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Exchanging genes and goods: How ancient DNA can potentially illuminate 

complex mobility patterns in the Black Sea region 

 

 

Sterling WRIGHT,  

Department of Anthropology, Penn State University, 

 Franceska-Cristina ȘTIRBU,  

Faculty of Biology, University of Bucharest. 

https://www.doi.org/10.31178/cicsa.2023.9.2   

Abstract: Ancient DNA (aDNA) has emerged as a groundbreaking tool in the field of archaeology, providing insights 

into the movement of individuals and their goods. The field combines genetics, anthropology, and archaeology to 

reconstruct the intricate complexities of human history. Here, we discuss how ancient DNA analysis has the potential 

to enhance our understanding of historical mobility patterns in the Black Sea region, specifically in Dobrogea. We 

also offer broad guidelines and optimal practices that researchers should consider following when working with 

skeletal collections if they are interested in performing aDNA analyses. As aDNA methods advance and become more 

refined, we anticipate that our ability to unravel the intricate interplay between human mobility and cultural exchange 

in the past will also improve. 

Keywords: ancient DNA, human mobility, Dobrogea, Romanian archaeology, Black Sea history 

  

Introduction 

Ancient DNA (aDNA) has made significant contributions to the field of archaeology on a 

broad range of topics. For instance, aDNA extracted from human teeth and petrous bones have 

elucidated the genetic relationship between humans, Neanderthals, and Denisovans.1 Empirical 

observations in the field have also afforded a chronological window of how the genetic profiles of 

regions have continued to be reshaped and re-established over time.2 In several instances, aDNA 

has brought forth evidence that challenged our previous understandings. As an example, a study 

analyzing hundreds of ancient genomes from various locations within the Southern Arc, spanning 

more than 11,000 years, has shown the remarkable diversity within this region.3 While these 

remarkable strides by the aDNA field are notable, one region has remained relatively 

underexplored: Dobrogea. Although Dobrogea was situated in a historical junction where 

                                                      
1 Krause et al. 2010; Reich et al. 2010; Meyer et al. 2012. 
2 Nielsen et al. 2017; Antonio et al. 2019; Llamas et al. 2016. 
3 Lazaridis et al. 2022; Lazaridis et al. 2022. 
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Mediterranean and steppe cultures converged, our understanding of the extent of the interactions 

between these cultures remains limited. As such, the benefits of performing aDNA research in 

Dobrogea are compelling, but it is equally important to undertake certain precautions before 

proceeding.  

We outline the several precautions that should be implemented when carrying out an aDNA 

project involving human remains. We also describe how such techniques can have the potential to 

elucidate the reasons underlying the need for heightened attention to populations in the Dobrogea 

region. We argue that studying the genetic landscape of this region can provide novel insights into 

its unique migration patterns, cultural exchanges, and genetic diversification. In the following 

sections, we provide an overview of the methodology of aDNA, current hypotheses and research 

objectives, and guidelines for future researchers to consider if they too wish to perform aDNA 

analyses.  

 

Overview of aDNA methods and history  

All aDNA studies require careful scientific and ethical planning when being carried out. 

During this process, formal agreements between collaborators are generally established. This 

process may encompass, though not exclusively, researchers reaching a consensus on factors such 

as the quantity of samples to be collected, the allocation of authorship, and the overall project 

scope. We recommend that all researchers reach a consensus on each of these considerations before 

the sampling process.  

Because all aDNA research involves the destructive sampling of biomaterial, especially 

human teeth and dental calculus, samples should be photographed with a high-resolution camera 

and a millimeter-scale ruler. This step is important as it provides a record of the visual aspects of 

a sample, which can be important in downstream analyses. Notes pertaining to the oral health 

status, age, and sex should also be documented before sampling begins. In the case of collecting 

dental calculus, researchers should document the location of where the sample was collected (e.g., 

the type of tooth, tooth surface, and gingival margin).4 Furthermore, it is recommended to 

decontaminate the sampling area and equipment with NaCl solution before proceeding. After each 

sample, researchers should wipe down the area and tools with a cleaning solution (ideally bleach), 

                                                      
4 Moore and Weyrich 2021; Farrer et al. 2018; Welch et al. 2020. 
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which will minimize the effects of cross contamination. If possible, controls should also be 

collected during this process. This may involve taking a cotton swab of the sampling area or 

collecting soil samples around the human burial. Such measures can help monitor the amount of 

contamination present in the samples and improve the robusticity of results if included.   

Following sample collection, samples are generally shipped to a facility dedicated for 

aDNA research. The initial first step in the laboratory involves decontamination. Various protocols 

for decontamination exist, lacking an unanimous consensus.5 However, they often involve UV 

irradiation and NaCl treatment. DNA purification and concentration are the next steps, which are 

then used to construct a Next Generation Sequencing (NGS) library.  

Applying NGS techniques to archaeological biomaterials represent a pivotal breakthrough 

in aDNA research.6 Unlike the previous PCR-based approaches, NGS methods can recover 

millions of DNA fragments from a sample in parallel. Furthermore, only NGS-based methods 

provide the means for researchers to determine whether the DNA they recover from archaeological 

biomaterial are ancient or modern contaminants.7 A key characteristic of aDNA is the increased 

occurrence of Cytosine (C) to Thymine (T) substitutions in proximity to the 5’ ends.8  Conversely, 

this implies that aDNA also exhibits a heightened frequency of Guanine (G) to Adenine (A) 

substitutions nearer to the 3’ ends. These distinctive traits of aDNA led to the development of 

MapDamage,9 which employs a Bayesian algorithm to gauge whether the DNA of an 

archaeological sample exhibits post-mortem damage. This assessment, in turn, aids in determining 

whether the DNA fragments in a sample are authentically ancient or derived from modern 

contaminants. Numerous studies utilizing this tool have demonstrated correlations between the age 

of the sample and the burial environment with the frequency of misincorporations,10 specifically 

older samples and samples from warmer climates having higher rates of post-mortem damage. The 

advent of other computational methods that were designed for NGS datasets over the past decade 

have continued to improve the reliability of results.11 For instance, PMDtools separates DNA 

fragments with post-mortem damage (PMD) from ones without, ensuring that only aDNA 

                                                      
5 Farrer et al. 2021; Warinner et al. 2017. 
6 Orlando et al. 2021; Wright et al. 2021.  
7 Liu et al. 2022; Jónsson et al. 2013; Ginolhac et al. 2011.  
8 Hofreiter et al. 2001; Hansen et al. 2001; Brotherton et al. 2007.  
9 Jónsson et al. 2013. 
10 Sawyer et al. 2012; Garcia-Garcera et al. 2011. 
11 Knights et al. 2011; Renaud et al. 2015; Huang and Ringbauer 2022. 
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sequences are included in downstream analyses. The tools discussed here, along with additional 

ones, have continued to enhance the reliability of aDNA analyses, especially when investigating 

the mobility of past peoples.  

In addition to improving the overall quality of data generated, NGS methods have also 

made it possible to generate genome-wide data of ancient individuals.12 Such high-resolution has 

provided a greater deal of confidence in assessing the degree of admixture within populations, 

estimating the biological sex of individuals, and understanding kinship relationships. Although the 

number of tools to understand population structures continues to grow, Principal components 

analysis (PCA) and ADMIXTURE remain two popular choices.  

In population genetics, PCA serves as a powerful tool to understand the genetic 

interconnectedness among individuals. PCA enables the visualization of genetic relatedness of 

individuals through the calculation of eigenvalues and eigenvectors derived from the covariance 

matrix of allele frequencies across all pairs of individuals. This approach reduces the 

multidimensionality of the data and indicates which allele-frequency space accounts for most of 

the variation in a dataset. Throughout its extensive application, PCA has consistently demonstrated 

a robust connection between geographic origins of individuals and their placements within the 

principal components space.13 The efficacy of PCA to investigate the genetic relatedness of 

individuals to address questions pertaining to cultural exchange and migration has additionally 

been validated through follow-up investigations that use this technique, consistently revealing 

analogous patterns.14  

ADMIXTURE is a widely used tool in population genetics to infer the ancestral 

proportions of individuals or populations based on their genome-wide SNPs (Single Nucleotide 

Polymorphisms).15 In aDNA research, ADMIXTURE assists in discerning the population structure 

and identifying the potential genetic ancestral groups for a given ancient population, elucidating 

their migration patterns, cultural exchanges, and their interactions with other genetically distinct 

groups. As such, the program offers insights into where individuals or populations intermix 

genetically due to migration or cultural contacts. However, a major limitation of ADMIXTURE is 

                                                      
12 Haak et al. 2015; Allentoft et al. 2015. 
13 Novembre et al. 2008. 
14 Lazaridis et al. 2022; Haak et al. 2015; Allentoft et al. 2015; Margaryan et al. 2020; Mathieson et al 2015; Mathieson 

et al. 2018. 
15 Alexander et al. 2009. 



STERLING WRIGHT 

FRANCESKA-CRISTINA ȘTIRBU 

CICSA JOURNAL online, NS, 9/ 2023                                                     18 

 

that it assumes a simple model of population admixture, where the genes of ancestral populations 

can be mapped to fixed cultural identities.16 It also relies on the availability of appropriate reference 

populations for ancestral inference. Therefore, if the reference population(s) is not included in the 

analysis, the results that are generated would be misleading. As such, researchers must be aware 

of the assumptions and limitations of this tool. 

In summary, aDNA has furthered our understanding of the genetic landscapes of past 

populations. The advancements in the wide array of techniques, ranging from sample collection 

and DNA extraction to authentication and population structure analyses, have enabled researchers 

to uncover the complex population dynamics of the past in unprecedented ways. These aDNA 

techniques will continue to offer a multidimensional perspective that archaeology can continue to 

use to shed light on ancient migrations and interactions.   

 

Exploring the Untapped Potential: Rationale for Ancient DNA Research in Dobrogea 

Dobrogea represents an historical region that is situated in southeastern Europe, between 

the Danube and the Black Sea. The archaeological record in Dobrogea is rich with archaeological 

material, from prehistoric settlements to Roman forts and medieval trading centers. While the 

geographic positioning of this region along with its wealth of archaeological material makes it an 

ideal study area to investigate complex interactions between cultural and genetic exchange, 

Dobrogea remains an understudied region in aDNA research.  

Extensive aDNA research has been conducted on populations from the southeastern 

European region. Genome-wide data from hundreds of individuals in southeastern Europe, dating 

from 12,000 to 500 BCE, indicate that the region was a place of genetic admixture and cultural 

exchange for millennia.17 Subsequent investigations have filled in geographical and chronological 

gaps in southeastern Europe, but yet Dobrogea and populations from its many historical periods 

remain overlooked. A few studies have conducted aDNA studies on archaeological populations 

from Dobrogea,18 but they employed only low-resolution techniques (i.e., mtDNA) that only give 

a small glimpse into the complex genetic history of the region. Generating genome-wide data for 

these populations could have huge implications in transforming our understanding about the 

                                                      
16 Lawson  et al. 2018. 
17 Mathieson et al. 2018. 
18 Rusu et al. 2018; Rusu et al. 2019; Gînguță et al. 2021.  
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population dynamics of this region. For instance, generating aDNA for the Babadag culture could 

provide insights into the genetic origins of this enigmatic group, which is currently poorly 

understood. The Babadag culture emerged in Dobrogea during the 11th century BCE, when a 

demographic boom in the region occurred.19 More than a hundred settlements associated with this 

culture have been excavated in Dobrogea, eastern Wallachia, and south-eastern Moldavia.20 This 

culture has several defining characteristics, but it is mostly known for its pottery style, pits, and 

oval-shaped dwellings. While the material record for this culture is rich, many researchers are still 

puzzled on whether the Babadag culture was an autochthonous or allochthonous group. 

Furthermore, it still remains an open question whether this group left any genetic traces in the 

region after the arrival of the Greek colonists. Potentially, comparing the aDNA of the Babadag 

culture with their predecessors, contemporaries, and successors counterparts may offer the 

evidence needed to answer these questions. 

Exploring the aDNA of individuals who adhered to Roman burial customs may also 

provide critical insights into the ramifications of Roman annexation on populations in Dobrogea. 

Genetic studies on Roman era populations remain limited, but have already been fruitful. For 

instance, Rome, during the Imperial era, had a much greater diversity of genetic ancestries from 

across the Mediterranean and Near East than inhabitants who lived in the area during the previous 

historic periods.21 The extent to which Roman imperialism impacted the genetic diversity of its 

limes, or provinces, in a similar fashion is poorly understood, especially in Dobrogea. 

Characterizing the genetic ancestry of individuals from Roman settlements in Dobrogea, such as 

Jijila and Histria, will help determine whether individuals practicing Roman burial customs were 

locals or non-locals, especially when the aDNA data is integrated with other lines of evidence, 

such as isotopic data. These potential findings would elucidate the social dynamics of Roman 

imperialism on its Danubian frontiers.  

 

Summary  

In summary, aDNA research will help unravel the complex social dynamics of Dobrogea that are 

currently unattainable with current approaches. We anticipate that aDNA research in Dobrogea 

                                                      
19 Ailincăi 2013. 
20 Ailincăi and Constantinescu 2015.  
21 Antonio et al. 2019. 
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will reshape our understanding about the population dynamics in this remarkable region. 

Furthermore, we encourage researchers who work with archaeological biomaterials, whether in 

the field or institutional setting, to consider following the precautions described in this article as 

such adherence will, hopefully, minimize the amount of contamination introduced samples, and 

therefore, will improve overall results. In doing so, aDNA analyses will have the power to help 

disentangle the complex social interactions, migrations, and cultural exchanges that are unique to 

the history of Dobrogea.  
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