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SUMMARY day humans outside of Africa [6-9]. Many variants of

these models focus largely on Asia and Australasia,
How modern humans dispersed into Eurasia and Aus- neglecting human dispersal into Europe, thus explain-
tralasia, including the number of separate expansions ing only a subset of the entire colonization process
and their timings, is highly debated [1, 2]. Two cate- gutside of Africa [3-5, 8, 9]. The genetic diversity of
gories of models are proposed for the dispersal of {he first modern humans who spread into Europe
non-Africans: (1) single dispersal, i.e., a single major  qyring the Late Pleistocene and the impact of subse-
diffusion of modern humans across Eurasia and qguent climatic events on their demography are largely
Australasia [3-5]; and (2) multiple dispersal, i.e., addi-  ynknown. Here we analyze 55 complete human mito-
tional earlier population expansions that may have chondrial genomes (mtDNAs) of hunter-gatherers
contributed to the genetic diversity of some present-  gpanning ~35,000 years of European prehistory. We
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Figure 1. Late Pleistocene and Early Holocene Archeological Sites and Hunter-Gatherer mtDNA Haplogroups

(A) Pre-LGM dispersal of non-African populations, carrying both M and N lineages (hgs R, U, U5, and U2'3'4'7'8'9 belong to the N clade, distinct from the M clade).
(B) Post-LGM re-expansion in Europe while ice sheets retracted.
(C) Late Glacial shift in mtDNA hg frequency.

(D) Holocene hunter-gatherer mtDNA, mainly belonging to hg U5.
See also Table S1, Table S2, Table S4, and the Supplemental Experimental Procedures.

unexpectedly find mtDNA lineage M in individuals
prior to the Last Glacial Maximum (LGM). This lineage
is absent in contemporary Europeans, although it is
found at high frequency in modern Asians, Austral-
asians, and Native Americans. Dating the most recent
common ancestor of each of the modern non-African
mtDNA clades reveals their single, late, and rapid
dispersal less than 55,000 years ago. Demographic
modeling not only indicates an LGM genetic bottle-
neck, but also provides surprising evidence of a major
population turnover in Europe around 14,500 years
ago during the Late Glacial, a period of climatic insta-
bility at the end of the Pleistocene.

RESULTS AND DISCUSSION

Genetic studies of human mitochondrial DNA (mtDNA) show that
all present-day non-Africans belong to two basal mtDNA hap-
logroups (hgs), M and N [10]. The time to the most recent com-

mon ancestor (TMRCA) of each of these two clades has been
estimated independently at around 50,000 years ago (50 ka)
(95% confidence interval [Cl], 53-46 ka) and 59 ka (95% ClI,
64-54 ka), respectively [11]. However, whereas present-day
Asians, Australasians, and Native Americans carry both M and
N mtDNA hgs, modern individuals with European ancestry lack
almost completely lineages of the M clade [12]. The different
spatial distributions and TMRCA estimates of these two ances-
tral clades have been interpreted as evidence of an early spread
of modern humans carrying hg M into Asia, perhaps via a south-
ern route, followed by a later non-African diffusion of the N clade,
perhaps via a northern route [7]. However, an alternative model
proposes a rapid and single dispersal across Eurasia, with Asia
being reached first, whereas Western Eurasia would have been
settled only after a hiatus, during which hg M was lost [4].

Little is known about the genetic makeup of the first European
hunter-gatherers, who likely arrived ~45 ka [13], or about the
subsequent population dynamics during the nearly 40,000 years
spanning from the Late Pleistocene to the Neolithic transition
[14]. Here, we reconstructed 35 complete or nearly complete
mtDNAs (from 11x to 1,860x average coverage) of ancient
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Figure 2. Maximum Parsimony Tree of Present-Day Human and 55
Pre-Neolithic mtDNA Genomes

Pre-LGM samples are shown in blue, Post-LGM in green, Late Glacial in
magenta, Holocene hunter-gatherers in red, and present-day individuals in
black print. Average values of 14C dates are reported next to each specimen
when available. Red arrows indicate divergence times of M and N clades. Hg M
is almost absent in present-day individuals with European ancestry. Oase1
represents a pre-N lineage. The tree is rooted with one Neanderthal and 16
deeply divergent African mtDNAs (not shown). See also Figure S1 and the
Supplemental Experimental Procedures.

modern human individuals from Iltaly, Germany, Belgium,
France, Czech Republic, and Romania, spanning in age from
35 to 7 ka (Figure 1; Table S1). Hybridization capture of mtDNA
in combination with high-throughput sequencing technologies
[15] allowed us to evaluate typical DNA damage patterns and
average fragment length [16] as criteria for authentication of
ancient DNA (Supplemental Experimental Procedures). Both
features were taken into account in an iterative probabilistic
approach [17] that jointly estimates present-day human con-
tamination and reconstructs mtDNA sequences (Table S2).
Combining 311 modern and 66 ancient dated worldwide mtDNA
genomes (both new and from the literature; Table S3), we used
Bayesian phylogenetic methods [18] to estimate the mutation
rate and hg coalescence times. Further, we combined our 35
new mtDNA genomes with 20 previously published ancient Eu-
ropean mtDNAs for a total of 55 pre-Neolithic sequences (Table
S4) and explicitly tested scenarios of the early population history
of Europe using coalescent demographic modeling paired with
approximate Bayesian computation (ABC) [19] (Supplemental
Experimental Procedures).

Hg assignment of the authenticated mtDNAs confirmed that
the vast majority of Late Pleistocene and Early Holocene individ-
uals belonged to the U lineage, which is a subgroup of the N
clade [20] (Figures 2 and S1). We also found a basal U lineage
that had no derived position leading to known sub-hgs in a
33,000-year-old Romanian individual. Surprisingly, three hunt-
er-gatherers from Belgium and France dating to between 35
and 28 ka carried mtDNA hg M, today found predominantly in
Asia, Australasia, and the Americas, although it is almost absent
in extant populations with European ancestry [12].

We used 66 ancient dated mtDNAs as tip calibration points in
BEAST v1.8.1 [18] in combination with 311 modern worldwide
miDNA sequences to reduce the possible impact of sample
biases (Table S3 and Supplemental Experimental Procedures)
in estimating the mtDNA mutation rate and hg M and N diver-
gence times. Strict and uncorrelated lognormal relaxed clocks
were tested, under both a constant size and a Bayesian skyline
tree prior. The four analyses returned mtDNA mutation rates (Ta-
ble 1) consistent with previously published rates using similar
methodology [21, 22]. The Bayesian skyline, in combination
with strict rate variation among branches, performed best ac-
cording to stepping-stone and path sampling methods [23]
and highest effective sample size (ESS) values, giving a best
estimate of the mutation rate of 2.74 x 1078 (95% highest
posterior density [HPD], 2.44-3.01 x 108 mutation/site/year.
This model allowed us to refine time estimates for the TMRCA
of the basal non-African clades M and N of circa 49 ka (95%
HPD, 54.8-43.6 ka) and 51 ka (95% HPD, 55.1-46.9 ka),
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Table 1. Haplogroup Divergence Times and mtDNA Mutation Rate

Divergence Time

Log Marginal Likelihood

Tree Prior  Clock Statistic TMRCA hg M TMRCA hg N Clock Rate Whole mtDNA  Stepping-Stone Sampling  Path Sampling
Constant  strict mean 58,869 57,482 2.62 x 1078 —48,759 —48,754
median 58,578 57,181 2.62 x 1078
95% HPD 68,163-50,380 64,363-51,387 2.30-2.93 x 108
ESS 585 445 651
Constant  relaxed mean 58,961 58,531 2.67 x 1078 —48,755 —48,751
median 58,507 58,207 2.67 x 1078
95% HPD 70,389-49,125 66,398-51,664 2.30-3.04 x 108
ESS 354 416 431
Skyline strict mean 49,106 50,562 2.74 x 1078 —48,577 —48,571
median 48,837 50,317 2.74 x 1078
95% HPD 54,780-43,598 55,138-46,892 2.44-3.01 x 1078
ESS 741 799 863
Skyline relaxed mean 48,005 50,179 2.77 x 1078 —48,550 —48,546
median 47,695 50,021 2.77 x 1078
95% HPD 53,917-43,054 54,189-46,483 2.47-3.07 x 108
ESS 251 285 348

The values reported are obtained in BEAST [18] using 377 worldwide mtDNAs, 66 of which come from ancient dated human remains. A Bayesian
skyline tree prior in combination with strict rate variation between branches performed better than the other three tested models according to higher
log marginal likelihood estimates (compared to the constant tree prior models) and effective sample size (ESS) values. HPD, highest posterior density.

See also Table S3 and the Supplemental Experimental Procedures.

respectively (Table 1; Figure 2; Supplemental Experimental
Procedures).

The observed mtDNA hg variation through time, including the
apparent loss of hg M in Europe, suggests a genetic bottleneck
that may have been influenced by climatic events (Figure 3).
This period of European prehistory was accompanied by severe
climatic fluctuations, such as the Last Glacial Maximum (LGM,
25 to 19.5 ka) and, at the end of the Pleistocene, the Balling-
Allergd interstadial followed by the stadial Younger Dryas—a
period we refer to as the Late Glacial (14.5 to 11.5 ka) [24, 25].
These climatic changes have been proposed as a driver of the
range contraction to refugia in many species [26], including mod-
ern humans, for whom there is absence of evidence of north-
western European occupation during the LGM [25, 27]. We
used coalescent modeling paired with ABC [19] to test a range
of explicit models of European hunter-gatherer demography
(Figure S2; Table S6), using the complete set of 55 pre-Neolithic
ancient mtDNA genomes (Table S4). The best-fitting model
(Figure 3 and 2b in Figure S2) strongly supports maternal popu-
lation continuity through the LGM, albeit as a single genetic
bottleneck, before being replaced by a new incoming population
at the onset of the Late Glacial 14.5 ka (model posterior probabil-
ity, P2, = 0.807). Based on the estimated parameter values of this
model (Table S5), we infer that this surviving population diverged
from the ancestral one around 29 ka (95% HPD, 36-25 ka), prior
to the beginning of the LGM.

The new hunter-gatherer mtDNA genomes reported here
approximately triple the available sequences from pre-Neolithic
Europe. One novel finding, that three out of 18 European pre-
LGM hunter-gatherers carry a previously undescribed basal
mtDNA lineage M (Figure 1A), has important implications for
the timing of the dispersal of modern humans into Eurasia.

Excluding a ~40,000-year-old Romanian individual known not
to have contributed notably to the modern European gene pool
[28], our BEAST analyses give a TMRCA for clades M and N
from 44 to 55 ka, respectively. Our estimated dates, together
with the oldest accepted archeological evidence for the pres-
ence of early modern humans in Australia and Europe (both
dated to at least 45 ka [13, 29]), are consistent with a model of
a single, late, and therefore rapid dispersal of a source popula-
tion containing both M and N hgs, which contributed all the mito-
chondrial diversity of present-day non-Africans (cf. [7]). Human
individuals whose ancestries trace back to potential earlier ex-
pansion(s) outside Africa [30, 31] are thus unlikely to have left
any surviving mtDNA descendants.

Phylogeographic inference based solely on mtDNA has limita-
tions [2], but information from single loci can provide meaningful
constraints on models of human prehistory. In particular, the fact
that hg M has never previously been found in Europe is generally
interpreted as an important limitation for the proposed scenarios
of non-African population dispersals [4, 7]. According to the
most popular model [4], an early expansion occurred before
the M and N diversification with a subsequent loss of M in only
the population ancestral to Europeans. Our evidence for the ex-
istence of hg M in Late Pleistocene Europe revises this scenario.
It suggests that the loss of hg M may be due to population dy-
namics that occurred later within Europe itself. The expansion
either occurred before the diversification of M and N, with subse-
quent migration bringing both lineages into Europe, or the
dispersal was later, occurring after their TMRCAs. Contrary to
recent findings [11], though similar to a previous study [32], our
two TMRCAs are almost identically dated, suggesting a single
major dispersal after 55 ka for all non-African populations,
including Europe. The genetic evidence of pre-LGM hg M
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indicates that this lineage reached Western Europe by at least
35 ka (GoyetQ116-1), either alongside the first arrival of N or
later. The reconstructed phylogeny (Figure 2) with both basal N
and M lineages in Late Pleistocene Europe possibly mirrors the
inferred back migration into Africa, which has been suggested
by the existence of hgs U6 and M1 in modern-day North Africans
[33]. Therefore, the major modern human dispersal described
here after 55 ka might have affected not only non-Africans, but
also African populations to some extent.

The potential impact of climatic events on the demography,
and thus the genetic diversity of early Europeans, has previously
been difficult to quantify, but it likely had consequences for the
relative components of ancient ancestry in modern-day popula-
tions [14]. Our demographic modeling reveals a dynamic history
of hunter-gatherers, including a previously unknown major pop-
ulation shift during the Late Glacial interstadial (the Belling-
Allergd, ~14.5 ka). Under our best-fitting model (Figure 3 and
2b in Figure S2), the small initial founder population of Europe
slowly grows up until ~25 ka and survives with smaller size in
LGM climatic refugia (25-19.5 ka) [25] before re-expanding as
the ice sheets retract (Figure 1B). Although this model supports
population continuity from pre- to post-LGM, the genetic bottle-
neck is consistent with the apparent loss of hg M in the post-
LGM. The subsequent Late Glacial period is characterized by
drastic climatic fluctuations, beginning with an abrupt warming

refugium. On the basis of mtDNA alone,

we cannot rule out some degree of
genomic continuity throughout the Late Pleistocene and early
Holocene hunter-gatherer populations, and thus into present-
day Europeans [14]. For this reason, we interpret our model as
capturing the maternal signal of a major population shift, rather
than a complete replacement. Ancient nuclear DNA data and
additional geographically and temporally distributed specimens
may provide a more comprehensive picture, possibly identifying
the source and ancestry of these later incoming hunter-
gatherers.

In conclusion, the large dataset presented here allowed us to
provide a late upper bound on the major dispersal of all non-Af-
ricans and to uncover unexpected population dynamics of Euro-
pean hunter-gatherers. The Late Glacial event that we identify
here is the oldest in an accumulating list of major European pop-
ulation turnovers revealed by ancient mtDNA [20].
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Supplemental Information includes Supplemental Experimental Procedures,
two figures, and six tables and can be found with this article online at http://
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Figure S1.

Bayesian phylogenetic tree of 54 present-day human and 55 Pre-Neolithic mtDNA genomes
(related to Figure 2). The tree shows the same general topology of the Maximum Parsimony tree
(Figure 2) with posterior probability of 1 at both M and N nodes. Pre-LGM samples are shown in blue,
Post-LGM in green, Late Glacial in magenta, Holocene hunter-gatherers in red. Oasel represents a pre-
N lineage.
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Schematic of the demographic models used for coalescent simulations (related to Figure 3). The
six named demographic models described in the Supplemental Experimental Procedures, with
estimated model posterior probabilities given in the box in each subplot. Model 2b is identified as by
far the best-fitting model, suggesting that the European hunter-gatherer population survived through an
LGM bottleneck but was then largely replaced during the Late Glacial around 14.5 ka.
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Table S2.

Summarized mtDNA capture results (related to Figure 1 and Figure 2). Schmutzi [S15] output
comprising mtDNA average coverage, average length, deamination at molecule termini, contamination
estimate. MtDNA haplogroup was assigned with Haplogrep. The last column provides the number of

unassigned positions (Ns) over the complete mtDNA (16569bp).

5 3 ion esti ination estimate
mtDNA Insert size deamination deamination (%), first iteration (low - (%), final iteration (low mtDNA Ns
Sample ID Library ID (fold) (bp) (%) (%) high) - high) haplogroup  (bp)
BerryAuBacl GA261 106.8 55.4 59.5 57.6 55(5-6) 1(0-2) Usbla 1
Bockstein GA89 267.0 50.4 324 325 6(5.5-6.5) 1(1-1 Usbldl 1
Brillenhohle GAT9 18.6 54.4 23.6 222 29.5(27.5-31.5) 4(3-5) U8a 64
Burkhardtshohle Burk 45.0 65.5 30.6 30.8 29.5 (28.5-30.5) 13 (12-14) U8a 1
Cioclovinal Cioclovina 19.2 64.6 26.3 235 28 (26 - 30) 3(2-4) U 2
CuiryLesChaudardes1 GA113 16.9 543 60.4 55.8 45(3.5-5.5) 1(0-2) Usblb 2
DolniVestonice16 DV16 14.5 80.9 273 29.0 26 (23.5-28.5) 1(0-2) us 30
DolniVestonice43 DV43 46.3 57.0 46.0 44.4 12(11-13) 1(0-2) us 1
Falkenstein FL 599.7 56.1 37.0 37.1 4(3.5-45) 1(1-1 Usb2a 1
Felsdach Fels 552 50.6 33.7 342 28 (27.5 - 28.5) 13 (12-14) USa2c 17
Goyet2878-21 GA232 21.1 54.4 31.8 32.1 21.5(20-23) 3(2-4) us 12
GoyetQ-2 GA231 406.0 49.8 38.0 36.7 10.5(10-11) 1(1-1 U8a 0
GoyetQ116-1 GA63 56.0 543 29.2 28.9 14 (13 - 15) 2(2-2) M 3
GoyetQ376-19 Q376-19 42.8 522 373 35.1 15.5 (14.5 - 16.5) 4(3-5) U2 3
GoyetQ376-3 Q376-3 45.7 60.6 248 232 31(30-32) 12 (11-13) M 1
GoyetQ53-1 Q53-1 483 60.6 315 319 25.5(24.5 - 26.5) 12 (11-13) U2 2
GoyetQ55-2 Q55-2 17.0 76.8 222 23.6 42 (40 - 44) 10(8-12) U2 31
GoyetQ56-16 Q56-16 45.1 72.6 222 245 36.5(35.5-37.5) 4(4-4) U2 1
HohleFels10 GA81 106.2 52.0 40.0 41.1 7.5(7-8) 1(0-2) U8a 1
HohleFels49 GA82 364.2 64.9 359 36.1 11 (10.5-11.5) 1(1-1 U8a 0
HohleFels79 GA90 422 522 33.7 32.7 22 (21-23) 3(3-3) U8a 1
HohlensteinStadel VE 335 59.4 25.8 20.9 26.5(25.5-27.5) 16 (15-17) Usb2cl 1
Iboussieres25-1 MAI121 27.1 73.6 40.7 41.7 11 (9.5-12.5) 4(3-5) Usb2a 2
Iboussieres31-2 MAI123 13.6 68.0 442 42.7 19 (17-21) 4(3-5) Usbl 4
Iboussieres39 GA77 30.9 49.7 61.1 59.7 9.5(8.5-10.5) 3(2-4) U5b2b 1
LaRochette LaRochette 40.1 55.7 319 31.6 24 (23 -25) 14 (13 - 15) M 2
LesCloseaux3 LCX 19.0 62.9 394 372 28 (26.5 -29.5) 12 (10 - 14) US5a2 3
MareuilLesMeaux1 MLM 18.9 63.8 44.7 40.0 31(29.5-32.5) 16 (14 - 18) US5a2 5
Ofnet GA93 1859.3 534 31.1 30.4 9.5(9-10) 1(1-1 Usbldl 0
Pagliccil08 B1 19.5 54.4 45.0 342 21.5(20-23) 6(5-7) U2'3'4'7'8'9 4
Pagliccil33 C2 27.7 514 54.4 533 17.5(16.5 - 18.5) 7(6-8) U8c 6
Paglicci71 FA 11.6 52.8 60.0 60.6 10.5(9-12) 5(4-6) U5b2b 23
Ranchot88 GA262 86.3 47.7 53.7 49.4 0(0-0.5) 4(3-5) Usbl 1
Rigneyl Rigneyl 41.4 62.4 32.8 30.6 26 (25 -27) 10(9-11) U2'3'4'7'8'9 1

Rochedane GA127 104.4 47.8 42.7 43.4 12(11.5-12.5) 1(0-2) U5b2b 1




Table S3.

Dated ancient mtDNA genomes (related to Table 1). 66 ancient radiocarbon dated samples (except the
archeologically dated Stuttgart sample) used as calibration points in BEAST [S16] to estimate the mtDNA
molecular clock. *'*C dates newly reported in this study were calibrated using Reimer et al. [S17]
calibration curve and reported in calibrated years before present (cal BP).

Sample ID Country Date interval (cal BP)* Data source
Ajvide52 Sweden 4600-4900 [S18]
Ajvide58 Sweden 4600-4900 [S18]
Ajvide70 Sweden 4600-4900 [S18]
BerryAuBacl France 7169-7319 This study
BLA10* Germany 5355-5481 [S19]
BLAI1* Germany 5862-5982 [S19]
BLAI13* Germany 5411-5615 [S19]
BLA14* Germany 5589-5617 [S19]
BLA20* Germany 10594-10710 [S19]
BLAT7* Germany 5646-5686 [S19]
Bockstein Germany 8016 - 8329 This study
Boshanl1 China 8040-8320 [S20]
BRAI1 Spain 7690-7940 [S21]
Brillenhohle Germany 14440-15120 This study
Burkhardtshohle Germany 14150 — 15080 This study
Cioclovinal Romania 32519-33905 This study
CuiryLesChaudardes1 France 8050-8360 This study
DolniVestonicel3 Czech Republic 31070-31240 [S20]
DolniVestonice14 Czech Republic 31070-31240 [S20]
DolniVestonicel6 Czech Republic 29386 - 30567 This study
Falkenstein Germany 8993 - 9409 This study
Felsdach Germany 8380-8980 This study
Fumane2 Italy 38500-41110 [S22]
Gokhem2 Sweden 4750-5050 [S18]
Gaokhem5 Sweden 4750-5050 [S18]
Gaokhem?7 Sweden 4750-5050 [S18]
Goyet2878-21 Belgium 26269 - 27055 This study
GoyetQ-2 Belgium 14780-15230 This study
GoyetQ116-1 Belgium 34430-35160 This study
GoyetQ376-19 Belgium 27310-27720 This study
GoyetQ376-3 Belgium 33140-33940 This study
GoyetQ53-1 Belgium 27720-28230 This study
GoyetQ55-2 Belgium 27310-27730 This study
GoyetQ56-16 Belgium 26040-26600 This study
HohleFels49 Germany 15568 - 16250 This study
HohleFels79 Germany 14270-15070 This study
HohlensteinStadel Germany 8446 - 8809 This study
Iboussieres39 France 11600-12040 This study
Iceman Italy 5100-5350 [S23]
Ire8 Sweden 4150-5100 [S18]
Kostenkil4 Russia 37320-38650 [S24]
LaRochette France 27400-27784 This study
LesCloseaux3 France 9580-10230 This study
Loschbour Luxembourg 7927-8181 [S25]
MA-1 Russia 23891-24423 [S26]
MareuilLesMeaux1 France 9080-9500 This study
Motalal Sweden 7530-8375 [S25]
Motalal2 Sweden 7530-8375 [S25]
Motala2 Sweden 7530-8375 [S25]
Motala3 Sweden 7530-8375 [S25]
Motala4 Sweden 7530-8375 [S25]
Motala6 Sweden 7530-8375 [S25]
Motala9 Sweden 7530-8375 [S25]
Oasel Romania 37000-42000 [S27]
Oberkassel998 Germany 13870-14170 [S20]
Oberkassel999 Germany 13290-13570 [S20]
Ofnet Germany 8159 - 8424 This study
Pagliccil08 Italy 27831 - 28961 This study
Paglicci71 Italy 18197-18973 This study
Ranchot88 France 9933-10235 This study
Rigneyl France 15240-15690 This study
Rochedane France 12830-13090 This study
Saqqaq Greenland 3600-4170 [S28]
Stuttgart Germany 6800-7150 [S25]
Tianyuan1301 China 38830-40120 [S20]

Ust'Ishim Russia 43210-46880 [S29]




Table S4.

European pre-Neolithic dated mtDNA genomes (related to Figure 1 and Figure 3). 55 complete or
almost complete mtDNA sequences of Late Pleistocene and early Holocene hunter-gatherers (sorted
chronologically) used for coalescent demographic modeling. The last column provides average values of
"C-dates reported in calibrated years before present (cal BP). ~Radiocarbon date not available in the study.

Sample ID Country Map sites (Figure 1) Time period Haplogroup Publicati Date (cal BP)
Fumane2 Italy Fumane preLGM R [S22] 39805
Kostenkil4 Russia Kostenki preLGM U2 [S24] 37985
GoyetQ116-1 Belgium Goyet preLGM M This study 34795
GoyetQ376-3 Belgium Goyet preLGM M This study 33540
Cioclovinal Romania Cioclovina preLGM 8] This study 33212
Pagliccil33 Italy Paglicci preLGM U8c This study 33000
DolniVestonicel3 Czech Republic Dolni Vestonice preLGM ug [S20] 31155
DolniVestonice14 Czech Republic Dolni Vestonice preLGM us [S20] 31155
DolniVestonicel5 Czech Republic Dolni Vestonice preLGM us [S20] 31155
DolniVestonicel6 Czech Republic Dolni Vestonice preLGM us This study 29977
DolniVestonice43 Czech Republic Dolni Vestonice preLGM us This study 29977
Pagliccil08 Italy Paglicci preLGM U2'3'4'7'8'9 This study 28396
GoyetQ53-1 Belgium Goyet preLGM U2 This study 27975
LaRochette France La Rochette preLGM M This study 27592
GoyetQ55-2 Belgium Goyet preLGM U2 This study 27520
GoyetQ376-19 Belgium Goyet preLGM U2 This study 27515
Goyet2878-21 Belgium Goyet preLGM us This study 26662
GoyetQ56-16 Belgium Goyet preLGM U2 This study 26320
Paglicci71 Italy Paglicci postLGM U5b2b This study 18585
HohleFels79 Germany Swabian Jura postLGM UBa This study 15909
HohleFels10 Germany Swabian Jura postLGM UBa This study 15470
HohleFels49 Germany Swabian Jura postLGM UBa This study 15470
Rigneyl France French Jura postLGM U2'3'4'7'8'9 This study 15465
GoyetQ-2 Belgium Goyet postLGM UBa This study 15005
Brillenhohle Germany Swabian Jura postLGM UBa This study 14780
Burkhardtshohle Germany Swabian Jura postLGM UBa This study 14615
Oberkassel998 Germany Oberkassel LateGlacial U5bl [S20] 14020
Bichon Switzerland French Jura LateGlacial U5blh [S30] 13700
Oberkassel999 Germany Oberkassel LateGlacial U5bl [S20] 13430
Paglicci Accesso sala 2 Rim P Italy Paglicci LateGlacial U2'3'4'7'8'9 [S20] 13000"
Rochedane France French Jura LateGlacial U5b2b This study 12960
Iboussieres39 France Aven des Iboussicres LateGlacial U5b2b This study 11820
Iboussieres25-1 France Aven des Iboussicres LateGlacial U5b2a This study 11820
Iboussieres31-2 France Aven des Iboussicres LateGlacial U5bl This study 11820
BLA20* Germany Blatterhohle Holocene US5a2¢3* [S19] 10652
Ranchot88 France French Jura Holocene U5bl This study 10084
Continenza 8 Italy Continenza Holocene U5b2bl [S20] 10000"
LesCloseaux3 France Paris Basin Holocene US5a2 This study 9905
MareuilLesMeaux1 France Paris Basin Holocene USa2 This study 9290
Falkenstein Germany Swabian Jura Holocene Us5b2a This study 9201
Felsdach Germany Swabian Jura Holocene USa2c This study 8680
HohlensteinStadel Germany Swabian Jura Holocene U5b2cl This study 8628
Ofnet Germany Swabian Jura Holocene US5bldl This study 8292
CuiryLesChaudardes1 France Paris Basin Holocene U5blb This study 8205
Bockstein Germany Swabian Jura Holocene US5bldl This study 8173
Loschbour Luxembourg Loschbour Holocene USbla [S20] 8054
Motalal Sweden Motala Holocene USal [S25] 7953
Motalal2 Sweden Motala Holocene U2el [S25] 7953
Motala2 Sweden Motala Holocene U2el [S25] 7953
Motala3 Sweden Motala Holocene USal [S25] 7953
Motala4 Sweden Motala Holocene USa2d [S25] 7953
Motala6 Sweden Motala Holocene USa2d [S25] 7953
Motala9 Sweden Motala Holocene US5a2 [S25] 7953
BRAI Spain La Brafia Holocene U5b2cl [S21] 7815

BerryAuBacl France Paris Basin Holocene USbla This study 7244




Table SS.
ABC estimated parameter posterior distributions for demographic model 2b in Figure S2 (related to
Figure 3). Prior distributions are given, along with modes, medians and 95% highest posterior density

(HPD) intervals for each parameter. Tolerance proportion 6 = 0.25%, i.e. 12500 retained from 5 million
simulations. Prior distributions for the two additional parameters used in other models are given in gray.

Prior (uniform) HPD

Parameter Minimum Maximum Mode Median 2.5% 97.5%
log(N¢) 1 3.699 1.963 1.867 1.057 3.113
Ts 45 ka 25 ka 29394 29610 36420 25000
log(Ns) 2 4.699 3.099 3.148 2.762 3.767
log(Ny6um) 2 4.699 3.329 3.202 2.248 4.036
Py 0 1 0.169 0.305 0.074 0.909
log(Ni6) 2.699 4.699 2.802 3.048 2.713 4.407
log(Ng) 2.699 5 4.265 4.062 2.871 4.928
Ts> T 19.5 ka - - - -

P 0 1 - - - -




Table S6.

Summary statistics (related to Figure 3). Observed statistic values, ranked by median Kruskal-Wallis p-
value per block for ABC model choice. Sample groups: 0 = Holocene; 1 = Late Glacial; 2 = Post-LGM,;
and 3 = Pre-LGM. &; = number of haplotypes; H; = haplotype diversity; &; = mean number of pairwise
differences; s; = number of polymorphic sites; D; = Tajima’s D. Within-group statistics for the Pre-LGM
sample group (group 3), in gray are excluded from the model choice procedure, as described in the
Supplemental Experimental Procedures.

Summary statistic Observed value Kruskal Wallis test p-
value
ho 19
hy 7 ~0
hy 4
Hy 0.943
H, 0.857 ~0
H, 0.563
Tovs1 14.211
Tous2 19.470
Tovs 19.104 ~0
TCvs2 17.714
Tivs3 19.286
Tovs3 16.680
FSTOVS] 0.069
FSTOVSZ 0.415
Fsrouss 0.258 ~0
FSTIVSZ 0416
FSTIVS3 0.319
FSTQVS3 0.323
Sall 145 1E-301
T 16.776 1E-301
7] 14.262
0 12.191 5.052E-276
N2 8.500
So 77
Sy 36 4.999E-264
S2 29
Dy -1.349
D, -0.977 2.771E-130
D, -1.271
Hyy 0.971 3.49E-128
hay 45 8.310E-113

Dy -1.704 1.840E-81




Supplemental Experimental Procedures
Ancient DNA

Sampling

Human specimens under investigation for ancient DNA (aDNA) (Table S1) were brought to “clean room”
facilities at the Institute for Archaeological Sciences in Tiibingen, cataloged (Sample ID assignment),
photographed (and in presence of diagnostic morphological features also surface scanned) and stored in
sample plastic bags. If not already powdered, both bones and teeth were irradiated for at least 1 hour under
UV lights before starting with sample processing. Teeth were sampled by cutting each tooth transversally
with a coping saw under the crown/root border in order to not damage informative enamel characteristics.
Tooth dentine from inside either dental crowns or roots was powdered using a dentist drill with diamond
bits rotated at low speed (below 15rpm). For bone sampling, the dentist drill was used with the same
settings, initially to remove a thin layer of surface, and then to drill inside the bone. For each specimen
between 30 mg and 120 mg of bone/tooth powder were sampled and used in DNA extraction.

DNA extraction and library preparation

DNA was extracted from bone and tooth powder following a published method especially designed for the
retrieval of short DNA fragments typical of aDNA [S31], except for the samples DolniVestonicel6 and
DolniVestonice43 that were extracted with a different silica-based protocol [S32]. DNA was eluted in
100ul TET (10mM Tris-HCl, 1mM EDTA pH 8.0, 0.1% Tween20) and between 5 pl and 60 pl of DNA
extract was transformed into a genetic library following a double stranded DNA protocol without any UDG
treatment in order to keep damage pattern along DNA fragments [S33]. The concentration of not indexed
libraries measured with qPCR varied form ~10E8 to ~10E9 copies/ul whereas extraction and library
negative controls show 4 to 5 orders of magnitude lower concentration (not shown). Moreover, extraction
and library positive controls (cave bear specimens) resulted in expected concentrations confirming the
extraction and library preparation success. A unique combination of two indexes (6-8 base pair (bp)) was
incorporated in each library molecule as sample specific DNA barcodes [S34]. Library aliquots before and
after 10 cycles of indexing PCR were quantified with qPCR [S33] and the reactions success were estimated
as total molecules after indexing over total molecules before indexing. Indexed libraries of each sample
were subsequently amplified for different PCR cycles with AccuPrime Pfx DNA polymerase as reported in
Schuenemann et al. [S35] in order to stay below the reaction plateau phase and avoid heteroduplex
formation [S36]. Extraction and library negative controls were treated accordingly. Amplified products
were then purified using MinElute spin columns following the manufacturer’s protocol and quantified on
an Agilent 2100 Bioanalyzer DNA 1000 chip.

Mitochondrial DNA enrichment and sequencing

Human mitochondrial DNA (mtDNA) was enriched through a bait-capture method described in Maricic et
al. [S37]. Up to five amplified indexed libraries from different samples were pooled equimolarly to reach a
total of 2000ng DNA and captured together. Hybridized molecules were eluted from streptavidin beads
with 125mM NaOH and purified on MinElute spin columns. After gPCR quantification, pooled captured
libraries yielded a concentration between ~10ES (blanks) and ~10E7 copies/ul. A positive control library
with known mtDNA preservation was captured in parallel to estimate the efficiency of the enrichment
process. An additional amplification with AccuPrime Pfx DNA polymerase of each pool was performed as
mentioned before. Enriched library pools were then quantified using an Agilent 2100 Bioanalyzer DNA
1000 chip, pooled in equal concentration and sequenced in different percentage on several HiSeq2500 via
2x100+8+8 cycles and an Illumina MiSeq run for 2x150+8+8 cycles. After sequencing, libraries yielded
between 1 and 10 million reads.

DNA sequence pre-processing and mapping

Base call files (.bcl) were calculated by the Instrument Control Software’s RTA, which employs Bustard as
base caller [S38]. Bcl were converted in raw sequences that were demultiplexed and sorted in sample
specific folders making use of the individual double barcodes. First, adaptors and index sequences were
clipped off. Paired-end reads were then merged into single sequences if they overlapped by at least 10bp
and choosing the base with higher sequencing quality if forward and reverse read disagreed [S39]. Only
merged reads above 30bp length were mapped. Alignment of the selected sequences to the human
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mitochondrial genome reference (rCRS) was performed using BWA with “—n 5” parameter [S40] in
combination with a custom developed tool that takes into account the circularity of mtDNA [S41] and
between ~0.2 and 50% of reads were mapped. After mapping, duplicate sequences with the same start and
end positions were removed using a tool developed in-house that considers coordinates of both read termini
[S41]. Reads with mapping quality below 30 were discarded with the samtools software package [S42] in
order to consider only sequences with a secure placement within the mtDNA in subsequent analyses.
Finally, we obtained an average coverage of mtDNA ranging between 11 and 1860-fold with an average
fragment length of 49 to 80bp and deamination rate at read termini from 20 to 61% (Table S2).

Joint consensus call and contamination estimates

A probabilistic iterative method, schmutzi [S15], was used (parameters: “--logindel 1 --uselength”) to
jointly infer the endogenous consensus and to estimate present-day human contamination levels. Average
deamination rates at the first bases of the 5” and 3’ ends were computed using internal programs that are
part of the software package. The program mitigates the impact of deamination on consensus calling. To
identify endogenous bases, the software uses deamination rates and sequence length distributions of the
fragments. Present-day human contamination estimates were performed using a non-redundant database of
human mitochondrial genomes distributed with the software package. An initial contamination estimate
was computed using deamination patterns. Since these contaminating DNA fragments can be longer than
endogenous aDNA ones, there can be a discrepancy between a contamination estimate based on the
fraction of contaminating fragments versus one based on the fraction of contaminating bases. Since the
initial contamination estimate based on deamination patterns produces an estimate more consistent with the
former definition, this estimate is refined in later iterations of the program to facilitate endogenous
consensus calling as it relies on the latter definition. These subsequent iterations use the endogenous
consensus and the aforementioned database of putative mitochondrial contaminant genomes. This method
iteratively co-estimates the endogenous mitochondrial genome and the present-day human contamination
rate. The predicted endogenous bases and insertions/deletions are produced with an error probability on a
PHRED scale. Due to the relatively low coverage for some samples, no quality threshold was applied on
the final predictions thus effectively taking the bases with the highest posterior probability. The following
poly-C regions and mutational hotspot were masked on the final endogenous consensus sequence: 303-315,
515-522, 16519 [S43]. The resulting sequences were uploaded to HaploGrep [S44] to assign haplogroups
and call mtDNA SNPs against the Reconstructed Sapiens Reference Sequence (RSRS) [S45] (Table S2).

Visual inspection and haplotype calls

Given the significance of the samples but also critical levels of contamination detected in some of them
using schmutzi, we also inspected each assembly visually and made phylogeny informed haplotype calls
for both the assumed endogenous portion of reads (the majority of damaged reads) and contaminating
lineages that were identified by characteristic substitution profiles. The standardized procedure is described
as follows:

We imported the bam.files into Geneious 8.1.7 (http://www.geneious.com) [S46] and re-assembled the
reads against the Reconstructed Sapiens Reference Sequence (RSRS) [S45] with 5 iterations, which
improved the assembly in problematic C-stretch regions of the HVS I and II.

We used the automated variant caller of Geneious with a minimum variant frequency of 0.7 (or 0.6 for
samples with high contamination), and a minimum coverage of 2X and exported the resulting variant
(SNP) tables into Excel.

We compared the variants to the SNPs reported in the online mtDNA phylogeny (mtDNA tree Build 16,
19 Feb 2014, http://www.phylotree.org) to ensure all phylogenetically expected SNPs are indeed observed.
As per above, we masked notoriously troublesome sites at 309.1C(C), 315.1C, AC indels at 515-522,
16182C, 16183C, 16193.1C(C) and 16519 [S43].

The assemblies were subsequently inspected visually, taking note of additional SNPs that might be
presented but had been called automatically as the variant frequency fell below the 0.7 (0.6) cut-off. At the
same time we paid particular attention to sites that could identify potential contaminating lineages. For
example, as both ancient and contaminating lineages are in all cases of Eurasian origin, SNPs of the basal
‘African’ stem of the tree are shared and therefore present in nearly 100% of all reads covering the
respective sites. For most samples (non-M haplogroup), this was also the case for the characteristic SNPs
leading into macro-hg N (G8701A, C9540T, G10398A, C10873T, A15301G!), and R (T12705C,
T16223C). For all reads covering SNP sites characteristic for hg U (A11467G, A12308G, G12372A) and



the respective diagnostic U sub-hg SNPs we usually also observed a fraction of reads that did not show the
derived status at these sites. If the ratio of ‘contaminating’ reads exceeded 5%, it proved relatively easy to
track down the profile of the contaminating lineage, for example by double-checking for reads with derived
calls in diagnostic SNP sites for hg H (G73A, A11719G, T14766C, G2706A, T7028C). An alternative
crude but effective check was to look at the HVSI regions for SNPs that are characteristic for other
haplogroups (which often proved to be a reliable indicator) and then checking the expected diagnostic
positions from the last common branch (in most cases branch R) upwards.

v.  For these diagnostic sites we simply counted the number of ancestral and derived bases relative to the
depth of coverage at that site. By averaging across all diagnostic sites that lead from the common branch R
to a derived sub-haplogroup (e.g. 12 sites for sub-hg U5al or 5 sites into basal hg H), we have sufficient
data points to calculate a rough but direct estimate for the support (majority or minority) of the respective
lineages present in reads from an ancient sample, which is also a direct measure of support of endogenous
vs. contaminating reads. For example, sample Pagliccil08 is very likely a U2°3°4°7°8’9 lineage but the
derived diagnostic SNPs are only present in 67.4% of the reads on average. At the same time, we observe
reads that are derived at six characteristic SNPs diagnostic for hg H1 with an average 33.9% of the reads.
This almost sums up perfectly, while the discrepancy could be explained by DNA damage that could
potentially confound the precision of the signal by in- or deflating the calls for SNP, which follow the
direction (C>T, G>A) of characteristic ancient DNA damage. Moreover, the authenticity of the mtDNA hg
U2°3°4°7°8°9 rather than H1 is further confirmed by the coalescence age of the latter hg being considerably
younger (~10 ka) [S45] than the age of the specimen (~ 28ka).

The SNP lists generated by schmutzi and visual inspection were finally compared for each sample and the

detected inconsistencies were manually checked in the read alignments using Geneious. In total only 34

positions were edited in the schmutzi consensus sequences over the complete dataset of 35 complete

mtDNAs (see below). Only 5 positions were converted into a different nucleotide based on hg phylogeny or

contamination that was further estimated looking at reads also overlapping neighboring mutations.

Insertions were shifted in 6 samples because of misalignment with the reference genome. Finally all the

others 22 positions were mainly transitions (19 out of 22) in the form C to T or G to A that were converted

into Ns because after visual inspection we couldn’t rule out post-mortem-damage origin especially at low

coverage (1-3fold).

For each sample we report below the assigned haplogroup (Table S2) in bold, their derived and missing

SNPs compared to the RSRS reference and the manually edited positions in brackets.

¢ BerryAuBacl, USbla: T16192C!, C16519T

* Bockstein, USb1d1: C16176T, C16519T, (525insAC)

* Brillenhohle, U8a: G1422A, C16519T, C9365T missing, (C14519N, 10107N, 14493N)

¢ Burkhardtshohle, U8a: C150T, G1422A, C16519T, C9365T missing, (A7055G)

* Cioclovinal, U: T15889C, C16519T, (G12372A)

¢ CuiryLesChaudardes1, USb1b: 6056T, 6057T, T16092C, C16327T, C16519T, (7362N)

* DolniVestonicel6, US: G1462A, C16519T, (4N, 6N)

¢ DolniVestonice43, U5: T16231C, C16519T

* Falkenstein, USb2a: A4732G, G8572A, A16171G, C16519T, T16189C! missing

* Felsdach, USa2c: T152C!,735.1G, 11728T, C16192T, C16519T

*  Goyet2878-21, U5: T3202C, C3612T, C13272T, A13299G, T16192C!, C16519T

*  GoyetQ-2, U8a: C150T, G1422A, C16519T, C9365T missing

¢ GoyetQ116-1, M: G207A, C1556T, C6045T, C8619a, A11084G, T16297C

¢ GoyetQ376-19, U2: C152T!!, T217C, T5426C, G12406A, A12579G, T16092C, G16129¢c, T16189C!

¢ GoyetQ376-3, M: G207A, C1556T, A6040G, C6041T, C6045T, C8619a, A11084G, T16297C

¢ GoyetQ53-1, U2: C152T!!, T217C, T5426C, G12406A, A12579G, 16129G, T16189C!, (1N)

¢ GoyetQ55-2, U2: CI52T!!, T217C, C4011T, C4013T, T5426C, G12406A, A12579G, T16092C,
G16129c, T16189C!, (T16092C)

*  GoyetQ56-16, U2: C152T!!, T217C, T5426C, G16129c¢, T16189C!, T16362C

* HohleFels10, U8a: C150T, G1422A, C16519T, C9365T missing

* HohleFels49, U8a: C150T, G1422A, C16519T, C9365T missing

* HohleFels79, U8a: C150T, G1422A, C16519T, C9365T missing

* HohlensteinStadel, USb2¢1: C16519T, (960.XC, T14182C)



¢ Iboussieres25-1, USb2a: A4732G, C16114a, C16519T

* Iboussieres31-2, USb1: 12398T, G13708A, C16519T, (6N, 11N, 16192.1T)

¢ TIboussieres39, Usb2b: 6027A, 8161T, T8167C, T13356C, C16519T

¢ LaRochette, M: G207A, CI1556T, C6045T, C6164T, C8619a, A11084G, C12816T, (525insAC,
16297N)

¢ LesCloseaux3, U5Sa2: G54A, G7805A, C16519T

* MareuilLesMeaux1, U5a2: T16362C, C16519T, (6008N)

¢ Ofnet, USb1d1: C16176T, C16519T, (525insAC)

* Pagliccil08, U2'3'4'7'8'9: G1709A, G6260A, T9716C, C16256T, C16519T (C14766T)

¢ Pagliccil33, U8c: C16519T, (6N, 11N)

* Paglicci71, USb2b: C6910T, C16519T, (11N, 4467N, 5213N, 5844N, 7396N, 15050N, 16313N)

¢ Ranchot88, Usb1: G3531A,8276.1C, T16189C!, T16192C!, C16519T, (8276.1C)

* Rigneyl, U2'3'4'7'8'9: C150T, T152C!, T6152C, T5999C, T10020C, A12082G, A12530G, G15466A,
T16297C

* Rochedane, USb2b: A8449G, T16086C, C16519T, (525insAC)

Phylogenetic analyses

The software MUSCLE [S47] was used to align complete or almost complete sequences of 56 Late
Pleistocene and Early Holocene European human mtDNAs (including Oasel [S27]) to 54 modern
worldwide human mtDNAs [S48]. A Neanderthal mtDNA sequence (Vindija 33.25 FM865410.1) was
included as a phylogenetic out-group for a total of 111 mtDNA sequences aligned. A phylogenetic tree
(Figure 2) was built with the Maximum Parsimony method (SPR algorithm) using MEGAG6 [S49]. The tree
was constructed with 99% partial deletion for a total of 16371 positions in the final dataset. Moreover the
phylogeny was tested with the bootstrap method with 1000 replications. The same multiple genome
alignment, including missing sites but not gaps, was tested in Modelgenerator [S50], and GTR with
invariant sites and gamma distributed correction for rate heterogeneity was found to be the substitution
model that best fits the data (AIC1). This was selected in MrBayes [S51], which was used to reconstruct a
Bayesian phylogenetic tree (Figure S1). Markov chain Monte Carlo (MCMC) was performed with
50,000,000 iterations and 10,000 sampling interval. After removing the first 10% of the generated trees as
burn-in, the summarized tree was built, showing high posterior support at the major mitochondrial
branches. Both trees were visualized and edited with FigTree v1.4.2 (http://tree.bio.ed.ac.uk/software/) and
finally refined in Inkscape (https://inkscape.org/en/).

Phylogenetic relationships between 56 (55 plus Oasel) complete or almost complete mtDNA from
European pre-Neolithic individuals were visualized through Maximum Parsimony and Bayesian trees,
which both provided the same general topology (Figure 2, Figure S1). All ancient samples share a MRCA
within the modern day mtDNA diversity with the exception of Oasel [S27], which branches off basal to all
other present-day N lineages. The great majority of samples (52 out of 55) belong to hg N mostly falling
within sub-hgs U8, US and U2°3°4°7°8’9. Only Fumane2 [S22] represents a basal R lineage without any
derived position leading to known sub-hgs, such as the ~45,000 years old individual from Ust’Ishim in
Siberia [S29]. Finally, three pre-LGM individuals (LaRochette, GoyetQ116-1 and GoyetQ363-3) carry
mtDNA hg M defined by four positions from the L3 split (T489C, C10400T, T14783C, G15043A).
Looking more closely at the intragroup M phylogeny, these three pre-LGM individuals are all placed on a
branch not yet seen in modern-day individuals, either in Europe or elsewhere. In particular GoyetQ116-1
and GoyetQ363-3 from Belgium dated ~34-35 ka, show 6 (G207A, C1556T, C6045T, C8619a, A11084G,
T16297) and 8 (G207A, C1556T, A6040G, C6041T, C6045T, C8619a, A11084G, T16297) derived
mutations from the M root, respectively, whereas LaRochette from South France dated ~27.5 ka presents 7
(G207A, C1556T, C6045T, C6164T, C8619a, A11084G, C12816T) derived mutations from the M root.
LaRochette carries a possible additional back mutation at position C16297T! (16Ts and 4Cs), compared to
the two Belgian sequences both carrying the T16297C mutation. The four Cs at this position cannot be
explained by damage and are likely the result of contamination or heteroplasmy, therefore an unassigned
base (N) was placed at that position in the final consensus sequence (see above). Despite their geographic
and temporal separation all three pre-LGM individuals share five mutations (G207A, C1556T, C6045T,
C8619a, A11084) from the MRCA of the basal M lineage. This finding suggests that this M branch arrived
in Europe before 35 ka and survived at least until 27.5 ka, before the LGM started (~25 ka).



BEAST analyses

The human mtDNA mutation rate can be estimated with different methods. All rely on temporal calibration
points in the past such as the split time of certain populations, assuming a known phylogeny [S45]. Ancient
DNA provides the opportunity to use endogenous mtDNA of ancient radiocarbon dated specimens to tip
calibrate the human mtDNA molecular clock [S20, S52]. Ancient sequences should show less derived
positions than more recent ones as a sign of their antiquity because they had “less time” to accumulate
mutations. Therefore sequence branch shortening can be used not only to confirm the authenticity of the
results but also to date divergence events. The software package BEAST v1.8.1 [S16] was used to
calculate, in a Bayesian statistic framework, the human mtDNA mutation rate with ancient dated sequences
as multiple calibration points in order to estimate haplogroup divergence ages. Initially, a multiple genome
alignment was performed with MUSCLE by combining 311 worldwide modern human mtDNA and 66
ancient dated mtDNAs (Table S3) for a total 377 sequences. Ancient mtDNAs were selected according to
the following characteristics: i) directly '*C dated specimens or associated findings or archeologically dated
e.g. the early Neolithic farmer from Stuttgart; ii) excluding identical mtDNA sequences with same date; iii)
over 99% of the entire mtDNA with assigned nucleotides; iv) age between ~46,800 and 3,600 years BP.
After removal from the 377 mtDNA alignment of all positions containing gaps and missing data, a total of
15963 positions were retained. Modelgenerator v.85 was run indicating Tamura-Nei 93 with a fixed
fraction of invariable sites and gamma distributed rates as the best-supported model for our dataset. These
substitution and site heterogeneity models with 6 gamma categories were selected in BEAST. Tip dates
were indicated as zero for modern sequences whereas sampling with individual priors was set for ancient
sequences. For each of the 66 sequences, lower and upper values of a uniform prior distribution were given
as confidence interval limits of the date estimate (Table S3). Two different models of rate variation among
tree branches were investigated: a strict clock and an uncorrelated lognormal-distributed relaxed clock. In
both cases an approximate continuous time Markov chain rate reference prior [S53] was chosen. Moreover,
two tree priors were tested: a population Constant size and Bayesian Skyline coalescent with 20 as group
number and piecewise-linear as the Skyline model. For the four different model combinations generated
this way, we performed three MCMC runs with 50,000,000 iterations each, sampling every 10,000. Tracer
v1.6 [S16] was used to visually inspect ESS values and chain convergence, in order to identify the
percentages of each run that was discarded as chain burn-in (Table S5). For each model the three
independent runs were combined using LogCombiner v1.8.1 resulting in 60,000,000 to 135,000,000
iterations and summarized in a Maximum Clade Credibility (MCC) tree using TreeAnnotator v1.8.1 (both
programs included in the BEAST package). Model comparison and best support assessment was performed
through a marginal likelihood estimation (MLE) using path sampling (PS) / stepping-stone sampling (SS)
[S54]. Overall the Skyline tree prior resulted in higher likelihoods for both strict and relaxed molecular
clock than the Constant size tree prior (Table 1). The latter provided in general older hg divergence times
and a higher tree root height as previously reported [S20]. Moreover the Skyline prior, that models changes
in population size through time, resulted not only in younger splitting times but also narrower confidence
intervals. Despite having comparable likelihood to the strict clock, this parameter in combination with a
lognormal relaxed clock required more iterations for the run to converge. A burn-in of 60% was manually
selected instead of the default 10% applied for the other three combinations of parameters. This caused a
strong reduction in the overall ESS values although the mutation rate and coalescence times were almost
identical to the strict clock. In conclusion, the Skyline tree prior in combination with a strict clock mutation
rate among different tree branches was overall best supported by the data and therefore this was favored to
estimate the human mtDNA mutation rate and to assess haplogroup divergence times (Table 1).

The newly estimated mutation rate value overlapped with published rates obtained with similar methods
but with a narrower confidence interval [S20, S52], possibly resulting from the higher number of
calibration points used in this study. This allowed us to determine hg coalescence times more precisely
especially for lineages with know rate heterogeneity, such as in the M clade [S45]. In the latter study,
however, the authors reported almost identical values for hg M TMRCA (~50 ka) but an almost 10 k older
hg N TMRCA (~ 59 ka) than the one we obtained. A general observation is that by using a Skyline tree
prior in BEAST we allowed for changes in effective population size through time, resulting in younger
mtDNA tree splits than with a Constant size tree prior (Table 5) or phylogenetic methods [S45]. However,
including three Late Pleistocene M sequences as deep time anchors, gave us the opportunity to date the
divergence time of all M lineages in the same way as for the N lineage. This resulted in similar TMRCAs
for both N and M clades at around ~50 ka. We acknowledge the possible influence of sampling biases in
our dataset of 377 ancient and modern mtDNA sequences both in terms of sample size and geographical-



temporal distribution [S55]. In order to keep the potential impact at a minimum we included a vast majority
of modern worldwide mtDNAs (273 out of 311) that belong to the M and N clades. Moreover, the 66
ancient sequences represented not only European individuals before 7 ka but also mtDNAs from different
regions and more recent time periods (Table S3) to reduce the aforementioned sampling biases also for the
ancient sequences.

Coalescent demographic modeling with approximate Bayesian computation (ABC)

The 55 samples were divided into 4 chronologically-based sample groups: ‘Pre-LGM’ (~45 — 25 ka, n =
18), ‘Post-LGM’ (~19.5 — 14.5 ka, n = 8), ‘Late Glacial’ (~14.5 — 11.5 ka, n = 8) and ‘Holocene’ (~11.5 —
7 ka, n = 21) (Table S4). Coalescent simulations were performed using Bayes Serial Simcoal [S56], and all
models assumed an intergeneration time of 25 years, a mutation rate of 2.74x10™® per site per year (see main
text and Table 1), a transition bias of 0.956 and a continuous gamma distribution of mutation rates across
sites with parameter 0.205 [S57, S58]. We used approximate Bayesian computation (ABC) to both perform
model choice [S58, S59] and estimate the parameters of the best-fitting model [S60].

Following an initial test phase, we considered six distinct demographic models: 1a, 1b, lc, 2a, 2b and 3,
illustrated schematically in Figure S2. All models start with a non-European ancestral maternal population
of effective size 5000, and at 45 ka, a population of size N¢ expands into Europe. In model la, this
European population simply grows exponentially, unimpeded, up to size Ny at 7 ka. In model 1b the
population grows exponentially to size N;; at 14.5 ka. At this point, a Late Glacial bottleneck begins,
where the population is reduced to a constant proportion P, of its current size. Following the end of the
Late Glacial at 11.5 ka, the population then again grows exponentially, up to effective size Ny at 7 ka.
Model 1c is the same, except that there is also a bottleneck during the LGM. In this model the original
European population first grows to Nygy at 25 ka, then is reduced to constant proportion Py, throughout
the LGM. After the end of the LGM at 19.5 ka, model 1c is identical to model 1b. In model 2a, a split
occurs in the pre-LGM population at time 7, with the new population having constant size Ns. The original
population then goes extinct at the beginning of the LGM, and the new population re-expands following the
LGM, up to Ny at 7 ka. Model 2b is similar, except that the pre-LGM population survives through an LGM
bottleneck up until the beginning of the Late Glacial, but is then replaced by the new population, expanding
at the end of the Late Glacial. Model 3 assumes that both the LGM and the Late Glacial caused population
replacements, with each new population diverging from the previous one (at times 75 and T&;) prior to the
replacement event. All parameter prior distributions are reported in Table S5.

Model choice procedure

Previous authors have suggested that posterior probabilities of multiple competing models may be
estimated in the ABC framework by calculating the proportion of accepted simulations from each model
below a certain tolerance & in a common ranked pool [S61]. However, it has been demonstrated that this
approach is not theoretically justified [S62], as the loss of information in reducing the data to summary
statistics means that this approximation is not guaranteed to converge on the true Bayes factors. We
performed model choice using the multinomial logistic regression approach introduced by Beaumont [S58],
which treats a model indicator as a categorical variable and returns an estimate of the posterior probability
for each model. In order to evaluate this procedure we nested it in a simulation-based power-analysis
similar to that of Veeramah et al. [S59], where datasets generated under each of the six models defined
above are used as pseudo-observed data. Firstly, for each model we simulated 10° datasets and 50
independent datasets to act as pseudo-observed data. Then, given a set of summary statistics S and a
tolerance level d (discussed below), we iterated through each of the 300 pseudo-observed datasets, each
time performing the rejection and multinomial logistic regression steps (using the VGAM R package by
Yee TW, https://www.stat.auckland.ac.nz/~yee/VGAM), using the highest posterior probability criterion to
select the best model. Power was then approximated by the proportion of times this procedure identified the
correct model.

The choice of appropriate statistics S in ABC model comparison (and in general) is still a difficult and
unresolved problem, so we followed the heuristic approach implemented by Veeramah et al. [S59], in
which a set of candidate summary statistics are ranked according to their p-value from a Kruskal-Wallis
test applied to a random sample of 10,000 simulations from each model. The idea is that a lower p-value
suggests a greater difference in the medians of the statistic distributions across models, and hence provides
greater power to distinguish between models. In order to minimize bias for or against any particular model,



we group statistics by family, e.g. all within-group mean pairwise differences (w;) are grouped, and rank
these blocks using their median p-value. Global statistics (e.g. global mean pairwise differences m,;) are
added as blocks individually. We iteratively added new summary statistic blocks from the ranked list
(Table S6) to our set S in our analysis. Within-group statistics for the ‘Pre-LGM’ sample group were
excluded a priori given that they appear in the same position in each model and thus have no significant
between-model discriminatory power. The choice of tolerance d in the ABC rejection algorithm is also
difficult to fix objectively so, again following Veeramah ez al. [S59], we iteratively repeated the analysis
accepting between 1000 and 10,000 simulations in steps of 1000. Iterating across the number of summary
statistics and the number of retained simulations we found the combination (S,0) with maximal power to
discriminate between all competing models.

The combination (S,0) that maximizes the power (0.650) for this model choice procedure is § = 5000 and S
comprises the first 10 statistics blocks given in Table S6. Using these values applied to our observed data
we find that model 2b has by far the highest posterior probability (0.807). All 6 model posterior
probabilities are given in Figure S2.

Parameter estimation

Following the identification of 2b as the best-fitting model, a further four million coalescent simulations
were run as previously described, giving five million in total. We performed ABC with local-linear
multivariate weighted regression adjustment [S60], assuming a tolerance Fé = 0.25% so that 12,500
simulations were retained. Other tolerance values of 0.1% and 0.5% gave almost identical results. We used
5 within-group statistics (number of haplotypes, number of segregating sites, mean pairwise difference m,
haplotype diversity H and Tajima’s D) for each of the four chronological sample groups described above
(see Table S6), and two between-group statistics (mean pairwise difference it and Fsr) for each pair, giving
a total of 32 summary statistics. Observed values of each summary statistic are given in Table S6, and
marginal posterior densities for each parameter are given in Table S5.

Archeological site information

The 35 Upper Paleolithic and Mesolithic human specimens, from which we sequenced complete mtDNA,
were obtained from 21 archeological sites across Europe. For each human remains, a portion or the entire
specimen was collected from archeological collections in Belgium, Romania, Italy, Czech Republic, France
and Germany and sampled in the dedicated ancient DNA laboratory facility of the University of Tiibingen,
in Germany. All samples were directly or stratigraphically radiocarbon dated. Newly reported '*C dates
were calibrated using Reimer et al.’s [S17] calibration curve (Table S1). In the main text and in the
Supplemental Experimental Procedures, the date unit reported is thousands of calibrated years before
present (ka) unless otherwise specified.

Pestera Cioclovina Uscata (South Transylvania, Romania)

The calvaria Cioclovinal was discovered in Uscatd located in South Transylvania. The specimen was
recently radiocarbon dated to 28,510 + 170 '*C years before present [S4], placing this individual among the
oldest human specimens found in Central and South-Eastern Europe. The complete mtDNA genome
recovered from a cranial fragment shows a basal phylogenetic position compared to all modern day humans
belonging to haplogroup U. This confirms its affinity to modern humans at the mtDNA level as previously
reported from geometric morphometric analyses [S63].

La Rochette (Dordogne, France)

Otto Hauser first excavated the Middle and Upper Paleolithic site of La Rochette close to Saint-Léon-sur-
Vézére in 1910. He identified human occupations of the site spanning from the Mousterian to the
Magdalenian. Human remains were originally assigned to a general Aurignacian layer. However, a revision
of the stratigraphy [S64] reconsidered its division into three distinct horizons, i.e. Gravettian, Aurignacian
and Chatelperronian. A first '*C AMS dating of a human right ulna was performed in 2002 by Orschiedt
and was repeated recently making use of more advanced ultrafiltration techniques [S2]. Both dates
consistently fall around 23,000 '*C years before present, associating this human remain to the Gravettian
material culture horizon. The dated specimen was also sampled for ancient DNA investigation.



Dolni Veéstonice (South Moravia, Czech Republic)

Excavations in the northern slope of the Pavlovské Hills started in 1924 and since then three Gravettian
human burial sites have been discovered, namely the Dolni Véstonice I, Dolni Véstonice II and Pavlov I. In
the two former sites, human fossils are numbered from DV1 to DV64 and in Pavlov I from 1 to 33. Ancient
DNA analysis was performed on individuals DV16 and DV43 both coming from the Dolni Vé&stonice II
site. Radiocarbon dating was performed on earth and charcoal associated to DV 16, assigning it to around
30 ka. Both human remains were identified in close vicinity, and were suggested to be of similar age [S5].

Grotta Paglicci (Apulia, Italy)

Grotta Paglicci (Rignano Garganico - Foggia) is located in Apulia, the southeastern-most Italian region.
The site comprises the present-day cave and a rock shelter that, in the past, was part of the same cave
system and testifies to a human occupation during the Lower-Middle Paleolithic (Acheulean, Early
Mousterian). The 12m-thick sequence excavated inside the cave yielded remains extending from the
Aurignacian to the Final Epigravettian [S12]. Paglicci is also important for the several human remains
uncovered along the Upper Paleolithic sequence and for the most ancient evidence of producing flour
[S65]. The investigations were conducted by the Natural History Museum of Verona (F. Zorzi) from 1961
to 1971 and carried out by the University of Siena (first by A. Palma di Cesnola and currently by A.
Ronchitelli) in collaboration with the Soprintendenza Archeologia della Puglia.

Radiocarbon dating was performed on archeological layers associated with modern human occupation. The
three samples analyzed here belong to three distinct stratigraphic units. Paglicci71 found in layer 8A is
associated with the Evolved Epigravettian culture, PagliccilO8 in layer 21B with the Evolved Gravettian
and Pagliccil33 found in layer 23C2, between the Early Gravettian layer 23A and the Aurignacian layer
24A1 [S11, S12, S13]. The volcanic tephra Codola dated elsewhere to around 33 ka [S66] was found in
layer 23C2.

Troisieme Caverne (Goyet, Belgium)

The Troisiéme Caverne of Goyet in Belgium was excavated in the latter half of the 19th and beginning of
the 20th century, and again at the end of the 1990s. The main excavations were performed in 1868 by
Edouard Dupont who identified Paleolithic human occupations [S67] that were later attributed to the
Middle and Upper Paleolithic (including Mousterian, Lincombian-Ranisian-Jerzmanowician, Aurignacian,
Gravettian and Magdalenian material) as well as to the Neolithic and historic period [S68]. Starting in
2008, the reassessment of both the human and faunal collections from the site yielded new human remains.
Due to the lack of detailed documentation of the excavated material, their association to a specific
occupation was impossible and a multidisciplinary study of the human remains and their context was
undertaken. Morphometric and taphonomic features, completed by the direct radiocarbon dating of the
remains, were used to assign them to different periods. In combination with isotopic and genetic analyses
[S69, S70] the results allowed for the specimens to be assigned to either late Neanderthals or modern
humans. Here we analyzed the mtDNA genomes of two specimens directly dated to the Aurignacian, five
to the Gravettian and one to the Magdalenian (Table S1).

Swabian Jura sites (Baden-Wiirttemberg, Germany)

We were able to collect and analyze a total of nine human remains from seven cave sites of the Swabian
Jura (Hohle Fels, Brillenhohle, Burkhardtshohle, Bockstein-Hohle, Falkensteiner Hohle, Hohlenstein-
Stadel and Felsdach Inzigkofen). Those are located in Southwest Germany mainly along the Ach and Lone
valleys formed by the homonymous Danube’s tributaries. The entire region is composed of Jurassic
limestone where karst landscapes lead to cave formations.

* Hohle Fels (Ach valley) is the worldwide famous Swabian Jura site for the discovery of an ivory
“Venus’ figurine and bird bone and ivory flutes. These are both dated to the early Aurignacian period and
are among the first figurative art and musical instruments ever found in Europe [S71, S72]. In the cave, five
human remains have been discovered. Three of them were genetically analyzed in the present study. A left
and a right femur fragments were found in close proximity in the Magdalenian stratigraphic layer and may
belong to the same individual [S7]. Both were previously genetically characterized as belonging to
haplogroup U, based on a short mtDNA amplicon [S6]. In the present study, we reconstructed complete
mtDNA genomes for both specimens and a well-supported phylogenetic placement was assigned. The two
specimens were found to have an identical haplogroup U8a (with private mutations C150T, G1422A,
C16519T) supporting that, if not the same individual, they have a close maternal relationship. A skull



fragment was also identified bearing the same haplotype. Although it was initially assigned to the
Gravettian layer [S73], we report here a direct radiocarbon date of the specimen to around 15 ka placing it
also within the Magdalenian archeological horizon.

* Brillenhdhle (Ach Valley) was discovered in 1956 and excavated by Gustav Riek. A minimum number
of four individuals have been assigned to the Magdalenian techno-complex. The parietal bone fragment
genetically analyzed in the present work was directly dated to around 15 ka [S2]. This date is within the
typical temporal range of the Magdalenian in the Swabian Jura [S7].

¢ Burkhardtshohle (Westerheim, Wiirttemberg) was first excavated in 1933-34 by Gustav Riek, who
resumed the excavation in 1953 after the end of World War II. A total of five cranial fragments probably
belonging to a single individual were discovered and radiocarbon dating confirmed their assignment to
their Magdalenian timeframe [S3].

* Bockstein-Hohle (Lone valley) was discovered in 1883 and first excavated by Biirger. A double burial
was identified with an almost complete female skeleton and an infant skeleton at the right end of the
female’s feet. The infant has been considered as the child of the female individual. Two anatomical
elements of the infant were previously radiocarbon dated providing a consistent burial age of around 8 ka
and associating it to the Late Mesolithic time period [S1]. The upper right second incisor tooth from the
female was sampled and genetically analyzed.

* Falkensteiner Hohle is located close to the village of Bad Urach, southwest from the aforementioned
Ach and Lone valleys. Around 40 human skeletal elements were identified during the excavation in 1933
and the analysis of the retrieved material was carried out in 1964 [S7]. As a result, the layer that yielded the
human remains with associated microlithic stone tools has been radiocarbon dated to the Early Mesolithic
[S74]. The same anatomical element investigated here was genetically analyzed in Bramanti et al. [S6].
Besides confirming the assignment to mtDNA hg U5b2, we were able to reconstruct its complete mtDNA
and further define it as haplogroup U5b2a with additional private mutations (A4732G, G8572A, A16171G,
C165197).

* Hohlenstein-Stadel (Lone valley) contains evidence of hominid occupations during the Middle
Paleolithic, Upper Paleolithic, Mesolithic and Neolithic. A burial formed by the skulls and cervical
vertebras of three individuals (one male, one female and one infant) was discovered and dated to the Late
Mesolithic [S9]. Here, we sampled one cervical vertebra for ancient DNA analysis.

Felsdach Inzigkofen (Upper Danube valley, Germany)

The site was discovered in 1965 close to the village of Beuron in the Upper Danube valley and excavated
by Wolfgang Taute. A single wisdom tooth analyzed here was discovered in a layer dated to the initial Late
Mesolithic phase also known as the Early Atlantic [S7, S74].

Grofie Ofnet Hohle (Franconian Jura, Germany)

The molar analyzed by ancient DNA belongs to an individual that was found in the GroB3e Ofnet cave close
to Nordlingen. It may belong to a burial site formed by 34 skulls of both sexes and different developmental
ages, found in two burial pits [S9]. Lithic artifacts and faunal remains (deer canines, snail shells) were
found in association with the human remains. All crania were facing west and presented cut-marks [S75].
Several skulls display traumatic injuries, suggesting interpersonal violence. All radiocarbon-dated
individuals provided a consistent age around 8 ka and were assigned to the Late Mesolithic [S9].

French Jura sites (Franche-Comte, France)

Three analyzed human specimens were identified in three different prehistoric sites of the French Jura,
located along the border between Eastern France and Western Switzerland. This medium size mountainous
region is composed of Mesozoic limestone defining a karst landscape [S76].

* Cabdnes rockshelter (Ranchot, Jura department) was excavated between 1978 and 1990 and yielded at
least five Mesolithic human individuals [S77]. The one genetically analyzed is defined by a reconstructed
right parietal bone dated to around 10 ka and assigned to the Middle Mesolithic period.

* Rigney 1 cave (Doubs department) was excavated at the beginning of the 1950s and a human mandible
fragment was discovered during a rescue excavation that occurred in 1986 and 1987 at this Magdalenian
site [S76]. This bone has been directly radiocarbon dated to around 15.5 ka [S14] and it was sampled for
paleogenetic investigation.



* Rochedane rockshelter (Villars-sous-Dampjoux, Doubs department) was discovered at the end of the
19th century and was excavated by A. Thévenin between 1968 and 1976. This site is one of the most
important prehistoric Late Glacial sequences in Eastern France [S14]. Several human bones have been
found in the Mesolithic and the Final Paleolithic levels. The one genetically analyzed is a mandible dated to
around 13 ka and assigned to the Epipaleolithic period.

Paris Basin (France)

The Paris Basin is a geological region in Northeast France formed by sedimentary rocks. The area is
characterized by plateau plains where several Mesolithic human burials have been identified [S78].

* Les Closeaux at Rueil-Malmaison is a Mesolithic site located along the river Seine. In sector 3, a
circular burial with a single and almost complete human skeleton was found. The individual was buried in a
sitting position and has been directly radiocarbon dated to 9.9 ka [S10].

* Les Vignolles at Mareuil-lés-Meaux is an archeological site on the river Marne. The oldest inhumation
that was discovered at the site is a single burial directly dated to the Mesolithic time [S10]. However, the
presence of additional Neolithic burials and a Bronze Age necropolis attested to occupations of the site also
during later periods [S79].

* Les Fontinettes at Cuiry-lés-Chaudardes is a multi-period site with an important early Neolithic (LBK)
settlement. The Mesolithic burial was found on the edge of the site. The individual, in a squatting position,
had a necklace of fish vertebrae and the burial contained three flint bladeless [S80]. The skeleton has been
dated to around 8 ka.

* Le Vieux Tordoir at Berry-au-Bac is also a multi-period site, including an early Neolithic (LBK)
settlement. One Mesolithic burial was discovered on the site. The deceased was buried in a seated position
with ochre and a bone tool [S81]. The skeleton has been dated to around 7 ka.

Aven des Iboussiéres a Malataverne (Rhone-Alpes, France)

The site is located in the Drome department of South France. A minimum number of eight human
individuals were found at the Aven des Iboussiéres and were interpreted as burials of Epipaleolithic hunter-
gatherers [S82]. We obtained complete mtDNA genomes from three individuals: Iboussieres25-1,
Iboussieres31-2 and Iboussieres39. Only the latter, a left femur fragment, was directly radiocarbon dated to
11.8 ka. Nonetheless, the date overlaps with that of a faunal remain from the site (10210 + 80 uncal BP;
OxA5682) [S83], suggesting that all burials belong to the same temporal unit.

Climatic considerations and time definitions

The oldest possible evidence of early modern humans in Europe, found in Southern Italy, dates back to ~45
ka [S2]. Europeans relied uniquely on a foraging lifestyle for almost 40,000 years, from the first arrival to
the spread of farming (~8 ka). This time spans the end of the Late Pleistocene (130 — 11.5 ka) and the
beginning of the Holocene epochs (11.5ka — today) and represents around three-quarters of the time during
which modern humans occupied Europe. This period (45 — 8 ka) was affected by severe climatic
fluctuations and repeated environmental changes [S84]. Such phenomena are captured by the extended
INTIMATE oxygen-18 oscillation curve [S85] (Figure 3) recorded by the North Greenland Ice-Core
Project (NGRIP) [S86]. The observed values along this timeline correlate indirectly with the temperatures
of the Northern Hemisphere and separate time into Marine Isotope Stages (MIS). Those represent relatively
consistent warm interglacial (odd numbers) or cold glacial (even numbers) intervals alternating through
time and numbered going back in time from the present day interglacial MIS1.

The time interval investigated in this study (45 — 7 ka) span across three climatically distinct periods:
MIS3, MIS2 and MISI (from the past to the present). During the general warm MIS3 (~57 — 29 ka), there
were dramatic fluctuations of climatic conditions spanning ~1,000 years intervals [S87]. It has been
suggested that the spread of modern humans from the Near East into Europe was favored by a climatic
warming phase during the MIS3 [S88]. Figure 1A depicts one of these relatively warm phase around 39 —
36 ka with sea level about 60 meters below present level [S84]. The mitigated climatic conditions reduced
the ice sheet diffusion with a retraction of the steppe-tundra landscape towards Northern Europe [S84].
However environmental conditions kept on changing for the next millennia during an attested human
occupation of Europe (Pre-LGM in Figure 3).

With the start of MIS2 (~29 ka), a general trend of temperature reduction began until the onset of the Last
Glacial Maximum (LGM) ~25ka when all ice sheets reached their maximal extension since the last glacial



period and the sea level was approximately 130m lower than today [S89, S90] During this period, that
lasted until ~19.5 ka, ice caps covered most of Northern Europe, the Alps and the Pyrenees mountain
chains [S91, S92]. These cold and dry conditions throughout Europe prevented human occupation of
North-Western Europe and likely forced migrations to climatic and environmental refugia [S90]. Proposed
areas for human refugia during the LGM are the Mediterranean regions of Franco-Cantabria and Southern
Italy, the Balkans and the East European Plain [S93]. Those geographical areas were less impacted by
harsh climatic conditions and would have allowed human survival [S94].

With the end of the LGM, humans spread again into central Europe during a period we designated as the
post-LGM (Figure 1B, ~19.5 — 14.5 ka), following a general retraction of the Alpine and Pyrenean ice caps
and a fragmentation of the North European ice sheet into the Scandinavian and the British ice sheets [S95].
Sea levels were around 100m lower than currently [S96], exposing a vast area of land, known as
Doggerland, which is now covered by the Southern North Sea. The bridge of land that connected Great
Britain to main Europe lasted until ~8.5ka, when it was covered by the rising sea levels [S97].

The glacial MIS2 phase terminates with the end of the Pleistocene. This period we refer to as the Late
Glacial (Figure 1C) is characterized by abrupt climatic variations starting with the warm Belling/Allerad
interstadial (14.5 — 12.7 ka) and ending with the cold Younger Dryas stadial (12.7 — 11.5ka) [S98]. During
the first phase, temperatures rose dramatically over the MIS2 average, causing a radical change in
European flora that triggered the spread of natural forestation towards Northern Europe [S99]. Those
warmer climatic stages are also likely connected with the large extinction of Pleistocene megafauna species
and a general turnover in mammalian diversity [S100, S101]. In the following Younger Dryas, the final
stage of the last glacial, European average temperature sharply decreased within a few years [S102]. The
impact of climatic and environmental fluctuations on human populations at the end of the Pleistocene is
largely unknown. However, climate might have played a role in the mtDNA composition shift observed in
this study with the beginning of the Late Glacial.

The Holocene starts around 11.5 ka within the MIS1 phase that is characterized by a warm and moist
climate, which continues until today. Temperatures rose simultaneously with the sea level and by 7 ka
almost all coastlines were in a similar location as nowadays (Figure 1D) [S97]. Holocene hunter-gatherers
persisted with a distinct genetic signature at least until ~5 ka in Northern Europe [S18]. The Neolithic
transition reached central Europe ~8 ka with the arrival of agricultural communities that drastically changed
the existing European genetic makeup [S25].
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