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SUMMARY

Anatolia and the Near East have long been recog-
nized as the epicenter of the Neolithic expansion
through archaeological evidence. Recent archaeo-
genetic studies on Neolithic European human re-
mains have shown that the Neolithic expansion in
Europe was driven westward and northward by
migration from a supposed Near Eastern origin
[1–5]. However, this expansion and the establish-
ment of numerous culture complexes in the Aegean
and Balkans did not occur until 8,500 before present
(BP), over 2,000 years after the initial settlements in
the Neolithic core area [6–9]. We present ancient
genome-wide sequence data from 6,700-year-old
human remains excavated from a Neolithic context
in Kumtepe, located in northwestern Anatolia near
the well-known (and younger) site Troy [10]. Kum-
tepe is one of the settlements that emerged around
7,000 BP, after the initial expansion wave brought
Neolithic practices to Europe. We show that this
individual displays genetic similarities to the early
European Neolithic gene pool and modern-day Sar-
dinians, as well as a genetic affinity to modern-day
populations from the Near East and the Caucasus.
Furthermore, modern-day Anatolians carry signa-
tures of several admixture events from different
populations that have diluted this early Neolithic
farmer component, explaining why modern-day
Sardinian populations, instead of modern-day
Anatolian populations, are genetically more similar
to the people that drove the Neolithic expansion
into Europe. Anatolia’s central geographic location
appears to have served as a connecting point, al-
lowing a complex contact network with other areas
of the Near East and Europe throughout, and after,
the Neolithic.
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RESULTS AND DISCUSSION

As the earliest Neolithic sites in Anatolia predate the indications

of Neolithization in Europe, it was already recognized a century

ago that the Neolithic lifestyle must have spread from here

to neighboring regions, although the mode of transmission

was debated [11, 12]. In recent years, the topic has generated

new momentum through archaeogenetic research, providing

evidence for migrations being responsible for the spread of

Neolithic life ways [1, 3–5]. According to the archaeological re-

cord, the Neolithic period in Anatolia spans over 6,000 years—

from 11,000 before present (BP) to around 5,000 BP [6]. After

the initial settlements in the Neolithic core area, including the

central Anatolian plateau, the development continued within

the area but without further expanding the borders [7] while

maintaining complex interactions with the Levant [6]. Settle-

ments and pottery finds along the Anatolian west coast from

8,500 BP until 7,500 BP indicate a westward expansion

with a large impact on the local demography and the establish-

ment of numerous culture complexes [8, 9]. The site of Kum-

tepe, located in northwestern Anatolia and established around

7,000 BP [13], is one of the settlements that emerged after this

expansion.

We generated genome-wide sequence data from two

Neolithic individuals excavated at the site of Kumtepe and

obtained �0.133 genome coverage for Kum6 (6,700 BP) and

�0.013 for Kum4 (5,500–4,800 BP) (Tables S1 and S2). The

sequence data showed evidence of nucleotide misincorpora-

tions characteristic of post-mortem degradation [14] (Figure S1).

Given the low genome coverage of Kum4, it was only possible to

use this individual to corroborate the patterns observed in Kum6

(see the Supplemental Experimental Procedures, section S4).

We obtained mitochondrial genomes with coverage of 213 for

individual Kum6 and 1.53 for Kum4. Kum6 carries the H2a

mitochondrial haplogroup (Supplemental Experimental Proce-

dures, section 3.2; Table S3), a haplogroup commonly found in

modern-day Eastern Europeans and Caucasians [15]. Hap-

logroup H is the most common haplogroup in Europe and the

Near East, and it is thought to have originated in the Near East

25,000–30,000 years ago [15]. It is also frequently observed in
td All rights reserved
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Figure 1. Overview of Samples Included in This Study

(A) Map showing geographic location of ancient western Eurasian samples and radiocarbon dates. Asian samples from Ust-Ishim and Karasuk were included in

some analyses, as well. Individuals used in this study were clustered contextually using different symbols: squares indicate Paleolithic individuals, circles indicate

individuals from hunter-gatherer contexts, triangles indicate individuals from farming contexts, and diamonds indicate Bronze Age individuals. See also Table S4

for the number of SNPs yielded per individual for the analyses, Table S1 for radiocarbon dates for Kum6, and Tables S2 and S3 and Figure S1 for contamination

estimates and sequence statistics for Kum6.

(B) PCA of the ancient individuals together with modern-day individuals from western Eurasian populations. See also Figure S2 for individual PCAs.
early farmers of Europe [16] and the Near East [17]. We estimated

mtDNA contamination [18] of Kum6 and found low levels of

contamination (2.0%, with a 95% confidence interval of 0.0%–

5.9%) (Table S3).

Genome coverage as low as 0.133 has previously been

shown to provide important and clear insights into population

history [5, 19]. We intersected the genomic data from Kum6

with a reference panel of genome-wide autosomal SNP array

data including 594,924 SNPs genotyped in 312 modern-day

Eurasians [20]. Principal component analysis (PCA) was con-

ducted for each ancient individual, including 25 publicly available

ancient western Eurasians [3, 4, 19, 21–24]. (Figures 1A and S2;

Table S4). As observed in previous studies [3–5] there is a

clear genetic differentiation between hunter-gatherers and early

farmers (Figure 1B). The Anatolian Kum6 individual falls close to

the early and middle Neolithic European farmers, showing a

tendency toward modern-day Near Eastern populations. Inter-

estingly, Kum6 does not group with any modern-day Anatolian

populations. These results were confirmed by outgroup f3 sta-

tistics where, among modern-day groups, Kum6 shows the

greatest genetic similarity to Sardinians, Greeks, and Cypriots,

whereas modern-day Anatolian populations display lower levels

of genetic affinity to Kum6 (Figure 2). Kum6 also falls between

modern-day West Asians and Europeans when additional mod-

ern-day populations are included in the analysis (Figure S2E).

In order to infer population structure and admixture signatures

among Kum6 and other populations, as well as other ancient

individuals, we conducted a maximum-likelihood clustering
Current Biology 26, 270
analysis using ADMIXTURE [25] (Figures 3 and S5). We included

all modern-day Eurasian and North African populations, a set of

ancient European farmers and hunter-gatherers with more than

13 coverage [3, 4, 21–23], a Yamnayan individual and individuals

with the largest number of SNPs from each Neolithic group from

a recent SNP capture study [24], six Bronze Age Asian individ-

uals [19], and three Paleolithic individuals [26–28]. For a model

with nine clusters (K = 9; results for higher numbers of clusters

are similar, Figure S3), three major ancestry components were

observed in the ancient individuals. The first one (blue), observed

as the main component in all hunter-gatherers, is also found

as a minor contribution to all farmers, which is in line with

the observed admixture from hunter-gatherers into farmers [3].

The second (orange) and the third (green) components were

observed mostly in farmers to varying degrees (�5%–68% and

�0.06%–45% for K = 9, respectively). The orange component

is mainly found in present-day Western Europeans, whereas

the third component (green) is mostly found in the modern-day

Near East and Caucasus, and the highest proportion of this third

component among Neolithic individuals was observed in Kum6

(�45% for K = 9). The notion that this component is West Asian

is also supported by its presence in a Bronze Age Armenian

sample (51%), which contains less than 2% of the orange

component. Interestingly, this ‘‘West Asian’’ component (green)

is not related to the potential genetic material brought to Europe

by migration during the Bronze Age and recently connected to

the Yamnaya culture [19, 24], visualized in Figure 3 as light

blue, and it is observed in high frequency in modern-day people
–275, January 25, 2016 ª2016 Elsevier Ltd All rights reserved 271



Figure 2. The Western Anatolian Neolithic

Kum6 Individual’s Affinities with Modern-

Day Populations

Shared genetic drift between modern-day in-

dividuals and Kum6.
from southern Asia. The elevated ‘‘West Asian’’ affinity of Kum6

is likely to be the cause of the genetic differentiation observed

between Kum6 and all other ancient farmers shown in the PCA

plot (Figure 1B). A clear decline was observed in the values of

the green component over time (average of �29% in Early

Neolithic, �14% in Middle Neolithic, and 2% in Late Neolithic),

which is consistent with increased admixture with hunter-gath-
272 Current Biology 26, 270–275, January 25, 2016 ª2016 Elsevier Ltd All rights reserved
erer groups [3]. Our results suggest that

the two ancestry components of ancient

farmers (orange and green in Figure 3)

were established at an early stage, prob-

ably before the first farmers expanded

into Europe, and were maintained in Eu-

rope up until the end of Middle Neolithic

and that both components are present

in various modern-day European pop-

ulations. Therefore, these observations

directly link the early European Neolithic

gene pool to western Anatolia.

We computedD statistics [20] to further

investigate additional genetic relation-

ships between ancient Europeans with
sufficient sequencing coverage (>13) and Kum6. All proposed

tree topologies where the Tyrolean Iceman [20] was included

as one of the in-groups were rejected (2 < jZj < 4.6), suggesting

gene flow or a more recent shared ancestry between Kum6

and the Tyrolean Iceman (Figure 4A). A similar tendency was

observed with a Middle Neolithic Hungarian farmer [23], (co1),

contemporary with the Tyrolean Iceman, despite the limited
Figure 3. Ancestry Proportions Inferred

from Model-Bases Clustering

The map shows population ancestry proportions

for modern-day western Eurasian and North Afri-

can populations determined using ADMIXTURE for

K = 9 (note that eastern Eurasian populations were

included in the analysis, as well; see Figure S3 for

the full set of results). Ancestry proportions for the

ancient individuals are shown as bar charts in the

lower panel. Ajv58 was grouped with the Meso-

lithic samples (despite being dated to the Neolithic

time period) since it is genetically and culturally

more similar to European Mesolithic hunter-gath-

erers. Ko1 is, genetically, very similar to the hunter-

gather gene pool [23], but it has been excavated

from a farmer context. ADMIXTURE results for

other values of K are shown in Figure S3.
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Figure 4. Affinities among Ancient Farmers and Admixture Graph

Inference
(A) D statistics testing the consistency of proposed tree topologies of the

shape (outgroup, Kum6; early farmer 1, early farmer 2) using genetic data.

Negative values suggest strong affinities between Kum6 and early farmer 1

(labels on the left), whereas positive values indicate that Kum6 is closer to early

farmer 2 (labels on the right). Significant differences from zero can be in-

terpreted as rejection of the tree topology. Error bars represent ±2 SEs. See

also Table S5.

(B) TreeMix plot for Kum6 allowing twomigration events. The symbols indicate

the two different cultural groups: triangles indicate individuals from farming

contexts, and circles indicate individuals from hunter-gatherer contexts.
resolution due to the low coverage of Kum6 and co1. The

observed genetic affinity between the Tyrolean Iceman and

Kum6 could be interpreted as additional contacts betweenwest-

ern Anatolia and Neolithic Europe at a later stage. This scenario

is congruent with mitochondrial [29] and archaeozoological

[30] studies, as well as the archaeological indications of multiple

waves of contact between the Balkans and Anatolia [7, 9, 31–33].

A continuous contact between northwestern Anatolia and south-

eastern Europe is in not surprising, given the archaeological re-

cord, although it has not been detected in the genomic data

previously.

Furthermore, the Bronze Age Yamnayan component sug-

gested to be a part of the Corded ware expansion [19, 24] is

not present in Kum6, and thus is not producing any increased af-

finity to the ancestors of the Yamnaya culture from north of the

Caucasus (D-Denisovan, Yamnaya_RISE; Kum6, early farmer),
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all Z > �1.7). Contacts to the east, independent of Yamnaya

ancestry [19, 24] are, however, supported by (1) higher affinity

of Kum6 to some Bronze Age Asian cultures when compared

to Mesolithic Europeans and (2) higher affinities of Bronze Age

Asians to Kum6 compared to early Neolithic Europeans (Table

S5). A comparison of Kum6 to an Asian Upper Paleolithic individ-

ual (Ust-Ishim [27]) and a European Upper Paleolithic sample

(Kostenki14 [28]) confirms that Kum6 showsmore affinity to early

Europeans (Z = 5). Stronger affinities of Kostenki14 to Kum6 than

to early Neolithic Europeans (Table S5), however, suggest that

Kum6 contains genomic components not found in early Neolithic

Europeans. Kum6 is also groupedwith farmers in amodel-based

population-tree analysis [34] (Figure 4B), and the inferred migra-

tion edges point to the same conclusion as the D statistics re-

sults, as well as manifest the expected signals from previously

published observations [3, 4].

Our findings show a direct link between Anatolia and the early

European Neolithic gene pool similar to recently published data

[35]. The genetic composition of Kum6 indicates, however, that

this individual is a representative of the local population in the

area 6,700 BP, as there are European hunter-gatherer traces in

this individual, although at lower levels than in any other studied

Neolithic farmer. In addition, we also observe limited geneticma-

terial from the later Bronze Age expansions (sometimes linked to

the Yamnaya culture [19, 24]), and instead a larger genetic

component related to people that are linked to the east (these

components are all in addition to the strong genetic affinities to

early European farmers, as discussed above). Interestingly, the

genetic similarity to the Tyrolean Iceman and the eastern compo-

nent detected in Kumtepe indicate an intense entanglement of

contacts from the East and into Europe, with western Anatolia

at the center. Most modern-day European populations display

ancestries from Mesolithic hunter-gatherers, early Neolithic

farmers, and in some cases traces of additional admixture

from different sources [3, 4, 23, 24] (Figure 3). Modern-day

Anatolian groups display a variety of admixture traces originating

from groups in the Middle East, Central Asia, and Siberia, which

cause Kum6 to be genetically more similar to modern-day Euro-

peans than to modern-day Anatolians. These results show a

large diversity in Anatolian groups that is consistent with previ-

ous population genetic studies of modern-day Anatolians. Influ-

ences from South Caucasus and the Near East [36] and major

population movements, including the arrival of Turkic tribes

[37, 38], have most likely contributed to the genetic makeup of

modern-day Anatolians, whereas the affinity to present-day

Sardinians could be the result of the relative isolation of that

particular population after the initial Neolithic expansion [39].

Thus, the observed genetic continuity between Kum6 and

the modern-day inhabitants of southern Europe, and especially

Sardinia, is likely to be the result of these population movements

that occurred in Anatolia.

EXPERIMENTAL PROCEDURES

DNA was extracted from 12 bone pieces from eight individuals (Supplemental

Experimental Procedures, section S2). DNA extracts were built into Illumina

libraries and sequenced on the Illumina HiSeq2500 (Supplemental Experi-

mental Procedures, sections S2 and S3). Reads were mapped to the human

reference genome builds 36 and 37.1 (Supplemental Experimental Proce-

dures, section S3). Principal component analysis was carried out to investigate
–275, January 25, 2016 ª2016 Elsevier Ltd All rights reserved 273



affinities to modern-day populations (Supplemental Experimental Proce-

dures, section S6.1). Shared genetic drift with modern-day populations and

ancient individuals were estimated using outgroup f3 statistics [20] (Supple-

mental Experimental Procedures, section S6.2). Tree-like population models

were tested using D statistics [20] (Supplemental Experimental Proce-

dures, section S6.3). Admixture graphs were fitted to the observed allele

frequencies using TreeMix [34] (Supplemental Experimental Procedures, sec-

tion S7). Model-based clustering was performed using ADMIXTURE [25] and

the Human Origins dataset [20] (Supplemental Experimental Procedures,

section S8).
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7. Özdo�gan, M. (2011). Archaeological evidence on the westward expansion

of farming communities from Eastern Anatolia to the Aegean and the

Balkans. Curr. Anthropol. 52, 415–430.
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Benecke, N., and Burger, J. (2015). The genetic prehistory of domesti-

cated cattle from their origin to the spread across Europe. BMC Genet.

16, 54.

31. Bori�c, D., and Price, T.D. (2013). Strontium isotopes document greater

human mobility at the start of the Balkan Neolithic. Proc. Natl. Acad. Sci.

USA 110, 3298–3303.

32. Whitehouse, R., and Renfrew, C. (1974). The Copper Age of peninsular

Italy and the Aegean. Annu. Br. Sch. Athens 69, 343–390.

33. Barfield, L. (1994). The Iceman reviewed. Antiquity 68, 10–26.

34. Pickrell, J.K., and Pritchard, J.K. (2012). Inference of population splits and

mixtures from genome-wide allele frequency data. PLoS Genet. 8,

e1002967.

35. Mathieson, I., Lazaridis, I., Rohland, N., Mallick, S., Patterson, N.,

Roodenberg, S.A., Harney, E., Stewardson, K., Fernandes, D., Novak,

M., et al. (2015). Genome-wide patterns of selection in 230 ancient

Eurasians. Nature. Published online November 23, 2015. http://dx.doi.

org/10.1038/nature16152.

36. Cinnio�glu, C., King, R., Kivisild, T., Kalfo�glu, E., Atasoy, S., Cavalleri, G.L.,

Lillie, A.S., Roseman, C.C., Lin, A.A., Prince, K., et al. (2004). Excavating

Y-chromosome haplotype strata in Anatolia. Hum. Genet. 114, 127–148.

37. Hodo�glugil, U., and Mahley, R.W. (2012). Turkish population structure and

genetic ancestry reveal relatedness among Eurasian populations. Ann.

Hum. Genet. 76, 128–141.

38. Hellenthal, G., Busby, G.B.J., Band, G., Wilson, J.F., Capelli, C., Falush,

D., and Myers, S. (2014). A genetic atlas of human admixture history.

Science 343, 747–751.

39. Sikora, M., Carpenter, M.L., Moreno-Estrada, A., Henn, B.M., Underhill,

P.A., Sánchez-Quinto, F., Zara, I., Pitzalis, M., Sidore, C., Busonero, F.,

et al. (2014). Population genomic analysis of ancient andmodern genomes

yields new insights into the genetic ancestry of the Tyrolean Iceman and

the genetic structure of Europe. PLoS Genet. 10, e1004353.
–275, January 25, 2016 ª2016 Elsevier Ltd All rights reserved 275

http://refhub.elsevier.com/S0960-9822(15)01516-X/sref21
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref21
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref22
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref22
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref22
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref22
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref23
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref23
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref23
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref23
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref23
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref24
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref24
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref24
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref24
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref25
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref25
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref25
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref26
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref26
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref26
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref26
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref27
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref27
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref27
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref27
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref28
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref28
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref28
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref28
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref29
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref29
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref29
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref29
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref29
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref29
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref30
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref30
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref30
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref30
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref31
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref31
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref31
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref31
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref32
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref32
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref33
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref34
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref34
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref34
http://dx.doi.org/10.1038/nature16152
http://dx.doi.org/10.1038/nature16152
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref36
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref36
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref36
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref36
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref36
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref37
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref37
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref37
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref37
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref38
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref38
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref38
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref39
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref39
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref39
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref39
http://refhub.elsevier.com/S0960-9822(15)01516-X/sref39

	Genomic Evidence Establishes Anatolia as the Source of the European Neolithic Gene Pool
	Results and Discussion
	Experimental Procedures
	Accession Numbers
	Supplemental Information
	Author Contributions
	Acknowledgments
	References


