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Abstract 
Palaeogenomics is the study of ancient subfossilised remains on a genome-wide le-
vel, and it has revoluƟonised the study and understanding of the deep past. This is 
also the case in Southwest Asia, where especially the Bronze and Iron Ages have seen 
substanƟal research. However, due to the poor preservaƟon of DNA in the region, the 
Palaeolithic remains largely understudied despite the possibility of novel interpretaƟ-
ons of this key period. Here, I review several ways that palaeogenomics has begun 
changing our understanding of the Palaeolithic of the region in three key areas: the 
dispersal of modern humans out of Africa, the interacƟons between Neanderthals 
and modern humans, and the formaƟon of Southwest Asian populaƟon structures. 
Most of these interpretaƟons are based on data from outside of Southwest Asia, and 
I argue that a closer integraƟon between palaeogenomics, archaeology, and local 
stakeholders are necessary to begin solving the issues surrounding the poor preserva-
Ɵon of DNA in the region. If this can be done, palaeogenomics holds many possibiliƟ-
es for future Palaeolithic research.  
 
 
 

�Γلمتحجرا�ϴًلقديمة�جزئ�Εاυلمحفوسة�بقايا�έΩو�ϫلقديم��ϡنوϴلجعلم�
على�مستو�ϯلجϴنوϭ�،ϡقد�غϴر�ϫذ�لعلم�έΩسة�ϭفϬم�لماضي�لعمϴق.�

ϫϭذ�لمر�ينطبق�يًضا�على�جنو�Ώغر�Ώسϴا،�حϴث�شϬد�Εلعصو�έلبرϭنزية�
ϭلحديدية�بحًثا�مكثًفا�كبϴًرϭ�.مع�Ϋلك،�نظر�ًلسوء�حفظ�لحمض�لنو�ϱϭفي�
لمنطقة،�فإ�ϥبقايا�لعصر�لحجر�ϱلقديم�لم�تد�αέبشكل�كبϴر�على�لرغم�

من�·مكانϴة�تفسϴر�Εجديد�ΓلϬذ�ϩلفتر�Γلحاسمة.�في�ϫذ�ϩلمقالة،�
سأستعر�νعدρ�Γر�ϕبد�فϬϴا�علم�لجϴنو�ϡلقديم�في�تغϴϴر�فϬمنا�للعصر�

لحجر�ϱلقديم�في�لمنطقة�في�ثالثة�مجالت�έئϴسϴة:�نتشا�έلبشر�
لحديثϴن�من�فريقϴا،�ϭلتفاعالت�بϴن�لنϴاندέتاϭ�ϝلبشر�لحديثϴن،�ϭتشكل�
ϴϫاكل�لسكا�ϥفي�جنو�Ώغر�Ώسϴا.�معظم�ϫذ�ϩلتفسϴر�Εمبنϴة�على�

بϴانا�Εمن�خا�Νέجنو�Ώغر�Ώسϴا،�ϭقد�ϡحجة�بأ�ϥلتكامل�لكثر�قرًبا�بϴن�علم�
لجϴنو�ϡلقديم�ϭلثاϭ�έلجϬا�Εلمعنϴة�محلϴًا�ضر�ϱέϭلبدء�حل�لمشكالت�
لمتعلقة�بسوء�حفظ�لحمض�لنو�ϱϭفي�لمنطقة.�·�Ϋتم�Ϋلك،�فإ�ϥعلم�

�ϱلحجر.لعصر��Ιلبحو�Εاϴلمكان·لعديد�من�لقديم�يحمل��ϡنوϴلج
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IntroducƟon 
The ability to extract and sequence ancient DNA (aDNA) from archaeological organic 
remains on a genome-wide level has opened up novel ways of interrogaƟng the de-
ep past (Orlando et al. 2021).  It has led to the burgeoning of a new field, palaeo-
genomics, which has begun untangling the evoluƟonary history of past human po-
pulaƟons at the broad and local scale, and it has been depicted as an integral part of 
“The Third Science RevoluƟon” in archaeology (KrisƟansen 2014). Its importance has 
been parƟcularly felt in Europe, where most studies have been conducted so far 
(e.g., Haak et al. 2010; Brandt et al. 2013), but it is prone to revoluƟonise the study 
of prehistory everywhere (e.g., Narasimhan et al. 2019). This is also the case of 
Southwest Asia, where the applicaƟon of palaeogenomics can help develop our un-
derstanding of several key quesƟons in human prehistory.  

Nevertheless, several issues persist for the field in Southwest Asia: First, palaeo-
genomic studies from the region itself are rare, and those that have been con-
ducted tend to focus on the region as a means of understanding the prehistory of 
Europe rather than the demographic processes within the region itself (Gokcumen 
and Fracheƫ 2020). Second, researchers have highlighted the lack of equal re-
search collaboraƟons with key stakeholders outside the Global North (e.g., Wagner 
et al. 2020; Alpaslan-Roodenberg et al. 2021; Somel et al. 2021; Ávila-Arcos et al. 
2022), which applies to Southwest Asia as well. Finally, the lack of proper engage-
ment with archaeological and anthropological data and methods in most palaeo-
genomic studies has been criƟcised (Horsburgh 2015; Heyd 2017). These issues can 
be solved by initaƟng ethically founded frameworks aimed at ensuring closer colla-
boraƟon between palaeogenomics and other fields of human prehistory to ensure 
that data are produced and interpreted ethically and collaboraƟvely (Gokcumen 
and Fracheƫ 2020; Veeramah 2018; Furholt 2018). To accomplish this task in 
Southwest Asian archaeology, researchers first need a beƩer understanding of the 
way that palaeogenomics can be applied construcƟvely to archaeological research 
in the region.   

This arƟcle seeks to review some of the key ways in which palaeogenomic data can 
be used to answer archaeological quesƟons and transform current interpretaƟons 
of the Palaeolithic of Southwest Asia. Due to its central locaƟon as the landbridge 
between Africa, Asia, and Europe, the region is key for understanding major quesƟ-
ons in human prehistory beginning with the first dispersal of hominins out of Africa 
more than 2 million years (Ma) ago (Ronen 1991; Gabunia et al. 2000; Ferring et al. 
2011; Zhu et al. 2018; Scardia et al. 2019; 2021). Nevertheless, the bulk of studies 
from the region have sequenced genomes belonging to individuals postdaƟng the 
Neolithic (Fig. 1), with the oldest sequenced genome daƟng to 26 thousand years 
(ka) old (it remains in preprint; Lazaridis et al. 2018), whilst the oldest published 
genome dates to 15 ka (Feldman et al. 2019), highlighƟng the dearth of Palaeolithic 
genomes from the region. Consequently, most reviews have focused on the impact 
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Figure 1:  Temporal distribu-
Ɵon of published genomes 
(n = 1042) from Southwest 
Asia as of September 2023, 
based on data from Mallick 
and Reich (2023) and Mal-
lick et al. (2023). From the 
leŌ: Palaeolithic, teal 
(>11,500 cal. BP), Neolithic, 
yellow (11,499-6,950 cal. 
BP), Chalcolithic, purple 
(6,949-5,250 cal. BP), Bronze 
Age, red (5,249-3,150 cal. 
BP), Iron Age, blue (3,149-
2,500 cal. BP), and Histori-
cal, orange, (<2,499 cal. BP). 
All dates are mean dates. 
Modern and duplicate ge-
nomes have been removed 
from the dataset. Produced 
by author in R version 4.3.2 
(2023) using the Tidyverse 
package (Wickham et al. 
2019). Dataset available as 
Suppl. Dataset 1 at 
ƟdsskriŌ.dk/chronolog, R 
code available upon re-
quest. 

of palaeogenomics for the Neolithic and historical periods (Broushaki et al. 2016; 
Omrak et al. 2016; Olalde and Posth 2020; SkourtanioƟ et al. 2020). The focus of 
this arƟcle is instead on the impact that palaeogenomic data has had on three key 
areas in the Palaeolithic of Southwest Asia: the dispersal of modern humans (Homo 
sapiens) out of Africa, the interacƟons between Neanderthals (Homo neandertha-
lensis) and modern humans in the Levant, and the formaƟon of Palaeolithic popula-
Ɵon structures throughout Southwest Asia. These issues are not only relevant for 
Southwest Asian prehistory but also for understanding broader issues in palaeo-
anthropology and palaeolithic archaeology. InterpretaƟons remain tentaƟve, howe-
ver, and more geneƟc data is needed directly from the region to test current hypot-
heses. How best to achieve this remains an open quesƟon, however, and some pos-
sible paths forward are suggested here. The methods and theories of palaeogeno-
mic analysis have been reviewed thoroughly elsewhere (e.g., Jobling et al. 2004; 
Pedersen et al. 2015; Orlando et al. 2021; see also Jones and Bösl 2021), hence they 
are not discussed in this arƟcle.  

Out of Africa and into Eurasia 
Although the exact Ɵming and mode of appearance of anatomically modern hu-
mans in Africa is contested, it is generally agreed that our species evolved 
~300,000  ka based on a combinaƟon of fossil, archaeological, and geneƟc evidence 
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(reviewed in Bergström et al. 2021). DaƟng the dispersal of modern humans out of 
Africa has proven more difficult. GeneƟcs from modern populaƟons suggest that all 
non-Africans derive from a migraƟon 60-70 ka ago (Underhill and Kivisild 2007; Soa-
res et al. 2012; Malaspinas et al. 2016; Mallick et al. 2016; Nielsen et al. 2017; Berg-
ström et al. 2020; but see Pagani et al. 2016), yet the earliest fossil evidence of 
modern humans outside Africa is 210 ka old from Greece (HarvaƟ et al. 2019). Some 
researchers contest this fossil, which consists solely of fragmented parts of a poste-
rior cranium, which, depending on how it is reconstructed, might also cluster with 
Neanderthal features (see de Lumley et al. 2020; Rosas and BasƟr 2020). Less con-
tested is a slightly younger maxilla from Misliya Cave in the Levant, dated to 180 ka 
(Hershkovitz et al. 2018; but see also Sharp and Paces 2018). Palaeoenvironmental 
reconstrucƟons show that both the Nile-Sinai Valley and the Bab el-Mandeb Strait 
were crossable during several windows throughout the past 400 ka, highlighƟng the 
possibility of conƟnuous dispersals into Southwest Asia beginning soon aŌer the 
appearance of modern humans in Africa (Tierney et al. 2017; Beyer et al. 2021; 

Figure 2: Global distribuƟon of hominin species in the Late Pleistocene with key aDNA fossils menƟoned in the arƟcle. Note 
that Denisova Cave contains both Neanderthals, Denisovans, and Neanderthal-Denisovan hybrid genomes. Note also the 
regions of overlap between Denisovans and Neanderthals in Siberia and modern humans and Neanderthals in the Levant. 
These regions likely served as areas of hybridisaƟon due to gene exchange. Map by author in QGIS 3.30.2 and Inkscape 1.3. 
See Shea 2008; Higham et al. 2014; Fu et al. 2015; Kuhlwilm et al. 2016; SuƟkna et al. 2016; Posth et al. 2017; Lazaridis et al. 
2018; van de Loosdrecht et al. 2018; Détroit et al. 2019; Feldman et al. 2019; Dennell 2020; Petr et al. 2020; Hershkovitz et 
al. 2021; Skov et al. 2022; Slimak et al. 2022; 2023; Stringer and Crété 2022; Quilodrán et al. 2023; Peyrégne et al. 2024. 
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GroucuƩ et al. 2021). Meanwhile, Neanderthals (~440-40 ka), Denisovans (no offi-
cial taxon; ~440-50 ka), Homo floresiensis (~700-50 ka), and Homo luzonensis (at 
least 60-50 ka) lived across Eurasia unƟl 40-50 ka ago, see fig. 2 (Higham et al. 2014; 
SuƟkna et al. 2016; Détroit et al. 2019; Slimak et al. 2022; 2023; Quilodrán et al. 
2023; Peyrégne et al. 2024). At some point during the dispersals out of Africa  , 
modern humans met and interacted with at least some of these hominins, evi-
denced by the ~2 % of Neanderthal DNA in modern non-African genomes (Green et 
al. 2010; Prüfer et al. 2014; Bergström et al. 2020; but see also Lohse and Frantz 
2014) and ~2-4 % Denisovan DNA in genomes from East Asian and Australasian 
populaƟons (Green et al. 2010; Bergström et al. 2020; Peyrégne et al. 2024). The 
most likely explanaƟon for the geneƟc fingerprint of these ancient hominins in 
modern human populaƟons is admixture, although the number, Ɵming, and precise 
locaƟon of events is unclear (Sankararaman et al. 2012). Since all non-African popu-
laƟons share Neanderthal DNA, the admixture event is likely to have happened first 
in Southwest Asia, the necessary staging point for any migraƟon out of Africa 
(Green et al. 2010). 

The early dispersals out of Africa have oŌen been interpreted as “failed” aƩempts 
since they leŌ no lasƟng geneƟc signature in contemporary human populaƟons and 
were outcompeted by other hominin species (RabeƩ 2018). However, mounƟng 
evidence of early geneƟc admixture between Neanderthals and modern humans 
suggests that these dispersals were more dynamic. One study by Petr et al. (2020) 
sequenced parts of the Neanderthal Y chromosome, which is inherited solely 
through the paternal lineage. Their results showed that the Neanderthal Y chromo-
some was more closely related to modern humans than to Denisovans (Petr et al. 
2020), despite modern humans spliƫng from Neanderthals and Denisovans 
~550  ka ago, whereas Neanderthals only split from Denisovans ~400 ka, based on 
geneƟc esƟmates (Liu et al. 2021). It is worth noƟng that geneƟc esƟmates do not 
always overlap with the fossil evidence and might therefore not fully reflect the 
Ɵming of speciaƟon events (see Gómez-Robles 2019), but the degree of relaƟve 
relatedness between lineages esƟmated geneƟcally sƟll stands. The close affinity 
between Neanderthal and modern human Y chromosomes can be explained by an 
admixture event of modern human DNA into Neanderthals around 370-100 ka ago 
(Petr et al. 2020). An earlier study showed that the lower boundary for modern hu-
man mitochondrial (mt) gene flow into Neanderthals was 270 ka ago, based on the 
mt genome of the Hohlenstein-Stadel Neanderthal femur from Germany (Posth et 
al. 2017). The nuclear genome of a Neanderthal from Denisova Cave in the Altai 
Mountains, Siberia moreover showed introgression from modern humans dated to 
~100 ka ago (Kuhlwilm et al. 2016). However, this is not the case for all Neander-
thals, which suggests that several biologically disƟnct populaƟons existed through-
out Eurasia. Some of these populaƟons derived their geneƟc ancestry from admix-
ture with modern humans moving into Southwest Asia from Africa during the past 
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300 ka. As soon as modern humans leŌ Africa, then, they began interacƟng with 
other hominins and exchanging parts of their genomes. 

In line with this evidence, Garcea (2012) has proposed two dispersals into South-
west Asia, one at 100 ka ago (OoA 2a) and a later dispersal at 50 ka ago (OoA 2b). 
Based on the geneƟc evidence cited above, but in contrast to Garcea (2012), OoA 2a 
does not reflect a single dispersal, but rather several earlier migraƟons that began 
as early as 300 ka ago. These dispersals leŌ some geneƟc signatures in Neanderthal 
populaƟons, but not in modern human populaƟons. Determining whether the ex-
ƟncƟons of these early human populaƟons were the product of Neanderthal re-
placement, climate change, or something else requires further study. However, dur-
ing OoA 2b, the opposite happened: every hominin species except our own ulƟ-
mately went exƟnct. A key quesƟon in palaeoanthropology is determining why this 
happened (RabeƩ 2018). 

Coexistence or conflict? Insights into social organisaƟon and the interacƟons be‐
tween Neanderthals and modern humans 
The comprehensive fossil record of modern humans and Neanderthals  in South-
west Asia, beginning with the Misliya and Tabun cave sites, situates the region as a 
key region for understanding the interacƟons between these hominins (Tab. 1; Fig. 

Table 1: Hominin fossils 
from the Levant contem-
porary with OoA 2. Based 
on data from Shea (2008), 
Dennell (2020), 
Hershkovitz et al. (2021), 
and Stringer and Crété 
(2022). 
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Figure 3: Map of key Levan-
Ɵne fossil sites. Note the 
overlap between     Nean-
derthals and modern hu-
mans. Most of the sites are 
high-alƟtude caves, making 
them higher-potenƟal sites 
for Pleistocene aDNA recov-
ery in the Levant, although 
the      adverse effects that  
temperature plays on DNA 
preservaƟon remains an 
issue. Map by author in 
QGIS 3.30.2 and Inkscape 
1.3.  

3). Earlier studies based solely on archaeological and fossil evidence suggested 
that compeƟƟon for limited resources led to conƟnuous replacement of hominin 
groups in the Levant (Shea 2001; 2003; 2008) and across Eurasia (Stringer 2002; 
Scarre 2009). The palaeogenomic evidence shows that these hominins interbred, 
and an alternaƟve view would be peaceful coexistence, at least occasionally. Lithic 
evidence from the Levant has also been interpreted in a similar manner with the 
appearance of “symbioƟc industries” with both modern human and Neanderthal 
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features (Bar-Yosef 2013). The conƟnuous cohabitaƟon of these hominins in the 
Levant means that the region is central to determine why OoA 2b eventually led to 
Neanderthal exƟncƟon and, by inference, the exƟncƟon of other hominins in other 
regions. Stewart and Stringer (2012) have proposed that an expanding modern hu-
man populaƟon concurrently with a contracƟng Neanderthal one (due to climaƟc 
stress) during OoA 2b would serve as an explanaƟon, but this is difficult to idenƟfy 
indisputably in the archaeological record.  

Palaeogenomics does provide evidence of modern human populaƟon expansion, 
however, specifically through negaƟve selecƟon against Neanderthal genes. The 
genome of a modern human from Peştera cu Oase in Romania, dated to 42-37 ka 
old, had 6-9 % Neanderthal DNA in his genome due to admixture 4-6 generaƟons 
back (Fu et al. 2015). This is higher than what is found in modern humans today, 
and other genomes closer to admixture also show greater amounts of Neanderthal 
DNA in larger regions of the genome (Fu et al. 2014; 2016; Prüfer et al. 2021). In 
modern populaƟons, inherited  Neanderthal DNA is found in certain genes (e.g., 
BNC2 and OCA2) which have been linked to freckling and lighter skin, hair, and eye 
pigmentaƟon in Eurasian populaƟons, possibly providing adapƟve benefits to novel 
environments (GiƩelman et al. 2016; Dannemann and Racimo 2018; Williams 2019; 
McArthur et al. 2021; Koller et al. 2022; Reilly et al. 2022). There is moreover an 
overlap in those parts of the genome that have no trace of an admixture event with 
Neanderthals in both modern and prehistoric populaƟons close to admixture 
(Hajdinjak et al. 2021), which suggests that selecƟon worked rapidly against most 
Neanderthal genes inherited by immediate offspring. This might have only leŌ those 
genes which provided beneficial adaptaƟons for modern human populaƟons. 

There are two mechanisms that could have produced the disƟnct genomic signature 
of Neanderthal DNA seen in modern populaƟons: first, larger modern human than 
Neanderthal populaƟons could have led to pruning selecƟon of introgressed genes, 
leaving only those which led to increased fitness, or, second, semi-sterile offspring 
resulƟng from hybridisaƟon (Dannemann and Racimo 2018). Although the laƩer has 
been favoured by some researchers (e.g., Dannemann and Racimo 2018; Williams 
2019), the geneƟc evidence in conjuncƟon with fossil and archaeological data sug-
gests a process whereby Neanderthal females were incorporated into modern hu-
man groups, which would have depleted the Neanderthal gene pool (Stringer and 
Crété 2022). This is based geneƟcally on the size of modern human compared to 
Neanderthal forager bands as evidenced by runs of homozygosity (ROH), and ge-
neƟc evidence of patrilocality amongst Neanderthals. ROH are conƟguous segments 
of the genome that are present in individuals due to parents transmiƫng idenƟcal 
haplotypes in their offspring. Long ROHs in an individual imply that their parents 
shared a recent common ancestor, which can provide insights into social organisa-
Ɵon and populaƟon size, as this could be due to either a small available gene pool 
or cultural preferences (Ceballos et al. 2018). Neanderthal genomes consistently 
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show longer ROH than those of ancient modern humans (Prüfer et al. 2014; 2017; 
Skov et al. 2022; Slimak et al. 2023), indicaƟng that they probably had smaller pop-
ulaƟons. GeneƟcally inferred populaƟon esƟmates based on ROH suggest groups of 
up to 20 individuals (Skov et al. 2022), consistent with archaeological esƟmates of 
Neanderthal populaƟon sizes around 12-24 individuals (Hayden 2012). This is sup-
ported by ethnographic evidence with a mean size of forager bands of 28-30 indi-
viduals in modern groups across the world (Bird et al. 2019, table 1). The palaeo-
genomic evidence thus suggests larger modern human forager bands than Nean-
derthal ones. 

The second point is inferred through studies of mtDNA (inherited solely through the 
maternal line). A study by Lalueza-Fox et al. (2011) of Neanderthals from El Sidrón 
Cave in Spain showed that females carried different mt haplotypes, suggesƟng pat-
rilocal maƟng behaviour. A more recent study published genome-wide nuclear da-
ta, as well as Y-chromosomal and mtDNA, of a group of closely related Neander-
thals from southern Siberia (Skov et al. 2022). It showed significantly lower Y-
chromosomal than mtDNA diversity in the group, which was best explained by pat-
rilocal maƟng behaviour since Y chromosomes are solely inherited through the pa-
ternal line (Skov et al. 2022). Although the data is sƟll sparse, it does suggest that 
Neanderthals pracƟsed patrilocality across their range of habitaƟon. If future stud-
ies corroborate this data, explanaƟons of Neanderthal exƟncƟon would need to 
factor in processes through which Neanderthal females either voluntarily or coer-
cively chose modern human maƟng companions rather than Neanderthal ones. This 
would create a process by which females were absorbed into modern human 
groups, depleƟng the gene pool of Neanderthals. 

Although admixture would have been common, as evidenced by admixture in sev-
eral independent modern human geneƟc lineages, including some that went exƟnct 
(Fu et al. 2014; 2015; Prüfer et al. 2021), as well as the discovery of a hominin hy-
brid in the fossil record (Slon et al. 2018), it was not always the rule (Hajdinjak et al. 
2018). A Southwest Asian Palaeolithic populaƟon of modern humans, which is yet 
to be sampled directly but evident from Neolithic genomes from across Eurasia, 
had liƩle to no Neanderthal DNA (Lazaridis et al. 2014; 2016; 2018). Although con-
clusions about the geneƟc history of this unsampled populaƟon should await direct 
sequencing of individuals belonging to it, their higher affinity with ancient South-
west Asian populaƟons suggests that it likely lived somewhere in the region. This 
would have made it geographically close to concurrent Neanderthal populaƟons, 
highlighƟng the fact that while some populaƟons of modern humans and Neander-
thals interbred, others did not. InteresƟngly, recent modelling work has shown that 
Neanderthal ancestry was diluted in European populaƟons following the spread of 
Neolithic farmers from Southwest Asia (Quilodrán et al. 2023), with the presence of 
a basal Eurasian populaƟon without Neanderthal introgression in Southwest Asia 
admixing with other Southwest Asian populaƟons a possible explanaƟon for the 



          15 

 

Chronolog Journal, Issue 2, 2024         

relaƟve lower levels of Neanderthal ancestry in the region. Nevertheless, fully un-
derstanding the causes behind this variability requires further work, but Southwest 
Asia, with its long occupaƟonal history of both modern humans and Neanderthals, is 
ideally suited to test these hypotheses.  

The most significant shortcoming of the palaeogenomic evidence is the low geo-
graphic coverage. It has been suggested that Neanderthals exhibited high variaƟon 
in social organisaƟon analogous to modern humans (Zilhão 2014), and genomic data 
from a wider geographic area is therefore needed to beƩer understand Neanderthal 
social organisaƟon and their geneƟc relaƟon to modern humans. Southwest Asia is 
parƟcularly well suited to produce such data, as it can be interpreted in conjuncƟon 
with the otherwise rich archaeological and fossil record. 

The formaƟon of Southwest Asian ancestries 
The oldest sequenced genomes directly from Southwest Asia are 26 ka old and be-
long to two individuals from Dzudzuana Cave, Georgia (Lazaridis et al. 2018), alt-
hough the publicaƟon remains in preprint. Nevertheless, the genomes highlight the 
current dearth of geneƟc understanding of the Southwest Asian Palaeolithic unƟl 
rather late in the Upper Palaeolithic. Based on evidence from Late Upper Palaeolith-
ic and Neolithic genomes derived from Georgia, Iran, and Anatolia, it was proposed 
that the populaƟon structure of the region formed shortly aŌer OoA 2b (the second 
migraƟon of modern humans out of Africa 50 ka ago, see above) and conƟnued 
throughout the Upper Palaeolithic (Jones et al. 2015; Gallego-Llorente et al. 2016; 
Feldman et al. 2019). However, the Dzudzuana individuals were closer related to 
early Neolithic farmers from Anatolia than Late Upper Palaeolithic foragers from the 
Caucasus, suggesƟng that the populaƟon structure of the Caucasus formed within 
the last 20 ka, aŌer the Last Glacial Maximum (LGM) (Lazaridis et al. 2018). This is 
also the case in North Africa, where Later Stone Age individuals dated to 15 ka ago 
from Morocco have up to 63.5 % Natufian ancestry (~15-11 ka), providing good evi-
dence of Epipalaeolithic migraƟons from the Levant into North Africa (van de 
Loosdrecht et al. 2018). These migraƟons had already been supported earlier on the 
evidence that a parƟcular mitochondrial haplogroup, U6, is most commonly found 
in modern populaƟons in Northwestern Africa despite forming in Southeastern Eu-
rope 35 ka ago (Hervella et al. 2016). In addiƟon, autochthonous North African an-
cestry decreases gradually in populaƟons closer to the Levant while Southwest 
Asian ancestry increases, likely owing to migraƟons more than 12 ka ago (Henn et 
al. 2012). These migraƟons were conƟnuous, evidenced by the fact that early Neo-
lithic farmers from Morocco traced part of their ancestry to Natufian introgression 
11 ka ago and Pre-PoƩery Neolithic (~12-8.5 ka) farmers from the Levant 8.5 ka ago 
(Fregel et al. 2018). These migraƟons are not only aƩested geneƟcally but are also 
evident from lithic evidence (Garcea 2016). 

The mounƟng evidence of consistent migraƟons between Africa and the Levant 
have forced researchers to change previous assumpƟons about Neanderthal intro-
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gression in modern humans. Earlier models showed clear traces of hominin admix-
ture in African populaƟons (Sánchez-Quinto et al. 2012; Hsieh et al. 2016; Lorente-
Galdos et al. 2019) and this was recently partly quanƟfied as low amounts of Nean-
derthal introgression in African populaƟons deriving from Eurasian return migra-
Ɵons during the Upper Palaeolithic and later (Chen et al. 2020). Significantly, this 
has influenced previous models used to quanƟfy Neanderthal introgression in non-
Africans, showing that East Asians do not possess 20 % more Neanderthal DNA 
than West Europeans, as previously proposed (Nielsen et al. 2017), but only 8 % 
(Chen et al. 2020). Thus, previous models showing that admixture needed to hap-
pen conƟnuously to produce modern populaƟon structure need to be revised 
(Villanea and Schraiber 2019). 

This should not lead to the conclusion that Upper Palaeolithic migraƟon and bio-
logical exchange were on par with those seen in the later agricultural socieƟes of 
the region (Orlando 2020). Indeed, the bulk of studies conƟnuously support a sce-
nario wherein Upper Palaeolithic populaƟon structures were largely conƟnuous 
due to isolaƟon or lack of interacƟon between disƟnct groups, and thus that Neo-
lithic populaƟons derived locally rather than due to external migraƟons (Jones et 
al. 2015; Broushaki et al. 2016; Gallego-Llorente et al. 2016; Lazaridis et al. 2016; 
Feldman et al. 2019). Nevertheless, Europe, which is much beƩer studied, is begin-
ning to showcase a more dynamic and varied history of geneƟc interacƟon be-
tween forager groups even predaƟng the LGM (see Posth et al. 2023), and it is like-
ly that future publicaƟon of genomes from varied places within Southwest Asia will 
significantly inform our understanding of this period in the region. For example, 
the palaeogenomic resoluƟon in Southwest Asia is sƟll far too low to quanƟfy the 
degree to which Upper Palaeolithic and Epipalaeolithic foragers exchanged genes 
compared to materials and ideas in local and regional interacƟon spheres (Hill et 
al. 2011; Richter et al. 2011; Bird et al. 2019; Singh and Glowacki 2022). More, and 
especially older, genomes from the region would significantly help to shed light on 
the biological history of foragers in Southwest Asia, from the appearance of the 
earliest modern humans to the advent of agriculture. 

Filling out the DNA dearth 
Despite the importance of Southwest Asia for understanding the pre-agricultural 
history of our species, there is a significant lack of genomes from this region com-
pared to Europe (Mallick and Reich 2023; Mallick et al. 2023). Although this is part-
ly due to research bias (Gokcumen and Fracheƫ 2020; Tsosie et al. 2021), a major 
limitaƟon for the sampling of Southwest Asian genomes is poorly preserved aDNA. 
The high temperatures of the region impact preservaƟon adversely compared to 
regions farther away from the equator (Smith et al. 2003; AllentoŌ et al. 2012; 
Hagelberg et al. 2015). In addiƟon, the increasing scarcity of fossils when moving 
further back in Ɵme complicates the sequencing of Palaeolithic genomes, not least 
in Southwest Asia, as the fossils themselves become increasingly more valuable 
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(Olalde and Posth 2020). Consequently, Palaeolithic geneƟc data from the region is 
currently very sparse and it is necessary to draw significantly on external genomes 
and extrapolate the findings to Southwest Asia. 

One possible alternaƟve to direct DNA sequencing from fossils is the growing field 
of environmental DNA (eDNA). This allows for extracƟon of DNA preserved in sedi-
ments, ice, or water (Pedersen et al 2015), with several studies having now man-
aged to idenƟfy DNA from rare taxa such as hominins at sites (Gelabert et al. 2021; 
Massilani et al. 2021; Vernot et al. 2021; Slon et al. 2017; Zavala et al. 2021; Zhang 
et al. 2020). Despite past arguments about possible movement of DNA through lay-

Figure 4: Mean annual 
August temperatures 
across Southwest Asia 
from 1979-2013. Note the 
lower temperatures in 
especially the Cauca-
sus   and PonƟc Moun-
tains, indicaƟng they 
might be high potenƟal 
regions for aDNA recovery 
in the region. Data from 
Karger et al. (2017; 2018)- 
Map by author in QGIS 
3.30.2.  

ers (e.g., Haile et al. 2007), the combinaƟon of microstraƟgraphy with eDNA se-
quencing has shown that the DNA can remain highly localised in fragments of bones 
and coprolites in sediments, allowing for a precise linking of the sequenced eDNA to 
the straƟgraphic record of a site (Massilani et al. 2021). Although Pleistocene eDNA 
has been recovered from El Sidrón Cave in Spain and Satsurblia Cave in Georgia 
(Vernot et al. 2021; Slon et al. 2017), aƩempts to recover eDNA daƟng to this period 
from warmer regions, including Kebara Cave in Israel, have been unsuccessful 
(Massilani et al. 2021). The adverse effects of high temperatures on DNA preserva-
Ɵon thus remains a major issue, and can likely only be solved by novel techniques 
capable of sequencing even more miniscule amounts of DNA than is currently possi-
ble. UnƟl this is achieved, the focus should be on retrieving DNA from colder parts 
of the region (whether sequenced from sediments or fossils), with higher-alƟtude 
sites in the PonƟc and Caucasus Mountains providing the most promising candi-
dates due to their comparably lower mean temperatures (Fig. 4). 
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To further ensure finer geneƟc resoluƟon for the Southwest Asian Palaeolithic, it is 
moreover imperaƟve that research groups report negaƟve research findings sys-
temaƟcally to create an environment of equal collaboraƟon and novel datasets that 
can be used to beƩer understand DNA preservaƟon and degradaƟon in the region 
and beyond (Alpaslan-Roodenberg et al. 2021). If combined with a focus on local 
capacity building and greater integraƟon of stakeholder communiƟes and individu-
als throughout the research process (see Ávila-Arcos et al. 2023), it might be possi-
ble to move beyond the younger genomes that currently predominate the field in 
Southwest Asia (see Fig. 1) and instead focus on providing a beƩer resoluƟon of the 
currently sparse Palaeolithic record. This importantly requires greater involvement 
of archaeological viewpoints throughout the design and applicaƟon of studies to 
counter issues leveraged by the archaeological community against palaeogenomic 
studies, e.g., an oversimplificaƟon of complex phenomena such as migraƟons 
(Roberts and Vander Linden 2011; Heyd 2017; Furholt 2018). This extends to the 
Palaeolithic, where debates such as whether the IniƟal Upper Palaeolithic derived 
from migraƟons or local developments (see Kuhn 2003; Meignen 2012; Olszewski 
2017; Greenbaum et al. 2019; Goring-Morris and Belfer-Cohen 2020; BoareƩo et al. 
2021) could be helpfully illuminated by geneƟc data, if theoreƟcal insights from ar-
chaeology are used to interpret the palaeogenomic results. This would provide a 
starƟng point for the formulaƟon of common theoreƟcal and analyƟcal frame-
works, which are necessary for the findings of palaeogenomics to remain important 
to archaeologists and anthropologists. It would also ensure that the tendency for 
geneƟc data to take unsubstanƟated precedence over archaeological, morphologi-
cal, and ethnographic evidence (Horsburgh 2015; Jones and Bösl 2021) would be 
less prevalent. If these issues are resolved, palaeogenomics is likely to revoluƟonise 
our understanding of the Palaeolithic in Southwest Asia just as it has in Europe.  

Conclusions 
Palaeogenomics has significantly impacted our interpretaƟons of human prehistory 
by adding a novel set of data, and in this review, it has been  highlighted how the 
field has begun to transform our interpretaƟons of the Southwest Asian Palaeolith-
ic. It has shown that admixture in the region during Out of Africa 2b led to novel 
adaptaƟons which likely made modern humans more fit in non-African environ-
ments, and that the depleƟon of the Neanderthal gene pool was facilitated by the 
interacƟons between modern humans and Neanderthals. However, the nature of 
these interacƟons was highly complex and, although admixture occurred conƟnu-
ously, it was not always the rule. Moreover, movement between the Levant and 
North Africa throughout the Upper Palaeolithic now make it evident that the popu-
laƟon structures of these regions formed aŌer the Last Glacial Maximum. But poor 
DNA preservaƟon and the lack of a sustained research focus has resulted in a rela-
Ɵvely poor resoluƟon of this key period in the prehistory of Southwest Asia. Strong-
er integraƟon between archaeology and palaeogenomics, along with aƩempts to 
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beƩer sequence the poorly preserved DNA of the region through strategic targeƟng 
of high potenƟal sites for DNA preservaƟon, can help solve this issue and move ge-
neƟc research of exƟnct hominins and early forager groups into a new era. If this 
can be done, aDNA has the potenƟal to provide many new insights into the deep 
prehistory of Southwest Asia. 
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