior, and
informed consent in the collection and use of such data, including the development of data policies and protocols for collection

A2: Data for Governance

Indigenous Peoples have the right to data that are relevant to their world views and empower self-determination and effective self-governance. Indigenous data must be made
available and accessible to Indigenous nations and communities in order to support Indigenous governance

A3: Governance of Data

Indigenous Peoples have the right to develop cultural governance protocols for Indigenous data and be active leadiers in the stewardship of, and access to, Indigenous data
especially in the context of Indigenous Knowledge

RESPONSIBILITY: Those working with Indigenous data have a responsibilty to share how those data are used to support Indigenous Peoples’ sel-determination and
collective benefit. Accountabilty requires meaningful and openly available evidence of these efforts and the benefits accruing to Incigenous Peoples

R1: For Positive Relationships
Indigenous data use is unviable unless inked to refationships bult on respect, reciprocity, trust, and mutual understanding, as defined by the Indigenous Peoples to whom
those data relate. Those working with Indigenous data are responsible for ensuring that the creation, interpretation, and use of those data uphold, or are respectful of, the
dignity of Indigenous nations and communities

R2: For Expanding Capabilty and Capacity

Use of Indigenous data invokes a reciprocal responsibilty to enhance data lteracy within Indigenous communities and to support the development of an Indigenous data
workforce and digital infrastructure to enable the creation, collection, management, security, goverance, and application of data

RA: For Indigenous Languages and Worldviews

Resources must be provided to generate data grounded in the languages, worldviews, and lived experiences (including values and principles) of Indigenous Peoples

ETHICS: Indigenous Peoples’ rights and wellbeing should be the primary concern at all stages of the data life cycle and across the data ecosystem

E1: For Minimizing Harm and Maximizing Benefit
Ethical data are datathat do not stigmatize or portray Indigenous Peoples, cuitures, or knowledges in terms of deficit. Ethical data are collected and used in ways that align with
Indigenous ethical frameworks and with rights affirmed in UNDRIP. Assessing ethical benefits and harms should be done from the perspective of the Indigenous Peoples,
nations, or communities to whon the data relate

E2: For Justice

Ethical processes address imbalances in power, resources, and how these affect the expression of Indigenous rights and human rights. Ethical processes must include
representation from relevant Indigenous communities

ES: For Future Use

Data governance should take into account the potential future use and future harm based on ethical frameworks grounded in the values and principles of the relevant
Indigenous community. Metadata should acknowledge the provenance and purpose and any limitations or obligations in secondary use inclusive of issues of consent
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