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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.
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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.
REFERENCES
 Abarca Labra, V., Herrera Soto, M. J., Fuenzalida Bahamondes, N., and Valenzuela Castro, V. (2018). Cuerpos humanos de origen arqueológico. Anales de Arqueología y Etnología 73, 221–249. 
 Adame, F. (2021). Meaningful Collaborations Can End ‘helicopter Research. Nature . doi:10.1038/d41586-021-01795-1
 Agren, D. (2020). We Exist. We’re Here”: Afro-Mexicans Make the Census after Long Struggle for Recognition. The Guardian. Available at: https://www.theguardian.com/world/2020/mar/19/afro-mexicans-census-history-identity (Accessed February 10, 2022). 
 Alpaslan-Roodenberg, S., Anthony, D., Babiker, H., Bánffy, E., Booth, T., Capone, P., et al. (2021). Ethics of DNA Research on Human Remains: Five Globally Applicable Guidelines. Nature 599, 41–46. doi:10.1038/s41586-021-04008-x
 Argüelles, J. M., Fuentes, A., and Yáñez, B. (2022). Analyzing Asymmetries and Praxis in aDNA Research: A Bioanthropological Critique. Am. Anthropologist 124, 130–140. doi:10.1111/aman.13692
 Arocha, J., and Maya, A. (2008). “Afro-Latin American Peoples,” in A Companion to Latin American Anthropology ed . Editor D. Poole John Wiley & Sons, 399–425. doi:10.1002/9781444301328.ch19
 Bardill, J., Bader, A. C., Garrison, N. A., Bolnick, D. A., Raff, J. A., Walker, A., et al. (2018). Advancing the Ethics of Paleogenomics. Science 360, 384–385. doi:10.1126/science.aaq1131
 Begay, R. L., Garrison, N. A., Sage, F., Bauer, M., Knoki-Wilson, U., Begay, D. H., et al. (2019). Weaving the Strands of Life (Iiná Bitł’ool): History of Genetic Research Involving Navajo People. Hum. Biol. 91, 189–208. doi:10.13110/humanbiology.91.3.04
 Benn Torres, J., and Torres Colón, G. A. (2020). Genetic Ancestry: Our Stories, Our Pasts. London. RoutledgeAvailable at: https://www.routledge.com/Genetic-Ancestry-Our-Stories-Our-Pasts/Torres-Colon/p/book/9780367566401 (Accessed February 10, 2022). 
 Carter, M., and Hujo, K. (2021). Universities and Social Inequalities in the Global South. Geneva:Publications | UNRISD. Available at: https://www.unrisd.org/unrisd/website/document.nsf/(httpPublications)/44021C774165371B802586F7002EA845?OpenDocument (Accessed February 10, 2022). 
 Castellanos, M. B. (2020). Indigenous Dispossession: Housing and Maya Indebtedness in Mexico. Stanford University Press. doi:10.1515/9781503614352
 Champlot, S., Berthelot, C., Pruvost, M., Bennett, E. A., Grange, T., and Geigl, E.-M. (2010). An Efficient Multistrategy DNA Decontamination Procedure of PCR Reagents for Hypersensitive PCR Applications. PLOS ONE 5, e13042. doi:10.1371/journal.pone.0013042
 Ciocca, D. R., and Delgado, G. (2017). The Reality of Scientific Research in Latin America; an Insider’s Perspective. Cell Stress Chaperones 22, 847–852. doi:10.1007/s12192-017-0815-8
 Claw, K. G., Anderson, M. Z., Begay, R. L., Tsosie, K. S., Fox, K., and Garrison, N. A. (2018). A Framework for Enhancing Ethical Genomic Research with Indigenous Communities. Nat. Commun. 9, 2957. doi:10.1038/s41467-018-05188-3
 Claw, K. G., Dundas, N., Parrish, M. S., Begay, R. L., Teller, T. L., Garrison, N. A., et al. (2021). Perspectives on Genetic Research: Results from a Survey of Navajo Community Member. Frontiers. Gene. 12. Available at: https://www.frontiersin.org/article/10.3389/fgene.2021.734529 (Accessed February 10, 2022). doi:10.3389/fgene.2021.734529
 Crellin, R. J., and Harris, O. J. T. (2020). Beyond Binaries. Interrogating Ancient DNA. Arch. Dial. 27, 37–56. doi:10.1017/S1380203820000082
 Cucina, A. (2013). Ética en bioarqueología. Temas Antropológicos. Revista Científica de Investigaciones Regionales 35, 149–170. 
 Dados, N., and Connell, R. (2012). The Global South. Contexts 11, 12–13. doi:10.1177/1536504212436479
 d’Alpoim Guedes, J., Gonzalez, S., and Rivera-Collazo, I. (2021). Resistance and Care in the Time of COVID-19: Archaeology in 2020. Am. Anthropologist 123, 898–915. doi:10.1111/aman.13669
 DaRos, M., and Colten, R. H. (2009). A History of Caribbean Archaeology at Yale University’s Peabody Museum of Natural History. pbmb 50, 49–62. doi:10.3374/014.050.0104
 Docquier, F. (2014). The Brain drain from Developing Countries. IZA Institute of Labor Economics. doi:10.15185/izawol.31
 Egorova, Y. (2009). De/geneticizing Caste: Population Genetic Research in South Asia. Sci. as Cult. 18, 417–434. doi:10.1080/09505430902806975
 Endere, M. L., and Ayala, P. (2012). Normativa Legal, Recaudos Éticos Y Práctica Arqueológica: Un Estudio Comparativo De Argentina Y Chile. Chungará (Arica) 44, 39–57. doi:10.4067/S0717-73562012000100004
 Ferreyra, M. M., Avitabile, C., Botero Álvarez, J., Haimovich Paz, F., and Urzúa, S. (2017). At a Crossroads: Higher Education in Latin America and the Caribbean. Washington, DC: World Bank. doi:10.1596/978-1-4648-1014-5
 Fox, K., and Hawks, J. (2019). Use Ancient Remains More Wisely. Nature 572, 581–583. doi:10.1038/d41586-019-02516-5
 Françozo, M., and Strecker, A. (2017). Caribbean Collections in European Museums and the Question of Returns. Int. J. Cult. Property 24, 451–477. doi:10.1017/S0940739117000248
 Fulton, T. L., and Shapiro, B. (2019). Setting up an Ancient DNA Laboratory. Methods Mol. Biol. (Clifton, N.J.),1983 , 1–13. doi:10.1007/978-1-4939-9176-1_1
 Gannon, M. (2019). When Ancient DNA Gets Politicized. Smithsonian Magazine. Available at; https://www.smithsonianmag.com/history/when-ancient-dna-gets-politicized-180972639/(Accessed February 13, 2022). 
 García Deister, V. (2014). “Laboratory Life of the Mexican Mestizo,” in Mestizo Genomics: Race Mixture, Nation, and Science in Latin America ed . Editors P. Wade, C. L. López Beltrán, E. Restrepo, and R. Ventura Santos (Durhan, North Carolina:Duke University Press). doi:10.1215/9780822376729-007
 G. H. Hall, and H. A. Patrinos (Editors) (2012). Indigenous Peoples, Poverty, and Development (Cambridge: Cambridge University Press). doi:10.1017/CBO9781139105729
 Haelewaters, D., Hofmann, T. A., and Romero-Olivares, A. L. (2021). Ten Simple Rules for Global North Researchers to Stop Perpetuating Helicopter Research in the Global South. PLOS Comput. Biol. 17, e1009277. doi:10.1371/journal.pcbi.1009277
 Hall, G., and Gandolfo, A. (2016). Poverty and Exclusion Among Indigenous Peoples: The Global Evidence. Available at: https://blogs.worldbank.org/voices/poverty-and-exclusion-among-indigenous-peoples-global-evidence (Accessed February 14, 2022). 
 Harmon, A. (2018). Why White Supremacists Are Chugging Milk (And Why Geneticists Are Alarmed). The New York Times. Available at: https://www.nytimes.com/2018/10/17/us/white-supremacists-science-dna.html (Accessed February 14, 2022). 
 Hesketh, C. (2021). Clean Development or the Development of Dispossession? the Political Economy of Wind parks in Southern Mexico. Environ. Plann. E: Nat. Space 2514848621991764. doi:10.1177/2514848621991764
 Hudson, M., Garrison, N. A., Sterling, R., Caron, N. R., Fox, K., Yracheta, J., et al. (2020). Rights, Interests and Expectations: Indigenous Perspectives on Unrestricted Access to Genomic Data. Nat. Rev. Genet. 21, 377–384. doi:10.1038/s41576-020-0228-x
 Instituto Nacional de Antropología e Historia. (2019). Lineamientos generales para el manejo y resguardo de restos humanos. Mexico: Instituto Nacional de Antropología e Historia (INAH). 
 Jamir, T. (2022a). “Indigenous Archaeology (Article in Press),” in The Routledge Companion to Northeast India ed . Editors J. J. P. Wouters, and T. B. Subha. (Routledge). 
 Jamir, T. (2022b). Personal Communication Professor Tiatoshi Jamir. 
 Judd, K., and McKinnon, M. (2021). A Systematic Map of Inclusion, Equity and Diversity in Science Communication Research: Do We Practice what We Preach?Frontiers In Communication 6. Available at: https://www.frontiersin.org/article/10.3389/fcomm.2021.744365 (Accessed February 14, 2022).
 Knapp, M., Clarke, A. C., Horsburgh, K. A., and Matisoo-Smith, E. A. (2012). Setting the Stage - Building and Working in an Ancient DNA Laboratory. Ann. Anat. 194, 3–6. doi:10.1016/j.aanat.2011.03.008
 Lebel, J., and McLean, R. (2018). A Better Measure of Research from the Global South. Nature 559, 23–26. doi:10.1038/d41586-018-05581-4
 Lewis-Kraus, G. (2019). Is Ancient DNA Research Revealing New Truths — or Falling into Old Traps? The New York Times. Available at: https://www.nytimes.com/2019/01/17/magazine/ancient-dna-paleogenomics.html (Accessed February 7, 2022). 
 Liverpool, L. (2021). Researchers from Global South Under-represented in Development Research. Nature . doi:10.1038/d41586-021-02549-9
 Llamas, B., Valverde, G., Fehren-Schmitz, L., Weyrich, L. S., Cooper, A., and Haak, W. (2017). From the Field to the Laboratory: Controlling DNA Contamination in Human Ancient DNA Research in the High-Throughput Sequencing Era. STAR: Sci. Technol. Archaeological Res. 3, 1–14. doi:10.1080/20548923.2016.1258824
 Llorens-Liboy, M., and Núñez, M. (2011). “Puerto Rico/Borikén/Porto Rico,” in The Routledge Handbook of Archaeological Human Remains and Legislation . (London:Routledge). doi:10.4324/9780203838716.ch50
 L. R. Manzanilla (Editor) (2017). Multiethnicity and Migration at Teopancazco: Investigations of a Teotihuacan Neighborhood Center (Gainesville, FL: University Press of Florida). 
 Maher, D., Ford, N., and Unwin, N. (2012). Priorities for Developing Countries in the Global Response to Non-communicable Diseases. Globalization and Health 8, 14. doi:10.1186/1744-8603-8-14
 Malhi, R. S., and Bader, A. (2015). Engaging Native Americans In Genomics Research. Am. Anthropol. 117, 743–744. doi:10.1111/aman.12369
 Manrique, L. (2016). Dreaming of a Cosmic Race: José Vasconcelos and the Politics of Race in Mexico, 1920s–1930s. Cogent Arts & Humanities 3, 1218316. doi:10.1080/23311983.2016.1218316
 Mata-Míguez, J., Overholtzer, L., Rodríguez-Alegría, E., Kemp, B. M., and Bolnick, D. A. (2012). The Genetic Impact of aztec Imperialism: Ancient Mitochondrial DNA Evidence from Xaltocan, Mexico. Am. J. Phys. Anthropol. 149, 504–516. doi:10.1002/ajpa.22152
 Mishra, P. (2006). Emigration and Brain Drain : Evidence from the Caribbean. IMF . Available at:https://www.imf.org/en/Publications/WP/Issues/2016/12/31/Emigration-and-Brain-Drain-Evidence-From-the-Caribbean-18662 (Accessed February 13, 2022). doi:10.5089/9781451862850.001
 Muller, C., and Dortch, J. (2020). “Traditional Owner Participation in Genetic Research,” in Interrogating Human Origins: Decolonisation and the Deep Human Past ed . Editors M. Porr, and J. Matthews. (Routledge). Available at: https://www.routledge.com/Interrogating-Human-Origins-Decolonisation-and-the-Deep-Human-Past/Porr-Matthews/p/book/9781138300439 (Accessed February 14, 2022). 
 Nazario, C. R. (2014). A Socioeconomic and Demographic Analysis with Data from the Puerto Rico Community Survey. Puerto Rico: Inter American University of Puerto Rico, Metro Campus. 
 N. Marquez-Grant, and L. Fibiger (Editors) (2013). The Routledge Handbook of Archaeological Human Remains and Legislation: An International Guide to Laws and Practice in the Excavation and Treatment of Archaeological Human Remains (London. RoutledgeAvailable at: https://www.routledge.com/The-Routledge-Handbook-of-Archaeological-Human-Remains-and-Legislation/Marquez-Grant-Fibiger/p/book/9780415859400 (Accessed February 10, 2022). 
 Orlando, L., Allaby, R., Skoglund, P., Der Sarkissian, C., Stockhammer, P. W., Ávila-Arcos, M. C., et al. (2021). Ancient DNA Analysis. Nat. Rev. Methods Primers 1, 1–26. doi:10.1038/s43586-020-00011-0
 Pagán-Jiménez, J. (2000). La Antropología en Puerto Rico: dicotomía de centro-periferia. Boletín de Antropología Americana, 193. 
 Pagán-Jiménez, J. R., and Rodriguez Ramos, R. (2008). Sobre arqueologías de liberación en una colonia “postcolonial” (Puerto Rico). Revista de Ciencias Sociales ISSN 19, 8–41. 
 Panofsky, A., Dasgupta, K., and Iturriaga, N. (2021). How White Nationalists Mobilize Genetics: From Genetic Ancestry and Human Biodiversity to Counterscience and Metapolitics. Am. J. Phys. Anthropol. 175, 387–398. doi:10.1002/ajpa.24150
 Pappu, S. (2022). Personal Communication. Dr. Shanti Pappu.
 Patton, M. (2020). Blue Marble Evaluation: Premises and Principles. New York, NY: Guilford Press. Available at: https://www.guilford.com/books/Blue-Marble-Evaluation/Michael-Quinn-Patton/9781462541942 (Accessed February 14, 2022). 
 Pickrell, J. K., and Reich, D. (2014). Toward a New History and Geography of Human Genes Informed by Ancient DNA. Trends Genet. 30, 377–389. doi:10.1016/j.tig.2014.07.007
 Rai, N. (2022). Personal Communication. Dr. Niraj Rai. 
 Reich, D. (2018). Opinion | How to Talk about ‘Race’ and Genetics. The New York Times. Available at: https://www.nytimes.com/2018/03/30/opinion/race-genetics.html (Accessed February 13, 2022). 
 Reidpath, D., and Allotey, P. (2020). Preserve Global South’s Research Capacity. Science 368, 725. doi:10.1126/science.abc2677
 Reidpath, D. D., and Allotey, P. (2019). The Problem of ‘trickle-Down Science’ from the Global North to the Global South. BMJ Glob. Health 4, e001719. doi:10.1136/bmjgh-2019-001719
 Rodriguez Aguilera, M. Y. (2021). Everyday Resistances to Environmental Racism, Mestizo Geographies, and Toxicity in Oaxaca. The Funambulist Magazine . Available at: https://thefunambulist.net/magazine/decolonial-ecologies/everyday-resistances-to-environmental-racism-mestizo-geographies-and-toxicity-in-oaxaca (Accessed February 13, 2022). 
 Rodríguez López, J. (2009a). El Estado: ¿instrumento de destrucción o agente de protección del patrimonio histórico? Algunas reflexiones críticas sobre el caso de Puerto Rico. Cuba Arqueológica 78. Available at: https://www.academia.edu/18052069/El_Estado_instrumento_de_destrucci%C3%B3n_o_agente_de_protecci%C3%B3n_del_patrimonio_hist%C3%B3rico_Algunas_reflexiones_cr%C3%ADticas_sobre_el_caso_de_Puerto_Rico (Accessed February 14, 2022). 
 Rodríguez López, J. (2009b). Ley Federal NAGPRA, patrimonio arqueológico e identidad étnica en Puerto Rico. Boletín de antropología americana , 59–98. 
 Sahra. Gibbon, R. V. Santos, and Mónica. Sans (Editors) (2011). “Racial Identities, Genetic Ancestry, and Health,” South America : Argentina, Brazil, Colombia, and Uruguay/ .” in Sahra Gibbon, Ricardo Ventura Santos, and Mónica Sans. Houndmills (Basingstoke, Hampshire: Palgrave Macmillan). 
 Santos Cid, A. (2022). Los recortes en el presupuesto tocan a la Escuela Nacional de Antropología e Historia. El País México. Available at: https://elpais.com/mexico/2022-01-03/los-recortes-en-el-presupuesto-tocan-a-la-escuela-nacional-de-antropologia-e-historia.html (Accessed February 14, 2022). 
 Silva, C. P., de la Fuente Castro, C., González Zarzar, T., Raghavan, M., Tonko-Huenucoy, A., Martinez, F. I., et al. (2022). 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. Front. Genet. doi:10.3389/fgene.2022.817318
 Somel, M., Altınışık, N. E., Özer, F., and Ávila-Arcos, M. C. (2021). Collaborate Equitably in Ancient DNA Research and beyond. Nature 600, 37. doi:10.1038/d41586-021-03541-z
 Taher, N. (2022). Personal Communication. Dr. Nizamuddin Taher.
 TallBear, K. (2013). Genomic Articulations of Indigeneity. Soc. Stud. Sci. 43, 509–533. doi:10.1177/0306312713483893
 Trines, S. (2018). Economic Storm: The Crisis of Education in Puerto Rico. WENR. Available at: https://wenr.wes.org/2018/05/economic-storm-the-crisis-of-education-in-puerto-rico (Accessed February 13, 2022). 
 Tsosie, K. S., Bader, A. C., Fox, K., Bolnick, D. A., Garrison, N. A., and Smith, R. W. A. (2021). Ancient-DNA Researchers Write Their Own Rules. Nature 600, 37. doi:10.1038/d41586-021-03542-y
 Tsosie, K. S., Begay, R. L., Fox, K., and Garrison, N. A. (2020). Generations of Genomes: Advances in Paleogenomics Technology and Engagement for Indigenous People of the Americas. Curr. Opin. Genet. Dev. 62, 91–96. doi:10.1016/j.gde.2020.06.010
 Valenzuela-Toro, A. M., and Viglino, M. (2021). How Latin American Researchers Suffer in Science. Nature 598, 374–375. doi:10.1038/d41586-021-02601-8
 Vasconcelos, J. (1997). The Cosmic Race/La Raza Cosmica. 51102nd edition. Baltimore, Md: JHUP. 
 Viera, D., Mutize, T., and Roser Chinchilla, J. (2020). Understanding Access to Higher Education in the Last Two Decades – UNESCO-IESALC. UNESCO Instituto Internacional para la Educación Superior en América Latina y el Caribe. Available at: https://www.iesalc.unesco.org/en/2020/12/23/understanding-access-to-higher-education-in-the-last-two-decades/(Accessed February 13, 2022). 
 Wade, L. (2018). To Overcome Decades of Mistrust, a Workshop Aims to Train Indigenous Researchers to Be Their Own Genome Experts. Sci. News . Available at:https://www.science.org/content/article/overcome-decades-mistrust-workshop-aims-train-indigenous-researchers-be-their-own (Accessed February 20, 2022).doi:10.1126/science.aav5286
 Wade, P., López-Beltrán, C., Restrepo, E., and Santos, R. V. (2015). Genomic Research, Publics and Experts in Latin America: Nation, Race and Body. Soc. Stud. Sci. 45, 775–796. doi:10.1177/0306312715623108
 Wade, P. (2017). Mexico, Public Health, and State Genomics,” in. Degrees of Mixture, Degrees of Freedom: Genomics, Multiculturalism, and Race in Latin America . Available at: https://read.dukeupress.edu/books/book/2313/chapter/918837/Mexico-Public-Health-and-State-Genomics (Accessed February 13, 2022). 
 Wagner, J. K., Colwell, C., Claw, K. G., Stone, A. C., Bolnick, D. A., Hawks, J., et al. (2020). Fostering Responsible Research on Ancient DNA. Am. J. Hum. Genet. 107, 183–195. doi:10.1016/j.ajhg.2020.06.017
 Weinberg, B. (2011). Developing Science: Scientific Performance and Brain Drains in the Developing World. J. Develop. Econ. 95, 95–104. doi:10.1016/j.jdeveco.2010.05.009
 Weltman-Cisneros, T., and Tello, C. D. M. (2013). Negros-Afromexicanos: Recognition and the Politics of Identity in Contemporary Mexico. undefined Available at: https://www.semanticscholar.org/paper/Negros-Afromexicanos%3A-Recognition-and-the-Politics-Weltman-Cisneros-Tello/c97c875e80bd7175b34a8ca994f48aa0a1301898 (Accessed February 14, 2022). 
 Whittaker, C. (2020). Aztecs Are Not Indigenous: Anthropology and the Politics of Indigeneity. Ann. Anthropological Pract. 44, 173–179. doi:10.1111/napa.12147
 Wolinsky, H. (2019). Ancient DNA and Contemporary Politics. EMBO Rep. 20, e49507. doi:10.15252/embr.201949507
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 © 2022 Ávila-Arcos, de la Fuente Castro, Nieves-Colón and Raghavan. 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.
OPS/xhtml/nav.xhtml
Contents

		Cover

		Recommendations for Sustainable Ancient DNA Research in the Global South: Voices From a New Generation of Paleogenomicists		Introduction		Cultural and Heritage Management Regulations

		Local Research and Training Capacity Building

		Local Funding and Infrastructure

		Consultation with Indigenous and Descendant Communities





		Conclusion

		Data Availability Statement

		Author Contributions

		Publisher’s Note

		Acknowledgments

		Footnotes

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Genetics






OPS/images/fgene-13-880170-t001.jpg
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

Fragment MO275A









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers in Genetics





